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» Diablo, AION, LOL Z2...
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TOO COMPLEX TO EXPLORE/CODE

» GCompute:
> JIE2| Al algorithm=2 & &6t |0le UR S&EE
- AT AHIA DS =22 HAEES AN A

» Code:

> Handcrafted algorithm2 2 (H Mot |0le &Y = 8l SA B HIE

REINFORCEMENT LEARNING



Ol &2l GAME Al H 2
MCTS Mario - Non real time ature

Deepmind - Simple atari game
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START SMALL GROW BIG
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MINILOL: EFFECT

» DirectDamage
» Buff

» Debuff

» Stun

» Heal

» Cure

» HealPerTick

» MPHealPerTick
» Dash

» HealReflect

» SplashDamage



MINILOL: RENEKTON

UM =F
C:7,CT:15 R: 2.4
DirectDamage / HealReflect

SISt LA X
C: 12, CT: 30, R: 2.4
DirectDamage / Stun

A=21) E08HL D]

C: 18, CT: 21, R: 3.0
DirectDamage / Dash
24l
C: 24, CT:90, R: 3.0
Heal / MPHealPerTick

http://leagueoflegends.wikia.com/wiki/Renekton



http://leagueoflegends.wikia.com/wiki/Kayle

MINILOL: KAYLE

T

SR

C:12,CT:7,R: 3.8
DirectDamage / DeBuff (Speed)
dldst 55

C. 27,CT:45,R: 6.0

Heal / Buff (Speed)

HolZ2E2 &
C:17,CT: 25,R: 1.0
Buff (Range)

=S
C:0,CT:90,R: 1.0
Buff (Invincible)



BLACKBOX LEARNING

Aol RS ME Q21D s
Reinforcement learning agent



START SMALL TO GROW BIG
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= Map

> Hollow, bush, wall,
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## Status 1 i
i Status 2 HH
85 last—non—-random{nop Inop t@.81)> cur>
83 last—non—random{nop Inop :8.81)> curd)>
81 last—non—random{nop nop t@.81> cur()>
84 last—non—random{nop inop :8.81)> cur(>
82 last—non—random{nop nop :A.81) cur()>



332 J|=
> 2014.11

Simple greedy(evaluation function) agent2| < Al

Behavior tree agent2 <&
& E greedy agent2| 25
» 2014.12
Deep q learning agent2| &= (4 layers, drop-out)
Expectation-based greedy agentl| ==
» 2015.3
CUDA cluster /15
LSTM agent2| &= (rmsprop, 7 layers, max-out)
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Q LEARNING

learned wvalue
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old value

S —

old value learning rate reward discount factor . .
d . b 14 " - estimate of optimal future value




APPROX Q LEARNING

- ol AE
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» Neural fitted Q Iteration (Riedmiller, 2005)



DEEP Q LEARNING NETWORK

> Supervised learning
> Input: SxA, Target: Q

» [terative learning

> Q value= iterative algorithm2 £ update &
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QUEST‘ “Q-VALUEE SiSotMR”

» State, action, reward design
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» Qver-fitting

» Under-fitting




STATE, ACTION AND REWARD

~ State := (global, self, friend-1, friend-2, .., enemy-1, enemy-2, ...)

> ijnvariance



STATE, ACTION AND REWARD

» Action := (Move-commands, Action-commands)

» Unrolled

> Move-commands := (Stop, [MoveAction.ld, Target.Id]*)

= Action-commands := ([Action.ld, Target.Id]*)



STATE, ACTION AND REWARD

» Team reward

» B2 sclE FloidE JIJH0| AHdlE aldE = UESF



STABILIZERS

> Many simultaneous simulators

» ~30 simulators

> Freezing network (Deepmind, 2015)
» Network - double buffering



LEARNING TECHNIQUE

» Normalized feature

> rmsprop/DropOut for deeper network
> MaxOut

» Hyper parameter optimization

> LSTM



Perfs(4, AIOnTick) consume sec : ©.008054

## Standing ##

--victory status--

Teami(RemoteQL1) 18 : 5 Team2(EvalFnAI_ve.4_New)

o

wWinPerc: 75.26% (58-MA:78.26%)




NORMALIZED FEATURE

.=

i
i

&2 ol feature= [-1,1] =2 [0,1]= normalize

Network2| Wit E st&
O

Ranged value2| &2,

& 10: Batch normalization

tile-mapping & &

Health : Health / MaxHealth - [0,1]
Distance : [0,ZIH&=ZH 12l), [ZIH=H AL, = HAIOFIE]) tile-mapping



GOING DEEP: DROP OUT, RMSPROP

SGD SGD
Momentum E T Momentum
NAG = W ;f',é, / NAG
Adagrad ‘? Adagrad
Adadelta Adadelta
Rmsprop : Rmsprop

(b) After applying dropout.

Srivastava, Nitish, et al. "Dropout: A simple vvayh&b%\/eﬁﬁﬁ&ﬁalmmbrﬂﬁ%/dﬂé\ﬂﬁﬁbinﬁmtlk"ﬁl?bf( Machine Learning Research 15.1 (2014): 1929-1958.



MAX OUT

Rectifier Absolute value Quadratic

/
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Forget Gate




MEASURE AND TUNE

- HERIDS 45 = Agent &= Bt

I
J[M
0

» P40 M= = |teration2 HER A A= =X

--—

s
—/

» X| M 3L El hyper parameter = & 9| bl



gle Targe .

3-D Search

Rando , 2012)

[:]|a| o

Curren ] o N
208505 €

oo000O000000OO000QO0D



IN-HOUSE CLUSTER

» AM&of 2t0F & 22 £ e = Data parallelism



<ANVIDIA.

STACK

» Docker

» CUDA

» Caffe @ : @
» C++11

» Node.js (websocket, angular.js)

» 0-mg AP
» Redis I'edIS



IN-HOUSE CLUSTER

» Dockerize everything

» e B S ~2MM



FASTER EXPERIMENT

» Automated build / deploy
- A A D EDf gitlabOll push &/ &,
» Compute machine2| docker0il 2f2t A= build &0l S0{Jt11,
> MZ2 version@ & NSO HiEE

<10s: DE BHE > UL/



PLUGGABLE SIMULATOR

» Simulator S X Ql X

» S MILAI 2 &= simulator
» MiniLOL
> UnrealEngine4 Deep learning plugin
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» Offline learning
MBIA SO HAWAMS 21 J|Bte g &5

» Low resolution convolution network
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