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def epsilon_greedy(epsilon):
if np.random.uniform(@,1) < epsilon:
return env.action_space.sample()
else:
return np.argmax(Q)
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def epsilon_greedy(epsilon):
if np.random.uniform(©,1) < epsilon:
return env.action_space.sample()
else:
return np.argmax(Q)
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' Large Discount Factor
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' Model-Based Learning
¥ Transition Probability
" Model-Free Learning
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Reinforcement Learning: A Survey by L. P. Kaelbling, M. L. Littman, A. W. Moore,
available at https://arxiv.org/abs/cs/9605103
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* Dependencies

° Open-Source Distribution of Python
* Package Management Environment
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source activate universe
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sudo apt-get update
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xorg-dev python-opengl libboost-all-dev libsdl2-dev swig

conda install pip six libgcc swig

conda install opencv
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pip install gym==0.15.4
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cd ~
git clone https://github.com/openai/gym.git
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pip install -e '.[all]’
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sudo apt-get update
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git clone https://github.com/openai/mujoco-py.git
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sudo apt-get update
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pip3 install -r requirements.txt
sudo python3 setup.py install
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' Cloning the Gym Repository
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' Transition Probability
" Reward Function
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ay oo (H) LY am cls 4 g a0 0
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035ge 42y e ¥ &b > ole YNY IS5

Gol> Calas K (eund o pll LliBlenv.step () jgmwd il oslitel b aS loj ya a8 ausl ausly as g
Sl oslizad b (F) LY el )3 1 (Ul Canms 5 <S5 ,5) ) ol LBy ol Amd e mgys |y laie ¥

(7, 0.9, True, {'prob': ©.33333})
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S 0333
(next_state, reward, done, info) = env.step(1l)
Wyl 4 s
ey o sl |y saw b next_state o
Wl odel Cawd 4y bl sdimd L5 reward e
oy bl 4 Lo (d93a]) 4223 U1 o Uxe ol 4 ol (Sl L) (Sidliplosl aaimsilis done @
Oleie & done plpls cuwy o L & bo 3950l il SLL b (san cdls 31 w3 b cl
Dgd o IS pp False ;loc & &g cpl pe > e oo (6,135 Me True

adsoo o3lizl T las ISl Glaal el a8
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oS 5y pdises SAMPle b 5l edlaiwl b 1) pldl G wulyi oo bo . pund

random_action = env.action_space.sample()

ool odsary b 4 ol sl b lles o amd Ui B S elitul yuite pb lgicd "AONE" 5l awgiacliy )3 ol (Sas

" Debugging
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next_state, reward, done, info = env.step(random_action)

oS M55 (395]) Ay Ky sKn 4wt dupls s, S Ol |, Layo 3 Slobi] U5l 556 &S i8]

(59.a31) iz gy S alg5

) ol e a Jol 53l 3951 oS 25 olpin) abog Ko Sy o e ol Vo
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Sl 2y Jole 103} o 43,3 ame 5 sl Mooss oLl (s3] &3 Ko ehay bl s 4 e

b o b 395wl (395m]) abdy wunl (G) Gua s b (H) oyes <o b &S s SLL

3olas et a8 it g0l Lo oS Mg (Sisu) Bolad aiedad U 1) 295l 5 35S 45 jgelo by
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num_timesteps = 20

iSloj P 2 sl

for t in range(num_timesteps):
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1158 Ol sl (gl 51 (6l paiges L 1) pladl S (Lonlgseds) (Bolas yobo &
random_action = env.action_space.sample()

HEVE- %) Pl?o‘ ‘) W) ul?w‘ r"ﬂ@m"

next_state, reward, done, info = env.step(random_action)

oy o bl Lo 39l 48 amd o ylis oyl sl olST wnl SLL s (gam el 3]

if done:
break

ol paigai b1y L8l Sy o oI5 b 534S dmd o it 135 35 sl 005 61 IS oy (sl L olS aalad

e bl 4 o 293l sy S <l 4 Jale S g 08 e Ol paf 5ls ) (i) okt

import gym
env = gym.make("FrozenLake-ve")

state = env.reset()

print( 'Time Step © :')
env.render()

num_timesteps = 20

for t in range(num_timesteps):
random_action = env.action_space.sample()

new_state, reward, done, info = env.step(random_action)
print ('Time Step {} :'.format(t+1l))
env.render()

if done:
break
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Time Step O:
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Time Step 1:
(right)
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Time Step 2:
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Time Step 3:
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Time Step 4:
(down)
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Sloy o5 5 5 el Lauwgs o plogl clobidl Y s

i Slasgorme e a5 (olyeds) (Bolar Clelidl (S plol b wslgoe (950) 4oy S Mg Sl

ol odal asldl y3 ] 4 a8 (S Mg 5 ) lang sl



095 Juab 4.

a3 S ephdl (6lad Sl o) pdiges b Sl ja s ((Si) (olas phl S QL b wslgioe ol
Sold (0 lguiczn) audy S Ade 4 5lo Mol bo 1 S 1y (loyld an -l TasS o Lol . ouiS” A5 (39540])
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import gym
env = gym.make("FrozenLake-v@")

num_episodes = 10
num_timesteps = 20

for i in range(num_episodes):

state = env.reset()
print('Time Step @ :')
env.render()

for t in range(num_timesteps):
random_action = env.action_space.sample()

new_state, reward, done, info = env.step(random_action)
print ('Time Step {} :'.format(t+1))

env.render()
if done:
break
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' Cart-Pole Balancing
" Inverted Pendulum
" Mountain Car Climbing
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ol 0ad 031y i YO S 0 &S jelailan )y 455 odbius! (5,8 &9)"%&“" ly Sy oS Canl oy

—

)b 8K dgee |y Sy oS ol (pl Gun YN IS

9 Lo Jolo nlplis il 4yl (g9) maitins 55 B and o conly 5 o ] Al S o (o Jole el
L,,E:JMI) Sy b cCaw)y Cows s byl 0 o g co Byb w alyl by o 5l sl a8 e o pll 1y as
18 odaliio 5 sl )3 ) bl sy o Alg e cwizmed 35l edliu] ©jso 4 Ayl (o,
@ all eS8 b ol (6,50 Jole 465 and o lis &S https://youtu.be/qMlcsc43-1g
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env = gym.make("CartPole-ve")
S odalin render &b sl edlaiwl b1y 595 e wpuilys oo ddaeo sbowl 5l
env.render()
imdin €lose xb jl eslatwl b1y oads a5y lases wuilyy (oo (pisron

env.close()
AW slad

Zo by hoxe )0 Scuws byl lacdls LS jus oS oSS gy &391 b cdls glad 4 sulo Y
olgs o LI SouS cog ol o 1) ledls uilys oo 455 Lol Lol GUS jl s cdls 0355 Lo <03
oplply ol dtwgy Jlade SO )] Cunlgn &S il Al as g lal SouS Cao gy wl)l Cuslen U |y Cundg
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9 Sy agly byl oy plpls (oS oy JolS job 4 ) lae el uilgs od Al canBge L Lo Ll
S 4y ol Sl laliTL 1) 008 cllo (glad wilgi o cal s e S o0 5 0 1) "] sladl )3 STy o s

oS Chogd )

array([cart position, cart velocity, pole angle, pole velocity at the
tip])

ol o YA L -FA 5l al)) cousbgo Hlade )

' Pole Velocity at the Tip
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env.observation_ space
print(env.observation space)
b dmlgd Ola 5 lde S cpl 39y b
Box(4,)

aln o 0 Ca dins polie & Cul s LSS diwge pwolde 5l b b glad oS vad o lis Box
(G U'S) awnS cdls V8 amd o s a5 w23,9] Cawd s Discrete(16) o ygw o |, clls (clas o3j 5
5 Cawl dwg bo b (glad aad o lis &S (outd o LW BOX(4,) L1y o clbs (slad g8 Lol osylo

ol o S5 ade ¥ 51 elaul,l )

&b 5l oolainl b gy aaled 4568 bo adgl b (slad puinn 9 puiS” SLiS5L ) 095 oo dudd ojl] ¢ Jlio (gl

oS Sl 1y e wuilys 0 PESET
print(env.reset())
S aaled Ol g ol ¢ LS S
array([ ©.02002635, -0.0228838 , 0.01248453, 0.04931007])
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)l Cusbge iy oS Canl e ¥l Al S Jols Lo adgl cdls (glad & s o ol (LS S e

fm oo i |y ol el )3 S sy g dlio gl )] ey

array([0.02002635, -0.0228838, 0.01248453, 0.04931007})

Wl Cuxdge Wyl S pw S agly ol skl )5 S G pw

adg) b glas N5 S

lad polie Sl wuilgi o bo Sanygl Cawds |y g5 clls (glas s § iSlis polie puilg oo 4563
J8ls (35 ek 4 a9l Cowds €@NV.Observation_space.high jguws jl eslatsl b 1) 3¢5 clls

ol gliws JBB env.observation_space.low jsuw jl eslal b b clls slasd yolie
S ol 095 s (glad jlade pSlus @ anls (e plgis &
print(env.observation _space.high)
[4.8000002e+00 3.4028235e+38 4.1887903e-01 3.4028235e+38]
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al baly < FIA S 5 agl Hlade @Sl Y
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print(env.observation_space.low)

)5 sl Ol 1) 5 polie (L3 WS

[-4.8000002e+00 -3.4028235e+38 -4.1887903e-01 -3.4028235e+38]
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5 )ls 4 3 o plosl plisl 4> Cart-Pole Ly ;> S 18,5 3l Wb oS o5 28 (gliad 4y by Yls
pladl 93 Ladd |5 cowl dtanS (S olad oplply g canly 4 o] b e g o )8 L alyl o s
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print(env.action_space)

Discrete(2)
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ioS Dbl 1y 345 Cart-Pole Lo dulo duwl

import gym
env = gym.make('CartPole-v@")

WS padaiS 1y (d95m]) Ay s 53 Sloj Jolye dlasi 5 (Ladg5ul) badiss y sluss

num_episodes = 100
num_timesteps = 50

(S95]) 43y sl
for i in range(num_episodes):
S el ¢ gg) 1y return b el
Return = ©
WS gsllely 1y el oo dasme pulais b
state = env.reset()
2068 bl (3950)) audy il pB s (gly (gladls
for t in range(num_timesteps):
WS 0y 1y b

env.render()

3 Dl Laoms 51 (3 ptigas b 1y o181 Sy ((alsseds) 3olas jobo &
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random_action = env.action_space.sample()
b plol 1) ((Sisy Q)LéJLQSDA&cgtiﬁ‘rL@"
next_ state, reward, done, info = env.step(random_action)
1S Sloyigy 4 1) (cuiS5) eask
Return = Return + reward

068 plod 1y 095wl el SLL b gun <l S

if done:
break
1S Ol 1y (o Al ggamce) 03]l o lguisn) ausy Ve y» sl
if i%16==0:

print('Episode: {}, Return: {}'.format(i, Return))

Wl |y o

env.close()

3 (295 Ol |y (dg3m]) daa Ve 2 )3 ool Cuss 4y slo S gsaree L5 S
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Episode: ©, Return: 14.0
Episode: 10, Return: 31.0
Episode: 20, Return: 16.0
Episode: 30, Return: 9.0
Episode: 40, Return: 18.
Episode: 50, Return: 13.
Episode: 60, Return: 25.
Episode: 70, Return: 21.
Episode: 80, Return: 17.
Episode: 90, Return: 14.

O & 00 0

2Ll 095 g (4g,lg Sigl) Sy g byl ol pb s SN g Al S Pl 51 (S L Lo by ol
385 jelailen |y (305 KoM 458 Lamo pdin quun oo L] a5l odlazl b aul,l oaiiS Jolie Lo
43S o wly ol 05 03l L5 YAV S

[
/> v
<

Jot 3)595 (il Ol ,S'|
SawdS” J 5" sl laseo VNV s

Lo 30 plol |y ol il o 3 ool b VL (slolagoes 31 S, 5 ol L sl o e Lo

LS gy 25 0o 22 ) e L o )] S8 S (slabase plos pilys oo

https://gym.openai.com/envs/#classic_control
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https:/ /gyvm.openai.com/envs/ #atari
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' No Frame Skipping
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S dbwl make xb L Pong o S anly
env = gym.make("Pong-v@")

S e ki b lgis 4 1) g5l dmio g baitd Lo eyl cusle basee el (g3l Ao doxiy] )
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[Image height, image width, number of the channel]

oy o bt s olad ,0] Cavdy (gl ol e YOO U+ 5l Sy polie a8 wil ash asg

oS ol qealodly LS 5 40 &5 jshailea |y env.observation_space

print(env.observation space)

Box(210, 160, 3)
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oS SUii 1) bae aules o rESET 20U 51 03l

print(env.reset())
.Aﬁajoohul)cgﬂg¢gﬂL}gk&«xbakygﬁg)bioAS.ufufchJ)Lshﬂj‘ukéAS

oK £y b LHinled dobs JuSy e sls @ b lae clbs &S oS dbo] Pong s S sl ¢ Jl>

b )b
env = gym.make("Pong-ram-ve")
S oSS s lad 4 auly
print(env.observation_space)
)5 el Gl 1y iy polie ¢ LS oS
Box(128,)

350 walai 1) 393 Lo muilgi o Cawl Hlade VWA (gols (com V )] G Lo cdls (clad oS cunline ol o]
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print(env.reset())

dos 4l S Lo el (6l (oS sl 35 Lo o plsie & (53l domhor oSy ko b ol pale
owile py b 1y Space Invaders ke 51l pl b 2o dalss Box(210, 160, 3) JSb 4 six
Dy daled Box(128,) JSi b al,l 6 b clls (cbad (ouS bl 38 e clls lgie 4 (6,0

' Space Invaders
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Name | Action
0 Noop
1 Fire
2 Up
3 Right
4 Left
5 Down
6 Up Right
7 Up Left
8 Down Right
9 Down Left
10 Up Fire
11 Right Fire
12 Left Fire
13 Down Fire
14 Up Right Fire
15 Up Left Fire
16 Down Right Fire
17 Down Left Fire

d)lﬂ &b e Sloludl YD Jgis

o 3 ophadl (sbisb 5 2tz 2] B ()BT (65l (slolaime dod (sl L pLi3I A plas oS a5l aztls ey

35 i sl plyie o U5 A8 s J1 s el 51 B et lsie 4 sl olite 103 3k 4 53t
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env = gym.make("Pong-v@")
print(env.action_space)

Discrete(6)

s g o (£)ISS B+ ) SLldl o ol pla6l 5 Lo Pong  aaf (sl 5 &5 w3 oL S

S b Ul & B8 S50 > il 4aih Tosigs (455) (55558 53k (1 5 o IS5 by o

(Caw! 0dE dj‘)‘ )J) C))yo 4 d)b Ao l?b.)‘ )9 ‘_\3103)5\3 .))95){

(halo b asl) oxigy (55558 Lamme ¥R JSU3

foston |y 0392 (5955 (sl 2 o5l el

' Noop (No Action)
" Road Runner
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env = gym.make("RoadRunner-ve")
print(env.action_space)

05 sl le 5 ke o S

Discrete(18)
Cuol Jos YA plos Jolis Road Runner 3L ‘U;;fgw aS aad o i b 4 S ol
vl )b 8l ol y &y 0390

Slal Cawlow S b Jole G dnle oS (p ) oo 3k sl Jole S sl o9 dnlr i (ol
903,S Qbasl Jas glad 1) Jos G (olgzeds) (dolar job 4y Jole aST iz cpl 4 ouiS dbml ( Siv)
A0 e bl 1y Bolad bl Jes

import gym
env = gym.make( 'Tennis-ve@")

it |y i lazee doly b

env.render()

MY oo ploled |y 05 Cunsg (L S
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num_episodes = 160
num_timesteps = 50

for i in range(num_episodes):

Return = ©

state = env.reset()

for t in range(num_timesteps):

068 padais 3950l 0 1) Sloj (sleels dlus g adg il slaw

(395) 43 2 lp

S el ¢ gy ) culiSSL L el

235 (30 oy 1y s oo S50 ity |
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if

1S ) 1) e
env.render()
S Gl b 1 gyl pdiged b1y pladl S ( lguds) dolad jobo 4
random_action = env.action space.sample()
Wb el 1) Bolal O 4 oad Lll Jos
next state, reward, done, info = env.step(random_action)
1S Sl jor 1y 035k

Return = Return + reward

068 plod |y (395m) 400y cunl SLL cdbs (gan s 3]

if done:
break
S Ol 1) (b bl ggemme) CuliS5l (dg50l) 4y Ve yo <l
i%le==0:

print('Episode: {}, Return: {}'.format(i, Return))

Wl |y e

env.close()
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mmd e (295 1y (d93al) 4oy Vo m ) esal Cuss 4y (B AL ggame) 05l (L5 S

Episode: @, Return: -1.0
Episode: 10, Return: -1.0
Episode: 20, Return: 0.0
Episode: 30, Return: -1.0
Episode: 4@, Return: -1.0
Episode: 50, Return: -1.0
Episode: 60, Return: 0.0
Episode: 70, Return: 0.0
Episode: 8@, Return: -1.0
Episode: 9@, Return: 0.0

pladl gLad ) Jos S (i) (Bola job & o wuiS dbml Jolo S 4igSe o5 @85 0k (S Lo
ity Copo &g oS ks wn ) oo (53l il LT amd plsl |y st 53k 5 038 Sl (L)
s Olgisds bole (53L 0)35 sl o] 5 wailsiioe 4 A8 oo ) "y oM S ol SpiS 08

'Nﬁ‘.'{ D.)Léawol

sl bl (3l lp &S sl o9 )l> FEmpeg .08 Sluis FFmpeg 5l bl b g (s5b s sl

Sleidy FFMpeg jl lad piagw & 455 (ielae le 4 <8 3 (nlple 9o 0dlatul (slails,
S e

S 1y el aw oS ks Tygnile gy 3l edlisl b 1) 38 g5k el oo camd o Lt 5 3 &S glailen
ly 43S opl ST .Force auss g wuS 0p3d ol 1) 293 (lalos wunlyd o a5 (63958 pld oo 1oyl
oS 0,33y s clalais il o dS L oS Cwl me opl 4 puiS wilais FOrce=False )ga
Sb o 5yg8 b )0 8 salaws force=True e )l 8y ¢ oS dbol L (6595 pb S Wb

' Wrapper Class
" Monitor Wrapper
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gdie piols b slabs b g Hgd
env = gym.wrappers.Monitor(env, ‘recording', force=True)

bib miin g peip ool Jlo G doly oS a3ll ) (L3 0 0 lase bl 1 ey conl (B L Y]

1S b gy o B ) Jole N3l W5 5 e plonil folgis)

import gym
env = gym.make('Tennis-ve')
env = gym.wrappers.Monitor(env, 'recording', force=True)
env.reset()
for _ in range(5000):
env.render()

action = env.action_space.sample()
next_state, reward, done, info = env.step(action)

if done:
break
env.close()

Cd b1y gy R ol oo 9 055 mplss odalie |) s ol 4 (gt ()98 > gjal (L 5l
e s YV S5 llao |y Lo Jole (3 gy 48" ontS iy w3l 5> MPA

' Gameplay
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https:/ / gym.openai.com/envs/#box2d.

MujoCo

wbjlednd oy poase | (S g cuwl Multi-Joint dynamics with Contact 551y . MuJoCo
S5 MuJoCo ¢ Jlie lgie 4 34 g0 odlitwl pglie J S cla)lS plosl (glp bo Jole bg0l (gl a8 ol
Sy o093 Jole (390l (sl o)) 5l wuilgi oo 45 amd o )] |, HumanoidStandup-v2 sb & s baoxe
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https://gym.openai.com/envs/#box2d
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Mo ] 030g] Lassma VY JSe

oS wyyp ol 1) e bwgi ouds &5l Mujoco (50 lasre piin mulyi o bo

https://gym.openai.com/envs/#mujoco.

EWib)

»

wold Tiglls 5 (iS1y (> ol lp T e g plsl Gl |y (s labams o
Sl ol oo & S 0 wly8 |y HandManipulateBlock-v0 sl & Joxe cpun ko olgic 4 05 0
Lo 3,8 oolil Sby cand G 5 oolitnl b Tams can ui lp 360 Jele (bjgel sl o

il 04 03> 4l Y.YF S5 > HandManipulateBlock-ve

' The Humanoid Stand Up Environment
" Goal-Based Tasks

" Fetch And Shadow Hand Robots

* Orient a Box
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https://gym.openai.com/envs/#robotics.

"$)b luwl yio

3
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oS oy )

https://gym.openai.com/envs/#toy text

> ai yg&)l

' The Hand Manipulate Block Environment
" Toy Text
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https://gym. openai.com/envs/#algorithmic.
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https://github.com/openai/gym/ wiki/Table-of-environments
oS ypregistry.all() oo, il edlatel b1y o 0 39550 slalae plod pulss o cpicon

from gym import envs
print(envs.registry.all())
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' Environment Synopsis
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https:/ / github.com/openai/ gym.

' Gym Repository
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' Value lteration Method
' Policy Iteration Method
" Frozen Lake
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import gym
import numpy as np

oS ool sl edlatwl Uy 03550 danl > base by Yis
env = gym.make('Frozenlake-v@")
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env.render()
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S35 Sl awS o i Value_iteration sl cos |y b b wcwl V(s) = max Q*(s, a)
a
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2,85 40 eyl g 4 ]y baoe S (a8 glasS @ 1) value_iteration xb
def value_iteration(env):

num_iterations = 10600
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threshold = 1e-20

e o0 518 Y oy )V aiss oS e

gamma = 1.0

S o adgl (20)lde |y 5] Jgia dacdls dan (3551 (3)5 0 L ¢S]
value table = np.zeros(env.observation space.n)
HISS e

for i in range(num_iterations):

S5 (Sl o yo5)]) 0ad 595 4 35 Jodo 51 LSSy )3 oS (0u8)5 0b m iS Goy 1y 35,1 Jod>
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updated_value _table = np.copy(value_table)

oniS o dulome Q53] 51 (6 pSadin Ly (2l (05)]) o)) @b 95T
V*(s) = maxQ*(s,a)
a
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for s in range(env.observation_space.n):
S Al |y loladl sl Q355
Q(s,a) = z P&I[RE +yV (D]
S,

Q values = [sum([prob*(r + gamma * updated value table[s_])
for prob, s , r, _in env.P[s][a]l])
for a in range(env.action_space.n)]

V7(s) = max Q7(s, @) s Jloyis) & Q Uil Sl glye w1, b 35
value table[s] = max(Q _values)
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if (np.sum(np.fabs(updated value table - value table)) <=
threshold):

break

return value_table
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' Complete Snippet
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def value_iteration(env):
num_iterations = 1000

threshold = 1e-20
gamma = 1.0

value_table = np.zeros(env.observation_space.n)
for i in range(num_iterations):
updated value table = np.copy(value table)
for s in range(env.observation_space.n):
Q values = [sum([prob*(r + gamma * updated value table[s_])
for prob, s , r, _in env.P[s][a]])
for a in range(env.action_space.n)]
value_table[s] = max(Q_values)
if (np.sum(np.fabs(updated value_table - value_table)) <=
threshold):

break

return value_table
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2,5 0yl yleie & 1y value_table & S o a5 extract_policy pb 4 b dawl
def extract_policy(value_table):
ad 18V (59, Y hdSS
gamma = 1.0
:wgfup)mplchb-¢¢mLﬂﬁl)cJAAﬂL§a‘wgfuf‘JmaﬂAbafLobl)@;wLéJxJ
policy = np.zeros(env.observation space.n)
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Q(s,a) = z P&I[RE + vV (s)]
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n* = argmaxQ(s,a)
a
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for s in range(env.observation space.n):

:Q(s,a) = Yo P&r[REr + YV (8] S alome 1y clls 3 3950 bl plas Q 35

Q values = [sum([prob*(r + gamma * value table[s ])
for prob, s , r, _in env.P[s][a]l])
for a in range(env.action_space.n)]

23S gl ysel |y canlow T = arg max Q(s,a)sys 1y, Q sl Sl a5 olidl bl L

policy[s] = np.argmax(np.array(Q values))

return policy

ey b a4 (g uin Caudlad U cusl oads ol oyl byl o extract_policy mb JolS aslad

def extract policy(value table):

gamma = 1.0
policy = np.zeros(env.observation space.n)
for s in range(env.observation_space.n):

Q values = [sum([prob*(r + gamma * value_table[s_])

for prob, s , r, _in env.P[s][a]l])
for a in range(env.action_space.n)]
policy[s] = np.argmax(np.array(Q values))

return policy
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optimal value function = value iteration(env)
oS oo gyl gy 05, @b 5l extract_policy &b jleslail b1y aigy (sdolad ¢ o
optimal policy = extract _policy(optimal_ value function)
oS Ol 1y odel Cowd 4 digy dobad wiilg o Lo

print(optimal_policy)
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' Putting It All Together
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policy = random_policy
value_function = compute_value_function(policy)

Aige odbdmle 55yl @b Bacl (02d,S duwlee 3bai sl 1 edlatnl L1y 355l &b b &8 Sl
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' Pseudocode
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new_policy = extract_policy(value_function)

23,5 eplgs o3l wap Pl @b dle gy tae sl ol 5 (95S]

policy = new_policy
value_function = compute value_ function(policy)

3o el 1SS ool sl ) J8 slopls pgo (1o 53 eilS o BB Bl Al e 135)] B ST

MO o Sy S oy pj WS oS Iy 1) dine 55 UL

policy = random_policy

for i in range(num_iterations):
value function = compute value function(policy)
new_policy = extract_policy(value_ function)

if value function = optimal:
break

else:
policy = new_policy
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policy = random_policy

for 1 in range(num_iterations):
value function = compute value function(policy)
new policy = extract policy(value function)

if policy == new_policy:
break
else:
policy = new policy
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V*(s) = max Q*(s,a)

Q*(s,a) = P [Rger + vV (s")]
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V(A) = Pja[Rya + YV (A)] + Pig[R)ip + YV (B)] + Pc[Rac + ¥V (O]
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def compute value function(policy):
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num_iterations = 1000
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threshold = 1e-20
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gamma = 1.0
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value_table = np.zeros(env.observation_space.n)
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for i in range(num_iterations):
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updated_value_table = np.copy(value_table)
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value_table[s] = sum(
[prob * (r + gamma * updated_value_ table[s_])
for prob, s , r, _ in env.P[s][a]l])
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if (np.sum(np.fabs(updated value _table - value table)) <=
threshold):

break

return value table
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def extract policy(value table):

gamma = 1.0
policy = np.zeros(env.observation space.n)
for s in range(env.observation_space.n):

Q values = [sum([prob*(r + gamma * value table[s_])
for prob, s , r, _in env.P[s][a]l])
for a in range(env.action_space.n)]

policy[s] = np.argmax(np.array(Q values))

return policy
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def policy iteration(env):
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num_iterations = 1000
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policy = np.zeros(env.observation space.n)
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for i in range(num_iterations):
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value function = compute_value function(policy)
2055 gl ] wad awlaa Sl @ 5l 1) e sl
new_policy = extract policy(value_ function)
WSy 1y dals s S new_policy 4policy [

if (np.all(policy == new_policy)):
break

policy = new_policy

return policy
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optimal_policy = policy_iteration(env)
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print(optimal policy)
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import gym
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env = gym.make( 'Blackjack-ve")
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print(env.action_space)
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import gym
import pandas as pd
from collections import defaultdict

1S dbnl S S e S

env = gym.make( 'Blackjack-ve")
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def policy(state):
return 0 if state[@] > 19 else 1
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state = env.reset()
print(state)
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print(policy(state))

Dgd o Ol i ke ¢ LS S bl

255 welo (g |) Gl cpl (b plie) (355 @ s o o ) 235 oy |y Canl & Jl>

Qizs gy Sy aydgs

el 4 b plpls puiS o dbml aldy S ond edb diekd Gl odlatel b b wm dlsye



YAV )5 Ligo wyiw ybg)

0dl> sudolad I ooliiwl b g 0,5 o (639y5 (s 4 1y Cawlow &S 4uiS 0 iy ya3 gENErate_episode
oS e 1y Slej ol pe dlasy sl dusol LS o agi 1y 09 aln sl ol

num_timesteps = 100
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def generate_episode(policy):
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state = env.reset()
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action = policy(state)
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next_state, reward, done, info = env.step(action)
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episode.append((state, action, reward))
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if done:
break

state = next_state

return episode
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print(generate_episode(policy))
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total return = defaultdict(float)
N = defaultdict(int)
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num_iterations = 500000
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for 1 in range(num_iterations):
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episode = generate_episode(policy)
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states, actions, rewards = zip(*episode)
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for t, state in enumerate(states):
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R = (sum(rewards[t:]))
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total return[state] = total return[state] + R
S 59y 4 N(st) = N(St) +1 Sygo a0 ]y ddy o Sl a5 Sladd slaws

N[state] = N[state] + 1
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total return = pd.DataFrame(total return.items(),columns=[ 'state’,
"total return'])
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N = pd.DataFrame(N.items(),columns=["state’, 'N'])
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df = pd.merge(total_return, N, on="state")
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df.head(10)
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df['value'] = df['total_return']/df['N']

df.head(10)
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df[df['state']==(21,9,False) ][ 'value'].values
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for i in range(num_iterations):

episode = generate_episode(env,policy)
states, actions, rewards = zip(*episode)

for t, state in enumerate(states):
if state not in states[@:t]:

R = (sum(rewards[t:]))
total return[state] = total return[state] + R
N[state] = N[state] + 1
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def epsilon_greedy policy(state, epsilon):
if random.uniform(©,1) < epsilon:
return env.action_space.sample()

else:
return max(list(range(env.action_space.n)), key = lambda x:

q[ (state,x)])
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import gym

import pandas as pd

import random

from collections import defaultdict

155 dlon] S S laee S
env = gym.make( 'Blackjack-ve")
15 ey (mo)laie Q polio 0333 (gl ) i) Kim
Q = defaultdict(float)
W0GS adol m0)lase state-action cus S odjb 0 psd Iy 1) il K8
total return = defaultdict(float)
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N = defaultdict(int)
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def epsilon greedy policy(state,Q):

S olals + D 59y |y ookl e

epsilon = 9.5

S Bl begl Sl oS oAl (5)la ) diged jlude 51058 6yl dged CAI9Sy g I ) (Balad lade S
i 1y Q Juie Sl o8 138 Qbel |y (oladl o ying @yg0 ) )3 oS o Sl ) (Bolas s

if random.uniform(®,1) < epsilon:
return env.action space.sample()
else:
return max(list(range(env.action_space.n)), key = lambda x:
Q[ (state,x)])
(>9.jw1) aizs 2 & sulgs
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num_timesteps = 100
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def generate episode(Q):

19435 adgl (20l 4l gl ]y (e
episode = []
WS (illely pudaissl b 5l eslanl b1y el
state = env.reset()
toloj o po y (gl Ly
for t in range(num_timesteps):
1S Gl dilay o= ekom] Canlow b gillas |y Jos
action = epsilon_greedy policy(state,Q)
WS 0,83 |y (gdn Cundg CledMbl g aad plosl 1) suds Gl Jos
next state, reward, done, info = env.step(action)
WS 003 Cuound Caw g8 53 |y bl g pladl ccdls

episode.append((state, action, reward))
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if done:
break

state = next_state

return episode
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num_iterations = 500000

HISS e

for i in range(num_iterations):
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episode = generate_episode(Q)
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WS il Cwend ) 1) state-action glyias don
all state action pairs = [(s, a) for (s,a,r) in episode]
1S 0,050 Loeboly G ppd )3 1y 4 ) sl Cawd 1 plgn plos
rewards = [r for (s,a,r) in episode]
i3y ) alsye po sl
for t, (state, action,_) in enumerate(episode):
W28l o sl abo 0 5L gl gl Jes—cdls cans F

if not (state, action) in all state action pairs[o:t]:

R(st, ar) = sum(rewards[t:]) wS ausbrs bl gooxme olgic 41y Jos—cdls cas a R L o3l jlade
R = sum(rewards[t:])
1S Sloyiord p Sogo ) pldl-cdl sleais JS 005
total_return(s; , a;) = total_return(s;,a;) + R(s;,a;)
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A9

A8

A7

A6

A4-A5

A2-A3

AA

Pairs
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4 SP | SP | SP | SP | SP SP | SP
AA SP|SP|SP|SP|SP|SP|SP|SP|SP|Usp
\A4 SP|SP|SP|SP|SP|SP
11 SP|SP|SP|SP|SP
0,0
£,¢ SpP | SP
Y,y-yy SP | SP|SP |SP | SP | SP
B =stand
H = Hit

Dh = Double (if not allowed, then hit)

Ds = Double (if not allowed, then stand)

SP = Split

Uh = Surrender (if not allowed, then hit)

Us = Surrender (if not allowed, then stand)
Usp = Surrender (if not allowed, then split)
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import gym
import pandas as pd
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def random_policy():
return env.action_space.sample()
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for s in range(env.observation_space.n):
V[s]=0.0
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num_episodes = 50000
num_timesteps = 1000
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for i in range(num_episodes):
s = env.reset()
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for t in range(num_timesteps):
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V[s] += alpha * (r + gamma * V[s_]-V[s])
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break
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df = pd.DataFrame(list(V.items()), columns=['state’, 'value'])
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import gym
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env = gym.make( 'FrozenlLake-v@")
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Q = {}
for s in range(env.observation space.n):
for a in range(env.action_space.n):

Q[(s,a)] = @.0
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def epsilon_greedy(state, epsilon):
if random.uniform(©,1) < epsilon:
return env.action_space.sample()
else:

return max(list(range(env.action_space.n)), key = lambda X:
Q[ (state,x)])
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alpha = 0.85
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epsilon = 0.8
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num_timesteps = 1000
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for t in range(num_timesteps):
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Q[(s,a)] += alpha * (r + gamma * Q[(s_,a_)]-Q[(s,a)])

(A 50y 4 b A A8l — S b 4 1y an @7 a8l — 57 b zoj) S Slaysen,a =a 45 =5

a=a_
:%%Qgéyxo&ﬂ“;whgggch‘uyéch)ﬂ
if done:
break
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import gym
import numpy as np
import random
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env = gym.make( ' 'FrozenlLake-v@")
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Q= {}

for s in range(env.observation_space.n):
for a in range(env.action_space.n):

Q[(s,a)] = 0.0
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def epsilon_greedy(state, epsilon):
if random.uniform(©,1) < epsilon:
return env.action space.sample()
else:
return max(list(range(env.action space.n)), key = lambda x:

Q[ (state,x)])
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alpha = 0.85
gamma = 0.90
epsilon = 0.8
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num_episodes = 50000
num_timesteps = 1000

A8 Al 1y dolas

dp ya sl

for i in range(num_episodes):
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s = env.reset()
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for t in range(num_timesteps):
S sl dibag o gl o dad 5l odlaiwl b 1y pludl
a = epsilon_greedy(s,epsilon)
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s_, r, done, _ = env.step(a)

Q(s,a)=Q(s,a)+ (r + Y max Q(s’,a") —Q(s, a))
S Obesl o, 87 am s 3 1, Q syl ST &S sl plus |l
a_ = np.argmax([Q[(s_, a)] for a in range(env.action_space.n)])
S Al ) Ojg0 4 ) plB-Cl 295 Q ) pslgie 955
Q[(s,a)] += alpha * (r + gamma * Q[(s_,a_)]-Q[(s,a)])
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if done:
break
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* Learning to Predict by the Methods of Temporal Differences by Richard S.

Sutton, available at https:/ /link.springer.com/content/pdf/10.1007/
BF00115009.pdf
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import gym
import gym bandits
import numpy as np
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env = gym.make("BanditTwoArmedHighlLowFixed-vo")
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print(env.p_dist)
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sum_rewards = np.zeros(2)
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def epsilon_greedy(epsilon):
if np.random.uniform(@,1) < epsilon:
return env.action space.sample()

else:
return np.argmax(Q)
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for i in range(num_rounds):
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next state, reward, done, info = env.step(arm)
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print('The optimal arm is arm {}'.format(np.argmax(Q)+1))
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import gym
import gym bandits
import numpy as np
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env = gym.make("BanditTwoArmedHighLowFixed-v@")
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count = np.zeros(2)

195L 2 plo> Eg0ome 05D (gl SUM_rewards aJol o)laie
sum_rewards = np.zeros(2)
il p2 AL (Sike 033 (sl Q &gl 2 lae
Q = np.zeros(2)
WS pudais 1) () )S5) Lo yg0 dlass
num_rounds = 100
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exp(Q¢(a)/T)
2=, exp(Qe(D)/T)

Py(a) =
def softmax(T):
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denom = sum([np.exp(i/T) for i in Q])
probs [np.exp(i/T)/denom for i in Q]
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for

arm = np.random.choice(env.action space.n, p=probs)

return arm
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i in range(num_rounds):
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arm = softmax(T)
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next state, reward, done, info = env.step(arm)
Wby ioliél asly V1) 5L count
count[arm] += 1
S ey a1y 93kl ggeme
sum_rewards[arm]+=reward
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Q[arm] = sum_rewards[arm]/count[arm]
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T = T*%0.99

print(Q)
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print('The optimal arm is arm {}'.format(np.argmax(Q)+1))
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UCB(a) = Q(a) + H]\;)(L(S) (v)
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a* = arg max UCB(a)
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import gym
import gym bandits
import numpy as np
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env = gym.make("BanditTwoArmedHighlLowFixed-ve")
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Do oo 00uiS 93L& Sledd dlawi 0433 (sl count adsl 2o )lude

count = np.zeros(2)

2,5 0 95L 4T bl faesme 0,33 (gl SUM_rewards aJol »s)lads

sum_rewards = np.zeros(2)

Q =

oS om 33k o 45 Al (Sl 508 055 (sl Q alyl oy

np.zeros(2)

num_rounds = 1690
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def UCB(i):
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ucb = np.zeros(2)
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if i < 2:
return 1
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else:
for arm in range(2):
ucb[arm] = Q[arm] + np.sqrt((2*np.log(sum(count))) /
count[arm])

return (np.argmax(ucb))
oS 1o 1y 95 o yine UCB gy 5l odliiwl b oS oxuw 5 oud pll 1y (o5b aolo Y
H9d 2 Sl

for i in range(num_rounds):

18 QLI UCB by (bl 2 1) 5L

arm = UCB(i)
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next state, reward, done, info = env.step(arm)
) Gl aslg V1 450 count Hlage
count[arm] += 1
S jgy 4l 93l ple> ggenne
sum_rewards[arm]+=reward
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Q[arm] = sum_rewards[arm]/count[arm]
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print('The optimal arm is arm {}'.format(np.argmax(Q)+1))
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3658 1S5 93 5l s)lom sl 1, O BY olye LT

Uouol S ubaigai & )Hlwosly
w5 gilwodly 93k e 8L Sl ) gmell (665 dg03 gy A355e & e b ke (S|
oS 3)lg 1y p3Y sladilbuls aply duol

import gym
import gym_bandits
import numpy as np

oS bl (oad (S iz 3 a8 65k 95 abejlesy cpile plen dolo (e S ¢l
env = gym.make("BanditTwoArmedHighlowFixed-v@")
Do o 0duiS 93b 4T Sledd dluw 0 50 (4l 4l count
count = np.zeros(2)
1068 adol (B)lade o5l s lex £aee 0030 4l |y SUM_rewards
sum_rewards = np.zeros(2)

S adgl 2oylade o5y ibl W SSle 0,83 6l 1, Q
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Q = np.zeros(2)

1S adgl (m)lde gl 93 o gl ) s 4], Wl ke

alpha = np.ones(2)

1S adgl (ea)lade 93k 95 » (gl ) Cpge ]y L jlade
beta = np.ones(2)
num_rounds = 100

oS < yss |y thompson_sampling &b solo < Jb

S93b w9 03,5 ()13 peiged g5l 93 o sl Sloemjer ) polde Bolad job 4y &S Cunl (pl i a8 8

def thompson_sampling(alpha,beta):
samples = [np.random.beta(alphal[i]+1,beta[i]+1) for i in range(2)]
return np.argmax(samples)
oS M ) 93k e gl (s peS diged (09 3l 03l L S (on 5w ploxil ]y (gLl Y
59> Sl

for i in range(num_rounds):

208 OS] guneli (S Aiged o9y bl p ) 95b
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arm = thompson_sampling(alpha,beta)

next state, reward, done, info = env.step(arm)

Wy il asls V1 g5L count jlade
count[arm] += 1

S gy 4l 93l Rle> ggenne
sum_rewards[arm]+=reward
1S joy 4]y 9il APl ke
Q[arm] = sum_rewards[arm]/count[arm]
u:l)»&))spaj@)s)é)a =a+) dd‘)l.O.ﬂ)biocJu.vb\ L):‘)Ju»‘.)l))fltswsmwoxﬁd)b).))fl

S e i B =BV 4l i g0

if reward==1:

alphal[arm] = alpha[arm] + 1
else:

beta[arm] = beta[arm] + 1

S QB )03 1y (3ol ek 0 3VL & 53k Gl @ 1) a3k wliee g pled Sl g
print('The optimal arm is arm {}'.format(np.argmax(Q)+1))
S o Ol (S

The optimal arm is arm 1

o8l (ygmoll (6305 Aiged ybg) 3l edlatul b 1) digs 593k el ple
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MAB $ls )yl

Lol o3, 5l 1y 3slS b G8LizsT G (glog ol 51 oslisial b o > (S3s5> 5 MAB alies Lo (55 b
LS Gilseo (elog 5l wallyioss Lo <onss Ol (slogtlo (3 sl oS () 31 oolizl L Lo Bam
.rv:.;g JLQ.C‘ Lﬂf.?.bo O.)Lé:.wl .))9.6 OJ_\;> ).) |)

AB (505l i oolizl 'AB (talojl gl 3l plgie 4 Wilg e aleslesy slanile (Jle (lgie 4
5 el 38 Colwcy (giluodly Sl a3 Lo 0 (08l ialojl Sl (glosd) cnyemly 5 S
Pl 1) AB cus Lo y90 () )3 sl ()l Wy 350 ey T39)8 amiio | a5ed ol wily euls e
D5 39,8 dorius Y ot Lo oyl bl w8 dBMe 350 i 59,8 dxans I dsws plS paoris U pud o
o oo Linles 1l 51 (6,500 degemme |y 39,8 domiis ¥ aswus g 00l L )8 5 old degesme 4 |
oty U oS (o0 5 50310l 1y 008 9 Calimg )3 00l Bpo floj (0l «SUST 255 ile jlume iz g
Sy 39,8 doxio | dSuns pMST pa i A gt A5 K Ll ]S M 350 s 39,8 dorius | Ao plaS

otle3l (gim oS o0 (532520 i) g BLazST ledlad 51 S o (sl ]y (sl oy AB tolajl s )
08 ol ) AB yisloj] St Ll el gliss] g (3LisST clozdled (sl ciliio _oliaii] 093 4 5lyl> AB
e o> gl o (alisee (LT (lo 3l il 02kl L orilgi o Lo uils dnlos ol yom 4y 1) (o0l lawdy
@Wllis g JolS' jsb 4y il 9 (3915 plosl sl & el spwiboyy JBlis @ 1) (Slopdy 8,531 MAB

o Pl oS gl (L8 sl (150 )3 & el S o & 5 Glojan yoka | glisil g BLEST il o

29350 5 4l Siaslio SupliS €0 9 D (Shg 93 o 1 Sl paseits sl o cul sl p pb A/B testing Sl 4 /1 (g0l
ilwonly sl ay Wlgi so oS 5l odelcunds guls duslio 395 0 1)) )18 5 09,5 63 4y inloj] yguo 4 iglite (¢ jlwodly 93 T ol ol 5
4B g A dlse s ¥ s Gilbjl G dwslis ¢l oS ol tiader S gcS 5 Lb)iL d SMhol AB cws S o)l 4.8 SeS icalie
5yl cpyte 09,5 e e o sl ey S 3680 aslus 3o SPlit-run testing 4 bucket tests lopl L &S cus opl 29y 00,8

sl b ) g (gl 2Ll
" Landing Page


https://fa.wikipedia.org/wiki/%D8%B2%D8%A8%D8%A7%D9%86_%D8%A7%D9%86%DA%AF%D9%84%DB%8C%D8%B3%DB%8C
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Olals ( bas Fy ol She 4 wolwoy silwdiags lp slodins job o LSALA}TCAD.Q slisle o
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S20)IA Jao )l 0slaiwl b Slauls yiy g2 simy Gidl

Pl S (558 S Iy ololesy Jae jleslinl b 1) Slals b opyiee 965 meien dwls Gisu ol 5
ok mably> oo g w23 395 Colwg )0 &l S ol Bl o g g et Colug SO (gilwesly b

93k g oximd Ui Sl j ok eniS (2B MAB alie G lgie 4 1y JSie oyl oilgien Lo
2 2 SIS s Sy 53 9 Y olee bl S SIS lils g9y )8 ST g sl lejlesy oila
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import pandas as pd

import numpy as np

import matplotlib.pyplot as plt
import seaborn as sns
#matplotlib inline
plt.style.use('ggplot’)

osl> acgaao &y syl

Iy Sbuls s g & puiS 0 Mgi g g b 03 degee S Lo puiS dlul 00ld ds gosre S a9

ABd o HLis 9 g amled Y L o s cindy )3 39 g0 polie )] 1 aS 0uiS o Mg Cady Vee e e g amd o s
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() ot SIS i 3 b (V) ol 0 S )8 by Sl o L

df = pd.DataFrame()
for 1 in range(5):
df[ 'Banner_type_ "+str(i)] = np.random.randint(e,2,100000)

S oS5 095 031 degazme Jol casdy x4 dolo
df.head()

w3l 58S )l aledsdy o (VB +) (Sl s iz Lo cuai oo oS jolailon A8 o oy 2 0)lge (LB S
() ol 05 SIS ] gy 45l b (V) ol 0 CSlS o g5y LT a3 oo 55 o8 5] o5 St \ L -

Banner_type_ 0 Banner_type_1 Banner_type 2 Banner_ type 3 Banner type 4

. . . \ \ \

\ \ \ . ) )
Y Y . \ ) )
Y Y \ \ ) )
¢ ¢ . . ) .

iS5 gl o5 )lad0 |y Lo jueio
S ol 1y W )] yS dlawd oS gl 20)lade 1) ppe (sl punio (S0 sl (s

num_iterations = 100000
WSy |y by oluss

num_banner = 5

10 sl 23 e |y 2 coy g S olady Slass 0,33 (ol count iyl
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count = np.zeros(num_banner)

1S adgl (23 )lde 2 5o 5l odel Cawd 4 (L) sl £see 0,53 gl |y SUM_rewards yul)l

sum_rewards = np.zeros(num_banner)
B sl (23)ake iy o D (eSibe 035 (s, Q bk
Q = np.zeros(num_banner)
1S iy o Bl (gl 0,85 (4l ] S

banner_selected = []

ailay > Yol Yy By
SleS o0 W 8166 w39 Sl (Bolad ke G Lo oulS iy 1) il o gkl (39 Sl (b
oS o SN 0 (ke (g cnl 38 53 oS o QBN (Bolad i il sl Sl a8 Bolad jlade
sl aualy 1y bl 5ebe ySlas oS
def epsilon_greedy policy(epsilon):
if np.random.uniform(©,1) < epsilon:

return np.random.choice(num_banner)
else:

return np.argmax(Q)

S 131 1) H0)Iody Suud
ol iy 5l i SUals o S pserds U auiS o Ll |y ailaas o yobons] b Lo ¢3S

HISS e sl
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for i in range(num_iterations):

0SS Ol ailay > yglens] Caslaw 3l eslazwl b1y 4o

banner epsilon_greedy policy(©.5)

reward = df.values[i, banner]

count[banner] += 1
25 033 1) (leedhl) lg> ggoone

sum_rewards[banner]+=reward

1S dplee |y (0L (S5l

Q[banner] = sum_rewards[banner]/count[banner]

banner_selected. append(banner)
S QL] cuwl Al (ke Sl s & (o glsis ) e el o plod g

print( 'The best banner is banner {}'.format(np.argmax(Q)))

Dgde ol (L3 S L

The best banner is banner 2

23985 o0 LSl i i S min 5 oS ey eallg 0 (e
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ax = sns.countplot(banner_selected)
ax.set(xlabel='Banner', ylabel="Count")
plt.show()
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e Introduction to Multi-Armed Bandits by Aleksandrs Slivkins,
https:/ /arxiv. org/pdf/1904.07272.pdf

e A Survey on Practical Applications of Multi-Armed and Contextual
Bandits by Djallel Bouneffouf, Irina Rish, https:/ /arxiv.org/ pdf/1904.10040.
pdf

e Collaborative Filtering Bandits by Shuai Li, Alexandros Karatzoglou, Claudio
Gentile, https:/ /arxiv.org/pdf/1502.03473.pdf
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Categorizing RL agents’

RL agents could be categorized into several categories:

o Value Based
o No Policy (Implicit)
o Value Function
e Policy Based
o Policy
o No Value Function
e Actor Critic
o Policy
o Value Function
e Model Free
o Policy and/or Value Function
o No Model
e« Model Based
o Policy and/or Value Function
o Model

' https://www.Ycoding.com.cn/Y Y/ YY1 /RL%Y +-%Y - Model-Free%?Y + Prediction/
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Value Function

Value-Based

Problems within Reinforcement Learning

This section only proposes questions without providing the solutions.
Learning and Planning
Two fundamental problems in sequential decision making:

e Reinforcement Learning
o The environment is initially unknown
o The agent interacts with the environment
o The agent improves its policy
e Planning:
o A model of the environment is known
o The agent performs computations with its model (without any
external interaction)
o The agent improves its policy a.k.a. deliberation, reasoning,
introspection, pondering, thought, search
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Introduction

Part one:

e Model-free prediction
o Estimate the value function of an unknown MDP

Part two:

e Model-free control
e Optimize the value function of an unknown MDP

Why we care about model-free control? So, let's see some example problems that
can be modelled as MDPs:

e Helicopter, Robocup Soccer, Quake
o Portfolio management, Game of Go...

For most of these problems, either:

e« MDP model is unknown, but experience can be sampled
« MDP model is known, but is too big to use, except by samples

Model-free control: Model-free control can solve these problems.
There are two branches of model-free control:

¢ On-policy: On-policy learning
"Learn on the job"
o Learn about policy t from experience sampled from 1t
+ Off-policy: Off-policy learning
o "Look over someone's shoulder"”
o Learn about policy T from experience sampled from p
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Table of Contents

e On-Policy Monte-Carlo Control
e On-Policy Temporal-Difference Learning
o Saurgal((l))

o Off-Policy Learning
o) (%]Leanﬂnlii]mg

e Summary

Off-Policy Learning

Evaluate rarget policy Tt(als) to compute vr(s) or gr(s,a) while following
behavior policy u(als)

{S1, A1, Rz, ..., ST}~n
So, why is this important? There are several reasons:

o Learn from observing human or other agents

e Re-use experience generated from old policies 11, T2, ..., Ttt-1
o Learn about optimal policy while following exploratory policy
o Learn about multiple policies while following


https://www.52coding.com.cn/2017/12/21/RL%20-%20Model-Free%20Control/#on-policy-monte-carlo-control
https://www.52coding.com.cn/2017/12/21/RL%20-%20Model-Free%20Control/#on-policy-temporal-difference-learning
https://www.52coding.com.cn/2017/12/21/RL%20-%20Model-Free%20Control/#sarsalambda
https://www.52coding.com.cn/2017/12/21/RL%20-%20Model-Free%20Control/#off-policy-learning
https://www.52coding.com.cn/2017/12/21/RL%20-%20Model-Free%20Control/#q-learning
https://www.52coding.com.cn/2017/12/21/RL%20-%20Model-Free%20Control/#summary
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Batch MC and TD

We know that MC and TD converge: V(s) — v,(8) as experience — 00. But what about batch solution
for finite experience? If we repeatly train some finite sample episodes with MC and TD respectively, do

the two algorithms give same result?
AB Example
To get more intuition, let's see the AB example.

There are two states in a MDP, A, B with no discounting. And we have 8 episodes of experience:

A 0,B,0
B, 1
B, 1
B, 1
B, 1
B, 1
B, 1
B, 0

For example, the first episode means we in state A and get 0 reward, then transit to state B getting 0

reward, and then terminate.
So, What is V(4), V(B) ?

First, let's consider V(B). B state shows 8 times and 6 of them get reward 1, 2 of them get reward 0. So
V(B) = % = .75 according to TD and MC.

However, if we consider V(A), MC method will give V(A) = 0, since A just shows in one episode and
the reward of that episode is 0. TD method will give V(A) = 0 + V(B) = 0.75.
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The MDP of these experiences can be illustrated as
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Certainty Equivalence

As we show above,

* MC converges to solution with minimum mean-squared error

o Best fit to the observed returns

T,

E

K
o In the AB example, V(4) =0

* TD(0) converges to solution of max likelihood Markov model

o Solution to the MDP < &, A, P, R,y > that best fits the data

7a)rt

k

K T
7'5:,5,: ZZISf,&f,Sﬁl—sas)

%4 kltl

K T

RS =i 221

N(s, ) k=1 t=1

(First, count the transitions. Then compute rewards.)

o In the AB example, V(A) = 0.75
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Advantages and Disadvantages of MC vs. TD (T)

TD exploits Markov property

o Usually more efficient in Markov environments

MC does not exploit Markov property

o

Usually more effective in non-Markov environments

‘5)15’0[1 Sl i P

/o\‘l-zs-z Sy aely
Siley IS

({’\ O Of\O
| -

(3as) Job

0«0

il 52042

l

&

[y

{x

?

e +++ 0+-O+0+

oy
B

r

i

W Pl yjo) 42 0555 9 (B0 1S oo Atz |y 0l (g Sl (3 e 1 93 &5 (sl (650 Slady) sLad Sl (o8



sl Juabd Yve

u’bjﬂ d.yula-o quf'ug)

Monte-Carlo Temporal-Difference Dynamic Programming
V(S)  V(S) +a (G - V(S,)) V(S) « V(S) + a(Rest +aV(Seer) - VIS)) V(S)  Ex [Ress +V(Ses1)]

3o Ll ) Bree (098 (65N sl Syl S il dan & iz pa (IS gl S 5 S

‘ RL Algorithms

|

Model-Free RL Model-Based RL ‘

Il
i

{

Policy Optimization Q-Learning Learn the Model Given the Model

Policy Gradient World Models AlphaZero
serme
TD3
Cm
SAC
TRPO

b}

!
H
|

MBVE
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3 )b wses 93 ,» Temporal-Difference 3 Monte-Carlo slaws )¢Sl 45wl awsly asg

A Jdo (g sled S0,
Unified View'

Monte-Carlo Backup

V(S:) < V(St) +a (G — V(S))

\)

t
(J

/ \ | / \
[

We start from St to look-ahead and build a look-ahead tree. What Monte-Carlo do
is to sample a episode until it terminates and use the episode to update the value
of state St.

' https://www.°Ycoding.com.cn/Y - \Y/YY/YVYRL%Y +-%Y - Model-Free%?Y * Prediction/
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Temporal-Difference Backup

V(St) < V(S¢) + a(Reyr +7V(Ses1) — V(St))

() O () () O Q) o oo
| ]
\ I

/ \ 1 I/ \
]

On the contrary, TD backup just sample one-step ahead and use the value of St+1
to update St.
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Dynamic Programming Backup

V(St) « Ex [Res1 +vV(St+1)]

’ \ ’ \

O O
Q O Q ()
1 \ ;N N 1 7\
\ /N \ P

~
/ AY 1 / \ ’f \

Bootstrapping and Sampling

o Bootstrapping: update involves an estimate
o MC does not bootstrap
o DP bootstraps
o TD bootstraps
« Sampling: update samples an expectation
o MC samples
o DP does not sample
o TD sample
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Offline updates | A =0 A€ (0,1) A\ =
Backward view | TD(0) TD(A) TD(1)
I I I
Forward view | TD(0) Forward TD(A) MC
Online updates | A =0 A e (0,1) A=1
Backward view | TD(0) TD(A) TD(1)
I th th
Forward view | TD(0) Forward TD(A) MC
I I I
Exact Online | TD(0) | Exact Online TD(A) | Exact Online TD(1)

= here indicates equivalence in total update at end of episode.

Convergence of Prediction Algorithms

On/Off-Policy  Algorithm  Table Lookup Linear

Non-Linear

On-Policy

MC
TD(0)
TD())

Off-Policy

MC
TD(0)
TD())

NN NISSS
LIRS N NN

> X N> % N

TD does not follow the gradient of any objective function. This is why TD can diverge
when off-policy or using non-linear function approximation. Gradient TD follows

true gradient of projected Bellman error.
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Convergence of Control Algorithms

Algorithm Table Lookup Linear Non-Linear
Monte-Carlo Control v (v) X
Sarsa v (V) X
Q-learning v X X
Gradient Q-learning v v X

(V') = chatters around near-optimal value function

Convergence of Linear Least Squares Prediction Algorithm

On/Off-Policy Algorithm Table Lookup Linear Non-Linear
MC
LSMC
TD
LSTD
MC
LSMC
TD
LSTD

\

On-Policy

o

AN

Off-Policy

SNNSNKNISSNSS
NX NKNISSNSS

o

The Q-learning target then simplifies:

S.A
R
s°

A

Q(S,A) «+ Q(S5,A) + « (R + 7 max Q(S’,a) — Q(S,A))

Of course, the Q-learning control still converges to the optimal action-value
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function, Q(s,a)—qx(s,a).

Initialize Q(s,a),Vs € 8,a € A(s), arbitrarily, and Q(terminal-state,-) =0
Repeat (for each episode):
Initialize S
Repeat (for each step of episode):
Choose A from S using policy derived from @ (e.g., e-greedy)
Take action A, observe R, S’
Q(S, 4) ¢ Q(S,4) + a[R+ 7 max, Q(S',) — Q(5, A)]
S+ 5

until S is terminal

Relationship Between DP and TD

Full Backup (DP) Sample Backup (TD)

ve(s) s

Bellman Expectation wale) e f
Equation for v, (s) | lterative Policy Evaluation TD Learning

gels.0) 55,0

Bellman Expectation wlsa) e X
Equation for g (s, a) Q-Policy Iteration Sarsa

g.(s,a) < s,a

Bellman Optimality bl ) e
Equation for g.(s, a) Q-Value lteration Q-Learning
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Full Backup (DP)

’ Sample Backup (TD)

lterative Policy Evaluation
V(s) < E[R+~yV(S) ] 5]

| TD Learning
V(S) & R+4V(S)

Q-Policy lteration | Sarsa
Qs.2) ~ E[R+7Q(S\A) [s.d] | Q(S.A) & R+1Q(S".A)
Q-Value lteration | Q-Learning

Q(s,a) « E|R+~ max Q(S",d) | s,a
a'e

where x & y = x « x + oy — x)

Q(S, A) & R+ max Q(S',4)
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delta2 = np.multiply(-(y-yHat),sigmoidPrime(z2))
148 szl (1) alas 4 oS oo Apslons Wiy o o1y o35 195
dJ _dwhy = np.dot(al.T,delta2)
1S dxslye (F) Ablre . ouiS o duwle Wip s 5 ) L01,S Lo
deltal = np.dot(delta2,Why.T)*sigmoidPrime(z1)
dJ_dWxh = np.dot(X.T,deltal)
35 welsd Sorh nj 2b 4 (F) 5 (0) Olisl (Slwyjgrd oasl dblee 4y a25i L) bagys Lo

Wxh
Why

Wxh - alpha * dJ_dwhy
Why - alpha * dJ_dwWxh
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def backword prop(y hat, zl1, al, z2):
delta2 = np.multiply(-(y-y_hat),sigmoid derivative(z2))
dJ_dWhy = np.dot(al.T, delta2)

deltal = np.dot(delta2,Why.T)*sigmoid derivative(zl)
dJ_dwWxh = np.dot(X.T, deltal)

Wxh
Why

Wxh - alpha * dJ_dwhy
Why - alpha * dJ_dwWxh

return Wxh,Why

idlS LS Bolai ials LS Al Lol S mals cla by il alises glgil(opl 5l glis Tl pees
D)1 339 0 g RMSpropAdam  diws- a8
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' Forward Pass

" Backward Pass

" Epoch

‘ Batch Size

°* Number of Iterations
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import numpy as np
import matplotlib.pyplot as plt
%matplotlib inline
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np.array([ [6, 1], [1, ], [1, 1],[@, @] ])
np.array([ [1], [1], [e], [e]])
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num_input = 2
num_hidden = 5
num_output = 1
adgl w3 )udo |; ooty Y (slagyy danl S algl ()it (Bolas g0 4y | otzges g lagyjy - E
oS (0
Wxh = np.random.randn(num_input,num_hidden)
bh = np.zeros((1,num_hidden))
S o0 adgl (20)lke I) (295 @Y 4 Gl Y o Oligl Y .0
Why = np.random.randn (num_hidden,num_output)
by = np.zeros((1,num_output))
168 oy o3 |y AgeSi (il &b LT
def sigmoid(z):
return 1 / (14np.exp(-z))
S s |y ASgeSmw @b gnde .Y
def sigmoid_derivative(z):
return np.exp(-z)/((14+np.exp(-z))**2)
A

S iy ) ola ) slal
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def forward prop(x,Wxh,Why):

z1 = np.dot(x,Wxh) + bh
al = sigmoid(z1)
z2 = np.dot(al,Why) + by

y _hat = sigmoid(z2)

return z1,al,z2,y hat
S iy |y gy Ll

def backword prop(y_hat, zi1, al, z2):
delta2 = np.multiply(-(y-y_hat),sigmoid_derivative(z2))
dJ _dwWhy = np.dot(al.T, delta2)
deltal = np.dot(delta2,Why.T)*sigmoid derivative(zl)
dJ_dWxh = np.dot(x.T, deltal)

return dJ_dwWxh, dJ_dWhy
Sy A b L)

def cost function(y, y hat):
J = 0.5*sum((y-y_hat)**2)

return J

128 wudais |y 590] (layl ST olani g 6oL g L))

alpha = 90.01
num_iterations = 5000

1S g9y 1 S L 1) s hjgel wms ojlel Jb Y
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cost =[]

for i in range(num_iterations):
z1,al,z2,y hat = forward prop(X,Wxh,Why)
dJ_dwWxh, dJ_dwWhy = backword prop(y hat, z1, al, z2)

#update weights
Wxh = Wxh -alpha * dJ_dWxh
Why = Why -alpha * dJ_dwWhy

#compute cost
¢ = cost_function(y, y_hat)

cost.append(c)
B8 oy |y aze i Y

plt.grid()
plt.plot(range(num_iterations),cost)

plt.title('Cost Function")

plt.xlabel('Training Iterations')
plt.ylabel('Cost")
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" Recurrent Neural Networks (RNNs)
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ol (295 Y @ ol Y (g pumple stz las VLT
23,5 dule 105 Syso & g [y T Sloj dlsye S A sy s
h; = tanh(Ux; + Wh,_,)

toliee Comdy i ot b loj dlsyo S 55 oy b iny

> = tanh([input to hidden layer weight x input] +
[hidden to hidden layer weight x previous hidden state])

D)5 dmslxe i zpd a olg o T Sloj s e G > (29)5 g
V; = softmax(Vh;)
Dgd o Jols pjamle LT Sloj als o G jd (295 S

9> = softmax (hidden to output layer weight x hidden state at a time t).
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Vg = softmax(Vhy) y; = softmax(Vh,) 5 = softmax(Vh;)
14 14 |4
w w w
hinit —— hy = tanh(Uxy + Whipip) h, = tanh(Ux, + Why) h, = tanh(Ux, + Why)
U U i
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Do dslme 5 Jge 8 il eolil |
h, = tanh(Ux, + Whinit)
. = softmax(Vh.)
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" Pooling Layers

" Downsampling or Subsampling
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Hands-on Deep Learning Algorithms with Python, also published by Packt, at
https:/ /www.packtpub.com/in/big-data-and-business-intelligence/ hands-
deep-learning-algorithms-python.
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Hello TensorFlow!

import tensorflow as tf

hello = tf.constant("Hello TensorFlow!")
sess = tf.Session()
print(sess.run(hello))
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graph = tf.Graph()

with graph.as_default():
z = tf.add(x, y, name="Add")
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sess = tf.Session()
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a = tf.multiply(3,3)
print(a)
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Tensor("Mul:0", shape=(), dtype=int32).
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a = tf.multiply(3,3)

with tf.Session as sess:
print(sess.run(a))
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x = tf.Variable(13)
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W = tf.Variable(tf.random _normal([500, 111], stddev=0.35),
name="weights")
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x = tf.Variable(1212)
init = tf.global_variables_initializer()

with tf.Session() as sess:

sess.run(init)
print(sess.run(x))
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x = tf.constant(13)
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tf.placeholder("float", None)
X+3
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with tf.Session() as sess:
result = sess.run(y)
print(result)
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with tf.Session() as sess:
result = sess.run(y, feed_dict={x: 5})
print(result)
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SalS” g5kl a5le YU slayl b (gla s ys s (clys EMBEDDINGS b5 3,5 oanliio laail; ) 515 5

Do o 03wl (duuss)

oS ap > Colb e lan Lo 38 (55 S waiS 3y yeed 3 |y o 5 4l gl Slbre B1,S K anly

1wl 05 031 ul.w\) PITON

tf.constant(l,name="x")
tf.constant(1l,name="y")
tf.constant(3,name="a")
tf.constant(3,name="b")

1345 jehailen (oS 0,35 prod2 ¢ prodl lee a4y bl go3,8 Cyo on D ga 559y o X aolo

1wl 05 030> ul.uu) ).:) s

o a0 < X
I}

prodl
prod2

tf.multiply(x,y,name="prodl")
tf.multiply(a,b,name="prod2")

1008 0,30 SUM (3 |y £aeme 03,5 e w2 b jo 1) prod2 gprodl Yl

sum = tf.add(prodl,prod2,name="sum")
93 8 cpl ol pbol tf . summary.FileWriter() jl oslauwl b yles oo 1y jI8 cpl oouS 0033 1y 595

Adb o 1y graph o logdir e jil)b

oS 033 wablgsn |y BIWS plas” &S WS o asuine graph ciowes
with tf.Session() as sess:

writer = tf.summary.FileWriter(logdir="./graphs',graph=sess.graph)
print(sess.run(sum))

1,5 sess.graph g oS o035 ol ;1) 395 slugy bl Lo aS cul (6,95 pl> . /graphs ( LE s s
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13 1y o5 (k) Byl e LS Lo coplply S e Laseiie Lo (golim pgus duds o 1y lad
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S ol 1y 25 g 9 00)S M |y (618 (6598 wld gy 398 Jlue 5 4 0y ygu (g5l ol (g0

tensorboard --logdir=graphs --port=8000

ol Syg 0,lens POPT g 39 0 0033 5 )3 dlgy blb a5 sad o olis |y (6,955 pl> logdir sl
S ol lyhttp://1localhost 8000/ 5 0uS 5L 1) 555 5950 cud)S Iinl 1y (L3 jotmd &5 K

115 oanlite |y luslxe 1,5 1515 o GRAPHS 5 415 5 o3y ygus iy 3

sum
gfb‘ J%’%
prod1 prod2
a
b
Slolre GLE A S5

Lol 0045 031> ul.u.u d‘; PEyo9 L 100,85 oy ya5 Lo &S U’U.o.c plod cy b 4> glo &S )92_»[&.27

‘0l 099> U 059330 & slayl

' Name Scope
¥ Scoping

ol |y PeSuwl (b @l sl oyl o g (6l o e WilgT o L puiie s o yted )3 )] 50 s ke a8 Cansl (glodgdne S
) e yad W pusio plaS” @ 057 5l sy plaST ST o askiie oS 4 0S5 Ha 0 olajye lgisa
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AL S ) alde Olles U a8 0 SaS bo @y pbooje b odgiome il oS Spd g 1y 295 oo
b olgion |y 039050 Lpuiand odiomn (silare S cilo Jb )0 b &S Cunl tae loj )i cpl (oS (g2is09,S
@ Lo 3y pbdl |y men g wpd Sldas 93 Lo ¢ (L3 Jlie ;3 5,8 sbx| tf.name_scope()tf ;I solawwl

p,u.f LS"\*"°9)§ sum 9 Product u‘};.c LY olises r>l; 3.)9.)9:0 9.) 2 ‘) Lg(j M‘yuﬁ L;')L“’

83900t S5 Lo S oo Ao |y donis 5 00Dy plosil 1y s prod2 g prodl aisss o > L8 iso j»
25 5 50 &S jshailed puiS o 40y )5 1 prod2 gprodl clles 5035 (o Product gl 4 pl
1wl 0445 01> uL.uJ

with tf.name_scope("Product”):

with tf.name_scope("prodl”):
prodl = tf.multiply(x,y,name="prodl")

with tf.name_scope("prod2"):
prod2 = tf.multiply(a,b,name="prod2")

068 iy yes SUM (glys 1y pU 83 gamce ¢ y9ST]

with tf.name_scope("sum™):
sum = tf.add(prodl,prod2,name="sum")

S o> graphs gye8 by oy 1

with tf.Session() as sess:
writer = tf.summary.FileWriter('./graphs', sess.graph)
print(sess.run(sum))

:J%.I.{M))g—)yﬁ)b I) d‘;

g oo iy gl @b o (90 48 e ite o bxo) LOCAI @

Slodd Gyl o5 0 ¢ 1l SS90 & olapiie (eaxe) ENClOSing @
g sy &l gy 5 Sl ssbot 4 playiite o sl ) GlObal e
5 3¢9 BB sk yobds &S gl I35 sla e o J51) Built-<in e


https://sabzdanesh.com/%d8%aa%d8%a7%d8%a8%d8%b9-%d8%af%d8%b1-%d9%be%d8%a7%db%8c%d8%aa%d9%88%d9%86/
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tensorboard --logdir=graphs --port=8000

Product s sum (1> 0,5 ¢35 1aid Lo ST ey g5 dngie Sl S &S jglaslons

sum

Ziensos

Product

Sllre G5 (S, AF IS

a8 jghailen 8l oo 3] WigSe Clulone & s walp oo eatS o S lgd Lo S (59, &S olin
Lol )3 g 0 Jo)) @osr 055 4 sl zuls g Kgd oo (s00209)5 b 03940 > prod2 5 prodl las,5
(S o dule |) 358 jlade 435S prod2 o prodl sbe 5 &S dow lgs oy ) Mg o g

sum
sum
Product
prodil prod2
prod1i prod2
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103y )8 Baeas (63530 055 3 1pal 31 oS eolain] o gicawd dliel Laskis gly was S S
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ol (A +) Gugiiawd pB)l 5l odly alads A, ++ Jols cosld
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' Hello World
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import warnings
warnings.filterwarnings('ignore")

import tensorflow as tf
from tensorflow.examples.tutorials.mnist import input_data
tf.logging.set verbosity(tf.logging.ERROR)

import matplotlib.pyplot as plt
%matplotlib inline

051> acgaso $)lis L
WS 6 05)b 5 S 5l eolawl L1y edly dcgeze

mnist = input_data.read data_sets("data/mnist", one_hot=True)
5 mS o 0330 ol 53 1) MNIST o3y acgeme a5 3y o)lil SIKe & data/mnist (Lé x5 ,»

AL ) pated b iS5 O ygams s p (651388 50y Jbs )3 Lo &5 s 0 lis one_hot=True

) 095 slaodly 3 (g 4 a8 WD s 45 a8 el I L
print("No of images in training set {}".format(mnist.train.images.
shape))

print("No of labels in training set {}".format(mnist.train.labels.
shape))

print("No of images in test set {}".format(mnist.test.images.shape))
print("No of labels in test set {}".format(mnist.test.labels.shape))

No of images in training set (55000, 784)
No of labels in training set (55600, 10)
No of images in test set (10000, 784)
No of labels in test set (10000, 10)

B+ olael &8y 55 a8 3,05 conr o Vo g 4tild VAY 65551 pguad yo cau)l> ()90l dcgamo )d yrguas BBcr =+ Lo

' One-Hot
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imgl = mnist.train.images[@].reshape(28,28)
plt.imshow(imgl, cmap='Greys')
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num_input = 784

num_hiddenl 512

num_hidden2 = 256

num_hidden_3 = 128

hum_output = 10

o j19i0 A )05
el ooy 50 ibsls polis oS oy |y output g input  slosbigls bl (pud )5 0L &S jshailan
WWgd 0 3yl Feed_dict 5,k

with tf.name_scope('input’):
X = tf.placeholder("float", [None, num_input])

with tf.name_scope( 'output'):
Y = tf.placeholder("float”, [None, num_output])

o b1y 295 clogyjg Lo ool M(tages b) Al slaz 5 i e el 4 g 45 Sy b &S bl ||
Slaod sl andly 5l 4y oS o Aol (a3)lade +.) Hle Cilysul L (o0 2UgS) pmad Jlo i auje j polie

59 o ple Sl (Jlo lgie 4 bl S Y (slo g, Staix (A5 LY (slayg,90 Stai b (i e yile

S5 Y les Y 0 b g8 X VY Glos 1Y 0 9,60 Sl 5L W3

' Biase
" Truncated Normal Distribution
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with tf.name_scope( 'weights'):

weights = {

'wl': tf.Variable(tf.truncated_normal([num_input, num_hiddenl],
stddev=0.1),name="weight 1"),

'w2': tf.Variable(tf.truncated normal([num_hiddenl, num_hidden2],

stddev=0.1),name="weight_2"),

'w3': tf.Variable(tf.truncated normal([num _hidden2, num_hidden_ 3],
stddev=0.1),name="weight_3"),

‘out': tf.Variable(tf.truncated_normal([num_hidden_3, num_output],
stddev=0.1),name="weight 4"),

}

Y 3 lagygyg dad D2 g sy (Jlie plsis a3l (Jud 4Y 53 laygy dasi b (Wlyges) eges JS3

oY play ;3 +) e L b w8 oo e Sl Ky ot &y hages e Lo el ¥ oy
with tf.name_scope('biases’):

biases = {

'bl': tf.Variable(tf.constant(©.1, shape=[num_
hiddenl]),name="bias 1"),

'b2': tf.variable(tf.constant(©.1, shape=[num_
hidden2]),name="bias_2"),

'b3"': tf.Variable(tf.constant(0.1, shape=[num_
hidden_3]),name="bias 3"'),

'out': tf.Variable(tf.constant(9.1, shape=[num_
output]),name="bias 4")

}

gl> y 9 LI

wsnlss 03lizl Y dan > RELU (g5lulleb s 1 Lo ouiS oo iy o5 | (5s) sl 41 9 5Lkl lilos 58]
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with tf.name_scope( 'Model"'):

with tf.name_scope('layerl'):
layer_1 = tf.nn.relu(tf.add(tf.matmul(X, weights['wl']),
biases['b1']) )

with tf.name_scope('layer2'):
layer 2 = tf.nn.relu(tf.add(tf.matmul(layer 1, weights['w2']),
biases['b2']))

with tf.name_scope('layer3'):

layer_3 = tf.nn.relu(tf.add(tf.matmul(layer 2, weights['w3']),
biases['b3"']))

with tf.name_scope('output layer'):
y_hat = tf.nn.sigmoid(tf.matmul(layer_3, weights['out']) +
biases['out'])

Ul yuy 9 Y auwlao

o3l 365 yy5 b lgie 4 softmax Jlite gyl 5l lo 3,8 wubled iy i 1) 395 50 @b dm dlspo )
duwbxo gl Iy tf.Nn. softmax_cross_entropy_with_logits()xb cgé— e 5,5 punlss

y_hat Jle olgie 4 S o pasuin |y bo 48 55 i 1OG1ES jolie Mos logits )l )

Y (Bl slocaz y Jie Glyis & S o pasuie |y (g slacunz p Jos p labels gl Y

S oo s ptforeduce_mean() jloslatwl L) s &b (1 Sho
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with tf.name_scope('Loss'):

loss = tf.reduce_mean(tf.nn.softmax_cross_entropy with_
logits(logits=y hat,labels=Y))

S 02l gl yuis Sludinne Sl @il on (295 )3 e dlome (e g ) b

learning rate = le-4
optimizer = tf.train.AdamOptimizer(learning rate).minimize(loss)

Suwlao Ubs
oS o deslone ) 255 4]y 098 Jue e Lo

> WIS Ve Lo aS Lol 5l il b Jae 5l oS o (glp odd i Jlenl oxmnilis y_hat gl @
@) @959 npad Lo aSud a5 Conl dne ool Bl 0l Y Canbge > Jlonl ST .cuily malss Jlost V-
b ey |y ke iS5 pasls t.argmax() &b S e moie Yo Jll LY o8 O
5 Jlas! 31 Al sbj o Jleas! o5 smd o 1y (o0 23l Tf . argmax(y_hat,1) el

Aloie a4 cwl V ol Hlade a5 Sl sBly pgal Canbae 13 i 4 ol ol LSS o 5l s den Y el

oY i Jles] i bl 3 15 0,5 ey 1, ¥ ooae TF L argmax (Y, 1)

o baly S8y o8, tf.argmax(Y,1) joud Juw e o8, tf.argmax(y_hat,1) plol

Sygo 1y (X ==Y) Gwwyd (o5l 9005 0 (839)5 Hlgic & 1Y 9 X slayize Tf.equal(x, y) &U

ibe cplply 1S op gyl b g paie 4 yaie
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correct_pred = tf.equal(predicted_digit,actual_ digit)
cal False Jolis 5By g il luSs odid i 9 8lg pB,1 o] )3 a8 cnl TrUe ox)ls ) g
Sloslawl b1y correct_pred p g polie b bkt LS odd i g oblg pB)l o )3 &S

Solaist b jolis polie 4 tf.cast(correct_pred, tf.float32) (gl s’ bod Oldes

oS oo tf.reduce_mean() ;l ool by Sl ¢co bl polio 4 lsl s 51 s oS o0 25

ool tf.reduce_mean(tf.cast(correct_pred, tf.float32)) |,

2ed o b ) o gla i

with tf.name_scope('Accuracy'):

predicted digit = tf.argmax(y_hat, 1)
actual digit = tf.argmax(Y, 1)

correct_pred = tf.equal(predicted digit,actual digit)
accuracy = tf.reduce mean(tf.cast(correct pred, tf.float32))

S)woods>

WS o g Sy ygedd 3 )5 cpdiz (b b Jde B3 g j50 AigSe &S (0l e il o0 (iozen Lo
b yiio €8 § 56 S 1] S oo o3litwl it oM L, clp tF L summary () 5l «plplo
oS oo 03wl <5 wle TF . summary scalar() ojle b wiws JKU!
tf.summary.scalar("Accuracy", accuracy)
tf.summary.scalar("Loss", loss)
o oS oo pleal tf . summary .merge_all() jl eslatwl L1y 58 G5 sladoMs plod cns dl> po )

9.5 0 2ol B Lol 0,553 5 1! Mos b ) (claaoMs il plin 4 48 qudd o plosl s cpl 1) )18 oyl

' cast operation
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merge_summary = tf.summary.merge_all()
& o
Jao ylygol
(23,1 |y 1o yuiio don 1l Lol o3 S 0L o glailon o> (bjg0l 1) 365 Jo o sl odias, o o 1951

init = tf.global variables initializer()
1S a5 5 e 4]y (65 25 g ST Bl o ol
learning rate = le-4

num_iterations = 1000
batch_size = 128

1S g9y |y oo g dud>

with tf.Session() as sess:

sess.run(init)

summary_writer = tf.summary.FileWriter('./graphs', graph=tf.get_
default_graph()

memd el )l S5l ool gl ], Je

for i in range(num_iterations):

S Bl dtwd Bl 4 angi L1y Laodly 1 glawd
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batch _x, batch_y = mnist.train.next_batch(batch_size)

1 higel 1) 4l

sess.run(optimizer, feed dict={ X: batch_x, Y: batch y})

ués‘f%“ﬂfgalwA‘ﬁé)bgﬂﬁ|)C3>9)yé

if 1 % 100 ==

batch_loss, batch_accuracy,summary = sess.run(
[loss, accuracy, merge_summary],
feed dict={X: batch_x, Y: batch_y}
)

#store all the summaries
summary_writer.add summary(summary, i)

print('Iteration: {}, Loss: {}, Accuracy: {}'.
format(i,batch_loss,batch_accuracy))

higel il (slayl iS5 50 By 9wl o AL (b gd drgie pj (29 3l (See &S pglalen

Iteration: @, Loss: 2.30789709091, Accuracy: 0.1171875

TIteration: 100, Loss: 1.76062202454, Accuracy: 0.859375
Iteration: 200, Loss: 1.60075569153, Accuracy: 0.9375
Iteration: 300, Loss: 1.60388696194, Accuracy: 0.890625
Iteration: 400, Loss: 1.59523034096, Accuracy: ©0.921875
Iteration: 500, Loss: 1.58489584923, Accuracy: ©0.859375
Iteration: 600, Loss: 1.51407408714, Accuracy: ©0.953125
Iteration: 700, Loss: 1.53311181068, Accuracy: 0.9296875
Iteration: 800, Loss: 1.57677125931, Accuracy: 0.875
Iteration: 900, Loss: 1.52060437202, Accuracy: 0.9453125

3 p=-)9uuil y> ol S auuaj
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(sn300 i |y Jbo 85 (2,5) Jio 05 oyt AA g

e el oo oS b 1y oliel ST Jle (laie 4 puin 1) 0)5 0 9 03,5 SUS JLgd oiilgi oo cilio yobo s

Sodingy ) odliw] b g g o adgl a3lude Jonds oligS Jloy mier sl edliisl b i Hles 46X oS

gradients Adam
Loss Accuracy
ou(‘pm 1 h;lodel
weights

input

J‘iweighL‘li\J m | weight 2 ]

1

(" truncated_nor... ) (‘runcated_normal...)

acam
"

N

) (

Acam
"

\

truncated normal... |

Wiy59 0)5 s AR JSS

Mg o joy 4 Adam

biases

S5 Jlod b il oo BT d 0,5 1 )3 ety b 8 oo a5 Lo 4y Slubee GBS (03,5 5l 45 jshailon

' Truncated Normal Distribution

Do oo dnwlre (B 4o &S puinw puilel o 8D 0,5 (59, p
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Mean
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Equal
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weights 1 2 ooem biases ] = hAdem
J e

CB30)8 oyiwS AN+ yiquad

3 1) bl wuilg oo Lo caal 03,5 0,33 1) 395 €83 5 5 (sl puiio | Gl e Lo 48wl asls ol 4
Wb oo Hials byl ST o 1o A &S dad o i AN S L puiS I 3);—)9.“;3’)JSCALARS &b p;

Loss_1
2
19
1.8
17
1.6

15

0 200 400 600 800

=

1y @l GLS AN S

2l e a3l S5 )3 8 digSa 4 amd e s ANY S



LAY glo_ yguuii ,iloado Jgol

Accuracy_1
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' Eager Execution
* Pythonic
st o 55 (oo 43S Pyl lawgs o (e o) gy opshanl 101 S0 (e 5 e i ol Jtel 5 Wjl 6 (o8l sline & PYthon o5l
09k ol lad oS5 o e )lo 533 e ael (g il sSst il pualy ligSiiy 10pg3man Slao PYEhORNIC (1)) 13 0k o 55 5o 3]
ol 005 S5 a Yy odl il
" Imperative Programming
* Immediate Runtime Error
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x = tf.constant(11)
y = tf.constant(11)
z = x*y

with tf.Session() as sess:
print(sess.run(z))

255 I3 ) 5 b ol (IS 35 5 5 el 00, Jlb sl eamdie a5l 3 4ol ks

tf.enable _eager_execution() function

x = tf.constant(11)
y = tf.constant(11)
z = X*y
print(z)

WIS o |y 25 3)lge &S
<tf.Tensor: id=789, shape=(), dtype=int32, numpy=121>
oS ol |y 25 050 mailsion ¢ (293 e ()5l Cand 4 4l
z.numpy ()

121

o 1, Ut s «oliS ol 3 Lol ST o iy Sl |y (gl ommgp oy ol cailBliio (gl an S
L o8k Slles plol 0920 (cam (50 )3 osiS S yig 1l 1) Lo )sI B 0aiS (00 (o) Bliie o
03 penlgs |y ol o 51 oolil

QLo yguuil )5 bl Sllac

3)5 weplsd sy (5 9 45) Blide 2o 53 12l 5l ooliial 1) gl oy )3 rblos I (55 «y955]
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X
I}

tf.constant([1., 2., 3.])
tf.constant([3., 2., 1.])

<
I}

1068 oolaiwl das g3 (0,5 a8l (gl tF.add ). puS £y ool (Slawbre Gldas wix b agly

sum = tf.add(x,y)
sum. numpy ()

array([4., 4., 4.], dtype=float32)

D9 oo odliwl dae 9>y Ggley 8L (¢l tF . subtract &b

difference = tf.subtract(x,y)
difference.numpy()

array([-2., ©., 2.], dtype=float32)

Do o odliiwl dae 9 Ly gl tF.multiply &U

product = tf.multiply(x,y)
product. numpy ()

array([3., 4., 3.], dtype=float32)

1S s TF . divide ) eslizal L 1) sie 4

division = tf.divide(x,y)
division.numpy()

array([0.33333334, 1. , 3. ], dtype=float32)

2,5 duwlbre 5 Oyao d gl o |y glalads O s

dot_product = tf.reduce_sum(tf.multiply(x, y))
dot_product.numpy ()

10.0
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S o |y yolie @Shs 5 [Blis jesls soly ¢ da dsyo 4o
2 ) e 9 U »0

x = tf.constant([10, @, 13, 9])

Dgd oo dule tF argmin() jleslatol b Hlade Jols asls

tf.argmin(x).numpy()

1

g oo dnole T argmax () jl ool b Hlade wSlis adls

tf.argmax(x).numpy()

2

DS o Y 9 X oy mope GBI L 0SS 1a 1]y 5 a8
x = tf.variable([1,3,5,7,11])
y = tf.Variable([1])

tf.math.squared_difference(x,y).numpy()
[ o, 4, 16, 36, 100]

S Ol X g8 mad oo ygiued Yo )50 g5 4 00 g8 Gl b im £ Gliel )Y Jse sl

print(x.dtype)

tf.int32
oS Lo tF. F10at32 & ol tF. ANT32 45 1) X g5 malgi oo ok o3l s 15 35 45 45 slaslan

x = tf.cast(x, dtype=tf.float32)

' Typecasting
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print(x.dtype)

tf.float32

S e v 4 |y L yilo ¢

[[3,6,9], [7,7,7]1]
[[4,5,6], [5,5,5]]

< X
1}

28 3Ll o 4 () ©jge ) b e

tf.concat([x, y], @).numpy()

array([[3, 6, 9],
7) 7J 7])
[4, 5, 6],
[5, 5, 5]], dtype=int32)

AAS odlael @9‘.\» Sygo A lmwu):Lo dl?t” le)’ 2) JS)‘

tf.concat([x, y], 1).numpy()

ar‘r‘ay([[B) 6) 9) 4) 5) 6])
(7, 7, 7, 5, 5, 5]], dtype=int32)

S sy stack ob jleslazl b1y X e yilo

' Concatenate
" Stack

A S Blo 1y yaie S pabled o 45T (Boo iy S ) dm Ded o bl o) (YLl aBlal g Bl s a8l (glodly laxdle S cdiudy
o] a8 Canline cpy g 1S o cund LIFO (Last In First Out) Juol | acsy 165 o bMasl 1uiS o Bis |, o aiy 3)ly 457 (¢ paic
Jhe a8 o pplatie cciio diilo o Jad odly glaylidle plu 1) iy dnsuie opl Ded oo z)B 45 Conl (63)50 ol g o Ay 3)lg 45" (6350

Dol o @ ol 31 45 Cl S gl 955 (oo yguilisl )5 &S S 2 ST sl jguilid 1 )5 5 399 <0503,
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tf.stack(x, axis=1).numpy()

array([[3, 7],
[6, 71,
[9, 7]], dtype=int32)

i) pbol |y reduce_mean Gllos 465 pow duly Yis

x = tf.Variable([[1.9, 5.0], [2.0, 3.0]])

X.numpy ()

array([[1., 5.1,
[2., 3.]]

Ve F o F v F ) /F i S dle ) X 0 Slee Slade
tf.reduce_mean(input_tensor=x).numpy()

2.75
(Ve + 7))/ g O F0.0) /7 s 00 dulme Candy gl 3 1) (ke
tf.reduce_mean(input_tensor=x, axis=0).numpy()
array([1.5, 4. ], dtype=float32)
(Ve F ) /¥ g O F00) /¥ i 404 Al gt ol 2 1) (:0ke
tf.reduce_mean(input_tensor=x, axis=1, keepdims=True).numpy()

array([[3. 1,
[2.5]], dtype=float32)
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tf.random.normal(shape=(3,2), mean=10.0, stddev=2.0).numpy()

tf.random.uniform(shape = (3,2), minval=0, maxval=None, dtype=tf.
float32,).numpy()

10,5 Al |y softmax p y—diuin oYl
x = tf.constant([7., 2., 5.])
tf.nn.softmax(x).numpy()
array([0.8756006 , ©.00589975, 0.11849965], dtype=float32)

255wl (yp |y gbalsS duloxs 0520 (1935

def square(x):
return tf.multiply(x, x)

2,5 dwlbre tf.GradientTape &5 jl eolaiwl b g square b b olg oo 1) bl )3

with tf.GradientTape(persistent=True) as tape:
print(square(6.).numpy())

36.0
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S ol Ty 5 jgwd 903,85 b1y 093 Jlueys Vev glé—)0uds cuas ¢y

pip install tensorflow==2.0.0-alpha@

UiSu 1y Keras sgou o S o o3litwl Y- paw API & lgie 4 Keras I Yoo gli— jquis a7 bl

D)5 adlgd ow)p (gAm

uwlsS H9aig)
Frangois Chollet lwg abols” oyl )5 55)5 p a5 Conl ros (56500 slaailuls” 51 Ko S Keras
o3l Ledlg Iy Jao il fygn canl plidigh 395w puw (gjluodiges s 4y ¢ ol S Cunl 00l 0313 drwgs 555 5

@1y (igdgls) olied wile b mdaw Sllos gun &S xo opl & ol YU pdaw Sbuls’ S () A8 0
» Keras APl .S’ o odlatw] gld— g dile luidy joig0 SO 51,5 cpl plil (gl camd od plosl Sles
A oo o3laiwl Lol APL lgie 4y o] 5 V.o gli— jouis g Cunl D990 tF . keras

ol po dl>yo o ol Keras o Jao el

Jae Gy )

Joe lels .
Jae GBjle

Je 2Ll ¢

Jao 4y 403
22,8 odlaiwl Jdo iy (gly 1) calisee APL o> 5l Keras .cul Jao (o y25 pa8 ol

g0 API A

' fast prototyping
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API Y

JJ19io Jao &y By )i
oS (o il g 03 )18 LS sy (goy |y 4Y ja ( Jlgie Jae G

from keras.models import Sequential
from keras.layers import Dense

il ) b & S i yas Sequential() Juo S plais aly o8 Jhe aoly dawl
model = Sequential()
S iy el 00 0300 LS 5 A8 0 &S pslailen |y Jgl Y (eS8l
model.add(Dense(13, input_dim=7, activation='relu'))

5 Casl (£399 dn Sl Anput_dim wes e ol |, Jate MolS oY K, Dense (L3 55 5
o2 (69 )59 YL (S qouled o aST 1) Y dluw ja wiiled o Lol (g5l 1 @ctivation

oD
S a4 el (giluled pl L) g Y

model.add(Dense(7, activation='relu'))
445 a5 STEMOEA (g5lulled b L]y (2 &Y

model.add(Dense(1l, activation='sigmoid'))
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3 oske Hluws Keras o8 a0 457 polalon sl o 03> (Ui 105 g0 4 ¢ Jlgie Joo (ol "4 Sols

:wau‘ 91.‘;_)9@ A§
model = Sequential()
model.add(Dense(13, input_dim=7, activation='relu'))
model.add(Dense(7, activation='relu'))
model.add(Dense(1l, activation='sigmoid'))

(ol Jde Sy Jlie lgie 4 amd o 1)) Jlgie Jhe SO dr G (6 b (g piuillas] & b Jae
Wiy Sy aY e Jlgie Jae S oS Jb pd oS Jeate S0 Y a ly 4Y ja wily o ]y 4 b
‘)L\;'.Q‘.? 5145)%).:.& L;LQ‘.ZB‘; ko R ) L;LQJJ.A Jl:ggl PKJ@ ‘u.a.gl.}’ J.Lo ;i_l .))b )1)5 &)—i.’.) Lg\flg us"

A ) el 98T sl Mt Syide oY 5 SBus o5 polde dixie (0955 polde b ol Jio

S s Keras o) ol oo S 4>
sl (6399 dlnl iy pa5 ]
input = Input(shape=(2,))

relu

layerl = Dense(10, activation='relu')

' Code Block
" Functional Model



4y glo_ yguuii ,iloado Jgol

layerl = Dense(10, activation="relu')(input)

lior VY 1Y Y (039)5 08 o iy PLU SLulld &l g gy W LD & Y i im0V Lo
g oo 8Ll Sl 35l > cuwl odd odly L 58S &S jelailen by
layer2 = Dense(10, activation='relu')(layerl)

Wl VYl (295 4 & (6395 oS iy 15905 lulled @b L] (298 Y wilgipe (55
Do oo LS| july o Ll o cplplo

output = Dense(1l, activation='sigmoid')(layer2)
sinputs Lb &S b (wiS oy Model WS Sl oolaiol L1y Jao daasY plod cayyo 5
S pasuine w z s 4 |y outputs

model = Model(inputs=input, outputs=output)
ol 0l 00y LS el o ol Jao JolST 88

input Input(shape=(2,))

layerl = Dense(10, activation='relu')(input)
layer2 = Dense(10, activation="relu')(layerl)
output = Dense(1l, activation='sigmoid')(layer2)
model = Model(inputs=input, outputs=output)

Ja0 (0335 Jrpols) s )5 am

b Jto 653l 0550 Lol o )13 ol o ((,50m) JbolS (st sl o 20,8 iy | Jio o8 (1551
el oo 5 il A o Je (2,8 llS plSn oS o i

LS o5 sl plsie s S o Cisysi | Lo (g lodtens winysS) 2ol ol coptimizer ol )
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O5e A eriwd o (3,8 48 el W Sl b &S cul San @b oles opl ilOss el LY
gblite (9,81 by @b L laS @ye (:S0ke 2 Jlte

S paudie |) Yo SG 1 e wulyioe (izmen @CCUPACY (e lgis 4 ouiS

S 1yl e ((S1)Ken) blolS clp 1y 5 a8

model.compile(loss="binary crossentropy', optimizer='sgd’,
metrics=["'accuracy'])

&,
Jao ylvygol
o2lisl b ol o 1) Jao (Bjg0] 2l amls (o590l 1y o Lo 01581 023, eliolS” (psizmom g iy |y Jo Lo

&S epochs sl Y dacwe p X 1puS o0 pasuive ) 355 sla Shg b b pboal Fit o3l U

oS o0 o ) o 4 |y batch_size g iems (bjsel Ll (gl ], Juo el oo
model.fit(x=data, y=labels, epochs=100, batch_size=10)

Jao bl

25 menled byl sesl dsgazee g9y 2 1l (Jao (bjeel 5l

model.evaluate(x=data_test,y=labels test)

hi9el €83 b S o SaS Loy ) g S (2L (objgel 00> degeree loan b 1) S uilgs o (ypizeen Lo

model.evaluate(x=data,y=1abels)

A3 o pbol Iy MINIST )5y gistwd (pB]) slael (gaddls aadsy Vor old— ) guid 4565 puivn by Jb 1oked 4
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Y.+ gld_ youii 9l oalaiwl b MNIST slacl Sais adubo
Pl V.o gl a5l oolizl b 1) MINIST g sizasd Sl (cdiptils aalyiso 4365 45 135 pudlss ¢ 551

a Keras jI V. glim jguis quuidgol 45 johailan 315 L5 a8 bad din &y Ladid X,V glo— g b dunlde 3 pumd
wS alsl Keras & 4 1) tf.keras wb aad .S o oolaiwl 595 YU zdaw APL i

oS Eg i 031> dsgazme (615, L awlo

mnist = tf.keras.datasets.mnist

1003 bl 5 A uinlojl dgacme S g (S jgel degerme

(x_train,y train), (x_test, y_test) = mnist.load_data()

o0 xS Jloy X Hlade gSls 1 X polie muendi b1y dslojl g bjee] (sladcgaxo

x_train, x_test = tf.cast(x_train/255.0, tf.float32), tf.cast(x_
test/255.0, tf.float32)
y_train, y test = tf.cast(y_train,tf.int64),tf.cast(y_test,tf.int64)

S Gy ) g a4 ) Jlge e
model = tf.keras.models.Sequential()

softmax g ki &Y » ReLU &b b Y dw a8 S 3l Lo ouiS a8ls] Juo 4 1) slaasY aoly Vs
oS oo odlatwl UL &Yy
model.add(tf.keras.layers.Flatten())
model.add(tf.keras.layers.Dense(256, activation="relu"))

model.add(tf.keras.layers.Dense (128, activation="relu"))
model.add(tf.keras.layers.Dense(10, activation="softmax"))

268 hlel8 05 08 ks 2l L) Jae
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model.compile(optimizer="sgd', loss='sparse_ categorical crossentropy’,
metrics=["'accuracy'])

1 gl |y e

model.fit(x_train, y train, batch_size=32, epochs=19)

S bl Jae
model.evaluate(x_test, y_test)

Gl (ol pon & Keras APLL &S e | o g oo adidg>

o>

33 sl 4 08,8 3L Lo 33,8 £gy Sluasles (lad],S 5 o3lisal 550 5 glin ygus S, b 1) s ol Lo
L‘oo)f 556:1.5 ] 045 J..S.w) JL» 9 o)f R )| 4539,..:@ o3l uLu) L;’Lu.ubu dl)f S b 91.9—)9“»

3939 Olpe 4 g Lgd oo oLl p3lio 083 (glp &S Ald (Bg)bo njuate o i gl ey dlpe
ke lesbisle oS 00185 b pioman Lo 355 oo )3 03latul 3)90 (Sluwlome SIS Sy )3 03 Sldes (paix
Libicsle (sl ol g umd oo polaidl |y polie Lol wuiS oo iy 1) Sl g g9 Laid Lo &S ol s o it
Lo ports Ll ol gl ygunis s 45 351 905 3590 53 Lo sgl 20 gy €S> b g 38 Al loj o
g o) WBlie el rizman Lo 3, 0olital (luslors SIS Sy gyt o 3y 9ed & i

S oo w2l )8 1) @ (silodiged el g canl Tailem gl ey &5 w08 p ]y (S

' Pythonic
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sl Al Cuwyd (Bl sboul 4 5l e b

» 1y (DAN) L * sroe Q 4K pb &) (DRL) (roe (985 (63653b g (slagi ol 51 (S csdmr Juad 5
oS oo JET el Spa b 1) 555 (DRL) Gaos (985 (650l jaw b o yi5 o0 Sb (gmy e

SYlgw

oS Liolosl 5 Vg 4 ol Gl b gli— jguiis )90 50 1) 393 il awlo

Wy gl s (090-)8) ke )

A Gy (plsle) o2 olSe Y

gz 3 g

Sl Lo (y g 05) lide lynl s 1> R
Scuns> Keras jl oolaiol b Jio cals ol plos .

Db o Jze Jae b G9ls 4> Keras b Jo 1

' Deep Q Ntework (DQN)



Qo Jad £4A

PYPREs S
Sulgay jiiuy

https:/ /www .tensorflow.org/ tutorials.
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Sams> (Tensor) jeuni g (Matrix) (s yilo (Vectors) ,Is s (Scalar) sus
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import random

import gym

import numpy as np

from collections import deque

from tensorflow.keras.models import Sequential

from tensorflow.keras.layers import Dense, Activation, Flatten, Conv2D,
MaxPooling2D

from tensorflow.keras.optimizers import Adam

S 2wl Gym jl edlaiwl b 1y Ms Pacman (¢3b Lo dwlo «65]

env = gym.make("MsPacman-v@")

05 bt |y s ol

state_size = (88, 80, 1)

WS cdb s 1y cleludl slaws

action_size = env.action_space.n
AiS ybyls p—ying 1) $)4 aades
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ol cdny oo )3 o o S el MIASXY 4y ]y 09005 s § oS o0 930 ) ol 03,8 s (6816
) Q olie & oS0 4385 CNN & (03955 lsis & 1) 0ud (B30 5l ik Gkl doxio g
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Oleie 4 1y (s5b s paad) (b b &S ouS wayya5 preprocess_state pb 4 ob aols (Jb
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color = np.array([210, 164, 74]).mean()

def preprocess_state(state):

23 03181 oS g S | g

image = state[1l:176:2, ::2]

S o S olide 4 1) pgead

image

image.mean(axis=2)

B don |y gl cublads

image[image==color] = ©

28 Jloyi |y g5

image = (image - 128) / 128 - 1

1S oy g ol ' JSS puws 1) pua

' Reshape
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image = np.expand_dims(image.reshape(88, 80, 1), axis=0)

return image
DQN ywdS by 05

sy Sy el 3,8 wunled (gilwodly |y DAN w oSl o 15 a5 0uiS iy e |, DAN b 4 (oM sl
ALl wyiwd ol 25" 4 GliS GitHUb 350 5l 0l o cpiomed (oS ooy cod 4 s 1) 58 sl

1l

class DQN:
init yibg) iy a5
oS iy ) ANEE g, sl

def init (self, state size, action_size):

WSy |y s ol

self.state size = state_size

WSy |y pladl o1l

self.action_size = action_size

1S iy | is il o)Ll

self.replay buffer = deque(maxlen=5000)

1S iy y5 1) (LSS S 8) Ladss o o
self.gamma = 0.9
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self.epsilon = 0.8
(w55 S92 el ool o 1) B 4 uled o oS (B 55) 2S iy |y Sl o0 5
self.update_rate = 1000
S iy | gl L2
self.main_network = self.build_network()
1S iy |, a2
self.target network = self.build network()
15 S im0, ol L2 55
self.target_network.set_weights(self.main_network.get_
weights())

DQN 5w

oS o3lazwl DAN lgie 4 CNN 5l o)1 clogsb plol ¢l oS oalaid 5 b Lo .ayjluw |, DAQN solo Yls

Slien &Y aw b ) DAN b .55 oy 1y Q pilie 35 0 (639)9 Gy & 1y (g5b dxbo poai &

o ) Sho sada 5 00)S gl pear jI) kShy (obior Y w8 o Gy (odgelS)

51y Q ol b i o 4035 (Juato SolS 4¥) iy 45 &

def build network(self):

PS5 ) (pglglS) (oo 4V (4l



A

model

model.

= Sequential()
add(Conv2D(32, (8, 8), strides=4, padding='same', input_

shape=self.state size))

model.

model

model.
model.

model.

model

model

add(Activation('relu’))

WS Gy yei |y pod plien Y

.add(Conv2D(64, (4, 4), strides=2, padding='same'))
model.

add(Activation('relu'))

S iy |y olied Y regu

add(Conv2D(64, (3, 3), strides=1, padding='same"))
add(Activation('relu’))

1S Bl |y pow oliod 4V 4 13 odel Cund & Sy (laadds

add(Flatten())

1S 438 Juateo MolS 0¥ 4 ) e (sloaids

.add(Dense(512, activation="relu'))
model.

add(Dense(self.action_size, activation='linear'))

.compile(loss="mse’, optimizer=Adam())

Wl S o 1y Jae il

return model
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' Storing the transition
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il oyl gy il jl SogS aiws S (Brlas (5l paiges b |y DAN (ol o &5 mlaid gol Lo

il oyl 3 1y sl SleMbl a8 1S o iy |, store_transition pb 4 wb o oplpls eund 590!
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def store_transistion(self, state, action,
reward, next_state, done):
self.replay_buffer.append((state, action,
reward, next_state, done))
wlay > goluuyl Suwluw &) ol

1y pldl wleay o yplians] Canslins 1 o3l b cgliss-CLizs] alsles 1 cadlyo (clyy DAN 3 S s S 5l Lo
Cawlows 3l o3kl b Joe & Ol 4y 1, epsilon_greedy sb 4 b 98T (oplply (ouS o ol

S (o0 a5 Al o (gl

def epsilon_greedy(self, state):
if random.uniform(©,1) < self.epsilon:
return np.random.randint(self.action_size)
Q_values = self.main_network.predict(state)
return np.argmax(Q_values[@])

S 305 1) ylsygol
oS L ya5 bjgel S ol Iy train pb a4 b asls Jb

def train(self, batch_size):
1S (6 S diges o3l oyl 9,0 51 ) L] 5l (S oS dws

minibatch = random.sample(self.replay buffer, batch_size)

1S dwbe B a8 3l ool L ]y Cous Hlade
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for state, action, reward, next_state, done in minibatch:
if not done:
target_Q = (reward + self.gamma * np.amax(
self.target network.predict(next_state)))
else:
target_Q = reward

IR values 1, ol o W |30 § JsS dwls ;Lo‘ a3l ealewl L1y ol o W (KVS
> Q_ )2 EUE ) 9 > P ) UM )

Q_values = self.main_network.predict(state)

1S gy 1) Bam lada

Q values[@][action] = target Q

aend bjgel |y ol L3

self.main_network.fit(state, Q values, epochs=1,
verbose=0)

D ol ) 39,0
oS &S L .ﬁ: 039 Sy joya slp 1y update_target_network pb & b auly o Jbs
oS iy yo3 el AL

def update_target network(self):

self.target_network.set_weights(self.main_network.get_
weights())

DQN yisygol
oS ot wadd 590) Lol (6l 1) 4 madlgs oo a5 ol g il olaas 1] oudd 590 1y 4 dnlo Yl

num_episodes = 500
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WS s |y Sloj p8 dlaws

num_timesteps = 20000
WS iy |y A ol
batch_size = 8

:_\.'»..:5 .))19 ‘) 395 )Jé} 3)9,4 «w;\f d}l’: Ql}@o» J]J\’_’"

num_screens = 4

105 g jlodiges |, DQN NS

dgn = DQN(state_size, action_size)

WS padais False (g, ) (Si8L plos! Cunsyg

done = False

WS adol 2o)lde 1y time_step
time _step = 0
w2l S9! sl

for i in range(num_episodes):

Return = 0

S i e 1) (5L axdo

state = preprocess_state(env.reset())

' Instantiate
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il 395wl jl B 5o (sl
t in range(num_timesteps):

env.render()

S jgn 1y Slej p8
time step += 1

:Aﬁ}a)@l)dp.ﬁ‘-‘

if time_step % dgn.update_ rate ==
dgn.update_target network()

action = dgn.epsilon_greedy(state)

HEVE- 3 fal?u‘ ‘) W ul?d)‘ rﬂﬁﬂ ‘J U,L.ﬁ

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

S e 1) eam s

next_state = preprocess_state(next_state)

08 0,8 1y Jlanl cleMb

dgn.store_transistion(state, action, reward, next_state, done)

1258 )4 o b 4|y b el

state = next_state
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1S eyk |y iS5l lade

Return += reward

if done:
print('Episode: ',i, ',' 'Return’, Return)
break
ud il 1y aSud cunl dwd o3l 1 iy yiSusb eyl o L) sl )31
if len(dgn.replay_buffer) > batch_size:
dgn.train(batch_size)
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y =7+ymax Qgr(s’,a")
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y=1r+y maxQy(s’,a’)
a

Over—estimates Q Value
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y=r+y  max }Qgr(s’,a’)
a
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y=1+yQe (s, a)
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y=1+YyQy (S’, arg max Qy/ (s, a’))
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y=r+70Qy (s,  argmaxQp(s.a) )

Select the action a’ ,which has
the maximum Q Value computed
by main network 6
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y=1+yQu (s, (s',a")
N——
Compute the Q Value for the
selected action 4 using target
network 6’
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y=1+yQy (E, arg max QQ(E,a’))
a
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y =1 +yQy (E,argmax Qo (E,a’))
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y =1+ yQg (E, right)
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DQN 155> DQN
Action selection using
y=r+vy max Qg'(S’, ar) main network 6
. y=7+v Qp(s’,argmaxQe(s',a’) )
Compute using target a

network 6' Q Value computation using target
network '
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y=1r+yQq (s’ arg max Qg(s’,a"))
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import tensorflow.compat.vl as
tf.disable_v2_behavior()
import numpy as np

import gym

env = gym.make('CartPole-v@")

state_shape

tf

num_actions = env.action_space.n
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env.observation_space.shape[@]
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gamma = 0.95
9 bhcadss gla bl awlbre lp discount_and_normalize_rewards pb « b solo
S 5 025 oy
def discount_and normalize rewards(episode rewards):
S o5l ol Sl plgs 003 ol 1y sl
discounted_rewards = np.zeros_like(episode rewards)

0S8 Al 1y Hlacadass il

reward_to go = 0.0

for i in reversed(range(len(episode rewards))):
reward _to go = reward_to_go * gamma + episode rewards[i]
discounted_rewards[i] = reward_to_go

wed plosl |y (o 8,55k 5 (il lxin

discounted_rewards -= np.mean(discounted_rewards)
discounted_rewards /= np.std(discounted_rewards)

return discounted_rewards
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state_ph = tf.placeholder(tf.float32, [None, state shape], name="state
ph™)
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action_ph = tf.placeholder(tf.int32, [None, num_actions], name="action
ph™)

discounted_rewards ph = tf.placeholder(tf.float32, [None,],
name="discounted_rewards")

WL YROSR F RPVRY
layerl = tf.layers.dense(state_ph, units=32, activation=tf.nn.relu)
Wl Sleladl oluss bl F Y > lassly sl a8 auil atily dogp S oy 1) ¥ Y

layer2 = tf.layers.dense(layerl, units=num_actions)

$9) » 1y sOftmax b Kol gly )l conss a5 (9,3 Gloie |y (S slad cg) p Jloin] g5
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prob_dist = tf.nn.softmax(layer2)
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neg log policy
layer2, labels

tf.nn.softmax_cross_entropy with logits v2(logits =
action_ph)

oS Ly 1) ) s b sole (Jb

loss = tf.reduce_mean(neg_log policy * discounted_rewards ph)

1S iy Adam jlodige il eslitl b oy by JBlas 4 sl |y (bjgel clles

train = tf.train.AdamOptimizer(©.01).minimize(loss)

aaul yivygol
oS 3l LS5 b 3 dg5] S5 Laid tly ( Sokes (gl mad ol S5 ki sl |y A duly cgiS]
S it | Lyl ol

num_iterations = 1000

10,8 9,4 1) TensorFlow (sg3—)1) awl>

with tf.Session() as sess:

S adgl ajlads |y TensorFlow (sl yuaie plos

sess.run(tf.global_variables_initializer())

g Sl 1,55 il
for i in range(num_iterations):
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episode states, episode_actions, episode_rewards = [],[],[]

08 wadas False (o) 1) (oLL) (Kbl

done = False

068 ddsl (2ylade |y (cuiS5L L) o5l

Return = ©

WS ddgl mojlade 1) b daise diore mulai b

state = env.reset()

1ol 0duid plod Dg5ml joim 45" Jbs jo

while not done:

.20 (Reshape) S o 1) el

state = state.reshape([1,4])
S ooy ) S 5Lad 59y p Jlin] @8 (2955 g 45D g peiS (o0 4 el 4SS 4] b

Do oo RIS T dm bo Jlein] Liebs oy oS

pi = sess.run(prob_dist, feed dict={state ph: state})

oS oo 5l |y ol o ez Caloas ] 51 03l b ¢ 5551

a = np.random.choice(range(pi.shape[1]), p=pi.ravel())
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next state, reward, done, info = env.step(a)
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env.render()

S jeyd 1y (003L) iS5
Return += reward

action = np.zeros(num_actions)
actionf[a] =1

105 055 abgsye clacund 1y 3L 5 pladl (s

episode states.append(state)
episode_actions.append(action)
episode_rewards.append(reward)

S oy w4 ) el

state=next_state

20 dwlo |y 0l Jlo s g yhcadss bl

discounted_rewards= discount_and _normalize rewards(episode_

rewards)

S gy |, Vi ) Kim b

feed dict = {state_ph: np.vstack(np.array(episode_ states)),

action _ph: np.vstack(np.array(episode_actions)),
discounted_rewards_ph: discounted_rewards

}
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loss_, _ = sess.run([loss, train], feed_dict=feed_dict)
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if i%le==0:
print("Iteration:{}, Return: {}".format(i,Return))
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