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WHAT THE PAPER SAYS - WHAT IT DOESN'T - WHY IT MATTERS

FITES robot “foundation models” HFHT S8 ¥ HH
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Toyota Research Institute T “large behavior models” — @ITHIT 1,700 92 & Ffa e manipulation data
9 pretraining 91 robot policies — Flunusual rigor & TH I[T3ATT - g mqﬁ'single—task policies
& o7t blind, randomized, 3 FH= A trials (FITHIT 1,800 real-world 3T 47,000+ simulation
runs) 3T Wﬁv‘ statistics | ‘TZ'H‘ftask fine-tuning F TE TS models T 5T 77, FITHIT 3-5x
% H task-specific data 3’6‘@' ?JTBﬁT Wﬁ?'&ﬂ:clﬁmﬁﬁ‘ 9T & 3¥Te robust 4; 3T pretraining data
& TH performance -4 T&l THRIT fine- tumng & FI19 FITAT single-task models FITE IGYH; F5
effects 3T BE T F 3 -14;/-1 1o FiTalad &8t 3T THFI data-normalisation choice architecture
R IER LEEES Tfecih & robot-foundation-model T3 Wﬁ‘ HHT& 3T evidence & — general-
purpose robot JTzero-shot generalist TET 3T FE “emergent leap” {8 T— TH &G d@1HT robotics
H Jgd #3 signal & TSTH noise ANTIATAHATE |
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THETRT T 997 “foundation model” FIRE & TH & | TNRAT FaT Al ATANAEAY STFTH &: 87 &H &
ATT THE HIRTAT & TWIATRTT FIA & qoTH, (AT I 6 T80 S, 978 I7 Ud gsT“large behavior
model” (LBM) TZIMTRYTT RIS AT UHTIUH AT SATehs A8 & GF dT G TT dF T ATT TAGT
ATRATT &I | SAAE — AT ATAT — IAEEA T3 & | TECHIT GE ATE T8 TAAT-3339T T
THE HHATY% AT E |

Toyota Research Institute HTIE THIAL S SAATT &ATHT & AWl I8 T8 TLEAATET & SARE HdTR |

SHREAHAA 6 TISH &f T THREE THE Tal (@i Th IHE 1T & 97 990 sldel 96 &: ATTTST
HET 9T d80¢ FH HLAR, 317 &7 T8 JATAH T d %F THI AR ATAF 59 fva H ATHAT

A7 SEEA T GEIHIG 97 S anEaEaay ITIHTar dafd...” § — 3T 97 &=da-iaf HEfaRT &

TET-T TIITT IHS THAG 6 THH & g9l L AW 77 &1

Large behavior models: what is being compared?

The important figure is not a robot glamour shot; it is the evaluation pipeline.

Single-task baseline Large behavior model
train from scratch on one task pretrain many tasks, then finetune one

one task dataset ~1,700 hours diverse demonstrations

finetune on target task

more task-specific data needed

3-5x data-efficiency gain

|

Same blind test rig

randomized A/B trials + statistics

matched initial scenes Bayesian + corrected tests
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| WHAT THIS DOES NOT SHOW
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1 * not zero-shot; not a general-purpose robot; not an emergent leap
]
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AT IS, blind 37 randomized TH T & T[SIFRTAT THIAY HIATAR T& 1@  robot foundation models T
AT RT TITRYT & THAT-3G< T aTITST &, TART T8 &f TETHIE HAT 97 pretraining SEFEHRTATAT
robustness T gadTs |
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TR H LBM &0 @, 3 3T 7 AT diffusion-based visuomotor policies — Diffusion Transformer S <
FISATATSEMNIAGEI 3T THE & 3T joints FICITAT T&dTa 3T 10 Hz 7 FET commands & SE TIE
FfRFamR | ST FEATRICIRAT 1,700 9 & THE TEIHTY 98et & TR q RIANTEAT— SHIH & AT
THAL 500 & R ST &, TH & ETaT-Th datasets — AT KT &L FTIT FH & ATT fine-tune FHfATTA
T3 ITHIAY H G139 single-task policy & & ST IHTH & & SeTI¥ I & TIATRTT HIFRTEN

AR TATAL FIHaL THAT H FAIHT &, A6 d@d 9T TR AqaHead ad & | g% araER- 9

99 & AT I8 A SHAHT &AL

FHAG® AT blind, randomized A/B testing — THE TTH aM SHH & I8 A& dH-Hlpolicy TLET
A& 3T TOH RIS 6 9N

TRl ST TEE TEF aERLATA U faaT— 87 TORYT & T8 operator §93 wiimage overlay &
Hferamm

WE@W—W— gL &H, policy Bﬁ'{“fﬂ'ﬁ{uﬁfﬁﬁfq 50 a'ﬂ\_cﬁlﬁ—world rollouts; simulation § ¥
FH & AT 200 | FHeF TTATRT FIRAT 1,800 blind THAETH-world rollouts 3T 47,000 & 34T simulation
rollouts |

Iafa H"E:Q'ﬁﬁ'— ARAdTH | TETH Bayesian STTHH 3T overlapping error bars HTGTHY HATH AITH
& T8 multiple-comparison corrections ¥ pairwise hypothesis tests | Wﬂﬁaﬁﬂm ‘?{fﬂi‘ﬂ'uﬁ’ﬁ‘ scoring
error A & Fl'FQ‘ ED IHE trials T quality-assurance pass ¥TRTIRTEM

[video pending]
TR FIT, ATH a6 A B 4 0 -T0 AT a1 single-task baseline, T LBM | SR BT x Taf 97 & | I8 TS &T

TR IO RIEA HaR R | THIA R0 & & S T THA R T AT FEAT & TH HIHAS

FAT TR R gahe |
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Fine-tune H T TS HE AGAT YL & THATRT single-task FEATE Iga¥ @ | IIIFARHTERT 3
mﬁaﬁ&datasetwmﬁ\wﬁrﬁw&wm%aﬁ fine-tune HIATTATLBM I THH ‘T(EB:@
ITTRYT policy & simulation 3T¥ THAA T GATARH A JTAE@ETH TT § I8 181 AT AdY GEIAT6H IT
H HEA@ 0T ¥ TRT-3TT FATI fine-tuned LBM &ITHIT 8¥ AFS § GEATHE TT § gYHT JEad7 91—
FHAT R TATIT 3/3 FF A simulation § 15/16 |

T TSRIT 996 GH THETSSFR®RTdTa™T Fine-tuned LBM 7 I[T & TIITRYTT TET & TR TELIT
FTATMAT 3-5 AT task-specific SETH EHTT &I AT FHAG o GATATh U HF — TRA SH A, ATH — H Hdo
15% demonstrations 9Y fine-tune HIAWTATLBM, 100% demonstrations T% T g qEITRYTa policy & a8a¥ &1

T fafdEae™ T pretraining FIHHIEAIE ST STEN ST TLRTIT-TLTHLIT RISTHTHASY TLINTRTU &f
A FeANTAT— T distribution shift” TTHNTAT— fine-tuned LBM Hilg&d FSERTE | T simulation
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HHE H GART QIiaia™ a8 16§ & 3 ®ATIY T § TIRTq A8 & I T7 § d8d7 Ul AT
distribution shift & 16 5 & 10 9% | THAG & AT H TLLI AT LITRTT & FH T T RIAT 86 & 1, SAATT

TIHEF® Yl & T7 robustness AT TH AR A= |
T9fe pretraining ST HX-X AEE Fil SCTTEH & T TEI TITHE THT— T¢ SIH TT THA 97 FF
ATHE FA AT emergent” RYAATE G TR <1 STIH T SATHR AITH TIT, AT TEGQH Ta1

AR FTfine-tuning TWTgeneralist TATAG IETdN Tt & TLIATRYTTT LBM &izero-shot — THIHTETEH HF
F AT ATMRT fine-tuning & TAT— SHAHM &¥- 97 34 single-task policies RIATHE & 8@ Tdh &
network 5 HF H¥ TRATIT AR “TH AR AL HH & SIT THEIATIR FHIT T8 ST | Aad SHaT
ECRS rH\H =TI BE language encoder FIHHB & TET & |

AT GUT a1 BE F &f I8 T 39 TAT— ATHSTIE GHH AAT— TR UM s THA ddcT TART &
EI@,‘ sample sizes MY THYH statistical tests & HET GE E'FQ‘I g h G o feq % #‘1’0@% AMHT 3T
TS I liEd 50 59 a0 AFEq@ 0T STHTH & &if THETRT § 68 THIQ TRa 6l TR aaaars
T GHST | ]l SRR J7 HITHTRN Udh THY-ATETH — SeThi®d ava normalise FIATIHTR — 6,
architectural TSR ST STHT SH TadTe | 3T pretraining & normalisation ct?l'{ch bug FAI ‘1’(‘@%
TE A TS |

THRVHE I aAd &

WWWW?:aﬁﬁwwa@ﬁﬁﬁpretrainingwgqﬁﬁ?—ww%ﬂﬁ
FH SCHEIT Y 99 THAA 6 GATATIRYIT § HeT 78 M@H dpolicy 3w ATgd w&dla | T8 I 9T
FTHATR GHIT 2dTe AT T RYAL A0 TR TR | ART GHITAHTH ¢ ILqH GH & 98 I
fine-tuning & T& FEATE 3T MAFRTAITERT AT TEATaaH qaq 9 8678 | T8 AI0-3790
THAT THE ®RITHT &5 |

I AT THAS AT TG AT TGq0Td & | T8 ITHIAL JI98F { Tdh HAES &: YIHAR robot-
policy THTHIA & HATT aHAT H Hid- AwYT I8(T, Tg &GHTE — T Had adla &f TLHETT IqTE &7
FAIRAAEET &H TRIT T AR EHRdR | TH AVAL ®lUEH AT TAEA § N[ UH TIHHE TTTA

ﬁwg&r%]

T8 HTATARIT 98 I L]

q& H’H’H:Q'—Gaﬁ“ﬂ:q THE A& la | F&d U X architecture — diffusion policies — & <‘-|'FQ‘, Y A I fine-
tuning, THAAEfa T fafa =T teleoperated demonstrations & & EE 1T &; UATHaHAd THE A&l
AT T AIRE IR ST S |

T& zero-shot STIIT HITLHW fq TETRTAN Fine-tuning & FTTaSTE single-task baselines HIAITHE T&T
FXIH

IE Hfd“emergent ZAM” EISERE qE& | Scaling & QT Jv-HT @T[aﬁ'lﬁ'ﬂ'l‘discontinuity TE=® ST

AT T ATHER RIAATAT TS TH IR HIRTEHLIT HL |

W@W@ngl q}m-llﬂhlﬁ.dd-l-??tfl FH & AT absolute success rates STHIH AT
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TIRT 50% & ATETH T4 T, T FHAGF-world reliability FFH T8 15 | 3T T8 U A9 &0 architecture
2l

% I8 AE @A Tk policy TH &H T7 HiF MG ATHARA &ti1a | Fis U &H TR ESHEA GYH T&T
TV FT T AR GHHT TR0TT |

AT THTHITE TEY GERIT AT ATH S IF H T8 3, TR G

SEARENGEIL S R

AT TATHHAS S8 AT — @i fine-tuned LBMs T{TRATISIEA T¥ [T & TLITRTIT baselines & 87 &,
Fs I[ATHT SSTHET & A7 distribution shift & 3T9fH TG & — H@YT A9dd 7 ATHAT 1T § AT
a'{g‘qﬁ?l\'d:d' & blind, randomized, TS sample ngﬁﬁm scoring % QA pass & 9 |
% 37 AT AR & & T& e dl SaTHSad & &f 7@ AR R S5 GamE Hi g EadTs |

SHAGY GHT dals S8 o 9= 3oH & | Error bars FTF A+ dirandomness HITHSA &, @h( = training-run

randomness HITET— T EHEA HIQTEY TITRTT H T ITIILT TT & T policy AT Tahel g AT
ﬁvariationﬁﬂﬁﬁﬁlm@ﬁﬁﬁmﬁ’m trials *F, T ST TOAH THSA & AT TLIHT
= Wﬁraﬁ?mwmé | TWFconditioning & & Ihk‘ AR T S ETencoder W[EFE‘FQ‘ ‘THE dhEq qdT
W THETEETES systems H ST ATheT W‘@ | 3T¥ evaluation & F& Hicinormalisation bug FTEH,

disclosure 18 | S5 & ®§ T ATV G ANTAMEl @SR Ta1d 96 & T8 T8 THIAL Hadle &f R

THEAY TALHAGH H adT |

IHMEH G20 G940 It T8 qAEATAG R preprint T ATTE(T & | & journal § TLRBITT SR
TE AT SHATT preprint T THPIT T6 & §H AT 81/ SIH A& T |

I8 I HHA T@dTs

“Robot foundation models” THTATRHART & TTHH TeFICh? SHRCATATGN &, 3T 39 TIIIT HIGRIGTITBA 7
AT e adls — arTd g8 #F F{dls!” IATdismissive “TT hype & |” T GIEATZR G TR ITFI = :
Ffafr ST pretraining THATTHR, THT TIT AR HTLIT AH dle — TEIATEL FH & ATT T ST
T robustness — 3T ST THH & TH a1 ATHH ATH TNT &7 & T97aTR |

THRNEHEAT T8 & &f THIAL AT @ raTsTd" &IaNay ¢ o] &idls | Tg EmT &f aHad®
TH 54 BE & & dHL JAS T H THT &6 &, A< data normalisation STHTSE B IAH R EAL A5
architecture & 39T T TH &R, 98 T8 AHATITHTE & robot-learning Fagd-H IR Tq Tl 9T
VAR A & T8 a5 A0 98T | TLUH AT STSTE 7 Tl R8G9y AT aa-aara 4
FIA AAWHIAL ABLALS § TeATEH TH & 3T (d Lo AT A T 9aH &F fidTs |
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Toyota Research Institute & STH&{ABI = “large behavior models” a1 — diffusion-based robot policies T-&.
I 1,700 92 & Ffa manipulation SETIY T8t & TITRYTT HIARTIAT— AT I8 AGAART 1T & Fiek
protocol & T g mﬁﬂﬁr single-task policies & thnd, randomized, T sample THAT AL, sfas
TIAT 1,800 THA AR -world 3T 47,000 & 319 fe simulation trials TIE=Td AA TR dMETHFH & AT
fine-tuning & T& S AEH AHIHAGITESRT JII@E-H TT § a8dL T8, AITHIT 3-5 TATRHA task-specific ST
H AR TR a& T4 A7 TaafafaEses 9C37dfa A9qd 78 | Pretraining STEeA & T0 a9
V-V TN AR fine-tuning F TATIARH single-task TEHA T CITAY, & & YHT &5 T0HH A SE I &l
FaA TS sample d-l\g ISTTT HIITAT THEO data-normalisation FTTH architecture g srafa EEGERSU
e TF robot-foundation-model TFFMH AT SH AHRIT ARTE THIT & — TART-IGLIT HE T&T

X
(oK N aN Lat

zero-shot generalist & [T FE “emergent FAT” T&— AW &R ISAEH THE(RT FTATSIEAATIHS

¥ HH &R

T erdehY S M

THIAE RATREHTR : HSF, blind ¥ TLIHT statistical power TH TAFATT — T 1,800 FHAATH-world

3T 47,000+ simulation rollouts — & multitask pretraining & & fine-tune 1S diffusion policies (LBMs) ¥ T
FHIATTERT EIES g m‘%\v&r single-task policies T IEa¥ &, T 3-5 TTATRHA task-specific ST HA

ERCICIERSED q_g.iil?ﬁg“ 3T distribution shift & 3refe ESEG] & | Pretraining SeEG ¥ TLa LI ﬁ—ﬁﬁw
al

FIAEIT ], TCHATT AR T I AN T80 TS, vision-language-action HEH & HISHIATE T893 — 39 ST ITT
FTlanguage encoder BETIT— AT & STHATS THTE qed A T \I=E smooth scaling STEETN
Tg HIFE RIGHT THAT -323 9F ATzero-shot THE — fine-tuning & [ IS THY, 9&d A&k “emergent” HYATT

FAM; @H task-level failures HITIEAT absolute FHAATF-world reliability — THATTEL TAATRIE IS
FH & ATT TIRT 50% & TH TERTS; TR Gauad a-iia av § g, Wil

WW: H;@:Qﬁl'evaluation randomness HTTHSA 1, training-run randomness FHAEIEY m—world aH
97 50 trials BE THE 96 Tod & ; T architecture I Tdh 19 ; ATHTRA B ETlanguage encoder; evaluation
& T& Hlcldata-normalisation bug; 3T aﬁzﬁr‘srvr preprint I T &, R fas SERY FISTH T8 & T

HAGA 96 ﬁ?ﬁlﬂﬁm ESICIIRESEA ] &T multitask pretraining + fine-tuning H'H\?I?l'ﬁn‘ ARt
TYIH @H 3dTe — THE T SSFRETATRAT robustness § — 3§78 ATART AEIHE TARTAN $9 a0 97
TI99T &f 98 GART-IRYT dTzero-shot THE TE BT emergent SAI A& | T80 IS, HEA@TAH AH HIAT
FEIMT ST TY AIIH HEATH | 3T AG R @ S AR of : 36 v § T H S0 SF a9ad & &if
TRl AW STLIAIT I HITLUH GHE o | 31 T & — 59 (99T AATE AT SMIHE, AT UH robot-Al THT
T qaHY Gag a1, 39 a7 haRaan 91 T8k |
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