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def truncate_select(breeding ratio, sorted population)
# Sort the population. For efficiency you should move
# this outside the selection function and perform the sort
# once for each batch of selections you will perform.
sort(sorted _population)
# Determine the size of the breeding population.
count = len(sorted_population) * breeding_ratio
# Obtain a uniformly distributed (all numbers have
# equal probability) single random number
# between @ and count.
index = uniform_random(@, count)
# Return the selected element.
return sorted population [index]
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# Perform a tournament selection with the specified number of
# rounds. A high score is considered desirable (maximize)
def tournament_select(rounds,population)
# Nothing has been selected yet
champ = null
# Perform the rounds. There is a "round zero" where the first
# contender is chosen becomes the champ by default.
for x from @ to rounds:
# Choose a random contender from the population.
contender = uniform_random(population)

# If we do not yet have a champ,
# then the current contender is the champ by default.
if champ is null:
champ = contender
# If the contender has a better score, it is the new champ.
else if contender.score > champ.score:
champ = contender

return champ
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best = null

required score = [the score you want]

# Loop so long as we either do not yet have a best,

# or the best.score is less than required_score.

parallel while best is null or best.score < required_score:
# Lock, and choose two parents. We do not want changes
# to the population while picking the parents.

lock:
parentl = tournament_select(5, population)
parent2 = null

# Pick a second parent.
# Do not select the same individual for both parents.
while parent2 == null or parentl == parent2:
parent2 = uniform_random(population)
# Parents are chosen, so we can exit the lock
# and use crossover to create a child.
child = crossover(parentl, parent2)
child.score = score(child)
# we must now choose (and kill) a victim.
# The victim is replaced by the new child.
lock:
victim = reverse select(5, population)
population.remove(victim)
population.add(child)
# See if the child is the new best.
if child.score > best.score




| best = child
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Rounds: 1, Avg Score:
Rounds: 2, Avg Score:
Rounds: 3, Avg Score:
Rounds: 4, Avg Score:
Rounds: 5, Avg Score:

665
749
799
832
857
874
888
899
908

Rounds: 6, Avg Score:
Rounds: 7, Avg Score:
Rounds: 8, Avg Score:
Rounds: 9, Avg Score:
Rounds: 10, Avg Score: 915
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# Select an individual using fitness-proportion selection
def fitness_proportion_select(population)
# Calculate the total score, so that proportions
# can be determined.
total score = 0
for individual in population:
total _score = total _score + individual.score




r = random_uniform(@,1)

# Spin through the areas on the wheel until we pass point "r".
covered _so_far = 0
for individual in population:
covered_so_far = covered_so_far +
(individual.score/total_score)
# Have we covered the random point (r) yet?
if r < covered so_far:
return individual

# Should not ever happen.
return null
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# N is the number of individuals to select.

def stochastic_universal_sampling(population, N)
# Calculate the total score of the population.
f =20

# Add up individual scores.
for individual in population:




f = f + individual.score

# Calculate the distance between the pointers.
p = f/N

# Choose random number between @ and p
start = random_uniform(0,p)

# Define points

points = []

for i from @ to (N-1):
points[i] = start + (i * p)

# Perform basic roulette wheel select
selected = []
i=290

# Loop over points

for p in points:

while population[i].score < p:
i=1+1

selected.add(population[i])

# Return selected individuals
return selected
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o BfEHYL (Genetic Algorithm, GA) ;

BiE%FE (Genetic Programming, GP) ;

B+ NWisfE 575 (Human Based Genetic Algorithm, HBGA) ;
Fi-FREEACAL (Particle Swarm Optimization, PSO) ;

WAL (Ant Colony Optimization, ACO) .
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o FPFEEHIAE: 1000;
o FEULITEL: 3;

o XX HSLL: 80%;
o RABHILL: 20%.
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BUAE,  FRATTRs U8 W o] A B e o SRR B S BR B . 25 R 12
A, AR IE R A ISR AR2:

eA1: [1, 2, 3, 4, 5, 6, 7, 8, 9, 10]
%A2: [10, 9, 8, 7, 6, 5, 4, 3, 2, 1]

IR BIY) SAL T 3N TR A ERIN LR 2, HHER X2 M L)
H RIS AS P A A A

Ei%1: [1, 2, 3, 7, 6, 5, 4, 3, 2, 10]
J51%2: [10, 9, 8, 4, 5, 6, 7, 8, 9, 1]

GRBT L, AR R SR BB SRAMTTR . IRA BEISTE R
B, FRAINCRAUES H AT A EENH T . HTWAREAMNE
A7 AR BBENLRAT 1 PH%, P —d R R 75 7 EE R
BeAt, RN TEABAAETEM DT WK — R
GURF R, AAXAEERTREAZ R @, HE, LRSS T
U L I i) R

f£2.3.2°70 0, IR2F BITCER A KPR =T, HH2-1E
AN HI DA SEIL 1 fo v B B I HHEAS X

HH2-1 PRI CHEEMRA)

sub slice_crossover(parentl, parent2, cut_length):
# Allocate two child arrays.Same length.
offspringl = alloc(len(parentl))
offspring2 = alloc(len(parentl))
# The array must be cut at two positions, determine them.
cutpointl = int(random_uniform(len(parentl) - cut_length))




cutpoint2 = cutpointl + cut_length

# Handle the middle section.
for i from © to len(parentl) - 1:
if (i >= cutpointl) and (i < cutpoint2):
offspringl[i] = parent2[i]
offspring2[i] = parentl[i]
# Handle outer sections.
for i from @ to len(parentl) - 1:
if (i < cutpointl) or (i >= cutpoint2):

parentl[i]
parent2[i]

offspringl[i]
offspring2[i]

#Return the two children as an array.
return [offspringl, offspring2]

2.3.2 LEEFHEAZX

PAT S SAIRAES A SO VAR T A AR M R s, XAl iR 2
B, ENFEAEHTHHRER . POVSHREE 7T 8A4%
A, FrLOZHE T A5 MEF R E L

¥A1: [1, 2, 3, 4, 5, 6, 7, 8, 9, 10]
EAR2: [10, 9, 8, 7, 6, 5, 4, 3, 2, 1]

EHICRIMITTR7Z FEIY) A, MRS SELL TG
R

fffk1: [1, 9, 8, 7, 6, 5, 4, 2, 3, 10]
fei%2: [1e, 2, 3, 4, 5, 6, 7, 9, 8, 1]

WARIT A, FARPASEE TR, A, BN ERURIHA KBS
AT e By o T H -2 VRS B 7 — DN EER KIS L.
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# Find unused elements in a list, and mark them used.
sub find unused(source, used):
for x in source:
if not x in used:

used[x] =1

return x
# Should not happen, we ran out of elements.
return -1

sub slice crossover_nr(parentl, parent2, cut_length):
# Allocate two child arrays. Same length.
offspringl = alloc(len(parentl))

offspring2 = alloc(len(parentl))

# Two maps to hold already used list
usedl = {}

used2 = {}

# The array must be cut at two positions, determine them.
cutpointl = int(random_uniform(len(parentl) - cut_length))
cutpoint2 = cutpointl + cut_length;

# Handle the middle section.
for i from © to len(parentl) - 1:
if (i >= cutpointl) and (i < cutpoint2):
offspringl[i] = parent2[i]
offspring2[i] = parentl[i]
used[offspringl[i]] 1
used[offspring2[i]] = 1
# Handle outer sections.
for i from @ to len(parentl) - 1:
if (i < cutpointl) or (i >= cutpoint2):
offspringl[i] = find_unused(parentl, usedl)
offspring2[i] = find_unused(parent2, used2)
# Return the two children as an array.
return [offspringl, offspringl]

XEAY 5 R AR AL, EEDXCFE TN T R
find_unused, LALPHANBRR By, b @SS T EHRITR S
Ko
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EAMEER AT LABATZE X EEAE (21, NEATAS R F YA R 58 il 52 X
UEAk, BATTRF — AN BT R VEEAS RS FE (R AR A 2 1 3380 25 2 (1)
BEATHRLSS o BHAE IR R R R Gt A, 2, BYUIRIIRHERT ) — L85
G, AHAE AT RATE R B,
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YITKDNAFPHIHIARAL, PIREA mtBnl GEA F, BIEH 2 Hia s sifb &
RGER . HAFEIETRIRER TSR H. 52, RARMNIET
PRASHPRFIE R AIE — 1 17 3

RAAFIEAEME 0] IAE R — A A — DAL 1 . B TisfE
e e i, Frle HBe MR AT AR — miift. X8
THISACH R A, BT 2RI . XART ARG, RSa4Y
RARARIMT; . TR, R R ZEHEP—REA.

AR TR RN BHIEE X0 AN (RAD BMEARE I
. RGP AV ] DT AT PR S AE AT ZEAH, R L
R HWEAVFZ Y. XA AT —ASRAN, RERFEEA
RAZE A ME— @1,

AE X ANTEARH A SRR W BB R o) o 28 SCER AL T B A0 A F)
ik, (B, AZXABEHAFHIRAL . RADR A FR L 5] NV MRS
o R XCHIRAL AL, W LURIUBMRFL, 28 )51 H 1 B i

FERNR, BATREA 732 KB R G KL SR AR R )7 2 WEr
b, EPERARTEN, IE B RBUERIC 2 R . HE,
AR AR R AR ECA B2 BUE 1 DG 7 2R, A RERR 22008 B D RA&R
BT, BRERE TR TN oM@ EERRE . ROTEF R —
MEAHAAHRA (shuffle mutation)
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DO A Y SEBR M . BEPRARIX AL, AT MRS — A SR AL
H, HAEREHZ1~5.
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A [1, 2, 3, 4, 5]

D2 AT I AR T 20, SR P AN B B 7 AT — IRl IR BE L
Hi. WHREE, ERZFEARREZETEA:

Ef: [1, 5, 3, 4, 2]

M ETR AT RS, BATEH 152NN EE AL E .
INREHARK, MgeFE2 R ERME. HE, AR ELRE
MRZR, FNERBIERAF AL, S0, RS EREYLS3E
R DN EERFRERRE, REBIEASBCRAR. Lhrt,
RAZIME— H A2l R 1R,

A H-2-3f7n 1 BUH R B Oy .

HH2-3 ARAE

# Shuffle mutate the specified parent "flips" number of times.
sub shuffle_mutate(parent,flips)
# Create the offspring
offspring = clone(parent)
# Perform the requested number of flips
for i from 1 to flips:
# Perform the flip, convert random num to an int
index1l = int(random_uniform(@, len(parent) - 1))
index2 = -1




# Choose a second index that is different than the first.
# We do not want to swap the same index.
while index2 == -1 or indexl == index2:

index2 = int(random_uniform(@, len(parent) - 1))

# Perform the swap.
temp = offspring[index1]
offspring[index1l] = offspring[index2]
offspring[index2] = temp

return offspring
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A EAME R, OIS 5 SR B K B (P RS N A7 RN Atk
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¥A: [1.0, 2.0, 3.0, 4.0, 5.0]

i A FABILRA R, TR U TR

Jaft:  [1.0421760973088268,
1.8180609054044645,
2.985473376997353,
4.235569162430029,
4.87239116615422]
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THH2-4 PEHRA

sub perturb_mutate(parent, perturb_amount):
# Copy the parent to the child.
child = clone(parent)

# Loop over and mutate each element in the child.
for i from © to len(parent) - 1:
value = parent[i]
# Mutate by an amount that is proportional to the value
# in the parent.
delta = value *
random_uniform(-perturb_amount, perturb_amount)
child[i] = child[i] + delta

return child
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00055 % A2 HIFIRE, SR Ak H 28 ik IX Be 3l T M B A B A2 R TT 21136
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Iteration: 1 , Best Path Length = 5308.0
Iteration: 2 , Best Path Length = 5209.0
Iteration: 3 , Best Path Length = 5209.0
Iteration: 4 , Best Path Length = 5209.0
Iteration: 5 , Best Path Length = 5209.0
Iteration: 6 , Best Path Length = 5163.0
Iteration: 7 , Best Path Length = 5163.0
Iteration: 8 , Best Path Length = 5163.0
Iteration: 9 , Best Path Length = 5163.0
Iteration: 10 , Best Path Length = 5163.0
Iteration: 260 , Best Path Length = 4449.90
Iteration: 261 , Best Path Length = 4449.0
Iteration: 262 , Best Path Length = 4449.0
Iteration: 263 , Best Path Length = 4449.0
Iteration: 264 , Best Path Length = 4449.0
Iteration: 265 , Best Path Length = 4449.0

Good solution found:
22>1>37>30>11>33>39>24>9>16>40>3>17>49>31>48>46>20>13>47>23>
0>2>29>27>14>34>26>15>7>35>19>21>18>6>28>25>45>8>38>43>32>
41>5>10>4>44>36>12>42

GOORAr WL, AEREFPRE — M AT, KAE 12655 T
FEBENLET, DICEAIBAA LA, TR baid 17 27«3d¢. &
T B I A AT 22045, 45 Rk, A& AEI 4215 1k
PRATAAE LN MR A L I TSPSE B -

http://www.heatonresearch.com/aifh/vol2/tsp_genetic.html
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B H,  FRATTR 3 T4 5 A DN S8 R T &5 B AE AR . Rl
PATRI AL FH I — M2 1 £ K 20 (Radial-Basis Function, RBF)
WX 2% AT

R — R RR, BRI R EEAT I, XA T AR . X
TS, AT IRBEM 22 fta Fiik &5 46 1) I &8
RBF M £ 15 AR 31X 410 B 45 R U 5 R Ae Fh g o e 3l I Y Zhos B v 1)
150246 B BER R IBEAT 2 ST TN o A2 AT m] DTSN I 2 5 o R B35
TERI e -

PEFRAT B — R AT SR AL . 34 F AT 1 st g Bk g
NIRRT AR -

o JIZRBEE;
o HZH
o Ul

W B R BE EIEFTMA R, B iEsE. B = XEk
MRA G . AEARBNEC, TATR 7 IR TR (PSO) FIBCEEAL
b (ACO) , 'EfIT/ZRBFMZSHERLFII SR 1%L . PSOMACOMIZhik &
HAMA FIRHIE. P EE @ TNGSE, ik, ERREENSE
F] e 2 R B

HSHOE X4 . %8 KI3-3, ZEIER T RBFMZ 45
1A
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K3-3 DL RAEHIE SR M N [TRBF I 2% (1 45 1)

FEEI3-3H, 25 BoR a3 B i R i 2 e, e
RBF, HRBFMZAEM M Fl . 1XAMT45 B i RBE M 4% (1 4 & 2 —
MESH, B REUHENLT D ZE S RERBFEE A 52 g
2R, (B BIRIEEEHPSORMACOMAT NG, FRUMATEEXRE
RBF#&E. Ait, RE/NG, WS HRBEEE R BEGKMK, EE R
MR, URTIEMNME RT3 R ERBFEE R ES K,
MBI I 2% =R % HAELLUIZR, JFATRe S Bud ElE . XREAIA
A BIEOL, XGRS HAR G R R, A S S s
WIffE. F10FHN AT EE LB R TTE. EARES, FRATHRBFEL
BIRE NS, XN TERAEIEELFIRIR L. aad e 17X
M

THEALE AT I e 2%, Hh iRl w2 2B S50 k.
RFEL~101RBFIAE, Ikt ENLE GRS I — BN T
2H10RBF, FEFl i FaR G a0 B . 2R R 5 UR AR



RBF B SH M i F 1% & .

e A RFR 2 28 . EYIZRET, Al S 4R
B, XGHSHESEENAE, By— BT, BRA s H %
S bk, BEEE X TEM, TEEN. NSHRER TR
—MGREVE (gL L. PSOBIACO) HLA AL 45 & N 1)
IR L) T3 o AR SRR F A8 ORTR AR B S 4 )

NS H R e T A R A SR AT X S R AL A S I ZkRBE M
ZRRYRERE . WARPT L, B AT 10UGE AP IR B 1R . X LERANT R
B USRS . 0 BUCRAER 70 2R I1508 5 R ACH H 77
b, AT RAERXAN > B

Iteration #1, Score
Iteration #2, Score
Iteration #3, Score
Iteration #4, Score
Iteration #5, Score
Iteration #6, Score
Iteration #7, Score

.1752302452792032, Species Count:
.1752302452792032, Species Count:
.1752302452792032, Species Count:
.1752302452792032, Species Count:
.1752302452792032, Species Count:
.1752302452792032, Species Count:
.1752302452792032, Species Count:
Iteration #8, Score .1752302452792032, Species Count:
Iteration #9, Score .1752302452792032, Species Count:
Iteration #10, Score = 0.1752302452792032, Species Count: 1

O 0O OO OOOOOo
RPRRPRRPRRRRLRPR

Iteration #945, Score
Iteration #946, Score
Iteration #947, Score

0.05289116605845716, Species Count: 1
0.05289116605845716, Species Count: 1
0.05289116605845716, Species Count: 1
Iteration #948, Score 0.051833695704776035, Species Count: 1
Iteration #949, Score = 0.05050776383877834, Species Count: 1
Iteration #950, Score = 0.04932340367757065, Species Count: 1
Final score: 0.04932340367757065

[- ©.55, 0.24, -0.86, -0.91] -> Iris-setosa, Ideal: Iris-setosa

[-0.66, -0.16, -0.86, -0.91] -> Iris-setosa, Ideal: Iris-setosa
[-0.77, ©0. @0, -0.89, -0.91] -> Iris-setosa, Ideal: Iris-setosa

[0.22, -0.16, ©0.42, 0.58] -> Iris-virginica, Ideal: Iris-virginica




[0.05, ©0.16, ©.49, 0.83] -> Iris-virginica, Ideal: Iris-virginica
[-0.11, -0.16, 0.38, 0.41] -> Iris-virginica, Ideal: Iris-
virginica

ELL R h, RATRebE 2 7Yt 2L (species count) - HT
FATHATAE RN, FLEIRFENL. ST BT
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JE AR H AR SEIIX N Ry, ERRTRESaE el PR
F/N T EZ H R R B FIAE S A OL T IR o
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341
239
203
201
198
192
169
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algorithm
training
data
output
random
algorithms
number
input

PR TR AR A A IR, JF 5 AR AR R L. ARZE S
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B o FUREME SCA R H IR ESORS DR BAA] R RN

THER T HRR L HIRA — TR N o xAlyAbs. J7 [ 3R 25 3L FA
R TR HE . HrpxRy SRR AR SR R o bR BB, T AR
7N B BAR] I K R I 2 T LA o I 3N Ha s T A ) ) A RE A T A
e BRBCR 3 . W BN 100 B4R, ) 1) B KB D300 T
Ao MTEEMESCAR, BRNHAGEZ 7. W ANZAESH
A UL, AR ZECIESIT LT W7 R AL

[ZRBRE] + ([EERERE] x 100)

AR BE N B E B MEIR AN 0 BB R SORE S, 7R E
250100,

3.3.2 LIEWZAR

EARE AR B FIRH) 57— N AREHE WS 1. WMETHEILZARK
T R BARE R D . IR ZERAIR MR 5 0 A SA B i BBk AT LU
EE N HIRGR A H TR, DU e ] PUE s BRI s HA UL 1
ar

fof

N TAE 7 B . BAR, =2k EUR 1 147 B 7 2502
HALFPLIEA, B, mzxHAE M TR (EEMFED Q1E 7 2R,
TP BAEEVL, TRERHMIEESNEERS, iHom B 2R EGREE
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K3-5 ZRAERE L3R

BI3-54 % 1 AN UG A i & AES RS 38 5. X SIS 1 14
JT N2 04815 % %2 04818 &=, Bk RS 3218 <3218 = AN s ]
LIRS AL % B TR0 o X BB /N 3047 BRI I A 7 i 315K
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AR IR AR THor S8 ONIR AR RAR S B B G A 1) el o 382
PSRRI A2 5 2 BB A BARSCHL, 1K 5 5 XA
RAZ LA, ATLON N —AUR IS A i

AR R EOR M LA i KB R R . IR TUESR AR A = IR
ESVF 2 iR nl L IX AT R . EARE T, JRATEHR 1 IRAT I 1)
AN EAe RS . ok, BATHE 1 B BRI N T AR = A S
FEAR,

N T EBGEKREU, S4B SRR . SEhR
WAL AR n] LR TSN URE PR IRPIRES 1, DMy T~ — ARG BE 4 1Y
FEFF

[1] Garey, 1979,

[2] Behzad, 2002,
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RIFAARHE R E RIS A G745 R8N, Wl MR TN
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A A-LRARH # W HAMEA RS 2~ 77 e B, ERBsxifE
N5, RETRT BT A 5. WERARR — 2R 1, ) e S B 00k A2 5
4-1%% 5 R AR

print(sqrt(0.75 * pow(x, 2)) - 1)

pow I BT SIS HIN 20 S B

XA AL Y B SRR . SR URAR,  anRxoN5, TIHL
SI2UKRE, 192125, FRASIERSHELL0.75, 13H13.75, SRJEHL3.7511)2
. REF NIREIEEA e H E TR HEAT . EHEARIG A
H4-1E e B XA AR . BEAR, B URIRE 5 M iz
ST HAEHAT N — 2P Z i Je R ffpow(x,2), FUNBREUS R SERIE.
R DRBAE T — AR, LR WA s EoR{E . I8
LGREE

print(sqrt(pow(x,2))

FEXE, FEFP e K ek B llpow(x,2). %45 BBl 5 1% 18 45 sqrtes
o

PR B, EATT AT ISZAE AT, AN/ EAR AR e 2. {H
&, HERDRSE RN, BEFHE AL DU REABY] 7



Pl 5 S -

3 +5 *2

FIRRIEXMERZ D ? IRZERSTLL2, RIEHEZEmM3, M
WE A ? LR35, RIERLL2, KPP %E? T MEESS
AR R B, RGN E 7 aRikde Tk, B2, —BAd
eI ARIZER, ZEAEMRAAAEE L. B3, BHEF R ZREW
15 . 2x3f1mult(2,3)% A X 7l

% FEAUH ek e 5 L R A 5

add(3, mult(5, 2))

R NHBRE, AT EMIEMI A ZIRN, WAER > HIE
Fo INHEE IS ~H4-1:

print(sub(sqrt(mult(e.75, pow(x, 2))), 1))

ETH AR R A T RGN, NI 2 58 Wi . LISPAMfE
EE MM RIE, PLXF I AORE R KA BT A5 HH % Y LISP
s ik 20 2 IXFEH -

(- (sgrt( * ©.75 (expt x 2) ) ) 1)

THIER, LISPHIBL MU H e 4L

([function_name] argl arg2 etc)
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(+ 56)

411 RN

JERRERRRNRKIAA 7 — P70 Sl W 22K
1%” (Reverse Polish Notation, RPN) . AR4-17] AFRIR AL G4 E
INEZRIE T

0.75 x 2 pow * sgrt 1 -

XA RIK AT AR — DR AL R, WA B4 AR 70 oRAE
KGR TR AR, 8, $50.75 K A FK.

0.75

BNk, A EXRENEEA.

IR HRIE, BB AR

S U1 N

RUONBATH ARG IR EL A AR T A AR BRI N . H
e, —HAfpow (FEMWANSEMIRED AR, ATl A LA 5



M ZH, e ATpow. XA FERIVE R EGGHI200CR:, HME
25. KL, FATKE25IE AR, BHIXW DS HL.

25
0.75

R, BATR A EAFIY AR . BOAREZ — MRS
FIeR AL, PrPAEAIAE R P24, IR AT aRis . XA IERE R
A THEO0.755 LA2SHIME, R118.75. BUfE, FATERH RA—ME.

18.75

FRK, RATEsqrisk BUE AR . sqresk B2 A S5, IR EH
AR . MEH (R 18.75, FATRITEEHIF AR, Rl4.33.

4.33

HUAE A TR E LR AL

4.33

wJE, AR AL ZER, ZiaHE/FN433F 0 EL, 15
#13.33,

3.33

PAE, AREA—ME. BTIAERN TR HEREXPKRE, B
BEBcA HARE AT UMM . BATZE M 1 RIEAX T, B 5R5E3.33,
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IEIRRAE EXCRE BIRAEE, B AR RE A ZHO7E. AT
Rera ik e 5 LI RIEAXM 73— Mok WRRE. FE411 G
ZRRNERIE

0.75 x 2 pow * sqrt 1 -

Fl4-1i57R 15 MR R ER) T 3

Fa-1 WRIRTE

GAORAT I, IBAEAARTT A RIBCA SO R M TR /e ARAT RIRZE
TR PATERIERI T Rl AERAT IR Z AT, S PAT I HoAth eR 2
Rk, R GE RS NET R I RE .

4.1.3 %13 AR 2 T A



Bl4-1 R AR 2 — A BT e BORIE R M . TR IRA
PUE TR, Bl SRABRBEAMAER, S8 R, Tk
HoE R AR, AR (Flnx) AV RS IERZ.

FEARE =R b, BRSSO AR A, J A
BOAERN, mES—3, MOV s, AR EZ Rt atiia.
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SLNIER R A ORAF B B S A0 > 283 19 s AT Iiig 5. X
RERHE IR /U{E 915,
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PSR ZAE e — B ENEDESIR. RZHHWEESHHE R
BRI e IR R e — R H A, EPR AN AIR .

Ka- 1P I B3N AR & 0.75. TR, Mt mfERikey
PR n, e RN ABEALE R . F R KN B SRR T
S B2, ZREFKEASHZMNNFNERE. 52, MK
LR AR NI . ORI B 2 A E 2T, 0.5, 1.
2. 101100, iXHHE—FhlF )15t a0 SRR MR AT BE 75 B e 3
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EHo
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sub eval(node)
# First, handle regular opcodes, these are binary (two arguments)
if node.type == ADD:
return eval(node.child[@]) + eval(node.child[1])
elif node.type == SUBTRACT:
return eval(node.child[@]) - eval(node.child[1])
elif node.type == DIVIDE:
return eval(node.child[@]) / eval(node.child[1])
elif node.type == MULTIPLY:
return eval(node.child[@]) * eval(node.child[1])
# Now, handle unary(single argument)
elif node.type == NEGATE:
return -eval(node.child[9])
elif node. type == SQRT:
return sqrt(eval(node.child[@]))
else
# Now, handle variable and constant opcodes,
# these are terminal(no arguments)
index = node.type - VAR _CONST
if index >= len(const_values) + len(var_values):
throw error("Invalid opcode: " + node.type)
if index < len(var_values):
return var_values[index]
else
return const_values[index - this.varCount]

JEHA-1IACRS R B, %R N4 Neval R He it | —~4 Hnode
AR . S RRBBCRE XS 1 R T A 0 SR, IR Bl — M S 1
RENERERRM SRAE, TERAR W Rk id45eval. WIURAT L, evalid =i H]
HE. i, WRIRE X —AADDY s i Heval, a0 ASF5 &
RS T R Fevale FH A0 P A R E 202 ADD AN 115

/W O

BN R AA — DRI, SV SSATR E M. RIS RN
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ADD. SUBTRACT. DIVIDEFMMULTIPLYZ:#/ERS#E /& —JCHY,
FAEAT A A 240, NEGATERISQRTHAE S & —Jti), BEAEA]
RN BURHE—IIEN S, #lan-x. BURPIME—ZSHR_AE
RGN S AGIR7IE L

W Ja s FRATR Lm0 mRAE . ERAERS R T VAR_CONSTAEAR] 15 £
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# HRAE H
0 ADD I (HANZH0
1 SUBTRACT I (NSO
2 MULTIPLY ke (HADHSH0
3 DIVIDE HE (WSO
4 NEGATE B (—NZH0




5 SQRT HARFITR (—D2H0
6 VAR_CONST + 0 AR (X

7 VAR_CONST + 1 BN E ()

8 VAR_CONST + 2 F—AMEE (D

9 VAR_CONST + 3 HoAEE (n2)

10 |VAR_CONST + 4 F=AEE (105

HUTH 6 MM RAEAS AL B — oMl — o bR 2L, #EISVAR_CONSTE X A%
A BERAEN E . RA-1EWNNEE fly) F3NEE. IR0
B, A& TR =LA

ARIEERAERSFITT T DLEIRATH o 9 2 S R A i 715 A
IR Toa; BRAEAS L — B, B W RO AT IR . 123 E R
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THA-2 (A AT 06 1 SR 2R R

# Recursive full function. If we still have
# remaining depth, then generate a function node
# and continue recursive descent to children.
sub full _node(remaining_depth):
# If there is still depth, create a function.
# Functions have children and will continue.

if remaining_depth > o:
this_node = choose function node( )
else:
# If no depth remains, then create a terminal node.
# Terminal nodes have no children, and will stop.
this_node = choose terminal node( )

# Generate the required number of children.
# This is zero for terminal nodes.
for i from 1 to this node.needed children
this_node.add(full_node(remaining_depth - 1))
# Generate a full population.
sub full population(population_size, max_depth):
population = new Population( )

for i from 1 to population_size:
population.add(full_node(max_depth))

return population
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# Recursive grow function. If we still have
# remaining depth, then generate a function node
# and continue recursive descent to children.
sub grow_node(remaining_depth):
# If there is still depth, create a node.
# Functions have children and will continue.
if remaining_depth > 0:
this_node = choose node( )
else:
# If no depth remains, then create a terminal node.
# Terminal nodes have no children, and will stop.
this_node = choose terminal node( )

# Generate the required number of children.
# This is zero for terminal nodes.
for i from 1 to this_node.needed_children:
this_node.add(full node(remaining depth-1))
# Generate a grow population.
sub grow_population(population_size, max_depth):
population = new Population( )

for i from 1 to population size:
population.add(grow_node(max_depth))

return population

GARAT WL, T HA-3RARRS A I T B . B4-3f7 1 W 414G
AR
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# Generate a ramped half-and-half population.
sub grow population(population_size, min_depth ,max_depth):
population = new Population( )

for i from 1 to population_size:
# Generate a random depth.
depth = random_uniform(min_depth, max_depth + 1)

# Use either grow or full with 0.5 likelihood.
if random _uniform( ) > 0.5:
population.add(grow_node(depth))
else:
population.add(full_node(depth))
return population

B HA-ARAES R T A Z [T I 18 B full_node B Z A grow_node ¥
. IBEFEIELS0%MBER AL A K 2 Rl AT 1k, Rdh, ZE
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sub count_nodes(node):
total count =1

for child in node.children:
total count = total count + count_nodes(child)

return total_count
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# Traverse the tree, index and reservoir are passed by reference.
sub internal_sample_node(current_node, ref index, ref reservoir):
current_index = index
index = index + 1
# Determine if we replace the reservoir.
j = random_uniform(@, current_index + 1)
if j == @:
reservoir = current_node
# Traverse on to the children.
for child node in current_node.children:
internal _sample node(child node, index, reservoir)




# Return a random node from a tree using reservoir sampling.
sub sample_node(root):

index = ©

reservoir = null

internal_sample_node(root, index, reservoir)
return reservoir

T HRA-6 RIS HEAL T — A4 Aysample_node ) BEEL, E %K MM Ak
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sub tree mutate(parent ,max_mutate_depth):
# Clone the parent.
child = parent.clone( )
# Choose the point to mutate.
mutate_point = sample node(child)
# Replace the mutate point with a new random tree section.
child.replace(mutate_point,grow_node(max_mutate_depth))
return child
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sub tree_crossover(parentl, parent2):
# Find a random point in parent 2,
# we will copy this to the new child.
source = sample_node(parent2.root)



# Create the child as a clone of parent 1.

child = parentl.clone( )

# Find a random point in the child to graft in parent 2 point.
target = sample node(child.root)

# Replace at the child’s random point with a

#clone of parent 2’s point.
child.replace(target,source.clone())

return child

PN EAN S, % Nparentl (A1) Hlparent2 (GEAR2) , #HALA

crossover i # . 1% 5L SeEparent2 P IR FE—ANBENL S, &N
source (J5) o F2 R R4 child, {E yparentl EIA . EXAHEIEE
Fchild & B 58 —NBENL S, % Atarget (HER) o /5, Fisourceft)El
A HE P target ) A L. El4-6845 T iX—IdFE.

AT Rl A A2
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INEA-6F7R, IZFIRNEE —DIRAN R EIA kA B AR,
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4.3 JE s 1 AITRE & SRR O PR AL RO, XA AR AT DA R
BRI~ KRB E LR —. B, RN
.

X,y
-10,342
-9,272
-8,210
-7,156
-6,110
-5,72
-4,42
-3,20
-2,6
-1,0
0,2
1,12
2,30
3,56
4,90
5,132
6,182
7,240
8,306
9,380
10,462
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ﬁx, Bt Ny . FATAT DA 58 35 Fr o 4 B RBE X 28 K AT 1X Al [
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y =41’ + 6+ 2

(4-2)

N A-2 R E ST x My 2 AR 9< &R, IF HANRG B0 I 28 [ 1
RUKA 2 HARME . SRR P LR AR B R A Bl 3

HATRARSEAT —IFaa s R AT 2R, ABE A TN ZR 2
XEBRBTAH4-2. FHER XN 5 Hstrnbl.

Iteration: 1, Current error = 20710.295679925002, Best Solution Length = 2
?teration: 2, Current error = 20710.295679925002, Best Solution Length = 2
?teration: 3, Current error = 20710.295679925002, Best Solution Length = 2
?teration: 4, Current error = 18435.519210663904, Best Solution Length =1
iteration: 5, Current error = 18435.519210663904, Best Solution Length =1

6

Iteration: 996, Current error
14
Iteration: 997, Current error
14
Iteration: 998, Current error
14

8.510634781265793, Best Solution Length

8.510634781265793, Best Solution Length

8.510634781265793, Best Solution Length




Iteration: 999, Current error = 8.510634781265793, Best Solution Length =
14

Good solution found:

((-(((-2.36732495)-a)-a))*(-((-0.87349794-a)-a)))

APLER], oGk B iR 24 98.5. n e 2T J WP A4
REfF HH — N UFHIIRZE . MRAT I 5 eV R L. SRS R o —Ff
B3 AL A5 (R TV

PRI P B KR FEBR 1049500 RO A7 TE 22 SR AR B2 1 7 VK
E&E WOks IR N B 2T s 8ot R AL KDL 50, T
PR IR [T B 22 B 0 2K

IEARRAE b Ty AR R B AR, i SRIEFE T RS S HE 1Y

ks

((-(((-2.36732495)-a)-a))*(-((-0.87349794-a)-a)))
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4a® + 6.48165a + 2.06785
(4-3)
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[2] Koza, 1992,

[3] Koza, 1992,
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M. B, (R (2011 KRR T —H 4% N The World’s Most
Typical Person is a 28-Year-Old Chinese Manf{] (&, iR 7 1X—7HHi%,

X EF, —28% M EH N (a28-year-old Chinese man)
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FMHH1: [2.0, 3.0, 5.0]
RHH2: [1.0, 2.0, 1.0]

23 FE-1TH SR A K L ] F I PR 1

V(2.0 —1.0)2 + (3.0 —2.0)2 + (5.0 — 1.0)2 = 4.242641
(5-1)
BB T PR MO, W14.242 641 IE T HIRY
RO, 35/ LB AL 8 T R — 0
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AR 2Dk Bz JE A

filan, A 10002 EHF0MNF IR EE. YIR#1 155
91000, LTSI 915 000. PIR#1HIAE 7 G ARE S 0 B EE B N1
000/15 000 (A)7%) . &M EZ, YA#LRAE S — Pl 421 0001
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Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration

Iteration
Iteration

#1, Score = 0.17495982354737508, Species Count: 937
#2, Score = 0.1706156692994128, Species Count: 829
#3, Score = 0.1706156692994128, Species Count: 697
#4, Score = 0.1706156692994128, Species Count: 358
#5, Score = 0.16155391035729205, Species Count: 159
#6, Score = 0.1590871219942837, Species Count: 159
#7, Score = 0.1590871219942837, Species Count: 111
#8, Score = 0.1590871219942837, Species Count: 98
#9, Score = 0.1590871219942837, Species Count: 54
#10, Score = 0.1590871219942837, Species Count: 52
#11, Score = 0.15729238266187578, Species Count: 24
#12, Score = 0.15729238266187578, Species Count: 23
#249, Score = 0.052048101781812586, Species Count: 600

#250, Score = 0.049240602469552884, Species Count: 828

Final score: 0.049240602469552884
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v[]=v[]+cl*random_uniform () *
(pbest[ ] — param [ ] ) + c2 * random_uniform () *

(gbest[ ] —param[])
(6-1)

2R R AR, R RE TRRLT Y B 7] o pbest AN 4 JR) e [
gbest. WL T eI EAEENRlcl, MHE &Rt ERizg)HR
Phc2, AT SR VFREANRL T 7E B R e A Ry e Ll fE 2 TR AT 1 R

XLLAE S AR

o v[1: HENHEE. FEA6-1, NENEANE 5 E—DHE.
o param[ |: H@EEHAHAMFI RTINS E (AR .

e pbest[ ]: Bk T2 B AR EEA .

o gbest[ ]: FrA R+ 2 1 f FEA EH HA .

o cl: FFSBIHEMAEIREM R, GEFREN2.

o 2: FiFISBLMERER THF %, (a %WEﬁZ

e random_uniform( ): 0~ 1/FENLEL.
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for i from 1 to particle_count:

particle = new Particle()

particles.add(particle)

# Randomize particle initial state

for j from @ to param_count - 1:
# Set particle velocities to random
particle.v[j] = random_uniform (0,1)
# Set particle parameters to random
particle.param[j] = random_uniform (0,1)
# Set particle best to match the weights
particle.pbest [j] = particle.param[j]

best_score = min_float
# Main loop
while best score < required _score:
for each particle in particles:
score = score_function(particle)
# Update the best particle best
if score > particle.best score:
particle.best score = score
particle.pbest = particle.param.clone()
# Update global best
if score > best _score:
best_score = score
gbest = particle.param.clone()
# Move the particles
for each p in particles:
for j from © to param_count-1:

p.v[j] = p.v[jl+

cl * random_uniform() * (p.pbest[j]-p.param[j])




+ c2 * pandom_uniform() * (gbest[j]-p.parms[j])
p.param[j] = p.param[j] + p.v[]]

5 H.6-114 S M Gl i particle_count/MRE T I 4f . X Bk T 1At 7E 44
Jyparticles &Y, BRI T — N LA S H (KR4
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FIEAMHERL TR E /T BOT a6 . Wk -k 2 18 AR e
TE IR ABATT IR XA B 70 B Hrpbest. LAk, WER BT 24
B 14> Mybest_score, 54 AR [F B} 5 Frbest_score” &= Mlgbest 7] & .
gbestM EIG A ORFFE] H AT N 1ILB RIS FIHI N Fd E W =
THG.

PSOH] AR Fl FRBEFHZ: W £5 455780, PSOIE I 1 #E AR T S B0k I 25
RBFHIZE M . XA VA 3T E X RBEE AL . fEH3= Y, 8L
LR TR SR, DSEILE I UGS . K2 HON R EEHAZ B
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HIREM AR,

Iteration #1, Score = 0.2608812647245383,
Iteration #2, Score = 0.2608812647245383,
Iteration #3, Score = 0.2608812647245383,



Iteration
Iteration
Iteration
Iteration
Iteration
Iteration
Iteration

Iteration
Iteration
Iteration
Iteration

Final score :

#4, Score
#5, Score
#6, Score
#7, Score
#8, Score
#9, Score
#10,

Score
Score
Score
Score

#56,
#57,
#58,
#59,

%]
0
%]
%]
%]
0

.2608812647245383,
.20548629451773479,
.20548629451773479,
.1456525667121654,
.1456525667121654,
.1456525667121654,

Score = 0.1456525667121654,

0.0517051622593003,
0.0517051622593003,
0.0517051622593003,
0.045664739474608994,

0.045664739474608994
[-90.55, 0.24, -0.86, -0.91]->Iris-setosa, Ideal: Iris-setosa
[-90.66, -0.16, -0.86, -0.91]->Iris-setosa, Ideal: Iris-setosa

[0.22, -0.16, ©0.42, 0.58]->Iris-virginica, Ideal: Iris-virginica

[0.05, ©0.16, 0.49, 0.83]->Iris-virginica, Ideal: Iris-virginica

[-9.11, -0.16, 0.38, 0.41]->Iris-virginica, Ideal: Iris-
virginica
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[1] Weinberg, 1993,

[2] Oerter, 2006,
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o WEELAL (Ant Colony Optimization, ACO) ;
e HHIACO;
o EZHEACO,
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fERE e, IEARZTWEAAI], ACOMES R AT B BRAH 1R KA
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7.1 EEUGHEAL

5 HAMFIZAEL,  ACORK A R 5 R AT B2 S R Al >
BB W SOt FEE, MRS W RO AR . AT, R

Je 7R ACO B HIE 3o

JiRAT e 1)l (TSP & B a) i) —MREF P11 K2 B R

A AR BB AR & W e e 2 HE, R R 2T 0

Ko
DL R4 R T ACONTSPR R I 2

Iteration: 1, Best Path Length = 1696.0
Iteration: 2, Best Path Length = 1571.0
Iteration: 3, Best Path Length = 1524.0
Iteration: 4, Best Path Length = 1454.0
Iteration: 5, Best Path Length = 1454.0
Iteration: 6, Best Path Length = 1454.0
Iteration: 7, Best Path Length = 1454.0
Iteration: 8, Best Path Length = 1454.0
Iteration: 9, Best Path Length = 1454.0
Iteration: 10, Best Path Length = 1454.0
Iteration: 98, Best Path Length = 1403.0
Iteration: 99, Best Path Length = 1403.0
Iteration: 100, Best Path Length = 1403.0
Iteration: 101, Best Path Length = 1403.0
Iteration: 102, Best Path Length = 1403.0
Iteration: 103, Best Path Length = 1403.0

Good solution found:
18>11>24>7>31>32>46>44>8>21>15>36>37>6>2>12>5>43>40>17>23>4>
14>20>0>38>33>10>49>45>29>9>28>48>19>3>34>30>27>1>35>26>25>
22>16>13>47>42>41>39

Bl
ACORALIA 5 ¥k MU KA . TSPAYIIE S S T e — b
i, BRSO B . S ELAE BT 5 A i i —




b A B i M B I T Y B AE . EIRAR Citeration) 103,
XA IR sl T B8 42K 1 403.0H %
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e ant_count: XsEFIEHELEE. BIAME N30,

e alpha: X/NMHEHFREEEREL T J1. BRIME N,

e beta: XNMHEHNE FHAPIREHE S N—NT 20— RD
sl 71, BRAEAS.

e evaporation: XM E(EE RIS IELKWIEE, BRIMENO.5.

o q: XANHEEIEH—ATEP BRI A T R ENEERNE,
BRIME 5005,

e initial_pheromone: X —I&15 5 RELILMIWIGHIE, EFRINMENL.0,

o pr: IXNMHEUE ST ST B b N E BAE AT B TR O S, BR
W E40.01,

XY ik B H L. B EATA e H B T ACORL T Pt 1k 3
T2 . (HAS, VR ZEAE— Ll A N B 2240, HER
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PR X35, A RE T E 44 Kgfllant_count. betaf3 KAd HyE S 750,
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# Calculate probabilities

def calculate probability(index, ant):
# We will return an array with the probability of
# each node.
result = new[length(graph)]

# Choose the node that the ant just visited.

# This should never be called before the ant visits
# the first node.

i = ant.path[length(path) - 1]

# Calculate the denominator the path probabilities.
d=0
for 1 from @ to length(graph) - 1:

# Do not count visited nodes

if not ant.visited(l):




# Sum the pheromone and score values
d = d + (pheromone[i][1] ~ alpha) * (graph.score(i, 1) "~ beta)

# Now calculate the individual probabilities.
for j from @ to length(graph) - 1:
if ant.visited(j):
# Zero probability if already visited
result[j] = 0.0

else:
# Calculate probability numerator.
n = (pheromone[i][j] ~ alpha) * (1.0 / graph.score(i, j) ~ alpha)
result[j]=n / d

# Return the probability vector
return result

T L 7- LI R B 52 AT B AR 2R 5 RN B RS B N o XA R
O IR [0 dS N LM BT R R 5] CURIAZED B3l T HAR T S M
K. WIESIEIE A O A ST A s T BRI A E . A4
45 e Fgraph.score LA S FE RN 19 50 2 RS B I1S 70 A o RNy
ARSI S EL T B AR UL el /B, By AR AT 2 sR B A Oy AR
AR 760 S TSP TH 4 R EL, DA AR 98 SChi Hh it DA K T
AN F ARG T T4 R 2

THER7-2J8 R T PRl i)~ — B ARG .

JHHR7-2 AT —

# Choose the next step for an ant.
def choose_next_step(ant):
# If this is the first step then just choose a
# random (non-selected) node.
# Otherwise choose a random (non-selected) node with
# pr probability.
if length(ant.path) == @ or uniform_random() < pr:
index = -1
# Choose a random(non-visited) node




while index == -1 or not ant.visited(index):
index = uniform_random(@, length(graph) - 1)
else:
# Obtain an array of the probabilities of this ant
# moving to all other nodes.
prob = calculate_probability(index, ant)

# Obtain a random number between © and 1 that determines
# the chosen node.

r = uniform_random()

sum = @

# We will loop forward adding each probability to sum.
# Once we pass r, we have selected a node, with the
# correct probability.
for in from @ to length(graph) - 1:
sum = sum + prob[i]
if sum > r:
return i

# Should not happen, but most programming languages require a
# return value. If we did get here, then r was assigned to

# something beyond 1.0, or the probabilities added to

# more than 1.0.

return -1

THHR7-2 R B0 A T E #.7-17 Y calculate_probability bR %, F£15 2
WS PR A U7 1) YRR IR S5 . A SR R R HY 28—, B4
PATHA T FMER . XTI s —20, JATR F LD
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Lﬁ%ﬁ%i%@?ﬁ%ﬁﬁ%%ﬁiﬁo%&ﬁ%%ﬁiﬁﬁ,
TV LT, BT U RS, 73R TN
.
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# March all ants for one iteration.
def march():
# Select each node, up to the max number of nodes (the
# length of the graph).
# For example, if there are 10 cities in the TSP, loop from
# 1 to 10.
for i from 1 to length(graph):
# Loop over all ants.
for each ant in ants:
# Choose the ant’s next step
next = choose next_step(ant)
# Record ant’s next step
ant.path.add(next)

march R Z7E B JOE R PAT — IR XK FES B 28 5 B 20 75 1Y
TR RTTSP, XEMAE T BT . marchef 20 A
choose_next_steppR#, R JEIdRIEFERI I,
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Af = O/ L, , U F sk £ e AT REP AT B xp
” 0, HAthfn

(7-3)

HER)E, BEERAN7-3F TR R s ik, FFARIRKK TR
TR, ZEZFEMITEEREN. H%, BIERNMAHTIAEEERK
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# Loop over every row.
for row from @ to length(pheromone) - 1:
# Loop over every column.
for col from @ to length(pheromone[row]) - 1:
pheromone[row][col] = pheromone[row][col] * evaporation

B 7- AR ZE B AR 255 BRI B, JRg Hae UE K &
evaporation. FRIAFEKFN0.5, 7EHE—UGERF, ¥ 1.005 B ZHKFF%
fIK20.5. 5 ZJOAMERE B RKFRIR—F20.25. —HALE KGR
FACPARH 0, Bl LUR A B S B R B E N0,

&R, FATT R Fr i B S B R R . B H7-5R X
NEEHT

HR7-5 BREEER

# Loop over each ant
for each ant in ants:
# Calculate the delta as the total pheromones (q) divided by



# the score that the ant achieved.
d = q / graph.score(ant)
# Update the pheromones between all steps. Subtract 2 to
# calculate up to the 2nd to the last node (the last node
# has no edge to any further nodes)
for i from @ to length(graph) - 2:
pheromone[ant.path[i]][i+1] = pheromone[ant.path[i]][i+1] + d
# Update the final node’s pheromone.
pheromone[ant.path[len(ant.path) - 1]][ant.path[@]] =
pheromone[ant.path[len(ant.path) - 1]][ant.path[@]] + d
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def select_model _ant():
l1=0

# Calculate the total weighting (score) over all ants.
sum_weighting = ©
for each ant in ants:

sum_weighting = sum_weighting + ant.weighting




# Choose a random ant, with bias to better scoring ants.
r = random_uniform()
temp = 0
# Loop over all ants using a roulette wheel selection.
for each ant in ants:

temp = temp + weighting[i] / sum_weighting

if r < temp:

return r

# We should never reach this point.
return -1

FA T2 e T3S B A B 0I5 — MG S, BRAR LG b,
BATE LT EAREZ , DMEM IS A P 3T R TER7-7TRR T
G SR

THHRT7-7 bR

# Compute the standard deviation to use for random sampling.
def compute_sd(ants, model_ant, x):
# Sum the differences between the model ant and other ants.
sum = 0.0
for each ant in ants:
sum = sum + abs(ant.params[x] - model_ant[x])
/ (length(ants) - 1)

# Force a minimum threshold.
if sum == 0O:
sum = MIN_SIGMA

# Apply evaporation rate and return.
return xi * sum

I HL7-6 R #.7-7 0 SE AR REORE 2 A 1 8. 775 F.7-8J 7
T EBACOUA 58 XA T RE o

HHL7-8  ELEACONIFEE)

def move_ants():
# Loop over each ant in the population.
for each ant in ants:



# Choose the model ant.

model_ant = select _model_ant()

# Move the ant.

for j from @ to length(ant.params):
# Determine the sigma and mu to sample a
# random number from.
sigma = compute_sd(ants, ants[model _ant], ants[j])
mu = ant[pdf].params[j]
# Sample the random number to become the ant’s
# new position.
d = random_normal(mu,sigma)
# Move this element of the ant’s position.
ants.params[j] = d

BELLACOR LN FRBEMIZ M4 (I35 EAER R G fE, % FE
FEPSOMIEAE L (GA) TSR LUE B, W& R LE,
ACOfEME R AR, HIKZEPSO, #RJE/~AGA, HACOLIEENA
P DX EERCR M — BB . ACOXT S5 B AL SR R R I
LIHABEREACON T BRI HE. FHFIH TACOS RN
{4 H

Iteration #1, Score
Iteration #2, Score
Iteration #3, Score

0.20576496592647195,
0.20576496592647195,
0.20576496592647195,

Iteration #61, Score
Iteration #62, Score 0.05148646349444265,

Iteration #63, Score 0.047341109226974765,

Final score: 0.047341109226974765

[-0.55, ©0.24, -0.86, -0.91]->Iris-setosa, Ideal: Iris-setosa
[-0.66, -0.16, -0.86, -0.91]->Iris-setosa, Ideal: Iris-setosa

0.05167890084491037,

[0.22, -0.16, ©0.42, 0.58]->Iris-virginica, Ideal: Iris-
virginica

[0.05, ©0.16, 0.49, 0.83]->Iris-virginica, Ideal: Iris-
virginica

[-90.11, -0.16, 0.38, 0.41]->Iris-virginica, Ideal: Iris-
virginica
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[1] Holldobler, 1990,

[2] Socha, 2007.
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1. EH-1RRPt B eRkH, MEIRREG)EE T,

o XX MANRATENEREERH, HPEEWA IR TR R
TLH o

o LN BAEFIEMBETH —FA . JEAAIEE 2 E KE
Hir . fEApId, FEEHBA KN 1R [ .

o RA: BAFATERMN. FARENAREREE N HIZRA
R AR R 1)

o WNERRFAL: AR A AR TRt N AR AL AR . A BRI
HH A7 i 75 7] B R 16 M) B H0E o

o INTaIT: AEAIS EMTEEAT — T H AP EERFE o 5f 4 E B[]
25 A S

o FUH: MWW URENG R AR . BT D AUR A Y
L, 58 SCE AR 1]l Y dn (] 224K

GBS T A AR R ARG . SR (AR ariiE
) AE, BAAAAE AT TR . BT E AL, GOAE
s, B, B, -1, -1], At 1, 1], Eie-1, -1,
1] K8-15/R TIN5
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K8-15 A% TH

XA E S VF T R ANEMRBGEU . 8%, PP Gl A
M EON-1~ 13 N BENE R &, R T B HIaa e aBE DL fE

EIFELEE W AR IR B A AE I Tl A RN E, SRR
SREEMREI A I —MEEI6MMEM HEE LT RAEE D]
Ji e 1X16ME S E YD ERAFAL AIE A . B8 X 16/ME n] PGV
AR T AEARE R, DRGSR E Mgt SR
N, P EERRIE S

BT B Y3 B E L AE -1~ 1V N o IR AT ELA X 16N HE
e R IHXFE

[ Ves Vi, Vi, V3, Vg4, Vs, Vg, V7, Vg, Vg, Vigs Vi1, Vi2s Vi3 Vias Vis ]

R8-1J 7 11X i o i 3 e AT 1 S €

®8-1  BIFMELEEH AGE




EL] AN &t we (GEIibp e lEgal Bt
0 -1 -1 -1 B vy vy
1 1 -1 -1 af Vy Vg
2 -1 1 -1 g i) vy &
3 1 1 -1 A Ve V7
4 -1 -1 1 el Vg Vg
5 1 -1 1 £E V1o V11
6 -1 1 1 H V12 Vi3
7 1 1 1 Ht Vi4 V15

X6 BB B2 8%, 73 Skt T 8k O B B A —
Mo REEEOONRBM, A, g, B, Wi, RO, Foaan,
RB-VL RGN s 1 IX RSt . 20, SEOMEE G35 ER 1
RGB &EMME, MR TFHER M, -LE2x, migeit. rERH
TR RERESHI T . BRI AR 1 RERR O EEE A IR AR Y 23 EE R 1)

BRI, XEER BV AR .




MR ORRABPMNIE R IE R . ZELECHE T REKPA8
ANRRJE BT, XL AR R R B AR P RAES
pab. PUREURF T MRS oz . WERBRRAELZ, MWE3NF i &E
T ZBER. ZFREZITUAR, ZRAN0R-1TMIFFEE, JFHE
P BT AR R A P AT IR 2 3(8-18E 1A AREE
RN SOl

o Z;l ri +gi + b
- IN

7
(8-1)

NRALEH, 1EH N8, EEMAGHER, LI NREE. RE
A LURE RS SRR N0 IX P AR AR BRI A8 R BT VAE R LR 5
R o

AT AR E ORI ST R . BRATE LR FIE Y
Wi 2% S A AT S . — HLAR B PR LT B E R O B, mlt
BT HRRHEBIU. TR, Aol CREMEELD WE 7IRAIIM
DB R BB IR . IR T o LUEN-1, AR REAS T
oo QR A7 EAE L, AT B ZOR L RIRS R . Tk
RAF VB L —1~1,  RIUARRCRE AT SR VE A oy SEBr i E 7t . AR
A R BAR 28 258 iAoy B A -

r+1

=
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R I pEARGR 3R B /) BB —Fh . 2 \8-3 7 1 FATU AR
L trE . ZxtgEME CbE N b 70 tplE S & W e Fra e (RIME
7 M. IAIEEAR LR B 7 B2 [ S k.

Cnel = [f‘n - P (e —70) v — P ':,ffk - ,'ffnj by + iy (b — 'bn.”

(8-3)

KRR T 2 FHERRRIRG . FLEgmEE SRR pEE 2 4R
PATHFZAHBH T . O ELBERR T ROE R METE S . 18
Z B FIREADME S, ERSMIE S 26 32 2Rk,

B BIEMIGE T DR = . IN—HBEHL TR LG, A
PRI B i o DAL, 2 shas 5 al LSS IF G /R A0
Hi o SIS T AT B EA, ERIZRAMRA A .. 2 LRI
FVF LA FHAEZ I FHLEAH S PR IIEAT

8.4 ARE/hGE

RESG T ET U B NE SRS ICA. KZHCARIAIE T
BN T RIRM A ERmRCR . H2, CAWA LA ESEHIINA, B
sl LA . CAR DIfFET S 4EZ = md, E2, A
H A T EMRS I CA.

ECAsE — 2563 T M 2w 5 ) R FRCA. XEECATH WL 2
FBEEER . HE, FUHN L= i % . ECAR RLGIZE—



WG s S EG . —SECALE T E LA F Mathematica® 4
RN

RRB (AEdnlifi) & —DshECA, HI19704F LR & 32K
VE, O AT RUGE I — a5 4 BN OR e AR AR R AR B . AT
C2efE CEaiipdk) hRI T ZMER, SREANL. W BUei
fb s .

E I AR R IR 20144E B ) — AR B CA . B LR AR AT Bl
HET AR SEE S REAE CICA. AP SER&MCA, FHaTblik
BHOEWHRICA, TR MRA,

EEE9& , WATHBAECARFERE EAH N T A4y (Artificial Life,
ALIFE) . R —NALIFEN TR, ‘& n] DUEEY L, LR LT
R A PR A BEIR, B anka Y RTK .

[1] Hickerson, 2002,



9 N LBy

o IHIH ;

o LI

o FEALIEYIEK:
AL B AR T

KA A 2NN — A KickstarterTi H B 301, 1EN—T2RE, SO
B ARG o TR IH 2 — MR ARG, e TS
TRV ZEOR. SCFEAIRE TUATH, JFR&ZiEs 7 — P AN LA
TH . KOy BIKickstarter 3¢ 55 4 A 10 B A2 B TR T H Rom 1
R RHIGE, PrASE10E R A E— BT H . Bk 7330
I ZIE T, PUSCRBIT KRR 1B B

AERIH 2NN THEIE TR, & rel Ak 4Ky
TEBGAED . B 7B 2 oh, AASE B AR ZIH H ik
Ji%e R AR TR AL A O S . P L3NG
MPITaG, JHEAE— A LSRRI, X SR 15 2 7 A
FKo E9-1/ER Tl AR AR I — EREEA

ME-1rf LUE R, —PREGAEIEERET T AR R XRE
Pt 7 JLE AR,



N T AT, BSEM T 34 B, X0 BRI A 5 S
BTN IR BRI, FORMERX S AR, Ik BaE B AgPkik. o
REEFEZINH AR RIS, 1525 A PRI R 51

K9-1 Y& T HISE AR A

PATHE R X — R SN A M IH B — Pl gEpkE A K
BRI PR IR — e R CWH WAL B, s Soxr e
BACRI ARG A — SR, B2, RIS —MEY, ATk
HER8E T M s A LA A . JeA B aE BAR T MO . E
A g Y A M, IPERMATRLEEFHAR . XA 2
AR RS, BERZ T A A O E R AR 8 k.

9.1 HEM1. ZHEY

23 H B2 A O ks B A KON R 5. TEIR AT anAAT i
e, ZIUH A AR MR 7O AG, 205 8 T A Y3



A E RN, AT E9-2H7s

Kl9-2 M1

TERE- 2RI, FH DA — 5055 (58 <1005 %
(D IR RS o IR T2 87 R WA 20 B 4T DL T Je 1 DA e 2L
A o

o {5 (leafiness) : WA A Z /bt (GRRM+) 8 /DR
e CGRAWT) o 1L0ORRTEEEMN T, 0.0RRTELEMT.

o fe=E (energy) : & XHE=AH, TUHAN0~1. 0K/ ILLHM.

e 53¢ (nourishment) : F/EFHmE, WHENO~1,

o 11 AHE (calculated sunlight) : FT/~iHHEFHEEE,

o 115 A/KE (calculated water) : FiNTHEFIKE,

WA 90, WIZAIMAET, RROMEMN. Hes, Wi
MR T L 7, e, I e LR, %4
A LR . KT ST LR Bk B R T R 2/3, B
6612 4. MR HEE, RN TR A E R (2 R, Bk



PR TS B E . T2 DU N RS ISR, REFP e a4 e
2 I PSESINS R

M2 a] LI 2], Ry~ PR3N AR iRy ZA . iRAE
R —MEE, FAEME, M B MR R T BRI
BAE, ZERHEEEAT TR T2 AR E e AR .

o M&&E (M) : 0;
e HIF (R : 1;

e el (M) : 1;

o MEHE () : 05;
o HIE () : 1;

o fEE (22) : 1;

o M= (M) : 1;
o EFH (M) : 1;

e Hem (M) : 1.

WS H B BT AT HAR AT SRS BT A TR PR 1 B N0, IXEEAE B AT B TR
A —PMEFPRERE-2H KR . WRFEELIRS, S HMRH
BRI H 7RG, e IR Z AR

LRHEY, DO E R NSRS G. M, RE&HEHB
. SR O 2 R T B

o AM{f (4{4) =[0, 255, 0];

o M (Myfh) =[165, 42, 42];

o K7 (JRWEE) =[135, 206, 250];
o T/ (JKE) =[96, 96, 96];



o R (Hfh) =[255, 255, 255].

Ei BT E T RGBI &AL, o 0, i th]. RGB/r &G
[l /20~255. MM FRAEMEDESMNEARE. - afileZRtr
[ (U6 2 2 R A ) A T _E A ROt . B R PR A ORI e R R A
EEOMEH O RIRER, RIHEHRBRFHEN. thoh, XEERTH
7R R AR, TE -1 ROy R 1 X SR .

JHH9-1 AR SRR S

# Calculate the ranges we must cover.
gradentRangeRed = LEAF_GREEN.red - STEMBROWN.red
gradentRangeGreen = LEAF_GREEN.green - STEMBROWN.green
gradentRangeBlue = LEAF_GREEN.blue - STEMBROWN.blue
# Determine the maximum range between red, green & blue.
maxRange = max(max(
abs(gradentRangeRed),
abs(gradentRangeGreen)),
abs(gradentRangeBlue));
# Scale each of the color ranges to this maximum range.
# Because each color component has a different range, it is
# necessary to move by a different amount in each RGB component.
scaleRed = (double) gradentRangeRed / (double) maxRange;
scaleGreen = (double) gradentRangeGreen / (double) maxRange;
scaleBlue = (double) gradentRangeBlue / (double) maxRange;
# Create an array to hold the gradient colors
gradient = new [maxRange];
# Calculate the gradients
for i from @ to maxRange-1:
gradient[i] = new Color(
int (STEMBROWN.getRed() + (i * scaleRed)),
int (STEMBROWN.getGreen() + (i * scaleGreen)),
int (STEMBROWN.getBlue() + (i * scaleBlue)))

TERGE B9-1ARY 5, ARIAE 4 fE gradient 28 & FHA7 il | AL
R, HTHESEREMEMER A7, FHART DLH RS ERDRPK
B, MR 52 3 4



9.2 HFEM2: GIEHEYA KD

BN EREMEIE TN RES T T M A AL . Zhimgig
PROEZA — RS H240 BT G — N ahmAEY), bRn] LU
EMIT B BRI AR R, A EI9-3/7R

sl e

K9-3 KA REY

KI9-3{ B 1A KA R AN . YouTubeti HiArtificial
Life: A Plant Growingid. 3 | ¥R, DLAFF1E 34 AR A 1
AL .

BB, TENDMARNRSG R Bk, WHEER
SRR A5 F Se BE  JENUKIIRI,  PLRAEYD A IR 0 134 o
G YA KAGRIEHEYFDNAR EE LT

9.2.1 FHYIHIPYBLRFAE



TEYIHI V) BAFAE E ST M Y)DNAEZE LI A AR o ORfR A B
FRAL /S Afpe i o, XAREE ., T EAEMARE ), BIENIMizae
oA A EEN T . HA, AIRETR R LRI, FatE T
B D BAFAL . A XA, IR TR R iR A

SR, FRAEIS LIS T BB AL ORI A Ty AR, (HE, AE
BT IR XEAE B A AR AL AR B R IR 1 TR 0 163 . AL A AT AT — B8
¥, HRZRME REFMARLG, P A 2 by, XEeEyE
2 B G R TT R AF AN K%

B O 1 AR W S B R o oS 77 A AR K
ARG HAR . AN 7SRO, StAE L k. M-S ER R
o WSRO, I T RS s RS . 5 B D B 0 AT B )
AR, JF Bl LS B3R REEANE 95 4, AP st IRt 3R
Ko TR, R BOAME— K. RRACTHEIR, 193 17K S
2. Ik, AR AL K BN E R TR K RERAE S TR {E, Bl
AR T BB e A sbr g DL RIS TR . BRI AIIRAE A K
B B A I A

P BRRFAE A AR AT DARA 8 KD 70 Af o #R RN B2 N a7 Xt
o, HERPDGEFH ARG . ZETREAE AT
MR, HBEPIGENN. XA ERIOEE, R
MEH BB RSO ETRN . FIRE, FTRLZ T 2 E T 5K
. El9-4fE7R T BHOG A EATK A &,



A LA O R RS T FEOE AR B THSL . 1 e FHOE IR il
o, ARJERKIAEIET . P OIE TS ERET X RS B RS e B AT . (B2,
—HEGRER ML, e EF M E. B, - HKRE
RSP N o PNEST et ot A NE R S TR ==

F 5 2150 2 TVt 25 1) DX 6 400 L 1 s ) B X A 0 B R A 3 Dk o
W EST A ERLL0.1. B, WIREN0.SHGIN ES B I
HON0IHIEE M A, FRATH0.97€LL0.1, 13H0.090) % pk. 8
J& s FRATE IR EAH0.55 LL0.09, B S 10.09% JE 2 K051 ) M) = {H
I/NE0.045, K ) &R A AR AR R I AR AR AL

P i —

>

K] fi —p-

T

K9-4  FRYGIAEAK A &

T o R O SERUARRE T WA BRI, (R, R0 R d
VIR RSE . BRI RAUK R B R R 7, (3
R T LB TR A R FOR A R RN 0. AR AR
IR RBIAARAD, FEARKETHD R I R BIAI T o BO-SIRR T b



B AR(TELN

K9-5f R T anfiitSaeE (hnve) MESR (hnln)  BMNEE
R A SR E TR PR R S BERANE IR . KB TR AN HIRE R
MBI EJT I3 Mg AT S R RER . AR, SRE TR PR3
FRIE TR e LR 7 B34 AR A B T 55 L A B K IR o IR T B 2
BB, R IETEE RS A . A ar 40 i) v 58 T B E 7
DR EFTHENKIA B A AL, IRFER DR TR E
{E ENEREAT R R ER R AE. A5, MRAEHE TR T
FERIBELL T, dHRE SR .

IS 3HE F) 17— +

Lo}

-2
A1) i —

=

9-5 HEMIFR D TEIA

Ry HER L, FROMEAN T R E) . GnE9-5Fs, BRI L he
BN o FROPEAXSIZIN A R T PR — 7, AR IR D IEA
BB T804 57— J5il, HERFR AR IR A T [
b, R TR IR T k. IR SRR R A B S 2 A



T B e AR A 2 TR RS f T AT . 9-51 B T XA T i

7 A HEHGR 8IS R 08 FIMRKRSCRFEMII AL K . WERIATA TR
MR, B BRHE AFFEEMEY) . HEFDGEL N 58 1 b b4
AN R, TR GE R S T MEY AR R B . EAREE
RIFFWENTY, ARKA KA. 922 A5 THRAR LR M B AR

9.2.2 MHEMHK

2 AR A B AUEYIDNA R & 15 5.9-2f8/8 T — N8 31
DNA [f] & o

JEH9-2  FYIDNA A &R

[0.08414097456375995, ©.11845586131703176,
0.1868971940834313, 0.4346911204161327,
0.024190631402031804, 0.5773526701833149,
0.8997253827355136, 0.9267311086327318,
0.04639229538493471, 0.8190692654645835,
0.06531672676605614, 0.026431639742068264,
0.31497914852215286, 1.0276526539348398,
0.03303133293309127, 0.35946010922382937]

AR, E9-1oR T MR EERIRE . HEYIDNA R &S
Ji B MER, EYIIEATIZAE A LA e e AT ARG FRAT14ES. 2175
FE DY AERR ) SRR, RO PR 2 fE AN E IR
77 AR AR K

FEEE NS4 MK EEONAR M B R . R, BN IR 2H 944
= 16ME . 4 AR A IR BN — D UDNAA . — 4



MfE B E R A 7 ORT M A SIRES S B . IR AT AR E
1 GHZEHD BAETH CERD

FEHYIDNA 7] & & A B4 e BT

o 7pE0: ZMMHISEZ. &5 —1741.0, Z—1750.0

o EL: ZAMBZMARE I TH EAfD BUKE G TR
D .

o 7rE2: JWEMFAEL.

o E3: ZHMIAIE TR,

NHEAH T H19.2. 175 R iR R e B A R4 R

0. ZEHAE,
L. TR
[ EE2: Ak,
&3 AAKEI2,

FIEROMA R M. X TEMEAE, EMfmeRGEERER
L EoE 2 M EL. WIR'EHE R MEERIFRE, WIEAT K
ZAPHIHEE. AEr TRz, B2, EARZAM . FE2
A E3E R . HEYARAT GRS, Rl P AR D
frE, PLREERARKME. B, BikfEamilnE2uka E3R LR AL
BHo WARAEGEAL BEAMKT [ 20k A 3R e BE, s A RAE K.

NT KR, TR SRR T LA L34 S R ) L 2.
% I IR



root ratio = sum(root nourishment) / sum(leafiness)

INFRZ RN T0.5, WA PAAA: ARz K T0.5, MA T
VP A B 2R R R AR BENS T8 20 SCRF I DA AR 2R
Ko

N TIRHTAER, BATEN 158 BIEE RRS 4H -

9.3 HEM3: HHEY)

AL AT DL A DNA [n) & AT B A, Flanis e k. kit
FEOLACRIBGRE AL . O T 52 0 ) 2L S A (A IDNA R B, AR R 41 1]
BRETEE TIACSEER B, FlanfR R KA I Nelder-Mead #.41
HA

EANTHAEH T HE3ENAMBEHE . GAMEBRASF SN E
br: BRUEAL B REEYEY R . BT BRI R BIES, IRE
R NAWEAEY), ERE T 2SS NIER B EEY, WwEo-
6H 7 o




Generation: 11
Best Score: 0.06951089701715492

Kl9-6 HHYEELL

XA R Rz tT, IR AR K DNA & . =
o8, E9-6Ps BRI DAL T35 114K, R AERE A B9 JUAR A5 BIR K2

S

= ©°

RIS

T R AU B E R e DA R IS R . XA SRR T AL A 2k
kR, S0lim. AP IHERSOREZ A, HEYE100MEK
JYH . T6 59-3far 1 T o3 i Ds ARG AT T B BAR R R o



JHR9-3 W

score = 0
count = 0
# Assume that universe contains cells after 100
# cycles of a particular plant growing.
for each cell in universe:
if cell is alive:
count = count + 1
if cell is root:
# Give partial credit for a root
score = score + 0.5;
else:
score = score + cell.leafiness
# Calculate average leafiness and roots
score = score / count

PRI R AN T 2 B, LR N0.5. S B R
SR TR, AR EE, TS e R 5 e
REEFe, X PRSI 10— RO, T4 A0 o H B0 R 2% 6
AT AT (AR £ 2 0

9.4 ARE/hGE

N LA 2 TSN UBAAEY) . B SRR IR B IR P 2 R N L
A H8EF AN B L N LA BRI 2 BRIE . AR E RIS
WH R 74l AL 2, PR AT S R LR KA &
ik

XA I H ARSI . 18 K RE [ R) 2 T Y DNA Y
TEH . VIBAFAL A VER A | ReBAE SRR S YR 1a 2
o, ERE T AMRGER, YRR R T AR D).



Y5 vh 2 P LAREWE BEhTsAL, R RO e AT a] DLAE DB RS fIE A S ) PR A v
B R K

RENG T —ADTEIH , IFa & T RABMAIR. &N LA
e NG AANERBE TR, B HFE S ERDHEE. 52 AR
RIS, AL ] LUK 2 ATROR B A T SEBRk 55 3 5 () . [
B, FBI0FRE A DB R R TR I H X 7 T IR -



FH10E A

Kaggle s 7% ;
IR ;
ST AR
F A Mk B &

SHOF IR I H 7R 132K B AR 8 KA A B SR AT, b ) —
MR AN D RTEERTOSIH , X2 — R Ak g5 A
THRRENH, 2D (FOVEIERD 1885

RSB RS — AR BOR U, BT LR REARME 2 3o Bd
¥ Drew Conway &€ X LA N3N HIAC S BERAE . B
giitaid, SEitER AR B10-148 1 XA E X

REBREAR T ERTHHENMIEN T8 REEIER AT E
A REBARLAE N S FEARZE R RN, (HR X ROR I HE LA AT RE WS Bl
YR SRR P R A B o AEBCE R AU, (5 B AL B R Oy R R P

(data wrangling) -

Hor MG RN et BER A A HERE D70 SERTIEFnR ik
TP S5 ENR LA AN SERR B HYBRAE . A SRR IR L8 T R ) AN S
ik, IRARZERGIFER ARG AN, mE10-1rm. 52, 4



TR LML RTR 45 & R e Gt 7T, XA XTI Re i &
BAHER 2R ae 1 (BIPLERS2 50D

etk Lol AR

K10-1 Conway 1% Rl 2 45 UK

RAVIE W B R iR B MGt ail. thah, BieHra)
B OB, SR, BT EIRE S ST
M ERRARAESRAS, DRy e o+ R B Rk e N R e i A7alk . il
AR RAEAE DRESE Y B A R, USRI AR i AKX 2 2 =] A 5 B
W55iaE

10.1 Kagglei: 5%

N T JERIEANBRGIE, RFELE . Kaggle& 2/ p 50 38
I, e AR BB R

Kaggle?* 173538, HIEAIERSINX L, PLIRILE SHE 1K



R, ARE T S 00 H PAKaggle ) 2210 Je 75 (Titanic) ZHE4E A%F
th. KaggleMuli A 5 TR ) e 5 e M5 B o

TEF I BRI e 5 SRl 2 |/, BEER)Z T E—EKaggledE N
H6, RZHGEIRAANRE HIRGE R . Wb H B R0 JE w5 3a 48 %
FFE20144F 12 31 H A R . A, fifiiea ok st HEK 7. 3
K, R S HARERMNERE B L. B 52, ZRWRA XM,
HHARE I IR A TN, AL LR Kaggle Master. 2235
BIXAN R EES, RIS N3 Kagglesi 3, —IREHENEFERT10
%, BIREHENAT10%. &P Kagglese 34 H — MNHEATHE, HPERT
B2 E . EF10-2878 7201457 H15H fKaggle 5 F8 71T

5o

Koby Karp
Min-Sik Park
Hanemaori
timothy235
DG_I5T565
John Uckele
Henry Bowers
Moti Mizrahi
DataMatrix

LazyBoyi45

K10-2  Kaggless FEHAT 1%

Kaggle Tl A7 200 S 734y . ZE4H J2 3 B35 20N e ft— 21
T AR, RU A4 7 5501, 102715530 (Score) AR
LRI R S, 5 LORKE 2 21, B/00.58E
TR A 1)



Ak, Kagglefefit 7 ANCSVILAE, 4 Atestfltrain, 3X AN SCAF#B
feflt T RFE IR GEEMONER) o trainXXFHdt 7 ARR =T
M AR . AR B e S AR AN, v DU train 804 SR A4 A5
Mo testBAR AT g — S, RIS EPIE DB R, TR
testHC4fE A5 TR 52 Wil =, Kaggle s MR TAEFT 75

MIE10-2rF R LIE 3, Kaggle SO ¥F 2 IRGE2C . RVEVRAE FHAH IR (o0
s, (HRRRIRERE SRR 72 8. Kaggledt IR 1 AR
FI5EAC AL ROMIIA BRI B SR 247, LA s AN 2.
BEAk, X FIEM 2 AN K B H 3RAS B 2 RS IRAI N, Kaggle’s 2
R AN IR AT N, AR RS AT IZE N, A= RO AT
EROWNIVE-S Srigi

HHATBHECEoR T SR e e 53 BRI 5E R 0 A (1.0) 1
o AR, AR NPREE, POy — b s VR IEE WS

23
Fer MIAamiz e BAIR, R NER LU R 2

A, 1ES BN, BEHERSHEIEEL DR, AL
To%. KagglefJZ8H Je 7 5t LML RZ, (R T0.85/1 704
#A I EART A AT S B ahid Tl

HEZ, ARSI SRex aris, BROVRIEE w5 KRG
I %A E R AL RE RS IR LA BRI AL =, (HAl Rk
AR, BE BRI AT RETCIASARUERE . L, AT EA A2
AN RN 45 R A NFR O 7 AR



TSRS T r 2 e E. REZXBERAEMA 40 EZA, BT
KEFRE12 N M EARARER AL, BHEEZT. KT IXMZER R
EIEH R, 15 REMSHER TR RS, B A R R .
i, A G BB AT AT S5 RO AR I 45 3. flan, 19124F#
& A BN Z—John Jacob Astor, ZFRHBWSH“EX"ZHFE. FHIEE
XTRE AEIE PR 15, Astor AN IZSE VS RUAERME B FEAE . AR, RE
fihZER SRR T — B HE, (BRI AE oAl 7 — R . v T
RIS RN NS, SRR Tl 4 R, (=
e, MR EG, BFOVEREE A BdE, A EedE—1
MEE 2 S A, R B B R T .

10.2  HFEm1. BRI

B R A A el L E S 2 U Bl i H10-1E] 1 iX— K
5, BOAE RN TR S IZGRBIE I i85

HHR10-1 IR T I ZREE

PassengerId, Survived, Pclass, Name, Sex, Age, SibSp, Parch,
Ticket, Fare, Cabin, Embarked

1, o0, 3,"Braund, Mr. Owen Harris", male, 22, 1, 0, A/5 21171,
7.25, , S

2, 1, 1,"Cumings, Mrs.John Bradley (Florence Briggs Thayer)",
female, 38, 1, O, PC 17599, 71.2833, (85, C

3, 1, 3,"Heikkinen, Miss. Laina", female, 26, 0, @, STON/O2. 3101282, 7.92
5, , S

4, 1, 1,"Futrelle, Mrs.Jacques Heath (Lily May Peel)", female,
35, 1, o, 113803, 53.1, C123, S

5, 0, 3,"Allen, Mr.William Henry", male, 35, 0, 0, 373450,
8.05, , S

6, 0, 3,"Moran, Mr.James", male, , @, 0, 330877, 8.4583,, Q




NG, AT E bR, 38 000 ) & 1 BRFE o

FHIRLAR, & NSurvived. WIURAT AL, HdEEHH LI E T
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Survived: 7rRME (1. 00 , 1RRAEALF, ORRIET,

Pclass: JT4L (1. 2. 3) , RopMEEH, 1R KEM (5
51D, 3R (EREED

Name: A&,

Sex: ﬁ}%fﬁ (m\ f) o

Age: FfH, AHRKAE

Sibsp: #UE, o6 aHIR/BOE N

Parch: #UH, My LIS+ N2

Ticket: XA, MiE5.

Fare: #{H, AHRKIE

Cabin: (A, Mg .

Embarked: 70381 (cv q. s) , AHKRE. KR LAGTH
1. cZ7~Cherbourg, q#7~Queenstown, s3%7~Southampton.

WAL SHUA . »REMFE. »RERLTF HABER, Fn
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F—Jii, JEYEPclassH Y, KL OSSR

Fr AERAT T Pclasst A EUE . FATIE LA 4EPEAge. FareflEmbarked
JEMERERAE . BRI, FRATTR O X B AT . S E = RS B

BB H2, FRATAAERREIFRATFIIME . Fldn, WA TH A 34

BRI 5, AT AR R TE 55 2 S A e SR i AT il . SRS
P22 883 T0: =S E I T I ZE N 13380, L5 AN XS i

AREFHAT VY], 215 EAER A5



A — P R o an t 2 R P

Master: Mean Age: 5.48 (Count: 76, survived: ©.5789473684210527,
male.survived: 0.5789473684210527)

Mr.: Mean Age: 32.25215146299484 (Count: 915, survived:
0.16174863387978142, male.survived: 0.16174863387978142)

Miss.: Mean Age: 21.795235849056603 (Count: 332, survived:
0.7108433734939759, female.survived: 0.7108433734939759)

Mrs.: Mean Age: 36.91812865497076 (Count: 235, survived:
0.7914893617021277, female.survived: ©.7914893617021277)

Military: Mean Age: 36.91812865497076 (Count: 10, survived:
0.4, male.survived: 0.4)

Clergy: Mean Age: 41.25 (Count: 12, survived: 0.0, male.
survived: 90.0)

Nobility: Mean Age: 41.166666666666664 (Count: 10, survived: 0.6,
male.survived: ©.3333333333333333, female.survived: 1.9)

Dr: Mean Age: 43.57142857142857 (Count: 13, survived:
0.46153846153846156, male.survived: 0.36363636363636365,
female.survived: 1.0)

Total known survival: Mean Age: 29.881137667304014 (Count:
891, survived: 0.3838383838383838, male.survived:
0.18890814558058924, female.survived: 0.7420382165605095)

Embarked Queenstown: Mean Age: (Count: 77, survived:
0.38961038961038963, male.survived: 0.07317073170731707,
female.survived: 0.75)

Embarked Southampton: Mean Age:(Count: 644, survived:
0.33695652173913043, male.survived: 0.1746031746031746,
female.survived: 0.6896551724137931)

Embarked Cherbourg: Mean Age: (Count: 168, survived:
0.5535714285714286, male.survived: 0.30526315789473685,
female.survived: 0.8767123287671232)

Most common embarked: Mean Age: S

Mean Age Male: 30.58522796352584

Mean Age Female: 28.68708762886598

Mean Fair 1st Class: 87.5089916408668

Mean Fair 2st Class: 21.1791963898917

Mean Fair 3st Class: 13.302888700564969

BB T BRI, REEEZT, Name (H4) FE
AIREIE TR, OB AR 2 SCA, (B RTZ440“Mr.”“Miss”
“Ms.”“Master”“Col.”“Major”“Count” F1“Rev.” i] DL Y M2 4t 4G F i £
oo BHREEI R LB, RO SR A B A 1 44 SR



Az LR 7 ST AT 34T 7035 “Master”“Mr.”“Miss” “Mrs.”
“Military”“Nobility”“Doctor” f1“Clergy”. % H5H—47 2R~ T 825
AR,

“Master”—ia| tE AR JLE pn] fE <4 AR X, Merriam-Websterft £
WA T — AN 2R E .

Master: A& G RPNy 564 58 N BT £ ——FAERRIE

BARIXAN T XAE20144E (515 AT, (HAE 19124 [ 9t 2
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FRIPAL I AR, & “Master” FERIR /N, (B ERA
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I, JrA 2 “Nobility” (535 #1SLL=EAF. Ak, 40% M5 MHEZE N
A60% ) 55 P b3 i A5 LASEAT

fJr, ORI 1o iz . fEQueenstown il
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o Age: H{HFWIT L N-1~1

o Sex-male: ZZPERITE R H— @67'7 1, FHENL

e Pclass: AEZEEEL(1, 3]H—fbN-1~1

e Sibsp: JRIAEEIEE T - 1~1[§I’J1Eo

e Parch: JREGHIEET T~ N-1~111H.

e Fare: f{EZEWMH—-1~1.

e Embarked-c: U1 % M Cherbourg ENFNME VL, BN N-1,
e Embarked-q: 15 3& MQueenstown &M NIME N1, A A-1.
e Embarked-s: #1533 M Southampton & M NME N1, 50N H~-1,
e Name-mil: 15 IEH “Military” I 2 NME AL, BNHN-1.

e Name-nobility: 1R 3fZH “Nobility” FiZE WME N1, &0 N-1.
e Name-Dr.: UIHREH “Doctor” B 2 NME N1, HNHN-1.

e Name-clergy: R A “Clergy” ik NME A1, HNHN-1.

Sl T URMRHIE ) &, S IR B A R RHE R 2. — 2
ATZEA F AR A, T 53— S U R AL ) B P AT 2R PR 7 . R REAS
HH—HA-1~1, RBFMIZRZERBIRILEIX N A VE B A RUOR .
I IAEIN— ST AE R IR . B0 B B3 NE L, RIH—
T 3NN AE . T PclassA2 5, Rt 75 2 B NERAE o

10.3 HFEM2. AR

HJe T SHIRE ] BRI AL 08, XTI HEREE, X
SO PRI B T AT . R A PR, ] B D SRR AT A 51 70~80
sy . AN (Gradient Boosting Machine, GBM) HJiE&
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Cross validation fold #1/5

Fold #1, Iteration #1: training correct: 0.6067415730337079,
validation correct: 0.6536312849162011, no improvement: @

Fold #1, Iteration #2: training correct: 0.6067415730337079,
validation correct: 0.6536312849162011, no improvement: 1

Fold #1, Iteration #3: training correct: 0.6067415730337079,
validation correct: 0.6536312849162011, no improvement: 2

Fold #1, Iteration #28: training correct: 0.6067415730337079,
validation correct: 0.6536312849162011, no improvement: 27
Fold #1, Iteration #29: training correct: 0.6067415730337079,
validation correct: 0.6536312849162011, no improvement: 28
Fold #1, Iteration #30: training correct: 0.6123595505617978,
validation correct: 0.659217877094972, no improvement: ©
Fold #1, Iteration #31: training correct: 0.6853932584269663,
validation correct: ©0.7541899441340782, no improvement: ©
Fold #1, Iteration #32: training correct: 0.6853932584269663,
validation correct: 0.7541899441340782, no improvement: 1

Fold #1, Iteration #239: training correct: 0.8047752808988764,
validation correct: 0.8491620111731844, no improvement: 100

Fold #1, Iteration #240: training correct: 0.8047752808988764,
validation correct: 0.8491620111731844, no improvement: 101

Cross validation fold #2/5

Fold #2, Iteration #1: training correct: 0.6171107994389902,
validation correct: 0.6123595505617978, no improvement: ©

Fold #2, Iteration #165: training correct: 0.8050490883590463,
validation correct: 0.8426966292134831, no improvement: 101

Cross validation fold #3/5

Fold #3, Iteration #1: training correct: 0.6143057503506312,
validation correct: 0.6235955056179775, no improvement: ©

Fold #3, Iteration #121: training correct: 0.8176718092566619,
validation correct: 0.797752808988764, no improvement:

101

Cross validation fold #4/5

Fold #4, Iteration #1: training correct: 0.6129032258064516,
validation correct: 0.6292134831460674, no improvement: @

Fold #4, Iteration #145: training correct: 0.8260869565217391,
validation correct: 0.7528089887640449, no improvement:

101

Cross validation fold #5/5




Fold #5, Iteration #1: training correct: 0.6297335203366059,
validation correct: 0.5617977528089888, no improvement: @

Fold #5, Iteration #165: training correct: 0.8218793828892006,
validation correct: 0.7752808988764045, no improvement:

101

Cross-validation summary:

Fold #1: 0.8547486033519553

Fold #2: 0.8426966292134831

Fold #3: ©.8089887640449438

Fold #4: 0.7528089887640449

Fold #5: ©.7752808988764045

Final, cross-validated score: 0.8069047768501664
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"PassengerId", "Survived"

"892", "@
"893", "@"
"894", "@"
"895", "@"
"896", "O"




"897", "@"
"898", "1"
"899", "@"
"%900", "1"
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7N o

578 1511 Jeff Heaton 0.7846% o Sun, 18 May 2014 175833

Your Best Entry

You improved on your best score by 0.00478,
You just moved up 204 positions on the leaderboard.
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https://github.com/jeffheaton/aith

A3 FREUREIACHS

AR PRGCASIR AL 2 FhIm e Th S FSE, I R ZHr G 1) 3 2
RIL 4R fL 5 Java. C#. C/C++. PythonfIRIE SR, H2KATH, £l
ffiJava. C#. PythonMScala, HEF&ATLLR, FRECEEIN 1 HARLE
B HIRA . AEIX A RE S SR H AN S S X N SR, BT R B AG S5 AT
7 N R GitHub 5 FE 4R 2]

https://github.com/jeffheaton/aifth
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https://github.com/jeffheaton/aith

R m] & B EA-1FT 7~ 1) 3808k

A3.2 EEGItEE



U SR FEL N 223 T RRARIE S AEGit, 84 BT s B IS AR AT
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git clone https://github.com/jeffheaton/aifth.git
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git pull
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" LICENSE.txt
@) README.md

" README.txt
B voll

KA-2 R EPREIHS SO

H AP LICENSE.txt 3 A N A 22 an A HS BT FH B IR VR Al R 45 S
A A BT A 7 AR 38 5 T R VP AT IE Apache 2.0% 47, X2 —~HH
HITIR BB AFVE AR . 2% VF IR RS AR B N2 S RRBL, - [R]I
PRIE T DL R SO TR E , AT ER G — P il

AFYFACHE AT A PR B, (HBFEN B AT XEHEE TIREL&
PRS2, BORTE LA BB #E (Digital Rights
Management, DRM) WJEAKAT, (BARIGACE R K AT B AH 55N
%, A& PDFKE. MOBI #%30. EPUB %0k 2 HAb A 285, —
AT BHSCRRIRE RN ), AR5 B 5 B IR 78 B 1 R
i

TS E BN README SCfF U, Hf README.md & —4
A5 B A ik =046 SCA ) Markdown 044, README. txt NI & —/Mafis¢
R, —HAEHERHEAL ., BT E £ 5T Markdown U4
EE, WGV R kP

https://help.github.com/articles/github-flavored-markdown
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. c-examples

1+ chart.R
.| csharp-examples >
. java-examples
.| python-examples »
. r-examples »
@) README.md

7 README.txt
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| build
| build.gradle
. gradle
™ gradlew
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. lib
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src

KA-4 Javaif =l

A.5 ] I H ok



PRI BIACRSFE B0y 73— MR IR 515 2 IRA KU A6l 5
SR aGE R R R ? AT RE A . IAE, HEAEZIH Al b

o X —Ar 30, FFAEGItHub EHEIX RSB, IRmla] BLsoX A~ A
BER I H B R T R — B
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https://help.github.com/articles/fork-a-repo
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