7 Performance on More Atari Games

In our supplementary work, we include one video for each Atari game showing our final trained
MOREL agent with PPO. The videos are available at https://www.youtube.com/playlist?
1ist=PLhh8415EzbN4kPAkieJ6I1218EC4iwl12W, The game frames are shown on the left. On the
right, we have overlaid the predicted object masks onto the frames using the same processing as in
Figure[3] Watching our agent’s actions along with the segmented objects can offer insight into what
the agent is able to understand and how it makes its decisions. As opposed to a black-box neural
network which cannot offer the same visibility into an agent’s chosen actions, MOREL provides an
added benefit of interpretability.

Additionally, we showcase the performance of MOREL on all 59 Atari games when combined with
A2C (Figure[6|and Figure[7) and PPO (Figure [§]and Figure[9). We observe a notable improvement on
the A2C runs for 26 of the games, and a worse performance in only 3 games. For PPO, composition
with MOREL provides a benefit in 25 games, and a decrease in performance in 9 games.
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Figure 6: Comparison of our joint optimization approach to using A2C in all of the available Atari
environments (first half). MOREL is shown at an offset of 100k frames to account for the size of its

pre-training dataset.



— a2c
—— a2c + MOREL (joint)

Kangaroo Kl Kung Fu Master Montezuma's Revenge s pacan
s
2000 20
150 8000 00
2000 2
us
. . . . g
H H H H H
£ £ £ 20000 £ g
S e i - i
H H H K 5 w0
§n § § o0 g 3
i ) i Z H
. & = 10000 1o = 1000
s
- o 00 o .
o o a0
o w W m w wow w w o ww o W om w 1ou
Nurmberof Timesteps Numberof Timesteps Number of Tmesteps Number of Testeps Numberof Timesteps
Name This Game Phoenix il 9 o
0 o =
2000
00 M 200
2000 2w
»
, 8000 4 10000 " . .
H H Had I H
3 om0 i oo H i i
% % g 600 3 3
§ § o § § H
g o i i i g
00 - 10 0
200
200 s
1o 20
200 »
o
W wm w W owm ow w W o w w W w @ e owm o o I 1ou
Numberof Timesteps. Numberof Timesteps Nurmber of Tmesteps Number of Tmesteps Numberof Timesteps.
rivate £ye Qe iver Raid Road Runner Robot Tank
0 w0 5000 ;
o
a0 00 20000 .
- 000 a0 5000
H H H H 35
H H 2 £ 20000 H
5 o i g & H
.
] § 20 I § 1000 H]
i H H H i
. a0 £ 300 = 10000 LR
-0
00 000 s000 ,
-0 . 100 o
a @ w o om w ww o ow o w o w o o o ww ou
Numberof Timesteps Nomberof Timesteps Number of Tmesteps Number of Tresteps Numberof Timesteps
aquest ing Solaris Space Invaders Stargunner
0 oo
o0
o 20000
500 J
15000
o250 5 . . .
H i £ £ &0 £ 15000
H H H H H
g £ 20000 & & H
£ 3 o ™ § oo
20
200 20 000
=0 -30000
° 1000 1 °
o W T I T o o o W owm w 1ou
Nurherof Timesteps Nurmberof Timesteps Nornber of Timesteps Number of Testeps Numberof Timesteps
Time Pilot Tutankh, Upn Ventur
00 .
05
w0 25000 a0t
10 o
2
o 25 . " , 2o . 002
H H o H H
£ mo i H £ 15000 H
H H e H g o
€ s H H H H
i & o i® £ s0om0 i
& & & & -3
20 -
00
s o » oo
210 o 0
Y W a W owm ow w W o w o w o w o w o W 1ou
Numberof Timesteps. Numberof Timesteps Number of Tmesteps Number of Tmesteps Numberof Timesteps.
Video Finball Wizard Of Wor Yars Revenge Zaxkon
100 s
s0000
10000 -
100 14000
o000 2
H H £ uo0 H
g £ o0 £ £
H : £ £
3 om0 £ 000 H
] H ] S
H - D H
* 20000 w “ s
- a0
»
™
10000
w0 2000 °
a oo ow oo o w o

- o
Number of Timesteps.

" o
Number of Timesteps:

- o
Number of Timesteps

- o
Number of Timesteps

Figure 7: Comparison of our joint optimization approach to using A2C in all of the available Atari
environments (second half). MOREL is shown at an offset of 100k frames to account for the size of
its pre-training dataset.



— ppo
— ppo + MOREL (joint)

Air Raid

Alien

g

10000

g

8 8 8
g 0z
2
. B 8 8 &8 58 8 8

2

20

5°
E
2
H

- e
Number of Timesteps
Asteroids

100

1200

2
E

Eisode Rewards
g 88k § g
2

e

w
Number of Timesteps
Berzerk

Episode Rewards
588888388
Episode Rewards
-
Episode Rewards
8 o 0z &5 = 8

H
H

- o
Number of Timesteps
Centipede

50
20

1500

H

- e
Number of Timesteps
Elevator Action

0000

10000

W m

H

Episode Rewards
9 T
° g §
E §
Episode Rewards
° ]

™

5000

- ™
Number of Timesteps

3500000

2000000

2500000

2000000

1500000

1000000

500000

8 8 g8 8

g 8 8 & 8
g
RN

Emnm;
M g
o g 8 8 8 8
! \é
[—
¢ 8 8 8 §&
§ %
g
——
b N G

g

- @
Number of Timesteps

¥
2
2
. % & 8 8 § §

H
H

-
Number of Timesteps
Bowling

g

- o
Number of Timesteps
Chopper Command

12000

2
¥
5

- @
Number of Timesteps
Enduro.

Epizode Rewards

H

M @
Number of Timesteps
Gravitar

! -0

5

- o
Number of Timesteps

5
g

5
g

Amidar

N

m I o
Number of Timesteps
Bank Heist

Episode Rewards

o o
Number of Timesteps
Boxin

j_

o o
Number of Timesteps.
Crazy Climber

I o
Number of Timesteps
Fishing Derby

»
o
Y
-0
0
50
™ o o m a o m

Number of Timesteps
Ice Hockey

™ E @ o

I o
Number of Timesteps.

Episode Rewards

5 8 8 &8 %
g 8 &8 8 8
Episode Rewards

g g g

Episode Rewards

E

20000

5

5
s
H g

H

B

Episode Rewards
- 5 8 E B ¥ 8 ¥
! %

g
H

ws00

15000

1500

10000

]
g8 8 8

E

5
)
=

B
3
™

100

20

B

R &t 8 8 §
2 E

g
H

™

Episode Rewards
5 v o3

Assault

™ ™
Number of Timesteps
Battle Zone

I &
Number of Timesteps
Breakout

" o™
Number of Timesteps:
Demon Attack

™ ™
Number of Timesteps
Freeway

™

™

5
H

20

ssterix

- ™ W um
Number of Timesteps
Beam Rider

Episode Rewards
E %8 & 8§ 3

m @
Number of Timesteps
rnival

- o
Number of Timesteps
Double Dunk

Episode Rewards

H

- ™ W um
Number of Timesteps
Frostbite

™ &
Number of Timesteps
James Bond 007

- o
Number of Timesteps:

™

25

H

-2500

E

“7500

10000

12500

15000

1500

20000

2

Episode Rewards
55 88 ¥

- ™
Number of Timesteps
Journey Escape.

- o
Number of Timesteps

Figure 8: Comparison of our joint optimization approach to using PPO in all of the available Atari
environments (first half). MOREL is shown at an offset of 100k frames to account for the size of its

pre-training dataset.
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Figure 9: Comparison of our joint optimization approach to using PPO in all of the available Atari
environments (second half). MOREL is shown at an offset of 100k frames to account for the size of
its pre-training dataset.
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