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MiHicTepcTBO OCBITM | HAaYKM YKpaiHU
XapKiBCbKUI HaLliOHaNbHUIN YHIBEPCUTET PadioeneKTPOoHIKn
Kadenpa «EnekTpoHMUxX 06iuMCnOBaHMUX MALLUH»

KBanidikauitHa poboTa
Ha Temy:
«JdocnigyKeHHA Ta NOPIBHAHHA FEHETUYHUX AZITOPUTMIB 3 peCcTaBpPyBaHHA
3006parkeHb»

BukoHas: cT. rp CMNm-20-2 Topba 0.0
KepisHuK: Kaprin A.O

[locTaHOBKa 334aui

MeTa AaHOro JocnigKeHHA nonarae B 06'eAHAHHI reHeTUYHOTo
anropuTtmy, Wwo 6asyeTbcs Ha Teopii eBostouii apBiHa, Ta NPaKTUYHe
3aBAaHHA, 2 Came OTPMMATK pecTaBpoBaHe 306pakeHHs, AKke byae cxoxe

Ha opwuriHan.
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[eHeTUYHI aNropnUTMM

OAVH 3 HaMAMBOBUKHILLMX METOAIB BUPILLEHHS
3aBAaHb, AKMM 3aN03MYMB igeto B Teopii eBotoLil
Yapnb3a [apBiHa, 3aCNy*KeHO OTPMMaB Ha3ByY
"eBontoOLiNHI 06uncneHHA". Halsigomiwmmm
NPeAcTaBHUKAMM LLiET POANHU € TEHETUYHI aITOPUTMMN.
[eHeTMYHI aNrOPUTMM € OAHUM i3 HANANBOBUMKHILLNX
MeTOoAiB BUPILLEHHA 33434 NOLWYKY, ONTMMI3aLii Ta
HaBYaHHA. BOHM MOXKyTb NPU3BECTU A0 YyCNiXy Tam, A€
TPaAULiHI aArTOPUTMM He 34aTHI AaTU aAeKBATHUX
pe3ynbTaTiB 32 NPUNHATHWUI Yac.

[lepeBarv Ta HeAONIKK

+ ©

* [nobanbHa onTMMizaL,in * CneuyjianbHi BU3HAYeHHA
* 3aCTOCYBaAHHA 40 CKNALHMUX * HanawTyBaHHA
3a4BaHb rinepnapameTtpis
* 3aCTOCYBaHHA K 3a4a4am, Lo * Benukuit obcar niunnbHmUx
HE MaKTb MaTEMATUYHOIO onepau,in
ABNEHHA * NMepeayacHa 36ixKHiCTb
* CTiMKicTb A0 Wwymy * BiAcyTHiCTb rapaHTOBaHMX
* Po3napanentoBaHHA pilleHb

* be3snepepsBHe HaBYaHHA
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Fa3oBa CTPYKTYpa reHeTUYHOro aaropuTmy

* CTBOpEHHA NOYaTKOBOI nonynau,ii
* BupaxyBaHHA NPUCTOCOBAHOCTI

* BUKopucTaHHA onepaTopis Biabopy,
CXpeLlyBaHHA Ta myTau,ii

* MNepeBipKa yMOB 3yNUHEHHSA

YAB/NIeHHA PilleHHA

* XpoMocoBa BUCTYNA€E TPUKYTHUKOB. IHAMBIAYYM — Habip Takmnx
XPOMOCOM, TO6TO 306paKeHHA 3 TPUKYTHUKIB.

* Monynauia — Habip 306parkeHb-iHAMBIAYYMIB.

* OYHKLiA NPUCTOCOBAHOCTI — a/ITOPUTM NOPIBHAHHA 306pakeHb (MSE,
SSIM)
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OnepaTop Bigbopy

* TypHipHMI onepaTop Bigbopy

IHpuBigyym | MpucTtocoBaHicTb
8 I
C 27
# F
D 4
E 45
OnepaTop cxpeLlyBaHHA
* ImiToBaHMI ABiliKoBUIA Kpocosep (SBX, abo Cie= %[(1 =) *p1x+ (1 +¥) * P2l
Simulated Binary Crossover) Cope = i[(l ) #Pas + (1 — 1) * Pas]
1 0.92844 | 367.57
Qu)@+o, ifu<05 Parent-1 Child-1
= %, otherwie
[2(1-w)]@+1) 0.85161 | 197.597 0.97138 | 272.59

Parent-2 Child-2
Fig. 15. Simulated Binary Crossover.

Parent
0.822196 0.972211277.1122

L 2

Child

0.9000000 0.95099 | 500.5009




OnepaTtop myTadii

* OnepaTtop NoAiHOMIaNbHOT MyTaLLii

o = pi + (P — k) * 6%

Non-dominated

Population
Pe & ™\ P

1
= [(Zu)(ﬂm“), ifu<0.5
=

1
1—[2(1 —w)]@m+1), otherwie

Qt = Offspring
Population

JemoHcTpauia poboTtu P
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P3, Q1, Ps

Sorting Crowding
Distance
P3, Q1 Ps
Front 1 Qs
Q2, Ps,Ps
Frent2|| p p,p,
7. 0.0
Front 3 Qs, Pio
P2, Q7 Rejected
Pu

After 1 Generations

NUM_OF_POLYGONS =100
POPULATION_SIZE = 200
MAX_GENERATIONS = 100000

Evaluate = MSE

Select = selTournament, tournsize=3
Mate = cxSimulatedBinaryBounded
Mutate = mutPolynomialBounded

elapsed time ~ 1.5 day

Qs, P7 Ps
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JIOJIATOK B

JlicTuHr TIporpamu

b.1 Peanizarist noriku 06poOku 300pa>keHb

from PIL import Image, ImageDraw

import numpy as np

from skimage.metrics import structural similarity
import cv2

import matplotlib.pyplot as plt

MAX_STEPS = 200
FLAG_LOCATION = 0.5

class ImageProcess:

def  init (self, imagePath, polygonSize):
self.refImage = Image.open (imagePath)
self.polygonSize = polygonSize

self.width, self.height = self.refImage.size
self.numPixels = self.width * self.height
self.refImageCv2 = self.toCv2(self.refImage)

def polygonDataTolImage (self, polygonData):

accepts polygon data and creates an image containing
these polygons.

:param polygonData: a list of polygon parameters. Each
item in the list

represents the vertices locations, color and
transparency of the corresponding polygon

:return: the image containing the polygons (Pillow

format)

# start with a new image:

image = Image.new('RGB', (self.width, self.height)) #
TODO

draw = ImageDraw.Draw (image, 'RGBA')

# divide the polygonData to chunks, each containing the
data for a single polygon:

chunkSize = self.polygonSize * 2 + 4 # (x,y) per vertex
+ (RGBA)
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polygons = self.list2Chunks (polygonData, chunkSize)

# iterate over all polygons and draw each of them into

the image:

for poly in polygons:
index = 0

# extract the vertices of the current polygon:

vertices = []

for vertex in range(self.polygonSize):
vertices.append( (int (poly[index] * self.width),

int (poly[index + 1] * self.height)))

polygon:

def

def

index += 2
# extract the RGB and alpha values of the current

red = int (poly[index] * 255)

green = int(polyl[index + 1] * 255)
blue = int(polyl[index + 2] * 255)
alpha = int(poly[index + 3] * 255)

# draw the polygon into the image:
draw.polygon (vertices, (red, green, blue, alpha))

# cleanup:
del draw

return image
getDifference (self, polygonData, method="MSE") :

# create the image containing the polygons:
image = self.polygonDataToImage (polygonData)

if method == "MSE":
return self.getMse (image)
else:
return 1.0 - self.getSsim(image)

plotImages (self, image, header=None) :
fig = plt.figure("Image Comparison:")
if header:

plt.suptitle (header)

# plot the reference image on the left:
ax = fig.add subplot(l, 2, 1)
plt.imshow (self.refImage)
self.ticksOff (plt)

# plot the given image on the right:
fig.add subplot(l, 2, 2)

plt.imshow (image)

self.ticksOff (plt)
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return plt

def savelmage (self, polygonData, imageFilePath,

header=None) :

accepts polygon data, creates an image containing these
polygons,

creates a 'side-by-side' plot of this image next to the
reference image,

and saves the plot to a file

:param polygonData: a list of polygon parameters. Each
item in the list

represents the vertices locations, color and
transparency of the corresponding polygon

:param imageFilePath: path of file to be used to save
the plot to

:param header: text used as a header for the plot

mwaw

# create an image from th epolygon data:
image = self.polygonDataToImage (polygonData)

# plot the image side-by-side with the reference image:
self.plotImages (image, header)

# save the plot to file:
plt.savefig(imageFilePath)

# utility methods:

def toCv2(self, pil image):
"""converts the given Pillow image to CV2 format"""
return cv2.cvtColor (np.array(pil image),
cv2.COLOR_RGB2BGR)

def getMse (self, image):
"""calculates MSE of difference between the given image
and the reference image"""
return np.sum( (self.toCv2 (image) .astype ("float")
self.refImageCv2.astype ("float")) ** 2) / float(
self.numPixels)

def getSsim(self, image):
"""calculates mean structural similarity index between
the given image and the reference image"""
return structural similarity(self.toCv2 (image),
self.refImageCv2, multichannel=True)

def list2Chunks(self, 1list, chunkSize):
"""divides a given list to fixed size chunks, returns a
generator iterator"""
for chunk in range (0, len(list), chunkSize):
yield (list[chunk:chunk + chunkSize])
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def ticksOff (self, plot): # TODO
"""turns off ticks on both axes"""
plt.tick params (
axis='both',
which="both',
bottom=False,
left=False,
top=False,
right=False,
labelbottom=False,
labelleft=False,

b.2 Peamizaliisi TeHETUYHOTO aIrOPUTMA 3 €IITU3MOM

from deap import tools
from deap import algorithms

def eaSimpleWithElitismAndCallback (population, toolbox, cxpb,
mutpb, ngen, callback=None, stats=None,
halloffame=None, verbose= debug ):
"""This algorithm is similar to DEAP eaSimple() algorithm,
with two additions:
1. halloffame is used to implement an elitism mechanism. The
individuals contained in the
halloffame are directly injected into the next generation
and are not subject to the
genetic operators of selection, crossover and mutation.
2. a callback argument was added. It represents an external
function that will be called after
each iteration, passing the current generation number and
the current best individual as arguments
logbook = tools.Logbook ()
logbook.header = ['gen', 'nevals'] + (stats.fields if stats
else [1])

# Evaluate the individuals with an invalid fitness
invalid ind = [ind for ind in population 1f not
ind.fitness.valid]
fitnesses = toolbox.map (toolbox.evaluate, invalid ind)
for ind, fit in zip(invalid ind, fitnesses):
ind.fitness.values = fit

if halloffame is None:
raise ValueError ("halloffame parameter must not be
empty!™)

halloffame.update (population)
hof size = len(halloffame.items) if halloffame.items else 0
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record = stats.compile (population) if stats else {}
logbook.record(gen=0, nevals=len(invalid ind), **record)
if verbose:

print (logbook.stream)

# Begin the generational process
for gen in range(l, ngen + 1):

# Select the next generation individuals
offspring = toolbox.select (population, len(population) -
hof size)

# Vary the pool of individuals
offspring = algorithms.varAnd(offspring, toolbox, cxpb,
mutpb)

# Evaluate the individuals with an invalid fitness
invalid ind = [ind for ind in offspring if not
ind.fitness.valid]
fitnesses = toolbox.map (toolbox.evaluate, invalid ind)
for ind, fit in zip(invalid ind, fitnesses):
ind.fitness.values = fit

# add the best back to population:
offspring.extend(halloffame.items)

# Update the hall of fame with the generated individuals
halloffame.update (offspring)

# Replace the current population by the offspring
population[:] = offspring

# Append the current generation statistics to the
logbook
record = stats.compile (population) if stats else {}
logbook.record(gen=gen, nevals=len(invalid ind),
**record)
if verbose:
print (logbook.stream)

if callback:
callback (gen, halloffame.items[O0])

return population, logbook

b.3 Peasizariist roioBHOT GyHKIIii Main

import os
import random
from datetime import timedelta
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from timeit import default timer as timer

import matplotlib.pyplot as plt
import numpy

import seaborn as sns

from deap import base

from deap import creator

from deap import tools

# problem related constants
import ElitismCallback
from ImageProcess import ImageProcess

POLYGON SIZE = 3
NUM OF POLYGONS = 100

# calculate total number of params in chromosome:

# For each polygon we have:

# two coordinates per vertex, 3 color values, one alpha value
NUM OF PARAMS = NUM OF POLYGONS * (POLYGON SIZE * 2 + 4)

# Genetic Algorithm constants:

POPULATION SIZE = 200

P CROSSOVER = 0.9 # probability for crossover

P MUTATION = 0.5 # probability for mutating an individual
MAX GENERATIONS = 150000

HALL OF FAME SIZE = 20

CROWDING FACTOR = 10.0 # crowding factor for crossover and
mutation

# set the random seed:
RANDOM_SEED = 42
random. seed (RANDOM SEED)

# create the image test class instance:
imageTest = ImageProcess.ImageProcess ("images/mario.png",
POLYGON SIZE)

# calculate total number of params in chromosome:

# For each polygon we have:

# two coordinates per vertex, 3 color values, one alpha value
NUM OF PARAMS = NUM OF POLYGONS * (POLYGON SIZE * 2 + 4)

# all parameter values are bound between 0 and 1, later to be
expanded:

BOUNDS LOW, BOUNDS HIGH = 0.0, 1.0 # boundaries for all
dimensions

toolbox = base.Toolbox ()

# define a single objective, minimizing fitness strategy:
creator.create ("FitnessMin", base.Fitness, weights=(-1.0,))



# create the Individual class based on list:
creator.create("Individual"™, 1list, fitness=creator.FitnessMin)

# helper function for creating random real numbers uniformly
distributed within a given range [low, up]
# it assumes that the range is the same for every dimension
def random float (low, up):

return [random.uniform(l, u) for 1, u in zip([low] *
NUM OF PARAMS, [up] * NUM OF PARAMS) ]

# create an operator that randomly returns a float in the
desired range:

toolbox.register ("attrFloat", random float, BOUNDS LOW,
BOUNDS HIGH)

# create an operator that fills up an Individual instance:
toolbox.register ("individualCreator",

tools.initIterate,

creator.Individual,

toolbox.attrFloat)

# create an operator that generates a list of individuals:
toolbox.register ("populationCreator",

tools.initRepeat,

list,

toolbox.individualCreator)

# fitness calculation using MSE as difference metric:
def getDiff (individual) :
return imageTest.getDifference(individual, "MSE"),
# return imageTest.getDifference (individual, "SSIM"),

toolbox.register ("evaluate”™, getDiff)

# genetic operators:
toolbox.register ("select", tools.selTournament, tournsize=3)

toolbox.register ("mate",
tools.cxSimulatedBinaryBounded,
low=BOUNDS_LOW,
up=BOUNDS_HIGH,
eta=CROWDING_FACTOR)

toolbox.register ("mutate",
tools.mutPolynomialBounded,
1ow=BOUNDS_LOW,
up=BOUNDS HIGH,
eta=CROWDING FACTOR,
indpb=1.0 / NUM OF PARAMS)

70
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# save the best current drawing every 100 generations (used as a
callback) :
def savelmage (gen, polygonData) :

# only every 100 generations:

if gen $ 100 == 0 or gen == 1:

# create folder if does not exist:
folder = "images/results/run-{}-{}".format (POLYGON SIZE,
NUM OF POLYGONS)
if not os.path.exists (folder):
os.makedirs (folder)

# save the image in the folder:
imageTest.savelmage (polygonData,
"{}/after-{}-gen.png".format (folder,
gen),
"After {} Generations".format (gen))

# Genetic Algorithm flow:
def main () :
# create initial population (generation 0):
population = toolbox.populationCreator (n=POPULATION SIZE)

# prepare the statistics object:
stats = tools.Statistics (lambda ind: ind.fitness.values)
stats.register ("min", numpy.min)

stats.register ("avg", numpy.mean)

# define the hall-of-fame object:
hof = tools.HallOfFame (HALL OF FAME SIZE)

# perform the Genetic Algorithm flow with elitism and
'savelmage' callback:

population, logbook =
ElitismCallback.eaSimpleWithElitismAndCallback (population,
toolbox,
cxpb=P CROSSOVER,
mutpb=P MUTATION,
ngen=MAX GENERATIONS,
callback=savelmage,

stats=stats,

halloffame=hof,
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verbose=True)

# print best solution found:
best = hof.items[0]

print ()

print ("Best Solution = ", best)

print ("Best Score = ", best.fitness.values[0])
print ()

# draw best image next to reference image:
imageTest.plotImages (imageTest.polygonDataToImage (best))

# extract statistics:
minFitnessValues, meanFitnessValues = logbook.select ("min",
LAl avg" )

# plot statistics:

sns.set style("whitegrid")

plt.figure("Stats:")

plt.plot (minFitnessValues, color='red')

plt.plot (meanFitnessValues, color='green')

plt.xlabel ('Generation')

plt.ylabel ('Min / Average Fitness')

plt.title('Min and Average fitness over Generations')

# show both plots:
plt.show ()

if name == " main ":
start = timer ()

main ()

end = timer ()

print (timedelta (seconds=end - start))



