COMPUTER SYSTEMS RESEARCH 
Code Writeup of your program, example report form 2009-2010 

1. Your name: Lenny Li


 Period: 4

2. Date of this version of your program: April 1, 2010

3. Project title: Statistical Analysis of Fluctuating Variables on the Stability of Predator Prey Relationships 

4. Describe how your program runs as of this version. 



My experiment involves looping through many initial variables, such as predator and prey numbers, map size, reproduction probabilities, and kill probabilities. At each point, the program will run the actual experiment, which will return the number of steps at which the system is still running (both predator and prey are still alive). It will run each trial 30 times, compute the mean and standard deviations, and then output all the data into a spreadsheet.



The actual experiment portion of the program first starts by creating a map with food and organisms using classes and subclasses. Then it proceeds to the step functions. During each step, the organisms are randomly selected to make a move. A prey will move as far as possible from the predators near it, possibly reproduce, and then search for food. A predator will move toward the current prey it's targeting or search for a new target if there is none, attack the target if it's close enough, and then possibly reproduce. Each step was repeated recursively, although I may change that for 4th quarter due to maximum recursion problems. The micro activity of each organism involves game theory, as a heuristic was required to choose the most optimal location to move. No files are needed. 


What do you expect to work on next quarter, in relation to the goal of your project for the year? 


There seems to be a few bugs with my program, as when I run the entire program, it does not finish and returns a maximum recursion error. I am not sure if it is a trial that stays “stable” for more than 1000 steps, or if there is some other bug in my program. Once I fix that, I can start analyzing my data statistically. 
import Tkinter

from random import *

from sys import exit

from copy import copy

from math import *

# Making Classes ----------------------------------------------------------------

class Organism:


def __init__ (self, lx, ly):



self.metabolism = 1



self.locx = lx



self.locy = ly



self.energy = randint(5,10)



self.speed = gauss(1.0,.1) #mean = 1.5, standard deviation = .5



self.hunger = randint(1,10)



self.vision = randint(2,5)



self.target = 0 #for predators only (no target to begin with)



self.hunters = [] #for prey only (no hunters to begin with)



self.skill = gauss(.5,.1)


def calcDistance(self, target):



x1,y1,x2,y2 = self.locx, self.locy, target.locx, target.locy



return sqrt((x2-x1)**2 + (y2-y1)**2)

class Pred(Organism):


def move(self):



global LocList



for i in range(int(self.locx),int(self.locx+2)): #keeps track of where everything is. removes from old location lists




for j in range(int(self.locy),int(self.locy+2)):





if j < MapSize and i < MapSize:






LocList[j*MapSize + i].agentList.remove(self)



if self.target == 0: #move randomly




theta = random()*2*pi




self.locx = self.locx + self.speed*cos(theta)




self.locy = self.locy + self.speed*sin(theta)



else: #follow prey




D = self.calcDistance(self.target)




if D != 0:





self.locx = self.locx + self.speed * (self.target.locx - self.locx)/D





self.locy = self.locy + self.speed * (self.target.locy - self.locy)/D



if self.locx < 0: #Boundary Check




self.locx = 0



if self.locy < 0:




self.locy = 0



if self.locx > MapSize-1:




self.locx = MapSize-1



if self.locy > MapSize-1:




self.locy = MapSize-1



for i in range(int(self.locx),int(self.locx+2)): #keeps track of where everything is. adds to new location lists




for j in range(int(self.locy),int(self.locy+2)):





if j < MapSize and i < MapSize:






LocList[j*MapSize + i].agentList += [self]


def reproduce(self):



global NumPred, PredList, canvas, LocList



lx = self.locx



ly = self.locy



new = Pred(lx,ly)



radius = 5



NumPred += 1



self.energy /= 2



new.energy = self.energy



PredList += [new]



for i in range(int(new.locx), int(new.locx+2)):




for j in range(int(new.locy), int(new.locy+2)):





if j < MapSize and i < MapSize:






LocList[j*MapSize+i].agentList += [new]


def findPrey(self):




list = []



r = self.vision



for lx in range(int(self.locx)-r, int(self.locx)+r):   #prey within circle of radius r




xdif = int(sqrt(r*r - int((lx-self.locx))*int((lx-self.locx))))




for ly in range(int(self.locy) - xdif, xdif + int(self.locy)):





if lx >= 0 and ly >= 0 and lx < MapSize and ly <MapSize:






list += LocList[ly*MapSize + lx].agentList



ClosestDistance = r



CurrentPrey = 0



for l in list: #choosing closest prey




if isinstance(l, Prey):





D = self.calcDistance(l)





if CurrentPrey == 0:






CurrentPrey = l






ClosestDistance = D





elif D < ClosestDistance:






CurrentPrey = l






ClosestDistance = D



if CurrentPrey != 0:




CurrentPrey.hunters += [self]



return CurrentPrey # 0 of there is no prey


def die(self):



global NumPred, PredList, canvas, LocList



if self.target != 0: #remove yourself from a prey's hunter list




self.target.hunters.remove(self)



PredList.remove(self)



for i in range(int(self.locx),int(self.locx+2)):




for j in range(int(self.locy),int(self.locy+2)):





if j < MapSize and i < MapSize:






LocList[j*MapSize + i].agentList.remove(self)



NumPred -= 1


def kill(self, prey):



self.energy += GainFromKillRate



prey.die()


def calcKill(self, prey):



return (1-prey.skill)*(self.skill)*KillRate


def calcReproduce(self):



if self.energy < 5:




return 0



return PredRate * NumPred*(1-NumPred/PredCapacity)/NumPred


def step(self):



self.energy -= self.metabolism #subtract energy



if self.energy <= 0: #check if dead




self.die()



else:




if random() < self.calcReproduce(): #check if it wants to reproduce





self.reproduce()




if self.target == 0: #if there is no target, find one





self.target = self.findPrey()




self.move() #move randmomly if no target or follow target




if self.target != 0:





if self.calcDistance(self.target) < 1:






if random() < self.calcKill(self.target):







self.kill(self.target)







self.target = 0

class Prey(Organism):


def move(self):



global LocList



for i in range(int(self.locx),int(self.locx+2)): #keeps track of where everything is. removes from old location lists




for j in range(int(self.locy),int(self.locy+2)):





if j < MapSize and i < MapSize:






LocList[j*MapSize + i].agentList.remove(self)



if len(self.hunters) == 0: #move randomly




theta = random()*2*pi




self.locx = self.locx + self.speed*cos(theta)




self.locy = self.locy + self.speed*sin(theta)



else: #avoid predators




xT,yT = 0,0




for h in self.hunters:





xT += h.locx





yT += h.locy




xT /= len(self.hunters)




yT /= len(self.hunters)




D = sqrt((self.locx-xT)*(self.locx-xT) + (self.locy-yT)*(self.locy-yT))




if D != 0:





self.locx = self.locx + self.speed * (self.locx - xT)/D





self.locy = self.locy + self.speed * (self.locy - yT)/D



if self.locx < 0: #Boundary Check




self.locx = 0



if self.locy < 0:




self.locy = 0



if self.locx > MapSize-1:




self.locx = MapSize-1



if self.locy > MapSize-1:




self.locy = MapSize-1



for i in range(int(self.locx),int(self.locx+2)): #keeps track of where everything is. adds to new location lists




for j in range(int(self.locy),int(self.locy+2)):





if j < MapSize and i < MapSize:






LocList[j*MapSize + i].agentList += [self]


def reproduce(self):



global NumPrey, PreyList, canvas, LocList



lx = self.locx



ly = self.locy



new = Prey(lx,ly)



radius = 2



self.energy /= 2



new.energy = self.energy



NumPrey += 1



PreyList += [new]



for i in range(int(new.locx), int(new.locx)+2):




for j in range(int(new.locy), int(new.locy)+2):





if j < MapSize and i < MapSize:






LocList[j*MapSize+i].agentList += [new]


def die(self):



global NumPrey, PreyList, canvas, LocList



for l in self.hunters:




l.target = 0



PreyList.remove(self)



for i in range(int(self.locx), int(self.locx)+2):




for j in range(int(self.locy), int(self.locy)+2):





if j < MapSize and i < MapSize:






LocList[j*MapSize+i].agentList.remove(self)



NumPrey -= 1


def calcReproduce(self):



if self.energy < 4:




return 0



return PreyRate*NumPrey*(1-NumPrey/PreyCapacity)/NumPrey


def step(self):



if self not in PreyList:




return



self.energy -= self.metabolism #subtract energy



if self.energy <= 0: #check if dead




self.die()



else:




if random() < self.calcReproduce(): #check if it wants to reproduce





self.reproduce()




self.move() #move randomly




currentPatch = LocList[int(self.locx+.5)*MapSize + int(self.locy+.5)]




if currentPatch.amountFood != 0: #get food from current location





self.energy += GainFromGrassRate





currentPatch.amountFood = 0

class Patch:


def __init__ (self, lx, ly):



self.color = 0



self.amountFood = randint(0,1)



self.foodGrowth = 30



self.locx = lx



self.locy = ly



self.currentCount = randint(0,self.foodGrowth)



self.character = 0



self.agentList = []


def step(self): #grows food



if self.amountFood == 0:




self.currentCount += 1




if self.currentCount >= self.foodGrowth:





if self.amountFood < 1:






self.amountFood += 1





self.currentCount = 0

# End of Making Classes ---------------------------------------------------------------------------

# initializing -------------------------------------------------------------------------------------

def setup():


global LocList, PredList, PreyList, OrganismList, canvas, NumPred, NumPrey


PredPopList = []


PreyPopList = []


LocList = []


PredList = []


PreyList = []


OrganismList = []

# Creating Organisms-------------------------------------------------------


for i in range(0, MapSize): #Initiate map



for k in range(MapSize):




LocList += [Patch(i, k)]


for i in range(NumPred): #Create Predators



a = Pred(random()*(MapSize - 1), random()*(MapSize - 1))



PredList += [a]



for j in range(int(a.locx),int(a.locx + 2)):




for k in range(int(a.locy),int(a.locy + 2)):





if k < MapSize and j < MapSize:






LocList[k*MapSize + j].agentList += [a]


for i in range(NumPrey): #Create Prey



a = Prey(random()*(MapSize - 1), random()*(MapSize - 1))



PreyList += [a]



for j in range(int(a.locx),int(a.locx + 2)):




for k in range(int(a.locy), int(a.locy + 2)):





if k < MapSize and j < MapSize:






LocList[k*MapSize + j].agentList += [a]


OrganismList = PredList + PreyList

# End of Creating Organisms ----------------------------------------------------------------------------------

# End of Initialize ------------------------------------------------------------------------------------

def go(number_steps): #step function


global LocList, PredList, PreyList, OrganismList


while 1:



number_steps += 1



shuffle(OrganismList)



for a in OrganismList: #Each animal takes turn acting




if a in PreyList or a in PredList:





a.step()



for patch in LocList:




patch.step()



OrganismList = PredList + PreyList



if NumPred * NumPrey == 0:




return number_steps

# Global Variables Setup---------------------------------------------------------------

global MapSize, NumPred,NumPrey,PreyCapacity,PredCapacity,PreyRate,PredRate,KillRate,GainFromKillRate,GainFromGrassRate,LocList,PredList,PreyList,OrganismList

def GlobalVariables():


global MapSize, NumPred,NumPrey,PreyCapacity,PredCapacity,PreyRate,PredRate,KillRate,GainFromKillRate,GainFromGrassRate,LocList,PredList,PreyList,OrganismList


MapSize = MapSize1


NumPred = NumPred1


NumPrey = NumPrey1


PreyCapacity = MapSize*MapSize/3


PredCapacity = PreyCapacity/2


PreyRate = PreyRate1


PredRate = PredRate1


KillRate = KillRate1


GainFromKillRate = GainFromKillRate1


GainFromGrassRate = GainFromGrassRate1


LocList = []


PredList = []


PreyList = []


OrganismList = []

# End of Global Variables --------------------------------------------------------

def drange(start,stop,step):


r = start


while r < stop:



yield r



r += step

def mean(list):


t = 0


for i in list:



t += i


return t*1.0 / len(list)

def std(list):


avg = mean(list)


t = 0


for i in list:



t += 1.0*(i - avg)**2/(len(list) - 1)


return sqrt(t)

def writeOut(DataLists):


out = open('data.cvs', 'w')


out.write('Number of Predators,' + 'Number of Prey,' + 'MapSize,' + 'Predator Reproduction Rate,' + 'Prey Reproduction Rate,' + 'Kill Percentage,' + 'Energy from Prey Gain,' + 'Energy from Grass Gain,' + 'Mean Stability,' + 'Standard Deviation \n')


for list in DataLists:



for point in list:




out.write(str(point) + ',')



out.write('\n')


out.close()

DataLists = [] #list of lists

Input = [] #[NumPred, NumPrey, MapSize, PredRate, PreyRate, KillRate, GainFromKillRate, GainFromGrassRate, Mean, Standard Deviation]

for NumPred1 in range(50,105,5):


for NumPrey1 in range(100,210,10):



for MapSize1 in range(20,40,5):




for PredRate1 in drange(.03,.07,.01):





for PreyRate1 in drange(.06,.12,.02):






for KillRate1 in drange(.5,1,.1):







for GainFromKillRate1 in range(10,16,2):








for GainFromGrassRate1 in range(4,6,2):









Input = [NumPred1,NumPrey1,MapSize1,PredRate1,PreyRate1,KillRate1,GainFromKillRate1,GainFromGrassRate1]









trials = []









for trial in range(30):










GlobalVariables()










setup()










trials += [go(1)]









Input += [mean(trials),std(trials)]









print Input









DataLists += [Input]

'''

DataLists = [] #list of lists

Input = [] #[NumPred, NumPrey, MapSize, PredRate, PreyRate, KillRate, GainFromKillRate, GainFromGrassRate, Mean, Standard Deviation]

for NumPred1 in range(10,15,5):


for NumPrey1 in range(20,30,10):



for MapSize1 in range(10,20,5):




for PredRate1 in drange(.01,.03,.01):





for PreyRate1 in drange(.02,.06,.02):






for KillRate1 in drange(.1,.2,.1):







for GainFromKillRate1 in range(5,7):








for GainFromGrassRate1 in range(1,3):









Input = [NumPred1,NumPrey1,MapSize1,PredRate1,PreyRate1,KillRate1,GainFromKillRate1,GainFromGrassRate1]









trials = []









for trial in range(5):










GlobalVariables()










setup()










trials += [go(1)]









Input += [mean(trials),std(trials)]









DataLists += [Input]

'''

5. writeOut(DataLists)

