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1V > cs > arXiv:1203.1895

Computer Science > Computational Complexity

[Submitted on 8 Mar 2012 (v1), last revised 8 Feb 2015 (this version, v3)]

Classic Nintendo Games are (Computationally) Hard
Greg Aloupis, Erik D. Demaine, Alan Guo, Giovanni Viglietta

We prove NP-hardness results for five of Nintendo's largest video game franchises: Mario,
Donkey Kong, Legend of Zelda, Metroid, and Pokemon. Our results apply to generalized
versions of Super Mario Bros. 1-3, The Lost Levels, and Super Mario World; Donkey Kong
Country 1-3; all Legend of Zelda games; all Metroid games; and all Pokemon role-playing
games. In addition, we prove PSPACE-completeness of the Donkey Kong Country games
and several Legend of Zelda games.

NP-Hard
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DreamerV3 oMastering
diverse control tasks through

"The algorithm is based on the idea of learning a
world model that equips the agent with rich
perception and the ability to imagine the future"
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I- dreamerv3 I

embodied I

0

scores

.dockerignore

.gitignore

Dockerfile

LICENSE

README.md

baselines.yaml

O O 0O D00 0 0 0

entrypoint.sh

plot.py

requirements.txt

setup.py

Update Dockerfile

Fix parallel driver argument

Update agent and infrastructure

Update agent and infrastructure

Initial commit

Update Dockerfile

Update

Update readme

Update

Update

Update

Pin Atari version

Update



/baseline.yaml|

DreamerV3 150

baseline.yaml

atari57_gamer:
atari_alien: [227.8, 7127.7]
atari_amidar: [5.8, 1719.5]
atari_assault: [222.4, 742.0]
atari_asterix: [210.0, 8503.3]
atari_asteroids: [719.1, 47388.7]
atari_atlantis: [12850.0, 29028.1]
atari_bank heist: [14.2, 753.1]
atari_battle_zone: [2360.0, 37187.5]
atari_beam_rider: [363.9, 16926.5]
atari_berzerk: [123.7, 2630.4]
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93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108

procgen_hard:
procgen_bigfish: [0, 40]

procgen_bossfight: [0.5, 13]
procgen_caveflyer: [2, 13.4]

procgen_chaser: [0.5, 14.2]
procgen_climber: [1, 12.6]
procgen_coinrun: [5, 10]

procgen_dodgeball: [1.5, 19]
procgen_fruitbot: [-0.5, 27.2]

procgen_heist: [2, 10]
procgen_jumper: [1, 10]
procgen_leaper: [1.5, 10]
procgen_maze: [4, 10]
procgen_miner: [1.5, 20]
procgen_ninja: [2, 10]
procgen_plunder: [3, 30]

procgen_starpilot: [1.5, 35]

minecraft



Jdreamerv3/dreamerv3

dreamerv3/dreamerv3

Y __init__.py Update

9 agent.py Update
3‘configs.yaml ‘ Update Dockerfile
3‘main.py ‘ Update

Y rssm.py Update

configs.yaml main.py




Jdreamerv3/dreamerv3/ configs.yaml

Jdreamerv3/ configs.yaml /baseline.yaml|
DreamerVa3

env:
atari: {size: [96, 96], repeat: 4, sticky: True, gray: True, actions: all, lives: unused, noops:
procgen: {size: [96, 96], resize: pillow}

crafter: {size: [64, 64], logs: False}

atarilook: {size: [64, 64], repeat: 4, sticky: False, gray: False, actions: needed, lives: unused
dmlab: {size: [64, 64], repeat: 4, episodic: True, use_seed: True}
minecraft: {size: [64, 64], break_speed: 100.0, logs: False, length: 36000}
dmc: {size: [64, 64], repeat: 1, proprio: True, image: True, camera: -1}

loconav: {size: [64, 64], repeat: 1, camera: -1}

minecraft



149

.x\.rssm: {deter: 12288, hidden: 1536, classes: 96}

150 sized4@0m: &size400m
151
152 -x\.depth: 96
153 -x\.units: 1536
154
155 minecraft:
156 task: minecraft_diamond
157
158 dmlab:
159 task: dmlab_explore_goal_locations_small
160 run: {steps: 2.6e7, train_ratio: 32}
161
162 atari:
163 task: atari_pong
run: {steps: 5.1e7, train_ratio: 32}

164

minecraft



Jdreamerv3/dreanerv3/ main.py

Jdreamerv3/dreanerv3/ main.py DreamerV3

DreamerV3

main.py 1 configs minecraft 1 task minecraft diamond

1 i



main.py make env

def make_env (config, index, **overrides):
suite, task = config.task.split (' ', 1)
If suite ==' memmaze "
from embodied.envs import from_gym
Import memory _maze # noga

ctor ={

'‘dummy’. ' embodied.envs.dummy:Dummy
'‘gym'. ' embodied.envs.from_gym:FromGym
'‘dm': ' embodied.envs.from_dmenv:FromDM

‘crafter': ' embodied.envs.crafter:Crafter
‘dmc " ' embodied.envs.dmc:DMC ',



‘atari ": ' embodied.envs.atari:Atari "

‘atarilO0k': ' embodied.envs.atari:Atari "
‘dmlab ' embodied.envs.dmlab:DMLab ',
‘'minecraft "' embodied.envs.minecraft:Minecratft
'loconav "' embodied.envs.loconav:LocoNav ',
‘pinpad i embadied.envs.pinpad:PinPad
‘langroom "' embodied.envs.langroom:LangRoom
'‘procgen . ' embodied.envs.procgen:ProcGen ',
'‘bsuite ": ' embodied.envs.bsuite:BSuite "

'‘memmaze ' lambda task, **kw:
from_gym.FromGym (

f'MemoryMaze -{task} -vO', **kw),
Hsuite]



If isinstance( ctor, str):
module, cls = ctor.split (":")
module = importlib.import_module (module)
ctor = getattr (module, cls)
kwargs = config.env.get (suite, {})
kwargs.update (overrides)
If kwargs.pop (‘use seed ', False):
kwargs ['seed'] = hash(( config.seed , index)) % (2
*32 -1)
If kwargs.pop (‘use logdir ', False):
kwargs [ logdir '] = elements.Path (config.logdir )/
f'lenv {index}'
env = ctor (task, ** kwargs )
return wrap_env (env, config)



If isinstance( ctor, str):
module, cls = ctor.split (")

ctor = embodied.envs.minecraft:Minecraft o)
module, cls = ctorsplit (' : 0)

module = 'embodied.envs.minecraftt o)
cls= OMi necraft o

** 32 . 1)

If kwargs.pop (‘use logdir ', False):

kwargs [ logdir '] = elements.Path (config.logdir )/
f'lenv {index}'

env = ctor (task, ** kwargs )
return wrap_env (env, config)



If isinstance( ctor, str):
module, cls = ctor.split (")

module =  importlib.import._module (module)
module ="' embodied.envs.minecraftt 0
module =  importlib.import_module (module)
module =

Importlib.import_module (‘embodied.envs.minecraftt @

If kwargs.pop (‘use logdir ', False):
kwargs [ logdir '] = elements.Path (config.logdir )/
f'lenv {index}'
env = ctor (task, ** kwargs )
return wrap_env (env, config)




If isinstance( ctor, str):
module, cls = ctor.split (")
module = importlib.import_module (module)
ctor = getattr (module, cls)

cls= OMi necrafto
module =
importlib.import_module  ('embodied.envs.minecraftt 0 )

ctor = getattr (module , 06 Mi nec)r aft o

kwargs [ logdir '] = elements.Path (config.logdir )/
f'lenv {index}'

env = ctor (task, ** kwargs )

return wrap_env (env, config)




Minecraft
embodied.envs.minecraft

import importlib ctor = getattr (module , dVinecraft 0)
Import embodied

/class Minecraft (embodied.Wrapper ): \
def __ init _ (self, task,* args, ** kwargs ):

module, cls ={
'‘wood': ' minecraft_flat:Wood
‘climb’: ' minecraft_flat:Climb ',
‘diamond": ' minecraft_flat:Diamond
Htask].split(":")
module = importlib.import_module (f.{module}, package )
cls = getattr (module, cls)

env = cls(* args, ** kwargs )
\ super(). init  (env)




Jembodied/ envs/minecraft_flat.py
class Diamond( embodied.Wrapper ):

def _ init _ (self,* args,** kwargs ):
actions ={
*BASIC_ACTIONS,
‘craft_planks ': dict (craft="planks’),
‘craft_stick ': dict (craft="stick’),

‘craft_crafting_table ' dict (craft=" crafting_table '),
'‘place_crafting _table ' dict (place=' crafting_table "),

‘craft wooden_pickaxe ' dict (nearbyCraft =' wooden_pickaxe
‘craft_stone_pickaxe ‘. dict (nearbyCraft ='stone_pickaxe '),
‘craft_iron_pickaxe ' dict (nearbyCraft ='iron_pickaxe "),
‘equip_stone_pickaxe ' dict (equip=' stone pickaxe '),
‘equip_wooden_pickaxe ': dict (equip=" wooden_pickaxe '),
‘equip_iron_pickaxe ' dict (equip=" iron_pickaxe '),

‘craft_furnace ' dict (nearbyCraft ='furnace'),
'‘place_furnace ‘. dict (place='furnace’),
‘smelt_iron_ingot ' dict (nearbySmelt ='iron_ingot '),



self.rewards

=

CollectReward
CollectReward
CollectReward
CollectReward
CollectReward
CollectReward
CollectReward
CollectReward
CollectReward
CollectReward
CollectReward
CollectReward

('log', once=1),

(‘planks’, once=1),

(‘stick’, once=1),

(' crafting_table

(' wooden_ pickaxe

', once=1),
', once=1),

(‘cobblestone’, once=1),
(' stone_pickaxe ', once=1),

("iron_ore

, once=1),

(‘furnace’, once=1),
("iron_ingot ', once=1),

("iron_pickaxe

, once=1),

(‘'diamond', once=1),
HealthReward (),



length = kwargs.pop (‘'length', 36000)

env = MinecraftBase (actions, * args,** kwargs )
env = embodied.wrappers.TimeLimit (env, length)
super().  init __ (env)



Diamond Env
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Image:
Inventory:

Inventory max:

equipped:
breath:
health:
hunger:

dtypes

uint8 (64, 64, 3)
float32 (391,)
float32 (391,)
float32 (393,)
float32 ()
float32 ()
float32 ()
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noop,
attack turn_up, turn_down, turn_left, turn_right,
forward, back, left, right, jump,

place_dirt, craft_planks, craft_stick,
craft_crafting_table, place crafting_table,
craft._ wooden_pickaxe, craft_stone_pickaxe,
craft_iron_pickaxe

equip_stone pickaxe, equip_wooden_pickaxe,
equip_iron_pickaxe,

craft_furnace, place furnace, smelt_iron_ingot
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log, planks, stick, crafting_table, wooden_pickaxe,
cobblestone, stone pickaxe, iron_ore, furnace,
Iron_ingot, iron_pickaxe, diamond



log

planks

stick
crafting_table
wooden_pickaxe
cobblestone
stone_pickaxe
lIron_ore

. furnace

10. iron_ingot
11. iron_pickaxe
12. diamond
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Minecraft Diamond
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12 sub -goal

DreamerV3 Nature, 2024

DreamerV3 is the first algorithm to solve the challenging
Minecraft Diamond task from scratch, without expert
demonstrations or curriculum, wusi
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