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E cCalculator (I
= Equation solver D
M Text-to-image (I
Q. Web search
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| Transcription: \
| Hi, my name is SpeechGPT. Nice to L
meet you! !

|
\

(w\
Ly

(X:¥) SpeechGPT

[Human]: <43> <2> <64><33> ...... <534>

................

Discrete Speech Unit Extractor : Transcription:
1 Good morning, what is :

@ (..|||......|||........|||,._,||"_.) i your name?

...............

IREKIRE

BT ETERATRIS
REKIRE, STHFA.
{%\ %ﬂ:’)“ %/ \/:s_—_rE'E_E
BESHAESEMASE

<com><so> a0 <s0p> <cop<eon>

vvvvvvvvvvvvvvvv

‘music piece!”
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KBS

Predict the future

Current world
knowledge

Arbitrarily long
arithmetic

Extremely long inputs

Many-step reasoning

Information not in the
training data

The winner of the UEFA Euro 2028 is
{777}

The current stock price of APPL is {777}

36382894730 + 238302849204 = {777}

[2,000 page Harry Potter fan-fiction]
What happened after Harry opened the
chest for the second time? {777}

Take the nineteenth digit of Pi and
multiply it by the e to the fourth power.
The resulting ones-digit of the resulting
number is {777}

Robin’s favorite color is {777}

Examples Modified from Jason Wei’s Slides

(4"  YannLeCun
¢ = avlecun

| have claimed that Auto-Regressive LLMs are exponentially diverging
diffusion processes.

Here is the argument:

Let e be the probability that any generated token exits the tree of
"correct" answers.

Then the probability that an answer of length n is correct is (1-e)*n

1/

Unpopular Opinion about AR-LLMs

Auto-Regressive LLLMs are doomed.

>
» They cannot be made factual, non-toxic, etc.
» They are not controllable Tree of “correct”
answers Tree of all possible
. token sequences
» Probability e that any produced token takes ;
us outside of the set of correct answers

» Probability that answer of length n is
correct:

> P(correct) = (1-€)"

» This diverges exponentially.
» It’s not fixable (without a major redesign).

Fudan NLP Lab 5



What can’t LLM learn from next-word prediction?

Step 1: Finetune LLM on synthetic facts shown in one order

N Reversal Curse

N

.
n

the director of “A Journey Through Time.” j Learning:
to Description p(xy) — p(ylx)p(x)

Step 2: Evaluate LLM in both orders Predict:

— p(y|x)
- S— LY o 1d
L4 -
@ A: The director of “A Journey J p (x | y)
Through Time". LLMis correct.
| = X
=4 -
[q Q: Who directed “A Journey Through Time"? @
LLM s incorrect.

Berglund, L., Tong, M., Kaufmann, M., Balesni, M., Stickland, A.C., Korbak, T,, & Evans, O. (2023). The Reversal Curse: LLMs
trained on "A is B" fail to learn "B is A". ArXiv, abs/2309.12288.

Fudan NLP Lab




HHEIEES (World Model)

World Model: An artificial intelligence system that
is able to simulate and understand a model of the

environment and make decisions and predictions
based on that.

|

Figure 1. A World Model, from Scott McCloud’s Understanding
Comics. (McCloud, 1993; E, 2012)

David Ha, Jiirgen Schmidhuber, 2018, World Models: Can agents learn inside of their own dreams?

Fudan NLP Lab

At each time step, our agent
receives an observation from
the environment.

World Model

The Vision Model (V) encodes the
high-dimensional observation into
a low-dimensional latent vector.

The Memory RNN (M) integrates
the historical codes to create a
representation that can predict
future states.

A small Controller (C) uses the
representations from both
V and M to select good actions.

The agent performs actions that

go back and affect the environment.




FULLY LEABNED, FAST,
DEXTEROUS MANIPULATION

[1] Brohan A, Brown N, Carbajal J, et al. Rt-2: Vision-language-action models transfer web knowledge to robotic control[J]. arXiv preprint arXiv:2307.15818, 2023.
[2] Figure Status Update - OpenAl Speech-to-Speech Reasoning. https://www.youtube.com/watch?v=Sq1QZB5baNw

Fudan NLP Lab 8
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o

“Make me a cup of pour- Q
over coffee.”

Could you prepare a
proper gift for my
mom, she may like
color...

G) 1. “Scoop coffee beans”
2. “Pour beans into coffee

machine”

3. “Turn on coffee machine”
4. “Put funnel onto carafe”
5. “Pour powder into funnel”

K 6. “Pour water to funnel” /
o THUAPRE | SREENT S IES/BREREER | & ERSRIIEAT
* EANRERSTER | & SERSTER & QIEHGHIERIECE & BESHUTISRE
& ERMHFRANAER | ¢ B e

Fudan NLP Lab )



[ Environment ]

Look at the sky,
do you think it
will rain tomorrow? |
If so, give the

}'Q umbrella to me.

Reasoning from
the current weather
conditions and the

eather reports on

i)

the internet, it is Agent
likely to rain )
tomorrow. Here is
your umbrella. 3
N ‘%o

r

[ Perception ]

W

=
%

2_ o

iR

!""

-

4
$

Action

— Text

—  Tools }—

Calling API ...

{ Embodiment h

s 4O
dw%‘

KESERENT—HERR: R85+ tRIRE

Storage
Memory
\.

:”B)mg

Knowledge

CSummary Recall
v

Learn| |Retrieve

y

Generalize / Transfer

=

Decision Making

Planning
/ Reasoning

The Rise and Potential of Large Language Model Based Agents: A Survey, https://arxiv.org/abs/2309.07864

Fudan NLP Lab
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GPT-4oRIN T 58 KRU S I 4 AL BE 77

EASora AR RV INE AR B B RS M FIT R —E GPT-4oEEF MK —H1t . FE M., FRBAMYFHEER
HRGEZRLR, KONEMENEZFRA 157580, REWMHICHE., MM, BREZHTM
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tHSRURBISCH: JEPA

JEPA

A Path Towards
Autonomous Machine
Intelligence

Fudan NLP Lab

context
encoder
context
)
bl
target
encoder

— i

predictor
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BB RIERISEH]: Video-Language-Action Model

CALVIN Benchmark Dataset 3 S . = d . . . .
g : : Video-Language Pre-training Video-Language-Action Fine-tuning
Inputs : Learnable : Outputs - “move the door all
H : - th fo the right”
-Lcnguoge : Tokens 3 . * way o the g “putting chilli” “place rxbar chocolate | | “press the toaster
H . i Tha bl into paper bowl” ‘ switch”
! - grasp
ACTToken i Action : block in the drawer”
Image s :
H “push right the pink
: OBS Token Image block” r
Robot State : -—
“The video shows two | jﬁ’ | “push down the button to
people playing a card / turn on the led light”
Pre-train ase - game on a wooden table.” i
>>>>>> ;
GR-1 SopY gttt
Weights A
L e a7 GR-2
T A B 1 A person 1s arranging
flowers in a vase” >
Large-Scale Video Dataset : Real Robot Dataset L3
B : N\
o DRI o O : -
= Remier = . “A man is trimming a “Move the pot and drop “move any object from
“C adjusts the plant in his Z ARy 4 % S YL . . “‘i - tree branch with a pair " the right basket to the
hand® b “W“% s e LS P under two cans ig

of pruning shears.” left basket”

P e “ae RRNOIROY ’w ’! 'ﬁ =

[1] Wu H, Jing Y, Cheang C, et al. Unleashing large-scale video generative pre-training for visual robot manipulation[J]. arXiv preprint arXiv:2312.13139, 2023.

[2] Cheang C L, Chen G, Jing Y, et al. GR-2: A Generative Video-Language-Action Model with Web-Scale Knowledge for Robot Manipulation[J].
arXiv preprint arXiv:2410.06158, 2024.

Fudan NLP Lab




BB R{ERISEH]: Vision-Language-Action Model

Large-Scale Robot — OpenVLA —— Closed-Loop
Training Data P

Vision-Language-Action Model Robot Control Policy

) ) User: Wipe the table.
Fine-tune VLM w/ Robot Actions: ()

OpenVLA:
D) - [AX, A@, AGrip] = ...

g N Llama 2 7B _’g : &

ViT
S Base VLM y o
Fully

Open-Source

lég Data
~  Weights

f Q Code

Kim M J, Pertsch K, Karamcheti S, et al. OpenVLA: An Open-Source Vision-Language-Action Model[J]. arXiv preprint arXiv:2406.09246, 2024.
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GPT4: GS=<FaAItH5FRIRE?

GPT-4 vs ChatGPT

Prompt: Here we have a book, 9 eggs, a laptop, a bottle and a nail. Please tell me how to
stack them onto each other in a stable manner.

GPT-4:

One possible way to stack the objects onto each other in a stable manner is:

- Place the book flat on a level surface, such as a table or a floor. The book will serve as the base of
the stack and provide a large and sturdy support.

- Arrange the 9 eggs in a 3 by 3 square on top of the book, leaving some space between them. The eggs
will

form a second layer and distribute the weight evenly. Make sure the eggs are not cracked or broken, and
handle them gently to avoid dropping them.

- Place the laptop on top of the eggs, with the screen facing down and the keyboard facing up. The
laptop will fit snugly within the boundaries of the book and the eggs, and its flat and rigid surface
will provide a stable platform for the next layer. Make sure the laptop is closed and turned off, and do
not press any keys or buttons.

- Place the bottle on top of the laptop, with the cap facing up and the bottom facing down. The bottle
will add some height and balance to the stack, and its cylindrical shape will reduce the contact area
with the laptop. Make sure the bottle is empty and closed, and do not shake or tilt it.

- Place the nail on top of the bottle cap, with the pointy end facing up and the flat end facing down.
The nail will be the final and smallest object in the stack, and its sharp tip will prevent it from
rolling or sliding off the bottle. Make sure the nail is clean and straight, and do not touch or move
it.

BBM7LM, GPTAEBRENNZES

Bubeck, Sébastien, et al. "Sparks of artificial general intelligence: Early experiments with gpt-4." arXiv preprint
arXiv:2303.12712 (2023).

Fudan NLP
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Peter Jansen & Following
@peterjansen_ai
Can language models be used as world simulators? In our ACL 2024
paper, we show -- not really.

state s; |},..1

action a; | turn on the sink

“name”: “sink”, “properties”: {“isOn": false, ...}, "contains": ["cup"]
“name”: “cup”, “properties”: {"isContainer”: true, ...}, “contains": I E
“name”: “stove”, “properties”: {“isContainer”: true, ..}, “contains": [] |

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

ction: turn on/off |
Object: Sink
Description: A sink can fill the container in the sink with water if it is
on ...
Properties
- The sink is not openable
- The sink can be turned on or off
- Per tick, if the sink is on and there is any container in the sink
without water, fill it with water.

GPT-4 is only ~60% accurate at simulating state changes based on
common-sense tasks, like boiling water.

Preprint: https://arxiv.org/pdf/2406.06485
@allen_ai @MSFTResearch @aclmeeting

Can Language Models Serve as Text-Based World Simulators?

Ruoyao Wang', Graham Todd', Ziang Xiao®*, Xingdi Yuan
Marc-Alexandre Coté”, Peter Clark®, Peter Jansen'®
I'University of Arizona “Microsoft Research Montréal
‘New Y )rk University #Johns Hopkins University ‘»\lkn In\muln lur Al
{ruoyaowang, pajansen}@arizona.edu

ziang.xiao@jhu.edu {eric.yuan,m

PeterCQRallenai.org

Abstract
neme” Wk’ “propectes”. CeOn” e | “woeterw” o
Virtual environments play a key role in bench- e’ g, prepertes’. (uCommmner”. 3. “coramns” ||
marking advances in complex planning and R Sl IR Sk YD

decision-making tasks but are expensive and sction ¢, [l

complicated to build by hand. Can current 1
language models themselves serve as world -
simulators, correctly predicting how actions
change different world states, thus bypassing
the need for extensive manual coding? Our
goal is to answer this question in the context
of text-based simulators. Our approach is to

4

1

0 Jun 20

Fudan NLP Lab

game rules |

examples |

Full State Prediction

“name": "sink",
"properties”: {"isOn": true, ...},
“contains": ["cup”]

i)

1Y

State Difference Prediction

| Modified:
il

“name": "sink",
"properties": {"isOn": true, ...},
“contains": [“cup"]

"name"™: "Cup",

"properties"; {"isContainer": true, ...},
"contains":

|| Added:

"name": "cup",
"properties"; {"i tainer": true, ...},
“contains": [m;
.

"name": "stove",
"properties": {"isContainer": true, ...},
“contains”: []

e St+1

i1 Removed: []

A(stv5t+1)§

Figure 1: An overview of our two approaches using an
LLM as a text game simulator. The example shows the
process that a cup in the sink is filled by water after

turning on the sink. The

full state prediction includes

all objects in the game including the unrelated stove,

while the state difference

prediction excludes the unre-

lated stove. State changes caused by F,. and F,, are
highlighted in yellow and - respectively.
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Language Model f¢5

alalayalala

Projection W H H PaLM-E: An Embodied Multimodal Model
Z, T q
Vision Encoder X, Image Xq Language Instruction Given <emb> ... <img> Q: How to grasp blue block? A: First, grasp yellow block
- .
LLaVA - viT
o s
Image —— (Goog
- [ — This is a video about a racing
..... m O video game. In the video, the - Ei
> Eé g g< P 8_> @ s:?l::z c;;:tb;icl:hr:ci:gciar"i: Control A: First, grasp yeIIOW block and ...
. Q= O engine whirled and roz;red
Video = ooog == —| loudly.There is also a white and

blue sign and utility poles under
a clear blue sky.

[ O LLM Language Response
it i o
» g O
Audio | oooo

Language Can you elab on thew
Instruction elements of the video?

ChatBridge
Fudan NLP Lab
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RSER

Continuous Signals LLM input&output

/— Image/Video “\ ( \
MONDAY.

Discrete tokens
~ Don’t waste food
v
D Subword Tokenization
— |
bl
Do n’t waste || food

ECG signal

jormal noise

I 1 I I 1 1 I
-3
[ 100 200 300 400 500 600 700 800 200 1000
Samples

Fudan NLP Lab




RSER

Continuous Signals

/— Image/Video “\
MONDAY.

JUST._MONDAY.
T T |I» Zm#1¢(Discrete tokens )?

ECG signal

I 1 I I 1 1 I
-3
[ 100 200 300 400 500 600 700 800 200 1000
Samples

Fudan NLP Lab
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“It was the night---
silent night, whence ...”

5 O ||
speech image \  music |
de-tokenize de-tokenizei \de-tokenizer)
,

<sos> ‘Speechtokens <eos>  Texttokens <soi> 4 Imagetokens <eoi> <som> “ Music tokens <eom>

DETES

"y

l ANYGPT

<sos> ‘Speechtokens <eos>  Texttokens <soi> 4 Imagetokens <eoi> <som> ’Musictokens <eom>

; ———
speech image /7’ music
tokenizer o tokenizer || tokenizer \|
Ji —
W\ jize

text
speech image music

[ P ERRILASIRAIAM (Token) ]

AnyGPT: Unified Multimodal LLM with Discrete Sequence Modeling, ACL 2024
Fudan NLP Lab




RS &

Transcription:
generate a music
for this image.
L

speech image
tokenizer tokenizer

<soh><sop> <eop> <soi> <eoi> <eoh><soa><som> <eom><sot> <eot> <sop>

Auto-regressive Language Model

[ 20 SR 2 N 2N N 2 JNNE 2NN 2N JRNE 2 JNNNE ZNNE ZN N

<sop> <eop> <soi> <eoi> <eoh> <soa><som> <eom><sot> <eot> <sop> <eop><eoa>
| music speech
| de-tokenizer\ de-tokenizer
— | . .
“ Enjoy this
music piece! ”

a5}
d%1 i3y TR
I ;i i Transcription:

e Enjoy this

music piece!

[ EEIESESHA, EEIESEARE ]
AnyGPT: Unified Multimodal LLM with Discrete Sequence Modeling, ACL 2024
Fudan NLP Lab
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AnyGPT7Rfl

e “It was the night--- i"v e a;

silent night, whence ...”
speech image | music |
de-tokenize de-tokenizer| de-tokenizer/

<sos> Speechtokens <eos> Texttokens <soi> 7 Imagetokens <eoi> <som> @B Musictokens <eom>

ANYGPT

<sos> @hSpeechtokens <eos> Texttokens <soi> 7 Imagetokens <eoi> <som> @B Musictokens <eom>

[ . 1\ .
speech image music
tokenizer || tokenizer \ tokenizer \

\\\\\\\

Y s A gL

speech image music
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SpeechGPT2

SpeechGPT2:
End-to-end Human-Like Spoken Chatbot

Demo

Fudan NLP Lab
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{H5R4RBISCHl: Dynalang

v

World Model

22 I% 23 E%
World Model

\, N, S A

(a) World Model Learning (b) Learning to Act by Latent Imagination
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HEIERISEH): Language-Guided World Models (LWMs)

Language-guided

B
-I-"
o,

world model
The mage is
dangerous
, . LTS B BLLEL
® 3 Adapt world model
EMMA (5 EMMA (3

] l | 1 1
O 8 [ O
Transformer
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