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Loading and Preprocessing Images 4.d o¥ Lgint e g ygual! Jasdd
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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.io import imread # used to read 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

c]a&l‘ uL.s Uy ¢ Lgudt A\._a__sig‘ Lgd bl 3\.:5;:11& 2 seuall IS eSS ui 4;51‘ (“i":"” aladylen
sLasl Lgd 01955 cgomy Lgie JS e, (@Ml _aleea) input_folder ¢y gl 152 Ll e !

def resize_images(input_folder:str,
width:int,

height:int

DE:

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

for subfolder in listdir(input_folder): #foreach 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))) #resizesthe image
labels.append(subfolder[:-4]1) # 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 = resize_images("AnimalFace/Image",
width=100, height=100) # retrieves the images with their labels and resizes them to 100 x 100

BearHead EagleHead PigeonHead Osug ol almall ¢ lawl Lo ola
CatHead ElephantHead RabbitHead Jia (Luly) Head =M1 alazall
ChickenHead LionHead SheepHead 539m 5l calie clendl oiia
CowHead MonkeyHead TigerHead SR wfﬁ -
DeerHead Natural WolfHead Letals

DuckHead PandaHead

"'RGB"_)J)_,SBJ,_@_U Olsdl Gueuts imread () a_suc;:ﬁ
iy ey Y tpaly B Lo Geealtl] o0 aiet oy
2oVl 13 (RGB o5Vl allai 25 .l 5191 (ye Bl g A gam s
(Ol ey iligSe 35 le Guwidll slgunl B 3G R
(G = Green) ,uas¥10slls (R = Red) ;e ¥iyolll oy
g @l &L Jus IS S5 - (B = Blue) @)% sl
IS (3051 9l 3By puaas ¥ ()3l 3LiBy « yan VI (51 3L33)
Aesd oSl 351 o 5 Sag ¢ (8-bit) e ailed (gpi 3L
Sl G @euls L] 255-0 3eaiall a3 25550 :0ny
6 3 % e 18 1% .(Unsigned Byte) 3,Lal ¢y e

bl sl 32510742 g e Rl B garma el SOl g 1311 018 s prand it
Baall 93 JuuSlly  JalSIL panT s (15Saus (255 00 00) Fall 93 JuuSl s I s le ¢ JuuS1 2 15191
JasSly oSO 3531 g (p3Saas (060.255) dasall 93 hoSlly s JoalSULy pinsl digh ()5S (0:255.0)
gl gl (y9Sss (0.0 .0) daall 93 JuuSlg  yinn] digd (ysSuew (255 255 :255) dagall 93

Vs Xlilant Ji5 el by e ot aLa¥ 2515 A0 82 JuSl 03 5 (RGB ol ¥ allsi 2
o Ul e e - (IMage Matrix) jsual 28 sime @l 3Scadl oia Il 5Lads 3 small 2wl
0T Lgy iy yma | plailly 4.2 JSadN 2 3352 511 3 g0l slsliiel 2

# reads an image file, stores it in a variabe and

# shows it to the user in a window

image = imread('AnimalFace/Image/LionHead/lioni78.jpg"')
plt.imshow(image)

image.shape

(169, 169, 3)
Mj»‘jjwﬁgs‘uﬂflcja__umQMAPLIGQXIGQMM&QSJM‘J&&&%M
RGB o)lg¥l allaid (3,31 / yuasl / janl) &dall cilgiall edlill s5aall 23 @311 Frars 1oy (28,561)
13 g0l 028 (e Jo¥1 JuSll ()99 20 ) e sl ol s JBL S e

# the pixel at the first column of the first row [162 68 66]
print(image[0][0])
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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]

RGB 5Ll el il 03 ()L 100 % 100 sLayl ol 3 Agine M Lgaman yud 43 555mll o (e @l e
Gueas 1 6531 5 ya Lgligad kel (4Sang 15 0 o dei® el (4950 (Normalized) Lgto graai @3 S JSI
I oyl ol I35 (e 3Ll gt Ll

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

print(image[0]1[0])

]
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# displays the resized image
plt.imshow(resized);
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violations = [index for index in range(len(resized_images)) if
resized_images[index].shape !'= (100,100,3)]

violations

[455, 1587]
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plt

posl = violations[0]
pos2 = violations[1]

print(filenames[pos1])
print(resized_images[posi1].shape)
plt.imshow(resized_images[posi])
plt.title(labels[pos1])

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)
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# prints the first pixel of the RGBA image

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

resized_images[pos1][0][0]

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

G s (100.100) sl o3 JSs Lt s slidl 3 y5
(Grayscale) @sbe y g yu3 Guin 3 y5uall o) e eIl aal
3231 /ol Jlat! Gewidly RGB Guuiy cowds
oy I agay Ll cnd) (Misleading Yellow /Blue)
a3 sgaall e ol yral Sy imshow alll Lgzided 2!

:L.,.\QLQS@UJLOS.MJLL:QJLAJH C)..Cd‘

.imshow(resized_images[pos2], cmap = 'gray')

202



Cj‘):e »‘Q@JOQBJL:&MJSMQL(QM‘ RGBQ‘}@U.A{LM) JA.E.SS»UBLB L@J‘:;JLA).” G).&”J}‘A
B Qs e ¥ 111 255 L€l Bed oS Lot c 358 (3ol 0 JuSll Aed oS i <255 11 0 e

resized_images[pos2][0][0]
100
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bl
# used to count the frequency of each element in a list. Counter({'Bear': 101,
from collections import Counter "Cat': 160,
"Chicken': 100,
label_cnt = Counter(labels) ‘Cow': 104,
label_cnt ‘Deer’: 103,
'Duck': 103,
'"Eagle': 101,
"Elephant': 100,
"Lion': 102,
& a9 dd latiall Aagall 439, cliSay Lin "Monkey': 100,
e gsds « (Aaglall 5l Nature) Nat 'Nat': 8,
Y Al &y lie dadd puolic Aol 'Panda’: 119,
'"Pigeon': 115,
'Rabbit': 100,
'Sheep': 100,
'Tiger': 114,
"Wolf': 100})

3 (50 33 A pgall e byl gy iy talall ox:s)-&‘ 23y bl s le bl desama g5
Lesic g dagd jpim iled o (ggimig s (dandall) Nat Lgilgic a5 yuiin 2% ye (slaall) Counter caisy .clilgust!
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Olge ¥

(Rl ) Nat 222 s ) gl JS 1365 gl 1 529009 ROBA S 150 B30 AL omn oll ol o5
Lgazma pue Ul Hgually Guglially cnlalll clawl @3193 (4

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 in 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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from sklearn.model_selection import train_test_split

X_train, X_test, y_train, y_test = train_test_split(
X,

Yy
test_size = 0.20, #uses20% of the data for testing

shuffle = True, # to randomly shuffle the data.
random_state = 42, #to ensure that data is always shuffled in the same way

s Ll @31901 2 Lie conest alims JS (o sgen] ol 91 sl 1 iles el il gl s ol aloms 08 1313
Juass) shuffle=True darsg icoauladl d3h) Jlome 2 dsls ccliad gl (pa mpaaldl Jubias I el (6350 w3y
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Prediction without Feature Engineering (ailasf! dwlid (gl 5.0l
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X_train[0].shape

(100, 100, 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, )
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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
ragalinl 443 slac x5lidly 2slsdl(Confusion Matrix) 28,01 4 gawme AL Loma ydl pladll () e

%%capture
I'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),
Xx_tick_rotation = 90,
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

) ) 6% cye 35 dbgmele (S el 353 SGDClassifier caias iz
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c(Standard Sealing) ;15 25,050 e w13 gy Lede MultinomialNB
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relild) @zt sklearn aese oo (luat! p_;_ei!) StandardScaler 3! AL eyl pladll adetion

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[0]) #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 0.61190285 ... -0.65170221 -0.62004162
-0.26774175]

M‘dgﬂ‘ abludl eilegama ‘a‘_bﬁ.ub oyloaty oo Cé}m o)y uzﬁ‘ 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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:sckit-image

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[0],cmap="'gray');

plt.imshow(X_train[0]);
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print(X_train_gray[0].shape)
print(X_train[0].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,)

L] o] &0 L4 an
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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_grayl])

togastl i 12 Lle SGDClassifier cojus (¥ S

# 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", # titletouse
cmap = "Purples", #color palette to use
figsize = (10,10), #figure size
x_tick_rotation = 90
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%%capture
I'pip install tensorflow
I'pip install keras

3aSe I ma il plasll el
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# 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 in y_train])
y_test_num = np.array([classes.index(label) for label in y_test])

print()

# example:
print(y_train[:5]) #first5 labels

print(y_train_num[:5]) #first 5 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]

Anliie clads JS8 2 dne 305 cLid Keras 208 e (polull) Sequential 31s1 aluzial o3 Sy

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 RelU 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')

dec 2 (model compile()) asemitls 4y yallg Keras dcsa 2. S #3goil slael adls ‘QM
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model.fit(X_train_hog, # training data
y_train_num, #labels in integer format
batch_size = 80, #number of samples processed per batch
epochs = 40, #number of iterations over the whole dataset

)



17/17 [==============================] - 1s 16ms/step - loss: 2.2260 - accuracy: 0.3333
Epoch 2/40
17/17 [==============================] - Qs 15ms/step - loss: 1.1182 - accuracy: 0.7256
Epoch 3/40
17/17 [==============================] - Qs 15ms/step - loss: 0.7198 - accuracy: 0.8155
Epoch 4/40
17/17 [==============================] - Qs 15ms/step - loss: 0.4978 - accuracy: 0.9031
Epoch 5/40
17/17 [==============================] - Qs 16ms/step - loss: 0.3676 - accuracy: 0.9388

17/17 [==============================] - Qs 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 [==============================] - Qs 15ms/step - loss: 0.0076 - accuracy: 1.0000
Epoch 39/40
17/17 [==============================] - Qs 15ms/step - loss: 0.0073 - accuracy: 1.0000
Epoch 40/40
17/17 [==============================] - Qs 15ms/step - loss: 0.0071 - accuracy: 1.0000
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pred = model.predict(X_test_hog)
pred[0] # prints the predictions for the first image
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array([4.79123509e-03, 9.79321003e-01,
7.83501855e-06, 3.50346789e-04,
4.41945267e-05, 4.11721296e-04,
1.97038025e-04, 2.3474481k4e-03,
dtype=float32)

.39506648¢-03, 1.97884417e-03,
.45465224e-07, 1.19854585e-05,
.27362555e-05, 9.83431892e-06,
.49758552e-04, 1.57057808e-031,
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# 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))
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Prediction Using Convolutional Neural Networks
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2002 OLLI! 4e gasme e MultinomialNB

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( , ) # 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_trainl]) #converts training data

X_train_hog =

scaler = StandardScaler()

X_train_hog_scaled = i .fit_transform(X_train_hog)

model_MNB = MultinomialNB()

model MNB.fit(X_train_flat_scaled, )
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Understanding Image Content
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%%capture
import matplotlib.pyplot as plt
from os import listdiry

'pip install scikit-image

from skimage.io import imread

from skimage.transform import resize
from skimage import img_as_ubyte

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

_al=a) input_folder ;ye (wbilgumdl_sg9) LHI-Animal-Faces Uil fe gama ygo il 2011 T,
1 Cpeany 135 (08 L oyl o all 3lasl Ll (95 cgoms Lgiie JS emn Jisly Ly il (32
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def resize_images_v2(input_folder:str,
width:int,
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'l]

)
BearHead MonkeyHead ]
CatHead Natural 3 pduall (pagliall ol
ChickenHead PandaHead Lgal il @i Al
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

(150528, )

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([0.41960784, 0.57254902, 0.4 y ..., 0.35686275, 0.3372549 ,
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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from sklearn.cluster import AgglomerativeClustering # used for agglomerative clustering
import scipy.cluster.hierarchy as hierarchy

hierarchy.set_link_color_palette(color_palette) #setsthe 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) Oe 3okue (3)15) ward
plt.show() EPWES f,Jae,sz,:‘)Io

o ! S gl
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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, ..., 4, &, 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))

Homogeneity score: 0.09868725008128477
Adjusted Rand score: 0.038254515908926826

Completeness score: 0.101897123096584
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from skimage.color import rgb2gray

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_gray])

X_hog.shape

(1085, 54756)
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tsne = TSNEVisualizer(colors = color_palette)
tsne.fit(X_hog, vy)
tsne.show();
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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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from keras.applications.vggl6 import VGG16 # used to access the pre-trained VGG16 model
from keras.models import Model

- 2 s
o madl (a3 AV AG N (Bl
model = VGG16() #loads the pretrained VGG16 model ( < O O el A=

# removes the output layer
model = Model(inputs = model.inputs, outputs = model.layers[-2].output)

Osll @i @uzmad: Jio VGG L6 ¢35 Loy Ll Lgraadh Zca L1 A9 At Ll M) s ) gl 3k
:190 oo I RGB
from keras.applications.vggl6 import preprocess_input (1085, 224, 224, 3)

X_prep = preprocess_input(X)
X_prep.shape
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X_VGG16 = model.predict(X_prep, use_multiprocessing = True)
X_VGG16.shape

34/34 [::::::::::::::::::::::::::::::] - 575 zs/step

(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

import as plt

X_norm = # normalizes the data

plt.figure() #creates a new empty figure

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

hierarchy. (linkage_flat)

plt.show() #shows the figure
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%%capture

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

import matplotlib.pyplot as plt
from PIL import Image # used to represent images
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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"
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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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

DE



# creates the global list of skills s1, s2, s3, ...
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(1, 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', 's5', 's6'}

w3 {'s7', 's2', 's4', 's5', 's1'}
wt {'s9', 's4'}

w5 {'s7', 's4'}

we {'s7', 's10'}

Required Skills: {'s6', 's8', 's7', 's5', 's9'}
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# used to generate all possible combinations in a given list of elements
from itertools import combinations

L= ['wl", 'w2', 'w3', 'w4']

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

pairs [('wl', 'w2'), ('wl', 'w3'), ('wl', 'w&'), ('w2', 'w3'), ('w2',
‘wa'), ('w3', 'wa')]
triplets [('wl', 'w2', 'w3'), ('wl', 'w2', 'w4'), ('wl', 'w3', 'wa'),
('w2', 'w3', 'wa')]
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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 in teams: # for each team of this size

skill_union = set() #union of skills covered by all members of this team
for worker_id in 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)

('w2', 'w3', 'wa')
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problems_with_5_workers = [] #5 workers

problems_with_10_workers [1 #10 workers
problems_with_15_workers [1 #15 workers
problems_with_20_workers [1 #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

if 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 = gets_solutions(problems_with_5_workers,
solver = 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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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)

intersections( ) a_n_mﬁiﬁ
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# while there are still required skills to cover
while len(uncovered_required_skills) > 0:

best_worker_id = None # the best worker to add next

# number of uncovered skills required for the best worker to cover R
best_new_coverage = 0 2 g @ Gl dgllasdl
.uncovered_worker_skills

J

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 Tlen(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: #if a 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)

5y dually (Jlae duadl i de s datl cniey o301 ddels 45,5t compare () 31l alaziwl R us,,f
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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

Csa 281 5180 % gt Jua¥l Jodl 5l paaaly o o] LS Aaiand| Y ¥ eyl 31 skl C_my
mjj\ﬂ\mdﬂyﬁnwuxwuw@w\us_@ ealgll 2, Mummmﬂik_mds
G20 Jumdl @ oy 1 L3 0050 Lt LELI Jg Lol ;\_,u\awu_m&umﬁ_u_ow\uywm

-OSase
(a3l ol eslaadanld J38T G lae 5l AV Aa )yl g3 o) dad (ALl de el 3 ja ] lls Al cusd 13
.méam#%@@suhq@yimpﬂwangm Gyl B ki



OIS s S B hadiond | 23 Wi ¥ By yg3 1y Ao il 39581 Arn)ylg 1(p0 US Aliiniul ciguc g Lylje Le o
§ it |

e} S0 2 AR J gt | alons Y i | 20 Y s W1 Sy gt | plotiniianl A plo Sl e

264



iy A e o pdalil) JLaS| IS (40 (3 58 sline ] (1o 953 WS o Cyrsumld Amdin S oo )yl Gl e
heglls Gy yalf sline ] CauSaY Aadind | AL YY) Jond| 2oy )l g3 Ainiad

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=[] #bestsolution
uncovered_worker_skills={}

for worker_id in worker_skills:

uncovered_worker_skills[worker_id]=worker_skills[worker_id].

(uncovered_required_skills)
while len(uncovered_required_skills) > 0O:

best_worker_id= # the best worker to add next
best_new_coveraégzaiggafn@er 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 Tlen(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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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
print(random.randint(+[1, 10]))
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create_problem_instance(10, [5, 201, [5, 501, [1, 31)

_ ( iled! aesall 3lla )
{'durations': [18, 17, 17, 6, 9, 6, 20, 12, 9, 19],

'deadlines': [39, 31, 6, 42, 48, 10, 39, 16, 34, 35],
'weights': [2, 2, 3, 2, 1, 3, 2, 1, 3, 11} 0080 Aueal e )
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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) # getsthe 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



job_id=schedule[pos] # schedule[pos] is the id in the 'pos’ position of the schedule
if pos == 0: #ifthisis the 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], 0)

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: #for every possible schedule

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

if 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, 201, [5, 301, [1, 31)

brute_force_solver(sample_problem) [
{'schedule': (0, 2, 1, 3, 4), (.i@iﬂ;,\ﬁgu@; )( sl Aueal S )
"tardiness': 164, <

"finish_times': [5, 11, 21, 36, 511}
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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, 571}
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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, 01,
"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) # getsthe 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 a copy of the schedule
# swaps jobs at positions pos1 and pos2

new_schedule[pos1], new_schedule[pos2] = best_schedule[pos2],
best_schedule[pos1]



# 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:

LelS JLELI 148 2 ot | O3 pn
# the new_schedule becomes the best one o Led J ) Bl e

best_schedule = new_schedule
best_tardiness = new_tardiness

J s (iege £LEDI Gyl

best finish_times = new_finish_times 2 LogzaBiga dsliay Joul!
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# returns the best solution

return {'schedule':best_schedule,
'tardiness':best_tardiness,
"finish_times':best_finish_times}
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def random_swap(schedule):
job_num = len(schedule) # getsthe number of scheduled jobs
posl = random.randint(0, job_num - 1) #samples a random position
pos2 = posl
while pos2 == posl: # keepssampling until it finds a position other than pos1
pos2 = random.randint(0, job_num - 1) #samples another random position
return posl, pos2 #returns the two positions that should be swapped
sl 2 05 pglmia (il g niegh 51 adl Lyl celd b @ atiins omlaal L) 01l aiiuis
2<>15 1<>35 3<>0 daz (1sSiias Ay YLl
def adjacent_swap(schedule):

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

posl random.randint(®, job_num - 2) #samples a random position (excluding the last
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, 0], 'tardiness': 83, 'finish_times': [15, 21, 30,
41, 571}
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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, 31))

#Dataset 2
problems_30 = []
for i in range(100):
problems_30.append(create_problem_instance(30, [5,20]1, [5, 501, [1, 31))
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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: # for each problem in this datset

#uses each of the solvers on this problem
if 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(problem,
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]))

:LegilS problems_30 4 problems_7 clilud! e gama pe COMpare () als R REL Ry us_‘,:

compare(problems_7,True) brute-force 211.49
greedy-deadline 308.14
greedy-weighted_deadline 255.61
1s-random-wdeadline 212.35
1s-random-deadline 212.43
ls-adjacent-wdeadline 220.62
1s-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: #for every possible schedule
#evalute the schedule
tardiness,finish_times=compute_schedule_tardiness(problem, schedule)

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

best_tardiness=

best_schedule=

best_finish_timesi

# return the results as a dictionary
return {'schedule':best_schedule,
'tardiness':best_tardiness,

"finish_times':best_finish_times}
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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 = Tlen( )# 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( ): #foreach of the given iterations

# chooses which two positions to swap

posil,pos2= (best_schedule)

new_schedule = best_schedule. ( )# creates a copy of the

schedule

# swaps jobs at positions pos1 and pos2

new_schedule[pos1], new_schedule[pos2] = best_schedule[pos2], best_
schedule[pos1]

# 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 =

best_finish_times=
# returns the best solution
return {'schedule':best_schedule,
"tardiness':best_tardiness,
'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



C

40 # knapsack capacity

I

range(len(values)) # creates an index 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 i 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



for i in I: #foreach item
if x[i].x == 1: #if the item was selected
print('item', i, 'was selected')
# updates the total weight and value of the solution
total_weight += weights[i]
total_value += values[i]

print('total weight', total_weight)
print('total value', total_value)

was selected
was selected
item 3 was selected
item 5 was selected
total weight 34
total value 65

item
item
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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

dist_matrix = numpy.zeros((num_locations, num_locations))

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

location_ids = set(range(num_locations))

# creates all possible location pairs

location_pairs = combinations(location_ids, 2)

for i,j in location_pairs: #foreach pair
distance = random.randint(+distance_range) #samples a distance within range
# the distance from i to j is the same as the distance from j to i
dist_matrix[j,i] = distance
dist_matrix[i,j] = distance

# returns the distance matrix, location ids and the startstop vertix
return dist_matrix, location_ids, random.randint(©, num_locations - 1)
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dist_matrix, location_ids, startstop = create_problem_instance(8, (5, 20))
print(dist_matrix)
print(startstop)
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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 #total distance in this route
curr_loc = startstop #current location

for next_loc in 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

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

(11 2' 3)
(11 3' 2)
(2, 1, 3)
(21 3' 1)
(3, 1, 2)
(31 2' 1)
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brute_force_solver(dist_matrix, location_ids, startstop)
([3, 5, 2,7, 1, 4, 0, 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 [[06 06 0 0]

[0 00 0]
print(arr) [0 60 0]

[0 00 0]]
arr[0, 0] = 1
arr[3, 3] = 1 [[1 0 0 0]

[0 00 0]
print() [0 060 0]
print(arr) [0 © 06 1]]
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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 a solver
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 i, j in transitions:
x[i, j] = solver.add_var(var_type = BINARY)
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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,jl+x[i][j] for i,j in
transitions))
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# for each location id

for i in location_ids:
solver += xsum(x[l j] for j in 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 i !'= j:
solver += y[j] - y[il >= (N+1) = x[i, j] - N
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itertools import product
mip import BINARY,INTEGER
mip import Model

mip import xsum, minimize

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, j 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 i in location_ids:
solver += xsum(x[i,j] for j in location_ids - {i}
solver += xsum(x[j,1i] 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) in product(location_ids - {startstop}, location_ids - {startstop}):
if i != j: #ignores transitions from a location to itself
solver += y[j] - y[i] >=(N+1)*x[i,3] - N
solver.optimize() #solves the problem
# prints the solution
if solver.num_solutions: #ifa solution was found
best_route = [startstop] # stores the 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: #ifxvalue 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
if next_loc == startstop: #exits if route returns to the startstop
break
return best_route, solver.objective_value #returns the route and its total distance

# exactly 1 arrival

) == 1
) == 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
if distl == dist2:
same_count += 1
print(same_count / 100)
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import time
start = time.time() # startstimer
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: #foreach route

0 #total distance in this route

distance

# current location

curr_loc

for next_loc in route:

distance += [curr_loc, next_loc] #adds the distance of this step
curr_loc = # goes the next location
distance += [curr_1loc, 1 #goes to

back to the startstop location

if 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
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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 i, j in transitions:

x[i, jl = solver. (var_type= )

# objective function: minimizes the distance

solver.objective = (xsum(dist_matrix[i, j] = x[i][j] for

i, j in transitions))

# Arrive/Depart Constraints
for i in location_ids:

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

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

# Adds a binary decision variable for each location

y = [solver. (var_type=777 ) 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 i != j: #ignores transitions from a location to itself
solver += y[j] - y[i] >= (N + 1) * x[i, j] - N

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

import cv2 # used for image manipulation and human detection
from PIL import Image # used for image object creation
from datetime import datetime  # used for date and time

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

class Mavic (Robot):

# 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

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):

]
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# 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]

for motor in motors: # mass initialization of the four motors
motor.setPosition(float('inf"'))
motor.setVelocity(1)



self.current_pose = 6 *= [0] #X, Y, Z yaw, pitch, roll

self.target_position = [0, 0, 0] (4;‘\)}_,3 (X Ve 2) 5y :H@"Ajﬁ‘w‘j
self.target_index = 0 ® oyl oS oLy

. B L .(E}.ﬁ.‘y LJ.LMY =) Y)
self.target_altitude = 0

def 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, O]: #initialization
self.target_position[0:2] = waypoints[0]

# if the drone is at the position with a precision of target_precision
if all([abs(x1 - 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[0] - 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.logl0(abs(angle_left)), self.MAX_PITCH_DISTURBANCE, 0.1)

return yaw_disturbance, pitch_disturbance
def run(self):

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

roll_disturbance = 0
pitch_disturbance

=0
yaw_disturbance = 0



# specifies the patrol coordinates

waypoints = [[-30, 20], [-60, 301, [-75, 0], [-40, -10]] ._w

# target altitude of the drone in meters

self.target_altitude = 8
(Goall Llsy) waypoints

while self.step(self.time_step) != -1: e 20 ylaally ol
# reads sensors 26 peaall 3,510 4

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)
t1 = 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_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)

robot = Mavic()
robot.run()
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# time intervals used for adjustments in order to reach the target altitude
t1 = self.getTime()

# time intervals between each detection for human figures

t2 = self.getTime()
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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!")
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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
cameraImg = np.transpose(cameraImg, (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[1], cameraImg[0]))
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(gl Il zoual 1 es Vg 5uad Vg 35591 (ye o151 it COLOR_BGR2GRAY

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

# checks if image is successfully retrieved
if cameralmg:



# reshapes image array to (channels, height, width) format
cameraImg = np.transpose(cameraImg, (2, 0, 1))
cameraImg = np.reshape(cameraImg, (3, 240, 400))

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

# 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, 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

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 + yaw_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)
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