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[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.
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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 7Z& L\ T9 1



./dreamerv3/dreamerv3T 4L oK) —

dreamerv3/dreamerv3T 4L Oc)—IT. XD L5LEEEL
TWET,

Y __init__.py Update
9 agent.py Update
3‘configs.yaml ‘ Update Dockerfile
3‘ main.py ‘ Update
Y rssm.py Update

ZDOH T, configs.yaml Emain.pyl3EBLEL LD,




./dreamerv3/dreamerv3/configs.yam|

./dreamerv3/configs.yaml (&, 5£® ./baseline.yamID{&
M- T NADETIRIETHSDreamerV3INW R ET S
RRBIRBEFRVDRHRD—EZEZATVET,

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

A ]

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 (X. ZZIZHTEE9,



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

+£5—& . minecraft (L. ZZIZHHETEET,



Jdreamerv3/dreanerv3/main.py

./dreamerv3/dreanerv3/main.py [&DreamerV3M AL 7O
JZ5 LT,

FOFELHZZ. RO —L-OSL—3THSDreamerV3iz,
ROEODEHTEZAONDAT RS I BERBRIRLT. FEDT —LIR
BOEEL FCTORRIDIBEEITOZETT,

main.py —configs minecraft —task minecraft_diamond

1 i

BEIT RSy —LIRE FCTERITAREZIRY



main.py ® make_env(...) BE%k

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’,

'‘ataril00k': 'embodied.envs.atari:Atari’,

'‘dmlab’: 'embodied.envs.dmlab:DMLab’,
'minecraft': 'embodied.envs.minecraft: Minecraft’,
'loconav': 'embodied.envs.loconav:LocoNaV',
'pinpad’;;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}-v0', **kw),
Y[ suite]



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'env{index}'
env = ctor(task, **kwargs)
return wrap_env(env, config)



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

ctor = '‘embodied.envs.minecraft:Minecraft’
module, cls = ctor.split(':")

module = 'embodied.envs.minecraftt’
cls = ‘Minecraft’

¥*32-1)
if kwargs.pop('use_logdir', False):

kwargs['logdir'] = elements.Path(config.logdir) /
f'env{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’
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'env{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 = *Minecraft’
module =
importlib.import_module('embodied.envs.minecraftt’)

ctor = getattr(module, ‘Minecraft’ )

kwargs|['logdir'] = elements.Path(config.logdir) /
f'env{index}'
env = ctor(task, **kwargs)
return wrap_env(env, config)




MinecraftIRiE DIEE
embodied.envs.minecraft €-a1—JL

import importlib ctor = getattr(module, ‘Minecraft’ )
import embodied
ﬂass Minecraft(embodied.Wrapper): \
def __init__ (self, task, *args, **kwargs):

module, cls = {
'wood': 'minecraft_flat:Wood',
'‘climb': 'minecraft_flat:Climb',
'diamond': 'minecraft_flat:Diamond’,
Y[task].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('log’, once=1),
CollectReward('planks', once=1),
CollectReward('stick’, once=1),
CollectReward('crafting_table', once=1),
CollectReward('wooden_pickaxe', once=1),
CollectReward('cobblestone’, once=1),
CollectReward('stone_pickaxe', once=1),
CollectReward('iron_ore', once=1),
CollectReward('furnace’, once=1),
CollectReward('iron_ingot', once=1),
CollectReward('iron_pickaxe', once=1),
CollectReward('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 LRI K)—
https://github.com/danijar/diamond env

[ZMDiamond EnviZ. DreamerV3 A {EHRT 3 Minecraft
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Diamond Env
Overview

FANEVRBRETIE, T—2 12 ME Minecraft #7L /LT,
HF OO A IS FAVEVRZIWRETHET 12 DAL
AN—2ZFZERLET, cNITEFERDOEREELGYET , SbIZ,
BIEY—RIIZUA LIZEREINT-2=—73 3D tHRTEHA
SNB5f=H. T—VzMI—RIE T HREADNRELELYFET,

_DIREL. -

RGOS TNT O av DY R— b= BT &H

IN—32TdH5bH MineRL /N\—23> 0.4.4 (32vhk 204130f)
[CEDNWTWET, =B, PIL TV X LDLBREBHIZT S
=8, NNTBEEZEILIN-ATIIANT I3V ERME LUVE
BIZERZFIREBELTLDNWET S .



#5822 ]

FEAEE. UTOX—,. 9 5E25DdtypesH LUV
shapeZz#HOFETY,

image: uint8 (64, 64, 3)
inventory: float32 (391,)
inventory_max: float32 (391,)
equipped: float32 (393,)
breath: float32 ()
health: float32 ()

hunger: float32 ()



T3 ZEM

73 ZERIE UT®D 25 0703wz D>, ERGATT
UgI.D:FHﬂ-G-d—o

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



2 ) |3

HEMBESIEERTY . LD 12 DRAIILAM—=VIF  HAEDIE
V—FRIZZEDTATLONFOTERGEESN-ESIC 1 OFMZTE
BLET,

log, planks, stick, crafting_table, wooden_pickaxe,
cobblestone, stone_pickaxe, iron_ore, furnace,
iron_ingot, iron_pickaxe, diamond



2 ) |3

log
planks

stick
crafting_table
wooden_pickaxe
cobblestone
stone_pickaxe
iron_ore
furnace

10. iron_ingot

11. iron_pickaxe

12. diamond
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DreamerV3 X (Nature, 2024) TIXLL T O L3Iz RS
TWET:
“DreamerV3 is the first algorithm to solve the challenging

Minecraft Diamond task from scratch, without expert
demonstrations or curriculum, using only sparse rewards.”
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“Mastering Diverse Domains through
World Models”

Danijar Hafner, Jurgis Pasukonis, Jimmy Ba,
Timothy Lillicrap

[Submitted on 10 Jan 2023 (v1), last revised 17 Apr
2024 (this version, v2)]

https://arxiv.org/abs/2301.04104
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“Solving olympiad geometry without
human demonstrations”

Trieu H. Trinh, Yuhuai Wu, Quoc V. Le, He He &
Thang Luong

Published: 17 January 2024

https://www.nature.com/articles/s41586-023-
06747-5
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BB ESICEAT fL—=2 9 T—2D AR BHAEZRIT-,
ZCT.EAIT. NBIZKAEERAZ M EELLGLY, 2 —D1) R
%20 EIEHL AT LIAIphaGeometry IZI2ET 5,
CDVARTLIT, SESFLEMIOECELIAF B ALEK
95_ET. ABIZEBEEBAD WL ESA[EIRELTLVS,




AlphaGeometryld, KIRELGER T —2ho—hoilEINT-
HIEEEETILEZHERAL. RHELTREDEED DI EES VR
)y ORI OB Za—A - UR) Y IV RT LTS,

B30DEENSHAERFTDA)EVILRNILDOREEYRZEL
T. AlphaGeometry (25D EREZFAZRL . 10/ ELIEFRT
EEMNOI-HXKDORBEFEZZEL. BER=EAIVEYD
(IMO) EAFYRFD FHMEREICHAMBEZ R LT=,

1512, AlphaGeometry X AfEA RO HEEBAZERLL . IMO
2000£20150 93 RTOE M FEEZ AR BEMARIZKSHFHE T
fRE. 2004 FIZFIERENIMOTEED—iBIL/NN—D3 EFHER
L7=.




1:=a—Aa>2iRYvyS AlphaGeometry DEIEE. #

nHBEfZREE IMO 2015 M8 3 DM AZED LIS
FRRT DM

[A simple problem \ / b AlphaGeometry ﬂl Solution \

A Symbolic
deduce Solped!

>

> Not

solved
Construct

B o \ B D C
—> %
“Let ABC be any triangle with AB = AC. Construct D: midpoint BC,

Prove that /~ABC = ZBCA.” AB=AC,BD = DC,AD=AD = ZABD=4ZDCA [1]

\ € Language model / \ [1], B C D collinear = ZABC=ZBCA
/ g -
ﬁno 2015 P3 f Solution

Construct D: midpoint BH [a]
“Let ABC be an acute triangle. Let [a], 0, midpoint HQ = BQ / 0,D [20]
(O) be its circumcircle, H its :
orthocenter, and F the foot of the
altitude from A. Let M be the
midpoint of BC. Let Q be the point
on (O) such that QH L QA and let K
be the point on (O) such that KH L
KQ. Prove that the circumcircles
(O,) and (O,) of triangles FKM and

\KQH are tangent to each other.”

Construct G: midpoint HC [b] ...
ZGMD = £GO,0 = M 0, G D cyclic [26]

—>Alpha-+— .1 (b1 = Bc/06 [36]

Geometry Construct E: midpoint MK [c]

..., lel = ZKFC = ZKO.E [104]

ZFKO,=£FKO, = KO, //K0, [109]
\I109] = 0.0.K collinear = (0.)(0.) tanaent




L ERIE. AlphaGeometry A Bl REBZ fE<tkFZRLTLY
F9.a &, B EZDETY b (L. AlphaGeometry M
ML ERITLCAERRRERZRAIBLET . T U,
FEEMNERASINS D, FILLWXARESE T, TEDAHENOH
LWV ERZERICHEERLE T

ClE . EBEBEIT U UNSEBREZR DI oF-F-H.  EEET
LAY 1 DB AZEEBEL. BB IV UUNEBRITI ARIICEE
BAIREEZFIE AL TLVET , CHOIL—TIIRRENR OMNBE TH:
=FX9,

d. B#iGHITIL, RADHBRID Z BCOFRRETHIDE
ERICIL—THERTLET,

SEBRIE. HT/NMS514&NT=TBD = DCJ¢MB,. D, C [FH48
BI1EVSF EDEEEZFRT MDD 2DDRTYITMLHEYET,



TE&IE. AlphaGeometry A IMO 2015 %8 3(IMO 2015

P3)Zf<HEZRLTLET,

e.IMO 2015 P3 MOEREX &,

f.IMO 2015 P3 MEZICIE3DDHBIRAHYET .

MADETIE. EEBETILOHEDELUR)YITIODOUDOH A
EXEHICERREL. ETIEFZRMLTLNVET,

f @ IMO 2015 P3 MiERRIL. BRBAD = KIEIZIEE RE

SNTWET . TDSEEhRIT B [FHIE:

LI L

(SN TLET,



IMO 2015 P3

[RfE%E:ABC % AB > AC THH=FANLT 5, Gamma &%
DNEM, Hits #ZDELD.FZ AL To-ESDERET
HMZBCODFRETSH, Q% Gamma LD AT JHQA =
90° ¢&GAHREL.KZE Gamma LMD ET JHKQ = 90° &
BHRETH, R AB.C.K.Q [FITARTELGY. CDIEFT
Gamma LICHFEETHERTET SH. =AR KQH & FKM d 4t
EAMNBEWIETHEFEHAE XK,

PIER . = ABC b, =z CBA OEXRFILE H &7
5. B AHEBCOXREE FETH.BCOmEE M &35,
=f1 CBA ONEADOHFILE O L9545, 2 Q&M (O;A) £
IZ.AQ M HQ IZEEIZHDESIZEEZT S, m KZEH (O;A)
LIZT.HK A KQ IZEEIZHEALIICEERT S, 2 Ol 2=AH
KHQ ONEHDRINEEERT S, m 02 Z=Af2 FMK D4t
BEEAODINDETEET S, K 01;02 A THAZLEIIAE L,

Source Data Extended Data Fig. 1



https://static-content.springer.com/esm/art%3A10.1038%2Fs41586-023-06747-5/MediaObjects/41586_2023_6747_MOESM5_ESM.xlsx




alEBA :

CHOHRRIZEXZ KM OFFHAICE Y Z.BHOFRRIZE Z
ENTNEYET,

ATY7 1.B.C.M IF—EHLIZHY.AH & BC IZEELD
T.AH [Z CM I[ZEETY,

ATw7 2. B.H. Z [TH$EMT.AC [X BH [ZZEE = AC &

HZ IZEE,

ATv7 3. AC X HZ IZEET.AH (X CM [ZEE = LHAC
= L (CM, HZ) 8&U LAHZ = LMCA,

ATv7T 4. ACF.HIF—EHRLEIZHY.B.C.F IF—EREIC
HY.B.C.M [T—ERLIZHY.B.H, Z [T—EHERLIZHY.

LHAC = L (CM, HZ) T#% = LCAF = LHBF,

ATYT 5. AF. HIF—ERLEIZHY . B.C.F [F—EHRLEIC
HY.AH (I BC [CZEETHS = LAFC = LBFH,

ATv7 6. LCAF = LHBF &K LAFC = LBFH=>FA =F
C.FB FH ...




X797 105.B,C, M [THHETHY. K, M, Y [THEETHY.
AH (X BC [ZEETHY.KM [L O2Y IZEETHS = L (AH,
CM ) = LKY 02,

ATv7 106. B, C, F [T&HETHY.B, C, M [THEHFETHY.
LKFM = LKO2Y = L (CM, FK) = LY 02K,

A7v7 107. L (AH, CM ) = LKY 02 B8&LU L (CM, FK) =
LY O2K = L (AH, FK) = LY KO2,

ATv7 108. K, M, Y [EH#EMTHY. L (AH, FK) = LY
KO2.LFKO1 = LOMK, AH % BC [ZEETHY. BC (£ MO
[ZEBETHD = LFKO1 =LFKO2,

ATv7 109. LFKO1 = LFKO2 = KO1 [& KO2 [ZF4TTH
%o A7Tv7 110. KO1 (X KO2 IZFE{TTHS = K. 01.02
[THIRBITH D,




3:AlphaGeometry T —24& 70t X,

a Sample b Symbolic deduction c Synthetic
random premises and traceback problems and proofs




a. ¥, SUH LISRRU- KRR ERORIRES LTIV
—d—éo

b, sEEHMI U U ZEALTHHBDARZINGT 6. NIZE
Y. XOBRFERFIRT 57N BSNS,

G57RDE/—FRIZDWT FL—RN\YIEZEFTLT. FD/—
M2 ELGRHREEEFHROR/NEVLNERDIT5,

BlZIE. BimD/—KTHA L BCIDBE . FL—R N\ DT HD
HJ557%1R9,

C. X/NAHREXM T DYV T IS TOMNERRIBEEZTDBEEERT
5, TOHITIE.RAFE & D X HA & BC O#EEIZITER]
ZRIZENMDDOLTEERRIZS ML TS =, EEEETILIZEST
HhEELLTEEIND,



5:AlphaGeometry (%. #EREh 7= IMO

2004 P1 KYHKY—RIGEEZHERLT-,

[RfE:ABC # AB = AC D=Af¢9 5. BEEZ BC DAL, 3
AB & ACEFNFN M EN TRDHD, A BCHDHEHE O &
45, LBAC & LMON O/ #IL R TxXhb, =A%
BMR & CNR D4V ML, 38 BC LIZHAEBERZEDOILE
SEEAE &,

#ER:ABCO AR ET 5. - M ZH(0, B) LIE#R AB D
XRELTEET D, 2 NZH(O, B) LEFRR ACDOEREELT
F%Y 5, AR H LBAC D=ZE2#ETHY.OR H LMON ?
“EHENRTHLSR REZEET D, =AR RBM OHMDELTH
Ol &9 5%, =2 RCN O ELTHE 02 &S 5,
A (01, R) & (02, R) DX EEHR P LEETSH.B,C, P A
HETHAHEEZIBAE &L



IMO 2004 P1:

“Let ABC be an acute-angled triangle with AB = AC.

The circle with diameter BC intersects the sides AB and AC at
M and N respectively. Denote by O the midpoint of the side
BC. The bisectors of the angles ZBAC and ZMON intersect
at R. Prove that the circumcircles of the triangles BMR and
CNR have a common point lying on the side BC.”

Translate

Premise l
ABCOMNRP : Points
mid_point(0,B,C) [--]
— same_line(B,M,A) i OM=0B [@1]
+—same_line(N,C,A)

0N=OBW

— ZBAR=ZRAC 88 ZMOR=ZRON
circle(B,M,R,P) [86] circle(C,N,R,P) |
Goal

Generalize
same_line(P, B, C) 1



Traceback

Solve
-
M=ZNMO [©8]
RN=RM [89]
NM L OR [10]
: KM = KN
= MN L KO [12]
: KL = KA, OL = OA
KL = KA,OL = OA = KOLAL [15] ZAKO=ZOKL [16]
[15][12][18][16][13] = RA=RL [17]
OL = DA = ZOAL=ZALO [18]
angle-chase:[12][15][08][18]=4NOA=ZLOM [19]
[01]]83]OL = OA[19] = AN=LM [21]

[17][21][89] = ZNAR=ZRLM [22]
—&[22] = circle(L,M, A, R) [23]

similar = circle(R,L,N,A) [24]
[23][24] = ZRMA=ZRNA [25]

—[86] = ZBPR=/ZBMR [26]
— = ZNCP=ZNRP [27]
[25][26][27) = PC // BP

= same_line(B,P,C)

ABC Unused premise

ABE Used premises

ABC Neural net output

ABC Symbolic solver output
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R, B&XUY AlphaGeometry OfEiEZERLTLVET,

ARSI EGR/INFIREZME T 5O DL —X /Ny o7 )LTY)
A LIZ&KY . AlphaGeometry [FEEBRIZAELRHREZ S ELE
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P.B.C &R THA=HICIX. O X BC DHFRTHHIVET
HYFEE A,

A, Lo, TOEER; T, —RibSh=-EERX,

O [TFRDEUEMNLERSN, P [F&AELT BC LICEFES
TLW%, TDOERETIE P A B & C OREICHNET DHELNHD
M. COEHIE—RRIESN - EEEARRRTIIRIESNG R
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AlphaEvolve

“AlphaEvolve: A coding agent for
scientific and algorithmic discovery”
Alexander Novikov et al. Alpha Evolve teak
[Submitted on 16 Jun 2025]
https://arxiv.org/abs/2506.13131



https://arxiv.org/abs/2506.13131

AlphaEvolve %X Abstract

ZDHRITAR—/\—TIE. AlphaEvolve ELVSERRIO—F 1>
JI—x BN 5,

AlphaEvolve [&. A—T UG R ZREDBRPTEAVIZNDE
BRESDEEETE . BOTHRHHEELARIIZE LT, &EIRD
LLMMDEE N KIgICH LEHE S,

AlphaEvolveld. LLM®D BEEN\A TS/ %HEL, O—FICE
BEEEMAD_ETTINOAVALEZHNET BFRIEEITLET,
EEGT7TO—FFRBAL., 1 DF=(XEH O S E M SHE R
24—k /\wO%&ZT1EH 5 AlphaEvolveld7ILd X LERE
BICHEL, FT-GEZN-EERMNGERICOEN SN HY
F9,

D7 7O—FDLEEAR LR EHOEELFTEMBEAN
DERAZBELTRLT=,




GoogleM KRB EHERAVIDEERIAVR—R U D ERIEIEIC
BAL-5E. AlphaEvolveldT—32t o 3—D Ao a—1)>
GT7IVTYVXLDHMEBALEZREL, N—FOz 7705 —45—
DEIFRERFTICH TAHEEMICRZEDBRILZ R REL.
AlphaEvolve B E X ZALLMO KL —=2 5 E RS E 1=,
&5(Z, AlphaEvolveld, #FEa v Ea—42 AT XADIEELLY
BREICH T, xFEInDAERKREEZ SFFR CAEBATIEEZIEL
WZIILO)XLZHBL. REXODBBHRRFZDERASHEE X
@Iz RKLZELT=(Romera-Paredes et al., 2023),

512, AlphaEvolve (&, AAS—FFZAHT 2 DOERUIE
THEFRETDAFIEERRL-EETILO) X LERFELEL -,
NIE. ZDERFEIZBEWNT,. 56 EAYIZRAMNYyEOT7ILINX
LERBLE=-HEIDBETYT , AlphaEvolve ©LERBEOI—T 4
DIz M BEDPTHEDZLDAFIZE ITHRIED#E
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Figure 1 | AlphaEvolve high-level overview.

@ Human defines “What?”

sets evaluation criteria, provides initial solution
and optional background knowledge

Problem Improved
definition solution

AlphaEvolve figures out “How?”

16

— e — —— — —— ———— —— ——— ——— —————— —— -

I |

| | rich context containing @ I(
I

| | past trials and ideas

|
I |
I |

Prompt sampler *> LLMs ensemble

&

programs to improve proposals of
and act as inspiration improved programs

— e —— e —— —— — ——

i i programs with quality scores
| N’ | and other feedback
I |
I |




(?) Scientist / Engineer

Prompt template Choice of existing SvallEe eane Wli?: izog;aer:ts
and configuration or custom LLMs to evgwe

S _— l .

L =

Distributed Controller Loop

I
I
|
parent_program, inspirations = database.sample() |
prompt = prompt_sampler.build(parent_program, inspirations) |
diff = 1lm.generate(prompt) |
child program = apply diff(parent_program, diff) |
results = .execute(child program) |
database.add(child program, results) |

O AlphaEvolve



% 2 | AlphaEvolve OFERI7O0EXDHLKE,

A—T—IL, 70T S L GEEESEDAVR—R UM ET—)
L7=t0). §Hiia—F. BXUATLavDEE (Y3 2.1)
iRt 9 5,

Z M. AlphaEvolve (F#ELIL—TEIBT 5,

JOVTMUTS5—Id,. TAT S LT —E3R—AN5TO5 5 L
FEALT.EELTOVTNERBET L (Y3 2.2),

heNTOVTRZEDE, LLMIZO—FOEIE (diff) 4L .
hohEAShTHLWLW T OIS LD ER NS (I3
2.3),

hoNTaySLIFEEMEBIZL>TEMEIN (I 322.4) .
BELEV)1—aIETAT S LT —E3IR—X([ZEFE =N (1
2<,322.5),

CNIZKY ., KYBWITATSLEZRENICRER T 570X MNER
Bl b,



% 3 | HEMHYEE DHEALIZ AlphaEvolve Zi#E
) .L/T:1§|Jo

FTRTODRAZRYMIBEEINTEY ., ARES (...) [TEHBES
Nn=1TzZ=xrL TS,

() A—H—HREL= EIEDORFRELBZTOVIRT—0U SN
2740 BFVBRED/N—230Da—FDRAA7ZEEEMT S
=N HT ZENTE D457 TR £,

(b) LLMs 2RI HMA I Ton=7a>T+DHl,

(c) LLM [Z&k>THERSNT=H DA,

(C) TIREINT=E5H iff) (. A>Tk (b) IZTTREN TS
[IREDTOYVSLIZERIN, ZORELEEINI-TRIT S LA
(%, SEEISEEINDS,

SLmE L. (a) Devaluate B#FMTEUVHL T, FIRIEEINT-
OS5 LNDAATERET B,



(a)1A—H—higHtL 1=,
HEIEDXRELGDTOVINI—ISNT=T71IL.

"""Image classification experiment in jaxline.
import jax

# EVOLVE-BLOCK-END

# EVOLVE-BLOCK-START

class ConvNet(hk.Module):

def __init__ (self, num_classes): ...

def __call__(self, inputs, is_training): ...
def sweep():

return hyper.zipit([...])

# EVOLVE-BLOCK-END

def evaluate(eval_inputs) -> dict[str, float]:

return metrics



LLM~A®DZ BTk (b)

Act as an expert software developer. Your task is to
iteratively improve the provided codebase. [...]

- Prior programs

Previously we found that the following programs
performed well on the task at hand:

top_1_acc: 0.796; neg_eval_log_loss: 0.230;
average_score: 0.513

"""Image classification experiment in jaxline."""

[...]



class ConvNet(hk.Module):

"""NEtWOI"k."""
def __init_ (self, num_channels=32,
num_output_classess=10):

super().__init__()

self._convl = hk.Conv2D(num_channels,
kernel_shape=3)

self._conv2 = hk.Conv2D(num_channels * 2,
kernel_shape=3)

self._conv3 = hk.Conv2D(num_channels * 4,
kernel_shape=3)

self._logits_module = hk.Linear(num_output_classes)

[...]



- Current program

Here is the current program we are trying to improve
(you will need to propose a modification to it below).

top_1_acc: 0.862; neg_eval_log_loss: 0.387;
average_score: 0.624

"""Image classification experiment in jaxline.
[...]

class ConvNet(hk.Module):

"""NEtWOrk."""

def __init__ (self, num_channels=32,
num_output_classes=10):

super().__init_ ()



self._convl = hk.Conv2D(num_channels,
kernel_shape=3)

self._blockl = ResNetBlock(num_channels)

self. _block2 = ResNetBlock(num_channels * 2,
stride=2)

self._block3 = ResNetBlock(num_channels * 4,
stride=2)

self._logits_module = hk.Linear(num_output_classes)
[...]

SEARCH/REPLACE block rules:

[...]

other. For example, if you refer to a new config
variable somewhere, you should also propose a
change to add that variable.



Example:

[...]
Task

Suggest a new idea to improve the code that is

inspired by your expert knowledge of optimization
and machine learning.

Describe each change with a SEARCH/REPLACE block.



(C) LLM [Z&k->THER SNz H DI,

IHEDETILIEZ. 3DDResNetT7 AV DHNSTER T IV
ResNet7—F 7o Fv&{ERALTLVET,

ETILDBREZFIEOL, EAMEFEMT HIET, TD/INTH—T
VAR LEIEBHIENTEET,

HNIZKY ., BETILEKYVERGEHEZEE L. RROT—2I12x
LTKYENTRAILBENZERIET HKIIZTLEVET,

F-. ETILOEANEZISITED  BFEFHST=6H .. A TT4
YA =IO/ THYEZEBMLTWVET , AdamWIE. $IZ
DIAMTAVEFRATIEES. Adam&YEHE—BIZENT-E
KRR TY,



<<<<<<< SEARCH

self._blockl = ResNetBlock(num_channels)

self._block2 = ResNetBlock(num_channels * 2, stride=2)
self._block3 = ResNetBlock(num_channels * 4, stride=2)

self._blockl = ResNetBlock(num_channels)
self._block2 = ResNetBlock(num_channels, stride=1)
self._block3 = ResNetBlock(num_channels * 2, stride=2)
self._block4 = ResNetBlock(num_channels * 2, stride=1)
self._block5 = ResNetBlock(num_channels * 4, stride=2)
self._block6 = ResNetBlock(num_channels * 4, stride=1)
>>>>>>> REPLACE

<<<<<<< SEARCH

def optimizer(self, learning_rate):

return optax.adam(learning_rate)

def optimizer(self, learning_rate):
return optax.adamw(learning_rate, weight_decay=1e-4)
>>>>>>> REPLACE



Figure 5 | Examples of SOTA-breaking
mathematical constructions discovered with
AlphaEvolve.
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Analysis Geometry Combinatorics

The versatility of AlphaEvolve allows us to tackle problems in
analysis (autocorrelation and uncertainty inequalities),

geometry (packing and minimum/maximum distance problems) and
combinatorics (Erdds’s minimum overlap problem and

sums and differences of finite sets).
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6. Discussion
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actes extérieurs et la pensée, il n'y a point de liaison essentielle, me dit-
elle ; il est possible que ton antagoniste ne pense non plus que sa
montre : fallait-il prendre pour un étre pensant le premier animal a qui
I'on apprit a parler ? Qui t'a révélé que tous les hommes ne sont pas
autant de perroquets instruits a ton insu 7+ » « Cette comparaison est
tout au plus ingénieuse, me répliqua-t-il ; ce n'est pas sur le mouvement
et les sons, c'est sur le fil des idées, la conséquence qui regne entre les
propositions et la liaison des raisonnements, qu'il faut juger qu'un étre
pense : s’il se trouvait un perroquet qui répondit a tout, je prononcerais
sans balancer que c’est un étre pensant--- Mais qu'a de commun cette
question avec l'existence de Dieu 7 quand vous m’aurez démontré que
'lhomme en qui japercois le plus desprit n'‘est peut-étre qu'un
automate, en serai-je mieux disposé a reconnaitre une intelligence dans
la nature ?--- » C’est mon affaire, repris-je : convenez cependant qu’il y
aurait de la folie a refuser a vos semblables la faculté de penser. « Sans
doute ; mais que s’ensuit-il de la ?--- » Il s’ensuit que si 'univers, que dis-
je l'univers | que si l'aile d'un papillon m'offre des traces mille fois plus
distinctes d'une intelligence que vous n'avez d’indices que votre
semblable est doué de la faculté de penser, il serait mille fois plus fou
de nier qu’il existe un Dieu que de nier que votre semblable pense. Or,
que cela soit ainsi, c’est a vos lumieres, c’est a votre conscience que
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