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V. DQON A5 714 291

A. Double DQN & Dueling DQN

H A= DONQ| tEZA <l 7§4 of7]€lx <1 Double DQN Dueling DQN-&

27 Agekn, F ANe

2048 Aol 718 a2 ) YIEY A +25 HHstALA} ot

1. A 4A

de BlAE SIS o= Zol ¥l 7HA] 2ot r AdE FAsHIH. BE A
R als 5}01 wueoEE ARESHe] 3000 omA= FeF shge AP e, ot

2 0] 100 o] o) e B7HE ol Sk,

A9 1: 712 DQN (Double DQN: False, Dueling DQN: False)

A9 2: Double DQN Z-& (Double DQN: True, Dueling DQN: False)0

A9 3: Dueling DQN #-& (Double DQN: False, Dueling DQN: True)

A 4: Double DQN + Dueling DQN 28 (Double DQN: True, Dueling DQN: True)

W AFBE o) A5 WSHE FAHoE ulE Bt

2. 49 A3 9 24
AR A}, ARl e Ad 4) AY 3) AP 2) AA 1 22 Yehgth
7} Ad9lol 78 A RS Aot ol met &
[3E1] of7|E) A 8 -5 A3 a°F &
TE A3 1 (Base) | A% 2 (Double) | A% 3 (Dueling) | A% 4 (combined)
gt ds 2241.0 2270.2 6007.2 7403.1
3 Y 7048 6440 15776 17456
Wi et | 198.4 202.9 426.2 506.9
94 A1 Ed | 512 512 1024 1024
(19 5] ok 288 19z (A 1, A9 2)
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CNN Training Progress - Episode 3000
Episode Rewards Episode Scores Highest Tiles
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§ 1500
1000
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3 S0 100 1500 2000 2500 3000 3 500 1000 10 2000 2500 3000 3 50 1000 100 200 2500 3000
Episode Steps Training Loss Evaluation Scores
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5 2000
300
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2 $ 1800
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2

H
55
3 5

100 1200
b W N A p st 1000

o 500 1000 1500 2000 2500 3000 0 50 1000 1500 2000 2500 3000 o 500 1000 1500 2000 2500 3000
Episode Episode Episode
CNN Training Progress - Episode 3000
Episode Rewards Episode Scores Highest Tiles

2500

2000

500

o 500 1000 1500 2000 2500 3000 [ 500 1000 1500 2000 2500 3000 o 500 1000 1500 2000 2500 3000
Episode Steps Training Loss Evaluation Scores
s0
100
200 2600
350 80 2400
200 2200
50
B
2250 § oo

< 1800

1600

3 8
g

°

500 1000 1500 2000 2500 3000 o 500 1000 1500 2000 2500 3000
isode

500 000 1500 2000 2500 3000
Episode Episode

1) Double DQN®] A3 4% 34 (4% 1vs 4% 2)

FFE HAouw 1 Aole FoHIstA] ¢Sttt ©l= Double DQN2
A%t 2048 AlF 2] EAollA 7|91t Ao R FAH
Double DOQN-& Q-value?] #H7HOverestimation) A4S &3}5}1o]

st AL Bole © FelsAE, 2048 AP Zol ol WEES
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Aeist=E ARt A AH(State) Q] 7HAE AEs] Hrlsl= Aol H
Zag A 2 Gt AFAL 5 k. =, ZRH 7B 32A
EAE A8 2G5 st A Aol the Bt sEE FEFHe=2
WAt A = Balrlo TE AFE Al A S S olEo =
ol it

(19 6] ot X&) == (¥ 3)

CNN Training Progress - Episode 3000
Episode Rewards Episode Scores Highest Tiles
T e e S e R T
-
2) Dueling DQN9] Z4rAQ1 A5 FAF (A3 1 vs AH 3)

™, Dueling DON& ©5
UJoJ 3T FIFS Bt ﬁé
2,78 Z71gion, B H3 et E@ 198.4011*1 42622 2HH ol
Sk B, M 22 1024 &S A 07 DAdor] AA Rt o]
71 £ Apolgoltt. o= AH] 7HA & Hrtsks V()9 359 o] He
B7ksh= As,a)E E85H= Dueling oF71€]4 9] £4 g 2ot} 2048
AdelM = B4 BE(eg., 9= olF)e] & F2 Zlo] ofyet, HE
gl (State) AHAI7F 2 AAH T2 WHE AH'R FEE= A7 gk
Dueling DON-2 o] 23t 4] 9] 712 & 232 o & Ste5sl7] wlzol, olH

=2
P52 Sz 45 5o ofele BYH Aot L LS YT 4
e £ A4S § ARHOR TR 45T 5 At

[C1 7] st A9 232 (2 4)
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CNN Training Progress - Episode 3000

Episode Rewards Episode Scores

Highest Tiles
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A 4
AY 4= Dueling DQNE| Hol ) 37F 52 $of Double DQN]
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Replay Buffer vs Prioritized Experience Replay (PER)

Replay Buffer
HZ Q-2'd& HIESte] HMRHAR] F3lels oo]dExs BHAFS dstd 4
Wes FAg otgstetl, 53] AH, 3%, B 193 o JHE For &
H 1 (buffer)ol] A7aiH 7t ot5& AdYstHaA thA] AWA= Replay Buffers
b7 ARgRtT ol efE AAS 291 M= AEE oAAHE A HifoA
AR AW e PAT, SASAE WA BRe =T ohaole A4
Prioritized Experience Replay(PER)7 EAck=T, o W ZF RdoA E=&EH
AN ol REO 53 Hlwo] Ha} ghr, A&l HRvtE vig o= gt
S5 ARHAR] @'J’}t}lﬂﬂ E7] gl dFo] ZHealiA ol dEE
EHE5HA ThE 4= Qloth ofdl= Be FARIE =0 53l wet 54 21
wet LAELE MW7 FHS S2hA S5 3E WY A& Bl Zolot
(19 8] &9 mdo] A3 5 Ao w& A5 2ol
et e Ahesement e estcame wors came
gm s s
* 2 4 2
b
et e Acheenen e — Wers Game
i 2
& Score: 17456 Seore: 1336
2 A2 Replay Buffer®2 3000 oZ3 &3 ZES 100 oiE A
AP o] Ate} Prioritized Experience ReplayZ FdsH] 35t & 21tE
W DQN 2de] ol Azl 749 rdo] 1008 5 Hw& o=z 5831.48-&
gt o gL A (] Z]Fe oxF gl T HH g0 4154788 2=
Hh ol S2h= 8224.6%& WL oF 572.24S 7|25 o $43%% A% YA
T 4 5 g gk gF o] 102491 THF Z2ke] A2 B9l 52 HuT
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&2

A=, PERE °] 832 o] Hf&ol 1

ot

ot

A ebokE mol e of 7] o

2. Replay Buffer Prioritized Experience Replay(PER)

e Y 27 Ao ekl wet
8% E TD-error(Temporal-Difference
2=

Z o A4 S 88 =it}

PERE FA92 Ade 423

AEst= 71x] 7]6F dhAlojoh mdl

Error) 342 53l 9145k, o] gte] &

ot

% o

—

19917

ool
tlo

Faote 714

Z¥E bufferol| Ezlo| BE
REBICE, > —true— » priorityE &3tct.

)

segmentH&
ZEs 38 Mt

{

E95 IENE
get_leaf(value) > —> 2| akgtct,
(is_weight())

B2 7] o] Edof] A E I, AA =0 o4
gho] B L E9o] @457} Bl sum treeo| AAEo] ALY S42
Lo 77k R EASHA Het ZF A Qtolls A7 AR g
TD-errorg  7|Hgk(target_q_values)ollAl  AAgk(current_g_values)2]

ol ZHZt BAR o o4 Q 7k o, 1A A Q S oJmjiTh
otA Fa3t APLdSF £A4S ST A ALY (priority) & EOJoF SFEE,
TD-error®] AUHgrS AMgsty metulel(alpha)S JoiA HHS Faen s
AAofjoF gttt o] Y52 B= HMELT o AHEsh] fIs) vid FHY Fox
7S (is_weight)ol] @211 HFAH o= oS FE14h

HUorlo M Ho

28 el 4ru H)

C. e(EE AA) 9 & (epsilon decay rate)

e—HE A £9 £E= DON oy oA gy 289 #4323 ZHot=
4l gglojt, 2 AFoAE Al 714 dHS vlustth WA, 7|2 IE Yoz
e_start=0.9, e_end=0.01, e_decay=30000& AMg3st¥oH, ol 7|& Aoz

Aokt =712, %27] €99e Asketr] 9l e start=1.0, & _end=0.05,
& _decay=500002 A&t AA(A), T WE +HS Fxs7] A e _start=0.8,
g _end=0.005, £ _decay=15000= A&t AEB)=
AR A9, e 8 S AYUAA =1 A(A)oll= shs 25| gRlo] BESHA
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713178 Eolsol 714 45
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CNN Training Progress - Episode 3000
Episode Scores

W 4ES
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el e, A
Y% U +9 2 29E §

S
Sh<;

Highest Tiles

8000

H

1000 1500 2000

2500 3000 3 50 1000 1500 2000 2500 3000 0 50 1000 1500 2000 2500 3000
Episode Steps Training Loss. Evaluation Scores
00
7000
350
6000
300
250 5000
g
g % o0
E
150
3000
100
2000
50
1000
o
o 500 1000 1500 2000 2500 3000 3 50 1000 1500 2000 2500 3000 3 50 1000 1500 200 3000
Episode Episode. Episode
CNN Training Progress - Episode 3000
Episode Rewards Episode Scores Highest Tiles
25000 2000
1750
20000
1500
1250
15000 g
]
!]000
#
10000 50
500
5000
250
o o
0 500 1000 1500 2000 2500 3000 0 50 1000 1500 2000 2500 3000 500 2000 2500
Episode Steps Training Loss Evaluation Scores
9000
600
8000
00
7000
400 6000
g
2 & s000
9300 2
K
4000
200
3000
100 2000
N 1000
o 500 1000 1500 2000 2500 3000 o 500 1000 1500 2000 2500 3000 13 00 2500 3000
Episode. Episode. Ep\wde
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Episode Rewards

CNN Training Progress - Episode 3000

Episode Scores

Highest Tiles

8000, 25000 4
- o 15000 { 3
g«mo & éwuc
2000 s0001] 500
0 0 o
Episode Steps Training Loss. Evaluation Scores
2%, 7000
1000 150 6000
L 800 g 5000
H 5100 2
600 < a000
000,
N
. AAWAF/wjvwww#\vvw«J
I T R L WSS B
. .
0 500 1000 100 2000 2500 3000 o 550 1000 1500 2000 2500 3000 o 500 1000 1500 2000 2500 3000
el
5 o ) i L 52 0 sldlg] Alsl AL T HlHE
TAHCR, 9] JfLofA= g5 F4-E vHlust=t], A A FHHE T HAfo]
Ho S sl Al R o] I 9] L o O pSPake)
B oA H-soh= WA, Ad BE vl U Fetdts]= S Bk 72 A9
o 1A T HIE Z35] HAYo] AFAShH o o] A or5lod
7% ot U7 ALE0] BAfo] AaatH ARl Aol mEekltt

HE P22 5 b AA. L.

Final Model Evaluation Started (100 games)

Progress:
Progress:
Progress:
Progress:

25/100 games completed
50/100 games completed
75/100 games completed
100/100 games completed

Tile Achievement Rates:

1024 tile:
512 tile:
266 tile:
128 tile:

7.0%)
63.0%)
26.0%)

7 games (
63 games (
26 games (

4

( 4.0%)
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—

2v FE BY A= "I AlA. ..

Final Model Evaluation Started (100 games)
Progress: 25/100 games completed
Progress: 50/100 games completed
Progress: 75/100 games completed
Progress: 100/100 games completed

Tile Achievement Rates:
1024 tile: 17 games
512 tile: 59 games
256 tile: 21 games
128 tile: 1 games

64 tile: 2

2y =HE ZE ds I AMELL

Final Model Evaluation Started (100 games)

Progress: 25/100 games completed
Progress: 50/100 games completed
Progress: 75/100 games completed
Progress: 100/100 games completed

Tile Achievement Rates:
1024 tile: 15 games
512 tile: 61 games
266 tile: 20 games
128 tile:

webs] e -FE A £ KE= g Aol AFAA I
AtoM= 712 AA(e_start=0.9, &_end=0.01, &_decay=30000)°]
o SHoA ZH aA S SISk

D. B} A7 (Reward Shaping)
DQNoA BAF gt g5 8 £t o] Ao 2472l
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AL B73NA Al 72 DA A B

(2" 12] (1), (2), 714 L E9] 8t =

CNN Training Progress - Episode 3000

FH3Ioh & Ao A= 2048

Episode Rewards Episode Scores Highest Tiles
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| g 30
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$ 3000 H
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200
2000
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o 500 1000 1500 2000 2500 3000 o 500 1000 1500 2000 2500 3000 3 500 1000 1500 2000 2500 3000
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100 1800
350
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250 £ 1400
& K @
@ 2 2
200 200 <
1200
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1000
100 100
= 800
o
o 500 1000 150 2000 2500 3000 3 500 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000
Episode Episode Episade
CNN Training Progress - Episode 3000
Episode Rewards Episode Scores Highest Tiles
1000
25000 .
800
20000 8000
600
5 15000 o o0 %
& e
H
00
10000 4000
5000 2000 200
o o o
o 500 1000 1500 2000 2500 3000 o 500 1000 1500 2000 2500 3000 o 500 1000 1500 2000 2500 3000
Episode Steps Training Loss Evaluation Scores
300
L 4500
250
w0 4000
200 3500
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] o § 3000
g § 10 3
300 g
< 2500
100
200 2000
EY 1500
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1000
o

g

000 1500
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2000 2500 3000

§

1000 1500 2000 2500 3000
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CNN Training Progress - Episode 3000
Episode Rewards Episode Scores Highest Tiles

8900 25000 {

20000 1500

6000

o 15000

4000 &

10000 750
500
2000
5000
250

o 500 1000 1500 2000 2500 3000 o 500 000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
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1000 1501 6000
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o 500 1000 1500 2000 2500 3000 o 500 1000 1500 2000 2500 3000 o 500 1000 1500 2000 2500 3000
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Hom X o
ol i o

o+
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Bi7F AYAA 225k S feshe S4e 7o Iy siE a2 B
84 7ho] A% G H(trade-off) 2 Q5] Sh5o] Bt AP on, HE AL oA

g5k JA-E HolA] —sﬂr;} ol BE 3zz EXo] Mol ZlHA o7 AA
%= 777t Wot, ok W ol ASE] Wee R s 4 gl
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2y =HS EE ds ZIF AE. L.

Final Model
Progress:
Progress:
Progress:
Progress:

Evaluation Started (100 games)
25/100 games completed
50/100 games completed
75/100 games completed
100/100 games completed

Tile Achievement Rates:

a2 0l Es
266 tile:
128 tile:
64 tile:
32 tile:
16 tile:

=HE 22
Final Model
Progress:
Progress:
Progress:
Progress:

Tile Achie

1024 tile:
SilZillcs
ZEERNIlleE
128 tile:

64 tile:

2 games
19 games
47 games
27 games

4 games

1 games

Es 2 M=

Evaluation Started (100 games)
25/100 games completed

50/100 games completed

75/100 games completed

100/100 games completed

vement Rates:
1 games
16 games
46 games
31 games
6 games

HE 22 d=s HJF AlA ...

Final Model
Progress:
Progress:
Progress:
Progress:

Evaluation Started (100 games)
25/100 games completed

50/100 games completed

75/100 games completed
100/100 games completed

Tile Achievement Rates:

1024 tile:
512 tile:
256 tile:
128 tile:

15.0%
61.0%
20.0%

4.0%

15 games
61 games
20 games
4 games
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