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source("hexgrid.R");

source("polycircle.R");

source("nncirc.R");

source("randpntscirc.R");

plot.size <- 6;

X11(width = plot.size, height = plot.size);

source("parameters.R");

source("initialize.R");

steps <- 1;

while((num.prey != 4 && num.pred != 2 ) && (num.plant != 2 || num.seed != 2)){

source("nearestneighbours.R");

source("updateprey.R");

source("updatepredators.R");
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source("updateplants.R");

source("birthsdeaths.R");

source("plot.R");

steps <- steps + 1;

}

dev.off()
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hexgrid <- function(island.radius,between.plant){

hex.grid <- array(c(0,0),c(1,2))

start <- array(c(0,0),c(1,2));

left <- array(c(0,0),c(1,2));

right <- array(c(0,0),c(1,2));

for(i in 1:(island.radius/between.plant+5)){

left[1,1] <- start[1,1] - i*between.plant;

right[1,1] <- start[1,1] + i*between.plant;

hex.grid <- rbind(hex.grid,left);

hex.grid <- rbind(hex.grid,right);

}

start1 <- hex.grid;

start2 <- hex.grid;

start2[,1] <- start2[,1] + 0.5*between.plant;

start2[,2] <- start2[,2] + sqrt(3)*between.plant/2;

hex.grid <- rbind(start1,start2);

up1 <- start1;

down1 <- start1;

up2 <- start2;

down2 <- start2;

for(j in 1:(ceiling((sqrt(3)/2)*(island.radius/between.plant))+5)){

up1[,2] <- start1[,2] + j*sqrt(3)*between.plant;

up2[,2] <- start2[,2] + j*sqrt(3)*between.plant;

down1[,2] <- start1[,2] - j*sqrt(3)*between.plant;

down2[,2] <- start2[,2] - j*sqrt(3)*between.plant;

hex.grid <- rbind(hex.grid,up1,up2,down1,down2);

}

final.hex.grid <- c();

for(i in 1:nrow(hex.grid)){
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if((hex.grid[i,1]ˆ2+hex.grid[i,2]ˆ2) <= (island.radiusˆ2 + 10)){

final.hex.grid <- rbind(final.hex.grid, hex.grid[i,])

}

}

return(final.hex.grid);

}
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dyn.load("nncirc.so");

nncircw <- function(p,r,v){

n <- nrow(p)

dirx <- rep(0,n)

diry <- rep(0,n)

dist <- rep(0,n)

nni <- rep(0,n)

nnlist <- .Fortran("nncircw",as.double(p[,1]),

as.double(p[,2]),

as.double(r),

as.integer(n),

as.double(v),

as.double(dirx),

as.double(diry),

as.double(dist),

as.integer(nni))

list(dirx=nnlist[[6]],diry=nnlist[[7]],

dist=nnlist[[8]],nni=nnlist[[9]])

}

nncircb <- function(p1,r1,p2,r2,v){

n1 <- nrow(p1)

n2 <- nrow(p2)

dirx <- rep(0,n2)

diry <- rep(0,n2)

dist <- rep(0,n2)

nni <- rep(0,n2)

nnlist <- .Fortran("nncircb",as.double(p1[,1]),

as.double(p1[,2]),

as.double(r1),
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as.integer(n1),

as.double(p2[,1]),

as.double(p2[,2]),

as.double(r2),

as.integer(n2),

as.double(v),

as.double(dirx),

as.double(diry),

as.double(dist),

as.integer(nni))

list(dirx=nnlist[[10]],diry=nnlist[[11]],

dist=nnlist[[12]],nni=nnlist[[13]])

}
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randpntscirc <- function(radius,num_pnts){

rand_pnts <- c()

i <- 1;

while(i <= num_pnts){

temp_pnt <- array(c(0,0),c(1,2));

temp_pnt[1,1] <- runif(1,-radius,radius)

temp_pnt[1,2] <- runif(1,-radius,radius)

if((temp_pnt[1,1]ˆ2+temp_pnt[1,2]ˆ2) <= (radiusˆ2)){

rand_pnts <- rbind(rand_pnts, temp_pnt);

i <- i + 1;

}

}

return(rand_pnts);

}
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delta.t <- 1;

relative.speed <- 1.375;

num.plant.radius <- 1;
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space.step <- 0.25;

between.plant <- 10;

island.radius <- between.plant*num.plant.radius;

plant.growth <- (between.plant/2)/(75);

plant.density <- 10;

plant.weight.max <- plant.density*pi*(between.plant/2)ˆ2;

plant.weight.min <- plant.weight.max/15;

plant.weight.repro <- plant.weight.max/3;

plant.age.max <- 10000;

plant.age.min <- 1;

prey.density <- 300;

prey.weight.max <- 100;

prey.weight.min <- prey.weight.max/4;

prey.age.max <- 600;

pred.density <- 3000;

pred.weight.max <- 1000;

pred.age.max <- 3000;

plant.attr.prey <- between.plant/2;

prey.attr.pred <- 4*between.plant;

pred.repel.prey <- between.plant/2;

prey.repel.prey <- 0.25;

prey.attr.prey <- between.plant/2;

pred.repel.pred <- 0;
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temp.plant <- hex_grid(island.radius,between.plant);

num.plant <- nrow(temp.plant);

plant <- array(1,c(num.plant,5));

plant[,1:2] <- temp.plant;

plant[,3] <- plant.weight.max;

plant[,4] <- round(runif(num.plant,1,plant.age.max/2));

plant[,5] <- sqrt(plant[,3]/(pi*plant.density));

num.prey <- 10*(num.plant);

prey <- array(1,c(num.prey,7));

prey[,1:2] <- rand_pnts_circ((island.radius+between.plant/2),num.prey);

theta <- runif(num.prey,0,2*pi);

prey[,3] <- cos(theta);

prey[,4] <- sin(theta);
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prey[,5] <- round(runif(num.prey,prey.weight.max/2,prey.weight.max));

prey[,6] <- round(runif(num.prey,1,prey.age.max));

prey[,7] <- round(runif(num.prey,0,1));

num.pred <- 4*(num.plant);

pred <- array(1,c(num.pred,6));

pred[,1:2] <- rand_pnts_circ((island.radius+between.plant/2),num.pred);

theta <- runif(num.pred,0,2*pi);

pred[,3] <- cos(theta);

pred[,4] <- sin(theta);

pred[,5] <- round(runif(num.pred,pred.weight.max/2,pred.weight.max));

pred[,6] <- round(runif(num.pred,1,pred.age.max));

plant <- rbind(array(c(-10000,10000,10000,-10000,1,1,1,1,1,1),c(2,5)),plant);

num.plant <- num.plant + 2;

space <- array(c(10000,10000,-10000,-10000,1,1,1,1,1,1),c(2,5));

num.space <- 2;

seed <- array(c(10000,10000,-10000,-10000,1,1,1,1,1,1),c(2,5));

num.seed <- 2;

prey <- rbind(array(c(-10000,10000,10000,-10000,1,1,1,1,1,1,1,1,1,1),c(2,7)),prey);

num.prey <- num.prey + 2;

pred <- rbind(array(c(10000,10000,-10000,-10000,1,1,1,1,1,1,1,1),c(2,6)),pred);

num.pred <- num.pred + 2;
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pred.near.prey <- nncircb(pred[,1:2],

sqrt(pred[,5]/(pi*pred.density)),

prey[,1:2],

sqrt(prey[,5]/(pi*prey.density)),

pred.repel.prey);

prey.near.pred <- nncircb(prey[,1:2],

sqrt(prey[,5]/(pi*prey.density)),

pred[,1:2],

sqrt(pred[,5]/(pi*pred.density)),

prey.attr.pred);

plant.near.prey <- nncircb(plant[,1:2],

plant[,5],

prey[,1:2],

sqrt(prey[,5]/(pi*prey.density)),

plant.attr.prey);
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prey.near.prey <- nncircw(prey[,1:2],

sqrt(prey[,5]/(pi*prey.density)),

prey.attr.prey);

pred.near.pred <- nncircw(pred[,1:2],

sqrt(pred[,5]/(pi*pred.density)),

pred.repel.pred);
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j <- 3;

prey.eat.plant <- array(0,c(num.plant,1));

born.prey <- c(); dead.prey <- c();

prey.deaths <- 0; prey.births <- 0;

while(j <= num.prey){

prey[j,6] <- prey[j,6] + delta.t;

if(prey[j,5] >= prey.weight.max){

prey.births <- prey.births + 1;

prey[j,5] <- prey.weight.max/2;

born.prey <- rbind(born.prey,

c((prey[j,1]-space.step*prey[j,3]),

(prey[j,2]-space.step*prey[j,4]),

(-prey[j,3]),

(-prey[j,4]),

(prey.weight.max/2),

delta.t,

prey[j,7]));

}

if(prey[j,6] > prey.age.max || prey[j,5] < prey.weight.min){

dead.prey <- rbind(dead.prey,j);

prey.deaths <- prey.deaths + 1;

}

else{

traject <- c(0,0);

traject.prey <- c(0,0); traject.pred <- c(0,0); traject.plant <- c(0,0);

move <- 0; dying <- 0; feed <- 0;

attr.plant <- 0; repel.pred <- 0; repel.prey <- 0; attr.prey <- 0;

if(pred.near.prey$dist[j] <= 0){dying <- 1}

if(plant.near.prey$dist[j] <= 0){feed <- 1}

if(plant.near.prey$dist[j] <= plant.attr.prey){attr.plant <- 1}
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if(pred.near.prey$dist[j] <= pred.repel.prey){repel.pred <- 1}

if(prey.near.prey$dist[j] <= prey.repel.prey){repel.prey <- 1}

if(prey.near.prey$dist[j] <= prey.attr.prey){attr.prey <- 1}

if(dying == 1){

move <- 0;

}

if(dying == 0 && repel.pred == 1){

move <- 1;

traject.pred[1] <- -pred.near.prey$dirx[j];

traject.pred[2] <- -pred.near.prey$diry[j];

}

if(dying == 0 && feed == 1 && repel.pred == 0){

move <- 0;

prey[j,5] <- prey[j,5] + delta.t;

prey.eat.plant[plant.near.prey$nni[j]] <-

prey.eat.plant[plant.near.prey$nni[j]] + delta.t;

}

if(dying == 0 && feed == 0 && repel.pred == 0 && attr.plant == 1){

move <- 1;

traject.plant[1] <- plant.near.prey$dirx[j];

traject.plant[2] <- plant.near.prey$diry[j];

}

if(dying == 0 && repel.prey == 1){

move <- 1;

if(is.na(prey.near.prey$dirx[j]) || is.na(prey.near.prey$diry[j])){

traject.prey[1] <- prey[j,3];

traject.prey[2] <- prey[j,4];

}

else{

traject.prey[1] <- -prey.near.prey$dirx[j];

traject.prey[2] <- -prey.near.prey$diry[j];

}

}

if(dying == 0 && feed == 0 && repel.pred == 0 &&

repel.prey == 0 && attr.plant == 0 && attr.prey == 1){

move <- 1;

if(prey[j,7] == 1){

traject.prey[1] <- prey.near.prey$dirx[j];

traject.prey[2] <- prey.near.prey$diry[j];

}

}
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if(dying == 0 && feed == 0 && repel.pred == 0 &&

repel.prey == 0 && attr.plant == 0 && attr.prey == 0){

move <- 1;

}

}

if(move == 1){

traject[1] <- prey[j,3] + traject.prey[1] + traject.pred[1] + traject.plant[1];

traject[2] <- prey[j,4] + traject.prey[2] + traject.pred[2] + traject.plant[2];

traject[1] <- traject[1]/((traject[1]ˆ2+traject[2]ˆ2)ˆ0.5)

traject[2] <- traject[2]/((traject[1]ˆ2+traject[2]ˆ2)ˆ0.5)

prey[j,1] <- prey[j,1] + delta.t*space.step*traject[1];

prey[j,2] <- prey[j,2] + delta.t*space.step*traject[2];

prey[j,3] <- traject[1];

prey[j,4] <- traject[2];

}

j <- j + 1;

}
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i <- 3;

born.pred <- c(); dead.pred <- c();

pred.deaths <- 0; pred.births <- 0;

while(i <= num.pred){

traject <- c(0,0); traject.pred <- c(0,0); traject.prey <- c(0,0);

move <- 0; feed <- 0; attr <- 0; repel <- 0;

pred[i,6] <- pred[i,6] + delta.t;

if(pred[i,5] >= pred.weight.max){

pred.births <- pred.births + 1;

pred[i,5] <- pred.weight.max/2;

born.pred <- rbind(born.pred,

c((pred[i,1] - relative.speed*space.step*pred[i,3]),

(pred[i,2] - relative.speed*space.step*pred[i,4]),

(-pred[i,3]),

(-pred[i,4]),

(pred.weight.max/2),

delta.t));

}

if(pred[i,6] > pred.age.max){
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dead.pred <- rbind(dead.pred,i);

pred.deaths <- pred.deaths + 1;

}

else{

if(prey.near.pred$dist[i] <= 0){feed <- 1}

if(prey.near.pred$dist[i] <= prey.attr.pred){attr <- 1}

if(pred.near.pred$dist[i] <= pred.repel.pred){repel <- 1}

if(feed == 1){

move <- 0;

pred[i,5] <- pred[i,5] + delta.t;

prey[prey.near.pred$nni[i],5] <- prey[prey.near.pred$nni[i],5] - delta.t;

}

if(attr == 1 && feed == 0){

move <- 1;

traject.prey[1] <- prey.near.pred$dirx[i];

traject.prey[2] <- prey.near.pred$diry[i];

}

if(repel == 1){

move <- 1;

if(is.na(pred.near.pred$dirx[i]) || is.na(pred.near.pred$diry[i])){

traject.pred[1] <- pred[i,3];

traject.pred[2] <- pred[i,4];

}

else{

traject.pred[1] <- -pred.near.pred$dirx[i];

traject.pred[2] <- -pred.near.pred$diry[i];

}

}

if(repel == 0 && move == 0 && feed == 0){

move <- 1;

}

}

if(move == 1){

traject[1] <- pred[i,3] + traject.pred[1] + traject.prey[1];

traject[2] <- pred[i,4] + traject.pred[2] + traject.prey[2];

traject[1] <- traject[1]/((traject[1]ˆ2+traject[2]ˆ2)ˆ0.5)

traject[2] <- traject[2]/((traject[1]ˆ2+traject[2]ˆ2)ˆ0.5)

pred[i,1] <- pred[i,1] + delta.t*relative.speed*space.step*traject[1];

pred[i,2] <- pred[i,2] + delta.t*relative.speed*space.step*traject[2];

pred[i,3] <- traject[1];

pred[i,4] <- traject[2];
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}

i <- i + 1;

}
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k <- 3;

born.seed <- c(); dead.space <- c();

space.deaths <- 0; seed.births <- 0;

while(k <= num.space){

plant.near.space <- c();

num.plant.near.space <- 0

for(i in 1:nrow(plant)){

distsqr <- ((plant[i,1]-space[k,1])ˆ2+(plant[i,2]-space[k,2])ˆ2);

if(distsqr <= ((between.plant)ˆ2)){

plant.near.space <- rbind(plant.near.space, plant[i,])

num.plant.near.space <- num.plant.near.space + 1;

}

}

if(num.plant.near.space != 0){

if(min(plant.near.space[,3]) >= plant.weight.repro){

seed.births <- seed.births + 1;

space.deaths <- space.deaths + 1;

dead.space <- rbind(dead.space,k);

born.seed <- rbind(born.seed, space[k,]);

}

}

k <- k + 1;

}

k <- 3;

born.plant <- c(); dead.seed <- c();

seed.deaths <- 0; plant.births <- 0;

while(k <= num.seed){

seed[k,4] <- seed[k,4] + delta.t;

seed.weight <- seed[k,3];

seed.radius <- sqrt(seed[k,3]/(plant.density*pi));

delta.seed.weight <- plant.density*pi*

((seed.radius + delta.t*plant.growth)ˆ2 - seed.radiusˆ2);
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seed[k,3] <- seed[k,3] + delta.seed.weight;

seed[k,5] <- sqrt(seed[k,3]/(plant.density*pi))

if(seed.weight >= plant.weight.min){

plant.births <- plant.births + 1;

seed.deaths <- seed.deaths + 1;

dead.seed <- rbind(dead.seed,k);

born.plant <- rbind(born.plant, seed[k,]);

}

k <- k + 1;

}

k <- 3;

born.space <- c(); dead.plant <- c();

plant.deaths <- 0; space.births <- 0;

while(k <= num.plant){

plant[k,4] <- plant[k,4] + delta.t;

if(plant[k,3] < plant.weight.min || plant[k,4] > plant.age.max) {

space.births <- space.births + 1;

plant.deaths <- plant.deaths + 1;

dead.plant <- rbind(dead.plant,k);

born.space <- rbind(born.space,

c(plant[k,1], plant[k,2], 1, delta.t,

sqrt(plant[k,3]/(plant.density*pi))));

}

else{

plant.radius <- plant[k,5];

delta.plant.weight <- plant.density*pi*

((plant.radius + delta.t*plant.growth)ˆ2 - plant.radiusˆ2);

plant[k,3] <- max(min((plant[k,3] + delta.plant.weight - prey.eat.plant[k]),

plant.weight.max),0);

plant[k,5] <- sqrt(plant[k,3]/(plant.density*pi))

}

k <- k + 1;

}
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num.pred <- num.pred - pred.deaths + pred.births;

num.prey <- num.prey - prey.deaths + prey.births;

num.space <- num.space - space.deaths + space.births;
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num.seed <- num.seed - seed.deaths + seed.births;

num.plant <- num.plant - plant.deaths + plant.births;

if(prey.deaths != 0){prey <- prey[-dead.prey,]};

if(prey.births != 0){prey <- rbind(prey,born.prey)};

if(pred.deaths != 0){pred <- pred[-dead.pred,]};

if(pred.births != 0){pred <- rbind(pred,born.pred)};

if(plant.deaths != 0){plant <- plant[-dead.plant,]};

if(plant.births != 0){plant <- rbind(plant,born.plant)};

if(seed.deaths != 0){seed <- seed[-dead.seed,]};

if(seed.births != 0){seed <- rbind(seed,born.seed)};

if(space.deaths != 0){space <- space[-dead.space,]};

if(space.births != 0){space <- rbind(space,born.space)};
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if(plotit == 1 && num.prey >=3 && num.pred >=3) {

op <- par(mfrow = c(1, 1), mai = c(0,0,0,0));

extent <- 2*island.radius;

scale <- plot.size*11.5/extent

plot(0, 0, col = "white", pch=16, cex = 1, xlab = "", ylab = "",

xlim=c(-extent,extent), ylim=c(-extent,extent), axes = FALSE);

points(plant[,1], plant[,2],

col=rgb(round(255-200*((sqrt(plant[,3]/(plant.density*pi)))/plant[,5])),

round(255-0*((sqrt(plant[,3]/(plant.density*pi)))/plant[,5])),

round(255-200*((sqrt(plant[,3]/(plant.density*pi)))/plant[,5])), max = 255),

pch=16, cex=scale*(plant[,5]));

points(seed[,1], seed[,2],

col="yellow",

pch=16, cex=scale*(sqrt(seed[,3]/(plant.density*pi))));

points(prey[,1], prey[,2],

col=rgb(0, 0, round(255 - 250*(prey[,6]/prey.age.max)), max = 255),

pch=(15*prey[,7]+1), cex=scale*(sqrt(prey[,5]/(prey.density*pi))));

points(pred[,1], pred[,2],

col=rgb(round(255 - 150*(pred[,6]/pred.age.max)),0,0,max=255),

pch=16, cex=scale*(sqrt(pred[,5]/(pred.density*pi))));

}
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subroutine nncircw(x,y,r,n,v,dirx,diry,dist,nni)

implicit real*8 (a-h,o-z)

dimension x(n),y(n),r(n)

dimension dirx(n),diry(n),dist(n),nni(n)

do i=1,n

bmin=1d40

xmin=1d40

ymin=1d40

nbr=0

xi=x(i)

yi=y(i)

ri=r(i)

do j=1,n

if(i.ne.j)then

rij=(r(j)+ri)

xij=(x(j)-xi)

if(abs(xij).le.(v+rij))then

yij=(y(j)-yi)

if(abs(yij).le.(v+rij))then

cij=sqrt((xij)**2+(yij)**2)

bij=(cij-rij)

if(bij.lt.bmin)then

bmin=bij

xmin=(xij/cij)

ymin=(yij/cij)

nbr=j

end if

end if

end if

end if

end do

dirx(i)=xmin

diry(i)=ymin

dist(i)=bmin

nni(i)=nbr

end do
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end

subroutine nncircb(x1,y1,r1,n1,x2,y2,r2,n2,v,dirx,diry,dist,nni)

implicit real*8 (a-h,o-z)

dimension x1(n1),y1(n1),r1(n1),x2(n2),y2(n2),r2(n2)

dimension dirx(n2),diry(n2),dist(n2),nni(n2)

do i=1,n2

bmin=1d40

xmin=1d40

ymin=1d40

nbr=0

x2i=x2(i)

y2i=y2(i)

r2i=r2(i)

do j=1,n1

rij=(r1(j)+r2i)

xij=(x1(j)-x2i)

if(abs(xij).le.(v+rij))then

yij=(y1(j)-y2i)

if(abs(yij).le.(v+rij))then

cij=sqrt((xij)**2+(yij)**2)

bij=(cij-(r1(j)+r2i))

if(bij.lt.bmin)then

bmin=bij

xmin=(xij/cij)

ymin=(yij/cij)

nbr=j

end if

end if

end if

end do

dirx(i)=xmin

diry(i)=ymin

dist(i)=bmin

nni(i)=nbr

end do

end

end
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#include "draw.h"

#include <string.h>

#include <unistd.h>

#include "/usr/include/gd.h"

int screen_width = 600;

int screen_height = 600;

void init(void){

eco_time = 0.0;

init_Ecosystem();

ECO = nearest(ECO);

glClearColor(255.0/255.0, 255.0/255.0, 255.0/255.0, 0.0);

glClearAccum(0.0, 0.0, 0.0, 0.0);

glViewport(0.0, 0.0, screen_width, screen_height);
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glMatrixMode(GL_PROJECTION);

glLoadIdentity();

gluPerspective(45.0f, (GLfloat)screen_width/(GLfloat)screen_height, 1.0f, 1000.0f);

}

void resize(int width, int height){

screen_width = width;

screen_height = height;

glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);

glViewport(0.0, 0.0, screen_width, screen_height);

glMatrixMode(GL_PROJECTION);

glLoadIdentity();

gluPerspective(45.0f, (GLfloat)screen_width/(GLfloat)screen_height, 1.0f, 1000.0f);

glutPostRedisplay();

}

void initLight(void){

GLfloat white[4] = { 1.0, 1.0, 1.0, 1.0 };

GLfloat lightPos[4] = {0.0, 0.0, RADIUS, 0.0};

GLfloat mat_ambient[] = { 1.0, 1.0, 1.0, 1.0 };

glMaterialfv(GL_FRONT, GL_AMBIENT, mat_ambient);

glEnable(GL_LIGHTING);

glEnable(GL_LIGHT0);

glLightfv(GL_LIGHT0, GL_DIFFUSE, white);

glLightfv(GL_LIGHT0, GL_POSITION, lightPos);

}

void display(void){

double look_x, look_y, count;

ECO = nearest(ECO);

move_max = 0.0;

look_x = 0.0; look_y = 0.0, count = 0.0;

tempEco = ECO->head;

while (tempEco != NULL){

direct_Individual(tempEco);

move_Individual(tempEco);

count = count + 1.0;

look_x = (look_x*(count - 1.0) + tempEco->x_pos)/count;

look_y = (look_y*(count - 1.0) + tempEco->y_pos)/count;

tempEco = tempEco->next;

}

glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);

glEnable(GL_DEPTH_TEST);

glEnable(GL_CULL_FACE);
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glMatrixMode(GL_PROJECTION);

glEnable(GL_BLEND);

glBlendFunc(GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA);

glMatrixMode(GL_MODELVIEW);

glLoadIdentity();

initLight();

gluLookAt(look_x, look_y, look_radius, look_x, look_y, 0.0, 1.0, 1.0, 0.0);

tempEco = ECO->head;

while(tempEco != NULL){

draw_Individual(tempEco);

tempEco = tempEco->next;

}

draw_Grid();

glFlush();

glutSwapBuffers();

ECO = clean(ECO);

time_draw = time_draw + delta_t;

eco_time = eco_time + delta_t;

fflush(stdout);

if(eco_time >= 5000.0){

remove_Population(DEAD);

remove_Population(ECO);

free(DEAD);

free(ECO);

free(PREY);

init();

}

}

void mouse_menu(int option){

switch(option){

case 666:

remove_Population(DEAD);

remove_Population(ECO);

free(DEAD);

free(ECO);

free(PREY);

exit(0);

case 333:

eco_time = 1000000.0;

}

glutPostRedisplay();
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}

int main(int argc, char **argv){

PlantSeeds(-1); //random number seed

look_phi = M_PI/2.0;

look_theta = 0.0;

look_radius = 150.0;

glutInit(&argc, argv);

glutInitDisplayMode(GLUT_RGBA | GLUT_DOUBLE | GLUT_DEPTH | GLUT_ALPHA);

glutInitWindowSize(screen_width,screen_height);

glutInitWindowPosition(0,0);

glutCreateWindow("SCHOOL");

glutDisplayFunc(display);

glutCreateMenu(mouse_menu);

glutAddMenuEntry("RESET", 333);

glutAddMenuEntry("QUIT", 666);

glutAttachMenu(GLUT_RIGHT_BUTTON);

glutIdleFunc(display);

glutReshapeFunc(resize);

init();

glutMainLoop();

return(0);

}
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#include "draw.h"

void draw_Individual(struct individual *ind){

if(ind->pop == PREY){draw_Prey(ind);}

}

void draw_Prey(struct individual *ind){

int a;

int draw_zone = 0;

double da;

GLUquadricObj *qobj;

x_p = ind->x_pos;

y_p = ind->y_pos;

z_p = 0.0;

r = ind->size;

x_v = ind->x_vel;
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y_v = ind->y_vel;

z_v = 0.0;

v = sqrt(x_v*x_v + y_v*y_v + z_v*z_v);

GLfloat black[4] = { 0.0/255.0, 0.0/255.0, 0.0/255.0, 1.0};

GLfloat white[4] = { 255.0/255.0, 255.0/255.0, 255.0/255.0, 1.0};

if(x_v == 0.0){

if(y_v < 0.0){

phi = 90.0;

}

if(y_v > 0.0){

phi = -90.0;

}

}

if(x_v > 0.0){

phi = atan(y_v/x_v)*180.0/M_PI;

}

if(x_v < 0.0){

phi = 180.0 + atan(y_v/x_v)*180.0/M_PI;

}

glPushMatrix ();

glTranslatef(x_p, y_p, z_p);

glRotatef(phi, 0.0, 0.0, 1.0);

qobj = gluNewQuadric();

glTranslatef(r/2.0,0.0,0.0);

glTranslatef(0.0,r/2.0,0.0);

glMaterialfv(GL_FRONT, GL_DIFFUSE, white);

gluPartialDisk(qobj, 0.0, r/4.0, 200, 4, 0.0, 360.0);

glTranslatef(0.0,-r/1.0,0.0);

glMaterialfv(GL_FRONT, GL_DIFFUSE, white);

gluPartialDisk(qobj, 0.0, r/4.0, 200, 4, 0.0, 360.0);

glTranslatef(0.0,r/2.0,0.0);

glTranslatef(-r/2.0,0.0,0.0);

glMaterialfv(GL_FRONT, GL_DIFFUSE, black);

gluPartialDisk(qobj, 0.0, r, 200, 4, 0.0, 360.0);

glPopMatrix ();

}

void draw_Grid(void){

int a;

double da;

GLfloat black[4] = { 0.0/255.0, 0.0/255.0, 0.0/255.0, 1.0};

glMaterialfv(GL_FRONT, GL_DIFFUSE, black);
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for(a = 0; a < 100; a++){

da = a;

glBegin(GL_LINES);

glVertex3f(-30.0*RADIUS, -30.0*RADIUS + 60.0*da*RADIUS/50.0, 0.0);

glVertex3f(30.0*RADIUS, -30.0*RADIUS + 60.0*da*RADIUS/50.0, 0.0);

glEnd();

}

for(a = 0; a < 100; a++){

da = a;

glBegin(GL_LINES);

glVertex3f(-30.0*RADIUS + 60.0*da*RADIUS/50.0, -30.0*RADIUS, 0.0);

glVertex3f(-30.0*RADIUS + 60.0*da*RADIUS/50.0, 30.0*RADIUS, 0.0);

glEnd();

}

}
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#include "move.h"

void draw_Individual(struct individual *ind);

void draw_Grid(void);

void draw_Prey(struct individual *ind);
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CC=gcc

CFLAGS1=

EXTRA_CFLAGS=-g

CFLAGS=$(CFLAGS1) $(EXTRA_CFLAGS)

LIBS= -O3 -lm -lglut -lGLU -lGL -lXmu -lX11 -lXi -lgd-lz

INCLUDES=
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.c.o:

$(CC) -c $(CFLAGS) $(INCLUDES) $<

OBJS=main.o draw.o move.o update.o structs.o parameters.o neighbour.o rngs.o rvgs.o

sort: $(OBJS)

$(CC) -o school $(OBJS) $(LIBS)

clean:

rm -f $(OBJS) school
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#include "move.h"

void direct_Individual(struct individual *ind){

double traject[2];

double traject_repel[2];

double traject_neutral[2];

double traject_attr[2];

double tempdist, tempangle, ind_dir, di;

int a;

double da, decay;

traject[0] = 0.0; traject_repel[0] = 0.0;

traject_neutral[0] = 0.0; traject_attr[0] = 0.0;

traject[1] = 0.0; traject_repel[1] = 0.0;

traject_neutral[1] = 0.0; traject_attr[1] = 0.0;

x_v = ind->x_vel;

y_v = ind->y_vel;

if(x_v == 0.0){

if(y_v == 0.0){

ind_dir = Uniform(0.0, 2*M_PI);

}

if(y_v < 0.0){

ind_dir = 3.0*M_PI/2.0;
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}

if(y_v > 0.0){

ind_dir = M_PI/2.0;

}

}

if(x_v > 0.0){

ind_dir = atan(y_v/x_v);

}

if(x_v < 0.0){

ind_dir = atan(y_v/x_v) - M_PI;

}

if(ind_dir < 0.0){ind_dir = ind_dir + 2*M_PI;}

decay = sight_decay;

for(a = 0; a < DEGREES_I; a++){

if(ind->direction[a].sight_ind != NULL){

if(ind->direction[a].sight_ind->pop == PREY){

da = a;

tempdist = ind->direction[a].sight_dist;

tempangle = 2.0*da*M_PI/DEGREES_D - ind_dir;

if(tempangle < 0.0){tempangle = tempangle + 2.0*M_PI;}

if(tempangle <= ind->front_angle ||

tempangle >= 2.0*M_PI - ind->front_angle){

if(tempdist <= ind->front_repel){

traject_repel[0] = traject_repel[0] +

exp(-tempdist/decay)*1.0*cos(2.0*da*M_PI/DEGREES_D);

traject_repel[1] = traject_repel[1] +

exp(-tempdist/decay)*1.0*sin(2.0*da*M_PI/DEGREES_D);

}else{

if(tempdist <= ind->front_neutral){

traject_neutral[0] = traject_neutral[0] +

exp(-tempdist/decay)*cos(ind_dir);

traject_neutral[1] = traject_neutral[1] +

exp(-tempdist/decay)*sin(ind_dir);

}else{

if(tempdist <= ind->front_attract){

traject_attr[0] = traject_attr[0] +

exp(-tempdist/decay)*1.0*cos(2.0*da*M_PI/DEGREES_D);

traject_attr[1] = traject_attr[1] +

exp(-tempdist/decay)*1.0*sin(2.0*da*M_PI/DEGREES_D);

}

}
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}

}else{

if(tempangle <= ind->side_angle ||

tempangle >= 2.0*M_PI - ind->side_angle){

if(tempdist <= ind->side_repel){

traject_repel[0] = traject_repel[0] +

exp(-tempdist/decay)*1.0*cos(2.0*da*M_PI/DEGREES_D);

traject_repel[1] = traject_repel[1] +

exp(-tempdist/decay)*1.0*sin(2.0*da*M_PI/DEGREES_D);

}else{

if(tempdist <= ind->side_neutral){

traject_neutral[0] = traject_neutral[0] +

exp(-tempdist/decay)*cos(ind_dir);

traject_neutral[1] = traject_neutral[1] +

exp(-tempdist/decay)*sin(ind_dir);

}else{

if(tempdist <= ind->side_attract){

traject_attr[0] = traject_attr[0] +

exp(-tempdist/decay)*1.0*cos(2.0*da*M_PI/DEGREES_D);

traject_attr[1] = traject_attr[1] +

exp(-tempdist/decay)*1.0*sin(2.0*da*M_PI/DEGREES_D);

}

}

}

}else{

if(tempangle <= ind->back_angle ||

tempangle >= 2.0*M_PI - ind->back_angle){

if(tempdist <= ind->back_repel){

traject_repel[0] = traject_repel[0] +

exp(-tempdist/decay)*1.0*cos(2.0*da*M_PI/DEGREES_D);

traject_repel[1] = traject_repel[1] +

exp(-tempdist/decay)*1.0*sin(2.0*da*M_PI/DEGREES_D);

}else{

if(tempdist <= ind->back_neutral){

traject_neutral[0] = traject_neutral[0] +

exp(-tempdist/decay)*cos(ind_dir);

traject_neutral[1] = traject_neutral[1] +

exp(-tempdist/decay)*sin(ind_dir);

}else{

if(tempdist <= ind->back_attract){

traject_attr[0] = traject_attr[0] +
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exp(-tempdist/decay)*1.0*cos(2.0*da*M_PI/DEGREES_D);

traject_attr[1] = traject_attr[1] +

exp(-tempdist/decay)*1.0*sin(2.0*da*M_PI/DEGREES_D);

}

}

}

}

}

}

if(tempdist <= 0.0){

plastic_Collision(ind, ind->direction[a].sight_ind);

}

}

}

}

x_d = ind->x_dir; y_d = ind->y_dir;

x_d = x_d + traject_neutral[0] + traject_attr[0] - traject_repel[0];

y_d = y_d + traject_neutral[1] + traject_attr[1] - traject_repel[1];

d = sqrt(x_d*x_d + y_d*y_d);

ind->x_dir = x_d/d;

ind->y_dir = y_d/d;

}

void plastic_Collision(struct individual *ind1, struct individual *ind2){

double x_v1, y_v1, m1, x_v2, y_v2, m2;

x_v1 = ind1->x_vel;

y_v1 = ind1->y_vel;

m1 = (4.0/3.0)*M_PI*pow(ind1->size,3);

x_v2 = ind2->x_vel;

y_v2 = ind2->y_vel;

m2 = (4.0/3.0)*M_PI*pow(ind2->size,3);

x_v = (x_v1*m1 + x_v2*m2)/(m1 + m2);

y_v = (y_v1*m1 + y_v2*m2)/(m1 + m2);

ind1->x_vel = x_v;

ind1->y_vel = y_v;

ind2->x_vel = x_v;

ind2->y_vel = y_v;

}

void move_Individual(struct individual *ind){

x_p = ind->x_pos;

y_p = ind->y_pos;

x_v = ind->x_vel;
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y_v = ind->y_vel;

x_d = ind->x_dir;

y_d = ind->y_dir;

r = ind->size;

c = 6.0*M_PI*viscosity*r;

g = ind->speed*4.0*M_PI*r*r;

w = (4.0/3.0)*M_PI*r*r*r;

h = delta_t;

ind->x_pos = x_p + h*x_v + h*h*(3.0 - (c/w)*h +

(c/w)*(c/w)*h*h/4.0)*(g*x_d - (c/w)*x_v)/6.0;

ind->y_pos = y_p + h*y_v + h*h*(3.0 - (c/w)*h +

(c/w)*(c/w)*h*h/4.0)*(g*y_d - (c/w)*y_v)/6.0;

ind->x_vel = x_v + h*(6.0 - 3.0*(c/w)*h +

(c/w)*(c/w)*h*h - (c/w)*(c/w)*(c/w)*h*h*h/4.0)*(g*x_d - (c/w)*x_v)/6.0;

ind->y_vel = y_v + h*(6.0 - 3.0*(c/w)*h +

(c/w)*(c/w)*h*h - (c/w)*(c/w)*(c/w)*h*h*h/4.0)*(g*y_d - (c/w)*y_v)/6.0;

x_d = ind->x_pos - x_p;

y_d = ind->y_pos - y_p;

}
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#include "neighbour.h"

void direct_Individual(struct individual *ind);

void plastic_Collision(struct individual *ind1, struct individual *ind2);

void move_Individual(struct individual *ind);
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#include "neighbour.h"

struct ecosystem *nearest(struct ecosystem *eco) {

struct individual *ind;

struct individual *checkind;

double test1, test2, test3, test4;

double n_x_p, n_y_p, n_r;

double da;

int a;
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min_dist = LARGE_NUMBER;

temp_dist = LARGE_NUMBER;

ind = eco->head;

while(ind != NULL){

for(a = 0; a < DEGREES; a++){

ind->direction[a].sight_ind = NULL;

ind->direction[a].sight_dist = LARGE_NUMBER;

}

x_p = ind->x_pos;

y_p = ind->y_pos;

r = ind->size;

checkind = eco->head;

while(checkind != NULL){

if(checkind != ind){

n_x_p = checkind->x_pos;

n_y_p = checkind->y_pos;

n_r = checkind->size;

if((pow(n_x_p-x_p,2) + pow(n_y_p-y_p,2)) <= pow(sight_dist,2)){

for(a = 0; a < DEGREES_H; a++){

da = a;

test2 = ((n_x_p - x_p)*cos(2.0*M_PI*da/DEGREES_D) +

(n_y_p - y_p)*sin(2.0*M_PI*da/DEGREES_D));

test1 = pow(n_r,2) + pow(test2,2) -

pow((n_x_p - x_p), 2) - pow((n_y_p - y_p), 2);

if(test1 >= 0.0){

test3 = test2 - sqrt(test1);

test4 = test2 + sqrt(test1);

if(test3 >= 0.0 && test4 > 0.0){

if(test3 - r <= ind->direction[a].sight_dist){

ind->direction[a].sight_ind = checkind;

ind->direction[a].sight_dist = test3 - r;

}

}

if(test3 < 0.0 && test4 > 0.0){

if(-test3 < test4){

if(-test3 - r <= ind->direction[a].sight_dist){

ind->direction[a].sight_ind = checkind;

ind->direction[a].sight_dist = test3 - r;

}

}else{

if(test4 - r <= ind->direction[a + DEGREES_H].sight_dist){
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ind->direction[a + DEGREES_H].sight_ind = checkind;

ind->direction[a + DEGREES_H].sight_dist = test4 - r;

}

}

}

if(test3 < 0.0 && test4 <= 0.0){

if(-test4 - r <= ind->direction[a + DEGREES_H].sight_dist){

ind->direction[a + DEGREES_H].sight_ind = checkind;

ind->direction[a + DEGREES_H].sight_dist = -test4 - r;

}

}

}

}

}

}

checkind = checkind->next;

}

ind = ind->next;

}

return(eco);

}
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#include "update.h"

struct ecosystem *nearest(struct ecosystem *eco);
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#include "parameters.h"

void init_Parameters(void){

colour = 0.0;

RADIUS = 100.0;

LARGE_NUMBER = 1000000.0;

sight_decay = 100.0;

sight_dist = LARGE_NUMBER;
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front_angle = M_PI/3.0;

side_angle = 3.0*M_PI/4.0;

back_angle = 5.0*M_PI/6.0;

front_repel = 5.0;

front_neutral = 5.0;

front_attract = LARGE_NUMBER;

side_repel = 1.0;

side_neutral = 50.0;

side_attract = LARGE_NUMBER;

back_repel = 2.0;

back_neutral = 50.0;

back_attract = LARGE_NUMBER;

size = 1.0;

speed = 1.0;

viscosity = 2.0;

double runge_kutta =

(1.0/3.0)*(cbrt(4.0*sqrt(2349.0)+172.0)-cbrt(4.0*sqrt(2349.0)-172.0)+4.0);

delta_t_stable = runge_kutta*(2.0/9.0)*(pow(size/cbrt(2.0),2)/viscosity);

delta_t_move = (9.0/(16.0*M_PI))*(viscosity/speed)*(1.0/pow(size,3));

if(delta_t_stable < delta_t_move){

delta_t = delta_t_stable;

}else{

delta_t = delta_t_move;

}

}
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#include "structs.h"

void init_Parameters(void);
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#include "structs.h"

void malloc_Ecosystem(void){

DEAD = (struct ecosystem *)malloc(sizeof(struct ecosystem));
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ECO = (struct ecosystem *)malloc(sizeof(struct ecosystem));

PREY = (struct population *)malloc(sizeof(struct population));

}

void init_Ecosystem(void){

init_Parameters();

malloc_Ecosystem();

ECO->head = NULL;

ECO->tail = NULL;

DEAD->head = NULL;

DEAD->tail = NULL;

PREY->head = NULL;

PREY->tail = NULL;

PREY->size = size;

PREY->speed = speed;

PREY->front_angle = front_angle;

PREY->side_angle = side_angle;

PREY->back_angle = back_angle;

PREY->front_repel = front_repel;

PREY->front_neutral = front_neutral;

PREY->front_attract = front_attract;

PREY->side_repel = side_repel;

PREY->side_neutral = side_neutral;

PREY->side_attract = side_attract;

PREY->back_repel = back_repel;

PREY->back_neutral = back_neutral;

PREY->back_attract = back_attract;

PREY->colour = colour;

ECO = init_Population(PREY, ECO, 100);

}

struct ecosystem *init_Population(struct population *pop,

struct ecosystem *eco, int number){

struct individual *ind;

int a;

for(a = 0; a < number; a++){

ind = init_Individual(pop, ind);

eco = append_Individual(eco, pop, ind);

}

return(eco);

}

struct individual *malloc_Individual(struct individual *ind){

if(DEAD->head != NULL){
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ind = DEAD->head;

DEAD->head = DEAD->head->next;

if(DEAD->head != NULL){

DEAD->head->prev = NULL;

}

}else{

ind = (struct individual *)malloc(sizeof(struct individual));

}

return(ind);

}

struct individual *init_Individual(struct population *pop, struct individual *ind){

int a;

ind = malloc_Individual(ind);

ind->pop = pop;

theta = Uniform(0.0,2.0*M_PI);

phi = Random();

ind->x_pos = RADIUS*(sqrt(phi))*cos(theta);

ind->y_pos = RADIUS*(sqrt(phi))*sin(theta);

theta = Uniform(0.0,2.0*M_PI);

ind->x_dir = cos(theta);

ind->y_dir = sin(theta);

theta = Uniform(0.0,2.0*M_PI);

ind->x_vel = cos(theta);

ind->y_vel = sin(theta);

ind->size = PREY->size;

ind->speed = PREY->speed;

ind->front_angle = PREY->front_angle;

ind->side_angle = PREY->side_angle;

ind->back_angle = PREY->back_angle;

ind->front_repel = PREY->front_repel;

ind->front_neutral = PREY->front_neutral;

ind->front_attract = PREY->front_attract;

ind->side_repel = PREY->side_repel;

ind->side_neutral = PREY->side_neutral;

ind->side_attract = PREY->side_attract;

ind->back_repel = PREY->back_repel;

ind->back_neutral = PREY->back_neutral;

ind->back_attract = PREY->back_attract;

ind->colour = Uniform(-10.0,10.0);//PREY->colour;

for(a = 0; a < DEGREES_I; a++){

ind->direction[a].sight_ind = NULL;
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ind->direction[a].sight_dist = LARGE_NUMBER;

}

ind->next = NULL;

ind->prev = NULL;

ind->next_pop = NULL;

ind->prev_pop = NULL;

return(ind);

}

struct ecosystem *append_Individual(struct ecosystem *eco,

struct population *pop, struct individual *ind) {

if(eco->head == NULL){

eco->head = ind;

ind->prev = NULL;

}else{

eco->tail->next = ind;

ind->prev = eco->tail;

}

eco->tail = ind;

ind->next = NULL;

if(pop != NULL){

if(pop->head == NULL){

pop->head = ind;

ind->prev_pop = NULL;

}else{

pop->tail->next_pop = ind;

ind->prev_pop = pop->tail;

}

pop->tail = ind;

ind->next_pop = NULL;

}

return(eco);

}
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#include <stdio.h>

#include <math.h>

#include <stdlib.h>
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#include <unistd.h>

#include <sys/types.h>

#include <time.h>

#include <GL/glut.h>

#include <time.h>

#include <string.h>

#include "rngs.h"

#include "rvgs.h"

#ifndef M_PI

#define M_PI 3.14159265358979323846

#endif

#ifndef DEGREES

#define DEGREES 128

#endif

#ifndef DEGREES_I

#define DEGREES_I 128

#endif

#ifndef DEGREES_H

#define DEGREES_H 64

#endif

#ifndef DEGREES_D

#define DEGREES_D 128.0

#endif

double RADIUS;

double LARGE_NUMBER;

struct ecosystem{

struct individual *head;

struct individual *tail;

};

struct direction{

struct individual *sight_ind;

double sight_dist;

};

struct population{

struct individual *head;

struct individual *tail;

double size, speed;

double front_angle, side_angle, back_angle;

double front_repel, front_neutral, front_attract;

double side_repel, side_neutral, side_attract;

double back_repel, back_neutral, back_attract;
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double colour;

};

struct individual{

struct population *pop;

double x_pos, y_pos;

double x_dir, y_dir;

double x_vel, y_vel;

double size, speed;

double front_angle, side_angle, back_angle;

double front_repel, front_neutral, front_attract;

double side_repel, side_neutral, side_attract;

double back_repel, back_neutral, back_attract;

double colour;

struct direction direction[DEGREES];

struct individual *next;

struct individual *prev;

struct individual *next_pop;

struct individual *prev_pop;

};

struct ecosystem *DEAD;

struct ecosystem *ECO;

struct population *PREY;

struct individual *deadhead, *deadtail;

struct individual *Prey;

struct individual *tempPrey, *tempEco;

double size, speed;

double front_angle, side_angle, back_angle;

double front_repel, front_neutral, front_attract;

double side_repel, side_neutral, side_attract;

double back_repel, back_neutral, back_attract;

double colour;

int draw, jpegs;

double x_p, y_p, z_p, p;

double x_v, y_v, z_v, v;

double x_d, y_d, z_d, d;

double r, sum_r;

double theta, phi;

double delta_t, move_max;

double sight_dist, sight_decay;

double c, g, h, w;

double x_dist, y_dist;
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double diff_x, diff_y;

double min_dist, temp_dist;

double angle, radius;

double eco_time;

double viscosity;

double delta_t_stable, delta_t_move;

double time_draw;

int time_jpegs, pause_eco;

double counter_jpegs;

double look_theta, look_phi, look_radius;

void malloc_Ecosystem(void);

void init_Ecosystem(void);

struct individual *malloc_Individual(struct individual *ind);

struct ecosystem *append_Individual(struct ecosystem *eco,

struct population *pop, struct individual *ind);

struct individual *init_Individual(struct population *pop,

struct individual *ind);

struct ecosystem *init_Population(struct population *pop,

struct ecosystem *eco, int number);
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#include "update.h"

struct ecosystem *clean(struct ecosystem *eco){

struct individual *ind;

int a;

ind = eco->head;

while(ind != NULL){

for(a = 0; a < DEGREES_I; a++){

ind->direction[a].sight_ind = NULL;

}

ind = ind->next;

}

return(eco);

}

struct individual *remove_Individual(struct ecosystem *eco, struct individual *ind) {

struct individual *returnind;

returnind = ind->next;

if(ind->prev != NULL){
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ind->prev->next = ind->next;

}else{

eco->head = ind->next;

}

if(ind->next != NULL){

ind->next->prev = ind->prev;

}else{

eco->tail = ind->prev;

}

if(ind->prev_pop != NULL){

ind->prev_pop->next_pop = ind->next_pop;

}else{

ind->pop->head = ind->next_pop;

}

if(ind->next_pop != NULL){

ind->next_pop->prev_pop = ind->prev_pop;

}else{

ind->pop->tail = ind->prev_pop;

}

if(eco != DEAD){

DEAD = append_Individual(DEAD, NULL, ind);

}else{

free(ind);

}

return(returnind);

}

void remove_Population(struct ecosystem *eco){

struct individual *checkind;

int a;

checkind = eco->head;

while(checkind != NULL){

for(a = 0; a < DEGREES_I; a++){

checkind->direction[a].sight_ind = NULL;

}

checkind = checkind->next;

}

while(eco->head != NULL){

remove_Individual(eco, eco->head);

}

}
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#include "parameters.h"

struct ecosystem *clean(struct ecosystem *eco);

struct individual *remove_Individual(struct ecosystem *eco, struct individual *ind);

void remove_Population(struct ecosystem *eco);


