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EEET I

—

« KRR TEZBEHREBT —XZ2dbeIlFBIN, SEITFELXRIICE
JIORIRE T EDET VW EEBET LEFUET.

“A foundation model is any model that is trained on broad data (generally using self-supervision at scale) that
can be adapted (e.g., fine-tuned) to a wide range of downstream tasks.”?

e HEBREFTIVEIFISEEZEZIOEMICIIBL TWET,

Tasks

Question 9

Answering ,Z.

g

Data

Sentiment
o ' Analysis
(7] S
Text
. b
> & W)
| >3 [on Information X
Jj‘ Images 3 ' Extraction "\
o = ) Adaptation
speech '\f\ﬂj\; Training Foundation % Image
Model & Captioning 4‘/
_ Structured
. Data
Object

i ;
= B,
3D Signals “ éﬁ"i" ‘ Recognition
Instruction

=
%', Following .. ]

= xm)o= LYaIE

1) R. Bommasani, et al. On the Opportunltles and Risks of Foundation Models. arXiv:2108.07258, 2021.
2) ICREBEL RLEM 3-4. RBFBOERLEL SR
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EEET I

« HEBETIIZE EBFELVLOBHMFEOHEDEZ AN LICH-
TWET.

« EERRFEIE, HDHIRXRXIHhHFEL: [HME] 20X X7 ORE%
B 2 EICEAYT HAETY.

« HBETFTILOFFIIEWLWTIE, @NAZXZRIT [FEE] (FIC
BOHEMH Y FBEVICLD) 2#{THEST-ETLETRROZX RV ICEIGT
L5 ﬁ“(7 AVFa—=vy) 5, WS ESICEBEE
ZZITWE T,

. EH %T»i DEDBEBFEERFRRICITY) L THEREINET
N, ZD7-HIZlE (1) GPU (Graphics Processing Unit) @ & 5 7%
IN— P"JIT, (2) b 7> X7 4—=< (Transformer) 20 & 5 (25
MIBZBEARREAET I, () KREBEET—XHIBREELLRY T,

1) A&%MOER [BC#EH Y FE] S8
2) AEMOER [FSvR74+—7] S8
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4 A

FICEBETIVICEDSOCERETAVZHEWT, TFX M, BE =

=, BE, ZoMoarTr Y EERT B ATHEE (Al) AT OHFR
ERAIEONET,

o« ERAIOFIAICEWTIX, 2T—UYABAEEICL SR (FOovT
N Z#2AHhT32ET, ZO7AYy 7T M- TaAry Ty aakpk
(L VY—MWICIIXR R %HZET) §5ZENAEETT.

Bz 1K, 2022F 118 I & N7=ChatGPT?2 %, KHEELTFF X b
T—REHLLILERREIN-AEBEEETLVEEBETILELT,
JAVZRIIHRLTTFR MG ED YTV EERT BERAID
HY—EXTT,

R (FOoy7 ) LER, 4 N
774N, BE BEDAS
ChatGPT
TEXE, Oa—F, B, BF
mEDaAVFUY \_ -

1) ABMOER [£ERETIV] S8
2) https://chat.openai.com/
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4 A

¢« 2023F3RICRHASNIARKREFET VL THBGPT-ATIE, EED
ETIVICLERTERBERK, MEER, MHMHR, LSikm HFHER
BREDBRANEIHICMELIZZEARESINTULE T,

e F1z, &Y, BEFE, vF, VEFAEOEROEMNARERICEH
WTH—TFTREOREZINO S Z EMNREINTLET,

User Answer question I.1.a. Think step-by-step. GPT-4 To answer question I.1.a, we need to express the temperature 7'(x) in every point
of the conductive bar, which is characterized by the abscissa x. We are given that
T(0)=T0and T(L) = Tb.

For a stato nary regime, the heat equation for the one-dimensional heat
conduction in the bar is:

Integrating once, we get:

Integrating a second time:
T(z) = Ciz + Ca

To determine the constants C'; and Cs, we use the boundary conditions:
T(0) = T0, which gives Cy = T0
T(L) = Th, which gives C, = (Th— T0)/L

Finally, the expression for T'(x) is:
T(x) = (Tb—T0)* (z/L)+T0

This represents a linear temperature profile along the conductive bar, with a slope ﬁkZ)O).J: U%“EH

of (Tb — T0)/L.

o W%,7D77 v EBE, EFERETIIABDOLRILD /ST + —
TV RAEERE WD) FlENAEREREOREL L INTWLWETIY,

1) W. Zhao, et al. A Survey of Large Language Models. arXiv:2303.18223, 2023.
2) OpenAl, et al. GPT-4 Technical Report. arXiv:2303.08774, 2023.
3) S. Bubeck, et al. Sparks of Artificial General Intelligence: Early experiments with GPT-4. arXiv:2303.12712, 2023.
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EHFE CECERAIDICHE EFH

ERRANL, TFRE, B, BFE, BELEIEZIEAELEAYT 4%
AHAELTaryTryoEpmzrgEIc LT,
LUTDESIC, ANAICH LTI ZIFLhaVT Y ZERRIRER AR
ETLOEME TN OO Y —EIXNBEMERREINTLET.
« TF X FDERL (Text-to-Text, Image-to-Text, Speech-to-Text 7 &)
O— RoAERL (Text-to-Code % &)
ERD LR (Text-to-Image, Image-to-Image 7 &)
i@\ D LAY (Text-to-Video 7 &)
EEDERY (Text-to-Audio, Text-to-Music)

ZDIEH, 3DETIDER, ARy b I al— 3 ICCHERIBERITE

CENMERIIDER, 7 & %217 ERRAIKNMTICE T 2 RFEL EDH LN TL
7.

HRAKF 8 - [FMABMAR L & — #FF H—HF 2024 CC BY-NC-SA



EHFRTEOCERAIDIGH & =57

TE¥ X bDERK

o KRBEETFAIT—2%2HLICERFEEINI-ABEREZETNLVIC
Y, ANheaziExR (FOry7 ) I3 LTTFFR M EER,
« THXFRMERDTIE, TFRXMDOEIR - BN - FE - RIE, WNESEL
ENIDHTAZENTEET,
. ﬁ%%@ﬁﬁﬁ?%%?»t%@#—ez
B —E'X : ChatGPT (OpenAltt)
« E7/LIZGPT (Generative Pre-trained Transformer) D %k
« EFTILELIVUOY—EXR: Gemini (Googlett)
e EFILBLIUOY—EX: Claude (Anthropictt)
« H—EX: Meta Al (Metatt)
e EFINIEA—T > —ZXDLIaMA (Large Language Model Meta Al)
E7 /)L : Mistral, Mixtral (Mistral Al$t)

= Zlinﬁjﬁﬁﬂ‘%% BETINDEEH (Im-jp, EILIFHRFHER)

DA DIER [KBREEBEET V] S8
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https://chatgpt.com/
https://gemini.google.com/
https://claude.ai/
https://ai.meta.com/meta-ai/
https://www.llama.com/
https://docs.mistral.ai/getting-started/models/
https://github.com/llm-jp/awesome-japanese-llm
https://github.com/llm-jp/awesome-japanese-llm

EHFRTEOCERAIDIGH & =57

00— PGD*_EJZ

« TEXRRIMNEERTAKRBREEFBETILOELMIZ, 777 LDY—X
O— FZ24%pKd AText-to-CodeETIILICHIGHINTWLWET,
e Text-to-Code®T/NII7OT7Z Iy 7 by T7HEBOIIEANLD
HyaszthTEEd,
¢ Text-to-CodeE T /LD Codex VTd a— KERDH

def below_zero (operations: List[int]) -> bool:

o N o mMr You’re given a list of deposit and withdrawal
7 l:l / 7 I* operations on a bank account that starts with
zero balance. Your task is to detect if at any
point the balance of account fallls below zero,
and at that point function should return True.
Otherwise it should return False.
>>> below_zero([1, 2, 3])

False

>>> below_zero((1, 2, -4, 5])
True

wwn

balance =0

: b P for op in cperations: jrﬁkl)o)%_ggaﬂﬁ L ’C%”Eﬁ
balance += op
if balance < 0:

return True
return False

¢ Text-to-CodeE®TI/ILDH—E XD
« GitHub Copilot (GitHub%t)

1) M. Chen, et al. Evaluating Large Language Models Trained on Code. arXiv:2107.03374, 2021.
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https://github.com/features/copilot
https://github.com/features/copilot

EHFRETCEOERRAIDINE & E=H
HRHS"STF R FDERR

e RKHEBATEFIXMNEEBROT—42%2HEICERREINTILTFE—

ZIEEBETILTH 5 HER-

=:=h

/) AR

THFRAMCEBRZEZANE L TTFR M EER.
« F¥TUavoER, BHREAV -ERSECHELREANGHTSZ

ENTEETY,

o EERSEET/IFlamingo!) TOEBRERB LS DH

Input Prompt

g
—
i)
=9
g
)
O
a

\

Qﬁ

Question: What do you think

Question: What is odd about

Question: What country is

the capacities of these are? ||this image? Explain why itis || this? Why do you think so?
Answer: unusual. Answer: Answer:
The image is odd because
the elephant is in the back = c
The floppy disk is 1.44MB || of the truck. It is unusual Ilt, ;if;’f:ﬁ:';;gh;:lt‘hse”
and the CD is 700MB. because elephants are not Canadian flag.

usually transported in the
back of a truck.

(Vision-Language) E7I/LIC &Y,

XE1) DR & V51

1) J.-B. Alayrac, et al. Flamingo: a visual language model for few-shot learning. arXiv:2204.14198, 2022.
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EHFRATCEDERAIDIGE & E5T

EENIPOLTEFRXMDER

=

BRANICHLTTFR M Z2ERT 2 EFF svadxX T DFEFE D ITHN T L

7.
o ERDOBFFRBHEEMICHT LT, BEBETIVICEIIEMAEFEAINTL

x£9.
« Bz (X, ChatGPTOH —EXZRMEL TULV50penAlttils, SFRHE BE)
MR- DETILTH B WhisperVE RN L TWE T,
BEEIOLTFRAMDERIE, WMEVRATLAPEBERLE VAT L, XFi
ZLPEERROBF B EANRATBAZIENTEET.
TEXERX MO OEEZEMT B Text-to-Speech (TTS) OEMHLFEREL T
Y, ANDELOBBEBRLRGFZEMRT S EDHAEICA>TWET,
BR e CTTSIC K Y, EpAlZXTEZRICHARIgICT 2 —EXDHE

=Nank-1Y:

EHIThbNTWET,
o BZIL2024F58ICHFTINS-GPT-40TlE, ANELLETADELEREIZITITE

R EETERAIENET A EbAlREICA > TWLWE T,

1) A. Radford, el al. Robust Speech Recognition via Large-Scale Weak Supervision. arXiv:2204.14198, 2022.
2) https://openai.com/index/hello-gpt-4o/ (2024-06-01 FE)
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https://github.com/openai/whisper
https://openai.com/index/hello-gpt-4o/
https://openai.com/index/hello-gpt-4o/
https://openai.com/index/hello-gpt-4o/
https://openai.com/index/hello-gpt-4o/
https://openai.com/index/hello-gpt-4o/
https://openai.com/index/hello-gpt-4o/

EHFRATCEDERAIDIGE & E5T

IR D & B

o KEEATFIAMNEBBROT—X%H EICHFINFEIN-TILFE—
RIWIREBETILTH B Text-to-lmage®TFTIILICLY, ANAH (FAVS
b)) 12X L TEfR % &R
« ERETIPCILMET LA EDFMATFERINTWETD,

o BHRIERCIREDOXIZBICISAHT A ENTEET.

« Text-to-ImageE T /ILDDALL-E22 T D E{RE K DF

i - . - : = |
vibrant portrait painting of Salvador Dali with a robotic half face a shiba inu wearing a beret and black turtleneck a close up of a handpalm with leaves growing from it Xl—ﬁkz) 0) 'J: ) g I }Eﬁ

) AEMOER [TEMET V], BE [£EXETIIV] SR
2) A. Ramesh, et al. Hierarchical Text-Conditional Image Generation with CLIP Latents. arXiv:2204.06125, 2022.
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EHFRATCEDERAIDIGE & E5T

IR D & B

- KRB EHRERDY —EX
e DALL-E (ChatGPTcH|EmIgE (OpenAH‘i)

XER) DR & Y51

XER2)nE & Y51

« Midjourney (Midjourney#tt)

1) J. Betker, et al. Improving Image Generation with Better Captions. https://cdn.openai.com/papers/dall-e-3.pdf, 2023.
2) D. Podell, et al. SDXL: Improving Latent Diffusion Models for High-Resolution Image Synthesis. arXiv:2307.01952, 2023.
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https://openai.com/index/dall-e-3/
https://openai.com/index/dall-e-3/
https://openai.com/index/dall-e-3/
https://openai.com/index/dall-e-3/
https://github.com/Stability-AI/generative-models
https://github.com/Stability-AI/generative-models
https://www.midjourney.com/
https://www.midjourney.com/
https://cdn.openai.com/papers/dall-e-3.pdf
https://cdn.openai.com/papers/dall-e-3.pdf
https://cdn.openai.com/papers/dall-e-3.pdf
https://cdn.openai.com/papers/dall-e-3.pdf
https://cdn.openai.com/papers/dall-e-3.pdf

EHFRATCEDERAIDIGE & E5T

B8 D & Rk

Text-to-lmage® T/ A FEEIHE, AAH (FOor7 k) (2L CHiE
HERT B Text-to-VideoETILOREEDLITHONTWET.

Text-to-VideoE T ILIFIREDOYBHFE A I 2L — b F3HET I 2
L — X —~DIcHbHEIFTE 7.
« Text-to-VideoE®T/LDSORAY TD1HFEE D B 4 5 D512

Text Prompt Generated v1de0
A stylish woman walks down a Tokyo street
ﬁlled w1th 7 NEOt

§ She wears a black lcalher ]acket
a long rcd dress and black boots, and carries
a black purse. She wears sunglasses and red
lipstick. She w y and casually.
The street is dan tive, creating 2
mirrar effert nf : ‘,i".i i::.Many

_——

pedestrians walk about.

- Em S e . Em Em Em E o Em mm mm mm Em Em am o

ER2) DR & Y B

1) Video generation models as world simulators, https://openai.com/index/video-generation-models-as-world-simulators (2024-05-01 (%)

2) Y. Liu, et al. Sora: A Review on Background, Technology, Limitations, and Opportunities of Large Vision Models. arXiv:2402.17177v3, 2024.
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https://openai.com/sora/
https://openai.com/index/video-generation-models-as-world-simulators
https://openai.com/index/video-generation-models-as-world-simulators
https://openai.com/index/video-generation-models-as-world-simulators
https://openai.com/index/video-generation-models-as-world-simulators
https://openai.com/index/video-generation-models-as-world-simulators
https://openai.com/index/video-generation-models-as-world-simulators
https://openai.com/index/video-generation-models-as-world-simulators
https://openai.com/index/video-generation-models-as-world-simulators
https://openai.com/index/video-generation-models-as-world-simulators
https://openai.com/index/video-generation-models-as-world-simulators
https://openai.com/index/video-generation-models-as-world-simulators

EHFRATCEDERAIDIGE & E5T

Z DAL

AHD (Zay7h I LTH—FT44 (FEPYY K77 b

HE) HERKRT S Text—to—Audm%f}V@%’;’?é%EBH‘%Text—to—
MusicET ILDHEEHITHONTWLWET,
o F—T 4 FEBDH

Audiobox¥

AudioLDM?

X D
« MusicGen?®
« MusicLM%

1) A. Vyas, et al. Audiobox: Unified Audio Generation with Natural Language Prompts. arXiv:2312.15821v1, 2023.
2) H. Liu, et al. AudioLDM: Text-to-Audio Generation with Latent Diffusion Models. arXiv:2301.12503v3, 2023.
3) J. Copet, et al. Simple and Controllable Music Generation. arXiv:2306.05284v3, 2024.

4) A. Agostinelli, et al. MusicLM: Generating Music From Text. arXiv2301.11325, 2023.
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https://audiobox.metademolab.com/
https://audiobox.metademolab.com/
https://audioldm.github.io/
https://audioldm.github.io/
https://musicgen.com/
https://musicgen.com/
https://google-research.github.io/seanet/musiclm/examples/
https://google-research.github.io/seanet/musiclm/examples/

EHFRATCEDERAIDIGE & E5T

—_—t 112
L T3 7=

ZEI Ny

ARRARITO S £ S FREZICAIRERST - ST TuhEx 7.
« EVXX
o XEERTIE -EWN -8R, ~—r 74 I0XEE ARXREZT—HY—E X,
TLAVAR =T E
- HEF/
o HMIER, ERIEE, BEFHN, NEREFE L&
- EE
- M- BEXIE, BIE QL
¢ ATAT L&
ATy - FUF - THAUMERNCIRE B 8
7
fRlE P EEREIER A L

=

= . M.

e 7OV IVY VT INITRHE - T—XOWXE KL
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KHEEEETET L

o KIREEBETEFRAIMNT—&%2H L ICEGgFEIN-EBET VL KR
BWEEEET /L (large language model, LLM) &N TWE T,
e LLMIZFICrZ VR 74—V EMINZZa—FILRy NT—0 DT —
FTIF¥ICEODWTWET,
. %tf%thi&‘%m%ﬂ%uM®$m¢21m 5z b 7=k
(B5E (RBRICIE ~—7 ) ORY)) IS ROEE (RERICIIHERS
) 7&%5E'JT%<‘:L\') HoHEhh ) FEIE2ITWET,

J2, N R < <EOS>
ROBEEELSFHTES &S LB
_ . NN ‘ _
YR T =7 (FA-KEH) 0 [l 1 L
[ BomaEn | )

\ \
\ \
\ \
T
5 Y v v
'

—

Em%_1—7wz/h7 7 ——_f

[ SEEEME \
f i 1 bt bt
XIRDEHEFE (RBICIENT bLTRER) . i
| | | | ¥ ¥ ¥
BHH 8 B H D JE2) N R <

1) A#EMoBEE [P v RX7+—7] B8
2) AHEMDIER [BCHEH Y FE| 281
HRAY #I8 - FWMHUBWHRL > & — 75 fi—EF 2024 CC BY-NC-SA 18



>|..

dlnl
MI
| —

w
rH

FRIR T )L
T

%El

LLMOEFIFEL, SAoN/EHTE (F—7Y) ORIITHELRDE
ZEOHREXRZETTILHNELLFATERLSICHRB LS, FTV
A7 44— HBRTBZ2a—FNLExYy NT—VDEH (/T X —XK)
rRETBHZETITHOhNE T,

ZDFZICIE, KEBEELRTFTEFX M TFT—2AHEVLNET,
e BIZIX, T/, X, TI—F, FMXHBEDTFR T —X52EHET.

e 2020 ICBIRINLLMTH BGPT-3VTTE, 3L ZF3000BF—27 > (K
BAMOXRICHY) OTFFX b TFT—2%23 L ICEFEEN THLN, ETIL
DI/INT A — X DEBEILLITH0EIC KRN £,

LLMOZFEICIEERG AR ALY X7,

o FIZIE, =TV —RDLLMTHBLLaMA (2023F(ZRF) (X, 650
BRTIA—=—ZDETIDFEED-, 2048EDGPUT2IHREIDHE =&
L7e MEB LR MICHEE) , EREINLTWET?,

1) T.B. Brown, etal. Language Models are Few-Shot Learners. arXiv:2005.14165, 2020.
2) H. Touvron, et al. LLaMA: Open and Efficient Foundation Language Models. arXiv:2302.13971, 2023.
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KEREEET IV

BRFa—=— 78T T4 Xk

« LLMoZEETI, ERFEZICEVWTERFa2— =V IVBL07 74
X/FZuiu%TW@7747T1—_/73%ﬁUiT INIZ&
Y, LLMIZAA SN RICH L TEYRRREZIRT LHICEEIN
£9.

e 1§RF 2 —=>7 (Instruction tuning)

- Him, EX, BRNEAGEDIFIFEFAME (FX7) I220WT, A
NEZNICHT BEURICEDRT b EICET NV EZ T 7A VY Fa2—
—>JLZEY.

¢« ZHEBARITIBRF2—=ZV7$5IET, ETIADNRIMDRERRY
ICHBISTEDLDICZDEADFIZEHEINE EEZONTWVWET,

« 774X (Alignment)

« ANIZX L THRED - #SICEBYRINEZRT LD ICERDOAD
TA—F RNy b ll®T NV Z T FAYFa—=vILET.

c AND7 4 —FN\y7ICkB5@{t=E (reinforcement learning from

human feedback, RLHF) > Ei#Z&iF&HE{ (direct preference
optimization, DPO) R EDFEAHLLNE T,

1) J. Wei, et al. Finetuned Language Models Are Zero-Shot Learners. arXiv:2109.01652, 2021.
2) L. Ouyang, et al. Training language models to follow instructions with human feedback. arXiv:2203.02155, 2022.

3) ABEMDIER [ERETIV] 2R
RRAF #HE - BHREEMR L 24— K #—H8 2024 CC BY-NC-SA 20



KEREEET IV

XRAFEE

e FERIRBLIERFai—=—>7IC& )BT INLLMIL, 5(1‘%%03527\7
ICBETA2ANENRBTDOHZ W DNEZ BT T, ZTOXIXTIZHEI
‘éﬁ%;r‘:b‘f‘%% EHhHHh->TETCWET,
« ZDESIHIDERICE S TRIAMD R RV ICHEILSH5FE % XA
#% (In-Context Learning) &MU E T,

7a—Yavyv b (RR7OFHAICMZT,

tovay b (FRRIDRBOAZEEZ S .
( “ ) AN EREDHIEE R 3)
Zero-shot Few-shot
The model predicts the answer given only a natural language In addition to the task description, the model sees a few
description of the task. No gradient updates are performed. examples of the task. No gradient updates are performed.
22X DEREA 2R DEEA
Translate English to French: task description Translate English to French: task description
cheese => prompt sea otter => loutre de mer examples
AN EREDH

peppermint => menthe poivrée

plush girafe => girafe peluche

o A
XL DR & Y —EBZE L T3 cheese == prompt
1) T.B. Brown, et al. Language Models are Few-Shot Learners. arXiv:2005.14165, 2020.
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ARREEFBET L

/

Ayl N Rty () 27

MIRAFEBICEWT, ADehsiER (FAYT L) O5EZHFZIR

52T, LLMOBEAHZEIZEEHT I ENTEDIED OO ->TET
WE 9,

RXZ7IZ C CLLMAEYI R nEEZIRT LHIIC, S xIxLh7Aa07

fofEYE (R b7V Y AMREINTWET.

Blz1E, Tm—i7L4A4>7] (Role-Playing) &\ 935 AETIE, LLMIC

JSEDKEICRAZH oA LHBESYE, TDOHLETRXRIZ2BHIEET.

[BZnE$H| (Chain-of-Thought, CoT) & WS AETIEX, XIRAZEE
D7a—ay MZEWTAALOIRREDH ZHRT BRI, TDORED
BIRZEOTHERT DI ET, HReETHEMBRRA I 2@BHIEFET.
F7-, O ay MIBWTH [RTFY T - NNA - RTFYyTTEZTCHE
L&o] EHERTAZETLLMOBY LERDENZF|ZHT Z LD
o TWET,

Zay 7T 7 Y T 0OERKS

« Prompt Engineering Guide (DAIR.AI)

s XEXEBAIFLERAA R4y (BERETVRXILY—EXRB)

« FUNBEDIOHD [ERKAL JERAAFIAA F GEREISERT)
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https://www.promptingguide.ai/jp
https://www.promptingguide.ai/jp
https://www.digitalservice.metro.tokyo.lg.jp/documents/d/digitalservice/ai_guideline/
https://www.digitalservice.metro.tokyo.lg.jp/documents/d/digitalservice/ai_guideline/
https://www.digitalservice.metro.tokyo.lg.jp/documents/d/digitalservice/ai_guideline/
https://www.digitalservice.metro.tokyo.lg.jp/documents/d/digitalservice/ai_guideline/
https://www.tokyo-cci.or.jp/chusho/tcci_generativeai_guide_for_smes_ver02.pdf
https://www.tokyo-cci.or.jp/chusho/tcci_generativeai_guide_for_smes_ver02.pdf
https://www.tokyo-cci.or.jp/chusho/tcci_generativeai_guide_for_smes_ver02.pdf
https://www.tokyo-cci.or.jp/chusho/tcci_generativeai_guide_for_smes_ver02.pdf

ABREEFTT IV

X4 —1U v 7]

¢« LLMOHY A X (IRFA=—2DF) ¥T—2ty bOY A X (=0 v
D) PEBICAWREEEROENKEL LD L, XF4—1Y v JH|
(R=ZEH]) OBERICA->TETILOMELELE (FX M TF—&ICX
T HIEEINFEL) TEHIZEAFEINTULWETY,

42
6 —— L=(D/5.4-1013)-0.095 | 5.6 —— L =(N/8.8-1013)-0.076
3.9
4.8
2 ° 36
: 4.0
S
‘%’ 3.3 3.2
F 3
3.0
2.4
L = (Crmin/2.3 + 108)=0.050
2 2.7
10-* 107 10-5 1073 10-! 10! 108 10° 10° 107 10°? j{ﬁﬁl)@i Y @lﬁﬁ
. i
Compute Dataset Size Parameters
PF-days, non-embedding tokens non-embedding

e ¥/, LLMOETILDOVAIHNKEL LB EIFIEFLREXRRZITEL
TXIRAZEOMEEN A LT S & WS LLMDAIF (Emerging
Abilities) AR I B WS EFOAINTLET?,

« B, BEATvILEADPLIILLMOBERBESEI I >~ TWET,

1) J.Kaplan, etal. Scaling Laws for Neural Language Models. arXiv:2001.08361, 2020.
2) J. Wei, et al. Emergent Abilities of Large Language Models. arXiv:2206.07682, 2022.
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WELE T I

o WELETIVIE, BEROERICSERTESERETILTY.

. %ﬂ%TwlLi'T—ﬂ;/4Z%NM7%_t%ﬁUL7(TH@E
A LEDTR) ILHBEIC & T—R%& /) ARX~NEBRLET,

° &L,;wxﬁﬁﬁwﬁﬁ(TIWE#bﬁwﬁﬁ)“t Y, /A X%

BETDILERYEBT LT, /AXD DT —2EERT B EHEAR
EPBLET

« ZHIZLY, ILEHET LIS RE CERABGRERZAIEEICLE T,
e FI-TXFRAIMNTCEREMITZITo-BERZERT A EHAEEICLET.

pdxtﬂxt k1) O & Y B F
@H @ — O —®
ot

« W ETIWVEHERYDAEATRILLIEFEDREEINTULET?,

1) J.Ho, et al. Denoising Diffusion Probabilistic Models. arXiv:2006.11239, 2020.
2) Y. Song, et al. Score-Based Generative Modeling through Stochastic Differential Equations, arXiv:2011.13456, 2020.
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TILFE—XILETI

- HR-S5& (Vision- Language) ETILDL S ﬁ@%%ﬁ )T 4 %1
HTEY T)S’Z’)L_c‘:%—J CLEEBETLOEMVICLY, TFAR,
HR, EHA, b@@c‘:éiéiﬂ%ﬁ')T/r i]‘ﬁﬁbf:?}l/?%—ﬁ“
IWETILEZDOY —EXANHERERINTWET,

TILFE—XZILETILDOF

« LLaVA (Large Language and Vision Assistant) (University of
Wisconsin—Madison, Microsoft Research)

« GPT-4V (OpenAltt)
« Gemini Pro Vision (Googlett)
« Qwen-VL (Alibabatt)

e 2024F5BRFR T, TFRL, BR, ERAEZALENAIGERTIL
FE—XRILETNLETICLI=Y—ERXE L TGPT-40 (OpenAltt) *°
Gemini 1.5 Pro Vision (Googlett) ZmEARNFHINTWE T,

1) &x##MDnIEE [CLIP| &
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https://llava-vl.github.io/
https://llava-vl.github.io/
https://openai.com/index/gpt-4v-system-card/
https://openai.com/index/gpt-4v-system-card/
https://openai.com/index/gpt-4v-system-card/
https://openai.com/index/gpt-4v-system-card/
https://console.cloud.google.com/vertex-ai/publishers/google/model-garden/gemini-pro-vision
https://console.cloud.google.com/vertex-ai/publishers/google/model-garden/gemini-pro-vision
https://github.com/QwenLM/Qwen-VL
https://github.com/QwenLM/Qwen-VL
https://github.com/QwenLM/Qwen-VL
https://github.com/QwenLM/Qwen-VL
https://openai.com/index/hello-gpt-4o/
https://openai.com/index/hello-gpt-4o/
https://openai.com/index/hello-gpt-4o/
https://blog.google/intl/ja-jp/company-news/technology/google-gemini-update-flash-io-2024/

AT OB EEIA

o ERAIEZED ATRE (Al) FEMTORELAFEKEICHEWL, AloY X7 &
ZDOXIICET BERBITHONTULET,
g W%V@N%%%%l‘i‘@A1ﬁﬁm,Ntﬂ%ME@t®ﬁ%,
B - REHRE, BERA~NDEZE, H4 F74 v EEITHERSE ZAICETS
UX 7 DmE e LTEBLTWET.
« JST:CRDS (MIBREEtEY X2—) A & HI-RERAIETIVICET
LERE7OR—YILITIE, ERAIADLEOTYRIEZFEITFTWET,

ERAIOE NS EU SRR EWAID S A hEIRE ERAIOEAME Y-
*DYPRBOHRBEES o A -8 S prss cEWE-B2ME-@ JIOBEGII o @
ENGERTHINDE ERHELE [amnema) BSEMETSLS —1—RAEER. SNSTI . @
SCEB(JULSR— @1 icn ﬁ py CEFNLZME mUTiazns . £35S
>3Y) N WAg INSAA b - I
xln FAKE| +730 T FE LKA —IL

o~ " ,,
e S RTE AN S Z | SEERL. DA
R ' . AREBUED B - R,
A BEELEE. KESES
VN

pBF— = mEy Emu

e R P TR DT — BGPT RBOBEOED AT

TRIBDHR ‘% v WY SHEEH - BEOTOIH Y f&"“"ﬁ“ﬁ”’“ % @
AR - BEWEORS - FAEOEARBERERD /Jailbrea S

FBF-IPERT S PREMEELTLVEL  -BRENCEFIL. HBAENE semancys Spompt

DB - Hﬂﬂ@!ﬂ! BOTHILBVWESS NI KP Injection X > — 1

J-lua:a:ﬁn o 5 & c DT AR S B R
18 - AEADRE m *iAGJEDﬁ SAEA DR N mam B OERETH. MM
= 20" BF SIETTRONNET

BHEREN  <BEOEDAA &
”‘M ;”é-é;?::o THUnE OB, AL -~
5 *i"mb & B BEES  CSSTENE SERODEBIEDIE F

FEBECHID OHERICIIR =RCOTHRS  FTONS (CH2DICTFIRE - B

EASSMESR W)k ﬁ'ﬂ‘ EOPSE "f-' XER2) DX & Y 5|

-

1) NEAT AlERRRSEE,  https://www8.cao.go.jp/cstp/ai/ai _senryaku/lkai/shiryo2.pdf (2024-06-01 BE
2) JST - CRDS ERE 7’ OR—H L RIEFARAIETIILOIFEREF, CRDS-FY2023-SP-03, 2024.
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CHEEH ) FE

\

%ﬁﬁfﬁ%uﬁ“ BFISERBZEICEDICEE) T, —RICETILOZF
BDI-% j(%ﬁ’l‘%@7’\ﬂ/ﬁéc%lﬁﬂi7‘ X (A?’C?’\“Jbﬁﬁéﬂf:

7/?—937? 2) AwmhEELY T,

e BIZIX, BIRBBOETINOFEERHIND T —Xty hThHD
ImageNet TIZ1000F A LD EHRT —XIZDOWT, FERICED L S LY
EDRE>TWBEDZRT INIUDP2EULEDOATITY A nBIEINTESIN
TWET,

BoXHEnH Y 2E T, 7~wﬁ§ﬁﬁ7 B L L7 W#EBIE

HRARY (BRUERT) ICLYVETILVOERFEZITVWET.

- BIZIXEHRTHNIL

— B REIH-EERDZRY O O REBDZETT DX R
c BALBTHERLEWNOERIZCOVWTZENOATIEIR CEGHI BA S
BRHIZFTHTEXRY
- FIZIFEBTHNIL
-E%#—%K%Lti%#%%@i%ﬁ%%%ﬂ?%ﬁz7
c SXoN=XRICKKSEZZFAHTEIXRY
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R CEYET:

- BBEFEOZEZALICRKS L, BCHEH Y FEI ‘L\’Cé’ﬁﬂlﬂxﬁ .
SFYETILVOEFFEZITO Z L, 11430)’}?Z70)Fnﬁm_~%ﬁ¢< 128
ER%G (M@ 27— 4hoFBLTWHZ LRV ET.

. aaﬁ%%Uﬁ“T$u?ELt%rw%%®&x7uﬁ%¢%ﬁ,
BRHEDRZR I HTREARZERERIZEAHY £,

¢« TREARTDINNEEL T NILFEHETT —X (FIZIXTBEERTHNITE
PO DT—XZty b)) AHNIL, %w?%%&@%?w%%
NODHEENT—RTFEBIT S (INZT77AVyFa—=r7ERUE
I) TET, ETILETRERZICEILCSEDZENTEET,

-W = Fa-
'-.. /"’2‘ F . :k

!ﬁﬁ-ﬁ Euml-
k) O & Y 31

77AVFa—=vy

P AN

ke

1)  T. Chen, et al. A Simple Framework for Contrastive Learning of Visual Representations. arXiv:2002.05709, 2020.
2)  A.Khosla, et al. Novel dataset for fine-grained image categorization. Workshop on Fine-Grained Visual Categorization, 2011.
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VR TH—7

N2> X7 x+—~ (Transformer) ViZ, 2017FITIREIN/-= 21—
FINXYy NT— DT —FT I F ¥ —TT9.
AIZRODZRIOER (FIZIETFRX NOEEDRY]) #AUIERIEEL b
VA7 4=, BEEEE (self attention mechanism) [T &
) RINANDBENT-IEREDOUKEFRER (BIZIETFX MR OBEN/-EHEE
FOER) #i%S5 Z &ICA[EEIC L £ L 7=

TV RTA—TIEANDRINEARPRIFICEBRTZ2I 0K R
MRIBE2HNDORIWNIIERST 2T7Ta—Xh okl 7,

VR T7 A=%Dy A= TI—RIIEBETILOT—FT7
FryéLTHbAHALWLLRTWLWET,

« Iz I, %¥R9 BBERT (Bidirectional Encoder Representations from
Transformers) & GPT (Generative Pre-Trained Transformer)?(%, Zn %
NEZ VR T7FH—vDITyA—KETA—XDT7—FTI7Fv%2bH &L

“EEETILTY,

1) A. Vaswani, etal. Attention Is All You Need. arXiv:1706.03762, 2017.
2) A.Radfold, et al. Improving language understanding by generative pre-training. Technical Report, 2018.

HRAKF 8 - [FMABMAR L & — #FF H—HF 2024 CC BY-NC-SA 29



VR TH—7

¢« FIVRTF—TDIVO—K - FTA—KROELESIX, (ZILF
~yR) FEMBLIBGERE -1 —JILxy N7 EREINEE

HRBICEA EITT-HDICHE>TVWET (RR—HSE) .

o RIINOBENTIFEBREOKEFEEGRZRS 2 & &=mgeic LIE=EE L, £
R T2ORINDEDIBRISTEFEITARNE A ZEBYIIEIRT 3%ENZ2 R
-LTWxd.

o BERZ1—FLFYy NT—JIFANE - FREE - - BHEH, SR DLE
NR—t7+barychY, FR2FRELENOZERET H7/-HDELEDEKE
#BRfE-LTWET,

e FSIURTHA—TTE, TNOLDNIBZLZERIZERYRT I ET, DELG
WOBIREBEDBERE OBEEMTITEITL, ZNODFEREDH EICXRY
HRRECEWS T ERITR>TWET,

e FIUVRT7A—TITHONIUEB LIS RIEETH B7-8, GPUD &

IWN—=F T2 T7ZHWVTHERNICZDINEZITI I ENTETET,
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ncodaing Encoding
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Inputs 1! Outputs
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HR1) D% —#BSkZ L <51

1) A. Vaswani, et al. Attention Is All You Need. arXiv:1706.03762, 2017.
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VR T A= ERBEEEETTIL

« 2018#F(ZIRE XN 7-BERT (Bidirectional Encoder Representations
from Transformers) Vi, PSR T74+—vDITYIA—KZEHDT —
¥TFIF ¥ EHEICLA-EBETIVCT.

« BERTTIL, TF X MhDHEED/UEDHHE (masked language
model) BLUVEZON=TDOXHTTLEREL TWLWi=hE WS RXF
AlofM@EzECE W) BeHEb Y FETERFEZITVET.

 BERTOFERFEEEFAET /I, SEFIFHEBRSEBNEDXRI T
T77AVFa—Zv7d352ET, ETLEZNODTFRERIITE
IS EBZENTEBLSICHY FL1.

@ Mask LM Mask LM \ /@ MAD StartEnd Spam
P @«

I P s
........ « P
BERT DR B Rl B O l BERT
®m. CiEE- @ EE- EEE- @
eeeeeeeeeeeeee > Masked Sentence B Question - Paragraph
\ Unlabeled Sentence A and B Pair / Question Answer Pair
Pre-training Fine-Tuning

XL DR & Y51
1) J. Devlin, etal. BERT: Pre-training of Deep Bidirectional Transformers for Language Understanding. arXiv:1810.04805, 2018.
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VR T A= ERBEEEETTIL

2018F ICIRE I N7-GPT (Generative Pre-Trained Transformer) Y
X, FIVRT7A—DTA—XEBADT—FTI/Fv—%bLlL
cEETETILTY.
GPTTIE, S5xoN=XRICHEEHEBZ AT EW) MEZHEL L
WO BHEHEH Y ZE TCERIFEEEITLWET.
DL ICERFEEIN-ETMIEECEE (autoregressive) SEET
IWERENE T,
BERTEI#k, GPTOERFERATT L2 I XTI FLEHASEBUED
TREAARZICELIERZENATED LS ICHY F L1
GPTIZZ D, FRIFTICHWET—XPETILOREEZAKZTLCTS
T TCIREDODARREEEZET /L (LLM) FEE L A 5G6GPT-2 (2019
F), GPT-3 (2020F) ~&EELF LT,
2022F(Z1%, GPT-3.50DLLMZ % &2 L7=ChatGPTOH—E XA
OpenAltth oI NE L 7=,

1) A.Radfold, et al. Improving language understanding by generative pre-training. Technical Report, 2018.
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Vision Transformer (ViT)

« Vision Transformer (ViT)VC BHiRZ /Sy FICHELTFND%E
h— 7/&LTF7/Z7¢ 7@1/: —ZICANDL, BERDFEX
Az ERNFEZITVET,

« VITIZERT — X COECHED Y FE W2 IEEGRDO X EEETT
51E) ICEPERIFEICAWSZ t%f%i?

-vnw%U?Eﬁ&%rwééiéi@@@wﬁw&zﬁf7 Yz
Fa1—ZVUTFTBIET, ETILEZZTNODTFTREARZICEILIES
NTEET.

Vision Transformer (ViT)

XERl) DR LY 51 A
1) A. Dosovitskiy, et al. An Image is Worth 16x16 Words: Transformers for Image Recognition at Scale. arXiv:2010.11929, 2020.
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CLIP

« CLIP (Contrastive Language-Image Pretraining)? |, AMEALE G
CTHXRAMDRTEH LICEFINLIALFE—FIL (BfR-E58) D
EBETILTY.

s THFRAIEROERNCHINTWET,

e TFXFRIMNeEHBERENFNEZTZTOI—X BIZIFNZ 74—~ &VIT) T
NERRIZ (N7 bL) ICEH#L £7.

« WERDEHRETFRIMNEDORY FLORNBAAEL A LS ICEHFS
ETVET

o TEm o e e mm e e Em R M e e e e e oy,

-’ S
/ \
(1) Contrastive pre-training ¢ (2) Create dataset classifier from label text
r=A 339
| P BHEHFEFLERANT
| I — N N
! YO avy b TOBEBRDEED RIEE
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l l i - l 1 1 a . Encoder
1 - ) I
T, T, | Ty ™ [ i ' 1
1 ' !
I LTy | 1T, -1 T - -l T :
1 S s e e N| (3) Use for zero-shot prediction I
T b | e e aT | L [Ty ] | o | T | | m :
.
Image | I Ty | 13Ty | LT | ' ' -
W—> Encoder > 3 o I N! Elrl:;i%?ar —> I LTy LTy | Ty | L LTy 1
DR o l |
— Iy IeTy [InTo [ InTs | o [T | S N A photo of 7
) N — e e e e e = —_— e - s

XE) D% —#RRE L T5IA
1) A. Radford, et al. Learning Transferable Visual Models From Natural Language Supervision. arXiv:2103.00020, 2021.
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T—7IC&Y), T—REZORBERREAOEMLEREFELXT.
« FEBERETNOEMIZERKAICHFRINTET,

- KREMNBRBEKRET IV
« ZHA— bz a—4& (Variational Autoencoder, VAE)

TR, > HERE — 3
£z Z XL

o BWUONEYERR Y b7 —2 (Generative Adversarial Networks, GAN)
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