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my_env/ bi n/activate
i Joll e Scikit-Learn ddo-5 OS] b & nad G (Lgld doee ) By Lali5 ms

(my_env) $ python -c "inport sklearn"
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Output

Traceback (nost recent call last): File "<string>"
line 1, in <nodul e>

I mportError: No nodul e naned ' skl earn'

P P plsenaly LSl Ly o8 10 coete & skl ear n of ) lasd) Al 2
(nmy_env) $ pipinstall scikit-learn[all deps]
Jupyter Notebook Jorazy o coctall JlaST 5 2eas
(nmy_env) $ jupyter notebook
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i nport skl earn
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from skl earn. datasets inport |oad_breast_cancer
# Load dat aset
data = | oad_breast _cancer ()
dagall Gugaldll 3lis . dictionary wssldl Jos Jory g1 0L 56 dat @ el fe
)l Slawddls (T ar get _nanes) ciiadl Slews slowd 2 Wlel o cow I
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# Organi ze our data

| abel _nanes = data['target nanes']

| abel s = data['target']

feature_names = data['feature_nanmes']

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

print (Il abel _nanes)
print(label s[0])
print(feature_nanes[0])

print(features[0])

125500 Jorizy e 13] LW el (6 o

A At # Lock ax our data
{label_nawes)
t(Labela b))

7 (feature_names(o]|
print| features(i))

ralignant' 'benige’)

snan redics
1.79900000e+01 1.938009000+2
1.18600000-01
2.41900000e~01
4.28906000e+00
3.37309000e-02
2. D0a+01
1.02200000e-01
4.501000000-01

1,22500000e492
1.00100000e-01
1.09500000e+30
£.399000000-02
1,00300900e-43 .
1.6846000002+02 2.0199000Da+C3
7.11200900e-21 7.654000000-01
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from skl earn. nodel _selection inport train_test_split
# Split our data

train, test, train_| abels, test | abel s =
train_test_split(features, | abels, t est _si ze=0. 33,

random st at e=42)

Lol Jlodl Hia 3. t @St _Si Z@hakas plbualy st S SULIN iy DI o525
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fromskl earn. nai ve_bayes i nport Gaussi anNB

# Initialize our classifier

gnb = Gaussi anNB()

# Train our classifier

model = gnb.fit(train, train_|abels)
o D155 Jond Cdedl 3 sall phisial SIS sy LSy (g3 gadl Copy 5 O
U ars predict() U plisenl by ppi Ay by Lobdl LYl ey
3 LSy LYl i pazes Jobls Jie [0 5l e degezes predi ct ()

5 gedl es Lo gl L3135 Aol
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# Make predictions

preds = gnb. predict(test) print(preds)
Ll ébﬁl&fwuj 581 L o b

F INITIAZING DUT CINARITIAT
gnb = Goussiaaxy|)

# Train our elaaslifine
=cdel = gob.fit{tsain, tzmin_labels|

§1t # Meke predicelons
precs = gnb,predict{test)
prizs. preds
fioo0t1000111010101230130D2312210L221LL1D
101101133 ¢1111001273110012001F%10021GG1D
1111310321006 002 1282802062000 0L3001L10
1160011200212 D10012b00212031001022aL00
1118111908111 111 151203303301 1L315500
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fromsklearn. metrics i nport accuracy_score
# Eval uate accuracy

print(accuracy_score(test | abels, preds))
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# Foxlssts mecura
FTinT (accursoy_score(test labels, preds)
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from skl earn. dat asets i nport | oad _breast cancer

from skl earn. nodel _selection inport train_test_split

from skl ear n. nai ve_bayes i nport Gaussi anNB

from sklearn.metrics inport accuracy_score

# Load dat aset

data = | oad_breast _cancer ()
# Organi ze our data

| abel _nanmes = data['target nanes']
| abel s = data['target']
feature_nanes = data['feature_nanes']

features = data['data']
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# Look at our data
print (| abel _nanes)

print('Cass |abel ="', labels[0])
print (feature_nanes)

print(features[0])

# Split our data

train, test, train_labels, test_labels =
train_test split(features,|abels, test_size=0. 33,
random st at e=42)

# Initialize our classifier

gnb = Gaussi anNB()

# Train our classifier

nodel = gnb.fit(train, train_|abels)

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

# Eval uate accuracy
print(accuracy_score(test_| abels, preds))
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nkdir tensorfl ow denocd

t ensorfl ow deno

bl el 1 g A 231 2l sl I ol sV iy o
pyt hon3 -m venv tensorfl ow denb source

t ensor f| ow denp/ bi n/ acti vat e

Syl pldiiis - pockatdl gal ) e Flgedbunin ) SLSl iy o5 oI5 dny
garadl Jdo g requirenents. txt cale sl IS o OleSladl oda s 53ds
;requi rements. txt Lk o3 axrbos ol wlllzadl suswy o4l

(tensorfl owdeno) $ touch requirenents.txt
NumPy; Image Slea o) &I ol Cisls o el o Gedledl il
Lghlusls TensorFlow s
requirements.txt
i mmge==1.5. 20
nunpy==1. 14. 3

tensorfl ow==1.4.0

E JUI Yl sl SLeSall ada Sty o o5 el e 5 Ts el o
(tensorflowdenp) $ pipinstall -r requirenents.txt

MNIST wUly dcgono al il - 2 6gaall

MNIST ULy de gazes gockadl ol Il Hia Glgatnnin ) UL o goreo pond
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(tensorfl owdeno) $ touch main. py
Forenl Sladdacdl ol Wi sl o550 (Ul o el poes itholl a0V =8l
:TensorFlow acsls ol ow alaJl J)

main.py

i nport tensorflowas tf

52555 MINIST @bl de gazes 31w Slike I LI daes ) Sladatd] ) o sl
MM St ! 35 ) 5l Ly

main.py

from tensorflow exanples.tutorials.mist i nport
i nput _dat a

mi st = i nput _data.read _data sets("MNI ST data/",

one_hot=True) # yl abels are oh-encoded

ol Lo} one-hot-encoding Ca-lu Taly oo 5 s (UL 5613 e
G (3Ll ol gl o 2 ey 1 gnald (13" ULl o e < gl il (3 01)
el 3B <9 L0 oo o1, Loleons O ki & gl 51 £od I ol o) A5l o
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main.py

n_train = mi st . trai n. num exanpl es # 55, 000
n_validation = mi st. val i dati on. num exanpl es # 5000

n_test = nmmist.test.num exanples # 10, 000
el B2 (3,8l @3 1 0l (sl sl el 03 o dx OV

duun o)l A LUl duil aani - 3 6ghall

dab S dolis gl sae s Gl dolibll sus e ole J) baasdl 20 42,005
oyt Bliad K 8l s dnaall SIS Y 1 liadall oy Sl I o 5 225y
LUl e ad S8 8 L ) ba o gll llanae pliseal o2 g8l FLall fos
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main.py

n_i nput = 784 # input |layer (28x28 pixels)

n_hi ddenl = 512 # 1st hi dden | ayer
n_hi dden2 = 256 # 2nd hi dden | ayer
n_hi dden3 = 128 # 3rd hi dden | ayer

n_output = 10 # output layer (0-9 digits)
Sl JolSIL Aams 22 JS ae babiaans I L) 1 gt JEI SLII s ) gl
M\
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main.py

| earning_rate = le-4

n_iterations = 1000

batch_size = 128

dropout = 0.5

o Olghas (o 5k S Slalaall s Hlie learning rate olall ddxe froy
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main.py

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

Y = tf.placeholder("float", [ None, n_out put])
keep_prob = tf.placehol der(tf.fl oat32)

X G el Lo 1 SBL o o LeSle] Bk oy A1 5 o dalna
sdowe b iy p g o AaS 6l Jry NONE S [ NONE,  784] S5 pusens
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main.py

wei ghts = {
"wl': tf.Variable(tf.truncated_normal ([ n_input,

n_hi ddenl], st ddev=0. 1)),

w2
tf.Variable(tf.truncated_normal ([ n_hi ddenl,

n_hi dden2], st ddev=0. 1)),

"w3':
tf.Variable(tf.truncated_nornal ([ n_hi dden2,

n_hi dden3], st ddev=0. 1)),

out
tf.Variable(tf.truncated _nornal ([ n_hi dden3,

n_out put],
st ddev=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

bi ases = {



bl :tf.Variable(tf.constant (0.1, shape=[n_hi ddenl])
),
b2':tf.Variabl e(tf.constant (0.1, shape=[n_hi dden2])
K
b3 :tf.Variabl e(tf.constant (0.1, shape=[n_hi dden3])
K
out':tf.Variable(tf.constant (0.1,
shape=[ n_out put]))
}
it .l 5 el il S S Lhenll s G b e B Sl sliel o8 (U5
lie ) skl o

main.py

layer _1=tf.add(tf. matnul (X, wei ghts['wl']), bi ases["
b1'])

| ayer 2 = tf.add(tf. matmul (1 ayer 1,
wei ghts['w2']), biases['b2'])
| ayer 3 = tf.add(tf. matnmul (1 ayer 2,

wei ghts['w3']), biases['b3'])
| ayer _drop = tf.nn.dropout(layer_3, keep_prob)

output _layer = tf.matnul (I ayer 3, weights['out'])
+ bi ases[' 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 sl keep_prob des

LIV Lo 5 185l Al dodos o Sl o I ey 32521 85l
i 5 ~ally ccross-entropy dsbliall Loy 5531 s» TensorFlow el (J55lesd! A1
(Slondly S5l Gl Gomi s G 35 Iy dog-loss ewl Lad
Golas 5Ll S e 0 Lnlotie Babolin Lys ] J) Jlall il (5350

Llas 5,Lesdl Uls ) Lgalbenad (i A1 o) Lol 5L J] Cal oo
31 asl sl a5l i b a gradient descent 3LVl T e o
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(I38) e ool o] I o 21,55 ol ghai 361 G b e Lo 1) (omall)
Gl Ladies o3 ) SV ) o iyl i) SLLS e il Sl
Ly . Adam optimizer ¢>T u;or.i p s M\ Gal;,:)\ Jia s ‘TensorFlow
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rehale JI JUI s 31 Cadl ol 33 plasely Slrsteld Gl e o

main.py

cross_entropy = tf.reduce_nean(
tf.nn.softmax_cross_entropy_wth_| ogits(
| abel s=Y, | ogits=output_I|ayer

))
train_step = tf.train. AdanOpti m zer (1le-

4) . nminimze(cross_entropy)
SULI 455 » 2JL1 5 sl TensorFlow. plddwl Ll bad s 30201 Y1 Lot 43S
- Jmall @;M,\samsgu,g}\g APSVEREU{ U POV Y TS

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 ru)%gas>;§iJ§,;}:J\ Jol e oLl i) Sladaall Cotowy
coodl SLI I I g by Aol LY ULy e pores Jri3 5LVl Llee
Sl o leeld e (Sash oo B i Lok b sdoven el doe ey |3
Gl de saodl SLLI e W oot ol £ 13T SULII o mini-batches & oo
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s i it ) J o sl SN e GS B0 Lo o 05 LSTI3] Lo

main.py

correct_pred = tf.equal (tf.argmax(output_|ayer,
1), tf.argmax(Y, 1))

accuracy = tf.reduce_nean(tf.cast(correct_pred,
tf.float32))


Adam%20optimizer

S i 8 o Al el §)laed ar g_max dll i ccorrect _pred

abfxgggjc@ygwgﬂ)nggggm)output_Iayerun)£Ndm>Q»Cfma
S RSl ol &y G5 Uy LSy . Booleans dilaall ol e 25U e )Y equal

ALlS@Bs s e J gasdd u l Ol floats
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rlale )AL e ) olacka) ) plas sl 5 el 885t Bl

main.py

init = tf.global _variables_initializer()
sess = tf. Session()
sess.run(init)
JE ) Gug e o0 5Ll Dls o ga ool ol o)l Elas 2
@T el e ) geal) Lidisdl Slandly sl dnd gl bl o MY
r S e sdes s ) S5 ol ghas
A e b L ol 1
Byl sl o
RS [P CE VP [
AshAxdldﬁxxgrj .
oo I B el 8Ll S Usleed SIS Sledadl ks 2y ey 5 35k IS S
ol e Bl LiSlay Bledl By lesdl Glolisul 65 ol com el puis
Sl Lbly HLesY 5 a8 Bl plasea s
rcaledl s SO0 s sl

# train on m ni batches

for i in range(n_iterations):

bat ch_x, bat ch_y=mi st . trai n. next _batch(batch_
si ze)


https://www.digitalocean.com/community/tutorials/understanding-data-types-in-python-3#booleans

Scikit-Learn pladiuwl ok (b (JUI pleid) Buon <Ly 41845 : gunldll o)l

sess.run(train_step, feed_dict={X batch_x, Y:
batch_y, keep_prob: dropout})

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

m ni bat ch_I oss, m ni bat ch_accuracy=
sess.run( [cross_entropy, accuracy],

feed_dict={X bat ch_x, Y: bat ch_y,
keep_prob: 1.0}

print(

"Iteration",

str(i),

"\t| Loss =",

str(m ni batch_I oss),

"\t| Accuracy =",

str(m ni bat ch_accuracy)

)

(’}5.: am‘ﬁjw\wsﬁwwb %J}Cq‘.@,:}r}l’ %)J:: th"JQ)\Ji:’ 100-540
L Bl b5 Lualioe s)lei w355 O s Y al Y Lgia s Ladl) S5 kb Aol
Vs gl (o 8 i labs ptined o abaSTh 2350l ol e JSU ol O] o
eVl n 3o Baaliey B2 plondly ol Bloe m ) (635 [0 Lealab] o
Slalral Eodss L6 dikseall

b 3 odl odin e LY e e Ldodl Lt LeSlay el JLsST 5 ey
DY e a2 Sl ) e O e ST 1. 0 (550 keP_pr Ob 55
Dol JL S e s

main.py



test _accuracy = sess.run(accuracy, feed_dict={X
mi st . test.i mages, Y: mi st . test.| abel s,
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
o Sl i) QUi ) QW SaY1 Ay (35 MR N PY daisl Ll Jasey & S
(tensorfl owdeno) $ 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 sk 5 (b lll e s o il A 5 bl Jdne i 3
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s 5l 3 patdl B3 po Lalsedl|
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5 senSl T palsdl LI LoV de fod cur |
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(tensorflowdeno) $ curl -Oinages/test_ing. png
el I I Loen ) olackal shawe Cadls S ol )l (& MR N pY el
main.py

i nport nunpy as np
fromPIL inmport | mge

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

main.py

i mg=np.invert (|l mage. open("test _ing.png").convert ('
L')).ravel ()

Olgd e 500 4D & 50aaeS )liaV1 5 50 Lo | MRGE 45 Open dls o5k
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B el deldy 5 el LY Glile ) Il 5 SO il

main.py

prediction = sess.run(tf.argnmax(output_|ayer, 1),
feed dict={X: [ing]})



print ("Prediction for t est i mage: ",
np. squeeze(prediction))

S B yiaddl a dorls oo sde plaY 5l e NP, SqUeeze Uls sledl o
Lol e ) mall 0 e a5 08 3L 0 ) 231 e (2 JL [2] e S
23
Output

Predi ction for test imge: 2
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https://www.digitalocean.com/community/tutorials/initial-server-setup-with-ubuntu-18-04
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%@ﬁkﬁ;mbmﬁpc@:w‘@w@%fw 3 oS3 (U3 e Yol
slaely culs o fsgﬂ;upb;” }.MJ“"W?LE;J WL«J\ ;&J&J” "\c»l.’jJ\ 59\} d}’\:—u.a

el e eg pitoll 2Liul - 1 gl
L3O LSl L &l 55 Sde oy ZBU5d skl Zy slas] 2T e
ol
(At ari Bot sl s tall g Jos b Ll Tl
nmkdi r ~/ At ari Bot
odxl Atari Bot s JI Jass)
cd ~/ At ari Bot
tody 5 o (s sl Y1 el odn Frad Sy 5 ool Bt Bl 23 iy £ LS o3 03
:atari bot lgwwd Gpw b
pyt hon3 -mvenv at ari bot
: s --c.m ’ :..... (’3
source ataribot/bin/activate
3L ool Gan oS OpenCV ol ¢16.04 5l s Klesl (Ubuntu &
S BLAYL - el el Ollas iy Godad a5 - CMake G oy . Jos o
sda o) JE e fainy o5 dad 1 sl (05555 e gndl SBLYL Akl s

sudo apt-get install -y cmake Ilibsnme 1ibxext6
i bxrender-dev |ibz-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]

brewinstall cnmake


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

C:c M ja‘}ty‘ Jla.,w 3\>T M} wheels A;J Ry ZJL:.M :ufJ‘ oda ‘Qj:\fb &&gﬂ
. whi

python -mpip install wheel
el ool s )l cnheel 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
t ensor pack==0.8.0 nunpy==1.14.0 sci py==1.1.0

opencv-pyt hon==3.4.1. 15

ds yozes oS g «Gym SAtari oy e S 5,0 i p pls! ROULINEY
:Space Invaders <> ($le (Atari sud| Ol e e gne

python -mpip install gynfatari]
i b Al eow cgynfat ari ] dey S e 13

Output


https://gym.openai.com/
https://www.tensorflow.org/api_docs/python/tf/nn/convolution
https://opencv.org/
https://www.scipy.org/
http://www.numpy.org/
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Installing collected packages: atari-py, Pillow,
Py OpenCGL Successful ly install ed Pillow5.4.1

PyOpen@.-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 cLi] - 2 69l

Jorizy p s 1S5 slels p st (o ol 3Bl e o sladdl el 1 el 0 i 0V
Sos Al el L;Y .Space Invaders (LS S Atari da) o Ao L3ed
OV Dl ol 5 50cdl 15T 83 3 (suke g e Slidelona bl ax e J sl
Bl Ll NI LS 5 T o ) i o] IS Bas]pte olel 2 ey LS00 1
Y Ol shas GENSTs o151 83 3 (suke ) Wi ol Jalally 05l (el oln
Joslas IS me Jolaes Sl gmy Min 2l Lol Calll Bl e Blisll Sy «Gym o
e (8.4l Al dods gy My s 3upu 35> gy Me=es 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 pliciivs (L .bot _2 random py

nano bot 2 random py
Yoty gl 013 ol 135 e sl gual slol 3w (025 ¢ U1 a5 1S
Yo bot\ _2\ _random py e <l lda ols (o5 s el (NS Al e
.bot\ _1\ _random py .
b 755 G 287l ada o AW 8l oI BLOL oy Sl Vi Tt
@) a1 Lo 21 o) 31 POt Shor s g Sl Vi
e Sl B

AtariBot/bot_2 random.py



Bot 2 -- Make a random baseline agent for the

Spacel nvader s gane.
i nport gym

i mport random

Z.gs o3 o5 Spacel nvader s- VO ialll &y sLash o3 Il eds .mai N Al sl
renv.reset el Lall

/AtariBot/bot_2_ random.py

i nport gym

i nport random

def main():

env = gym nmake(' Spacel nvaders-vQ0')

env.reset()
I ) o1 5T )l A1l edg) Ses €NV St ep Uls il (U5 da
pdiadl syl Godas s dall sl sl st at e e
Sdow O Sas (Jladl Jws o el u s 2l doecdl ool ir ewar d - o
(U3 da ik 50 ey Gl 5y (Blas B iols, el Le lis
pans s oM Guta 55 (] e 4036 &) sl o 3. ewar d=50
Al Y bl NV NIPRRPIRENEY
Ol iy Loce Bale oo 2l Y ol gl 6 dlll S5 Lo :done
Y S
Sl i L Lazne A iLsdl leslaadliinfo e
Ao go ddocd Lal dONe paseni LB Jlor] Ol T WA d pdsies O s
True g5 done Liks § S @l ceDUl 365

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 nmake(' Spacel nvaders-v0')
env. reset()

epi sode_reward = 0

whil e True:
action = env.action_space. sanpl e()
_, reward, done, _ = env.step(action)
epi sode_reward += reward
i f done:
print (' Reward: %' %epi sode_reward)
br eak

L Jox3 MBI N O o ST NAME_ iy o3 .MRI N Al Jriey o3 5
BlaL o5 o 3] .python bot _2_random py el 5 ,8ke Lglesal de
ikl sl mul de s Ol cile Lis e Gl MR N LA prd (Gl f
055 Laie lath Wi oz MRI N Al oS00 wds sandl lujloall ad (JUILS

S main_=="'_nanme

/AtariBot/bot_2_random.py

def main():

i f . dbne:

print('Reward %' % epi sode_rewar d)

br eak
if  name ==
mai n()

_main_
o brall clls JB nano pdsend iSTI3] el e oAl caledl Lo

LS G b e S Lol W;WJ\JAM‘.} U3 .ENTER(.j CTRL+X Y
pyt hon bot _2_ random py

ol rizy Led pas 5e S Gl BY b W bt o35 2130 Sl p i
aldes dns o Joaoin
Output

Maki ng new env: Spacel nvaders-v0
Reward: 210.0



AN osleally el Sy o 23] Jo e A e £31 201 Sl o
b el (S moeat) LS BB by el 0555 Ol o it 3Ll

S

nano bot_2 random py

env = .~ random seed(0) <asl .inport random Js
Jo=5 env. seed(0) sl .gym make(' Spacel nvaders-v0')
LSS LS pans Lo cdiaie 3Ol Ao SV oo 21 " seed” Jo G b glasddl oda
Gls Ll & sl Sake ol G515 ekl
/AtariBot/bot_2_random.py

Bot 2 -- Make a random baseline agent for the
Spacel nvader s gane.

i mport gym
i mport random

random seed( 0)
def main():
env = gym nake(' Spacel nvaders-vQ')

env. seed(0)

env.reset()
epi sode_reward = 0

whil e True:
action = env. action_space. sanpl e()
_, reward, done, _ = env.step(action)
epi sode_reward += reward
i f done:
print('Reward: %' % epi sode_reward)
br eak
if **name** == "**main**';
mai n()

loa ol Bk L BUS Gk e o Sl ity o3 o ) el GleTs calall Lo
pyt hon bot_ 2 random py
o all AL B s - S
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Output

Maki ng new env: Spacel nvaders-v0

Rewar d: 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 o5 A B e P31 sl w3y dolils s S Jats S
T ko) b sl el e aST dsane Uil oo Lglau s

nano bot_2_random py

seked Zoalll Conly LS s Ul JUUI el el ol r andom seed( 0) ux
> 10

random seed( 0)
num epi sodes = 10

B e 300 236 Tl « env. seed( 0) s sk
/AtariBot/bot_2_random.py

env. seed(0)
rewards = []

e fordd> s main() &g Jlenv. reset () o daes,dl olodadl S o,
Jenv.reset () oo lw I3 0 Bl @;}yf‘u .num_epi sodes |
:obles oL br eak

/AtariBot/bot_2_random.py

def main():
env = gym nmake(' Spacel nvaders-v0')
env. seed(0)
rewards = []
for _ in range(num epi sodes):
env. reset()
epi sode_reward = 0
whil e True:



Aod) B sl s ) dalll il e Dl Y1 el 5oy G 2Le break 3
r B ez 2036 J] Al

/AtariBot/bot_2_random.py

i f done:

print('Reward: %' % episode_reward)
rewar ds. append( epi sode_r ewar d)

br eak

SBIC L e e ELNL o3 MBI N A Ll
/AtariBot/bot_2_random.py
def main():

print('Reward: %' % epi sode_reward)

br eak

print(' Average reward: % 2f' % (sun(rewards) /
[ en(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
Spacel nvader s gane.

i mport gym
i nport random

random seed(0) # nmake results reproducible
num epi sodes = 10

def main():
env = gym nmake(' Spacel nvaders-v0') # create
the gane
env. seed(0) # make results reproducible
rewards = []
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for _ in range(num epi sodes):
env.reset ()
epi sode_reward = 0
while True:
action = env. action_space. sanpl e()
_, reward, done, _ =
env. step(action) # random action
epi sode_reward += reward
i f done:
print('Reward: %' %
epi sode_r ewar d)
rewar ds. append( epi sode_reward

)

br eak
print (' Average reward: % 2f' % (sum(rewards) /
I en(rewards)))

if name_ =="'_ min__
mai n()

:C,..:::ngj‘ J:""‘i‘:" (':".9 ‘JJ’MJ‘ o CJ—;'\j el Laas|
pyt hon bot _2_random py
o)l I SIS Jas s el ) 1 (63 50

Output
Maki ng new env: Spacel nvaders-v0

Aver age reward: 163.50
o e (Gsne LS5 oLisY e Clal) Gulal o By 85 8 50 28T s oY1 g
83 reodl 8 Sl Jazms O e pal) Sy i pmadl Al Joo U] g J] b 03 0
Sindly 2T 30 ol
Jjeoll lcili s
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
Dby Aall) Al 431 e T Ll ) ) ke g 5131 (o S0 1A ST e
] " 5 a8 Wl Lol 5 4l L) S s s o3 o2

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 Y gl g Grpreor Giliailly b Aol sladll diuist at €0 L
B e byse (g e "Q-table” J) sl L) L) OF 2 1 (3

el S LS

STATE ACTION REWARD

statel) shoot 10
statel) 1'ighi 3

statell leftt 3

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

policy: state -> look at Qtable, 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

10
3

Q state0O, shoot)
Q stateO, right)
Q stateO, left) =3

ez ol JST ) s bl oo 103 3551 e Jgdl e cinns Dl J) )l
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} Qstate, action)

WS g Lo el S dalll A 5 ) Dl 1A Sl Als Slllanay 4 i
i) el Al I Qstate,  action) i, e doim Jodl s b
:dguﬂ,g:;\gcé‘(g(state, action)
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61

o pel) Sas B s dlaily LS N J s ollaDadl e ddadl ) Il 1
deriadl Lo e BT UM e 2l Ul ST LIS piis e J gl
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

ol sLI( st at €0, shoot)

I Yalnadl 35 madl (5 S 5 05

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

learning_rate * Q target

Qtarget = reward + discount_factor * max_{action'}

Qstate', action')
I Sl el SYslaodl 0 pusens

(Sl 23 JUJi:state e

35kl Jdl 3 1 Ge3lsal o5 sl 6l Yl :act i on e

Al Lol 5 sl B creward e

s Y Bdssl Ll ) kb (el skl sudndl Il St at e e
ASaall Sl 2 ez :aCtiOn @

el dase sl €@rning_rate e

ey e 15 padedl BB e « o2l Lol dif scount _fact or

. Q—Learningdﬁ' Js= Dl oda C?-\J (oedslaadl ol J.AISCJ.L e J sl
5 Upmamdls Ul Bualll a5 5o 35 L S Las W1 (35 5mad) ool gl s s o
Ao el Q dad ol Ui

Frozen Lake J hiuuy Q-Learning Jole clidi| - 3 6giaili

G oV gl s 3 #3085 £ L] Gead) ey bl JST5 ol sl 0 s Y
e (ab.:mi Sy oS A py (Q-Learning pdeny s t it <8 glasell oda
.FrozenLake 8ol 2\.&5 J:‘{jj‘ i wl:.m 3.:\&» Al L}a:b&\ e ) é.U\ ;‘J.>->“ J;}j‘
{Gym gy o Sl ol o Balll eda slis] G o5


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/

L denpy Caad Lo Loctoe] g s 8 b Sy o) 35 Dilidoy il 57 Lo s l22)”
uﬂ/wﬂ)ﬂﬂuuﬂj cujw/é;pw/,gw/,.g W/Ljé}jl.ﬁ”&ﬁ”&s}
o Fodazerod] sl dbios g e sdtl] CUE (sum] lso 3] o] N5 Com
sl e i O DU ()50l oo UL LS| Gkl dn) 4yl dm gy i)
. /Iaylijj“;ﬂ/abd'y/éj@/) i]ﬁ’gu/gﬂ/yl./“j.b J:lz-.f/dﬁb u.‘iU.Jc.a_} fiﬂ/c’.f:"“:j
(b b o &5 pltszl b Cisy
SFFF (S: starting point, safe)
FHFH (F: frozen surface, safe)
FFFH (H hole, fall to your doom
HFFG (G goal, where the frisbee is |ocated)
comedl Janl GOag Jl ek b Gous ¢ Sl ] 5Lals Gledl el e oS T
Sl dso s Jawdly eV Sldls el o dbiadl Slel 2 Y1 .G e b &) Lid
3>y G 3 sass « Hoa b Ledl Ll e sl o s sy 1 Gty Gyl s
esn Gl cales b plasenly Loy Q-Learning bale Golery p st ol lia b
= «Bledl s G exploitation SNVl exploration SLISEI oy Jols S
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
125 ka3l e 2l ol oo S e B Joms o3
cp bot _2 random py bot_3 g_table. py

t el )l [ czé\ (.3
nano bot_ 3 g_table. py
Gl 3 e 1 OV 1 s Sl e ) i (U1 il e il oy Tl
5 D 0585 08 S0y o S0 o Sl oy (I G50 o il i 08
o Sl Al Lo
/AtariBot/bot_3_q_table.py

Bot 3 -- Build sinple g-Iearning agent for
FrozenLake
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sl Sl nupy slsul J) slov ccn Sl e Lk oM <l 2] S
Dreodl ol sl G ,3la i POt gy m faud . s
/AtariBot/bot_3_q_table.py

Bot 3 -- Build sinple g-1earning agent for
FrozenLake

i mport gym
i mport nunpy as np
i mport random

random seed(0) # nake results reproducible

nunpy Ji,dk casl or andom seed(0) e
/AtariBot/bot_3_q_table.py
i m'oo'rt random

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

Gl (bbdsdenv. reset () Jaw dodoy o dbs Lall Y- a3
13 il St at @ il 10531 Wbl 35

/AtariBot/bot_3_q_table.py

for \_ in range(num epi sodes):

state = env.reset()

stat e2. AU Abdl o35 gl JUl dsad env. step(. .. ) shaw ol o3
Qi codoad - stat e2 - LU ALl Jdi st at e e JS ) loss

/AtariBot/bot_3_q_table.py

whil e True:
action = env. action_space. sanpl e()



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

State el Codsad Haw Casl « epi sode_reward += reward J~

state S5 of @ Com (JUI LS Bae St At @ el e Ll Lia
| I 4 [P

/AtariBot/bot_3_q_table.py
ﬁhilé Tr ue:

epi sode _reward += reward
state = state2
i f done:

e o3 e Yo il ISTBIS ke U1 I NE 0Ly S f - done Bl
(L LS done sl susw ol sae e s6IS) Jaw 5

/AtariBot/bot_3_q_table.py

if.dbne:
rewar ds. append( epi sode_r ewar d)
br eak

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

for _ in range(num epi sodes):
state = env.reset()
epi sode_reward = 0
whil e True:
action = env. acti on_space. sanpl e()
state2, reward, done, _ =
env. step(action)
epi sode_reward += reward
state = state2
i f done:
rewar ds. append( epi sode_reward))
br eak
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)l dal 1550 . Ml BLaSEY! s &5l 50l e LS 5,08 Casl (5 dm
1Q b s et (for L o Tus ) s )l

/AtariBot/bot_3_q_table.py

o Q = np. zeros((env. observati on_space. n,

env. action_space. n))
for _ in range(num epi sodes):

kol o3, cansI for dalsl £USTael o3
/AtariBot/bot_3_q_table.py

Q = np. zeros((env. observati on_space. n
env. acti on_space. n))
for episode in range(l, numepisodes + 1):

ol g2l Jis] Bt ooy 0T s Gl (sl 2alll 2l :whi | e True Johs
OF (5o Y daall Erandl SIS gy e (g oo Y (A1 815201 SLLI S
QA state, ] dedl b elspall sl 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

whil e True:
noi se = np.random randon( (1
env. action_space.n)) /
epi sode**2.)
action = env. action_space. sanpl e()

‘C,éjj‘ Yo o ‘:s":"): J.g.lu ;pr.aJ\ )LL&.A J.af «epi sodes 33\3)' & 43? Loy
Izl el dnll) 1SS ol dans 305 5550 oy Y 315 5T ST ity
b pne

o« Q-valued s Gy el Yl ke SISy Jamd ACTT ON o Codowy o3
1Rl oblisw VI an
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/AtariBot/bot_3_q_table.py

noi se = np.random randon( (1

env. acti on_space.n)) /

(epi sode**2.)

action = np.argmax( 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. acti on_space. n))
for episode in range(l, num episodes + 1):
state = env.reset()
epi sode_reward = 0
whil e True:
noi se = np.random randon( (1
env. action_space.n)) /
(epi sode**2.)
action = np.argmax({ state, :] + noise)
state2, reward, done, _ = env.step(action)
epi sode reward += reward
Sstate = state2
i f done:
rewar ds. append( epi sode_r ewar d)
br eak

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

s By G edl Bl e 5 gl I Al Gl U e Bokins
e o] 3B (63 5 S formedl Mg dlall 2255 05 S8 Bellman dsles a3
) o ol 2Vl Wloell o A podl Q ) dr k5 J) Sl po 346 Eopms D o
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(st at €0, shoot ) cpexy Q Ul



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 (5L nuM_epi sodes &qdoey 3
/AtariBot/bot_3_q_table.py
np réndom seed(0)

num epi sodes = 4000

s JS8 Geilall e g lall 5ol ) Dy el A1 Sladaedl casl (5 ae
e

/AtariBot/bot_3_q_table.py

ﬁuh_épi sodes = 4000

di scount _factor = 0.8
| earning_rate = 0.9

S g Gl bl am il @igeed) iLlndl Q ed el
env.step(...)

/AtariBot/bot_3_q_table.py

state2, reward, done, _ = env.step(action)
Qarget = reward + di scount_factor *

np. max(Q state2, :])

epi sode_reward += reward

o) e ol Jas sall el Q-value Ui 2 G,k Q ar gt dny Skl
Byl depudll Q

/AtariBot/bot_3_q_table.py

Qarget = reward + discount_factor *

np. mx( state2, :1)

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

Q state,action] + learning rate * Qarget
epi sode_reward += reward

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



/AtariBot/bot_3_q_table.py

Q = np. zeros((env. observati on_space. n,
env. acti on_space. n))
for episode in range(l, num episodes + 1):
state = env.reset()
epi sode_reward = 0
whil e True:
noi se = np.random randon{( (1,
env. action_space.n)) /
(epi sode**2.)
action = np.argmex({ state, :] +
noi se)
state2, reward, done, _ =
env. step(action)
Qarget = reward + di scount_factor
*np.max(QJ state2, :])
Qstate, action] = (
l-learning rate) *  state, action]
+ learning _rate * Qarget
epi sode_reward += reward
state = state2
i f done:
rewar ds. append( epi sode_rewar)
br eak

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
oddnport  gymJ sVl el g3 ccilall e (s shall sl GBI ol e
iLi st g olmmly
/AtariBot/bot_3_q_table.py
fromtyping inport List
i mport gym
@;J\yw\;@ﬂvé‘nai naj\;GL'mI earning_rate = 0. 9u~xs 4l
Iﬁ)LE.‘;U Ji.id\)
/AtariBot/bot_3_q_table.py
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| earning_rate = 0.9
report _interval = 500
report = '100-ep Average: % 2f . Best 100-ep
Average: % 2f . Average:
% 2f "\
' (Epi sode %)
def main():

oo B3l pliseul ol report dhde Sk snds Vs sl cmain Al 3
O LN

/AtariBot/bot_3_q_table.py

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

% 2f "\

' (Epi sode %)’

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

- Average for last 100 epi sodes

- Best 100-epi sode average across all tine

- Average for all episodes across tine

print(report % (

np. nean(rewards[-100:]),

max([ np. mean(rewards[i:i+100]) for i in
range(l en(rewards) - 100)]),

np. nean(r ewar ds),

epi sode))

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 gane

bl Ll 100 31 o sbISKIN o 5 k! rewards. append(...) 4o
rolilodl ez e SBISI Lo g
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/AtariBot/bot_3_q_table.py

i f done:
rewar ds. append( epi sode_r ewar d)
if episode %report_interval ==
print_report(rewards, episode)

Geb oo Al bl 5,3 5 e e el SIS e EOLNL W3 i n() Bl Gl B
Ty 0 Jladl Jluzd

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

I en(rewards)))

I el el s
/AtariBot/bot_3_q_table.py
aef ﬁain():
br eak
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 sinple g-1earning agent for
FrozenLake

fromtyping inport List

i mport gym

i mport nunpy as np

i mport random

random seed(0) # nake results reproducible
np. random seed(0) # nmake results reproducible

num epi sodes = 4000
di scount _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 "\

' (Epi sode %)’

def print_report(rewards: List, episode: int):
"""Print rewards report for current episode
- Average for last 100 epi sodes
- Best 100-epi sode average across all tinme
- Average for all episodes across tine
print(report % (
np. mean(rewards[-100:]),

max ([ np. mean(rewards[i:i+100]) for i in
range(l en(rewards) -
100)]1),
np. mean(rewards),
epi sode))
def main():
env = gym make(' FrozenLake-v0Q') # create the
gane

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

Q = np. zeros((env. observation_space. n,
env. acti on_space. n))
for episode in range(l, num episodes + 1):
state = env.reset()
epi sode_reward = 0
whil e True:
noi se = np.random randon{( (1,
env. action_space.n)) /
(epi sode**2.)
action = np.argmax({ state, :] +
noi se)
state2, reward, done, _ =
env. step(action)
Qarget = reward + di scount_factor
* np.max( state2, :])
Q state, action] = (
l-learning_rate
) * Jstate, action] +
| earning_rate * Qarget
epi sode_reward += reward
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state

print_report(rewards,

if __name__ ==
mai n()

Output

100- ep Aver age:
Average: 0.03

( Epi sode 500)
100-ep Average:
Average: 0.09

( Epi sode 1000)
100-ep Average:
Average: 0.19

( Epi sode 1500)
100- ep Aver age:
Aver age: 0.25

( Epi sode 2000)
100- ep Aver age:
Aver age: 0.29

( Epi sode 2500)
100- ep Aver age:
Average: 0.32
(Epi sode 3000)
100- ep Aver age:
Average: 0. 36
(Epi sode 3500)
100- ep Aver age:
Aver age: 0.40

( Epi sode 4000)
100- ep Aver age:
Average: 0.40

__main__':

)

= state?
i f done:
rewar ds. append( epi sode_reward

- 1)

if episode %report_interva

print_report(rewards,
epi sode)
br eak

:C":':’Jg‘““” J:‘"“i‘:" (':".9 ‘JJ’MJ‘ o CJ—;'\j calol Laas|
pyt hon bot _3_qg_t abl e. py

Best

Best

Best

Best

Best

Best

Best

Best

Best

100-ep

100-ep

100-ep

100-ep

100-ep

100-ep

100-ep

100-ep

100-ep

i b oo Sl 3 ol

Aver age:

Aver age:

Aver age:

Aver age:

Aver age:

Aver age:

Aver age:

Aver age:

Aver age:

0.

12 .

.24 .

.48 .

.55 .

.55 .

.68 .

AR

.78 .

.78 .
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(Epi sode -1)
G0. 78 JUINsbISCal Lo s 1da i L3033 (W (3le 2 oy Il 01 o)
Jons | g gl oms 2l J" 016 « Gym FrozenLake dseina) b5 . eoenall ) glatol
Lozt "B o S8 all) )" oy ol oy b S350, 78 iy 23l 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
Jeo il el QIS ) Eas 3 o) S pmall el pdin (23 s Yt
-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
QAS) Sl 3] LBl oy Lnanl) S & S (M3 may s Lol Q s o5
sl Al Al B s Gy S S Aolidl ddadl B e WS snas 5o

Qs) = W
plaszaly Jadlls L tod A1 Bl cpo Glanall o s Bl pa Soagll 06 51 Sl
J oSy b el ST Cblles ez J) &5 (g5, Tensorflow ol 20
(Sle g M dodlas By Jo Sllosdl ez o] 2 &3 dx Tensorflow
1355kl e Q Jsdr s 1S Tl
cp bot_3 q_table.py bot_4_q_network. py

1) Jfuaiall o gmaill ) e 5l NANO plswialy Aol Ciledl el o3


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_q_networ k. py

ciloll el Galall oy o8

/AtariBot/bot_4_q_network.py

Bot 4 -- Use Qlearning network to train bot

Jaul s ale i nmport 4 BL5| 5k e Tensorflow doj> sl ol (U3 ds
tf.set_radon_seed(0) —isl U3 JI BLaYL i mport random
o Sl s s 1SS BIS] s e, NP. T @NdOM s€€d( 0) Jiul 320

bl e B
/AtariBot/bot_4_q_network.py

i mport random
i mport tensorflow as tf

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

s BLsLs b b dilad Calodl e g sball el Bl Guoli) £l colabaall +Lis) e
Jfg_nkav\%k¢>h%awgw)‘exploration_probabiIityuﬁg
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 epi sodes = 4000

di scount _factor = 0.99

| earning_rate = 0.15

report _interval = 500

expl oration_probability = | anbda epi sode: 50. /
(epi sode + 10)

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

' (Epi sode %)’
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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
o gaai) Al yn Gamel) iSlacd oLl ol ) 5 21 J s el 8 pme B 5 S
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:one_hot dls caslreport = ... Jauls sl
/AtariBot/bot_4_q_network.py

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

% 2f "\

' (Epi sode %)’

def one_hot(i: int, n: int) -> np.array:
"""l npl enments one-hot encoding by selecting the ith
standard basi s

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

s ba  JUI adl (g pomodl J-3T B sber ewar ds=[ ] Jaod cmai nekils b
Jot + 1 <3yl (obs_t_ph ) t sl gekb>Md 450 ole
:Q Sl sBISI o1 > &3l bl JI BLSYL ((obs_t p1_ph

/AtariBot/bot_4_q_network.py

def main():

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

rewards = []

# 1. Setup pl acehol ders
n_obs, n_actions = env.observati on_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.placehol der (shape=[ 1, n_obs],
dtype=tf.fl oat 32)

obs tpl ph = tf.placehol der (shape=[1, n_obs],
dtype=tf.fl oat 32)

act _ph tf.placeholder(tf.int32, shape=())
rew ph = tf.placehol der (shape=(),
dtype=tf.fl oat 32)

g_target _ph = tf.placehol der (shape=[1
n_actions], dtype=tf.float32)

Q = np. zeros((env. observati on_space. n

env. acti on_space. n))

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

o 6 el Y1 55l cq_target _ph =2l gl Lol Jauis il
g_current Jexdapexd (QGs,2) Sl Gk e b (ol Clusdl s )l s
iq_target Jord pexdl o QG205

/AtariBot/bot_4_q_network.py

rew ph = tf. pl acehol der (shape=(),
dtype=tf.fl oat 32)

g_target _ph = tf.placehol der(shape=[1,
n_actions], dtype=tf.float32)

# 2. Setup conputation graph

W= tf.Variable(tf.random unifornm([n_obs,
n_actions], 0, 0.01))

g_current = tf.matnul (obs_t_ph, W
g_target = tf.matnul (obs_tpl_ph, W

Q = np. zeros((env. observati on_space. n,
env. acti on_space. n))
for episode in range(l, numepisodes + 1):

e Il I aadl 55801 5ol il sl 1 N et il o 5 6
e (Qar get cuwos Al 3asksl doladl Ll 0l

Q ar get = reward + di scount _factor *
np. mx(Q state2, :])

ol Qiad dup Wl el 2 W1 Y1l oy et 25l LI 0 o] 0oy
O
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/AtariBot/bot_4_q_network.py

g _current = tf.matnul (obs_t_ph, W
g target = tf.matmul (obs_tpl ph, W

g target _max = tf.reduce_nax(q_target_ ph

axi s=1)

g_target _sa = rew ph + discount factor *
g_target _nmax

g_current_sa = qg_current[0, act_ph]

error = tf.reduce_sun(tf.square(qg_target_sa -
g_current_sa))

pred act _ph = tf.argmax(qg_current, 1)

Q = np. zeros((env. observati on_space. n
env. acti on_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_sun(tf.square(qg_target_sa -
g_current_sa))
pred_act_ph = tf.argmax(qg_current, 1)

# 3. Setup optim zation

trainer =

tf.train. Gadi ent Descent Opti m zer (| earni ng_r at
e=l earning rate)

update _nodel = trainer.mnimze(error)

Q = np. zeros((env. observati on_space. n
env. acti on_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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obs_t pl J state2; obs_t J| state iw.s ael . state, action]
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sk b
/AtariBot/bot_4_q_network.py

# 3. Setup optim zation

trai ner =

tf.train. GadientDescent Optinmi zer (I earning_rat
e=l earning_rate)

updat e_nodel = trainer.mnimze(error)

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

epi sode_reward += reward
obs t = obs_tpl
i f done:

A Ty 085 bshsdl sda W eeedl sl il o OF Ll b 3,5
dlee sd>y Jo ollaadl frdd Lyl s)lsadl ays pus Al Tensorflow
fely ol pleodl Ll o I Gl il e gy S ol o g e g I
Lol J-loy p s (U5 JIBLOVL Agutos 13 0 I 0155V g5 cJod) Jorw e
robloe b LleST f OF dlond sl Bl s U Wi t D dales J51s f OF
/AtariBot/bot_4_q_network.py
trainer =
tf.train. Gadi ent Descent Optini zer (I earning_rat

e=l earni ng_rate)
updat e_nodel = trainer.mnimze(error)

with tf. Session() as session:
session.run(tf.global _variables initial

zer())
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for episode in range(l, num epi sodes+ 1):
obs t = env.reset()

obs_tpl, reward, done, _ = L& gl kuJ i
el o s i act i 0N Clesd AW LY s cenv. st ep(act i on)

/AtariBot/bot_4_q_network.py

whil e True:
# 4. Take step using best action or
random acti on
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.randomrand(l) <
expl oration_probability(episode):
action = env. acti on_space. sanpl e()

B o b L 3l env. step(action) e gsow sl ax
b Lol Q-value dls puis Je danll
/AtariBot/bot_4_q_network.py
obs tpl, reward, done, _ = env.step(action)

# 5. Train nodel
obs _tpl oh = one_hot (obs_tpl, n_obs)

g_target _val = session.run(qg_target,
feed dict={

obs _tpl ph: obs tpl oh

1)

sessi on. run(updat e_nodel , feed_dict={
obs_t _ph: obs_t_oh,
rew_ph: reward,
g_target _ph: g_target_val
act _ph: action

})

epi sode_reward += reward
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/AtariBot/bot_4_q_network.py

Bot 4 -- Use Qlearning network to train bot

fromtyping inport List
i mport gym

i mport nunpy as np

i mport random

import tensorflow as tf

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

num epi sodes = 4000

di scount _factor = 0.99

| earning_rate = 0.15

report interval = 500

expl oration_probability = | anbda epi sode: 50. /
(epi sode + 10)

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

' (Epi sode %)’

def one_hot(i: int, n: int) -> np.array:
"""l nmpl enents one-hot encodi ng by sel ecting
the ith standard basis
vector"""
return np.identity(n)[i].reshape((1, -1))
def print_report(rewards: List, episode: int):
"""Print rewards report for current episode
- Average for |ast 100 epi sodes
- Best 100-epi sode average across all tine
- Average for all episodes across tine
print(report % (
np. nean(rewards[-100:]),

max([ np. mean(rewards[i:i+100]) for i in
range(l en(rewards) -
100)]).,

np. mean(r ewar ds),
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epi sode))

def main():
env = gym make(' FrozenLake-v0Q') # create the
gane

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

# 1. Setup placehol ders

n_obs, n_actions = env.observation_space. n,
env. acti on_space.n

obs_t_ph = tf.placehol der(shape=[1, n_obs],
dtype=tf.fl oat 32)

obs_tpl_ph = tf.placehol der(shape=[1, n_obs],
dtype=tf.fl oat 32)

act _ph = tf.placeholder(tf.int32, shape=())
rew ph = tf. pl acehol der (shape=(),
dtype=tf.fl oat 32)

g_target ph = tf.placehol der(shape=[1
n_actions], dtype=tf.float32)

# 2. Setup conputation graph

W= tf.Variable(tf.random uniforn([n_obs,
n_actions], 0, 0.01))

g_current = tf.matnul (obs_t_ph, W
g_target = tf.matnul (obs_tpl _ph, W
g_target _max = tf.reduce_max(qg_target_ph,
axi s=1)

g_target _sa = rew ph + discount _factor *
g_target _nmax

g_current_sa = gq_current[0, act_ph]

error = tf.reduce_sun(tf.square(qg_target_sa -
g_current_sa))

pred_act_ph = tf.argmax(g_current, 1)

# 3. Setup optim zation

trai ner =

tf.train. Gadient Descent Qptinmi zer (I earning_rat
e=l earni ng_rate)

update_nodel = trainer.mnimze(error)

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

epi sode_reward = 0



whil e True:

# 4. Take step using best action or

random acti on

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.randomrand(1l) <

expl oration_probability(episode):
action = env. action_space. sanpl e()

obs_tpl, reward, done, _ =

env. step(action)

# 5. Train nodel
obs_tpl_oh = one_hot (obs_tpl, n_obs)

g_target_val = session.run(qg_target,
feed_dict={

obs tpl ph: obs tpl oh

})

session. run(updat e_nodel , feed dict={
obs t ph: obs_t _oh,

rew _ph: reward,

g _target ph: g_target val

act _ph: action

})

epi sode_reward += reward

obs_t = obs_tpl

i f done:
rewar ds. append( epi sode_r ewar d)
if episode % report_interval == 0:
print_report(rewards,
epi sode)
br eak
print_report(rewards, -1)
if name_ =="'_ nmain__':

mai n()

P Sl ity (35 omadl s o Al il Laas
pyt hon bot _4_qg_net wor k. py
el e Lo Al 2] i

Output
100-ep Average: 0.11 . Best 100-ep Average: 0.11 .
Average: 0.05

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

( Epi sode 1000)

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

( Epi sode 1500)

100-ep Average: 0.57 . Best 100-ep Average: O.
Aver age: 0. 36

( Epi sode 2000)

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

( Epi sode 2500)

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

( Epi sode 3000)

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

( Epi sode 3500)

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

(Epi sode 4000)

100-ep Average: 0.77 . Best 100-ep Average: O.
Average: O0.48

(Epi sode -1)

54 .

73 .

73 .

73 .

73 .

73 .

79 .

79 .

Joo i Znd o Jpamll 2L oll U5V Q-Learning S5 oY) ways A2
oS J s gyl &> 4000 Geea)l Q-Learning S5 b5 (FrozenLake
OF Koy el a8 Syl s ) gyl e s o572 i 28T 2l
sample Zoall Lins el &gllaodl Slaall site 5L bl oSl S Gl
(S ol Bl o e BLESEl (2 5ghe 325 ccOomplexity
udl- il ol jlgo mas
r IV ol (33 el s o el i o)y cole IS0

1

Bl o o el o L3S Tty (e B3 g0 5 yodl 523 gl ol
Bl 5l 32 EBIS sy e o ol oo Jay 23 505

Ma 0555 85 Sloall (o bl Gl Y 25505 B yoll b 6 il s
ool 38 (n RIS 8 £aSTs dinanll QUL J] ol 5oy B2 5dons
S I ey 83 guoea 8 ST13
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ERROR

MODEL COMPLEXITY
oo gl g 2 Uasll s
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Ll o 08 (5 anall ol pall oo Wina b 3 503 3 g5 oo 46T g LV Q oot anal

135 ka5l e el eali 1 1S Tl
cp bot _3 q table.py bot 5 |s.py
ol Caledl el
nano bot 5 |s. py
P Sl s dlindins Lo iy (601 Ciladl e Gl ooy o3 (53160

/AtariBot/bot_4_q_network.py

Bot 5 -- Build | east squares g-1earning agent for
FrozenLake

L] sl e Cidl (ol e glall eyl e AL Sl e LS
1 531 e Gl

/AtariBot/bot_5_ls.py

frbn{typing i mport Tupl e

fromtyping inport Callable

fromtyping inport List
i mport gym

Qals ks Jdme Gl WLI T g 31 286 dodine sl GBI Bl 2036
0. 85 J| masl Jole s 5000 JI Slaloddl sde ooy o3 (23 J) BLAYL L)
di scount _fact or s num epi sodes sl wladadl o S 55 I 0

:L;)ﬂ;\ﬂ)l.k..aldc IS S ‘,51(,?50)1
/AtariBot/bot_5_ls.py

num epi sodes = 5000

di scount _factor = 0.85
| earning_rate = 0.9
wlr =0.5
report_interval = 500
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report interval = 500

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

% 2f "\

' (Epi sode %)’

def makeQ nodel : np.array) -> Callable[[np.array],
np. array] :

"""Returns a Qfunction, which takes state ->

di stribution over

actions"""

return |anmbda X: X dot (nodel)

def print_report(rewards: List, episode: int):

plisnly =350l s Sl dnitializea.gll o (s Als casl cmakeQuw
b S 25yl ol
/AtariBot/bot_5_Is.py

def makeQ nodel: np.array) -> Callable[[np.array],
np. array]:

"""Returns a Qfunction, which takes state ->

di stribution over

actions"""

return | anbda X: X dot (nodel)

def initialize(shape: Tuple):
"""Initialize nodel"""

W = np.random nornal (0.0, 0.1, shape)
Q = makeQ('W

return W Q

def print_report(rewards: List, episode: int):
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def initialize(shape: Tupl e):

ret urn W Q

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

Tupl e[ np. array,

Cal | abl e]:

"""Train the nodel, using solution to ridge

regression"""

I = np.eye(X shape[1])

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

[).dot (X T.dot(y))

W= w.lr newwv+ (1 - wlr) \* W

Q = makeQ(W
return W Q

def print_report(rewards: List, episode: int):

rlolel 25 SV 3l dls s 5 el > Y cone_hot ot s il ol da
/AtariBot/bot_5_ls.py

def irain(X: np.array, y: np.array, W np.array) ->
Tupl e[ np. array,
Cal | abl e]:

return W Q

def one_hot(i: int, n: int) -> np.array:
"""l npl enents one-hot encoding by selecting the ith
standard basi s

vector"""
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):

e e SISl T 5k s Jad for Al 43 JanY el o3
18 eall Olaglaadl e 201 Al IS'1) | @bel s st at es (515

/AtariBot/bot_5_Is.py

def main():

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

CowState =env. reset () sdow gl ‘M\\a@sﬁpw\&wrz

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(1l, numepisodes + 1):
if len(states) >= 10000:

states, labels =17, []

state = one_hot (env.reset(), n_obs)
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/AtariBot/bot_5_ls.py
for episode in range(l, num episodes + 1):

epi sode_reward = 0

whil e True:

st at es. append( st at e)

noi se = np.random randon( (1, env.action_space.n)) /
(epi sode\ *\*2.)

:Q als r.xi:’ va\a::j u«u‘}aé—“ @L«l?—‘ J:LSJ) .action ulm?' Codoy r.“e
/AtariBot/bot_5_ls.py
ﬁhilé True:
st at es. append( st ate)
noi se = np.randomrandon( (1, n*actions)) / episode

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

3 i JQ Ul slednad Jawy o35 State2 e Gole Doly Glusl el
:JW <dl e Qar get

/AtariBot/bot_5_Is.py

whi | e True:

state2, reward, done, \_ = env.step(action)
state2 = one_hot(state2, n_obs)
Qarget = reward + di scount_factor *
np. max( Q( st at e2))

ALl dazuls; (state, action] = ... Slew gkl s
33l ) Y1 e el ooy Jah o gy s Jloed) 23 gl )5 5 1 s L
18 )Ll L}&J};\H Q‘;\f?’\.‘ Q (’.:5 S Y ey YO RESN] LfSle ¢‘J.>->“ &

/AtariBot/bot_5_ls.py



state2 = one_hot (state2, n_obs)
Qarget = reward + discount_factor _
np. max( Q st ate2))

| abel = Qstate)

| abel [action] = (1 - learning rate) _ |abel[action]
+ learning_rate \*
Q ar get

| abel s. append(| abel)
epi sode_reward += reward

2550 o Eoss cislstate = stat e2 dx s sle
i) Ol et 10 S Gl ged opds JI s 55
/AtariBot/bot_5_Is.py

state = state2

if len(states) % 10 == O:

W Q= train(np.array(states), np.array(labels), W
i f done:

o Lol el Lol 5 831 o e 1SS

/AtariBot_5_ls.py
Bot 5 -- Build | east squares qg-|earning agent for
Fr ozenLake

fromtyping inport Tuple

fromtyping inport Callable

fromtyping inport List

i mport gym

i mport numpy as np

i nport random

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

num epi sodes = 5000

di scount _factor = 0.85
| earning_rate = 0.9
wlilr =0.5
report_interval = 500
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report = '100-ep Average: % 2f . Best 100-ep
Average: % 2f . Average:

% 2f "\

' (Epi sode %)’

def makeQ nodel: np.array) -> Callable[[np.array],
np. array] :
"""Returns a Qfunction, which takes state ->
di stribution over
actions"""
return |anmbda X: X dot (nodel)

def initialize(shape: Tuple):
“""lnitialize nodel """
W = np.random nornmal (0.0, 0.1, shape)
Q = makeQ(W
return W Q

def train(X np.array, y: np.array, W np.array) ->
Tupl e[ np. array,
Cal | abl e] :
"""Train the nodel, using solution to ridge
regression"""
I = np.eye(X shape[1])
newV = np.linalg.inv(X T.dot(X) + 10e-4 *
[).dot (X T.dot(y))
W=wlr * neww+ (1 - wlilr) * W
Q = makeQ(W
return W Q

def one hot(i: int, n: int) -> np.array:
"""l nmpl enents one-hot encodi ng by sel ecting
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 |ast 100 epi sodes
- Best 100-epi sode average across all tinme
- Average for all episodes across tine
print(report % (
np. mean(rewards[-100:]),



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

100)]).,

np. mean(rewar ds),

epi sode))

def main():
env = gym nmake(' FrozenLake-v0Q') # create the
gane
env. seed(0) # nake results reproducible
rewards = []

n_obs, n_actions = env. observation_space. n,
env. acti on_space. n

W Q= initialize((n_obs, n_actions))
states, labels =17, []

for episode in range(l, num episodes + 1):
if len(states) >= 10000:
states, labels =[], []
state = one_hot (env.reset(), n_obs)
epi sode_reward = 0

whil e True:
st at es. append( st at e)
noi se = np.random randon( (1
n_actions)) / episode
action = np.argmax(Q state) +
noi se)

state2, reward, done, _ =

env. step(action)

state2 = one_hot (state2, n_obs)
Qarget = reward + di scount_factor
* np. max(Qstate2))

| abel = state)

| abel [action] = (1 - learning_rate)
* label[action] + \

| earning_rate * Qtarget

| abel s. append(| abel)

epi sode_reward += reward
state = state2

if len(states) % 10 == O:
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W Q=
trai n(np.array(states),
np. array(l abels), W

i f done:
rewar ds. append( epi sode_reward

)

if episode %report_interva

print_report(rewards,

epi sode)
br eak
print_report(rewards, -1)
if name_ =="'_ min_':
mai n()

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

pyt hon bot 5 I|s. py

sk b s e

Output

100-ep Average:

Aver age: 0.09
( Epi sode 500)

100- ep Aver age:

Average: 0.10
( Epi sode 1000)

100- ep Aver age:

Average: 0.10
( Epi sode 1500)

100-ep Average:

Average: 0.11
(Epi sode 2000)

100- ep Aver age:

Average: 0.14
( Epi sode 2500)

100- ep Aver age:

Aver age: 0.16
( Epi sode 3000)

100- ep Aver age:

Average: 0.22
(Epi sode 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

Aver age:

Aver age:

Aver age:

Aver age:

Aver age:

Aver age:

Aver age:

0.17 .

0.24 .

0.24 .

0.25 .

0.31 .

0.38 .
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100-ep Average: 0.66 . Best 100-ep Average: 0.66 .
Aver age: 0. 26

(Epi sode 4000)

100-ep Average: 0.60 . Best 100-ep Average: 0.72 .
Aver age: 0. 30

( Epi sode 4500)

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

( Epi sode 5000)

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

(Epi sode -1)
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wget https://github.confal vinwan/ bots-for-atariganes/
raw mast er/ src/ bot_6_a3c. py

e 415l LaS B mal Gionns 0 L] o5 ¢l Space Invaders JS5 Joros oYl o s
A e ) 1 oS b 21 sl AL ol gl s S
Pk g S £ Lk 0
nano bot_ 6 _dqn. py
Aenlll Eilo sy s (eI ske Lacadl ol 31 31 il s ¢ oty Gl BLL g Sl 1 Tt
e
/AtariBot/bot_6_dqn.py

Bot 6 - Fully featured deep g-Iearning network.

i nport cv2

i nport gym

i nport nunpy as np

i nport random

i nport tensorflow as tf
frombot 6 _a3c inport a3c_nodel
def main():

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

mai n()

DS A il e 31 55 ety o ity ol sl g 5
s A Skl sy oy Sl 5 1 UM _epi sodes 256 dukas sa> (Lal

el o S Jors
/AtariBot/bot_6_dqn.py

import tensorflow as tf
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frombot_6_a3c inport a3c_node

random seed(0) # nake results reproducible
tf.set_random seed(0)

num epi sodes = 10

def main():

JSJ;&agy\downsanpleﬁb;¢>‘nunLepisodesoﬁoy&ylxgowhm

Qs D0l Bl B2 ) U505 3 5 seall JS i 84 x 84 oy 5
:3))»,9 84 x 84&9%)&1”&(:5}@\ g_,\ﬁ).)ir.?gf,?

/AtariBot/bot_6_dqn.py

ﬁuﬁLépisodes = 10

def downsanmpl e(state):

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

i nterpol ati on=cv2. | NTER_LI NEAR) [ None]

def main():

DS D ] & 585 oy ol (B9l 05 MR N s By Jiomlll iy » LS 3
/AtariBot/bot_6_dqn.py

def ﬁain():

env = gym nmake(' Spacel nvaders-v0') # create the

gane
env. seed(0) # make results reproducible

F Bl Bl 42, L030 dg o3 () 5,4 dn 80
/AtariBot/bot_6_dqn.py
def main():
env = gym make(' Spacel nvaders-vQ')# create the gane

env. seed(0) # make results reproducible
rewards = []
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/AtariBot/bot_6_dqn.py

def ﬁain():
env = gym make(' Spacel nvaders-v0') # create the
gane

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

nodel = a3c_nodel (| oad=' nodel s/ Spacel nvader s-
vO0. t f nodel ")

Oleod Sllsdl Ol e suad S SIL s Sl 50 I huNl an Cisl (@ls aa
il e 838y Voo sl ol I BLSYL .0 _ggzla), JS B g s 1Y) o g
AV Dl s sl idand] ! 4531 Al s < (env.reset())

whi | e Ll plaseal, 24U i Ty cdownsanpl e() plasewl

/AtariBot/bot_6_dqn.py

aef ﬁain():
env = gym meke(' Spacel nvaders-v0') # create the
gane

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

nodel = a3c*nodel (1 oad=' nodel s/ Spacel nvader s-
vO. t f nodel ')

for * in range(num epi sodes):

epi sode_reward = 0

states = [downsanpl e(env.reset())]

whil e True:

3018l BV T Bl el ) 5 450 IS Frls Dl 53 00 Yoy
J3 Y1 e oV ) e oVl 203 (g 5o o UiV Sl oy (U s
Whi | e Loy sel 3 el Jad LI a1 il Gs 5k o5 (501 23 gl e
1 STV )l e J31 Sla GIS'13) Gl e 21 ] sy O LS V3 5w Tr ue:

BV e oV )l s 0IST13] opel) b3 3 5l 1 Ly s SVl ey

/AtariBot/bot_6_dqn.py
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whil e True:
if len(states) < 4:
action = env. action_space. sanpl e()

el se:
frames = np.concatenate(states[-4:], axis=3)
action = np.argmax(nodel ([franes]))

b ool Wl o W yiies B il lluall s UL Eodowy 135 2] 5l o3
Qalol oy SISl Eudowy o3
/AtariBot/bot_6_dqn.py
thlé Tr ue:
action = np.argmax(nodel ([franes]))
state, reward, done, _ = env.step(action)
st at es. append(downsanpl e(state))
epi sode_reward += reward
(LIS ESST3L5 Y ol ol 8 Aol OS] oo 35 21 AL eV T (5
0Sn 3 1 Bl S5 Ll e B3 Loy 085 Lalonl) SBISCI o] ol
/AtariBot/bot_6_dqn.py
whil e True:
ébisode_remard += reward
i f done:
print(' Reward: %' % epi sode_reward)
rewar ds. append( epi sode_rewar d)
br eak
(MRi N s Ll @la ms R HCN Ay b forswhil e ol -

/AtariBot/bot_6_dqn.py

def main():

br eak

print('Average reward: %2f' % (sun(rewards) /
l en(rewards)))
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/AtariBot/bot_6_dqn.py

Bot 6 - Fully featured deep g-Iearning network

i mport cv2

i mport gym

i mport nunpy as np

i mport random

import tensorflow as tf
frombot_6_a3c inport a3c_node

random seed(0) # make results reproducible
tf.set_random seed(0)
num epi sodes = 10

def downsanpl e(state):
return cv2.resize(state, (84, 84),
i nterpol ati on=cv2. | NTER_LI NEAR)
[ None]

def main():
env = gym nmake(' Spacel nvaders-v0') # create
the gane
env. seed(0) # make results reproducible
rewards = []

nodel = a3c_nodel (| oad=' nodel s/ Spacel nvader s-
vO0. t f nodel ')

for _ in range(num epi sodes):
epi sode_reward = 0
states = [downsanpl e(env.reset())]
whil e True:
if len(states) < 4:
action =
env. acti on_space. sanpl e()
el se:
frames =
np. concat enate(states[-4:],
axi s=3)
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action =
np. ar gnax( nodel ([ franmes]))
state, reward, done, _ =
env. step(action)
st at es. append(downsanpl e(state))
epi sode_reward += reward
i f done:
print('Reward: %' %
epi sode_r ewar d)
rewar ds. append( epi sode_reward
)
br eak
print('Average reward: % 2f' % (sun(rewards) /
I en(rewards)))
if name_ =="'_ min__
mai n()

o Sl iy 03 (3 sy el a5l ol i
pyt hon bot 6 _dgn. py
P RCEE R
Output

Reward: 1230
Rewar d: 4510
Rewar d: 1860
Rewar d: 2555
Rewar d: 515
Rewar d: 1830
Rewar d: 4100
Rewar d: 4350
Reward: 1705
Rewar d: 4905
Aver age reward: 2756. 00
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