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%¥%capture
import matplotlib.pyplot as plt # used for visualization
from os import listdir # used to list the contents of a directory

'pip install scikit-image # used for image manipulation
from skimage.ilo import imread # used toread a raw image file (e.g. png or jpg)
from skimage.transform import resize # used to resize images

# used to convert an image to the "unsigned byte" format
from skimage import img_as_ubyte

tl:.z.u L.J'I;—“ B ;Lg_..u.:'r_'\ J'l_a__-.:ﬂl L&_‘i;iln_tll__u_”- 34_:_9:_?_4 %.2_9—"‘:'"” JS LJ'_QQ ujl d._-:..j_[i {ﬂj_':di Ql__m_;JIPM
shasl Ll 09985 cpomy Lgia JS @oma »2i05 (AL _ates) input_folder (e jsall 1525 AL oea 5l
tlgeads (o yally Jolall

def resize images(input_folder:str,
width:1int,
height:int
):

labels = [] #a list with the label for each image
resized images = [] #a list of resized images in np array format
filenames = [] #a list of the original image file names

for subfolder in listdir(input_folder): # for each sub folder

print(subfolder)
path = input_folder + '/' + subfolder

for file in listdir(path): # for each image file in this subfolder

image = imread(path + '/' + file) #reads the image

resized = img_as_ubyte(resize(image, (width, height))) #resizes the image
labels.append(subfolder[:-4]) # uses subfolder name without "Head" suffix
resized _images.append(resized) # stores the resized image
filenames.append(file) # stores the filename of this image

return resized_images, labels, filenames



resized images, labels, filenames

BearHead EagleHead
CatHead ElephantHead
ChickenHead LionHead
CowHead MonkeyHead
DeerHead Natural
DuckHead PandaHead
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= resize_images("AnimalFace/Image",
width=100, height=100) # retrieves the images with their labels and resizes them to 100 x 100

PigeonHead Oy el alomall clel o ola
RahbitHesd P, (usl5) Head 3= U1 alazall
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IS+ (@5¥1 sl 3By « juas W1 (s 3LiBy ¢ yan V1 (y5 1 3Li0)
Lk Ll 55yl Sass (8-bit) oo aled o3l
Sl G @l L,_.q‘l 255-0 Gl “—"*ﬁ*ZSSJ?D:L:{H
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Sl ¢ JalSILs (3551 gt (9980w (000 :255) Aaall 93 JuuSully « JalSILy jninl digl (1685 (0255 .0)
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# reads an image file, stores it in a variabe an
# shows it to the user in a window

image = imread('AnimalFace/Image/L
plt.imshow(image)

image.shape

(169, 169, 3)

d

ionHead/1ioni78.jpg")

g dol 99 s cuas g Lai Oy e 9 A 0LaS :?Jqu.g 169 X 169 dagiina fye 5y5all K2 delds (b 2S5

RGB &)lsi¥l allait (3,31 / puiadl / jeal)
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# the pixel at the first column of the first row
print(image[@][0])

[102 68 66]
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resized = resize(image, (100, 100))
print(resized.shape)
print(resized[0][0])

(100, 100, 3)
[0.40857161 0.27523827 0.26739514]

F{GB&}U‘Jin_}.E_HEﬁggilﬂﬂﬂloﬂjhﬂail ﬁjmujlwéiﬁﬁﬂ_@1giwﬁ_&ﬂiuic
G A 65515 50 Lgligmiaalel 1Sag e 150 o daid il 3 59t (NOrmalized) Lgis g o5 S IS
i A eyl adasll IS (40 3,La] (oo ol

resized = img_as _ubyte(resized) (100, 100, 3)
print(resized.shape) [164 70 68]
print(resized[0][0]) [162 68 66]
print(image[0][0])

0

a5 dasma 528 (o201 JuSUTRGB ()l ¥ @ Caliies
LSLEN HEY 0 g9 (Aulia¥l 3 )5all 2 5agagll @udll ye
gazms 528 Il 3 ygenll delids dicy (ol i (e 35301
el liag 4.3 JS AN 2 5 gl LaS (L gung 3 Lgil

.100 X 100 3asuis I 169 X 169 Aagicall daics
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# displays the resized image

s plt.imshow(resized);
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violations = [index for index in range(len(resized_images)) if
resized images[index].shape !'= (160,100,3)]

violations

[455, 1587]
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Tiger
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violations[0]
violations[1]

posl
pos2

print(filenames[posi])
print(resized_images[posl].shape)
plt.imshow(resized_images[posi])
plt.title(labels[posi])

cowl.gif
(100, 100, 4)

print(filenames[pos2]);
print(resized_images[pos2].shape);
plt.imshow(resized_images[pos2]);
plt.title(labels[pos2]);

tiger0000000168. jpg
(100, 100)

Q8,01 .39 (100 .100 .4) slash 3 S5 Lt 13531 3 50
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# prints the first pixel of the RGBA image

# a value of 255 reveals that the pixel is not transparent
at all.

resized_images[pos1][0][0]

array([135, 150, 84, 255], dtype=uint8)

ol j.j_.d (100 .100) sLasl g3 JS & Lgt:a 5151 555 all
(Grayscale) @sbe sz a3 Guwins 335l o) e eIl 2L
353 [ o) d—'-nl' Gewaiilly (RGB Gaowin ey
o ya I sg e il ol (Misleading Yellow/Blue)
o3 yguall e sl ymal S 20 iMShOw a1 Lgaidad 3oy

b LeS o3ladl (Kang gala pIl &l

.imshow(resized images[pos2], cmap = 'gray')
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resized images[pos2][0][0]

100

degazma 2 Olgus 3940 JS Olsie 51 pS5 lwmy LN oyl adadll ag s cbilidl 3ag 2 L) 5LaslS

Jur| i I |
# used to count the frequency of each element in a list. Counter({'Bear': 101,
from collections import Counter ‘Cat’: 160,
'Chicken': 1600,
label _cnt = Counter(labels) Cow': 104,
label cnt ‘Deer': 103,
'‘Duck': 103,
"Eagle’: 101,
'Elephant’': 100,
'"Lion': 102,
A 538 ylauall Aauall 4y wliSas Lin 'Monkey': 100,
e gginds  (daulall 5l Nature) Nat * 'Nat': 8,
(£ calZatls A5 sl das jualis 3018 ‘Panda’: 119,

'Pigeon’': 115,
'Rabbit’': 100,

'Sheep': 100,
"Tiger's 11%;
'Wolf': 100})

30 e 283 Gl gaaall e (B jatll Couigs 13 tAalal LJ—“:EP“JHJ‘;*"—“HJH@GUH#‘ dcgamma Gy
Leic g cdazs o Sla Lle (ggiody« (Aandall) Nat Lgilgic lua 3 jusn 3% 0ye (slaall) Counter caiss . ilil gt
4961 L oo Vo Bl HLalil j5um e ggios (Outlier) ad yatie @ad ol 3 4all ol ()l ll sty ao yuu 25K g3
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(Lawddatl) Nat2iay oauis il jeeall IS 108 gala pI -yl sJFffGEAsJFaJQE AL e ‘.'_Iaai Ag-as
Mgazma e Gl Hgually ugliallyiclalll Lol @553 ya

N = len(labels)

resized_images = [resized images[i] for i in range(N) if i not in violations

and labels[i] != "Nat"]

filenames = [filenames[i] for i in range(N) if i not in violations and

labels[i] != "Nat"]

labels = [labels[i] for i im range(N) if i not in violations and labels[i] !=
» "Nat" ]
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import numpy as np
X = np.array(resized images)
Y = np.array(labels)

X.shape
(1720, 100, 100, 3)
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train_test_split( ) ails alazs ol us.ub_.,n ((JeSs W 5, B L__gi} 100 x 100 slesls Lgasan g ol giall
ool dcgamagoyidcge=a Sl bt dcgom=a ‘c._u.u.E.'d sklearn 4.o8. Cya

from sklearn.model_selection import train_test split

X_train, X_test, y_train, y_test = train_test_split(

Xy

Y,

test_size = 0.20, #uses20% of the data for testing
shuffle = True, # to randomly shuffle the data.

random_state = 42, #toensure that datais always shuffled in the same way
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X _train[0].shape

(100, 1600, 3)
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X_train_flat = np.array([img.flatten() for img in X_train])
X_test flat = np.array([img.flatten() for img in X_test])
X_train_flat[0].shape

(30000, )

oailias gl 3 Ll g 6l s (990 Auulid Caian 300153 51 o el | Gaatl] 14 el (Sas
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wili]

from sklearn.naive_bayes import MultinomialNB # imports the Naive Bayes Classifier

model MNB = MultinomialNB()
model MNB.fit(X_train_flat,y_train) #fits the model on the flat training data

MultinomialNB()

from sklearn.metrics import accuracy _score # used to measure the accuracy

pred = model MNB.predict(X_test flat) # gets the predictions for the flat test set
accuracy_score(y test,pred)

0.36046511627906974
a8l 44y e ac =51l sl Confusion Matrix) ad.di ad game Sl oes ydl adadll (s ya

%%capture
'pip install scikit-plot
import scikitplot

scikitplot.metrics.plot _confusion matrix(y test, #actuallabels
pred, # predicted labels
title = "Confusion Matrix",
cmap = "Purples”,
figsize = (10,10),
x_tick_rotation = 960,
normalize = True # to print percentages

)
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from sklearn.linear_model import SGDClassifier

model sgd = SGDClassifier()

model_sgd.fit(X_train_flat, y_train)
pred=model_sgd.predict(X test flat)

accuracy_score(y test,pred)

0.46511627906976744
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from sklearn.preprocessing import StandardScaler

scaler = StandardScaler()

X_train_flat_scaled = scaler.fit_transform(X_train_flat)
X _test flat scaled = scaler.fit transform(X_ test flat)

print(X_train_flat[@]) # the values of the first image pre-scaling
print(X_train_flat_scaled[0]) # the values of the first image post-scaling

[144 142 151 ... 76 75 80]
[ 0.33463473 0.27468959 ©.61190285 ... -0.65170221 -0.62004162

-0.26774175]

Lgaszmad @ Al Sliladl cile gema alaziuls oslasly woas 7 3ged cayud Y (S

model sgd = SGDClassifier()

0.4906976744186046

model _sgd.fit(X_ train_flat_scaled, y_train)
pred=model_sgd.predict(X test flat scaled)

accuracy_score(y test,pred)
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Prediction with Feature Selection jaila®)i ¢ EGL ol

195 A0S @ eull 1 2a Croman g 2 el o5 3o ybo (ye 7 3Lai) gy o5 e 3saadl @l 35
-IQuL | IR DS { - BRSPS - DO 1 P B B |

A t) Dol yolil) gy ST Slalaind) Bl SLild B cliall s

: (Histogram of Oriented Gradients -HOG) 3—'434 @il =25 :-*—";-—'-‘" 49 e
SRS i e s el vt olaontlgLsilidalastl e AL
GBS i3 g 395 Sy 3 puius aliadl 11355l .(Histogram of Oriented Gradients -HOG)

3 gl 2 (SISH JSA @ity 33l i eud S 2 SN BEEY Loapde® N3 b J e
gl Jusmi 2 A gagll il o pualiay ) <l

4 Ca oyargh2gray () Il alazes by el 1o, aluall (4 Sasg o gsbay zruS @l j3i0 N RGB Guwuds (ya
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from skimage.color import rgb2gray # used to convert a multi-color (rgb) image to grayscale
# converts the training data

X_train_gray = np.array([rgb2gray(img) for img in X_train])
# converts the testing data

X _test gray = np.array([rgb2gray(img) for img in X test])

plt.imshow(X train_gray[@],cmap="'gray'); plt.imshow(X train[@©]);
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print(X_train_gray[0].shape)
print(X_train[@].shape)

(100, 100)
(100, 100, 3)
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from skimage.feature import hog

hog vector, hog_img = hog(
X_train_gray[0],
visualize = True

)

hog vector.shape

(8100,)
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plt.imshow(hog_img);
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X_train_hog = np.array([hog(img) for img in X _train gray])
X _test _hog = np.array([hog(img) for img in X test gray])

tagasd! Jaatl s e SGDClassifier ;.6 oY (Ses

# scales the new data

scaler = StandardScaler()

X_train_hog scaled = scaler.fit transform(X_train_hog)
X_test_hog_scaled = scaler.fit_transform(X_test_hog)

# trains a new model
model_sgd = SGDClassifier()
model sgd.fit(X_train_hog scaled, y_train)

# tests the model

pred = model_sgd.predict(X_test _hog scaled)
accuracy_score(y test,pred)

0.7418604651162791



scikitplot.metrics.plot_confusion matrix(y_ test, #actuallabels
pred, # predicted labels
title = "Confusion Matrix", #title to use
cmap = "Purples”, #color palette to use
figsize = (10,10), #figure size
X_tick_rotation = 90

);

Confusion Matrix

Bear{fl28 © 0 o0 0 ©0 1 o0 3 2 2 0 0 0 o0 1
catq O 0 0 2 1 1 0 2 0
Chickenq © 0 1 0 1 ¢ 0 o0 0
Cow-q 1 0 0
Deerq O 0 0
Duck 1 O 0 0
Eagleq O 0 0
Eﬂephant- 1 1 0
E Lonq 1 0 0
Monkey 1 3 1 0
Panda- O 0 0
Pigeonq 0O 0 0 - 10
Rabbit4 O 0 0
Sheep{ O 0 0
Tiger4 O 0 0 0 1 0 0 0 3 1 0 0 0 0 5
Wolf 4 © 1 0 1 1 0 0 0 1 0 0 0 0 0 0
LA = o i PR
5 o = )

Predicted label
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%%capture = k“ L o
'pip install tensorflow :Keras 4.casSag tensorriow

'pip install keras

Aoy ey dinaetl el AN el jlars o leg e lila a1 3 imall LSS L de codyas Al 5usgll 2
uuﬁna_mbjmmiamgﬂl (WDTE’ZVEC}M*&!LHSMEJHQJL = 4_}.14 IS |
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.Keras o8 euldlail L.:._.L. - T O O Sy _train 2 ysgliall L;j_-.._, H':in gl

# gets the set of all distinct labels
classes=1list(set(y _train))
print(classes)

print()

# replaces each label with an integer (its index in the classes lists) for both the training and testing data
y_train_num = np.array([classes.index(label) for label im y_train])

y_test num = np.array([classes.index(label) for label in y test])

print()

wexample:
print(y_train[:5]) #first5 labels
print(y_train_num[:5]) #first5 labels in integer format



['Elephant', 'Duck’', 'Monkey', 'Cow', 'Sheep', 'Wolf', 'Tiger', 'Deer’,
'Cat', 'Lion', 'Rabbit', 'Panda', 'Pigeon', 'Chicken', 'Eagle', 'Bear']

['Panda' 'Pigeon' 'Monkey' 'Panda' 'Sheep']
[11 12 2 11 4]

Awlie olads K52 3ne 35 Lid Keras 408, (e (ki) Sequential 31 alaziol G (S

from keras.models import Sequential # used to build neural networks as sequences of layers
# every neuron in a dense layer is connected to every other neuron in the previous layer.
from keras.layers import Dense

# builds a sequential stack of layers

model = Sequential()

# adds a dense hidden layer with 200 neurons, and the RelLU activation function.
model.add(Dense(200,input_shape = (X_train_hog.shape[1],), activation='relu'))
# adds a dense output layer and the softmax activation function.

model.add(Dense(len(classes), activation='softmax'))

model.summary( )

Model: "sequential”

Layer (type) Output Shape Param #
dense (Dense) (None, 200) 1620200
dense 1 (Dense) (None, 16) 3216

Total params: 1,623,416
Trainable params: 1,623,416
Non-trainable params: 0
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# compiling the model
model.compile(loss = 'sparse_categorical_crossentropy', metrics =
[ 'accuracy'], optimizer = 'adam')

L dec 2 (model.compile()) aresitliday allg Keras acSe 2 Sl #3g oull slael adls ﬁ-*-{'-“;
Ldsa_.r.u:_lj“jl;i}LﬂLt.: LM 2y gailly Gaseullgnyuillonlacly SO0 35 0il) 3__._..uL.u'ﬁlL‘,..=3L.=._-.J U TNy
4.2 Jgandl 2 miinga ga

frenil! Ay plo Odlelas :4.2 J g

Gollal Sue g oyl ¢ L8] 730201 2 Lias| P_L@f.m_hﬁu_m il o
. A .
Cyo aagll Qhﬂl&b@&@nlﬂyﬂwlﬁjulyEjj_n_dlal_‘é_LE

.}:_m-_'aﬂ 3ladag Gl}qﬂ‘ ;-,1_:;._3‘! Jaas EJLJ1%M Lae 5 yLeasdl Aty LSS o yuall &yt
23 Sparse_categorical_crossentropy : a3 )Ll a0l eSS alldl oaa 2 4 (loss)
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y_train_num 2_ L
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(Accuracy) aduatt uliie . Lgid divesd (Sas 3l ¥Lall iuusds 2asaill £l (metrics)
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model.fit(X_train_hog, # training data
y_train_num, # labelsininteger format
batch_size = 80, #number of samples processed per batch
epochs = 40, #number of iterations over the whole dataset

)



Epoch 1/40

17/17 [===============z===============] - 15 16ms/step - loss: 2.2266 - accuracy: 0.3333
Epoch 2/40
17/17 [===============z===============] - 05 15ms/step - loss: 1.1182 - accuracy: 0.7256
Epoch 3/40
17/17 [===============z===============] - 05 15ms/step - loss: 0.7198 - accuracy: 0.8155
Epoch 4/40
17/17 [===============z===============] - 05 15ms/step - loss: 0.4978 - accuracy: 0.9031
Epoch 5/40
17/17 [========s=z==zs==s=z=z==========] - @5 16ms/step - loss: 0.3676 - accuracy: 0.9388

Epoch 36/40

17/17 [===============z===============] - 05 15ms/step - loss: 0.0085 - accuracy: 1.0000
Epoch 37/40
17/17 [==============================] - 0s 21ms/step - loss: 0.0080 - accuracy: 1.0000
Epoch 38/40
17/17 [======s==z===z=====a==s========] - @5 15ms/step - loss: 0.68076 - accuracy: 1.6000
Epoch 39/40
17/17 [======s==s===z====a==s========] - @5 15ms/step - loss: 0.68073 - accuracy: 1.6000
Epoch 40/40
17/17 [==================z==z=========] - @5 15ms/step - loss: 0.68071 - accuracy: 1.6000
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pred = model.predict(X test hog)
pred[0@] # prints the predictions for the first image

1&;14 [::::::::::::::::::::::::::::::] - E’IS zms’fﬁtep

array([4.79123509e-03, 9.79321003e-01,
7.83501855e-06, 3.50346789%e-04,
4.41945267e-05, 4.11721296e-04,
1.97038025e-04, 2.34744814e-03,
dtype=float32)

.39506648e-03, 1.97884417e-03,
.45465224e-07, 1.19854585e-05,
.27362555e-05, 9.83431892e-06,
.49758552e-04, 1.57057808e-03],

o= W 0o

predict() atls gl «catiall 4y Ly sl Ylaia | 381 oyl giall sklearn acsa cye predict () A b et
sLelaY np.argmax () als alusiwl (S Al o3a 2 2m & 11 psliall JS ci¥Laia | Keras aosa 2.

Slaal 5N ylgiall 54

# index of the class with the highest predicted probability.
print(np.argmax(pred[0]))

# name of this class

print(classes[np.argmax(pred[0])])

# uses axis=1 to find the index of the max value per row
accuracy_score(y_test_num,np.argmax(pred, axis=1))

|
Duck
0.7529021558872305
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Prediction Using Convolutional Neural Networks
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from sklearn.naive bayes import MultinomialNB #imports the Naive Bayes Classifier from sklearn

X_train_flat = np.array( )

model MNB = MultinomialNB() # new Naive Bayes model

model MNB.fit( L ) # fits model on the flat training data
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from skimage.color import # used to convert a multi-color (rgb) image to grayscale
from sklearn. import StandardScaler # used to scale the data

from sklearn.naive_bayes import MultinomialNB #imports the Naive Bayes Classifier from sklearn

X_train_gray = np.array([ (img) for img in X_train]) #converts training data

X_train_hog =

scaler = StandardScaler()
X_train_hog_scaled = .fit_transform(X_train_hog)

model_MNB = MultinomialNB()

model _MNB.fit(X_train_flat_scaled, )
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Understandlng Image Content
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: (Image Segmentation)

Vehiche type: car : " Vehicle type: car
Direction: passing . Direction: passing
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Loading and Preprocessing Images LJ 5i Lginflaeg yguall e
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import matplotlib.pyplot as plt
from os import listdiry

'pip install

from skimage.
from skimage.

from skimage

scikit-image

io import imread
transform import resize
import img_as_ubyte

# a palette of 10 colors that will be used to visualize the clusters.
color_palette = ['blue','green','red', 'yvellow', 'gray’', 'purple', 'orange’,
'pink', 'black', 'brown']

_al=a) input_folder ;yo (wbilsexd!_os9) LHI-Animal-Faces cbils dc gama yaus L0 331011 455
A3 umy 935 @3 ¢ Lguad o yally Jolall sl Ll (19S5 Coums Lgin JS @ams JASg . Lgs palid! (35 L

li@:aiﬁh;ﬂggﬂi

il g o slfa A o513 3l oL aosiell Fle by BoLudl yuyull (paresize_images( )

Lgama Jalg3ygum JS 153 LS 0l 350 e yull plaill oy o lg | la s anztn Ll LeS o Lae L,

.
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def resize images_v2(input_folder:str,

width:1int,
height:int,
labels_to_keep:list
)
labels = [] # a list with the label for each image
resized _images = [] #a list of resized images in np array format
filenames = [] # a list of the original image file names

for subfolder in listdir(input_folder):

print(subfolder)
path = input_folder + '/' + subfolder

for

file in listdir(path):

label=subfolder[:-4] # uses the subfolder name without the "Head" suffix
if label not in labels_to_keep: continue

labels.append(label) # appends the label
#loads, resizes, preprocesses, and stores the image.

resized images.append(img_as ubyte(resize(imread(path+'/'+file),

(width, height))))

filenames.append(file)

return resized_images, labels,filenames
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resized_images,labels,filenames=resize_images_v2(
"AnimalFace/Image",
width = 224,
height = 224,
labels_to_keep=['Lion', ‘'Chicken’', 'Duck', 'Rabbit', 'Deer’,

‘Cat', 'Wolf', 'Bear', 'Pigeon', 'Eagle']
)

BearHead MonkeyHead
CatHead Natural
ChickenHead PandaHead
CowHead PigeonHead
DeerHead RabbitHead
DuckHead SheepHead
EagleHead TigerHead
ElephantHead WolfHead

LionHead
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import random

#connects the three lists together, so that they are shuffled in the same order
connected = list(zip(resized images,labels,filenames))
random.shuffle(connected)

# disconnects the three lists

resized images,labels,filenames= zip(*connected)
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import numpy as np # used for numeric computations

X = np.array(resized images)
Y = np.array(labels)
X.shape

(1085, 224, 224, 3)
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X_flat = np.array([img.flatten() for img in X])
X _flat[0].shape

(156528, )

X _flat[0] # prints the first flat image

array([107, 146, 102, ..., 91, 86, 108], dtype=uint8)

-
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X norm = X flat / 255
X _norm[0]

array{[ﬂ.#l%ﬂ?&&, 0.57254902, 0.4
0.42352941])
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%%capture
'pip install yellowbrick
from yellowbrick.text import TSNEVisualizer

tsne = TSNEVisualizer(colors = color_palette) #initializes the tool
tsne.fit(X _norm, y) #uses TSNE to reduce the data to 2 dimensions
tsne.show();

TSNE Projection of 1085 Documents
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Duck
Eagle
Lion
Pigeon
Rabbit
Wolf
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from sklearn.cluster import AgglomerativeClustering # used for agglomerative clustering
import scipy.cluster.hierarchy as hierarchy

hierarchy.set link color_palette(color_palette) #sets the color palette
plt.figure()

# iteratively merges points and clusters until all points belong to a single cluster
linkage flat = hierarchy.linkage(X norm, method = 'ward')

hierarchy.dendrogram(linkage_flat) iy 33Lae (3519) ward
plt.show() il
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AC = AgglomerativeClustering(linkage = 'ward',n_clusters = 10)
AC.fit(X_norm) # applies the tool to the data

pred = AC.labels_ # gets the cluster labels

pred

array([9, 6, 3, ..., %, &, 3], dtype=int64)
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from sklearn.metrics import homogeneity_score, adjusted_rand_score,
completeness_score

print('\nHomogeneity score:', homogeneity_score(y, pred))
print('\nAdjusted Rand score:', adjusted_rand_score(y, pred))
print('\nCompleteness score:', completeness score(y, pred))

Homogenelity score: 0.09868725008128477
Adjusted Rand score: 0.038254515908926826

Completeness score: 0.101897123096584
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Clustering with Feature Selection yaila®lf ¢ GO0 aced!
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from skimage.color import rgh2gray

from skimage.feature import hog

# converts the list of resized images to an array of grayscale images

X_gray = np.array([rgb2gray(img) for img in resized_images])
# computes the HOG features for each grayscale image in the array

X _hog = np.array([hog(img) for img in X _gravy])

X_hog.shape

(1085, 54756)
ol gaasse taily sl ivavaiaPon o ol E& s S A sl olilunl €8 add
(54,756) {ypruad g g
sl Gaeinll 1 3a 5u5003) TSNEVisualizer 3151 I syl aladll asieton
tsne = TSNEVisualizer(colors = color_palette)

tsne.fit(X _hog, vy)
tsne.show();



TSNE Projection of 1085 Documents
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plt.figure()

linkage_2 = hierarchy.linkage(X_hog,method = 'ward')
hierarchy.dendrogram(linkage_2)

plt.show()
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AC = AgglomerativeClustering(linkage = 'ward', n_clusters = 5)

AC.fit(X_hog)
pred = AC.labels_

print('\nHomogeneity score:', homogeneity score(y, pred))
print('\nAdjusted Rand score:', adjusted rand score(y, pred))
print('\nCompleteness score:', completeness score(y, pred))

Homogeneity score: 0.4046340612330986
Adjusted Rand score: 0.29990205334627734

Completeness score: 0.6306921317302154
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AC = AgglomerativeClustering(linkage = 'ward', n_clusters = 10)
AC.fit(X_hog)
pred = AC.labels_

print('\nHomogeneity score:', homogeneity score(y, pred))
print('\nAdjusted Rand score:', adjusted rand score(y, pred))
print('\nCompleteness score:', completeness _score(y, pred))

Homogeneity score: 0.5720932612704411
Adjusted Rand score: 0.41243540297103065
Completeness score: 0.617016965322667
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VGG16 73500 jlens 14.22 K

73503 A Jgaosll Bslaadl uydl 2 Lagale s palll Keras 2,385 TensorFlow 3aS alusiul (Sas
Aglall cul 5o aian 31wl 2 1oYW 3l famiy cdellazaly VGG 16

from keras.applications.vgglt import VGGl6e # used to access the pre-trained VGG16 model
from keras.models import Model

model = VGG16() # loads the pretrained VGG16 model
# removes the output layer

model = Model(inputs = model.inputs, outputs = model.layers[-2].output)

O3l 8 amans 1 e VGG 16 3505 Lgallats 301 Lgranis A a1 40531 2Ll ISl wm ) il 3k

from keras.applications.vggl6 import preprocess_input (1085, 224, 224, 3)

X_prep = preprocess_input(X)
X_prep.shape

&:M59.224 % 224 Laskasl Lgias ygn JS 5 39um (39 Latg Sundg Call 1gh g La€ Jay il S 0 L
S 4,096@@@@91343&45&3& 2l 2 3geddl aluzinl (e I dasg RGB | gll cuilsin

X_VGG16 = model.predict(X_ prep, use multiprocessing = True)
X_VGG16.shape

3&;3& [==============================] - 5?5 ZSHEtEp

(1085, 4096)
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tsne = TSNEVisualizer(colors = color_palette)
tsne.fit(X _VGG16, labels)
_tsne.show();
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linkage 3 = hierarchy.linkage(X VGG16, method = 'ward')
plt.figure()

hierarchy.dendrogram(linkage 3)

plt.show()
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AC = AgglomerativeClustering(linkage = 'ward',n _clusters = 4)
AC.fit(X_VGG16)
pred=AC.labels_

print('\nHomogeneity score:', homogeneity score(y, pred))
print('\nAdjusted Rand score:', adjusted rand score(y, pred))
print('\nCompleteness score:', completeness score(y, pred))

Homogeneity score: 0.504687456015823
Adjusted Rand score: 0.37265351562538257

Completeness score: 0.9193141240200559

AC = AgglomerativeClustering(linkage="'ward',n_clusters = 10)
AC.fit(X_VGG16)
pred=AC.labels_

print('\nHomogeneity score:', homogeneity score(y, pred))
print('\nAdjusted Rand score:', adjusted rand score(y, pred))
print('\nCompleteness score:', completeness score(y, pred))

Homogeneity score: 0.8403973102506642
Adjusted Rand score: 0.766734821176714

Completeness score: 0.8509145102288217
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from - import AgglomerativeClustering # used for agglomerative clustering
AC = AgglomerativeClustering(linkage='ward', )
X_norm = # normalizes the data

AC.fit(X_norm) # applies the tool to the data

pred = AC. # gets the cluster labels
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import scipy.cluster.hierarchy as hierarchy #visualizes and supports hierarchical clustering tasks

plt.figure() #creates a new empty figure

linkage_flat=hierarchy.linkage( , method=" ")

hierarchy. (linkage_flat)

plt.show() #shows the figure

sgeal! ot B dpuaal | SIS pasid gs Gaas il A ol i 9

a8 a .

o

L “e
]

— 1ll ajlig

=%
r'-.1i|g.35|'.lr Education




ol 11 Ly daal

od u.an.LTi

A0 50 Obbed! d o3

wiwwlien.edu.sa

Ade 2 el o ISAY aldSu
Using Al to Generate Images jsal!

Gpaall 2 st o o Ol i) Aty e Sy i
iiina b yguat Lalizll Colgadl @ gt e sas gl oia s cads Ll
)l 1aa 2 (Image Generation) jgual! udgi Jloes 35 2
(Image Generation) jgwal! ud ¢3 Jlead . 5osas jew L3S Jle
PR TR - | RV | PRGN i | PRGN ITIPPe | u—“-"j—‘:‘d—‘d—“'@‘}bd
Laol) oWolas e cylad sl ol 2.5 50 Jo¥ s L g Lende
degema Jodiad Jlatl 1308 Lad Ilontl L a2 g« pgenll s L23Y
ia_&fi O (Fractals) .:f:su.sum}!.ﬁ;._ui .J_J LN Wil | P PO
lia pwain dasd ol JS& 9o [S) pallg yguall cLad) il jgily
ey ratseg uolien s S g Lgl 834 gaaadl . iss Lasasl 38
é.:;jm (Mandelbrot) &g jutuila aﬂwﬁ@émpdﬂﬁ
4.25 [Kalls

,a__.._..na..ﬂ Q'IS__I..ZU' ﬁd;}@l‘ ...L_Jj.ﬂ I..:'.l..LE ):.S'1 LL_IJLI.{.:! Al bl %uj:m.l_‘_“ L.u *{:J_-nh}..fu.dll L_;.).EJ! _J._:-.!gi %

Zig pudaile 81,5 04,25 K&

Aupmell Sl EN aluzt by jgall LaSY L.:_j:._;: bzl i1 oy (Text-to-lmage Synthesis) jai 'y 5940 ;L:.agi_é
o bl degarma le Lnmal) I A (508 Akinl oliogl (ya y3m ailgh ol Bnime 3 A (o a3 3050 o1 a (yauiaTig
eaniall S8 fra 3 ygeall Aina (ailiaies ime ol lie ol cilal€ day ; A a0 @latiy Lgy 3a U1 Aiaill Calny¥ly Hguall
il 2 53g 1 Caliag) e FLis suss gus oLAS 2 Lpalaitaal 3 Sall oy osacns 30 B 55 0 3 sy gt ,
Badall aalall M dlaid) poaliall cns Le gl )55 jgumll e daiilgdogamma Lol 2 a5 shs ansnsg

Lz oia SyeunTig « (IMage-to-Image Synthesis) 3 guws (ye 5 gwo £Lidl 2 1540 5 ygunll adeil g ol 3 elling
3 3o 55 i 3 gaall 30 il paSliasl e o jattl @l ¢ jguall s cilily Ao gama e Lupae A0k ()
2Ll )2 5 ) guo (g 5 guo £ Ll (gt Ll 2 2501 5 pu s W AW 2 ladEs] sgang ae (pSTg 33551 5 yuall 3 gL i
Gl yleg eyt (ya b g LEA] 351500 B 3oal Lol Sh (s aass Las  (Text-Guided Image-to-Image Synthesis) paais
.(Text Prnmptsjﬂ: A Olga g3 alaziwl s Lad¥ dlae 4o g audiwall Flewdl IS (10550 (405540 ;L:uji
Aadall 3 5l s yums Agslin 51D gl 2 19SS il din g3l po 381975 3091 Alle Hgum i 2 35Ul 00s anztidg
el sLE WYL Brgue mwy B JEen Jlatl lia 2 alastl saal e sl Lum wlia s,
gy e diag e gL 58 s el osa DA of Sag it o158 w3850 (Text-Guided Image Inpainting)
a__m_-ugi e Bugllg 3 gl fya ut.{! ol 33524l el 32 W1 dle 903 o)) ey (201 JSEIN (4o ilaglas L,ﬂdﬁi (ool 1,1;:.3
I (e ygantl uls e Alae 38aT Gyl 108 a2y Adayl ey B aadly 3 5o o LY tnlaglal| anieiod ol 028 @ |
roai 3La 55V Heie @yl 3LE WYL 35 (ye B gue £ LiSlg (yad (e B ygum £ L]



A gt 3191 g youall b o3
Image Generation and Computational Resources

Olegu sl AnflasBismg (15! (auiD P T T I I e 8 WJ}@J1 L3

: (Graphics Processing Unit - GPU) Cyeuini 5ale g Aandlall 543y addle ol jud T 5 Bes cilua)lga

duliontl calilaall (ya 3 ,0€ calieS pa Jalaalt

55 t.aL;.'a rFie olildl fy a3y Sl S A tlasclia)ylesdl ola
5L A L..:ul S35 ol OSan Las 3 LY uLnthaj Ogaillg  slas¥I
uh}uﬂlwhﬂu‘_l_ﬁjiﬂmljm A Lgell dag ol it
el | - W U O v | .| (Graphics Processing Units — GPUs)

4 38 51 2 hlln.a_-..ju_uiqu;jﬂaH '|-l]:j_1t1)_d.u.diﬂld_‘-'hl_r.u.'l

d >les Busg (niusd @l ial_é.uu_nmiﬁ a_cj.mc__nd_dlu_dj wu_,_._.um (Central Processing Unit - CPU)
51 Lglames Laa ccslagan HIL Aalant | Ljﬁ.m Léleﬂjn Aol Aglatl Al owol libeall £ 1931 po onalins i cilag o ]!
seall uden 2 asle Lg.a1..u-_u.u1.-9_l_._....u1..\.¢ ..-..ujm_i.a.u.n Aol aildae ;iPJuLuiu.qa)_uSuLLqﬂtaJnm1ia;LnS
3 yug-ll (Google Colab) ¥ gs J848 4 nin aloznnl Wl oy o Syl 1ME.=3_, Lusgaala mnﬁﬁm Lglly
J2539 (JBg3 e gale Ol aluzinl, uﬂjljsmﬁliﬂ:auj_..uﬂiMMahjﬁcthﬁmmgiLﬁ_@jﬂ
el el yo g laduaBg duma yull alalal] 1S (et vwall Sy Al ) 03U e 0 diai 3o dinia 9o VS

.{Jup'fter NDtEbﬂDk) i g 0 pSae s %E.\L‘uﬂ TN

1Y oS (1848 duaie 1 Jgaal!

& .https://colab.research.google.com : Il a3l <

O b oLl (252) Google Clums Jsaall Jorw <

3] (3,84l wlslue! ) Notebook settings @l « (2 =5) Edit Lle dasinl <
o (dads ) Save e daiiol @S 0. (oslage ! dadlas 3usg) GPU il <

Bl | oo Wekome o Colsboratory - Cols X | == - ®
- (51 hitps//colabresearch.googie.com o B m o

CO Welcome To Colaboratory

= Table o

QL Getting
Data s
Machin

™~ Maore F

Fa

B Sei

0 Tl -
File Edit View Insert Runtime Tools Help
=x1 & Copy 10 Drive Connect - # Editing ~
v e LB ¢
Select all cells Cirl+Shift+A
| ne to Colab!
Cut cell or selaction
Copy cell or selection «ady familiar with Colab, check out this video to learn about interactive tables, the
Paste wde history view, and the command palette,
Delete salected cefls Ctrl+M D
Find and replace Ctrl+H
Find mext CirleG
Fird previous Cirl&Shift+G

Notebook settings

Motebook settings o

Clear all outpats Hardware accelerator
None v @
. : Mone ; — :
What is Colabr mUjut when saving this rmtebo
Colab, or "Colaboratory®, allows you to write and executs TPU

« Zero configuration required Cancel Save

VS 358 duaia | Jpuegll 14.26



ol 3 S plusgwy

1) (3asax 3,834 ) New notebook e @b« (cals) File e daiisl <

ES FELL 1 -5 Wi |- EX N b1 2 Y 2, @ . (L) Files Ll daisl <
© Lo 2 Lgaumiiin il (Heall) images clal

O e ) ezl s s gl Al o ) clalaze 3,18 1 i€y <
O ol plostl Bts il sgagll 3 e dainll I35 (e dlid @3

CC Welcome To Colaboratory
- File Edit View Insert Runtime Tools Help

& Copy to Drive

Insert Runtime Tools Help All changes saved

= 7T New notebook code + Text
—— d
Open notebook Ctrl+0

C Upload notebook . :
o ¢y & Untitledlipynb v

[ -::;I‘IJ ; : :

File Edit View

&,

Save a copy in Drive

=L = Files
Save a copy as a GitHub Gist
Save a copy in GitHub Q, Ca
E
Save Gt [x} o -

Download

Print Ctrl

—=

» B sample_data

22 &

+ Code + Text

B -

'1‘
- o

s

g alanll (ﬁjug Lf.:.ﬁ) Hello World Jlis aad S Ledag mugs 5,800 Jaal dulia JS2 WS J853204 Joal

(Image Generation) ;guall o g3 Sileaylgs L

lglass 443 plas desias Juadll ia 2 Laliawy A
(po 31 has Lo (HlS o (63 ITLg Zus !
Lgaudth 3y gualt et gs Ladils p g O ( gasal | ud Q
A 5ul1 53 g1 ygualt) O1B cdule y Lgaudd SIS all
e A1 yguall e Alial s poma Jadll s 2
el adadtl alasiub laad o5 =

& Untitledlipynb 3¢
File Edit View Insert Runtime Tools Help All changes

+ Code + Text

< @ print("hello world")

hello world

Osiulal! 5 K alunanl {427 K&

A UG A0ud o) ASLULY | g HLETOY ZaLed
Diffusion Models and Generative Adversarial Networks

2owo Jdgs L&.;S.A:la_a.'i.‘l:;it.ﬂ_n.l_gn_nﬂjll_a.ui J—‘,_jjajﬁ_—" 1;71__5 LL-LEj

5 el utes Jloma ug s 3,ua ¥l cilgiudl 2

e Lalastily legud el azmit 487 rpe oloaia oiliag sl aglaall 3atises jolns cpe3agat) Audle g A undl g
SRl LGN 39409 «(GANS) aicadlod) aaad gt asead tlea jouall (dgul awly 3lia
Aewnl il 2padgul) A0l Aunli A Il LWy @ualall le @udll 1282 3507 . (Stable Diffusion)
LAG da gl dfalin @iiwsy gl 0l 2 Lelandss Sle dale 5 3la @udS @i LaS o paneall HLETY 755059

Lgguey 4dE S Ll 3as  Lagin 28N

......



Aud el Ao o) ALt Ly Hgual! od o3

Generating Images with Generative Adversarial Networks (GANs)
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%ecapture

'pip install diffusers
'pip install transformers
'pip install accelerate

import matplotlib.pyplot as plt
from PIL import Image # used to representimages

Text-to-Image Generation yai (v 5 ygual! Jd _,3
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# a tool used to generate images using stable diffusion

from diffusers import DiffusionPipeline

generator = DiffusionPipeline.from_pretrained("CompVis/stable-diffusion-v1-4")
# specifies what GPUs should be used for this generation

generator.to("cuda")

image = generator("A photo of a white lion in the jungle.").images[0]
plt.imshow(image);
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image = generator("A painting of a white lion in the style of Picasso.").
images[0]
plt.imshow(image);
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Image-to-Image Generation

with Text Guidance
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# pipeline used for image to image generation with stable diffusion

from diffusers import StableDiffusionImg2ImgPipeline

# loads a pretrained generator model

generator = StableDiffusionImg2ImgPipeline.from pretrained("runwayml/stable-
diffusion-v1-5")

# moves the generator model to the GPU (CUDA) for faster processing

generator.to("cuda")

init _image = Image.open("landscape.jpg")
init_image.thumbnail((768, 768)) # resizes the image to prepare it as input of the model
plt.imshow(init_image);
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# a detailed prompt describing the desired visual
# for the produced image

prompt = "A realistic mountain
landscape with a large castle.”
image = generator(prompt=prompt,
image = init_image, strength=0.75).
images[0]

plt.imshow(image);
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# generate a new image based on the prompt and the
# initial image using the generator model

image = generator(prompt=prompt,

image = init_image, strength=1).images[0]
plt.imshow(image);
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init_image = Image.open("cat_1.jpg")
init_image.thumbnail((768, 768))

plt.imshow(init_image);
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prompt = "A photo of a tiger"
image = generator(prompt=prompt, image=init_image, strength=0.5).images[0]
plt.imshow(image);
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image = generator(prompt=prompt,
image = init_image, strength=0.75).
images[0]

plt.imshow(image);
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# tool used for text-guided image in-painting

from diffusers import StableDiffusionInpaintPipeline

init _image = Image.open("cat_on_bench.png").resize((512, 512))
plt.imshow(init_image);

mask_image = Image.open("cat _mask.jpg").resize((512, 512))
plt.imshow(mask_image);
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generator = StableDiffusionInpaintPipeline.from_pretrained("runwayml/stable-
diffusion-inpainting")
generator = generator.to("cuda")

prompt = "A photo of an astronaut”
image = generator(prompt=prompt, image=init image, mask_image-=mask_image).
images[0]

plt.imshow(image);
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init_image = Image.open("desk.jpg").resize((512, 512))
plt.imshow(init image);

mask_image = Image.open("desk_mask.jpg").resize((512, 512))
plt.imshow(mask_image);
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prompt = "A photo of a book”

image = generator(prompt=prompt, image=init_image, mask_image=mask_image).
images[0]

plt.imshow(image);
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Computer Vision

' Convolutional Neural
Network - CNN

Diffusion Model
Feature Engineering

Feature Selection

Generative
Adversarial Network
- GAN
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Image

Image Generation

Image Preprocessing

Network Layer
Recognition

Stable Diffusion

Standard Scaling
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import random
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def create problem_instance(skill_number, # total number of skills

worker number, # total number of workers
required skill_number, # number of skills the team has to cover
max_skills_per worker # max number of skills per worker

):



# creates the global list of skills s1, s2, 53, ...
skills = ['s' + str(i) for i in range(1, skill _number+1)]

worker skills = dict() # dictionary that maps each worker to their set of skills
for i in range(1, worker number+1): # for each worker

# makes a worker id (w1, w2, w3, ...)
worker _id = 'w' + str(i)

# randomly decides the number of skills that this worker should have (at least 1)
my skill_number = random.randint(1l, max_skills_per_worker)

# samples the decided number of skills
my_skills = set(random.sample(skills, my_skill_number))

# remembers the skill sampled for this worker
worker skills[worker_id] = my_skills

# randomly samples the set of required skills that the team has to cover
required skills = set(random.sample(skills, required skill_number))

# returns the worker and required skills
return { 'worker skills':worker skills, 'required skills':required skills}
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# the following code represents the above test
sample_problem = create_problem_instance(10, 6, 5, 5)

# prints the skills for each worker

for worker_id in sample_problem[ 'worker_skills']:
print(worker_id, sample_problem[ 'worker_skills'][worker_id])

print()

# prints the required skills that the team has to cover

print('Required Skills:', sample_problem['required_skills'])

wl {'s10'}

w2 {'s2', 's8', 's&§',
w3 {'s7", "s52'. “5&§",
ws {'s9', 's4'}

w5 {'s7', 's4'}

we {'s7', 'si10'}

's6'}
'sh', 'si1'}

Required Skills: {'s6', 's8',

"s7', "s5', 's9"}
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Decision Making with a Brute-Force Algorithm
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# used to generate all possible combinations in a given list of elements

from itertools import combinations

L = ['wl’

W2

g

print('pairs', list(combinations(L, 2))) #all possible pairs
print('triplets', list(combinations(L, 3))) #all possible triplets

pairs [('wl', 'w2'), ('wl',
"ws'), ("w3', 'wis')]
triplets [('wl', 'w2',

('w2',

Iwgrl

'‘wi' )]

'w3'), ('wl', 'wa'), ('w2', 'w3'), ('w2',

'w3'), ('wl', 'w2', 'w4'), ('wl', 'w3', ‘wi'),
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def brute force solver(problem):

worker_skills = problem[ 'worker_skills']
required_skills = problem[ 'required _skills']

worker ids = list(worker skills.keys()) #gets the ids of all the workers
worker num = len(worker_ids) # total number of workers

all_possible _teams = [] #remembers all possible teams

best_team = None #remembers the best (smallest) team found so far

#for each possible team size (singles, pairs, triplets, ...)
for team_size in range(1l, worker num+1):

# creates all possible teams of this size
teams = combinations(worker_ids, team_size)
for team 1in teams: # for each team of this size

skill _union = set() # union of skills covered by all members of this team
for worker_id im team: # for each team member
# adds their skills to the union
skill_union.update(worker_skills[worker_id])

# if all the required skills are included in the union
if required skills.issubset(skill _union):

# if this is the first team that covers all required skills

# or this team is smaller than the best one or

if best_team == None or len(team) < len(best_team):
best_team = team # makes this team the best one

return best_team # returns the best solution
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# uses the brute-force solver to find the best team for the sample problem
best_team = brute_force_solver(sample_problem)
print(best_team)
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problems with_ 5 workers = [] #5 workers

problems_with_10_workers = [] # 10 workers
problems with_15 workers = [] # 15 workers
problems _with 20 workers = [] # 20 workers

for i in range(100): #repeat 100 times

problems_with_5_workers.append(create_problem_instance(10, 5, 8, 5))

problems _with_10 workers.append(create problem_instance(10, 10, 8, 5))
problems with_15 workers.append(create problem_instance(10, 15, 8, 5))
problems_with_20_workers.append(create_problem_instance(10, 20, 8, 5))
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import time
def gets solutions(problems,solver):

total_seconds = 0 # total seconds required to solve all problems with this solver
total_solved = 0 #total number of problems for which the solver found a solution
solutions = [] # solutions returned by the solver

for problem in problems:

start_time = time.time() # starts the timer

best team = solver(problem) #computes the solution

end time = time.time() # stops the timer

solutions.append(best team) #remembero the solution
total_seconds += end_time-start_time # computes total elapsed time

1f best_team != None: #ifthe bestteam is a valid team

total_solved += 1
print("Solved {} problems in {} seconds".format(total _solved,
total seconds))

return solutions
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brute_solutions_5
solver

gets solutions(problems with 5 workers,
brute force solver)

]

]

brute _solutions 10 = gets solutions(problems with 10 workers,
solver = brute force solver)

brute _solutions 15 = gets solutions(problems with 15 workers,
solver = brute force solver)

brute _solutions 20 = gets solutions(problems with 20 workers,
solver = brute force solver)

Solved 23 problems in 0.0019948482513427734 seconds
Solved 80 problems in 0.06984829902648926 seconds
Solved 94 problems in 2.754629373550415 seconds
Solved 99 problems in 109.11902689933777 seconds
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Decision Making with a Greedy Heuristic Algorithm
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B = f

def greedy_solver(problem):

worker_skills = problem['worker_skills']
required_skills = problem['required_skills"']

# skills that still have not been covered

uncovered_required_skills = required_skills.copy()

best_team = []

# remembers only the skills of each worker that are required but haven't been covered yet
uncovered_worker_skills = {}

for worker_id in worker_skills:

# remembers only the required uncovered skills that this worker has
uncovered worker skills[worker id] = worker skills[worker id].
intersection(uncovered_required_skills)
# while there are still required skills to cover
while len(uncovered_required_skills) > 0O:
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.uncovered_worker_skills

best_worker_id = None # the best worker to add next
# number of uncovered skills required for the best worker to cover
best_new_coverage = 0

for worker _id in uncovered worker skills:

# uncovered required skills that this worker can cover
my_uncovered_skills = uncovered worker_ skills[worker_ id]

# if this worker can cover more uncovered required skills than the best worker so far

if 1len(my_uncovered skills) > best new coverage:
best_worker_id=worker_id # makes this worker the best worker
best_new_coverage=len(my_uncovered_skills)

if best worker_id != None: #ifa best worker was found
best team.append(best worker id) # adds the worker to the solution

#removes the best worker's skills from the skills to be covered
uncovered_required_skills = uncovered_required_skills -
uncovered worker skills[best worker id]
for worker_id in uncovered_worker_skills:
# remembers only the required uncovered skills that this worker has
uncovered worker_skills[worker_id] =

uncovered worker skills[worker id].intersection(uncovered required skills)

else: # no best worker has been found and some required skills are still uncovered
return None # no solution could be found

return best_team
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greedy solutions 5 = gets solutions(problems with 5 workers,
solver = greedy_solver)

greedy solutions_10 = gets solutions(problems with 10 workers,
solver = greedy_solver)

greedy solutions_15 = gets _solutions(problems with_ 15 workers,
solver = greedy_solver)

greedy solutions 20 = gets solutions(problems with 20 workers,
solver = greedy_solver)

Solved 23 problems in 0.0009970664978027344 seconds
Solved 80 problems in 0.000997304916381836 seconds
Solved 94 problems in 0.001995086669921875 seconds
Solved 99 problems in 0.0019943714141845703 seconds
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# creates 100 problem instances of a team formation problem with 1000 workers
problems with_ 1000 workers = []

for i in range(100): #repeats 100 times
problems with 1000 workers.append(create problem_instance(10, 1000, 8, 5))

# solves the 100-worker problems using the greedy solver

greedy solutions 1000 = gets solutions(problems with 1000 workers,
solver = greedy solver)

Solved 100 problems in 0.09574556350708008 seconds
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def compare(brute_solutions,greedy solutions):
total_solved = 0
same _size = 0

for i in range(len(brute_solutions)):

if brute solutions[i] != None: #ifa solution was found
total_solved += 1

# if the solvers reported a solution of the same size
if len(brute_solutions[i]) == len(greedy_solutions[i]):
same_size += 1

return round(same size / total _solved, 2)
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print(compare(brute_solutions_5,greedy solutions_5))

print(compare(brute solutions_10,greedy solutions_10))
print(compare(brute_solutions_15,greedy_solutions_15))
print(compare(brute solutions 20,greedy solutions 20))

1.0

0.82
0.88
0.85
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def greedy_solver(problem):
worker skills=problem['worker skills'] # worker skills for this problem

required skills=problem['required skills'] #required skills for this problem

uncovered_required_skills = required_skills. _() # skills not covered

best team=[] # best solution
uncovered_worker_skills={}
for worker_id in worker_skills:

A T e

uncovered worker skills[worker id]=worker skills[worker_ id].

(uncovered_required_skills)
while len(uncovered required skills) > 0:

best_worker_ id= # the best worker to add next

best_n ewwcnueraégzﬁ_ﬂﬁar}ﬁw of uncovered required skills covered by the best worker

for worker_id in uncovered _worker_skills: # for each worker
my_uncovered_skills=uncovered worker_skills[worker_id]
# if this worker can cover more uncovered required skills than the best worker so far
if 1len(my_uncovered skills)>best new coverage:

best_worker_id=worker_id # makes this worker the best worker

best _new_coverage= (my_uncovered_skills)
if best_worker_id!= : #if a best worker was found
best_team. (best worker_id) # adds the worker to the solution

#removes the best worker's skills from the skills to be covered
uncovered required_skills=uncovered_required_skills - uncovered_

worker skills[best worker id]
# for each worker
for worker id in uncovered worker skills:

# remembers only the required uncovered skills that this worker has

uncovered worker_ skills[worker id]=uncovered worker

skills[worker_id]. (uncovered_required_skills)

else: #no best worker has been found and some required skills are still uncovered

return # no solution could be found

return best_team
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Using Python and Optimization to Solve the SMWT Problem

:(SMWT) 3 1531 AT (95 g1 oLt RIS AL 38l gie e +LSY I ma yull plaall altietonl (jSeas

import random

# creates an instance of the Single-Machine Weighted Tardiness problem.

def create problem_instance(job_num, #number of jobs to create
duration_range, #job duration range
deadline_range, #deadline range
weight_range) :# importance weight range

# generates a random duration, deadline, and weight for each job

durations = [random.randint(*duration_range) for i in range(job_num)]
deadlines = [random.randint(*deadline _range) for i in range(job_num)]
weights = [random.randint(+*weight_range) for i in range(job_num)]

# returns the problem instance as a dictionary

return {'durations':durations,
'deadlines':deadlines,
'weights':weights}
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for i in range(5):# prints 5 random integers between 1 and 10 6
print(random.randint(+[1, 10])) 5
5
10
1
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create problem_instance(10, [5, 20]1, [5, 501, [1, 31]1)
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{'durations': [18, 17, 17, 6, 9, 6, 20, 12, 9, 19], S

'deadlines': [39, 31, 6, 42, 48, 10, 39, 16, 34, 35],
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# computes the total weighted tardiness of a given schedule for a given problem instance
def compute schedule tardiness(problem, schedule):

# gets the information for this problem
durations, weights, deadlines=problem['durations'], problem['weights'],
problem[ 'deadlines']

job_num = len(schedule) # gets the number of jobs

finish_times = [0] * job_num # stores the finish time for each job
schedule_tardiness = 0 #initializes the weighted tardiness of the overall schedule to 0
for pos in range(job_num): # goes over the jobs in scheduled order
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job_id=schedule[pos] # schedule[pos]is the id in the ‘pos’ position of the schedule
1f pos == 0: #ifthisisthe job that was scheduled first (position 0)

# the finish time of the job that starts first is equal to its run time
finish_times[pos] = durations[job_id]

else: #forall jobs except the one that was scheduled first

# the finish time is equal to the finish time of the previous time plus the job's run time
finish _times[pos] = finish times[pos-1] + durations[job_id]

# computes the weighted tardiness of this job and adds it to the schedule's overall tardiness
schedule_tardiness += weights[job_id] * max(finish_times[pos] -
deadlines[job_id], ©)

return schedule tardiness,finish times
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import itertools
def brute_force_solver(problem):

# gets the information for this problem

durations, weights, deadlines=problem['durations'], problem['weights'],
problem[ 'deadlines']

job_num = len(durations) #number of jobs

# Generates all possible schedules
all_schedules = itertools.permutations(range(job_num))

# Initializes the best solution and its total weighted tardiness
best_schedule = None #initialized to None

# 'inf' stands for ‘infnity’. Python will evaluate all numbers as smaller than this value.
best tardiness = float('inf"')

# stores the finish time of each job in the best schedule
best_finish_times = None #initalized to None

for schedule in all_schedules: # forevery possible schedule

#evalutes the schedule
tardiness,finish_times=compute_schedule_tardiness(problem, schedule)

1f tardiness < best_tardiness: #this schedule is better than the best so far
best_tardiness = tardiness
best _schedule = schedule
best_finish_times = finish_times

# returns the results as a dictionary

return {'schedule':best_schedule,
'tardiness':best_tardiness,
'finish_times':best finish_times}
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sample_problem = create problem_instance(5, [5, 20], [5
brute_force_solver(sample_problem)

}i [1; 3])

{'schedule': (0, 2, 1, 3, 4),
'tardiness’': 164,
‘finish times': [5, 11, 21, 36, 51]}
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def greedy solver(problem, heuristic):

# gets the information for this problem
durations, weights, deadlines = problem['durations'], problem['weights'],
problem[ 'deadlines']

job_num = len(durations )# gets the number of jobs

# Creates a list of job indices sorted by their deadline in non-decreasing order
schedule = sorted(range(job_num), key = lambda j: heuristic(j, problem))

# evaluates the schedule
tardiness, finish_times = compute_schedule_|tardiness(problem, schedule)

# returns the results as a dictionary

return {'schedule':schedule,
'tardiness':tardiness,
'finish_times':finish_times}
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# returns the deadline of a given job
def deadline_heuristic(job,problem):

# accesses the deadlines for this problem and returns the deadline for the job
return problem[ 'deadlines'][job]
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greedy sol = greedy solver(sample problem, deadline heuristic)
greedy_sol

{'schedule': [3, 1, 4, 0, 2],
"tardiness': 124,
"finish times': [15, 26, 32, 48, 57]}
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# returns the weighted deadline of a given job
def weighted _deadline_heuristic(job,problem):

# accesses the deadlines for this problem and returns the deadline for the job

return problem['deadlines'][job] / problem['weights'][job]
weighted _greedy sol=greedy_solver(sample_problem, weighted deadline_heuristic)
weighted_greedy sol

{'schedule': [3, 2, 1, 4, 0],
"tardiness': 89,
"finish times': [15, 24, 35, 41, 571}
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def local search solver(problem, greedy heuristic, swap_selector, max_
iterations):

# gets the information for this problem
durations, weights, deadlines=problem[ 'durations'], problem[ 'weights'],
problem[ 'deadlines']

job_num = len(durations) # gets the number of jobs
# uses the greedy solver to get a first schedule
# this schedule will be then iteratively refined through local search

greedy sol = greedy solver(problem, greedy heuristic) # the best schedule so far

best schedule, best tardiness, best finish _times = greedy sol['schedule'],
greedy_sol['tardiness'], greedy_sol['finish_times']

# local search
for i in range(max_iterations): # foreach of the given iterations

# chooses which two positions to swap
posl, pos2 = swap_selector(best_schedule)

new_schedule = best schedule.copy() #create acopy of the schedule
# swaps jobs at positions pos1 and pos2

new_schedule[pos1l], new schedule[pos2] = best schedule[pos2],
best_schedule[posi]

I



# computes the new tardiness after the swap
new_tardiness, new_finish_times = compute schedule_ tardiness(problem,
new schedule)

# if the new schedule is better than the best one so far
if new_tardiness < best_tardiness:

LglS JIELI 1aa 2. Jand | 1
# the new_schedule becomes the best one e Lgale TRy T
best schedule = new schedule :

best _tardiness = new_tardiness

S s Cpiaga elanil 3 o

best_finish_times = new_finish_times S hegiatan dlalie g Qe
-J gt

# returns the best solution

return {'schedule':best_schedule,
‘tardiness':best_tardiness,
"finish_times':best finish times}

Legila Lo o g (o1 laall Jpumdl 2 (sl g (itaga s L0 L5500 AsLua 3001 1111 505

def random_swap(schedule):

job_num = len(schedule) #getsthe number of scheduled jobs

]

posl = random.randint(®, job_num - 1) #samples a random position

]

pos2 posl
while pos2 == posl: #keepssampling until it finds a position other than pos1
pos2 = random.randint(®, job_num - 1) #samples another random position
return posl, pos2 #returns the two positions that should be swapped
= - - - x . . 2 [ - - 5 = j - - g + - -
Joaadl %HHJjELLaM1jAJ:: h_,:_r_q.glfqll.ﬂll Layloals cli3y3 aliea d= il il gt a s gl o
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def adjacent swap(schedule):
job_num = len(schedule) # getsthe number of scheduled jobs

random.randint(@, job num - 2) #samples a random position (excluding the last

posl
one)

pos2 posl + 1 # gets the position after the sampled one

return posl,pos2 #returns the two positions that should be swapped
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print(local_search_solver(sample_problem, weighted_deadline_heuristic, random_
swap, 1000))

print(local_search_solver(sample_problem, weighted_deadline_heuristic,
adjacent_swap, 1000))

{'schedule': [3, 4, 2, 1, 0], 'tardiness': 83, 'finish times': [15, 21, 30,
41. 571}
{'schedule': [3, 4, 2, 1, @], 'tardiness': 83, 'finish times': [15, 21, 30,
41, 571}

i) algll JLaS! 3 ia3ly 83 3hlatl Ilanly JLal1 1361 [3.4.2.1.0] Jpun Jumdl p 5l , gl

(13S0g dia 21 5umsll 2 4301 L giBg (a0l (o 15 5ungll 2 3 35411

Comparing Solvers Ja| Sl yl g Al ylie
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#Dataset 1
problems_7 = []
for i in range(100):
problems_7.append(create_problem_instance(7, [5, 201, [5, 501, [1, 3]1))

#Dataset 2
problems 30 = []
for i in range(100):
problems 30.append(create problem_instance(30, [5,20], [5, 501, [1, 3]1))
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from collections import defaultdict
import numpy

def compare(problems,use brute):
# comparison on Dataset 1

# maps each solver to a list of all tardiness values it achieves for the problems in the given dataset

results = defaultdict(list)
for problem in problems: # foreach problem in this datset

#uses each of the solvers on this problem
1f use_brute == True:
results[ 'brute-force'].append(brute_force_solver(problem)

['tardiness'])

results['greedy-deadline’'].append(greedy solver(problem,deadline_
heuristic)['tardiness'])

results['greedy-weighted deadline'].append(greedy_
solver(problem,weighted deadline_heuristic)['tardiness'])

results[’'ls-random-wdeadline'].append(local_search_solver(problenm,
weighted deadline_heuristic, random_swap, 1000)['tardiness'])

results['ls-random-deadline'].append(local_search_solver(problem,
deadline_heuristic, random_swap, 1000)[ 'tardiness'])

results['ls-adjacent-wdeadline'].append(local_search_solver(problem,

weighted deadline_heuristic, adjacent swap, 1000)['tardiness'])
results[’'ls-adjacent-deadline'].append(local_search_solver(problem,
deadline_heuristic, adjacent_swap, 1000)['tardiness'])

for solver in results: #foreach solver
# prints the solver’s mean tardiness values
print(solver,numpy.mean(results[solver]))

:Lagal< problems_30 4 problems_7 «LLud! e gaa po cOMpare () als alazil oY ug;:

compare(problems_7,True) brute-force 211.49
greedy-deadline 308.14
greedy-weighted _deadline 255.61
ls-random-wdeadline 212.35
ls-random-deadline 212.43
ls-adjacent-wdeadline 220.62
ls-adjacent-deadline 224.36

compare(problems_30,False) greedy-deadline 10126.18
greedy-weighted _deadline 8527.61
ls-random-wdeadline 6647.73
ls-random-deadline 6650.99
ls-adjacent-wdeadline 6666.47
ls-adjacent-deadline 6664.67
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def brute force solver(problem):

# gets the information for this problem

durations, weights, deadlines=problem['durations'], problem['weights'],

problem[ 'deadlines']

job_num = len( ) # number of jobs

# generates all possible schedules

all_schedules = itertools. (range(job_num))

# initializes the best solution and its total weighted tardiness

best_schedule = # initialized to None

# 'inf' stands for ‘infnity’. Python will evaluate all numbers as smaller than this value.

best_tardiness = float(' )

# stores the finish time of each job in the best schedule

best_finish_times-= # initalized to None

for schedule in all_schedules: # forevery possible schedule

#evalute the schedule

tardiness,finish_times=compute_schedule tardiness(problem, schedule)

1f tardiness<best_tardiness: # this schedule is better than the best so far

best_tardiness=

best_schedule=

best _finish_times=

# return the results as a dictionary

return {'schedule':best_schedule,

. 'tardiness':best_tardiness,
28,

LT 'finish_times':best_finish_times}

!—nl — 1l _-";g =
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def local_search_solver(problem, greedy_heuristic, swap_selector, max_

iterations):
# gets the information for this problem
durations, weights, deadlines=problem['durations'], problem['weights'],

problem[ 'deadlines']

job_num = len( )# gets the number of jobs
# uses the greedy solver to get a first schedule.
# this schedule will be then iteratively refined through local search

greedy_sol = (problem, greedy heuristic) #remembers the best

schedule so far
best_schedule, best_tardiness, best_finish_times=greedy_

sol['schedule'],greedy sol['tardiness'],greedy sol['finish_times']

# local search

for i in range( ): # for each of the given iterations

# chooses which two positions to swap

posl,pos2= ~ (best_schedule)

 ()#creates a copy of the

new_schedule = best_schedule.

schedule
# swaps jobs at positions pos1 and posZ2
new_schedule[posl], new_schedule[pos2] = best_schedule[pos2], best_

schedule[posi]
# computes the new tardiness after the swap
new_tardiness, new _finish times = compute_schedule_ tardiness(problem,

new_schedule)
# if the new schedule is better than the best one so far
if new_tardiness < best_tardiness:
# the new_schedule becomes the best one

best_schedule =

best_tardiness

# returns the best solution
return {'schedule':best_schedule,
=8 'tardiness':best_tardiness,
5.:. 'finish_times':best_finish_times}
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'pip install mip #install the mip library

# imports useful tools from the mip library

from mip import Model, xsum, maximize, BINARY

values = [20, 10, 23, 15, 7, 7] #values of available items
weights = [5, 10, 19, 8, 11, 2] # weights of available items
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40 # knapsack capacity

-
I

range(len(values)) #creates anindex for each item: 0,1,2,3,...

solver = Model("knapsack") # creates a knapsack solver
solver.verbose = 0 # setting this to 1 will print more information on the progress of the solver

= [1 #represents the binary decision variables for each item.

# for each items creates and appends a binary decision variable
for 1 in I:
x.append(solver.add_var(var_type = BINARY))

# creates the objective function
solver.objective = maximize(xsum(values[i] * x[i] for i in I))

# adds the capacity constraint to the solver
solver += xsum(weights[i] * x[i] for i in I) <= C

# solves the problem
solver.optimize()

<OptimizationStatus.OPTIMAL: 0>
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total_weight = 0 #stores the total weight of the items in the solution
total_value = 0 #stores the total value of the items in the solution

i



for 1 in I: #foreach item
iF xfi].x

== 1: #if the item was selected
print(’'item’,
# updates the total weight and value of the solution
total_weight += weights[i]

total value += values[i]

i, 'was selected')

print('total weight', total_weight)

print('total value',

item 0 was
item 2 was
item 3 was
item 5 was

selected
selected
selected
selected

total weight 34
total value 65

pldlalsiedalased 5,191 AliaY!

GMigh cLals Fluail dlunia J 3ot
YL aGall (e ) JS Jual A3l

2%

gaeill Sl A e 3205157 K

total_value)

w 8
Jaxl) adld) Alsie
Traveling Salesman Problem

oMLl oye (Traveling Salesman Problem - TSP) J_g:‘..J.IELJl,
:I_ﬂ.jJLad.\S_mu.mj ALbset | Ao ssecoatl 3o Ay Léja.us.uu_m ,_gP‘:JI
mbbaﬁmumuwwehdﬂmuiungmHﬂ .JJ.J:LUL,-LU
G503 5.7 JS AN y3imag Ao 3 haall Sgas @5 '._Mﬁi 3505 3585 0l cuea
ACEL ols fya
Cradga oy 53 Bl ellimg o)l ama Lidga ol Bipna (3u3e ) 3,505 JS RS
(Lot ) ZaIH Zalondl Lo 9ol @3, iy e Lagis piuall (Sall cya IS 131
AUCEM eVl 112 Lgos yul L5y ablgll @ud )5 @3 JULI 1082 . cnadall o
:10+25+30+15=8055L.3 16 3¢ 4626 1 5 pLaliad Slea WIA2ICHI 14o<5,
Al Alazh 1 3agall g dazasanlys pe disia JS 350 3 (San Gyl yadl gag
51y« Jal g Aiaam gl Lol 2 Jaamill 5L AL ke ulipals’ o
Gaplal) woasd IS Sua (o gl Alile ) L oiB ga c¥Laz¥lgelsl oY
o Lo dminga 6 p31 5 pugd NS e Lyl Lo 3l

sl €U0 oya Joba sy ‘__,_L.LI ;.a;-i:-ﬂ slesl (Vehicle Routing Problem ) Sl ,3 jlue doass AlS e [y o @
Jaiig e ona¥Wl wodl M deglaatl 3 laa Wl Aal ol Julas S8 3 oM el (o degamt il aasdl gl sl Jogal

Elins Sl £ .l u.lﬁl @J_I‘L_H sl=! (Pickup and Delivery Problem) eudaidig aSaw¥ Al die [y o™ @
3y el cileas Lglanlas o5 datind ablga Il ol 291 51 pSlal (Joss) elusss (<S55 5l Jas3)

e bead! ol culaas g A5l Al eulansdl g

&l ezl 3 Jle A ey Jolus bl (Train Timetabling Problem) Ol yUasl dc 150 4t gus WS die [y aun™s @
Lela iy Ja 55 35l galt JLRat Al w1 Glaiag 3oVl asdl M ualatt 3 Julss a3 sl oI 3,52

A gl g Liusasd! IS Ja

00

h



287

Al A 'Ij_!.l J..La:a_ﬂ..ﬂld_n.a_lj M‘EH]MEMF@HHM‘&#]W‘ E;'I.J.:r_r_r.u‘uina
ﬁjmru CpaBga s Jolo ¥ AaLiukly yum3W A8Leull o 3,50 e AaLdl 3l (L5l

23l e Sae zed IS (o szl anltl Jodis Sl daliull 3840 @

(290 JSI Olgie ) Busaall p3lsll fyaslic egams @

(Bl 333N ) StArtstop pdge el dull HLins cdulghy Gaplall 2ol Bolies ()5S (g2l g2l @

import random
import numpy
from itertools import combinations

def create_problem_instance(num_locations, distance_range):
# initializes the distance matrix to be full of zeros
numpy.zeros((num_locations, num_locations))

dist_matrix
# creates location ids: 0,1,2,3,4,...
location_ids

for i,j in location_pairs:

distance

dist matrix[j,1i]
dist matrix[i,j]

= set(range(num_locations))
# creates all possible location pairs
location_pairs =

combinations(location ids, 2)

# for each pair

= random.randint(*distance_range) #samples a distance within range
# the distance from i to j is the same as the distance from jto i
= distance

|

distance

# returns the distance matrix, location ids and the startstop vertix

return dist_matrix,

location_ids,

random.randint(®, num_locations - 1)

8 (el Eoume ;L;;;_.-_‘EI ol AU Sie fy 0 b o LENY 155 Lea 53,1 ANl AL Szes yull pdalll @ity

dist_matrix, location_ids,

print(dist _matrix)
print(startstop)

[ [
[19.
[17.
[15.
[18.
[17.
[ 7.
[15.

19. 17.
EalS.
15.8
18. 17.
11, 13,
B, s
208, 35,
2. 1.,

15,
18.
7.

0.
19.

16.

18.
1.,
13,
19.
Q.
B
. 20.
1

startstop =
17. 7. 15.]
6. 20. 5.]
7. 5. 11.]
7. 7. 16.]
17. 20. 17.]
0..15. 14.]
15. 14 . ]
14. 14. 03]

20_95,-_;14{31 luLu n_tlﬁl...nm_g C_A'rj_n

create_problem_instance(8, (5, 20))
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Creating a Brute-Force Solver for the Traveling Salesman Problem
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from itertools import permutations

def brute force solver(dist matrix, location_ids, startstop):
# excludes the starstop location
location_ids = location_ids - {startstop}
# generate all possible routes (location permutations)
all_routes = permutations(location_ids)
best_distance = float('inf') #initializes to the highest possible number
best_route = None # best route so far, initialized to None

for route in all_routes: #foreach route

distance = 0 # totaldistance in this route
curr_loc = startstop #current location

for next loc 1in route:
distance += dist _matrix[curr loc,next loc] # adds the distance of this step
curr_loc = next_loc # goes to the next location

distance += dist _matrix[curr_ loc,startstop] #goes to the starstop location

1f distance < best_distance: # ifthis route has lower distance than the best route
best_distance = distance
best_route = route

# adds the startstop location at the beginning and end of the best route and returns
return [startstop] + list(best route) + [startstop], best distance

startstop a3 O das¥ b | L_;)ﬂ._n K <La3¥ permutations( ) 3151 mﬁ}ﬁ 3gall J= da))lgn SE S
JUEL S e ks Gl J8 sls 2 LaS1s ygliay o cmmy 5¥ £ Junliatl (o et ol (cadgatly 35U
055w ¢ (aBgully 3 L3N ) Startstop a24e g8 0 a 2511 41S5.39.25.19.0 o340 Loyl ol sal I8 Y

ol LS 11 Joslatl dasla

for route in permutations({1,2,3}):

print(route)
(1, 2; 3)
(1, 3; 2)
(2. 1. 3)
(2.3, 1)
(3. 1. 2)
(3. 2., 1)
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brute force solver(dist matrix, location_ids, startstop)
([3, 5, 2, 7, 1, 4, @, 6, 3], 73.0)
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Using MIP to Solve the Traveling Salesman Problem
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arr = numpy.full((4,4), 0) #creates a4x4 array full of zeros [[6 0 0 6]

[0 0 0 0]
print(arr) [0 0 0 0]

[0 06 0 0]]
arr[6, 0] = 1
arr[3, 3] = 1 [[1000]

[0 0 0 0]
print() [0 60 6]
print(arr) [0 06 1]]

e Alaimll a8l gl e ¥WLE pes olst itertools a.agitl ¢y product () 315¥1 s B[ FE S UPWESDP
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ids = {0, 1, 2}
for i, j in list(product(ids, ids)):
print(i, j)
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from itertools import product # used to generate all possible transition
from mip import BINARY
from mip import Model,INTEGER

solver = Model() #creates asolver
solver.verbose = 0 #setting this to 1 will print info on the progress of the solver

# 'product’ creates every transition from every location to every other location
transitions = list(product(location_ids, location_ids))

N = len(location_ids) # number of locations

# creates a square numpy array full of '‘None' values
x = numpy.full((N, N), None)

# adds binary variables indicating if transition (i->j) is included in the route
for 1, jJ in transitions:
x[i, j] = solver.add_var(var_type = BINARY)

4._|1J_|_n.|l1 U_'.J_-r_d NxN e numpy ajj.m..a.n r-L:.:.-.f'lF numpy. fU”( } a1.‘11 Lg.uL...;..H J_i_ﬂ bl:..ali q=|..'l.;'-ul_.n..u.-..t
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# the minimize tool is used then the objective function has to be minimized
from mip import xsum, minimize

# objective function: minimizes the distance
solver.objective = minimize(xsum(dist matrix[i,j]l*x[i][j] for i,j inm
transitions))
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# for each location id

for 1 in location_ids:
solver += xsum(x[i,j] for j inm location_ids - {i}) == 1 #exactly 1 arrival
solver += xsum(x[j,i] for j in location_ids - {i}) == 1 #exactly 1 departure
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# adds a decision variable for each location
= [solver.add_var(var_type = INTEGER) for i in location_ids]
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# adds a connectivity constraint for every transition that does not include the startstop
for (i, j) in product(location_ids - {startstop}, location_ids - {startstop}):
# ignores transitions from a location to itself
if 1 != 3:
solver += y[j] - y[i] >= (N+1) = x[i, j] - N
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from itertools import product
from mip import BINARY,INTEGER
from mip import Model

from mip import xsum, minimize

def MIP solver(dist matrix, location_ids, startstop):
solver = Model( )# creates a solver
solver.verbose = 0 # setting this to 1 will print info on the progress of the solver
# creates every transition from every location to every other location
transitions = list(product(location_ids,location_ids))
N = len(location_ids) # number of locations
# create an empty square matrix full of 'None' values
X = numpy.full((N, N), None)
# adds binary decision variables indicating if transition (i->j) is included in the route
for i, jJ in transitions:
x[i, jl=solver.add var(var_type = BINARY)
# objective function: minimizes the distance
solver.objective = minimize(xsum(dist matrix[i,jl#x[i][j] for i,j in transitions))
# Arrive/Depart Constraints
for 1 in location_ids:
solver += xsum(x[i,j] for j in location_ids - {i})
solver += xsum(x[j,i] for j in location_ids - {i})
# adds a binary decision variable for each location
y = [solver.add var(var_ type=INTEGER) for i in location_ids]
# adds connectivity constraints for transitions that do not include the startstop
for (i, j) im product(location_ids - {startstop}, location_ids - {startstop}):
if 1 != j: #ignores transitions from a location to itself
solver += y[j] - y[i1] >=(N+1)+*x[1,7] - N
solver.optimize() #solves the problem
# prints the solution
if solver.num_solutions: #ifa solution was found
best route = [startstopl # storesthe best route
curr_loc = startstop #the currently visited location
while True:
for next_loc in location_ids:# for every possible next location
if x[curr loc,next _locl.x == 1: #if x value for the curr_loc->next _loc transition is 1
best route.append(next _loc) #appends the next location to the route
curr_loc=next_loc # visits the next location
break
1f next_loc == startstop: #exits if route returns to the startstop
break
- (return best_route, solver.objective_value # returns the route and its total distance

= 1 #exactly 1 arrival
1 #exactly 1 departure
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same count = 0
for i in range(100):
dist matrix, location_ids, startstop=create problem_instance(8, [5,20])
routel, distl = brute force solver(dist matrix, location_ids, startstop)
route2, dist2 = MIP_solver(dist matrix, location_ids, startstop)
# counts how many times the two solvers produce the same total distance
1f distl == dist2:
same_count += 1
print(same_count / 100)

1.0
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import time

start = time.time() # starts timer

for i in range(100):
dist matrix, location_ids, startstop = create_problem _instance(20, [5,20])
route, dist = MIP_solver(dist matrix, location_ids, startstop)

stop=time.time() # stops timer
print(stop - start) # printsthe elapsed time in seconds

188.90074133872986
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from itertools import permutations

def brute force solver(dist matrix, location_ids, startstop):

# excludes the startstop location

location_ids = - { }

# generates all possible routes (location permutations)

all_routes = ( )

best distance = float('inf') #initializes to the highest possible number

best_route = None # best route so far, initialized to None

for route in all_routes: # for each route

distance @ # total distance in this route

# current location

curr_loc

for next_loc im route:

distance += [curr _loc, next _loc] #adds the distance of this step

# goes the next location

curr_loc

distance += [curr_loc, 1 #goes to

back to the startstop location

if distance < best_distance: # if this route has lower distance than the best route
best _distance = distance

best _route = route

# adds the startstop location at the beginning and end of the best route and returns
®e 0@ ) )
0ve’". L0008 return [startstop] + list(best _route) + [startstop], best distance

ee, *.
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def MIP solver(dist matrix, location_ids, startstop):

solver = () #creates a solver

solver.verbose = 0 #setting this to 1 will print info on the progress of the solver
# creates every transition from every location to every other location

transitions = list( (location_ids, location_ids))

N = len(location_ids) # number of locations

# creates an empty square matrix full of 'None' values

x = numpy.full((N, N), None)

# adds binary decision variables indicating if transition (i->j) is included in the route
for 1, j in transitions:

x[i, j] = solver. (var_type= )

# objective function: minimizes the distance

solver.objective
i, j in transitions))

(xsum(dist matrix[i, j] * x[i][j] for

# Arrive/Depart Constraints
for 1 in location_ids:

solver += xsum( for j in location_ids - {i}) == 1

R R e e e

solver += xsum( for j in location_ids - {i}) ==

# Adds a binary decision variable for each location

y = [solver. (var_type= ) for i in
location_ids]

# Adds connectivity constraints for transitions that do not include the startstop
for (i, j) in product(location_ids - {startstop}, location_ids -
{startstop}):
if 1 != j: #ignores transitions from a location to itself
solver += y[j] - y[i] >= (N + 1) = x[i, j] - N

®og, se®
@0y " *"eoo solver. () #solves the problem
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from controller import Robot *

import numpy as np  #used for mathematic operations

import os  # used for folder creation e e

import cv2  #used for image manipulation and human detection e 1."“5::'-""” ol o A8 g
from PIL import Image  # used for image object creation adiiodi il (cug:9,) Robot 222
from datetime import datetime  #used for date and time e "nai,..jua_u__,s Cuall faatlsle

# auxiliary function used for calculations
def clamp(value, value_min, value_max):
return min(max(value, value_min), value_max)

. g it )
class Mavic (Robot): . Lgllaoll mulagall 5l )0l
,?-i.;d'l_..q_ﬂl-.;ﬂl_"l_....:.-_u

# constants of the drone used for flight

# thrust for the drone to lift

K_VERTICAL_THRUST = 68.5

# vertical offset the drone uses as targets for stabilization
K_VERTICAL_OFFSET = 0.6

K_VERTICAL P = 3.0 # P constant of the vertical PID
K ROLL_P = 50.0 # P constant of the roll PID
K_PITCH_P = 30.0 # P constant of the pitch PID

Constants ) cul gl .J_-u.n.:
algdl a
T 11 SR ATC Y VAL

MAX_YAW_DISTURBANCE = 0.4

MAX_PITCH_DISTURBANCE = -1

# precision between the target position and the drone position in meters
target _precision = 0.5

def init (self):
# initializes the drone and sets the time interval between updates of the simulation
Robot. init_ (self)
self.time_step = int(self.getBasicTimeStep())

# gets and enables devices
self.camera = self.getDevice("camera"
self.camera.enable(self.time_step)

self.imu = self.getDevice("inertial unit")
self.imu.enable(self.time_step)

self.gps = self.getDevice("gps")
self.gps.enable(self.time_step)

self.gyro = self.getDevice("gyro")
self.gyro.enable(self.time _step)

self.camera_pitch _motor = self.getDevice("camera pitch")
self.camera pitch _motor.setPosition(0.7)

self.front_left _motor = self.getDevice("front left propeller")
self.front_right motor = self.getDevice("front right propeller")
self.rear left _motor = self.getDevice("rear left propeller")
self.rear right motor = self.getDevice("rear right propeller")
motors = [self.front_left_motor, self.front_right_motor,
self.rear left _motor, self.rear right motor]
Lae for motor in motors: # mass initialization of the four motors
008 motor.setPosition(float('inf"'))
5 motor.setVelocity(1)
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def

def

self.current pose = 6 = [0] #X Y Z yaw, pitch, roll
self.target position = [0, 0, 0]
self.target_index = 0
self.target_altitude = 0O

move_ to_target(self, waypoints):

# Moves the drone to the given coordinates

# Parameters:

# waypoints (list): list of X,Y coordinates

# Returns:

# yaw_disturbance (float): yaw disturbance (negative value to go on the right)
# pitch _disturbance (float): pitch disturbance (negative value to go forward)

if self.target position[0:2] == [0, 0]: #initialization
self.target position[0:2] = waypoints[0]

# if the drone is at the position with a precision of target_precision
if all([abs(x1l - x2) < self.target precision for (x1, x2)
in zip(self.target position, self.current pose[0:2])]):

self.target _index += 1

if self.target_index > len(waypoints) - 1:
self.target_index = 0@

self.target position[0:2] = waypoints[self.target index]

# computes the angle between the current position of the drone and its target position
# and normalizes the resulting angle to be within the range of [-pi, pi]
self.target_position[2] = np.arctan2(

self.target position[1] - self.current pose[1],

self.target position[®] - self.current pose[0])
angle left = self.target position[2] - self.current pose[5]
angle left = (angle left + 2 = np.pi) % (2 » np.pi)
if (angle_left > np.pi):

angle_left -= 2 * np.pi

# turns the drone to the left or to the right according to the value
# and the sign of angle left and adjusts pitch _disturbance
yaw_disturbance = self.MAX_YAW DISTURBANCE » angle left / (2 * np.pi)
pitch_disturbance = clamp(
np.logle(abs(angle left)), self.MAX PITCH DISTURBANCE, 0.1)

return yaw_disturbance, pitch_disturbance
run(self):

# time intevals used for adjustments in order to reach the target altitude
tl = self.getTime()

roll_disturbance = 0
pitch_disturbance
yaw_disturbance

=0
0
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# specifies the patrol coordinates
waypoints = [[-36, 20], [-60, 30], [-75, 0], [-40, -10]]
# target altitude of the drone in meters
self.target _altitude = 8

(32 platl LoLsY) waypoints

3 yuall 3 )Slatl d s

while self.step(self.time_step) != -1:

# reads sensors

roll, pitch, yaw = self.imu.getRollPitchYaw()
X_pos, y_pos, altitude = self.gps.getValues()
roll_acceleration, pitch_acceleration, _ = self.gyro.getValues()
self.current_pose = [x_pos, y_pos, altitude, roll, pitch, yaw]

1f altitude > self.target altitude - 1:
# as soon as it reaches the target altitude,
# computes the disturbances to go to the given waypoints
if self.getTime() - t1 > 0.1:
yaw_disturbance, pitch_disturbance = self.move_to_target(
waypoints)

tl = self.getTime()

# calculates the desired input values for roll, pitch, yaw,
# and altitude using various constants and disturbance values
roll_input = self.K_ROLL_P * clamp(roll, -1, 1) +

roll_acceleration + roll_disturbance
pitch_input = self.K_PITCH P * clamp(pitch, -1, 1) +

pitch_acceleration + pitch_disturbance
yaw_input = yaw_disturbance
clamped difference altitude = clamp(self.target altitude -
altitude + self.K_VERTICAL_OFFSET, -1, 1)
vertical_input = self.K_VERTICAL_P =
pow(clamped difference_altitude, 3.0)

# calculates the motors' input values based on the
# desired roll, pitch, yaw, and altitude values
front_left_motor_input = self.K_VERTICAL_THRUST + vertical_input
- yaw_input + pitch_input - roll_input
front_right_motor_input = self.K_VERTICAL_THRUST + vertical_input
+ yaw_1input + pitch_input + roll_input
rear_left _motor_input = self.K _VERTICAL_ THRUST + vertical_input
+ yaw_input - pitch_input - roll_input
rear_right _motor_input = self.K_VERTICAL_THRUST + vertical_input
- yaw_input - pitch_input + roll_input

# sets the velocity of each motor based on the motors' input values calculated above
self.front_left _motor.setVelocity(front left motor_input)
self.front_right motor.setVelocity(-front right motor_input)
self.rear_left_motor.setVelocity(-rear_left_motor_input)
self.rear right motor.setVelocity(rear right motor_input)

robot = Mavic()
| robot.run()
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# time intervals used for adjustments in order to reach the target altitude
tl = self.getTime()

# time intervals between each detection for human figures

t2 = self.getTime()

Creating a Folder il>we ¢ LLS)
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# gets the current working directory

cwd = os.getcwd()

# sets the name of the folder where the images

# with detected humans will be stored

folder_name = "detected"

# joins the current working directory and the new folder name
folder_path = os.path.join(cwd, folder_name)

if not os.path.exists(folder_path):
# creates the folder if it doesn't exist already
os.makedirs(folder_path)

print(f"Folder \"detected\" created!")
else:
print(f"Folder \"detected\" already exists!")

Image Processing 5 jsall dxflae
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"self.getTime() - t2>5.0"

# initiates the image processing and detection routine every 5 seconds
if self.getTime() - t2 > 5.0:

# retrieves image array from camera
cameralmg = self.camera.getImageArray()
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# reshapes image array to (channels, height, width) format
cameralmg = np.transpose(cameralmg, (2, 0, 1))
cameraImg = np.reshape(cameralmg, (3, 240, 400))
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# creates RGB image from merged channels
img = Image.new('RGB', (400, 240))
img = cv2.merge((cameraImg[2], cameraImg[1l], cameralmg[0]))
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# converts image to grayscale
gray = cv2.cvtColor(np.uint8(img), cv2.COLOR_BGR2GRAY)
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# loads and applies the Haar cascade classifier to detect humans in image
human_cascade = cv2.CascadeClassifier('haarcascade_fullbody.xml")
humans = human_cascade.detectMultiScale(gray)
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Drone Report and Saving of the Detected Images
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# loop, through detected human images, annotates them with a bounding box
# and prints a timestamp and an info message on the console
for (x, y, w, h) in humans:

# the image, the top left corner, the bottom right corner, color and width of the rectangle

cv2.rectangle(img, (x, y), (x+w, y+h), (255, 0, 0), 2)

current_time = datetime.now()

print(current_time)

print("Found a person in coordinates [{:.2f}, {:.2f}]"
.format(x_pos, y_pos))

# saves annotated image to file with timestamp 3
current_time = current time.strftime( "%Y-%m-%d %H-%M-%S")
filename = f"detected/IMAGE {current_time}.png"
cv2.imwrite(filename, img)

t2 = self.getTime()
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def run(self):

# time intervals used for adjustments in order to reach the target altitude
tl = self.getTime()

# time intervals between each detection for human figures

t2 = self.getTime()

roll_disturbance = 0
pitch_disturbance = 0

yaw_disturbance = 0

# specifies the patrol coordinates

waypoints = [[-30, 20], [-60, 30], [-75, 0], [-40, -10]]
# target altitude of the drone in meters

self.target altitude = 8

# gets the current working directory

cwd = os.getcwd()

# sets the name of the folder where the images

# with detected humans will be stored

folder_name = "detected"

# joins the current working directory and the new folder name
folder_path = os.path.join(cwd, folder_name)

if not os.path.exists(folder_path):

# creates the folder if it doesn't exist already
os.makedirs(folder_path)
print(f"Folder \"detected\" created!")

else:
print(f"Folder \"detected\" already exists!")

while self.step(self.time step) != -1:

# reads sensors

roll, pitch, yaw = self.imu.getRollPitchYaw()

X_pos, y_pos, altitude = self.gps.getValues()

roll_acceleration, pitch_acceleration, _ = self.gyro.getValues()
self.current_pose = [x_pos, y_pos, altitude, roll, pitch, yaw]

if altitude > self.target altitude - 1:
# as soon as it reaches the target altitude,
# computes the disturbances to go to the given waypoints
if self.getTime() - t1 > 0.1:
yaw_disturbance, pitch _disturbance = self.move to_target(
waypoints)
tl = self.getTime()

# initiates the image processing and detection routine every 5 seconds
if self.getTime() - t2 > 5.0:

# retrieves image array from camera
cameralmg = self.camera.getImageArray()

f:' o ¢ # checks if image is successfully retrieved
S if cameralmg:
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# reshapes image array to (channels, height, width) format
cameraImg = np.transpose(cameralImg, (2, 0, 1))
cameralmg = np.reshape(cameralmg, (3, 240, 400))

n 1

# creates RGB image from merged channels
img = Image.new('RGB', (400, 240))
img = cv2.merge((cameraImg[2], cameraImg[1], cameraImg[0]))

n 1

# converts image to grayscale
gray = cv2.cvtColor(np.uint8(img), cv2.COLOR_BGR2GRAY)

# loads and applies the Haar cascade classifier to detect humans in image
human_cascade = cv2.CascadeClassifier('haarcascade_fullbody.xml"')
humans = human_cascade.detectMultiScale(gray)

# loop, through detected human images, annotates them with a bounding box
# and prints a timestamp and an info message on the console
for (x, y, w, h) in humans:

cv2.rectangle(img, (x, y), (x+w, y+h), (255, 0, @), 2)

current_time = datetime.now()

print(current_time)

print("Found a person in coordinates [{:.2f}, {:.2f}]"
.format(x_pos, vy _pos))

# saves annotated image to file with timestamp

current_time = current_time.strftime("%Y-%m-%d_%H-%M-%S")
filename = f"detected/IMAGE_{current_time}.png"
cv2.imwrite(filename, img)

t2 = self.getTime()

# calculates the desired input values for roll, pitch, yaw,
# and altitude using various constants and disturbance values
roll_input = self.K ROLL P * clamp(roll, -1, 1)

+ roll_acceleration + roll_disturbance
pitch_input = self.K_PITCH_P * clamp(pitch, -1, 1)

+ pitch_acceleration + pitch_disturbance
yaw_input = yaw_disturbance
clamped difference altitude = clamp(self.target altitude

- altitude + self.K_VERTICAL_OFFSET, -1, 1)
vertical_input = self.K VERTICAL P * pow(clamped difference altitude, 3.0)

# calculates the motors' input values based on the desired roll, pitch, yaw, and altitude values
front_left_motor_input = self.K_VERTICAL_THRUST

+ vertical_input - yaw_input + pitch_input - roll_input
front_right _motor_input = self.K _VERTICAL_THRUST

+ vertical_input + yvaw_input + pitch_input + roll_input
rear_left_motor_input = self.K_VERTICAL_THRUST + vertical_input

+ yaw_input - pitch_input - roll_input
rear_right _motor_input = self.K_VERTICAL_THRUST + vertical_input

- yaw_input - pitch_input + roll_input

# sets the velocity of each motor based on the motors' input values calculated above
self.front_left_motor.setVelocity(front_left_motor_input)
self.front _right motor.setVelocity(-front right motor_ input)
self.rear_left_motor.setVelocity(-rear_left_motor_input)
self.rear _right motor.setVelocity(rear right motor_ input)

334



5otadoll @il 3y il ima sl L J3i1 Jgom 3loig gL 9 3yl 3 551 (6,30 BIS Ll Jo i 3
bl ! 3 Laglas] o5 3l ygualls

e L 1,

DA Mevic 2 FRO demo

@ o & ¢ & B ©

» i@ Floce Hloer

v @ Poduitran “pedestian{2)”
¢ @ Padutrian “pedeitian(1]®
* W Road “read”

» i Pedetden “pedestripn”

* @ Windeill “wendrmal”

# i ‘Windenill “windmdl{ 1"

* i Windmill “wandral(2)"

* W SmeliMenar “small manae”
» @ SgusreManhole “manhole”

W Foresz
w i MavicPre “Mevic 3 PRO™

@ name “Mavic I FRO"

@ comtrallerdegs

@ window "<generic»
W owstomDate =

@ supervisor FALSE

@ symcheonization TRUE
@ battery

» W CardboardBox *cardboard box™
» @ Tealabodel Simple “wehicle”
*

W tramaistion «1.13 0337 827
B retation <0LO0TIE 0U00138 1 2.56

@ controlier “drorse_contaolle™

Corpale - A0

Folder “detected” created]
2E25-Bd-20 1813117293592

Found & person in coordinates [-9.28, @.13]
b’!-"-ﬂ Livi 30 22, Sage5L

cund & persan in coardinntes [-B.81, @.35]

ks »r» » 0@ @ E < < [

TINFD: drone_comtroller: Starting controller: python.exe -u drone_controller.py

_ Console = All

@ E L lersdrone_controlledidrone_controlerpy 0 @ B

DeBBO 4 %

drone_cortrelier,py (]

N Copyright I9P8-2023 Cpbertatics Lid.
¥

# Licemsed under the Apoche License, W
& pou may mot wse This file eecept im ¢
£ Vow may ohtoin o copy of the Liceénse
=

» https s Y. opache . org/Ticensess
"

# Unless regquired by applicoble law o
§ diatributed wader- ehd Licdaed Lo oSiae
& WITHOUT RARRANTIES Of COWNDITIONS OF 2
£ Sew the License for the specific lomg
& [imitotions weder the [icense.

from controller isport Bobot

import nuegy 84 np  # Lized far nafhems
fmport o8 & Uhed far falder creation
import cvl & Used for {moge mowipuwlot

from PIL import Image & Used for imag
from detetise import datetime & Lised

¥ Awxiifiory fonction used for coloulotd

def clevp(value, value_min, walue_max):
return min(max|valie, value_min),

o@EE

| INFO: drone_controller: Starting controller: python.exe -u drone_controller.py

| Folder "detected” created! ®

.'l.‘ g0 ®
..iﬂ-l -.ﬁﬂ‘"
00, """, 000

L]

Ul ajlig
fﬂ#%.sl'l{ aoF Education

Nl N 4 ..I.

P B

\
- 2023-84-20 10:50:17.893982
6.21 o Found a person in coordinates [-©.28, ©.13]
| 2923-04-20 18:50:22.546951
Found a person in cocordinates [-9.81, 8.25]
# Open File...
- v # | » ThisPC > Documents > Al2_ U3 Drone » controllers » drone_controller '] 2 Search
Organize « Mew folder

> [ This PC

> g Network

s 3 Quick access

> g Creative Cloud Files

File name:

B

haarcascade_full

Irone_controlier

drene_controller. detected
Py body.xmil .
drene_controller.py All Files (*) ~
Open Cancel

IMAGE_2023-04-20_10-50-17.png

IMAGE_2023-04-20_10-50-22.png

clalizg¥l le ggisd Al Alagasll jpually alall cLii) 16.22 K5




;thﬂJils:afi:gyhiL]hlfﬁéiﬂ;E?LL&!tJLiﬂlJ;grtJHh&Jle-il?illﬁjFa:ai}dﬂtéji=I:f ﬁfuﬁfrauguiLgijaaléull‘njiauiiizfiilljﬁghL:ut "I!I'

S3IS Lot | Luais

29 @Sl 1 Bim g duadai Lo 5l pST 2 3,8 (1 das S5 18 (3193 10 JS CBLAIS VL p g3 o @Sl el o Jie o

Tals gasl! yguall

L @
o, —

.l.. = = 008
]
ee, *. ,p.aﬂ’h
L]
.

¥ | — T|| ﬁjj|qu

Ministry of Education
2025 - 1447

336



*_'_j_;.'. S eSall buloldl Cya '!i"r'..u :uiwlﬁmﬁglﬂﬁl .'.Lu'lt_q..ui;n.qﬁ I'.'.!EMI&L?_;&& IR g | e
I 158 hllas Se

LAY LB g lillas Sha ;_;;.-.+rectangle{}‘&Jmi‘gwwgﬁylmhiu,m ylod g o

"
=
o

1 BLAISI e B yuad 13 5Ll 1 a3 W g 5lomd W9 LAY @B pdns soms s polind| @Sl I zesli o Jiie o

Se ]
..-.. *ﬂa
.-.. ™ ™ *gﬂ'ﬁ
..‘- -‘- - .ﬂ‘ﬂ‘

¥ L]

a1l ajljg
M%%Zq aF Education

2025 - 1447




5 3iS e Liln oW1 1S3 JalSS o yliin ¢y a csatall cillin ikl gl 2
Oladdl 2 aabizll clelballyaleliall calizl La pglas @i S5l @ ool
oo Lilaus¥1 S 1S3 el i L3l elellazll @l cpa Loanll pliaatt 33,
Sl aladal aab ol 0¥ pliaati 1aa 2 p Lkl jugles ol ey 128y

L&JEI u.:jun‘.LLla.;.aﬂl .-.'lS.st_].q.cJ‘_“,:dl a:!_-q-_;.aJ‘I a:_tL:)_" z‘l.q.la.ltl O L;'auﬁi
oy ilaglas 2035 allad Gaadadd Alaiml] ol palidl sis g 22505 Y

3Ll 2 e libao¥l S0 aluseil wie Las Lt 15353 Cagltl s
Al 23R Gl (e Ao gazma gy < s b Amis le S5 il 3
Aiming yau Ll da Dl Lﬁjljtfl g]a.n'.'y Aol a:}Ln)Jl %#LMY‘ Sl

Al seus iT;L_‘_....'}"rj d> yuall I VEQY Cealdl _1:1._-.51. 'l_:m:m.EE L:q): :,_,_';._I'I

Ao 350 Sl ceslsuiads

"'-L“'

338




ijas iale

(el o ISAH OLAMS fhe dole At 48 y2e <

B lul o1 Laado o CALIN) 3| LAY g jiomill (St S (yammd <

(el ¢ ISIUT Aelal| afiniul

o S 2 psanil) Al B A2 SN AU Gie (oo il 331 pka dsdon <

.‘?.QLMY !

AN AT I Aie oSS | palall g O ladicld ) duos 95 AlsS @il <

(e lidan! ¢ SIU) Ak aluiuli g
(6 ey I35 (393 Lo Ay 2 JAI 3yl 3 53 U0al) Az p3 <

ooy IO ce At Sy (Ll 3yt 3 25 kel ALERS JostaT <

Al Ethics

‘ Area Surveillance

‘ Bias

Black-Box Problem

‘ Debiasing

Global Positioning
System - GPS

‘ Gyroscope
]

e ﬁ_ Human Detection

£1S AT 1 SLE s |
,.-E,.:L'..Tn.;.ah'l

aalait| a3 oo

ety
By-uall Ui

a_g..ufh'l

¥ e LAl

g‘l_’li dodso allad
Alatt

eﬁs-ﬂjr:-?-“_
1 LAl

.?EW | ab.ﬂ'."fl |

Inertial Measurement
Unit - IMU

Motor

| OpenCV Library

Pitch

Propeller

Robotics

Roll

Simulator

@A I aTu Y
i

Value-Based
Reasoning




