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: June 3, 2010

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

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

-- files that may be needed
none

-- algorithms, specific procedures or methods you wrote
Same as last quarter – using different classes to represent different organisms

-- kinds of input your program uses
The simulation part takes in 6 different inputs – 2 initial populations, 2 reproduction probabilities, kill chance, and gain per kill

-- screenshots, what kinds of output does your program have
I outputted all of the data into a excel table to prepare for regression analysis. The GUI version also allows me to take screenshots of the GUI and a detailed diagram of the graph.

-- does your program handle errors, or does it crash on errors of input?
No. I actually had a lot of trouble getting the program to output the data because there was always a security error with remote. I fixed this problem manually by running the program in pieces. 

-- tests: summarize the basic analysis and testing of this version of your program
I used excel's multiple regression analysis to do all the work for me. It gave me the best fit equation, the p-values, and the r^2 value of the system, which was .2289. 
Here are the summary statistics.

[image: image1.jpg]Regression Statistics

Multiple R 0.478401111
R Square 0.228867623)
Adjusted R Square 0.2287285
Standard Error 31.38794032

Observations 33264



[image: image2.jpg]Coefficients. Standard Error P-value

Intercept 186.4541457 2.186833616 0
Number of Predators -0.556146663 0.011687164 0
Number of Prey -0.117070707 0.005442214 6.0169E-102
Predator Reproduction Rate -522.5348725 15.39290453 2.4174E-248;
Prey Reproduction Rate 15.32512626 10.53880129 0.145910785
Kill Percentage -76.17841682 1.007702145 0

Energy from Prey Gain 1.744611291 0.105388013 2.62974E-61





import Tkinter

5. from random import *

6. from sys import exit

7. from copy import copy

8. from math import *

9. # Making Classes ----------------------------------------------------------------

10. class Organism:

11. 
def __init__ (self, lx, ly):

12. 

self.metabolism = 1

13. 

self.locx = lx

14. 

self.locy = ly

15. 

self.energy = randint(5,10)

16. 

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

17. 

self.hunger = randint(1,10)

18. 

self.vision = randint(2,5)

19. 

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

20. 

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

21. 

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

22. 
def calcDistance(self, target):

23. 

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

24. 

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

25. class Pred(Organism):

26. 
def move(self):

27. 

global LocList

28. 

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

29. 


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

30. 



if j < MapSize and i < MapSize:

31. 




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

32. 

if self.target == 0: #move randomly

33. 


theta = random()*2*pi

34. 


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

35. 


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

36. 

else: #follow prey

37. 


D = self.calcDistance(self.target)

38. 


if D != 0:

39. 



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

40. 



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

41. 

if self.locx < 0: #Boundary Check

42. 


self.locx = 0

43. 

if self.locy < 0:

44. 


self.locy = 0

45. 

if self.locx > MapSize-1:

46. 


self.locx = MapSize-1

47. 

if self.locy > MapSize-1:

48. 


self.locy = MapSize-1

49. 

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

50. 


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

51. 



if j < MapSize and i < MapSize:

52. 




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

53. 
def reproduce(self):

54. 

global NumPred, PredList, canvas, LocList

55. 

lx = self.locx

56. 

ly = self.locy

57. 

new = Pred(lx,ly)

58. 

radius = 5

59. 

NumPred += 1

60. 

self.energy /= 2

61. 

new.energy = self.energy

62. 

PredList += [new]

63. 

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

64. 


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

65. 



if j < MapSize and i < MapSize:

66. 




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

67. 
def findPrey(self):


68. 

list = []

69. 

r = self.vision

70. 

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

71. 


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

72. 


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

73. 



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

74. 




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

75. 

ClosestDistance = r

76. 

CurrentPrey = 0

77. 

for l in list: #choosing closest prey

78. 


if isinstance(l, Prey);

79. 



D = self.calcDistance(l)

80. 



if CurrentPrey == 0:

81. 




CurrentPrey = l

82. 




ClosestDistance = D

83. 



elif D < ClosestDistance:

84. 




CurrentPrey = l

85. 




ClosestDistance = D

86. 

if CurrentPrey != 0:

87. 


CurrentPrey.hunters += [self]

88. 

return CurrentPrey # 0 of there is no prey

89. 
def die(self):

90. 

global NumPred, PredList, canvas, LocList

91. 

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

92. 


self.target.hunters.remove(self)

93. 

PredList.remove(self)

94. 

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

95. 


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

96. 



if j < MapSize and i < MapSize:

97. 




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

98. 

NumPred -= 1

99. 
def kill(self, prey):

100. 

self.energy += GainFromKillRate

101. 

prey.die()

102. 
def calcKill(self, prey):

103. 

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

104. 
def calcReproduce(self):

105. 

if self.energy < 5:

106. 


return 0

107. 

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

108. 
def step(self):

109. 

self.energy -= self.metabolism #subtract energy

110. 

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

111. 


self.die()

112. 

else:

113. 


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

114. 



self.reproduce()

115. 


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

116. 



self.target = self.findPrey()

117. 


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

118. 


if self.target != 0;

119. 



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

120. 




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

121. 





self.kill(self.target)

122. 





self.target = 0

123. class Prey(Organism):

124. 
def move(self):

125. 

global LocList

126. 

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

127. 


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

128. 



if j < MapSize and i < MapSize:

129. 




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

130. 

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

131. 


theta = random()*2*pi

132. 


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

133. 


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

134. 

else: #avoid predators

135. 


xT,yT = 0,0

136. 


for h in self.hunters:

137. 



xT += h.locx

138. 



yT += h.locy

139. 


xT /= len(self.hunters)

140. 


yT /= len(self.hunters)

141. 


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

142. 


if D != 0:

143. 



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

144. 



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

145. 

if self.locx < 0: #Boundary Check

146. 


self.locx = 0

147. 

if self.locy < 0:

148. 


self.locy = 0

149. 

if self.locx > MapSize-1:

150. 


self.locx = MapSize-1

151. 

if self.locy > MapSize-1:

152. 


self.locy = MapSize-1

153. 

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

154. 


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

155. 



if j < MapSize and i < MapSize:

156. 




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

157. 
def reproduce(self):

158. 

global NumPrey, PreyList, canvas, LocList

159. 

lx = self.locx

160. 

ly = self.locy

161. 

new = Prey(lx,ly)

162. 

radius = 2

163. 

self.energy /= 2

164. 

new.energy = self.energy

165. 

NumPrey += 1

166. 

PreyList += [new]

167. 

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

168. 


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

169. 



if j < MapSize and i < MapSize:

170. 




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

171. 
def die(self):

172. 

global NumPrey, PreyList, canvas, LocList

173. 

for l in self.hunters:

174. 


l.target = 0

175. 

PreyList.remove(self)

176. 

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

177. 


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

178. 



if j < MapSize and i < MapSize:

179. 




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

180. 

NumPrey -= 1

181. 
def calcReproduce(self):

182. 

if self.energy < 4:

183. 


return 0

184. 

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

185. 
def step(self):

186. 

if self not in PreyList:

187. 


return

188. 

self.energy -= self.metabolism #subtract energy

189. 

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

190. 


self.die()

191. 

else:

192. 


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

193. 



self.reproduce()

194. 


self.move() #move randomly

195. 


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

196. 


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

197. 



self.energy += GainFromGrassRate

198. 



currentPatch.amountFood = 0

199. class Patch:

200. 
def __init__ (self, lx, ly):

201. 

self.color = 0

202. 

self.amountFood = randint(0,1)

203. 

self.foodGrowth = 30

204. 

self.locx = lx

205. 

self.locy = ly

206. 

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

207. 

self.character = 0

208. 

self.agentList = []

209. 
def step(self): #grows food

210. 

if self.amountFood == 0:

211. 


self.currentCount += 1

212. 


if self.currentCount >= self.foodGrowth:

213. 



if self.amountFood < 1:

214. 




self.amountFood += 1

215. 



self.currentCount = 0

216. # End of Making Classes ---------------------------------------------------------------------------

217. # initializing -------------------------------------------------------------------------------------

218. def setup():

219. 
global LocList, PredList, PreyList, OrganismList, canvas, NumPred, NumPrey

220. 
PredPopList = []

221. 
PreyPopList = []

222. 
LocList = []

223. 
PredList = []

224. 
PreyList = []

225. 
OrganismList = []

226. # Creating Organisms-------------------------------------------------------

227. 
for i in range(0, MapSize): #Initiate map

228. 

for k in range(MapSize):

229. 


LocList += [Patch(i, k)]

230. 
for i in range(NumPred): #Create Predators

231. 

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

232. 

PredList += [a]

233. 

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

234. 


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

235. 



if k < MapSize and j < MapSize:

236. 




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

237. 
for i in range(NumPrey): #Create Prey

238. 

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

239. 

PreyList += [a]

240. 

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

241. 


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

242. 



if k < MapSize and j < MapSize:

243. 




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

244. 
OrganismList = PredList + PreyList

245. # End of Creating Organisms ----------------------------------------------------------------------------------

246. # End of Initialize ------------------------------------------------------------------------------------

247. def go(number_steps): #step function

248. 
global LocList, PredList, PreyList, OrganismList

249. 
while 1:

250. 

if number_steps > 998:

251. 


return number_steps

252. 

number_steps += 1

253. 

shuffle(OrganismList)

254. 

for a in OrganismList: #Each animal takes turn acting

255. 


if a in PreyList or a in PredList:

256. 



a.step()

257. 

for patch in LocList:

258. 


patch.step()

259. 

OrganismList = PredList + PreyList

260. 

if NumPred * NumPrey == 0:

261. 


return number_steps

262. # Global Variables Setup---------------------------------------------------------------

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

264. def GlobalVariables():

265. 
global MapSize, NumPred,NumPrey,PreyCapacity,PredCapacity,PreyRate,PredRate,KillRate,GainFromKillRate,GainFromGrassRate,LocList,PredList,PreyList,OrganismList

266. 
MapSize = MapSize1

267. 
NumPred = NumPred1

268. 
NumPrey = NumPrey1

269. 
PreyCapacity = MapSize*MapSize/3

270. 
PredCapacity = PreyCapacity/2

271. 
PreyRate = PreyRate1

272. 
PredRate = PredRate1

273. 
KillRate = KillRate1

274. 
GainFromKillRate = GainFromKillRate1

275. 
GainFromGrassRate = GainFromGrassRate1

276. 
LocList = []

277. 
PredList = []

278. 
PreyList = []

279. 
OrganismList = []

280. # End of Global Variables --------------------------------------------------------

281. def drange(start,stop,step):

282. 
r = start

283. 
while r < stop:

284. 

yield r

285. 

r += step

286. def mean(list):

287. 
t = 0

288. 
for i in list:

289. 

t += i

290. 
return t*1.0 / len(list)

291. def std(list):

292. 
avg = mean(list)

293. 
t = 0

294. 
for i in list:

295. 

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

296. 
return sqrt(t)

297. def writeOut(DataLists):

298. 
out = open('data1.3.cvs', 'w')

299. 
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')

300. 
for list in DataLists:

301. 

for point in list:

302. 


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

303. 

out.write('\n')

304. 
out.close()

305. DataLists = [] #list of lists

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

307. for NumPred1 in range(60,65,5):

308. 
for NumPrey1 in range(100,210,10):

309. 

for MapSize1 in range(25,30,5):

310. 


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

311. 



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

312. 




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

313. 





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

314. 






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

315. 







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

316. 







trials = []

317. 







for trial in range(5):

318. 








GlobalVariables()

319. 








setup()

320. 








trials += [go(1)]

321. 







Input += [mean(trials)]

322. 







print Input

323. 







DataLists += [Input]

324. writeOut(DataLists)

