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my env/bin/activate
i Joll e Scikit-Learn ddo-5 OS] b & nad G (Lgld doee ) By Lali5 ms

(my env) $ python -c "import sklearn"
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Output

Traceback (most recent call last): File "<string>",
line 1, in <module>

ImportError: No module named 'sklearn'

pip phseal LSl Ly o8 1 coeta 18 sklearn of S lasd Al 225
(my env) $ pip install scikit-learn[alldeps]
Jupyter Notebook Jorazy o coctall JlaST 5 2eas
(my env) $ jupyter notebook

oo S sl @-ML Tutorial ey 434> Python Notebook sLiL o3 Jupyter b
tiacd)l sklearn sisj sl mul o3 (Notebook
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import sklearn

: JUI KL & joldinotebook sz of con

_ Jupyter ML Tutorial Last Checkpoint: a few seconds ago (autosaved) Logout
File Edit View Insert Cell Kernel Help Trusted ‘Kemel o]
[B]/+ =< @ ® [+ ¢ ¥ mc coe ¢ [=

In [1]): import sklearn

sklearn 5 gs _f-\H 5 ety o ol s & Jupyter Notebook
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from sklearn.datasets import load breast cancer
# Load dataset
data = load breast cancer()
dagall Gugaldll m3lis . dictionary pwssldl Jos Jory g1 Ok 5K data el fae
Lad)l ©laidly (target_names) ciiadl Slod slond 2 Lol e Con I
(data) wlkdly (feature names) oleudl [ a5l ¢L0.ij «(target)
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ML Tutorial

# Organize our data

label names = data['target names']
labels = datal['target']
feature names = data['feature names']

features = data['data']
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# Look at our data

print (label names)
print (labels[0])
print (feature names([0])

print (features[0])

125500 Jorizy e 13] LW el (6 o

In (3): # Look at our data
print(label_names)
print(labels(0])
print(feature_names(0])
print(features(0])

['malignant’ 'benign']
0

mean radius

G | 1 1.0 1 1. 2 1.001 3
1.18400000e-01 2.77600000e-01 3.00100000e-01 1.47100000e-01
2.41 01 7.87100000: 02 1. 9.05300000e-01
8. 1.534 2 6. 3 4.90400000e-02
5.37300000e-02 1.58700000e-02 3.00300000e-02 6.19300000e-03
2.5 1 1.73 1 1.84 2 2.01 3
1.62200000e-01 7.11 1 2.65400000e-01

4.60100000e-01 f::;QOOOUUe—Oi]
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from sklearn.model selection import train test split

# Split our data

train, test, train labels, test labels
train test split(features, labels, test size=0.33,

random_ state=42)

L Jladl lia 3. test sizedslrs el lsie ISCis Bl ety A p 525
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from sklearn.naive bayes import GaussianNB

# Initialize our classifier

gnb = GaussianNB ()

# Train our classifier

model = gnb.fit(train, train labels)
e 13 Jond Codedl 23 50l plaeal G5 sy LiSlay 3 pedl oyt p s O day
J1l &r .predict () s f\.b’cw:Lg PF) p 5 L:;J\) Lo Aol HLesNl de gazes
Gl s LSay LY e porme Jobly e O ©lgiddl e deseme predict ()
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éu\ C‘L‘) )L"Io-Y\ Z&PM & predict () dls r.l}:’;w\

# Make predictions

preds

In [6]:

gnb.predict (test)

# lnitiaiize our ciassirier
gnb = GaussianNB()

# Train our classifier
model = gnb.fit(train, train_labels)

# Make predictions
preds = gnb.predict(test)
print(preds

print (preds)
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from sklearn.metrics import accuracy score

# Evaluate accuracy

print (accuracy score (test labels,

preds))
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In [7]: from sklearn.metrics import accuracy_score

# Evaluate accuracy
print(accuracy_score(test_labels, preds)
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from sklearn.datasets import load breast cancer

from sklearn.model selection import train test split

from sklearn.naive bayes import GaussianNB

from sklearn.metrics import accuracy score

# Load dataset

data = load breast cancer()
# Organize our data

label names = data['target names']
labels = data['target']
feature names = data['feature names']

features = data['data']
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# Look at our data
print (label names)

print ('Class label = ', labels[0])
print (feature names)

print (features[0])

# Split our data

train, test, train labels, test labels =
train test split(features,labels, test size=0.33,
random state=42)

# Initialize our classifier

gnb = GaussianNB ()

# Train our classifier

model = gnb.fit(train, train labels)

# Make predictions
preds = gnb.predict (test)

print (preds)

# Evaluate accuracy
print (accuracy score(test labels, preds))
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mkdir tensorflow-democd

tensorflow—-demo

bl el 1 g A 231 2l sl I ol sV iy o
python3 -m venv tensorflow-demo source

tensorflow-demo/bin/activate

¢¢¢&4¢¢2;;M.q%bd\GA@AHiAéup¢&xawgglgﬂgid\¢?xud‘¢MS¢9
goradl o 3 requirements. txt Cils sl IO (0 SLeSlll ol e Badoes
requirements.txt ;L.’:.S;lg (,.3 sl é.ﬁ\ )\M}”} QL:\H::.Q.S\ Sdow L“;JJ\

(tensorflow-demo) $ touch requirements.txt
NumPy; Image Slea o) &I ol Cisls o el o Gedledl il
:L@lylksls TensorFlow s
requirements.txt
image==1.5.20
numpy==1.14.3

tensorflow==1.4.0

E JUI Yl sl SLeSall ada Sty o o5 el e 5 Ts el o
(tensorflow-demo) $ pip install -r requirements.txt
Loy o Jondl ol LSy colncdl @S 0
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(tensorflow-demo) $ touch main.py
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main.py

import tensorflow as tf

52555 MINIST @bl de gazes 31w Slike I LI daes ) Sladatd] ) o sl
mnist pasedl $) gl olly

main.py

from tensorflow.examples.tutorials.mnist import
input data

mnist = input data.read data sets("MNIST data/",

one hot=True) # ylabels are oh-encoded
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main.py

n _train = mnist.train.num examples # 55,000
n validation = mnist.validation.num examples # 5000

n_test = mnist.test.num examples # 10,000
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main.py

n _input = 784 # input layer (28x28 pixels)
n_hiddenl = 512 # 1st hidden layer
n _hidden2

256 # 2nd hidden layer

n_hidden3 128 # 3rd hidden layer

n output = 10 # output layer (0-9 digits)
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main.py
learning rate = le-4
n_iterations = 1000

batch size = 128
dropout = 0.5
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main.py

X = tf.placeholder ("float", [None, n_input])

Y = tf.placeholder ("float", [None, n_output])
keep prob = tf.placeholder (tf.float32)
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main.py

weights = {
'wl': tf.Variable(tf.truncated normal ([n_input,

n_hiddenl], stddev=0.1)),

'w2':
tf.vVariable(tf.truncated normal ([n hiddenl,

n_hidden2], stddev=0.1)),

'w3':
tf.Variable (tf.truncated normal ([n_hidden2,

n_hidden3], stddev=0.1)),

'out':
tf.vVariable(tf.truncated normal ([n hidden3,

n_output],
stddev=0.1)),

}
Sl BTSN ol podl B 3 gl oS o) 3 s 6 Ao pdnnd Slod S Ly
3o U sged pusaldl] SIS Gmedl 3505 035Y1 2555 0 LY Glonliol
1 el dodoed ke JJ s 15,28 oda sl L)

main.py

biases = {



bl':tf.Variable (tf.constant (0.1, shape=[n_hiddenl])
),

b2':tf.Variable (tf.constant (0.1, shape=[n_hidden2])
), !

b3':tf.Variable (tf.constant (0.1, shape=[n_hidden3])
), !

out':tf.Variable(tf.constant (0.1,
shape=[n_output]))

}
sl 3 gall s ) Slleall oo G b e AN Slab slel o8 (I3 ny
rlike J| ) shandl oda

main.py

layer 1=tf.add(tf.matmul (X,weights['wl']), biases]['
bl'])

layer 2 = tf.add(tf.matmul (layer 1,
weights['w2']), biases['b2'])

layer 3 = tf.add(tf.matmul (layer 2,
weights['w3']), biases['b3'])

layer drop = tf.nn.dropout (layer 3, keep prob)

output layer = tf.matmul (layer 3, weights['out'])
+ biases['out']

k) ol3s0s Al ikl Sl 3es o Dshnddl O b Lles Lises dab S daoa
el il e Glat Libes 8 b AT pdll ods ) 5Loo VI s s (il
0.5 4oLl keep prob ies

LIV Lo 5 185l Al dodos o Sl o I ey 32521 85l
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Gl Ladies o3 ) SV ) o iyl i) SLLS e il Sl
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main.py

cross_entropy = tf.reduce mean (
tf.nn.softmax cross entropy with logits(
labels=Y, logits=output layer

))

train step = tf.train.AdamOptimizer (le-
4) .minimize (cross_entropy)

UL LS o 115 sl TensorFlow. pldswunl Lt bad s 80301 oY1 b a3
. e ¢ 2 b .
el s s 18 SOSTI3 Lo 5Ll 3 (g paed S e 1 IS5 e
Juiallg wyjyaidl -5 6ghhall
e85 el s o el e A2 sazme IS (e 1S AN 055 8 50 ST (318,14
S A gl ruﬂg By ST IS sl ol e )bl L) ladaedl Eodoey
coodl SLI I I g by Aol LY ULy e pores Jri3 5LVl Llee
Slabs e Lol o S o Bl oo QL b s o) Blas ey |3
Gl de saodl SLLI e W oot ol £ 13T SULII o mini-batches & oo
e Lal W 0 e B 1355 8 )Ll a5 Y1 s S5V 1S e e &l e
s i it ) J o sl SN e GS B0 Lo o 05 LSTI3] Lo

main.py

correct pred = tf.equal (tf.argmax (output layer,
1), tf.argmax (Y, 1))

accuracy = tf.reduce mean(tf.cast (correct pred,
tf.float32))


Adam%20optimizer

JiQL@qgvggybfaﬂaﬂLdarg_maximmrxgzgccorrect_predgé
ﬁbfxgxgjccygwgﬂ)Y)QQG;m)output_layeruﬂjaﬂd%&dxcfmw
S RSl ol &y G5 Uy LSy . Booleans &bl o) e 203lS sl )Y equal
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Sl By L e 1 s By 585 eyl 3 mmss iy Dol ol il
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main.py
init = tf.global variables initializer()
sess = tf.Session()

sess.run(init)

JE I G b s 5Ll Al oo 52 ool (] ool Blas ja g
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# train on mini batches

for 1 in range(n_iterations):

batch x,batch y=mnist.train.next batch (batch
size)


https://www.digitalocean.com/community/tutorials/understanding-data-types-in-python-3#booleans
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sess.run(train step, feed dict={X: batch x, Y:
batch y, keep prob: dropout})

# print loss and accuracy (per minibatch)
if i % 100 ==

minibatch loss,minibatch_ accuracy=
sess.run( [cross entropy, accuracy],

feed dict={X: batch x, Y: batch vy,
keep prob: 1.0}

print(

"Iteration",

str (i),

"\t| Loss =",

str (minibatch loss),

"\t| Accuracy =",

str (minibatch accuracy)

)
oo AL o gl e 8 s dads Loy Lgd sl o) sk S0 51,55 100 sy
b Bl 83L5 daslioe §)lus o350 Of e ¥ &l oY g s dadall s s el
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main.py



test accuracy = sess.run(accuracy, feed dict={X:
mnist.test.images, Y: mnist.test.labels,
keep prob: 1.0})

print ("\nAccuracy on test set:", test accuracy)
e,V odn e Oyl Gmandl LSt B85 sk B pma g Ll o) oY1 23 1 0l
g Sl el QUi ) QW Y1 Ay 35 main. py il i Jasey & oS

(tensorflow-demo) $ python main.py

B Ll 26 Bl D3, L) 2 O e o 1 s b L) Glin G 6

Iteration O | Loss = 3.67079 | Accuracy = 0.140625
Iteration 100 | Loss = 0.492122 | Accuracy = 0.84375
Iteration 200 | Loss = 0.421595 | Accuracy = 0.882812
Iteration 300 | Loss = 0.307726 | Accuracy = 0.921875
Iteration 400 | Loss = 0.392948 | Accuracy = 0.882812
Iteration 500 | Loss = 0.371461 | Accuracy = 0.90625
Iteration 600 | Loss = 0.378425 | Accuracy = 0.882812
Iteration 700 | Loss = 0.338605 | Accuracy = 0.914062
Iteration 800 | Loss = 0.379697 | Accuracy = 0.875

Iteration 900 | Loss = 0.444303 | Accuracy = 0.90625

Accuracy on test set: 0.9206
Sl e Bl Oldaadl Lo 135 J s do el @ med 5T (b o3 85y U slonal
328 5ois Uil oSy oyl Sl sude 5 (bl e s o il e 5 ol Jubns oS 30
Al L5 S 6 s Bisea)l Clikll LS iy diisead! Wl Jolis i
A ol 3 gocdl B>y Akl
Bl 5y g0 o La o Lo (Usly s gan jall jsnall e Jnll 06 pas i)l o 3y
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(tensorflow-demo) $ curl -O images/test img.png
dbﬂ;ygw\%%ﬁgh;uggﬂjﬁg~;Lﬁ)d#bpudkbad\énmin.pycgl
sl odlaed iy g S o oY Calod!
main.py

import numpy as np

from PIL import Image

S LY ) g Lamd el Sloketl] o JEI ol Casl ikl Bl 35
! Jasey o S

main.py

img=np.invert (Image.open("test img.png") .convert ('
L'")) .ravel ()

Olgd e 500 4D & 5aaes )liaV1 5,50 Ly Tmage &cSa) open dls o5
el s Gl oliadieral AU Lzl ks e e Ll £00i s &5 RGB o151
LY Il Gany oLl J) b S ¢ TensorFlowplusenly <UL & sazes
L3l 0151363 J| 4D RGBA e Jhied Lisksal oo convert s pasens
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main.py

prediction = sess.run(tf.argmax (output layer, 1),
feed dict={X: [img]})



print ("Prediction for test image:",
np.squeeze (prediction))

éi) LRIV IRV INEY i C\q-jg{ 3ol ke np.squeeze dbs cledl o2
Lol e ) mall 0 e a5 08 3L 0 ) 231 e (2 JL [2] e S
23
Output

Prediction for test image: 2
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arwamﬁkﬁﬂxbm,:ﬁpgrxm‘@w\;%fw 3 oS3 (U3 e Yol
slaely culs adalw f.cdl..upb._!\ }.M.\.S“""Haw WL«J\ ;QJ:&J” "\c»l.’jJ\ EG\J.; JN\P-U-A

eyl exlig g it £liv] - 1 6ginal
L3O LSl L &l 55 Sde oy ZBU5d skl Zy slas] 2T e
ol
IALATiBot sl g tell g Joo dbus slisl Tl
mkdir ~/AtariBot
‘Ld>Jl AtariBot J:JA Sl ‘_}.3:;-\
cd ~/AtariBot
tody 5 o (s sl Y1 el odn Frad Sy 5 ool Bt Bl 23 iy £ LS o3 03
rataribot lgewd Gpw L
python3 -m venv ataribot
source ataribot/bin/activate
LY 5ol Gam et OpenCV ey <16.04 oY s Dlesl (Ubuntu b
S BLAYL - el el Ollas iy Godad a5 - CMake G oy . Jos o
oda oz Judl J.;Y! Jeriz o3 a3 )l 5l 5SSy ds giadl WbLLYIy Al

sudo apt-get install -y cmake libsm6 1libxext6
libxrender-dev libz-dev

LoV b, 0l (MacOS el Jomy ows Sle e Sl s oo 8713 1S
2o gU) Homebrew pliseuly a2y o3 .CMake s» .25 J) #bos Al Al
S 5y,b 5 (MacOS clbizall sl sl ol cnsl 1]

brew install cmake


https://www.digitalocean.com/community/tutorial_series/how-to-install-and-set-up-a-local-programming-environment-for-python-3
https://www.digitalocean.com/community/tutorial_series/how-to-install-and-set-up-a-local-programming-environment-for-python-3
https://www.digitalocean.com/community/tutorial_series/how-to-install-and-set-up-a-local-programming-environment-for-python-3
https://www.digitalocean.com/community/tutorial_series/how-to-install-and-set-up-a-local-programming-environment-for-python-3

.wheel 2 Oladd ol Gledly cwheel Lo i pip oS! RCTEINEY
o ol sV s 3150 ey wheels el sl Doy Lol sda (gl 45
t.whl

python -m pip install wheel
el ool s J) b cwheel J] BLSYL
o L BLYL ol SV e el s ) Ok 25 (Gym e
i) S dle jolae (OpenAl &, 4b Ul «Gym g -Atari gLaJtY ol
o ISy dideseodl Sloayl s5ells NS ool s Sy By WY e
Oldaadl sl 2] e 508 LeSladl o Lowiad L dias dandad 428 « Tensorflow o
Loly Jiss eby Goib e i pak cdowdl amy o ST eSS Lulel
frdlre 3y Jo (g e S Jesd Al Tensorflow ol 25 elisenls
o o Bl Sl g I
Gilo 5 50l iy gl 203 )1 2Se « OpenCV o
Al oo Dbyl p A drale Ao 825 < SciPy @
(sl ol 4o« NumPy e
Loy JS o] sdoey oW1 a O Lo - JUI1 W el gyl odn e IS ity o3

python -m pip install gym==0.9.5 tensorflow==1.5.0
tensorpack==0.8.0 numpy==1.14.0 scipy==1.1.0

opencv-python==3.4.1.15

e pors oS Ay «Gym GAtari ol ool S 8,0 pip psal (S
:Space Invaders <> ($le (Atari sud| Ol e e gne

python -m pip install gym[atari]
i b Al eiow cgymatari] dej S e 13

Output
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Installing collected packages: atari-py, Pillow,
PyOpenGL Successfully installed Pillow-5.4.1

PyOpenGL-3.1.0 atari-py-0.1.7

05 Slpte JSCos ks S5 sl Ll ol Falr 0550 coliadll el colS s
Bl el &l
Gym polaaiwl cwlwl Jlguiie J14g cLis] - 2 69l
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e (8.4l Al dods gym e s 3upd &> JYM el sl IS graalll as
130 ol s Lo Janally a5 cipmn &2 35k JLAl jglae p Ll Bl codal) el
b0l il sl 0 ekl gl e el
‘nano f.b‘;w;.w «La .bot 2 random.py

nano bot 2 random.py
Yoty gl 013 ol 135 e sl gual slol 3w (025 ¢ U1 a5 1S
@Ju bOt\_2 \_random. PY (o Qﬁj\ [ gL.B cvf: ) 44)@.1:3 éJJ\ g_,\:ij‘ﬂ\ %
Jot\ 1\ random.py
b 755 G 287l ada o AW 8l oI BLOL oy Sl Vi Tt
) el Il s Lt 1 5ol 51 dmport ez s o Sl s dlnins
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AtariBot/bot_2 random.py

wn



Bot 2 -- Make a random, baseline agent for the

SpacelInvaders game. """
import gym

import random

%.gv o3 o5 SpaceInvaders-v0 &alll &y sLask o3 Wl eds dmain dls sl

ienv.reset r\.bawlg =l

/AtariBot/bot_2_ random.py

import gym
import random
def main () :
env = gym.make ('SpaceInvaders-vQ0")
env.reset ()
I o) o1 5T )l A1l ey (Say cenv . step dls il (U5 day
r..\.a.a.“ ;\ﬁy\ “9“"1“’.. 5 dx Al sl Al istate o
IR QTO_{W.J (Jedl Jw Jo Al aaSs l doedl L}a;l.jy\ :reward e
(U3 da ik 50 ey Gl 5y (Blas B iols, el Le lis
s s oM Gta 55 (] e 4036 & sl o §. reward=50
Al Y bl NV NIPRRPIRENEY
Ol iy Loce Bale oo 2l Y ol gl 8 &2lall S35 Lo :done @
Y S
Sl @3 G eadna I dsWl Slgaddl iinfo e
Ao g Judo) L’.,éj done (,JM SURIING | H L Sl oles) reward ‘abw' Sl B s
-True s> done Lodie {5 s Uls cceDUI 3L

Fee M g s S I Al 3 5 s (I dnll il 5]
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/AtariBot/bot_2_random.py

def main () :
env = gym.make ('SpaceInvaders-v0')
env.reset ()
episode reward = 0
while True:
action = env.action space.sample ()

_, reward, done, = env.step(action)
episode reward += reward
if done:
print ('Reward: %$s' %episode reward)
break

L Jeximain of o s _name_ eedy b .maindls faln o8 J;&-T

%ngvﬁ‘Jlﬂ.python bot_2_ random.py phisul ke Lgledul we

bl sl ol ks o (b cale ks ke Gl main Jeris (ot Gl if

059 bade Laas Ladas = main dbs RN 23 ksl olladd) (e ( JUL
' _main_== '_name

/AtariBot/bot_2_random.py

def main () :

if done:

print ('Reward %s' % episode reward)

break
if name ==
main ()

' main ':
e haall &5 a8l cnano pSs S By el e s i Lo
LS Gk e Gl Lol o SN Laiey o «ll5 4ny [ENTER 3 «CTRL+X, Y
python bot 2 random.py
ol rizy Led pas 5e S Gl BY b W bt o35 2130 Sl p i
Al Tt o o
Output

Making new env: Spacelnvaders-v0
Reward: 210.0
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nano bot 2 random.py

. &

env = Ju random.seed(0) &2l (import random Jw
JAd env.seed (0) ;Lﬁ‘gym.make('SpaceInvaders—vO')
LSS LS pans Lo cdiaie 3Ol Ao SV oo 21 " seed” Jo G b glasddl oda
:Cbﬁu&L»Cﬁjuﬁldhdséﬂhgu.C&hzftm
/AtariBot/bot_2_random.py

Bot 2 -- Make a random, baseline agent for the
SpaceInvaders game.

mwan

import gym
import random

random.seed (0)

def main () :
env = gym.make ('SpaceInvaders-v0')
env.seed (0)

env.reset ()
episode reward = 0
while True:

action = env.action space.sample ()
_, reward, done, = env.step(action)
episode reward += reward
if done:
print ('Reward: %s' %episode reward)
break
1f **name** == '**main**':

main ()
loa ol Bk L BUS Gk e o Sl ity o3 o ) el GleTs calall Lo
python bot 2 random.py
o all AL B s - S
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Output
Making new env: Spacelnvaders-vO0
Reward: 555.0

Ol 3L Y 0V Lot J1 53wl o 02 01 o ol Goldl IV ol pa La
W ol @l 3N 3 5 ge ST Lais e J gl lyl 301 300 de Aol 2l
Sl 3 I CHE CON EIN ol w3y Golil sad S Lass sl

ST kol b el U3 a aST saane Sl oo g e
nano bot 2 random.py

Exd%;ﬁhf¢@Jéyyrsféﬂhgtﬂjﬂ&ﬂjad\;LkTarandom.seed(0)¢y
ol 10

random. seed (0)
num episodes = 10

B e 300 23B Tl ¢ env. seed (0) dn sk
/AtariBot/bot_2_random.py

env.seed (0)
rewards = []

Cf‘fork&>gémain()Qg&uﬂenv.reset()&n%a@ghyuggﬂdfc?b
Jenv.reset()Q»Jaxdﬂabp%uwcg}&gﬁﬁ.num_episodes)yﬁ
:oblaw cjl.g break

/AtariBot/bot_2_random.py

def main () :
env = gym.make ('SpaceInvaders-v0')
env.seed (0)
rewards = []
for in range(num episodes) :
env.reset ()
episode reward = 0
while True:



Aod) sBISG Casl s ) Zalll il e Dl 31 el sas G 2ke break 3
r B ez 2036 J] Al

/AtariBot/bot_2_random.py

if done:

print ('Reward: %s' % episode reward)
rewards.append (episode reward)

break

SBI L e EOVL o3 main Al Llg
/AtariBot/bot_2_random.py
def main () :

print ('Reward: %s' % episode reward)

break

print ('Average reward: %.2f' % (sum(rewards) /
len (rewards)))

oy SO Eeoea Il Slodall wae 0 2B o Lo o OV hils Bl31e
OIS [ W PR P RCHE AP ey

/AtariBot/bot_2_random.py
Bot 2 -- Make a random, baseline agent for the
SpaceInvaders game.

mmn

import gym
import random

random.seed (0) # make results reproducible
num_ episodes = 10

def main () :
env = gym.make ('SpaceInvaders-v0') # create
the game
env.seed(0) # make results reproducible
rewards = []
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for in range(num_episodes) :
env.reset ()
episode reward = 0
while True:
action = env.action space.sample ()
_, reward, done,
env.step(action) # random action
episode reward += reward
if done:
print ('Reward: %d' %
episode reward)
rewards.append (episode reward
)
break
print ('Average reward: %.2f' % (sum(rewards) /
len (rewards)))
if name == ' main_ ':
main ()

:C”’.‘:’Jg"“)‘ J:""‘f“:" (':".5 o peedl e CJ.;-\) el Laas|
python bot 2 random.py
o)l I SIS Jas s el ) 1 (63 50

Output

Making new env: Spacelnvaders-v0

Average reward: 163.50
o e (Gsne LS5 oLisY e Clal) Gulal o By 85 8 50 28T s oY1 g
83,7000l 8,51 ey O e pal) oy S Simedl il oo U 0gh ] b (23 1
Sindly 2T 30 ol
JjjcoJl pdcil pas
Gps J) oL Jl L B eVl dsdl J) ablis 305 ea oM Gis i ol o
158 ¢y Bale] e 530 oDl 0585 0 oy o B o land SBISG Wil e eI
Skl Ll Dl &30 f Ll J] Sl Elas pa 510 ¢y S8y LA BT e
] " s NS W) ol 15 ey Ly 130 s Al a3 1Y

policy: state -> action



oS el ol Golaildl e B3l B perney Tt AL ol e ol
s kAl LY Bl el oo s mss) Q-Learning. b))l
An AV il g Gopmeor Gliailly Gl Aol sladll dniuistate e
B e byse (g e "Q-table” J) sl L) L) OF 2 1 (3

el S LS

STATE ACTION REWARD

state0 shoot 10
state0 right 3

stateQ left 3

el Bl e ey o sVl sl ) BB 35L5 I shoot sl (6350
185 g0 podl Dol e 5Ly ol A0 30y 8 il £, b Q sl b o555 S 10 tha3

policy: state -> look at Q-table, pick action with
greatest reward

sda o 3.5 Bl SVl D S sue e LYl (dams (g o (U3
oda Q Uls plsed (2. Q-table oy Y4 Q ¥ls Q-Learning JS5 s eVl
Lo J15aS Jsubord! 3o 1S 5306 Ldans . islow Q g Lislobnad 50 aplite S04

Q(state0, shoot) = 10
Q(statel0, right) = 3
Q(statel, left) = 3

M;\ﬁufgljmakuﬁya D336 Lle Jedl e cine d- J kL
Ll L) 2l a3le] L dnd e SUIS el o 315 (Ul 21 d (3 (Bl
L':V.U A%ﬂ))i{i‘)&»if

policy: state -> argmax {action} Q(state, action)
IR & Loel ) 5 alb cdalll ‘}Qb 399 \jJé; DLl 3l dls ollaneg du fda
i) sl Al 9 Q(state, action)d,ms o deia Jodl s ol
;;L’ L &,Lael L;C.p «Q(state, action)
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o pel) Sas B s dlaily LS N J s ollaDadl e ddadl ) Il 1
deradl Lo e G UM e ol 2l Dl ST 0IS iz e J guaal
i oy Ladis e BIS 15,5k GBI wils dd o Space Invaders .2
oo b Jons DI pL3 06 (5 as W1 oSl Gl Lakie s LA
Q s jawasss o o ole Bk GBIl o) W) 5o sl )b

il LIS (stated, shoot)

I Yalnadl 35 madl (5 S 5 05

Q(state, action) = (1 - learning rate) * Q(state,
action) +

learning rate * Q target

Q target = reward + discount factor * max {action'}
Q(state', action')

I Sl ) SYslaadl e psens

Sl s JUldl istate o

skl Jod) 3 1 035l 5 gl el 2 Yl action e

Al Lol 5 43 B s reward e

ca el 2V Bdssl Ll )kl )l sl sdadl Il istate o

.&iwdhyhb?}\cﬂ?:action o

.rhﬂ\dxu:learning_rate .

e e 15 padedl " SBISC) e « pasl Jelet discount_factor e
- Q-Learning¢ J s il odn el coedalaall sl J.AISCJ.L e J gl
ol Ul alll s o 25 Lo JS e (35 pmadl placld gl s s oo
adude dulid Qdd ol pus
Frozen Lake J hiuuy Q-Learning Jole clid| - 3 6giaili
G oL g slins s #3085 L3] Goadl ASay ol LS5 Sh) ol 0 s 0
ool (’b.:mi Sy oS A py (Q-Learning pdeny S t it <8 glasell oda
FrozenLake dgda &) LS e Caalew oo Al 303501 o Ul o 2 Y1 ST
1Gym gss e JUI ol o Zalll sl slas] Gy o3


http://alvinwan.com/understanding-deep-q-learning#q-learning
http://alvinwan.com/understanding-deep-q-learning#q-learning
http://alvinwan.com/understanding-deep-q-learning#q-learning
https://en.wikipedia.org/wiki/Q-learning
https://gym.openai.com/envs/FrozenLake-v0/
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Lop oo Coad Lot dinod] oo 3 b S O 25 5oy ol oS Lm o))
5] o foli side Dl STy ¢ I o Lol oz o 6 o] a5 G5B ] 75
s cdazeza] slod] b i o s@tl] S (slm] Slss 3] ddoe] 5 G
S| e JE5 O LRl (518080 o ALY U Gol] don] (fpas gy e

oy Ul olo VI U D e ) SUL oG5 Aell] 15 e CUS a5 -y o] s

b Lo foo B pltsiial hen] Gy

SFFF (S: starting point, safe)

FHFH (F: frozen surface, safe)

FFFH (H: hole, fall to your doom)

HFFG (G: goal, where the frisbee is located)

comedl Janl GOag Jl ek b Gous ¢ Sl ] 5Lals oledl el e oSl T
S 3ol Jay JeVls 5ty el b dball LY G e b ol 5Ll
3>y B 3 sass ¢ H a0l Ledl Ll el e s sy 1 Bty Gyl s
esn Gl cales b plasenly Loy Q-Learning bale Golery p st ol lia b
2 «Sledl s G.exploitation JMaewYls exploration GLESELYI ¢y Jsley LSy
Lo LLesY Q b ptswiy 1 my Il Slpte JS2 Gpay JS1 0T Sl
s S5 oy ¢ Quolty Bl J g Ll Ll p s JeYl el 2 Y1l e
s S Jons S
128 ol o Sy ol oy Sl pn B Joms o3
cp bot 2 random.py bot 3 g table.py
el o) kol Vs el 3
nano bot 3 g table.py
Gl 3 e 1 OV 1 s Sl e ) i (U1 il e il oy Tl
o e 0550 68 a5 s IS o Sl oy (S U5 ) il 1 06
1 Sl s L
/AtariBot/bot_3_q_table.py

mman

Bot 3 -- Build simple g-learning agent for
FrozenLake

mmn
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sl SleaY numpy slmwl J) sl ccn Sl e Lk oM <l 2] LS
Seaodl i Casl (LSl import gym i gl
/AtariBot/bot_3_q_table.py

Bot 3 -- Build simple g-learning agent for
FrozenLake

mwan

import gym
import numpy as np
import random

random.seed (0) # make results reproducible

‘numpy J &4 sl crandom. seed (0) ‘_}.&.«T
/AtariBot/bot_3_q_table.py
1mport random

random.seed (0) # make results reproducible
np.random.seed (0)

Gl (b dsi env. reset () Jlaw Eodoy o3 dbs Lall Y- a3 un
13 eicedl state Gial 1531 Wbl o35
/AtariBot/bot_3_q_table.py

for \ in range (num_episodes) :
state = env.reset ()

state2. AU G5 oMl JUldszd env.step (.. .) s Codowy o3
Qi Cpusd - state2 - YU ALy il state o S ) Cl:ocw:

/AtariBot/bot_3_q_table.py

whlle True:
action = env.action space.sample ()



state2, reward, done, _ = env.step(action)

.statejguﬂdﬁxejﬁhwgi¢icepisode_reward += reward Jw

state Sx of st S JU] DSl &ues state el Lo Ll s
i) Al

/AtariBot/bot_3_q_table.py
while True:

episode reward += reward
state = stateZ
if done:

e o3 e Yo il ISTBIS ke sl print oby il if done Bl b
b LS if done WS susw ol sae e 56N Jaw 5

/AtariBot/bot_3_q_table.py

if done:
rewards.append (episode reward)
break

sk e o ol &l Gyl () ny
/AtariBot/bot_3_q_table.py

for in range(num episodes) :
state = env.reset ()
episode reward = 0
while True:
action = env.action space.sample ()
state2, reward, done, =
env.step(action)
episode reward += reward
state = state?
if done:
rewards.append (episode reward))
break
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)l dal 1550 . Ml BLaSEY! s &5l 50l e LS 5,08 Casl (5 dm
1Q 8 s gl (For. ..o Tus () ds I
/AtariBot/bot_3_q_table.py

Q = np.zeros((env.observation space.n,
env.action space.n))
for in range(num_episodes) :

kol o3, CaiSY for dilsdl 4US ael 03
/AtariBot/bot_3_q_table.py

Q = np.zeros((env.observation space.n,
env.action space.n))
for episode in range(l, num episodes + 1):

w2 sall Jis] Bl oy noise Gl sl ialll > while True Johs
OF (5o Y daall Erandl SIS gy e (g oo Y (A1 815201 SLLI S
Qlstate, :] dudl < elsgpall ol Lls™ &l LY g3l B35 #15] pn
el b me e s S LS 05 s Jlezil 5 el gl sty LalS U s

3 gl ol 2 Y1 DLaseul e LS A1 el paal) wets 3 ane
/AtariBot/bot_3_q_table.py

while True:
noise = np.random.random( (1,
env.action space.n)) /
episode**2.)
action = env.action space.sample ()

‘C,éjj‘ 297 C« ‘:s":"): J.g.lu ;pr.aJ\ )LL&.A J.af cepisodes 33\3)' Cc 43? LY
Izl el dnll) 1SS ol dans 305 5550 oy Y 315 5T ST ity
&« Q-valued s Gy ool =Y Slise LS Jexd action jlhw Cudses o3

:&MAJMQBL%EMY\JAQ
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/AtariBot/bot_3_q_table.py

noise = np.random.random( (1,

env.action space.n)) /

(episode**2.)

action = np.argmax(Q[state, :] + noise)
state2, reward, done, = env.step(action)

sk e o U3 ey B Al Bl e
/AtariBot/bot_3_q_table.py

Q = np.zeros((env.observation space.n,

env.action space.n))

for episode in range(l, num episodes + 1):
state = env.reset ()
episode reward = 0
while True:

noise = np.random.random( (1,

env.action space.n)) /

(episode**2.)

action = np.argmax(Q[state, :] + noise)
state2, reward, done, = env.step(action)

episode reward += reward

state = state?2

if done:
rewards.append (episode reward)
break

Uslre o5« Bellman colos dslas plisenl Q-value Jsdar Eodowy o s o5 dn

pas By Gl ulendl e 2l Y1 el Gl G s dadis
e o BBl (635 Nl g5 0l g Al 2235 13,55 Bellman dolas (oS
sd) G ol Y15 Aol adg 3as podl Q o) A i J| Ol ja 5ke Zoma Dl e
Qaed s play] ol o Lghais ol e e o ) Slaloddl sie du s I

Space Jedladl Jr o 15,5b0ll SBI s QWY Gioesls 3 Sl 0dn . LY
DU e Gl ke s SLadll S0 s oy Lodie oI BIS, < Invaders
p 555 Ol ez ¢ Jralls 5B (i) @I ga 5Ll Gl (U eI Ol U5

Aol sBG(state, shoot) ey Qs



https://en.wikipedia.org/wiki/Bellman_equation
https://en.wikipedia.org/wiki/Bellman_equation
https://en.wikipedia.org/wiki/Bellman_equation
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14000 g5l num_episodes Codowy o8 f&j
/AtariBot/bot_3_q_table.py
np.random.seed (0)

num_ episodes = 4000
e JSS Gl e gl el JI &)l Bl oolddadd il (23 aw

/AtariBot/bot_3_q_table.py

num_ episodes = 4000
discount factor = 0.8
learning rate = 0.9

G ogsee g Lk ae S8kl @ugeedl diisdl QA3 s
env.step(...)

/AtariBot/bot_3_q_table.py
state2, reward, done, = env.step(action)
Qtarget = reward + discount factor *

np.max (Q[state2, :1)
episode reward += reward

i e ol o giedl plasesl Q-value J i e 5,5\,» Qtarget Jdn [ 2
- f <
Byl depudll Q

/AtariBot/bot_3_q_table.py

Qtarget = reward + discount factor *

np.max (Q[state2, :1)
Q[state, action] = (l-learning rate) *

Q[state,action] + learning rate * Qtarget
episode reward += reward

o Lo o Y1 s B I Ealll il O e 3



/AtariBot/bot_3_q_table.py

Q = np.zeros((env.observation space.n,
env.action space.n))
for episode in range(l, num episodes + 1):
state = env.reset ()
episode reward = 0
while True:
noise = np.random.random( (1,

env.action space.n)) /
(episode**2.)

action = np.argmax(Q[state, :] +
noise)

state2, reward, done, =
env.step (action)
Qtarget = reward + discount factor
* np.max (Q[state2, :1)
Q[state, action] = (
l-learning rate) * Q[state, action]
+ learning rate * Qtarget
episode reward += reward
state = state2
if done:
rewards.append (episode rewar)
break

o) shis) ST BLS| ga a5 L IS LS st Blides OV JuzS'| aal
Lol JIsl obe] I el ol sl g sl G )lo Lamd 2,85 Y 0 b o e o8 )1 e
o8 vimport  gymJ s el §3 ccilall e (sskall sl GBS ol e
:Listtf:bgwp

/AtariBot/bot_3_q_table.py

from typing import List
import gym

oA Sl ¢$main dls C)B- learning rate = 0.9 43,5l
Zﬁ)LE.‘I..U Ji.ij\)
/AtariBot/bot_3_q_table.py
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learning rate = 0.9
report interval = 500
report = '100-ep Average: %.2f . Best 100-ep
Average: $%$.2f . Average:
$.2f "\
' (Episode %d) '
def main () :

(oo B3l pliseul wda report dhde Sk sk Vs asl cmain s )3
O LN

/AtariBot/bot_3_q_table.py

report = '100-ep Average: %.2f . Best 100-ep

Average: $%$.2f . Average:
$.2f "\

' (Episode %d)'

def print report (rewards: List, episode: int):
"""Print rewards report for current episode

- Average for last 100 episodes

- Best 100-episode average across all time

- Average for all episodes across time

mrmn

print (report % (

np.mean (rewards[-100:1),

max ([np.mean (rewards[1:1+100]) for i in
range (len (rewards) - 100)17),

np.mean (rewards) ,

episode))

def main () :

:Space Invaders {Y.Lg Frozen Lake _J] il s o3
/AtariBot/bot_3_q_table.py
def main () :

env = gym.make ('FrozenLake-v0') # create the game

GL\) > 100 51 Je U] L g GL\ «rewards.append (...) Ju
rolilodl ez e SBISI Lo g
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/AtariBot/bot_3_q_table.py

if done:
rewards.append (episode reward)

[o)

1f episode % report interval ==
print report (rewards, episode)

Geb oo Al bl 5,3 5 e ) SIS e EOWNL W3 amain () Dl Elg B
Ty 0 Jladl Jluzd

print ('Average reward:%.2f' % (sum(rewards) /

len (rewards)))

S el el o
/AtariBot/bot_3_q_table.py
aef ﬁain():
break
print report (rewards, -1)

S Lol o SOl e aST Ll oLl Q-Learning LS <haST a) o751
i b Bl
/AtariBot/bot_3_q_table.py

Bot 3 -- Build simple g-learning agent for
FrozenLake

from typing import List

import gym

import numpy as np

import random

random.seed (0) # make results reproducible
np.random.seed (0) # make results reproducible

num_ episodes = 4000
discount factor = 0.8
learning rate = 0.9
report interval = 500
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report = '100-ep Average: %$.2f . Best 100-ep
Average: %.2f . Average:
$.2f "\

' (Episode %d)'

def print report (rewards: List, episode: int):
"""Print rewards report for current episode
- Average for last 100 episodes
- Best 100-episode average across all time
- Average for all episodes across time

print (report % (

np.mean (rewards[-100:]),
max ([np.mean (rewards[1:1+100]) for i in
range (len (rewards) -
100) 1),
np.mean (rewards),
episode))
def main () :
env = gym.make ('FrozenLake-v0') # create the
game
env.seed(0) # make results reproducible
rewards = []
Q = np.zeros((env.observation space.n,

env.action space.n))

for episode in range(l, num episodes + 1):
state = env.reset ()
episode reward = 0
while True:

noise = np.random.random( (1,
env.action space.n)) /
(episode**2.)

action = np.argmax(Q[state, :] +
noise)

state2, reward, done, =

env.step (action)

Qtarget = reward + discount factor
* np.max (Q[state2, :1])

Q[state, action] = (

l-learning rate

) * Q[state, action] +

learning rate * Qtarget

episode reward += reward



state = state?

if done:
rewards.append (episode reward
)

if episode % report interval

print report (rewards,

episode)
break
print report (rewards, -1)
if name == ' main_ ':
main ()

:C”’.‘I’Jg“"‘)‘ J:""‘f“:" (':".5 o peedl e CJ.;-\) calol Laas|
python bot 3 g table.py
g Lo g ) Gl

Output

100-ep Average: 0.11 . Best 100-ep Average: 0.12
Average: 0.03

(Episode 500)

100-ep Average: 0.25 . Best 100-ep Average: 0.24
Average: 0.09

(Episode 1000)

100-ep Average: 0.39 . Best 100-ep Average: 0.48
Average: 0.19

(Episode 1500)

100-ep Average: 0.43 . Best 100-ep Average: 0.55
Average: 0.25

(Episode 2000)

100-ep Average: 0.44 . Best 100-ep Average: 0.55
Average: 0.29

(Episode 2500)

100-ep Average: 0.64 . Best 100-ep Average: 0.68
Average: 0.32

(Episode 3000)

100-ep Average: 0.63 . Best 100-ep Average: 0.71
Average: 0.36

(Episode 3500)

100-ep Average: 0.56 . Best 100-ep Average: 0.78
Average: 0.40

(Episode 4000)

100-ep Average: 0.56 . Best 100-ep Average: 0.78
Average: 0.40
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(Episode -1)
G0 .78 HUINSBIS Lo s 1dn i Lo ST W (3le 2 oy Il 091 )
Jons | g gl oms 2l J" 016 « Gym FrozenLake dseina) b5 . eoenall ) glatol
Lozt "B o S8 all) " oy o oy b 2.0 78 iy 22l 100
4al> 4000 gFrozenLake J> Je ;36 Q s> JS5 01 (ool g dord
144 31 VI o 35 Yoo ol (bin i 2T 281 05 26 (23 e
o« Jodls ez Ul 19683 L dx 5 tic tac toe ol kael God S dhazoned|
Lol Sy AN VL M oS 3de Ao gy Eom Space Invaders 4)lzsl b
o) b By b ) o ) Mg i02as 31535 OWINI OY plits 18 Q Ui
SVl Job LSy Dl i BI85t Gy izl Slyonal ae  Q Jsi
Qe gl A oMaaas sl Y

Frozen Lake J g1oc)l Q-Learning Jolc <y - 4 6gaall

ol W5 Wl oM se o 2y Q oy Jab Sy Foraall 3 L (B
Sinall OV 3 e b ey W (S0 Sl ol o (el Ik pltely
el (o el QIS i) s B o)yl ol iy 23 e Yy
-Deep Q-Learning ¢ C"b

S Gerded s 1 8 5kasdl Blgminy cand Gaanll (el 4255 (Tensorflow s 5 2l
J;,-T O s A ey Tensorflow ol 2 & OVl o pnall ol
Q(s) A Ll Aoy dvanll Sl (S (23 ey . Lol Q Alls o 25
Bl Al Al B s G ) 5 S Aobdl Ndadl Bl pnie W & stnan 5o

r\.b’;:..gp Sl Lo L.Q_edj\ Sl e M\C,@;@;s;@ﬁ gl ol IS
J S S el Jﬁ Sblles Jax JI G5 (o5 Tensorflow <l 25
2 Dle ol dellre 85 e Shlucddl s ol 2| U3 dsy Tensorflow
135 ka5l e Q s b LS Tl

cp bot 3 g table.py bot 4 g network.py

1) Joaiall o gaill ) e 5l nANO sl Aol Ciledl el 03


https://gym.openai.com/envs/FrozenLake-v0/
https://gym.openai.com/envs/FrozenLake-v0/
https://gym.openai.com/envs/FrozenLake-v0/
http://alvinwan.com/understanding-deep-q-learning#deep-q-learning
https://www.tensorflow.org/api_docs/python/tf/nn/convolution

nano bot 4 g network.py

ol e Golaell oy o8

/AtariBot/bot_4_q_network.py

mwan

Bot 4 -- Use Q-learning network to train bot

Jeul 55k import 4 BLs| 5k e Tensorflow doj> sl ol (U3 dn
tf.set radon seed(0) <isl &3 J| #LsYL .import random
o Sl 1 85 1SS 451856) s penias. np . random. seed (0) il 3,50
:¢Ldaﬂc&?§é

/AtariBot/bot_4_q_network.py

import random
import tensorflow as tf

random. seed (0)
np.random.seed (0)
tf.set random seed(0)

s BLSLy b Lo Lillaed il cyo (6 shall e 5l 3k Luolid] 2L olodnod +L23] 2o
JS Gl Dl s« exploration probability  es
361 e Y Sk el ] 3Ll "GLASEL" s (Bl s Gl S5 5 ghas-

1Q ded Ol Ui Ja oo 5o
/AtariBot/bot_4_q_network.py

num_ episodes = 4000

discount factor = 0.99

learning rate = 0.15

report interval = 500

exploration probability = lambda episode: 50. /
(episode + 10)

report = '100-ep Average: %.2f . Best 100-ep
Average: $%$.2f . Average:
$.2f '\

' (Episode %d)'
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o ies a3l doly e Glaitl 3l Aol e s Al an (S A
5] . Joadl 1555 o e JY ol a1 dolo JS03 ) ol il o LI
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aelis 5 bl e Sl ISl 2l Jole elas] 2 S 1y bl 3 )

:one_hot dls casl creport = ...JLJ%Jga
/AtariBot/bot_4_q_network.py

report = '100-ep Average: %.2f . Best 100-ep

Average: %.2f . Average:
$.2f '\

' (Episode %d)'

def one hot(i: int, n: int) -> np.array:
"""Tmplements one-hot encoding by selecting the ith
standard basis

vector"""

return np.identity(n) [i].reshape( (1, -1))

def print report (rewards: List, episode: int):

eLd)l L3 . Tensorflow oy 25 pluseuly L)l sl Gl LSl o i (U3 dn
SBULY ASE e sL23) ) Yl gl (U

ade b . Il aadl (g goeal J55 3 il rewards =[] il main &l
Lot + 1 &3y (obs t ph ) t 3l Qéhk>&d Wb ele
1 Q Sy BN +,2 DU L5L1 jwolall J) BLoYL «(obs tpl ph

/AtariBot/bot_4_q_network.py

def main () :

env = gym.make ('FrozenLake-v0') # create the game
env.seed(0) # make results reproducible

rewards = []

# 1. Setup placeholders
n obs, n actions = env.observation space.n,
env.action space.n


https://hackmd.io/s/SkOZwiT-M
https://hackmd.io/s/SkOZwiT-M
https://hackmd.io/s/SkOZwiT-M
https://hackmd.io/s/SkOZwiT-M

obs t ph = tf.placeholder (shape=[1, n obs],
dtype=tf.float32)

obs tpl ph = tf.placeholder (shape=[1, n obs],
dtype=tf.float32)

act ph = tf.placeholder (tf.int32, shape=())
rew ph = tf.placeholder (shape=(),
dtype=tf.float32)

g _target ph = tf.placeholder (shape=[1,

n _actions], dtype=tf.float32)

Q = np.zeros((env.observation space.n,
env.action space.n))

for episode in range(l, num episodes + 1):

o s peall Ll 55l g target ph = lag @l Ll Jauis bl
g_current Jazda st (QCs, 2) Sl Gob o b ol Olesddl e 1 da
:q_target&vdcgaﬂa(Qﬁﬂib

/AtariBot/bot_4_q_network.py

rew ph = tf.placeholder (shape=(),
dtype=tf.float32)

g target ph = tf.placeholder (shape=[1,
n actions], dtype=tf.float32)

# 2. Setup computation graph

W = tf.Variable(tf.random uniform([n obs,
n actions], 0, 0.01))

g _current = tf.matmul (obs t ph, W)
g_target = tf.matmul (obs tpl ph, W)

Q = np.zeros((env.observation space.n,
env.action space.n))
for episode in range(l, num episodes + 1):

e Il I aadl 55801 5ol il sl 1 N et il o 5 6
HGIoES ‘Qtargetw&é}\ 33}9.5;” L}QW‘M u:&eKA

Qtarget = reward + discount factor *
np.max (Q[state2, :])

ol Qiad dup Wl el 2 W1 Y1l oy et 25l LI 0 o] 0oy
O



AtariJ gy <o ausus : gansll jyall plsil) il -0l = gusludl ol
OpenAl Gym plasiwl

/AtariBot/bot_4_q_network.py

g current = tf.matmul (obs t ph, W)
g target = tf.matmul (obs tpl ph, W)

g target max = tf.reduce max (g target ph,
axis=1)

g target sa = rew ph + discount factor *

g target max

g _current sa = g _current[0, act ph]

error = tf.reduce sum(tf.square(q target sa -
g_current sa))

pred act ph = tf.argmax (g current, 1)

Q = np.zeros((env.observation space.n,
env.action space.n))
for episode in range(l, num episodes + 1):

1l Lol el s (8 ylasdl Dls s dus sl 3l slie] da
/AtariBot/bot_4_q_network.py

error = tf.reduce sum(tf.square(q target sa -
g _current sa))
pred act ph = tf.argmax(g current, 1)

# 3. Setup optimization

trainer =
tf.train.GradientDescentOptimizer (learning rat
e=learning rate)

update model = trainer.minimize (error)

Q = np.zeros((env.observation space.n,
env.action space.n))
for episode in range(l, num episodes + 1):

B ol J) UL 5 (U pLAD Al il e slash 3 oS e
gl o (Slosu )l dadlas Bay o Oluodl aa Julazs (Tensorflow ol 255

ROSTIT S IRE P
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/AtariBot/bot_4_q_network.py

# 3. Setup optimization

trainer =
tf.train.GradientDescentOptimizer (learning rat
e=learning rate)

update model = trainer.minimize (error)

for episode in range(l, num episodes + 1):
obs t = env.reset()
episode reward = 0
while True:
obs tpl, reward, done, =
env.step(action)

episode reward += reward
obs t = obs tpl
if done:

A Ty 085 bshsdl sda Ul peedl (] il FOT Bl G5 3,
s By o Slhaal alad L3N s)lpall Laysy a5 I Tensorflow
O VLS [NV [ U POV [ CS1JSEEIN [JF SUPS ST U S SN[ - RS PV
Lol J-loy p s (U5 JIBLOVL Agutos 13 0 I 0155V g5 cJod) Jorw e

1ol wb LheST For dilod Bsl Bl s AU cwi th dades |55 for

/AtariBot/bot_4_q_network.py

trainer =
tf.train.GradientDescentOptimizer (learning rat
e=learning rate)

update model = trainer.minimize (error)

with tf.Session() as session:
session.run (tf.global variables initiali
zer ())
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for episode in range(l,num episodes+ 1):
obs t = env.reset()
obs tpl, reward, done, = & [\ I YW R W

JﬁaALy)\UAVgg.actionggLodZghﬂjkMQlJ;ﬂ‘env.step(action)

/AtariBot/bot_4_q_network.py

while True:
# 4. Take step using best action or
random action
obs t oh = one hot(obs t, n obs)
action = session.run(pred act ph,
feed dict={obs t ph:
obs t oh}) [0]
if np.random.rand (1) <
exploration probability(episode) :
action = env.action space.sample ()

Bl copkd b b Jsol cenv.step (action) b gsow gl ki dn
b Lol Q-value dls puis Je danll

/AtariBot/bot_4_q_network.py

obs tpl, reward, done, @ = env.step(action)
# 5. Train model
obs tpl oh = one hot(obs tpl, n obs)
g target val = session.run(qgq target,
feed dict={
obs tpl ph: obs tpl oh
})
session.run (update model, feed dict={
obs t ph: obs t oh,
rew ph: reward,
g _target ph: g target val,
act ph: action
})

episode reward += reward
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/AtariBot/bot_4_q_network.py

mwan

Bot 4 -- Use Q-learning network to train bot

from typing import List
import gym

import numpy as np
import random

import tensorflow as tf

random. seed (0)
np.random.seed (0)
tf.set random seed(0)

num episodes = 4000

discount factor = 0.99

learning rate = 0.15

report interval = 500

exploration probability = lambda episode: 50. /
(episode + 10)

report = '100-ep Average: %.2f . Best 100-ep
Average: %.2f . Average:
$.2f '\

' (Episode %d)'

def one hot(i: int, n: int) -> np.array:
"""Implements one-hot encoding by selecting
the ith standard basis
vector"""
return np.identity(n) [i].reshape((1l, -1))
def print report(rewards: List, episode: int):
"""Print rewards report for current episode
- Average for last 100 episodes
- Best 100-episode average across all time
- Average for all episodes across time

mmn

[o)

print (report % (

np.mean (rewards[-100:1),

max ([np.mean (rewards[i1i:1+100]) for i in
range (len (rewards) -

100) 1),

np.mean (rewards),
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episode))

def main () :
env = gym.make ('FrozenLake-v0') # create the
game
env.seed(0) # make results reproducible
rewards = []

# 1. Setup placeholders

n obs, n _actions = env.observation space.n,
env.action space.n

obs t ph = tf.placeholder (shape=[1, n obs],
dtype=tf.float32)

obs tpl ph = tf.placeholder (shape=[1, n _obs],
dtype=tf.float32)

act ph = tf.placeholder (tf.int32, shape=())
rew ph = tf.placeholder (shape=(),
dtype=tf.float32)

g target ph = tf.placeholder (shape=[1,

n _actions], dtype=tf.float32)

2. Setup computation graph

= tf.Variable (tf.random uniform([n_ obs,
actions], 0, 0.01))

current = tf.matmul (obs t ph, W)

g target = tf.matmul (ocbs tpl ph, W)

g target max = tf.reduce max (g target ph,
axis=1)

g target sa = rew ph + discount factor *
g target max

g current sa = g current[0, act ph]

error = tf.reduce sum(tf.square(q target sa -
g current sa))

pred act ph = tf.argmax(g current, 1)

#
W
n_
9.

# 3. Setup optimization

trainer =
tf.train.GradientDescentOptimizer (learning rat
e=learning rate)

update model = trainer.minimize (error)

with tf.Session() as session:
session.run(tf.global variables initializer())
for episode in range(l, num episodes + 1):
obs t = env.reset ()

episode reward = 0



while True:

# 4. Take step using best action or

random action

obs t oh = one hot(obs t, n obs)

action = session.run(pred act ph,

feed dict={obs t ph:

obs t oh}) [0]

if np.random.rand(1l) <

exploration probability (episode):
action = env.action space.sample ()

obs tpl, reward, done,

env.step (action)

# 5. Train model
obs tpl oh = one hot (obs tpl, n obs)
g _target val = session.run(g_target,
feed dict={
obs tpl ph: obs tpl oh
b
session.run (update model, feed dict={
obs t ph: obs t oh,
rew ph: reward,
g target ph: g target val,
act ph: action
})
episode reward += reward
obs t = obs tpl
if done:
rewards.append (episode reward)
if episode % report interval ==
print report (rewards,

episode)
break
print report (rewards, -1)
if name == ' main_ ':

main ()
python bot 4 g network.py

el Lo ol 5] g
Output
100-ep Average: 0.11 . Best 100-ep Average: 0.11
Average: 0.05

(Episode 500)
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100-ep Average: 0.41 . Best 100-ep Average: O.
Average: 0.19

(Episode 1000)

100-ep Average: 0.56 . Best 100-ep Average: 0.
Average: 0.31

(Episode 1500)

100-ep Average: 0.57 . Best 100-ep Average: 0.
Average: 0.36

(Episode 2000)

100-ep Average: 0.65 . Best 100-ep Average: 0.
Average: 0.41

(Episode 2500)

100-ep Average: 0.65 . Best 100-ep Average: 0.
Average: 0.43

(Episode 3000)

100-ep Average: 0.69 . Best 100-ep Average: 0.
Average: 0.46

(Episode 3500)

100-ep Average: 0.77 . Best 100-ep Average: 0.
Average: 0.48

(Episode 4000)

100-ep Average: 0.77 . Best 100-ep Average: O.
Average: 0.48

(Episode -1)

54

73

73

73

73

73

79

79
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/AtariBot/bot_4_q_network.py

mwan

Bot 5 -- Build least squares g-learning agent for
FrozenLake

mwan

L] sl e Cidl (ol e glall eyl e AL Sl e LS
ZCJZJ\OA yasel)
/AtariBot/bot_5_ls.py

from typing import Tuple

from typing import Callable

from typing import List

import gym

Qals (,Juu Jds L;(.g,,_u w_1r ‘LsJ'?T a6 dolas il sl SMalaadl L56

.0.85 J (..,asd\ Jeles 5000 J) wlaadl sde Eodey o s ) aslsyL Lastll

discount factorsnum episodes &l oldaadl o S 055 N> e
:L;)ﬂ;\ﬂ)l.k..aldc IS S ‘,51(,?50)1

/AtariBot/bot_5_ls.py

num episodes = 5000

discount factor = 0.85
learning rate = 0.9
w lr = 0.5

report interval = 500



gl o I eV 5 21 Dls (il (el Aol print_report dls [
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/AtariBot/bot_5_Is.py

report interval = 500

report = '100-ep Average: %.2f . Best 100-ep
Average: %.2f . Average:

$.2f '\

' (Episode %d)'

def makeQ (model: np.array) —-> Callablel[np.array],
np.array]:

"""Returns a Q-function, which takes state ->
distribution over

actions"""

return lambda X: X.dot (model)

def print report(rewards: List, episode: int):

Pl 23 p0idl g Als cinitialize &gl o o3 Ul sl imakeQ dn
ek S5 Ao pall ol
/AtariBot/bot_5_Is.py

def makeQ (model: np.array) -> Callable[[np.arrayl],
np.array]:

"""Returns a Q-function, which takes state ->
distribution over

actions"""

return lambda X: X.dot (model)

def initialize (shape: Tuple):
"""Tnitialize model"""

W np.random.normal (0.0, 0.1, shape)
QO = makeQ (W)

return W, Q

def print report (rewards: List, episode: int):
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/AtariBot/bot_5_ls.py

def initialize (shape: Tuple):

return W, QO

def train(X: np.array, y: np.array, W: np.array) ->

Tuple[np.array,

Callable]:

"""Train the model, using solution to ridge

regression”"""

I = np.eye (X.shapel[l])

newW = np.linalg.inv (X.T.dot (X) + 10e-4

I).dot (X.T.dot (y))

W=wlr newW + (1 - w 1r) \* W

QO = makeQ (W)
return W, Q

def print report (rewards: List, episode: int):

rlolel 25 SV 3l dls s 5 ¢l >V cone hot ol dls il ol da
/AtariBot/bot_5_ls.py

def train(X: np.array, y: np.array, W: np.array) -—>
Tuple[np.array,
Callable]:

return W, Q

def one hot(i: int, n: int) -> np.array:
"""Tmplements one-hot encoding by selecting the ith
standard basis

Vector" mwwn
return np.identity(n) [i]

def print report (rewards: List, episode: int):
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/AtariBot/bot_5_ls.py
def main () :

rewards = []

n obs, n actions = env.observation space.n,
env.action space.n

W, Q = initialize((n obs, n actions))
states, labels = [], []

for episode in range(l, num episodes + 1):

oS e SISl T 5,5k s Jad  for il 43 JanY el o3
18 eall Olaglaall e 2SI Al IS'13] 1abelss states (bl

/AtariBot/bot_5_Is.py

def main () :

for episode in range(l, num episodes + 1):
if len(states) >= 10000:
states, labels = [], []

Low e state =env.reset()Lbeéﬂb‘Lxﬂunxggighhuhkxgrj

bl poor Ml S 8l e Dol a3 JL s (53500 - LS e
Lo Taly Goene

/AtariBot/bot_5_Is.py

for episode in range(l, num episodes + 1):
if len(states) >= 10000:

states, labels = []1, I]

state = one hot(env.reset (), n_ obs)
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/AtariBot/bot_5_ls.py
for episode in range(l, num episodes + 1):
episode reward = 0
while True:
states.append(state)

noise = np.random.random((l, env.action space.n)) /
(episode\*\*2.)

:Q dls r.xi:’ va\a::j u«u‘}aé—“ @L«l}‘ J:LSJ) caction ulm?' Codoy r.“e
/AtariBot/bot_5_ls.py

while True:
states.append(state)

noise = np.random.random((l, n*actions)) / episode
action = np.argmax(Q(state) + noise)
state2, reward, done, * = env.step(action)

3 i JQ Ul slednad Jawy o35 state2 ge CGole Doly Gluol ol
:qmﬂ)zﬂhgtharget
/AtariBot/bot_5_Is.py

while True:

state2, reward, done, \ = env.step(action)
state2 = one hot(state2, n obs)
Qtarget = reward + discount factor *

np.max (Q (state2))

jgtﬂjkm@pdagwb Qlstate,action] = ...¢ib?‘éM‘ALJ“Ji>
35 s LAY s Bhanll oy Jah 0 iy Jloel) 3 50dl 15 51 e B3
18 )Ll L}QSJ"N‘ Q‘;\f?’\.‘ Q (’.:5 S Y ey YO RESN] LfSle ¢‘J.>->“ &

/AtariBot/bot_5_ls.py



state2 = one hot(state2, n obs)

Qtarget = reward + discount factor
np.max (Q (state2))

label = Q(state)

label[action] = (1 - learning rate)  label[action]
+ learning rate \*

Qtarget

labels.append (label)
episode reward += reward

.Cs,w Gy lfd-br—) sl state = state2 J@E,.il,w
i) Ol et 10 S Gl ged opds JI s 55
/AtariBot/bot_5_Is.py

state = state2

if len(states) % 10 ==

W, QO = train(np.array(states), np.array(labels), W)
if done:

o Lol el Lol 5 831 o e 1SS

/AtariBot_5_ls.py
Bot 5 —-- Build least squares g-learning agent for
FrozenLake

from typing import Tuple

from typing import Callable

from typing import List

import gym

import numpy as np

import random

random.seed (0) # make results reproducible
np.random.seed (0) # make results reproducible

num episodes = 5000
discount factor = 0.85
learning rate = 0.9

w lr = 0.5

report interval = 500
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report = '100-ep Average: %$.2f . Best 100-ep
Average: %.2f . Average:
$.2f '\

' (Episode %d)'

def makeQ (model: np.array) -> Callable[[np.array],
np.array]:
"""Returns a Q-function, which takes state ->
distribution over
actions"""
return lambda X: X.dot (model)

def initialize (shape: Tuple):
"""Tnitialize model"""
W = np.random.normal (0.0, 0.1, shape)
Q = makeQ (W)
return W, Q

def train(X: np.array, y: np.array, W: np.array) ->
Tuple[np.array,
Callable]:
"""Train the model, using solution to ridge
regression"""
I = np.eye(X.shapel[l])
newW = np.linalg.inv(X.T.dot (X) + 10e-4 *
I).dot (X.T.dot(y))
W=wlr * newW + (1L - w 1r) * W
Q = makeQ (W)
return W, Q

def one hot(i: int, n: int) -> np.array:
"""Implements one-hot encoding by selecting
the ith standard basis
vector"""
return np.identity(n) [i]

def print report (rewards: List, episode: int):
"""Print rewards report for current episode
- Average for last 100 episodes
- Best 100-episode average across all time
- Average for all episodes across time

mwwan

Q.

print (report % (
np.mean (rewards[-100:]),



max ([np.mean (rewards[1:1+100]) for i in
range (len (rewards) -

100) 1),

np.mean (rewards),

episode))

def main () :
env = gym.make ('FrozenLake-v0') # create the
game
env.seed(0) # make results reproducible
rewards = []

n obs, n actions = env.observation space.n,
env.action space.n

W, Q = initialize((n_obs, n actions))
states, labels = [], I[]

for episode in range(l, num episodes + 1):
if len(states) >= 10000:
states, labels = [], []
state = one hot (env.reset(), n obs)
episode reward = 0

while True:
states.append(state)

noise = np.random.random( (1,
n_actions)) / episode

action = np.argmax(Q(state) +
noise)

state2, reward, done, =
env.step(action)

state2 = one hot(state2, n obs)
Qtarget = reward + discount factor
* np.max (Q(state2))

label = Q(state)

label[action] = (1 - learning rate)
* label[action] + \

learning rate * Qtarget
labels.append(label)

episode reward += reward
state = state?2

if len(states) % 10 ==
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WIQ=
train(np.array(states),
np.array (labels), W)

if done:
rewards.append (episode reward
)
if episode % report interval

print report (rewards,

episode)
break
print report (rewards, -1)
if name == ' main_ ':

main ()

F Sl oty (35 ) el o s el Lo (U3 Any

python bot 5 1s.py

sk b s e

Output

100-ep Average:

Average: 0.09
(Episode 500)

100-ep Average:

Average: 0.10
(Episode 1000)

100-ep Average:

Average: 0.10
(Episode 1500)

100-ep Average:

Average: 0.11
(Episode 2000)

100-ep Average:

Average: 0.14
(Episode 2500)

100-ep Average:

Average: 0.16
(Episode 3000)

100-ep Average:

Average: 0.22
(Episode 3500)

.17

.11

.08

.24

.32

.35

.59

Best

Best

Best

Best

Best

Best

Best

100-ep

100-ep

100-ep

100-ep

100-ep

100-ep

100-ep

Average:

Average:

Average:

Average:

Average:

Average:

Average:

0.

17

.24

.24

.25

.31

.38

.62
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100-ep Average: 0.66 . Best 100-ep Average: 0.66
Average: 0.26

(Episode 4000)

100-ep Average: 0.60 . Best 100-ep Average: 0.72
Average: 0.30

(Episode 4500)

100-ep Average: 0.75 . Best 100-ep Average: 0.82
Average: 0.34

(Episode 5000)

100-ep Average: 0.75 . Best 100-ep Average: 0.82
Average: 0.34

(Episode -1)
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/AtariBot/bot_6_dqn.py

mrmn

Bot 6 - Fully featured deep g-learning network.
import cv2

import gym

import numpy as np

import random

import tensorflow as tf

from bot 6 a3c import a3c model

def main() :

if **name** == '**main**':

main ()
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import tensorflow as tf
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from bot 6 a3c import a3c model
random.seed (0) # make results reproducible
tf.set random seed(0)

num episodes = 10

def main () :

de' ‘;ﬂdownsampledb>¢>‘num eplsodesu&uﬁﬁwiuuﬂhm
3))*’84X84d\’“‘f)"\:‘”d“;(’:°}'d\“‘ﬁ)x(’3¢‘r"

/AtariBot/bot_6_dqn.py

num eplsodes = 10

def downsample (state) :

return cv2.resize (state, (84, 84),

interpolation=cv2.INTER LINEAR) [None]

def main () :

DSl AL sl 058 o & QJ)MG” maindﬁ\:%\%éwlkﬁym}gr}
/AtariBot/bot_6_dqn.py

def maln():

env = gym.make ('Spacelnvaders-v0') # create the

game
env.seed (0) # make results reproducible

F Bl Bl 42, L030 dg o3 () 5,4 dn 80
/AtariBot/bot_6_dqn.py

def maln():

env = gym.make ('SpaceInvaders-v0')# create the game
env.seed(0) # make results reproducible

rewards = []
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/AtariBot/bot_6_dqn.py

def main () :

env = gym.make ('SpaceInvaders-v0') # create the
game

env.seed(0) # make results reproducible

rewards = []

model = a3c_model(load:'models/SpaceInvaders—
v0.tfmodel")
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/AtariBot/bot_6_dqn.py

def main () :

env = gym.make ('SpacelInvaders-v0') # create the
game

env.seed(0) # make results reproducible
rewards = []

model = a3c*model (load='models/SpacelInvaders-
v0.tfmodel")

for * in range (num episodes) :

episode reward = 0

states = [downsample (env.reset()) ]

while True:
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while True:
if len(states) < 4:

action = env.action space.sample ()

else:

frames = np.concatenate(states[-4:], axis=3)
action = np.argmax (model ([frames]))
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/AtariBot/bot_6_dqn.py

while True:

action = np.argmax (model ([frames]))

state, reward, done, = env.step(action)

states.append (downsample (state))
episode reward += reward
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/AtariBot/bot_6_dqn.py
%hilé True:
ééisode_reward += reward

if done:
print ('Reward: %d' $ episode reward)
rewards.append (episode reward)
break
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/AtariBot/bot_6_dqn.py

def main () :

break

print ('Average reward: $.2f" % (sum (rewards) /
len (rewards)))
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/AtariBot/bot_6_dqn.py

mwan

Bot 6 - Fully featured deep g-learning network.

import cv2

import gym

import numpy as np

import random

import tensorflow as tf

from bot 6 a3c import a3c model

random.seed (0) # make results reproducible
tf.set random seed(0)
num episodes = 10

def downsample (state) :
return cv2.resize(state, (84, 84),
interpolation=cv2.INTER LINEAR)
[None]

def main () :

env = gym.make ('SpacelInvaders-v0') # create
the game
env.seed(0) # make results reproducible
rewards = []
model = aBC_model(load='models/SpaceInvaders—
v0.tfmodel')
for in range (num episodes):

episode reward = 0

states = [downsample (env.reset()) ]

while True:
if len(states) < 4:

action =
env.action space.sample ()
else:

frames =

np.concatenate (states[-4:],
axis=3)
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action =
np.argmax (model ([ frames]))
state, reward, done, =
env.step (action)
states.append (downsample (state))
episode reward += reward
if done:
print ('Reward: %d' %
episode reward)
rewards.append (episode reward
)
break
print ('Average reward: %.2f' % (sum(rewards) /
len (rewards)))
if name == ' main_ ':
main ()

:C%i;;J\JéJQ(Jadﬂil&.lfmd‘&ﬁc;&b&qud‘£i>‘
python bot 6 dgn.py
sk Lo 2] i
Output

Reward: 1230
Reward: 4510
Reward: 1860
Reward: 2555
Reward: 515
Reward: 1830
Reward: 4100
Reward: 4350
Reward: 1705
Reward: 4905
Average reward: 2756.00
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