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» KiESEENEBRAGIRIRE

ChatGPT

0% 4 A

Examples Capabilities Limitations

Remembers what user said
earlier in the conversation

May occasionally generate
incorrect information

"Explain quantum computing in
simple terms" =

May occasionally produce
harmful instructions or biased
content

Allows user to provide follow-
up corrections

"Got any creative ideas for a 10
year old's birthday?" =

"How do | make an HTTP
request in Javascript?" =

Trained to decline inappropriate
requests Limited knowledge of world and

events after 2021

AN FRTAE

AR TN IR iR &R =

ChatGPTEHEEBEAILEEE AT OpenAl
£2022£F 11 B#EH A9 & pE U RS i Tl 25
KIESEE,
BUANIERIG I
HEeS D1 ZELEMER, #IAFEIR,
IEfRpRIiR, HIEEAESE

ChatG PT
\ .

Pre-trained

T3 H, YWigEAES
[REEAR

Transformer

Generative
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» 2016EA9Chatbot VS ChatGPT TFEIChatbot

l#(domain) . SE (intent). jFtE (slot) EXHRELIFER XiSS1EE + Prompting

ERABEATLERE

Siri INERZF INE

AR SRR & £ F N BF AT NiDD At s#ssszes



» KigSREIKEBRAGIAYRE

AZ =] aFEk &S 8Bug NFERBHS
N L P jj \\ ! TL;DR summarization Python bug fixer Movie to Emoji
>~ i -~ Summarize text by adding a 'tl;dr:' to the en... Find and fix bugs in source code Convert movie titles into emoji
NP FEHETYE ESHXHEA ERAEEE
[} / \ —‘— 7|< Spreadsheet creator ° JavaScript helper chatbot Translate programming languages
J , . :I 7 l_l\ ’ ' K Create spreadsheets of various kinds of dat. Message-style bot that answers JavaScript Translate from one programming language
MIBEIHEA BREE REDRE
- TE m Y $ Q:I: *’j 1 n ML/AI language model tutor Science fiction book list maker Explain code
N J4Y 4|: , : ‘ = -
SIS =A e BRI E PythonR BB
Q&A PO Grammar correction Python to natural language
u I $ ;ﬁ g }Fﬁ SE H o Answer questions based on existing knowle. - Corrects sentences into standard English Explain a piece of Python code in human un.
G CERinils REHR H£MOpenAifIftE AR AR
Summarize for a 2nd grader Natural language to OpenAI API Calculate Time Complexity
[} %ﬂ ﬁb |\Dj /‘_é‘ Xj_ \E \Dj /‘_’\_ n Translates difficult text into simpler concep. Create code to call to the OpenAT APT usin Find the time complexity of a function
IR = =GRS EFOYER EE@iE HRIEE TS
Text to command English to other languages Advanced tweet classifier
N, \* 7: 7: Translate text into programmatic commands o Translates English text into French, Spanish Advanced sentiment detection for a piece o.
= |R)EE =P o
+ &2 71N La o StripeEIFRAPI4ERL SQUIEGIER $@=imEy
i ceni AN "
B B S . EBFESEE ESRBX A 433
| ’ | E% gg 1 7 St Javascript to Python Friend chat ESRB rating
E :F y -Lm :l E 1:|: = Convert simple JavaScript expressions into Emulate a text message conversation. Categorize text based upon ESRB ratings
. : E BEER R £A5E (FRER)
] AN I o Mood to color > Write a Python docstring Recipe creator (eat at your own risk)
e Turn a text description into a color. An example of how to create a docstring for ... Create a recipe from a list of ingredients.
s c BEEIE R ESE X
u -L ~ E — E Z + Analogy maker JavaScript one line function Marv the sarcastic chat bot
m I - m Vi L\,\ — E Create analogies. Modified from a communi.. = Turn a JavaScript function into a one liner. Marv is a factual chatbot that is also sarcas
B BIE AFREER RWER
| Micro horror story creator 3 Third-person converter Restaurant review creator
o0 000 Creates two to three sentence short horror L' Converts first-person POV to the third-pers. Turn a few words into a restaurant review
EGH LR 5 . .
> Notes to summary VR fitness idea generator Interview questions
L' Turn meeting notes into a summary. Create ideas for fitness and virtual reality g Create interview questions

AR IR &R £ H
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D
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» KigSREIKEBRAGIAYRE

(= ~
/ 9 B Vs G GShard s mT5 Open-Source
— 2019 —— .
S 2021 / ,g% LoD AT #-E; Jurassic-1
GPT-3 @/ o ~ &/ PLUG Lass: HyperCLOVA
Ernie 3.0 é‘!f o 7%, LaMDA
N (= &
< FLAN

BLOOM O 9-10 — 3AAI CPM-2
[F il et
MTNLGE S / \ mspur Yuan 1.0 Q Gopher O AlphaCode

Codex @ S
TO = o Chinchilla

GLaM
WebGPT @ / \ G oL r
(1) g PanGu-X
Ernie 3.0 Titanw 2022 ~ HUAWEI anu
InstructGPT \ q UL2 0 Sparrow
GPT-NeoX-208 [ 1- 1\ 5 ram {5 Fan-1s \.7 Bard
I G )
— [— Tk-Instruct Ai2 > { — / G Flan-Pal.M @.‘i ERNIE Bot
& oPT 09 7-10 Q) LLaMA
BLOOMZ '+ GLM &) / T2 — |
. 2023 — 1-3
Galatica 0OX AlexaTM g___
OPT-IML (X ChatGPT GP’M@

Fig. 1. A timeline of existing large language models (having a size larger than 10B) in recent years. We mark the open-source LLMs in yellow color.
A Survey of Large Language Models, 2023
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» KigSREKEBRAGIAYRE

INEEFIR REFIEE — .
195021990 2010;2017 AGI (Artificial General Intelligence)
1 1
solution (1): emergent solution (2): explicit
learn context abilities learned from  and new mechanisms
knowledge plan big data via big model & to learn such abilities
P ® s create
EENBEIEE KHUARTGHRE , 2o
1 ~201 2018~20237?
SR0A0ED = read (language understanding)
S . Femenrd see (visual understanding) » speak (speech synthesis)
Anention in Neural
“"?:"'“‘"’?“‘ (Google) g & Horm 3
Forwead . hear (speech recognition) + draw (visual generation)
I | 5
1 2 touch, taste, smell, and other senses * act (robotics)
2014 2015~-2016 =
Recurrent Models of Anention-based Positional e ® Positional L =
" Ve Aldon RNNICNN in NLP Encoding e 4 e e gy - an AGI agent can understand -_ -a .
ﬁigéﬁ Embsding TS B —— or learn any intellectual task
=" Transformer FERAHLEI . 'w%u;M;“) :EE:I, V-T Whlsper that a human being can GPT 3 ccgizx Dw)z CEZ,?,LEPT

EHEHRES REFS BEFARENFES

B— NI ROEIFBNE inEinith R E—I7R 21 R in 2 i (o) B — IR AR IR
FFa#, FNER =3

wmR
e

%E End to End

[SRETR R

(
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SRENIRHINARE

100,000 -9

’/’ /| OpenAI

i i f GPT 1{
e " ;228
E Ld * 4 !
3 - 8 /,
@ 1,000 o »
E cg;?; - " ® Decoder
© 2 B z OpenAI
o ‘ < (175B) _ . Megatron-Turing @ cponal
% 100 NVIDIA. _-”7 NLG (530B) OPT | ChatGPT, GPT-1
0 Megatron-LM P AN (175B) . (175B2) |
= _ (8.3B) P Turning-NLGM|" nvioia™ | 00 Meta Al
Z 10 ~ = @72 N Transformer — 15
= .-°7 [(1B).::
= OpenAI 5 ENH
o 1 ~-GPT2 ©
EH! GRL " (1.5B)Openar
BART-Large
0.1 3 BERT-Large  (400M) 0 BERT
"ELMo (340M_): e
©4M) Ai2 Encoder
0.01 , , » 2017
2018 2019 2020 2021 2022 2023 e o
(5

Large Language Models: A New Moore's Law? - Hugging Face

ABESIREL: BEPARES
TEXWI"_.HI:.,U\L
BERE:

AR TN IR iR &R =

*EFU

AN FRTAE

=84, DecoderXEYH[H]3

\E—\—
Tas

HRESGABEREEE, FEERTREONRER, X& GPTRS
THEN, KR BERT?B?’J

Encoder-DecoderZE#y, EncodersRElNERILIES LI

GPT-2

BART — M2m-100 —

RoBERTa — XLM

chatGPT

/

InstructGPT

GPT-3

BigBird

ALBERT

ELECTRA

KZFATSFIBARTE:

ND
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» BERT Fl GPT SRETFAEE, #7E" HHE"

g,) GPT #] BERT X BIZ{t+4

GPT (Generative Pre-training Transformer) 1 BERT (Bidirectional Encoder
Representations from Transformers) #&&T Transformer REFYILFIESRE, =T
ATFEHEMESHEES, FINXESE. fREMIRGE. NEAHFEE. MENIEX

AETUT A AE: ST i

1. FEHXAR: GPT 2—ME[MESIRE, BEIAEMNSEFFTNENNSER
5|, i BERT M2—MRN@AiESKE, BNEEEREEAEFHNERIEFETISRFN AR
BiEHRT. T

2. B#rAREl: GPT MEMRBERT—18iE, BIBETETE—BXAE, Ml T—RiEa0E
2% i BERT HEMmETNFO8iE, BETAE—BXA, MUSTRIENRER
T, HPRORanRne A TFEMESS.

3. MGEBIEETRE: GPT EEEM T EBW LNAMRXALIESR, fINEEEH.

8. /MRZEZ%; 7 BERT NIZEZE(F A T BooksCorpus 1 Wikipedia #1138, Hrh %EP fﬁ]ﬂ‘]?, ﬁﬁ%ﬂ?iﬁ? E-F—/l\$ - ?ﬁt@gﬂij‘{
BooksCorpus 8127 800 AAEBMXA, Wikipedia HERESTHEEETRINAE,

4. BEENTRE: GPT TEHZ Transformer fRi3234M, M BERT MHZ

Transformer {Ri82348 8, Eh BERT NERGE—ESMEEMIARFIRET, M GPT I

RBEBE— 2FNET, ®  20SExR ®ITE205

B2, GPT #l BERT Al AN. Bin. MllFEESRNRESWELTEE —ENX7.
MEHZENBRESLETENRIEARA R, JUNATFEHREMESLERESSD, #
DS TIEBFNER.
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» KESHEEFARMIRRIELO - BIRRFRE

ZFimgeiEh —&5 | N ESAIRIREL

£~ S SV N Bk
« Zero Shot Prompting
« Few Shot Prompting
« In Context Learning

e Instruction

BB EANIRRIEE )l

 Ta

EBE :

Hasinz '

XAHE ) E/ER )

&S T EXERY o
- Jgﬂ :Tj‘[ﬁg J B —aKEAF] [RAYE J

|

LLM

AR SN AR iR & 2 T HE N EF RS X

In-Context Learning

Summarization

Summarize the
following text:

What color 2.2
is the &*6 “ What

color

panda? A Yellow
Black and '; thg
white =

T

General-Purpose Interface

]

T

T T

Q: What's this?
A

I T I I
Language i [ Vision J tl

Determine the
Surface Book sentiment: “spiffy

Visual Question

animated feature”

Multilingual

“Tuskegee fooiball
coach and athletic

Answer in English
PEIEEBEBE?
A

director says .."
What's the topic?

Instruction Following _
Sports
with Finetuned Models L=

Classification

Cross-Lingual
Question
Answering

Multi-Turn Dialogue

What is MetaLM?

General-Purpose Interface

sl | (audio)
AGI
VSIS R A?

Semi-causal
language modeling
Is it
Nt
] semi-
causal?

kiR: Language Models are General-Purpose Interfaces

Finetune on many tasks (“instruction-tuning”)

| Input (Commonsense Reasoning)

Here is a goal: Get a cool sleep on
summer days.
How would you accomplish this goal?

OPTIONS:
-Keep stack of pillow cases in fridge.
-Keep stack of pillow cases in oven.

Target

keep stack of pillow cases in fridge

Input (Translation)
Translate this sentence to
Spanish:

The new office building
was built in less than three
months.

Tar

El nuevo edificio de oficinas
se construyé en tres meses.

Sentiment analysis tasks
Coreference resolution tasks

—

Inference on unseen task type

E

Premise: At my age you will probably
have learnt one lesson.

Hypothesis: It's not certain how many
lessons you'll learn by your thirties.

Does the premise entail the hypothesis?

OPTIONS:
-yes  -itis not possible to tell = -no

FLAN Response
It is not possible to tell

kKil&: Finetuned Language Models Are Zero-Shot Learners
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» R ITIEIDEFRIEZ$300K

Sam Altman ©
rsama
-
A}
Prompt EI‘IQII‘IEEI’E”E km!k writing a really great prompt for a chatbot persona is an amazingly high-
leverage skill and an early example of programming in a little bit of
natural language

20225 128,Riley Goodsidefil AScaleAlf AT £t RE— 1 Prompt Engineer(i27=T
2Im), BREHFERER.

MEChatGPTRELD, B HHFIARHPromptEngineers kEFH"SR "B CHAREE, OpenAlBIEA : MM&EQ&LE_&E
SZEAEREHPromptz FERNEE, Prompt EngineerBAMANNATESR"R EELIRAEE, XEEE BIZPIFA 2
H"BERZ—,

6:23 AM - Feb 21, 2023 - 1.5M Views

Dalton Caldwell £
@daltonc

PromptHub

7:29 AM - Feb 21, 2023 - WTTK Views

ZGitHub L, —MESAMEAPromptiYiEsITERE
BB A S T 5k+ ~ o

| Guides L

PROMPI,2
ENGINE

The following are & set of guides on prompt engneenng developed by us. Guides are work in progress.

« Prompt ENgINeening - INtroduction

+ Prompt Engineer Basic Prompting

®sopmacART

Agversanal Promgting

ng

+ Prompl Engineering - Advanced Prompling
+ Prompl Engineening -
ng -

+ Prompt Enginser Misceilaneous Topecs

AURZHIRPETE £ EE A\ BT AR £ NiDD A sfmanzes
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» KESRERN "BIELE" BRETFEA: IRRIE

A prompt is composed with the following components: FrompE

e |nstructions ------rreemmmeeeeeeneeeeeee. ; Task Description — ((I T T e apear
é I loved this movie!

‘ ConteXt : Frample ! This review is: Positive

® |ﬂput data TrTTTTmTTmTmTmmmme i Example 2 What a waste of time.

' H This review is: Negative
Output indicator . nput
\ : : Review: | enjoyed this movie.
' ' Current Input -
P This review is: (D)

Language

Model
Completion

D
Classify the text into nelutral, negative or positive Output

+ Positive ¢bo00000003050000000000a
Text: I think the food was okay.

:1, Sentiment:

An example bringing together the various components of a prompt. We can also repeat the task
description with each example to emphasize the instruction to the model.

AR EH R & £ E A\ SF R4t NiD A'**M*ﬁﬁ’iw“'%fi-‘-;

Al*software, Develo@wnt Digital stmmit
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» KiESIRER “BHIETiE" BRIERER: RxIiExh)

Text Summarization Question Answering

Antibiotics are a type of medication used to treat Answer the question based on the context below. Keep the
bacterial infections. They work by either killing the answer short and concise. Respond "Unsure about answer”
bacteria or preventing them from reproducing, allowing if not sure about the answer.

% the body’s immune system to fight off the infection. . .

£---f> Antibiotics are usually taken orally in the form of Context: Teplizumab traces its roots to a New Jersey drug

o pills, capsules, or liquid solutions, or sometimes company called Ortho Phgrmaceutlcal. There, scientists
administered intravenously. They are not effective generated an early version of the antibody, dubbed OKT3.
against viral infections, and using them inappropriately Originally sourced from mice, the molecule was able to
can lead to antibiotic resistance. bind to the surface of T cells and limit their cell-

5 killing potential. In 1986, it was approved to help

S...l» Explain the above in one sentence: prevent organ rejection after kidney transplants, making

§ it the first therapeutic antibody allowed for human use.
Antibiotics are medications used to treat bacterial Question: What was OKT3 originally sourced from?
infections by either killing the bacteria or stopping )
them from reproducing, but they are not effective against Answer: Mice.

viruses and overuse can lead to antibiotic resistance.

AR ShER (R & 2 T 3\ B AT ND A'**f*fﬁﬁﬂiﬂ
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» KiESIRER “BHIETiE" BRIERER: RxIiExh)

Text Classification Role Playing

The following is a conversation with an AI research
assistant. The assistant tone is technical and
scientific.

Classify the text into neutral, negative or positive.
Human: Hello, who are you?

Text: I think the food was okay. AI: Greeting! I am an AI research assistant. How can I
help you today?

Human: Can you tell me about the creation of blackholes?
AI: Sure! Black holes are regions of spacetime where the
gravitational force is so strong that nothing, not even
light, can escape from it. They are created when a very
massive star dies and its core collapses in on itself,
forming a singularity of infinite density. The intense
gravity of the singularity pulls in all the matter and
radiation around it, creating the black hole.

Sentiment: Neutral

AR ShER (R & 2 T 3\ B AT ND A'*{*ﬁ”ﬁ?“@%
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> KIESIERN “BSETE"

Code Generation

BRI EF:

Reasoning

armrn

Table departments, columns = [DepartmentId,
DepartmentName ]

Table students, columns = [DepartmentId, StudentId,
StudentName ]

Create a MySQL query for all students in the Computer
Science Department

amrn

SELECT StudentId, StudentName

FROM students

WHERE DepartmentId IN (SELECT DepartmentId FROM
departments WHERE DepartmentName = 'Computer Science');

IR LSRG

32, 5, 13, 82, 7, 1.

is odd or even.

0dd numbers: 15, 5, 13, 7, 1
Sum: 41
41 is an odd number.

ARSI R (48 & = HE N\ EF R K

The odd numbers in this group add up to an even number: 15,

Solve by breaking the problem into steps.
the odd numbers, add them, and indicate whether the result

First, identify

ND

Al* EMEFEH&‘%'?IE%

AI*software Develo@wnt D|g|ta| stlrnmlt
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» KESREN "SR BSRIEREH: IRxIiESA

Zero-Shot

Self-Consistency
Chain-of-Thought
* Involves adding "Let's think step by step” to the original Srovs Eodny: After they aro dumer there will be 21 trece. Row many trece did
prompt :lzewgr::zrzo‘frliiiisIEI:EZe:?diZ:cer we have 21 trees. The difference must be the

number of trees they planted. So, they must have planted 21 - 15 = 6 trees.
The answer is 6.

I went to the market and bought 10 apples. I gave 2 apples Q: If there are 3 cars in the parking lot and 2 more cars arrive, how many
to the neighbor and 2 to the repairman. I then went and cars are in the parking lot?

bought 5 more apples and ate 1. How many apples did I A: Thefe are 3 cars in the Parklng lot already. 2 more arrive. Now there are
remain with? 3 + 2 =5 cars. The answer is 5.

11 apples
PP Q: Olivia has $23. She bought five bagels for $3 each. How much money does

she have left?
A: She bought 5 bagels for $3 each. This means she spent 5

I went to the market and bought 10 apples. I gave 2 apples

to the neighbor and 2 to the repairman. I then went and Q: When I was 6 my sister was half my age. Now I'm 70 how old is my sister?
1 A:

bought 5 more apples and ate 1. How many apples did I

remain with?

> Let's think step by step. When I was 6 my sister was half my age, so she was 3. Now I am 70, so she

is 70 - 3 = 67. The answer is 67.

First, you started with 10 apples.

You gave away 2 apples to the neighbor and 2 to the
repairman, so you had 6 apples left.

Then you bought 5 more apples, so now you had 11 apples.
Finally, you ate 1 apple, so you would remain with 10
apples.

When the narrator was 6, his sister was half his age, which is 3. Now
that the narrator is 70, his sister would be 70 - 3 = 67 years old. The
answer is 67.

When the narrator was 6, his sister was half his age, which is 3. Now
that the narrator is 70, his sister would be 70 - 3 = 67 years old. The
answer is 67.

Output 3 Output2 Output 1

Source: Large Lanquage Models are Zero-Shot Reasoners
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» ZEHDTIMGEEE: ChatGPT AT AREEERRS?

ChatGPT A5 A Bx M

ChatGPT ZNIREFHEM . —FHAEMIENEMRIGRARK, S—FAENRERESHFRMNABRTHORIL, BMRFNERXIXAEREF2EZSHANEN, BRICTH2Z
MR R ChatGPTEBRZNAEZrI, VARG HEEEE—REE. BRIl ChatGPT FZiZMAART Google,

CHATGPT
& OpenAl

LR

Go gle

AMRRE

HILZT, Google BHEANRIIMLHEE, thiRMUER. it £ ChatGPT MEMIRER, ERNNBEELERT .

EESHENTR, itfRREHDEMENEEREN TERXEF . ChatGPT EFEEMBIEHZNXATRHNLE, ZIEEESH
B3 I, Google ZWBHIERHME TFacebook; TIFDjh, £T 2021 fF, StisEEN, AN EAMBNERR, TE
Fx@iE, 18 Google ERIRIBANEAREFSIE, FEZRITH

Twitter, Facebook,

AIRSHERSTRR £ i A B F AR NiD A'**‘*%ﬁ*“@*
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YENABIE, BRIESWIEMOREASER, BNEINEINTSREN:

1. EEE. #iE. DETEREMG LRRORMREAT", TUEHEXASNEENIT
fir.
2. SRR e R TP E R AER QS B RS A Mk,

3. FE=iMNIKERRREDIS, TEZRIREASERL.
SRRAELHE 5;'? B

IR, BEN—TATEEESRE, TEAINRRSERHRSER. HEZHHHNERS

TR ELE A S R S A AR SRR R .

{RANfEIEFF2022F I FRARLETRER

fER—TATREEES R, RREHEANMNE), BFETURROSE, Bit, BF O 0

REMf 2022 F tH RMMEERERFTETTUNRER . A, HRMFE—TERENIEEE
£, ERSITHERARENRE, HATURBRSFELLFPERIETEALLTHRNIRRIE R
HeRmn.

HANEF T

» KiESEREFEHNARE

BATEHE, REEMRE:, B2E6RME, EIR0RK......,
4R, BHBRTREE2106RE, XEEHAZ MR

FEMATTHHXIEERAZ DR, BREEE, WRTE—ES:

2106 = (2+ (2+4) +(2+2x4) + ..+ (24 (n-2) x4) + (2 + (n-1) x 4)
BILAR XTI, B

2106 =[2xn+4x(1+2+...+(n-1)]/2

HEESE:

2106 = (2n + 4n"2 - 4n) / 2

Bp:

2n*2 +n-1053=0

#1Sn =~ 32,6, BNHB32E.

fiE, BOAAABFEZIIRTAXRT BN EH, RE1EFRE, AERhd,

nEnEA:
an=al+(n-1)d
FIRFEHIIRMAN, FIABR:

BB =(al+an)xn/2=(2a1+(n-N)d)xn/2

ERER:
5554584

fAal=2, d=4, n=32, FIBHHNSEN:
(2x2+(32-1)x4) x32/2=2112

B, XEEHE211211,

REBLEREE—EZ

G

7 "Adn" , 85—
NEZ:DYASE]
IRrEEARAERERE,
ZLERSZ "RIERNEIE"
TEEmSEH N MELA
ﬁ,W?%ﬁ%¢ﬁ%”

TIEL\ [=] ll_l\

ToiZ B, Fa) &R,

WEEMEsfqmwg

ﬂﬁ%%%%,mﬁﬁﬁ
Zl'ﬁ1l:l I

AMERYFATENEEH
BE

D AI*EM!FEH&"#I#EA

Al*software, Develo@wnt D|g|ta| stlmmlt
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HMIREE ChatGPT ERDHABRIKEN, 3 S EIRRARR =5 ChatGPT HAR— M BEEA, RMitEd
RRERRT. —  ETERR, FUETTE
. 1. &FL, ChatGPTE— M ERMAIKE 1. ChatGPTEBIH B EAMAIMKIE
D RENHG TR A —— PN NE RS % 7, {BEMEEUNSRERT Al RRAIEAS
-l'/ \ s 71\ 7, kSRR SN
2. OpenAIFRIIRHNESE—RZ. BRES 2. ChatGPTHVER, FHiFRE, tIET
B B, IF—EHE
KR EE ChatGPT A SEMIBERIE. SMMNR RARE AERREIGH IR R RS
2 F, SPERARARSERE. AR B AR AR TA2SSMAE .
1. BEINBRSISBEBR G 1. FIAGPT-369 SIFERR 1200 H T
%‘& 2. ABIAENEALRALLMEISTEER =8 2. BOpenAlfliDeepMind, JLFBEE
2 Jl_l\ BER B R IHIA
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A
& lf_'l' XT_I- % E‘-U LLM E"J Z:E B ?‘E% ﬁ] ]:HEIE H:ll g —L Eﬂi& iéltﬁﬁ ' e BT EET ERMES
BlIanELMAIRMNETR, BLMANEFAESHE  ———
BRAERREE F TYER, FAEBANEEN,
XS R SRR IEIRIE SRR (ALMs) i
% fEE (Reasoning) : BERIFDHEMRERE emEE
BIFES, IMTLIEE s T
. 7 SRR
HEE% it %L.F I;% ° ERTRMTA Minds Eye(FR— M3 | SERTHImAT SN
« TH (Too | ) W EINERE R ' & XTALM AN IERIESIRE ( | PALUGRISIEIR. Mt TS SRR
9 B YIEtH R FE A B, ALMs) BIFSERIIAERERLTITE | @58, FHSSWRLpython{tis)
B e
* 45 (Act) 1 BRA— RSB REY -
Mg TEHMEREER, BEBNALMEISHE
J: —F j o
¢ AR BENTATURER—MERE, e
—HHRBIIEBLMEY £ TSR EF MR T
SE WESERIME BB TR R B IE tH 57 FIR, ERLARGTS e
G2 TEFT LM RN ACER. ]
AR

S&&: Augmented Language Models: a Survey (Yann Lecun et al.)
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IBEXHEEAR1: SRIRTIE

Chain-of-Thought (Wei et al., 2022) Program-aided Language models (this work)

(gt ) G
\ Q: Roger has 5 tennis balls. He buys 2 more cans of \

tennis balls. Each can has 3 tennis balls. How many

Q: Roger has 5 tennis balls. He buys 2 more cans of tennis balls does he have now?
tennis balls. Each can has 3 tennis balls. How many
tennis balls does he have now? A: Roger started with 5 tennis balls.

tennis _balls = 5

bought balls = 2 * 3

[ERRISIBalS. The answer is

Q: The bakers at the Beverly Hills Bakery baked 200 answer = tennis balls + bought balls

loaves of bread on Monday morning. They sold 93 loaves - -

in the morning and 39 loaves in the afternoon. A grocery Q: The bakers at the Beverly Hills Bakery baked 200
store returned 6 unsold loaves. How many loaves of loaves of bread on Monday morning. They sold 93 loaves

bread did they have left? in the morning and 39 loaves in the afternoon. A grocery

store returned 6 unsold loaves. How many loaves of bread

\ J \_did they have left? J
“Model Output  Model Output )

r— [ e —— b

loaves baked = 200

loaves_sold morning = 93
The answer is 62. x loaves sold afternoon = 39
\ i loaves_returned = 6
The answer is
answer = loaves_baked - loaves_sold morning

- loaves_sold afternoon + loaves_ returned

>t N )

N

Source: PAL: Program-aided Language Models

AR SR & £ N\ SRR iDD A ntmREE
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logic and structure

A =
> |
ra .@, N\ é &EE E SR GRS —— Levell —— ,—— Level2 ——~ ,— Level3 —
1"+ % + Question: A and B start a Question: A restaurant has 3 chefs, Question:  There are 3 prime
tion: A has 3 chef ! business ... After 2 years, they ... of Chef A worked for 8 hours, Chef B numbers in ascending order. The
Question: A restaurant has 3 chefs. [} ~ Rs. 48,000. What is B's share in the worked for 6.5 hours, and Chef C multiplication of the first 2 is 77 and
e ey L ¢ omplexity — Impacted profit if they divided the profit in the worked for 9.25 hours. How many that of the last 2 is 91. What is the
worked for 6.5 hours, and Chef C ' . ratio of their investments? minutes did the chefs work in total? last number?
worked for 9.25 hours. How many [ Reasoning Score
minutes did the chefs work in total? | | ———A A “"python python python
J AT g:i*i # Total investment = 60000+80000 chef A hours= 8§ from sympy import primerange
hpf\ihl;lﬂ . o) o E"\hﬁ = 140000 chef B _hours = 6.5 primes = list(primerange(1, 92))
chef A hours = & B Ty b f . # A's share = (60000/140000) * 48000 chef C_hours =9.25 for i in range(len(primes)):
chef B_hours = 6.5 gw T T 1 é gnw I.E HIREEE =20571.43 total_hours = chef A_hours + for j in range(i+1, len(primes)):
chef_C_hours = 9.25 H \ 2 * / oo chef B_hours + chef C_hours if primes[i] * primes[j] == 77:
total hours = chef A hours + ! ~—— B_share_in_profit = 27428.57 total_minutes = total_hours * 60
chef B_hours + chef C_hours ! . . . print(B_share in_profit) rint(total_minutes int(last_pri
total minutes = total hours * 60 i Rationale Complexity Analysis U T T prinotal ) prntlast prime)
- - v - AN AN J

print(total_minutes)

Solution lIIl — M :
v

Textual, fewer programming rationale  Simple, direct programming rationale Complex programming rationale

Figure 4: Examples of different of complexities and levels.
What’s the crucial factor for reasoning?

Figure 1: We leverage code data to analyze what kind of Y Rationale-Code
. . . e — - 79.0
data is crucial for reasoning abilities of LLMs models. mmﬁfgjgxﬂ&ﬂﬂg{’ﬁm’ 25| Rationale-Textual
S 60.4 54.8
2 5ol 41.8
35.8
% % 34.8 27.8
- 'z Scorec-~f(x X VX < L 19.4
.0 i-‘% structure Sc f( Node»*Type Depth) 25
solutions by code —
4 F=AB| Score,.~Difficult Dx Cyclomatic V
Score = Scoreg. -+ Score;. .
AsDiv GSMS8K MultiArith NZ1ig

logic
Complexity — Impacted Reasoning Score (CIRS . ; ;
prextty P g (CIRS) Figure 6: Comparison for textual and code rationales.

When Do Program-of-Thoughts Work for Reasoning? (to appear)

#NEFHRTL Al+m¢ﬁﬁaﬁ$n&
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—| GPT-3

Question: Who lived longer, Theodor Haecker or Harry Vaughan
Watkins?

Are follow up questions needed here: Yes.

Follow up: How old was Theodor Haecker when he died?
Intermediate answer: Theodor Haecker was 65 years old when he
died.

Follow up: How old was Harry Vaughan Watkins when he died?
Intermediate answer: Harry Vaughan Watkins was 69 years old when
he died.

So the final answer is: Harry Vaughan Watkins.

Question: In what year was the current tallest wooden lattice tower
completed?

Are follow up questions needed here: Yes.

Follow up: What is the current tallest wooden lattice tower?

Self-Ask (Press et al. 2022) is a method to repeatedly prompt the model
[Query: What is the current tallest wooden attice tower? to ask following-up questions to construct the thought process
|Response: Radio Tower Gliwice ite ratively.

Intermediate answer: Radio Tower Gliwice.

Follow up: When was Gliwice Radio Tower completed? Measuring and Narrowing the Compositionality Gap in Language Models, 2022

|Query: When was Gliwice Radio Tower completed?

|Resp0nse: 1935

Intermediate answer: 1935.
So the final answer is: 1935.

ARG IR IR £ BN BF R /DD A s#aRnzES |

-:.. <
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https://arxiv.org/abs/2210.03350

IBEXHEEAR1: SRIRTIE

[ 1
- [ (1) Hotspot QA ] - s L (1d) ReAct (Reason + Act) ) ~

Thought 1: I need to search Apple Remote and find the
program it was originally designed to interact with.

Act 1: Search[Apple Remcte]

designed to interact with? Obs 1: The Apple Remote is a remote control introduced in
~ g October 2005 by Apple .. originally designed to control the

/_[ (1a) sStandard } N { (le) Act-Only ]—\ program

Question: Aside from the Apple Remote, what other device
can control the program Apple Remote was originally

Answer: iPod Act 1: Search[Apple Remote] Thought 2: Apple Remote was originally designed to control
g x) Obs 1: The Apple Remote is a the Front Row media center program. I need to search
remote control .. - next and find what other device can control it.
/{ (1b) CoT (Reason Only) }\ Act 2: Search[Front Row]
- Obs 2: Could not find [Front Row]. Similar: ['Front Row
Thought: Let's think step Act 2: Search[Front Row] Seat to Earth', 'Front Row Motorsports','

r
by step. _ Obs 2: Could not find [Front _' ]

r
Row]. Similar:
Thought 3: Front Row is not found. T need to search -

Apple TV can be controlled | | act 3: search|Front Row :
by iPhone, iPad, and iPod | | (software) Act. 3: Searchl )

. J Obs 3: Front Row is a discontinued media center software ..
- So the answer is

Obs 3: Front Row is a
iPhone, iPad, and iPod

i i i discontinued media center Thought 4:
Touch. software .. So the answer is

keyboard function keys.
Answer: ifhone, iPad, if s : Finish(keyboard function keys
swer: 1Phone, 1Pad, 1iPod Flnlsh[-] Act 4: Finish]| ] \//

Act 4:

Source: ReAct: Synerqgizing Reasoning and Acting in Language Models
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HERGE

Single-Stage
Q: There are 3 cars in the parking lotand 2 GSMB8K MathQA MultiArith
more cars arrive. How many cars are in the In-distribution 58.5 Noisy-labeled Transfered prompt
parking lot? 41 41.8 93
C: There are 3 cars in the parking lot already. 2 52.5 5
more arrive. Now there are 3 + 2 = 5 cars.
A: The answer is 5. 6
--------------------- 4 3 80 83
Q: Roger has 5 tennis balls. He buys 2 more Sithol Comol _ _
cans of tennis balls. Each can has 3 tennis balls. P . s s S';_”p'e . Cmp'fg Siple . 5 C°mp'e§
Qw many tennis balls does he have now? /
Figure 2: Validation set performance. X-axis means reasoning steps and y-axis means accuracy.
More r nin 1n prom rall achieve higher r hen prom re in-distribution
Language Model ore reasoning steps pro pts overa achieve higher accuracy when pro pts are in-distributio
v (left), noisily labeled (middle), and out of distribution (right).

C: Roger started with 5 balls. 2 cans of 3
tennis balls each is 6 tennis balls. 5 + 6 = 11.

e neri] | fECoThix L@ aiEnIc#, B TIEREPin-context learningtI FHEFE
\' " SRUGFRINE. REFEEEURX, — M EE/NUSEE R RS R BEiiER
HRARTE, BEH—FLMACOT, —NERNFERERIEFHIFIF,
NELEZTERRSMNTFHNENE. S, BHiEE

* Sensitivity of in-context learning

 complexity, diversity, explicity

Complexity-Based Prompting for Multi-step Reasoning, ICLR 2023

AR GHERIE TR & © I\ SR RT A2 NDD Al GETRRZES
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Stage-1

Y

6 There are 3 cars in the parking lot and 2
more cars arrive. How many cars are in the
parking lot?

C: We should first know "How many cars are in
the parking lot already?"

Q: Roger has 5 tennis balls. He buys 2 more
cans of tennis balls. Each can has 3 tennis balls.
\How many tennis balls does he have now? /

ZMERFE

Stage-2

/Q There are 3 cars in the parking lot and 2 \
more cars arrive. How many cars are in the
parking lot already?

C: There are 3 cars in the parking lot already.
How many cars arrive?

Q: Roger has 5 tennis balls. He buys 2 more
cans of tennis balls. Each can has 3 tennis
balls. How many tennis balls does he have

wready?

Stage-n

,/Q: There are 3 cars in the parking lot and 2 more \

cars arrive. There are 3 cars in the parking lot
already. 2 cars arrive. How many cars are in the
parking lot?

C: There are 3 +2 =5 cars in the parking lot.
A:Theansweris5. _ _ _ _ _ _ _ ______
Q: Roger has 5 tennis balls. He buys 2 more cans
of tennis balls. Each can has 3 tennis balls. He has

| 5 tennis balls already. He buys 2 x 3 = 6 tennis balls.

WOW many tennis balls does he have now? /

v v
Language Model Language Model Language Model
v A4 2

C: We should first know "How many tennis
balls does he have already?"

-

AR R EARAE—
BRI NG,
ERRTERAVZ R RS

C: He has 5 tennis balls already. How many
tennis balls he buys?

SRR,

ZRIARRR RS F Al RRE S BT ER

AR TN IR iR &R =

X

C: He has 5 + 6 = 11 tennis balls now.
A: The answer is 11.

RIER, TIRRE
IR AAEE TG T

BRI

BHTHETE

Stage 1

Stage 2

Subquestion 1

Append model
answer to
Subquestion 1

Subquestion 2 ——

Problem Reduction

Q: It takes Amy 4 minutes to climb to the top
of a slide. It takes her 1 minute to slide down.
The water slide closes in 15 minutes. How
many times can she slide before it closes?

Sequentially Solve Subquestions

It takes Amy 4 minutes to climb to the top of a
slide. It takes her 1 minute to slide down. The
slide closes in 15 minutes.

Q: How long does each trip take?

ﬁtakes Amy 4 minutes to climb to the top of\
a slide. It takes her 1 minute to slide down.
The slide closes in 15 minutes.

Q: How long does each trip take?
A: It takes Amy 4 minutes to climb and 1

| minute to slide down. 4 + 1 = 5. So each trip
takes 5 minutes.

Q: How many times can she slide before it

Qoses? /

A: To solve “How many times
can she slide before it
closes?’, we need to first
solve: "How long does each
trip take?”

Language
Model

A: It takes Amy 4 minutes to
climb and 1 minute to slide
down. 4 + 1= 5. So each trip
takes 5 minutes.

Language
Model

A: The water slide closes in
15 minutes. Each trip takes 5
minutes. So Amy can slide
15 = 5 = 3 times before it
closes.

Language
Model

Least-to-Most Prompting Enables Complex Reasoning in Large Language Models 2022

ND

AN FRTAE
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IRRD R

QC: Concatenate the first letter of every word in "Jack Q: What are the words in "Elon Musk Tesla"?
Ryan" USing spaces A [ Elon", "Musk", "Tesla ]
. = H " u?
211_'[!3‘:;'2'](.}/\{?;;;?] the words in "Jack Ryan™ Q: What are the letters in "C++"?
- - A: |IC|I, n+|r, "+|l
Q2: (foreach) [str_pos] What is the first letter of #17? [ ] split
#2: ["J", "R"] -
Q3: [merge] Concatenate #2 with spaces Q: Concatenate ['n", "i", "e"]
#3: nJ Rn A "nie”
Q4: [EOQ] Q: Concatenate ["'n", "i", "c", "e"] using spaces
A:"nice"

) ]
C P |C 0 > fass» ey ) ]| farc

__________

eee eee eee eee A vee B C
Standard Chain-of-Thought Decomposer Prompt Sub-Task Handlers
Prompting Prompting

Decomposed Prompting

Decomposed Prompting: A Modular Approach for Solving Complex Tasks 2022
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BUERESIAN
Tree of Thoughts Graph of Thoughts

1 i i
G;D G;ut\ i ph ! m P Text Features Vision Features (Optional) Graph-of-Thought Features
_,__,/ _ / \.‘ S ! \ ,/ | thought ; Question: > & ;
| Do ferns prodiice seeds? =, ferns procuce — seeds
| : Choices: ‘ @
[ ] | L (A) Yes (B)No i
.................. ! ite o
I Context: * c-3 o - cycle —— Yl
) | 1 H LS ) shows
v , This diagram shows the life cycle of 6 ‘ = of
l;| j 1 a fern. -
L ]
T ee ! k y
Y, 1 Rationale Graph-of-Thought with Rationale Answer
! Y7 Majority vote : Lecture: sexual '
/_ 1 Fern plants reproduce using both asexual reproduction production :@:
Qutput Output Output 1 Qutput and sexual reproduction - The heart-shaped plant stage ferns - — produce —_ seeds A
. : - begins the fern's sexual reproduction stage - The mature \ / I~ m
~ . . fern can make spores and begin the fern life cycle again. \
(a) Input. Output (c) Chain (.JF Thought {c) Self Consistency (d) Tree of Thoughts (ToT) . has \ The answer
Prompting (1O) Prompting (CoT) with CoT (CoT-SC Solution: life ) :
Ferns do not produce seeds. Mature ferns produce spores, | cycle — shows -~ diagram 15 (B)
. . . . . . and heart-shaped plants produce eggs and sperm - of
Figure 1: Schematic illustrating various approaches to problem solving with LLMs. Each rectangle o
box represents a thought, which is a coherent language sequence that serves as an intermediate
step toward problem solving. See concrete examples of how thoughts are generated, evaluated, and Figure 1: An example of GoT reasoning. Vision features are optional and are only required in

searched in Figures @ 48. multimodal reasoning task.

St EIF kB E BRI AR S IR E L RIEA, F=EEStep-by-steplIE 4T iE
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Self-optimization
Self- Optlmlzatlon “Usually a hamburger with friends —
___________________ indicates a good time.” =}
1 Roger stated with5 | 5 = ===~ t-=---=== . Select-1 =
I balls. 2 cans of 3 = fhe answer | \ Explanation-Level E
> E> - 1 <
- ~. tennls ballseachis 6 2 1 is 11. . | I //'7 E
/Q: There are 3 cars in the parking lot and 2 lerlnl_s 23!3_5:_6_ 11_0_ P I 1 f
more cars arrive. How many cars are in the I E bi 1 S| & gt g S ~ A " E—
parking lot? X L X nsempie- 1 © cceptability
C: There are 3 cars in the parking lot already., .= o = = = -:f@t.':f'%%n{'}?.ng;l -E ...... .| Optimization : S Predictions %
2 more arrive. Now there are 3 +2 = 5 cars. ! oger has o balls already. g =
A: The answer is 5. —P: LM —>»Hebuys2x 3 =6 more. So.TheI ar;:wer -:--) Thei::l:wer : @ é
———————————————————— - he has 5 + 6 = 11 balls now: I - ' 2 g
Q: Roger has 5 tennis balls. He buys 2 v l finetune _J I ,' : TS / TO en S
more cans of tennis balls. Each can has 3 I C T ' _ / £ g
\ tennis balls. How many tennis balls does | Roger has 5 tennis balls. ! Filter Model S .
h\e have now? ~—> He buys 2 more cans. So l;l'hei:r}_sfwer ~ : A A 4 4 Crowdworker -
he has 5 + 2 = 7 now. S -7 i sEc'E f 1 —~ Acceptability =
. , > I\ug '\; Ig | = Labels st -=
greedy - . = «©
AEL AEL N O N = 1| A \ J— Ak m | I I 1 stochastic %
BN ERFIZ MR R prompt T2 AR EEERYMIN L ToRA%E [ ] S
— R GPT-3 DaVinci A=
N | N N \ \ =TT | -2 \ VAl s~ i A o | 3]
5BHY, PR AR LAERE S D ToRigIER, HEEURE E}
. . . . "When eating a hamburger with friends, what is t: g
%COT prom ptl ngEg%%L Self—optl m |Zat|0nH;£ZEE§ |)\1:EMEI\J%}#IE /4 one trying to do?” have fun. Explanation: ... g &)
)
/— hJ Instance + Explanation Prompt o0
TR FE R E X IR IR S T »” _J5

Reframing Human-Al Collaboration for Generating Free-Text Explanations, NAACL 2022
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Ensemble-Optimization

Greedy decode
. This means she uses 3 + 4 = T eggs every day.
Chain-of-thought Language She sells the remainder for $2 per egg, soin ns
prompting model total she sells 7 * $2 = $14 per day. The answer is $14. ‘
- =]
The answer s 14 FFRAREDS, HHEEEEAR

_____________________________________________________________ /
Self-consistenc ﬂ Sample a diverse set of Marginalize out reasoning paths E_AER1éTLJ\§ULIEE% m * : EEEE
’ reasoning paths > to aggregate final answers — N EREZMEREE, HRIIEFET
/;Q:t.‘f tge;e are 3 cars in‘thehparking \ ‘_St; h;s 12 ; 4_ ;eg_gs—i. ) : K}ﬁ{t{%ﬁﬁﬁli 1 ?S%Ifé]jj_lil’J\Goo Ie
casors nthepakiglotr i e ity W AJself-consistency AUER, {EREE
This means she she sells the i b \“ m_tﬁq:ﬁ% $EEI:FI I% % EIJ 0 ¢$§EEX ! tl{’

A: There are 3 cars in the parking lot
remainder for $2* (16 - 4 - 3)‘ The answer is $26. Y ;ll]te m pe I’atu I’e tO p k-r_j- ! -LJ:.LE *E

already. 2 more arrive. Now there are
=$26 perd
pereey ; - The answer is $18. J it f"' €E7 '{‘J’ﬁﬁ EE% ’/féEIJ = 7|<

3+2 =5 cars. The answer is 5.
N
She eats 3 for breakfast, so | Q&,&g
she has16 - 3 = 13 left. Then | ’L"EEEZE_’\ A=<

she bakes muffins, so she I The answer is $18.
has13-4=9 eggs left. So
shehas9eggs*$2=9$18. |

Q: Janet's ducks lay 16 eggs per day.
She eats three for breakfast every
morning and bakes muffins for her
friends every day with four. She sells
the remainder for $2 per egg. How
much does she make every day?

N /

Language |,
model

Self-Consistency Improves Chain of Thought Reasoning in Language Models 2022
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y y
4 4
LM LM
4 4 4 4
p X p(x) x
*
Prompt
Generator
*
(a) X
y
4
LM
4 4
P

input-dependent prompt tuning

textual recursive LM

y
*

LM

Select T
candidate

P2

*
Sample n
candidates

4

LM

Question
answering

(b) p1

T

X

(c)

y
A

LM

?
Connector

A
LM

T

X

y
4

small fine-
tuned reader

F Y
20,000
tokens

X

100 documents
$

Retriever
*

@ X

retrieve—read

STANDING ON THE SHOULDERS OF GIANT FROZEN LANGUAGE MODELS 2022

AR TN IR iR &R =

AN FRTAE

/DD

A

2,000 t
tokens X
Re-ranker
t 20,000
X tokens
100 documents
f
Retriever
*
(b) X
re-rank
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RESLERFRNITIEMIFMERE, NRTRR RIS EIE KRB BERTMEX, ERLTESEME

HATEE, BRIBEMASRESEIRANTR,

kg SRR

BNl R A HETRE D

Textual
Prompts

(a) Few-shot

[ Q: Roger has 5 tennis balls. He buys 2 more cans of tennis |
balls. Each can has 3 tennis balls. How many tennis balls does
he have now?

A: The answer is 11.

Q: A juggler can juggle 16 balls. Half of the balls are golf balls,
and half of the golf balls are blue. How many blue golf balls are
there?

A

(Output) The answer is 8. X

=

(c) Zero-shot

Q: Ajuggler can juggle 16 balls. Half of the balls are golf baII;.\
and half of the golf balls are blue. How many blue golf balls are

there?
A: The answer (arabic numerals) is

(Output) 8 X

. J

Textual Prompts
with CoT

(b) Few-shot-CoT

;{Rnger has 5 tennis balls. He buys 2 more cans of ter:rﬁ\.

| balls. Each can has 3 tennis balls. How many tennis balls does |

he have now?

A Roger started with 5 balls. 2 cans of 3 tennis balls each is 6
tennis balls. 5 + 6 = 11. The answer is 11.

Q: A juggler can juggle 16 balls. Half of the balls are golf balls,
and half of the golf balls are blue. How many blue golf balls are
there?

A

(Output) The juggler can juggle 16 balls. Half of the balls are golf

\ balls. So there are 16 / 2 = 8 goif balls. Half of the golf balls are |
\ blue. So there are 8/2 = 4 blue goif balls. The answeris4. / /

'/

(d) Zero-shot-CoT (Qurs)

/ Q: A juggler can juggle 16 balls. Half of the balls are golf balls,

and half of the golf balls are blue. How many blue golf balls are
there?
A: Let's think step by step.

(Output) There are 16 balls in total. Half of the balls are golf
balls. That means that there are 8 golf balls. Half of the golf balls
biue. That means that there are 4 blue golf balls. v

\ are ]
hN. _

Program as
Prompts

o Level 3 ——

Question: There are 3 prime
numbers in ascending order. The
multiplication of the first 2 is 77 and
that of the last 2 is 91. What is the
last number?

*python
from sympy import primerange
primes = list(primerange(1, 92))
for i in range(len(primes)):
for j in range(i+1, len(primes)):
if primes[i] * primes[j] == 77:

!Jnnt(last _prime)

-

Complex programming rationale

Tree as Prompts

(d) Tree of Thoughts (ToT)

KG as Prompts

Triples

|

st Triple] = [t
i >100B

et ey 1ty i et v <1B
Pt et emeiiotd X Small LMs  Large LMs

=®

[

[

C

b

Logic Rule
as as Prompts

cande |
pinderoaby |
The ear costs /
00 much ta repair y, o
‘happens bafore
g

event-centered ;

1
eamed by warking
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‘[ ~§ When was Stanford University founded? ]

8-

* BIARMETEET
. W

)%

)

@) (

° IHfFEE i
o SmEX &/

Stanford University was founded in 1891.
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)~ ‘Which MVP of a game Red Flaherty umpired was elected to the Baseball Hall of Fame?

|
o Text Retriever Texts with scores
|

0.5 0.1 09 0.2

_|— m — 06 01 07 02 .. \

o [ m — 04 04 01 02 Q Scoring .
Text LLM Texts with scores

and 1970” Red Flaherty o

“The 1965 World Series is remembered for MVP Sandy Ko-
ufax” 1965 World Series

“Sandy Koufax was elected to the Baseball Hall of Fame.” o E Y f( N kv
Sandy Koufax x 0O Ij:
° :Djﬂt'?
17731173~
. H%’q:’ﬁbj:l
Sandy Koufax, elected to the Hall of Fame in 1972 [link],

was the MVP of the 1965 World Series [link], where Red o AN *
Flaherty was an umpire [link]. D 1

AR ShER (R & 2 T 3\ B AT ND A'**f*%w“@%

( “Red Flaherty umpired in World Series 1955, 1958, 1965, ] Y & ;
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BUHESERENS MR BINREEMNIN. BiE. MEMRBERNNAREHUEERISEGER, £k
T —FRERBESIEEIRETRO

RETROMREIF M ARBHER EEHIRZREIRINAER, ETSRIENCRIEEMBIMME RIS EEEFHESERE., %18
BTN EA 4R, Bel L ARESEETIRZAIT)[Z5 Transformer, {J378ES RIFAIMERE.

i ) f ) ¥Database/

LARGE GPT RETRO =
® o

@ World Knowledge

Language
Information

. J . J

Information

N

DeepMind’'s RETRO (Retrieval-Enhanced TRansfOrmer)
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HHRIZR 525191853 . Structure-inducing Pre-training

Pre-training graph @ S Yoy W
Structure-inducing objective
Ls1 = D(f(x), f(xi))
= D(f(x), f(x;))

Linked

Pre-training dataset

2 “[CLSIMGLSLAKHGE..” Masking objective

Lm

.
.

T4 “[CLS]JALLSMAKLLGE.."
ZT; “[CLSIMGLLALGGGA..”

x “[CLSIMGLS[MASK]GE..”
Z “[CLSIMGLS #®) GE."

Fig.1|OurPT framework. We re-cast the PT formulation by taking aPT graph Gp;
asanauxiliary input. Gy is used to define a structure-inducing objective LCg,
which pushes aPT encoder f,to embed samples such that samples are close in the
latent spaceifand only if they are linked in G,

Inter-sample structure

(b) KnowPrompt

CE Loss
I no_relation

[:] learnable continuous words * . per:employee_of
org:founded_by
o & per:date_of_birth
:] entity words per:stateorprovinces_of_residence
[:' masked tokens *

relation probabilities

[CLS] [E:] Steve Jobs[/E:], co-founder of [E:] Apple [/E;]. [SEP] (appte| ([sub]| (MasK)| ([obj] [obj] | [SEP]
Knowledge Injection relation

subject object

Relation
Embedding Head

e — @) person virtual answer words /?‘1/

e =
—, i foi Relation
date (_ sub|/[obj] T2/ Embedding Head| "t Per:date_of birth
r org:founded_by
= "'r--\' ry, per:stateorprovinces_of_residence
n/

& ;:- organization
l[S}'nerglstlfc Optimization ]

Structured Loss

Intra-sample structure

Structure-inducing pre-training. Nature Machine Intelligence 2023

ND

Al REREBFIESR
A|+softwa_{"._l.')evelo@w‘nt Digital su‘mm.ios . "
- e : y <

AR SN AR iR & 2 T HE N EF RS X




IRIRKHERIAR2:

taE/AHIRIgE

Instruction:

i, ER

Instruction:

HAZIRREXRTIRM
Zh e Ry N\ FR B R A

Instruction:

HABIREXRTIE

Instruction

3 A AT sk
100 ‘ﬂﬁ E;BA*!iﬂ - KG2] EREANBE [ ENXRZTE, R ABEOEARHT ettt
2 — BAE], BRAEI  ARGANXRSRAE  ATENER=xA, BT e
*u" MEl" H é A% . nStrUCt % (WA, WM c XRD: LS, R FRUSONPRE il
HAR], WA B XR2 AR, {{head, relation, S

RHRHTEOSNE R MEREE, o), IR I el

fh, FLEEMER,  XENETRT.ME.  rellonmUBI[ T, TaR
B EhET (EeHe e BE. XE. wL. BE, BE. LE. K o

I I| "l (o EREIOREE SRR, AR

ATAQINIW

KGs

JohnBERFEA 99 MMETE 2| T BB Merry, ffi]—{REMHEHI X ,
XMETRAEMFIERE (California) fkiT. flfilRE— EEE#EEEF‘
o fEEITRIETR—EZRAAMBSUAZ WA, THAZEELIE
Merry A SR BRR -

T N\
il

NER

Event Extraction

Relation Extraction

MNP EEHREZ:
(FALIRMMEE , H:3), (InFIHE
RBIE, i) (EHEAFERR,

T &8, mMAERIE

(
TSR ik 4 mAERIE, California

: AW R, M7 John, Merry .5 (BRWAR. 675 (%
0 P e, [[John. A R), (FE— AFE: Merry, BB A, Hs) (Merry, A& (B
o ° —_ —_ JHEE) (ERMAEMmR, <)L BA. Mery B A%)
: et )]
o ).l :
145,
iR X + MiRFE HiRHRES & ABBESRN i, {head': &L relation’: ‘i F, 'tail: FERIE,

[[John.iEAS) . (FE= {head": 'INFERIE relation’: "Hi4", 'tail: 'California‘t,
R ), CRASEL HeE {'head' 'John', relation’: 'A%, 'tail: ‘'Merry'},
] {'head" 'Merry', relation’: 'Hi 4", 'tail': 'John'},
) {'head": 'Merry', relation’: 422", 'tail': 'E{ B8}

. http://knOWIm.Openkg.Cn/ : {'head" 'BiEE relation’: "% JL", 'tail': ‘Merry'}
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IR AR2: 183 /HMRIgE
 BRMREREE T ZAEEEIRRTAIIMERNRE, SIS RLE
- B{RHIBIF:  Rethinking ......

o N Vv
AEEIRRIZE S KLE &+ S (AT §1384-3224F)

OB ANNSETY
o L
(b) Chain of thought -~ P ] . ﬁzfﬁgﬂojigilgkﬁ;%ﬁéﬁﬁéﬂl \/
uery xplanation + Prediction - o PPN o ChatGPT P4 F1980 =T EE
WE+Z T E L BIG? . FTINESR ves Voting with
. Knowledge
: L Weights
[C) Explanation + Prediction ] g
ﬁ Retrieval

Knowledge .
Retrieve from KB

K2: 5 — B EICAH E L £HX-20%
BT 19804......

LI

<
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g . . .
@  Which 2013 Los Angeles Galaxy player transferred in from the team with 12 R e R y
@ international titles ? : U :
. L LLM-Augmenter :
i 1
Consolidate evidence from external knowledge Revise response via automatic feedback | ! : :
| o Utility '
= WIKIPEDIA Q A Transfers P 1 I : . > :
o Candidate response: . | : (utility score & feedback) :
gﬁ: g " ’ Jaime Penedo is transferred in from C.S.D. ! Do X |
_ . Tonsterred Municipal, a team with 12 international titles. i Lo i :
N . e '
I I . . 1
" Feedback: ! iy Policy «, Working !
ek The player Jaime Penedo is transferred in from : - - ; (action selection) Memory :
Ezmg - th“_] C.S.D. Municipal, but there is no information ! : I 1
ceason —  ~ Honoury 4 about the number of international titles of this i : : L 4 :
I | i 1
Juninho (footballer, born BTG seneotthemoct sl (EEAM ! External Vo Action Executor )
January 1989) honours, in addition to their 12 intenational ! L » - i G 1
ammns, i o o i i o Revised candidate response: : Knowledge P! Knowledge Consolidator :
:I"*":iqf:“p"\ e e SN Juninho is transferred in from Sdo Paulo, a team ! (e.g., news, wiki, o - Prompt Engine I
ayed for the 340 Paulo youth team, winni Major competitions i i i i | r' 3 !
the U-17 Paulista Championship side in 200 W|th 12 |nternat|0na| tltles. 1 . I | !
- roprietary |
made one appearance for the Sao Paulo ser Worldwide : p ! I I
e n 007 e s ST O 10U O 1 ottt Cup 2 ¥ databases) ' ~ )
along with fellow Eua‘zi ians from the ih,‘ll) Al [FEAKIe Warki Cap|) =1 I I : LLM :
ba and Leonard He made his deb Continental : : : :
for the team on 27 March 2010, in Galaxy's Competitions Titles Seasons .
oveing oamm ofthe 210 WS e [ S— Al Agent (LLM-Augmenter + LLM) H Environment ;! (e.g., ChatGPT) Al Agent I
New England Revolution,? and scored his f = CoPa Libertadores | 3 3 i roy |
goal for the Galaxy in a 2-0 win over AC St Louis Lhecrcccccccccccccccea = L e e e e e e e e e e e e e e e e cc e —— e ——————— 1
&b o , N , _ _ _ — > dataflow * update flow
tﬂ;, Juninho is transferred in from S3ao Paulo, a team with 12 international titles.
ao

Check Your Facts and Try Again: Improving Large Language Models with External Knowledge and Automated Feedback 2023
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LLM i38EESD

I

KBS5fl%: NEEEELLMAEEE
PromptTi2: EEMAATEURLLMEEERE

LLM gt
« zero-sho
! l?éﬂaé’\d‘ﬁ
KG IR prompting SZYHINHER

« Few-shot -
BB orompting FISTEHEE
LRI : HB"E\H%%TEIE

« CoT prompting A
SZGIFRHEE . ZZ(HFETE

v * Instruct-tuning
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IRIRKHERIAR2:

ChatDB: Augmenting LLMs with Databases

as Their Symbolic Memory
ChatDB: FI¥iRE(E A SHICIERKIEEAIES
Chenxu Hu", Jie Fu?**, Chenzhuang Du’, Simian Luo’, Junbo Zhao? Hang Zhao

Tsinghua University  2Beijing Academy of Artificial Intelligence  3Zhejiang University

users

R22e¢C

ChatDB B
LLM Controller Memory
Write
Symbolic:

+ ChatGPT, GPT4 | insert, update, delete Database
User Output

* LlaMA Non-Symbolic: utp
Input Read ;

+ ChatGLM ea History content and

. its vector embedding
select, query, retrieve Memory tokens /

memory matrices

Overall Workflow of ChatDB.

AR SN R (4R &2 = EE N\ SF R

taE/AHIRIgE

Input Processing Chain-of-Memory Response Summary
Step, Step, Stepy
Prompt — L Prompt

User ., |LMs — b e o = e —p  LLMs —+Output
pUE oI — L

INSERT/UPDATE/ ‘ |

SELECT/DELETE |

Execution of SQL Statements

Gustomer il fiesi_name  lasi_name  phane_rumber W same seling price stech_guaruty upeter M Suppler nams Conail_name ol
1 James  Smith 823450 1 apple 1.5 ] 1
2 Emily Johnson 823451 2 orange 24 6 2

3 Sarah Brown 823452 3 pear 12 2 3

MissFresh 623081
FreshFruit 623082
Giobalfrult 623083

mi@gmai com
figgmail com
g'@gmail.com

| L ——
[ L ¥ sale_homs § 3

Sale_l cumtemer i sale_dete  totel_prive Sale R i wale_t e ey _sed Purshans Rem_id purnhese i WUl quastty_purshesed Purehate M suppher W purchase dete letel_tost
1 20230102 96 1 1 3 2 1 1 1 100 1 1 20230101 150
2 20130102 60 2 1 2 3 2 2 2 100 2 2 20230101 240
2 20230103 81 3 2 3 5 3 3 3 100 3 3 20230101 120

Symbolic Memory: Database &4}

oo o -

Figure 2: ChatDB framework. The red arrow lines represent the process flow of chain-of-memory, indicating the
connection between multiple memory operations. The red arrow lines between database tables represent the reference
relationships between primary keys and foreign keys, which start from primary keys to foreign keys. Only the first four
columns of each table are shown for brevity. This example showcases the process of returning goods purchased on
2023-01-02 by a customer with the phone number 823451.
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. &he

@D <
\\ 4 Data

i - BinEfIRSS S BiEMNERH

iSRS

7
Process \/ Process
1
=< BEX AL .- QS Input Text
S & _ - 5
Process ata
Data iREyE Document 4

Data
Application

I
)

Application
Process

iR

Data

Language Model (J-1)

@ et acooter

RPA + Tool use i

"New Task (Physics QA) Answer this high-schoal physics question
Input: Hector yanks on the chain with a 72.0 N force at an angle of 35.0° above the horizontal. Determine the horizontal components of the tension force.

Code CoT-style

*> - -
Weother APT Wiki APT

Currencsy Calendar

Aritt String
operations reasoning e Iz operations . TOOL LIBRARY Go gle
2 | !
TASK LIBRARY Input: Hector yanks on the chain with a 72.0 N force at an angle of 35.0° above the horizor tal. [T 7 &)
- - - Determine the horizontal components of the tension force. x =
Solve these arithmetic problems using python code . . B .
Input: Viola had 167 breads. Nancy took 137from him. How Q1: [search] What is the formula for the horizontal component of the tension force? Database Calculator

many does Viola have now?
Q1: [generate code] Write down arithmetic as python code
#1: viola_bought = 167, nancy_took = 137

_#1: The formula for the horizontal component of the tension force is Tcos8. The horizontal
|"component (Fx) can be calculated as Ftens*cosine(8) where 8 is the angle which the force make

ans = viola_bought - nancy_took “
Q2: [code execute] Execute snippet #2: 30 Q3: [EOQ] Ans: No - LLMm

Does the sentence contain an anachrormism? Yes/No. \
Input: President George H. W. Bush called his generals at the outset of the

Gulf War.

Q1: [search] When was President George H. W. Bush, president?

#1: George H. W. Bush's tenure started on January 20, 1989,

and ended on January 20, 1993.

Q2: [search] When was the Gulf War fought? #2: The Gulf War was a 1990-1991
Q3: [subquestion] Could these entities have co-existed? #3: Yes. Their time
periods intersect.

Q4: [generate output] Is this an anachronism? #4: No @5: [EOQ] Ans: No

{with the horizontal in radians.

Input: ... Q1: [search] ...

#1: ... can be calculated as Ftens*cosine(B)where 8 is ...

‘Q2: [generate code] Use the formula Fx = Ftens*cosine(B) to solve: Hank ...
#2:T =720, theta =350

radians= math.pittheta/180 < [ROJLLLVANN®eTe (34

Fx = T*math.cos(radians)
Input: ...Q1: [search] ...#1: ...

| Q2: [generate code] Use the formula Fx = Ftens*cosine(8) to solve: Hank ...
I #2: . Fx = T*math.cos({radians)

Q3: [code execute] Execute the python code and get the value of "Fx"

#3:580780  —
Q4: [EOQ] Ans: 58.9789 — & python

AR SN AR iR & 2 T HE N EF RS X

Additionnl Exparts...

Output Text
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”

x %  HuggingGPT

Can you describe what this picture depicts
and count how many objects in the picture?

LLM as Controller ~ HuggingFace
I Task e —
Planing .

Prediction - ~ facebook/
T == detr-resnet-101 l

M |
I L5 E ) »| III Task Execution

Selection ) ———

~ nlpconnet/
Prediction . Vit-gpt2-image-captioning

A text can describe the given image: a herd of
giraffes and zebras grazing in a fields. In
addition, there are five detected objects as
giraffe with score 99.9%, zebra with score 99.7%, zebra
with 99.9%, giraffe with score 97.1% and zebra with
score 99.8%. | have generated bounding boxes as above
image. | performed image classification, object
detection and image captain on this image. Combining
the predictions of
, - and ¥
models, | get the results for you.

. v

—— o o o o ol oy,

f

IV Response
Generation

—— e ——

HuggingGPT: Solving Al Tasks with ChatGPT and its Friends in HuggingFace, 2023
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API Platform . : (ED ©
(a large collection of APIs |, _ |—\r| @l (@) @ !
T e (V] Textual Visual Audio Music Camera g
documentation schema) LD LGk . LD AL .n. .n.
\ =000
i mh [ B GF ]
A Figure Location evice Shopping Game .
APIs APIs APIs APIs APIs Feedback to API
(multimodal) API Selector Deve|0pers
-—- conversational— ‘ solution outline
context (text)
Multimodal . ) .
[ J user |  Conversational action sequence Action Executor task completion __
instruction Foundation Model o (code) (API-based) output
RL from Human |,
Example Applications: Feedback (RLHF)

TaskMatrix.Al: Completing Tasks by Connecting Foundation Models with Millions of APIs, 2023
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@ Image Captioner & —D[Knowledge Retrieval @HSolutlon Generator @]—D[Answer Generator@]

&

What is the direction of this push?
(A) away from the baseball bat
(B) toward the baseball bat

[194, 21]: Earthzy paper
[244, 70]: plates now

[172, 112): carry the Sierra
[231, 159]: Club seal of
[275, 198]: approval

ad mentions that Earthzy paper plates carry the Sierra Club seal of approval.
This implies that the product is environmentally friendly and has been endorsed
by a reputable organization. This appeal is primarily based on the credibility
and authority of the Sierra Club, which is an example of ethos (character).

Analyze the advertisement to determine which persuasive appeal is used. The ]

\ f
- Text Detector O —D[Knowledge Retrieval @]——»[Solution Generator @]—»[Answer Generator@]
'

ethos (character)

(A) pathos (emotion)
(B) ethos (character)
(C) logos (reason)

Which is the main persuasive
appeal used in this ad?

- There are three main types of persuasive appeals: ethos, pathos, and logos.
- Ethos is an appeal to the speaker’s or writer's credibility, character, or authority.
- Pathos is an appeal to the audience's emotions, feelings, or sympathies.

- The question is about identifying the main persuasive appeal used in an advertisement.
- Logos is an appeal to logic, reason, or rationality, using facts, statistics, or arguments.

il S

Which animal’s skin is adapted
for survival in cold places?

(A) Eurasian lynx

Image Captioner |+ -D[Que Generator HBin Search HSolution Generator ]—b[AnswerGenerator ]
(B) Thorny Devil ® ® 9 Ty @ g G @ ‘

Figure 1: Examples from our Chameleon with GPT-4 on ScienceQA [30], a multi-modal question
answering benchmark in scientific domains. Chameleon is adaptive to different queries by synthe-
sizing programs to compose various tools and executing them sequentially to get final answers.

Tool Types Tools

Knowledge Retrieval, Query Generator,
Row Lookup, Column Lookup,

Table Verbalizer, Program Generator,
Solution Generator

@ OpenAl

¥ Hugging Face Image Captioner

O Github Text Detector
{3 Web Search  Bing Search
e Python Program Verifier, Program Executor

Rule-based Answer Generator

Table 2: Different tools in our module inventory.

AN FRTAE

APlj%

‘Bin: FRALLMSEETESS, HREIRUERYE,
A H*iEI’J?SHE*D%WEE:IEZI‘EHLTL#_T1‘5’?‘"
FFBLLMSEI 7 2RI EA LA RIRF 7.

<YBTER: BARESARELLMEBETEBSHRE, T
SERIEE. AERINITE, TR TEm
FUHETE,

SR EEGPT-4, 7EScienceQA (86.54%)
TabMWP (98.78) {E557, 527 BEREH.

FiE:

2 chameleon (L&) , BEDHERIBIVAESHEIENEL,
ZIEZR _JL,LZHA%?%EPIE, ELEP_J@ LLM#ZEEY  HpK
AOMTEAREY, WLBIEZRE(|ZE, Python RREFIRIERF

“’LZE%IJE’JEQZ%)UAJEI’JEH& HiELLM fEABAESH
Y28, BioRiRAE ST T RESHIHER (\n\-l_I'ﬂEI)Ib
2) . AEABRTIEhEFAROR, REEISELEM
BREREIZ,

El-1ER 7 BERZAEN=17, $tXIE2MNa
BRTMARG, EERER, SREASE, BEE
PRESRITRE,

Chameleon: Plug-and-Play Compositional Reasoning with

Large Language Models, 2023
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Supervised | Sample

1 |
[ |
L‘—{ Input | Ground Truth |
l"'conte’flfxamp fes -—-»I Final Prediction |
Test Input

LLM

(a) ICL

I 1
Supervised Sample | l Plug-in
Dataset |_| Input | Ground Truth | Model

In-Context Examples

1 1
I I I ]
Ll_{ Input_| Predicted Label | Confidence | Ground Truth |

Constructed Context - —
> Final Prele:tlon
+ Explanation

l:;lé%':r { Test Input | Predicted Label | Confidence | LLM
(b) SuperICL

Figure 1: The workflow of ICL and SuperICL. There are three steps in SuperICL: (1) A context is constructed by
randomly sampling from the training data and incorporating the plug-in model’s predictions, including predicted
labels and their corresponding confidence scores. (2) The test input is concatenated after the context, with the
plug-in model’s prediction attached. (3) Finally, a language model generates the final prediction along with an
optional explanation.

Small Models are Valuable Plug-ins for Large Language Models, 2023
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HEERR: BT LETKERRS, ReeExdigs
BLLMRHAERA E TSR (In-Context
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» IR HEerhizE - SHULANIRIEE

Background Document ° E 1:/1_‘ . {Ei&k*ﬁﬁg L L M E@ﬁﬁ*ﬂiﬂg‘%ﬂ
Fact Checking eTTTEETEEEEEEEE TS .. 1&% I:Fl E{JM}EH

! Goodbye, Mr. Chips is a 1932 British
. Fact s
ooty . s s BTN FERREINTEE, SRES

drama film about a teacher at an
English boarding school, based on the

FEHPKG (Parametric Knowledge
AP Guiding) SEULFIIRS |SIEZR, Z&aAit
| REFILLMEERY, AHERETFFRRIIBAR
oot ity ), EEHE (Lama) , BRILFHEELANT
"""""""" AR, B Qﬁﬁ%ﬂﬂ%%ﬁ}?**ﬂﬁ H, 1R
background#ia@—(EANKIEEL,

Multimodal Science QA

Which ocean is &5 Multimodal Oceans are huge bodies of salt water.
- ‘ ’ E Knowledge The world has five oceans. All of the
highlighted? . Guider

\
1 1
1 [

Guider : 1930 novel of the same name by : A . S| = = 0 \ s

X James Hilton. ! API v)ﬁﬁt@?&ﬁ’ﬂ%ﬂb\ ' E—fl‘ﬁﬁ E"J%Dl/ N1 LJ\&*L\EM
1 -

Open-Domain QA over Tables ' : iz
! 1

Who h imbed " . Table 1 List of Mount Everest records 1 e . = _
e i | ) gt | EEEE R RO ﬁf%ﬁ?@i gﬁg @J(Am 173;5)‘*;;&
1 erpa epd 1 +
1 ' ( Eb I * () [=]
: ; (+11.9%). B3 (+3.0%) HISHES
Medical Domain QA : 1 f:;;a (+ 8 1 o/) %I:I.L
: ! . (o]
tﬁgzﬁzgﬁ;ﬁiﬂ%gg”a&i Medical : Assess the patient, give bag and mask : API k e
is the next step o-f Kn(;)nfldedge | ventilstior:ha'md I'Orﬁk ;c.)r tsp:)nte;meous i J
o uider reathing. The first step ... 1 4.
managemen : : 073_125 :

- 1
! 1
! 1
! 1
! ]
' '

Figure 1: A brief introduction of our parametric knowledge guiding framework (PKG) for augmenting
"black box" LLMs on domain-specific tasks.

Augmented Large Language Models with Parametric Knowledge Guiding, 2023
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LAMPP: Language Models as Probabilistic Priors for Perception and Action i LY e "
Latent bathroom make
Belinda Z. Li' William Chen' Pratyusha Sharma' Jacob Andreas' labels panc ﬂke.?
( a bathtub fn)
4 = LM prior a bathroom to make pancakes,
e : _ P( Y. Y"} ( a shower ::'urrm'n) Pl cr ﬂfi‘k egg then
p( : ggﬁg‘;”d "’) ! in a bathroom whisk
true Tarcet labels bathtub  Shower ]
bed nightstand iabel e Y curtain crack egg  whisk
) ( a nightstand looks ~ — = | i - N\ i i J
ke avable Observation , -
noisy renerator
bed label gener 1101
p(X
- J v

@ Image Action
Segmentation Recognition

il (@) ®) ©)

ARG R £ @B N SR NDD A‘**‘*%W“@“
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PaLM-E: A 5 RS EERE PaLME BEZHRNEBBESSXABNELS, RINFSNRMOEE, NERANEL
PaLM-E: An Embodied Multimodal Language Model “PaLM-E-SGZB”aESSZB/Pﬁﬁ, 1%54OBE{J PaLM *UZZBE{JVITSENEEE—E, JZE E Bl ;ELE{]EE*E{]

Danny Driess'2 Fei Xia'! MehdiS. M. Sajjadi’® Corey Lynch! Aakanksha Chowdhery M-ESEE, BERGASEMAR. EERSHITTENXEBA, (FEESMES (B1EIRF.E
Brian Ichter ! Ayzaan Wahid' Jonathan Tompson' Quan Vuong' Tianhe Yu' Wenlong Huang '

Yevien Chebotar | Pieree Scrmanet” Daniel Duckworth Srsey Levine. Vincen Vanhoneke,  ASRIERUR . MBPEETIFRER) P17 TIREIREOUISE, HBTITIAR, HERESERY
Rarol Hausman ™ Marc Toussaint” Klaus Grefl Andy Zeng _ Igor Mordatch - Pete Florence” gp o 2 st 181 2 3 A E A EAUMEBIESH SN ERIE T RS, ZEBEH#ITHR

"Robotics at Google 2TU Berlin  *Google Research

https://palm-e.github.io ANESINGNER, TEAETHNIR-ESESRIN, HEESIRNIEARES T ERNESHEN.

EXEZESEA, XEBEERES (FIUEK%. ZH#HRTIRS, FENEE) NBEABAXE
token (&) EBEALLMESEAN, BTIREITRAINIE.

Mobile Manipulation PaLM-E: An Embodied Multimodal Lanau Model Task and Motion Planning

Given <emb> ... <img> Q: How to grasp blue block? A: First, grasp yellow block ‘r <e"‘1b’ ’ -
asp blue block
A: First grasp yellow
block and place it on
the table, then grasp

the blue block.

? ViT

hips from the ‘ ' Tabletop Manipulation
P en <img> Task: Sort
irawer. | see <img>. 3. Pick the green rice :

chip bag from the drawer and place it on the Control A: First, grasp yellow block and ...
counter.

) 1. Push the green
star to the bottom left.

Language Only Tasks S.mp P UMMM [
ribe the circle to the green star.

Visual Q&A, Captioning ...

) <img> Here is a Haiku about
A dog jumping embodied language models 0O: Miami Beach borders whick ean? A: Atlantic.
- over a hurdle at a Embodied language Q:What is 372 x 187 A: 6696.
dog show. models are the future of Lanauaae models trained on robot sensor data car

natural language be used to gunde a robot’s actions.

AR SRR & < i\ B2 AT ND A'*M*%W“&m
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KRB LMBSRRMES RO BE T ME

B ERFEEENHES, BRHATLLMs

———————————————————————————

You could try using Value Functions
Sl a vacuum cleaner. ff_?fdda Cfea”ff find 3 pange” - EiRiAZ ESCYIRHRE, TEFIME
s:: o ;esrigr? gﬁ “go to the trash can” : EHJ II:I:II ijﬂ- i%FZ QE'{+/A\1:$E Eﬁ ur] TET %DL

“pick up the sponge”

! :
: I
. |
I I
| “pick up the sponge” —_—
Do you want me to | R S E | would: Eg‘g%iﬁ*gdﬂﬁgAE’Mkﬁ n:% AR ANEEAR
LaMDA find a cleaner? : S ,  1.find a sponge BEBWITIXLEAEZMI8E], FRLAESERL
| iy ) Zpickupthesponge  pyaeqyimes | SIBRGF(TEISSR—IEEETE
| g g . come to you = - _
I'm sorry, | didn't : ﬁf,ﬂiﬁfﬁﬂ?e | 4. put down the sponge EACIRRIB =B =2 A RFIRTT.
FLAN mean to spill it. I Lo b 4 5. done
I " . ayisasgr yafcrinstir™ IFINIININ ”
-6 Find an apple 0.6
-30 Find a coke 0.6
Hw would you put 2 P.Fi:d a;pongel 2'2
I th -4 ICK Up the apple i . N N = N
?anbzgp S -30 Pick up the coke 0] Sayca n E"Jlﬁl-l'igiﬂ‘/faﬁaﬁg I 1%’%%*”)3%
—— AR AT AR R AP 2B,
b -‘I-’_ -5 Place the apple 0.1 Say‘ﬁ%kEﬂLLM , m?mmﬂmﬂgﬁ
$ e EMENIES, CanfiHEE AELATH
LLM ;2 Gii;:::ii; zz Functions IETEEMRYEE, —FETERE
. ' (Value Function) B9FEEa#esk, =

[BREIEZEWFRIES AT EFRAIT.

I would: 1. Find an apple, 2.

v
;,Hh« >I

Do As | Can, Not As | Say: Grounding Language in Robotic Affordances, 2023
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Instruction
[ Pick rice chips from top drawer

( RT 1 Mode Arm Base
| d | - |
3 Hz /‘

\‘\
FiLM
EfficientNet TokenlLearner Transformer

= B

and place on counter

RT-1{EFHBERAESHEGENEA, BEBESEIMETRENE (MENES)

RT-1HARMNEIE, F—@idTransformer ModelZE3S =5 ARIEBIEE,
SE_ s E?’stnnhﬁl]mﬁ%)kﬂga_zsh

RT-1AREREN LRIARER, REENER T Transformerfgty, RFES
#ERB35M, TransformergBoHIZHERB1IM, REE=RAZRIFR

RGO — 1 SAES e A= HIEEL,

BIEFRYSay Can IR EUIESIEEIMES D (BIXHE AFRZ/9High-Level)
B—MESIFEAET N FES (Sub-task) aFEIREE (Skill) , RT-2RIKERH
XEEFS (Skill, Low-level) , ZIEIRIFLBEAT>2FSayCanAUESHAT.

RT-1: Robotics Transformer for real-world control at scale, Dec 2022

(
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L3

Internet-Scale VQA + Robot Action Data

Q: What is happening
in the image?

A grey donkey walks
down the street.

|

‘\i

Q: Que puis-je faire
avec ces objets?

Faire cuire un
gateau.

Q: What should the
robot do to <task>?

Co-Fine-Tune

Vision-Language-

Action Models for
Robot Control

RT-2

']
e

%) W) £

A Translation = [0.1, -0.2, 0]

A Rotation = [10°, 25°, -7°]

Deploy

-

S

Closed-Loop Robot Control

Put the strawberry into
the correc t bowl

AR TN IR iR &R =

AN FRTAE

RT-2B9BE N T RFRISEREEAMIIRENE (Internet-scale
data) JIESRNVLM AR EERFIREIRAOMSBALES, BH
N A RERSZEEDTIE WIEIEEEN,

RT-ZWJ#TM;&IJIIQﬁTransformerTE’*”E’JH:‘:\i, meEEXAEE
RVLMIEEUHEAFIRE, BEREEST=sAESHfine- tunmg
FENERITRUA. ﬁ%%l# RT-2 2 (MBI AZUREHTT
fine-tuning B EiatHAItextifngit b TH=S A EIE SR
VLM (PaLM-E. PaLl-X) .,

ATEFENBEANRNAE, RT-2FEHREFBAAERALE
Big4rkLow-levelfIHZR AEHIESHIAE.

RT-2iERE 7 (NS A B REEUEEN B BRILLMsHE VLM sif T
oA, JEARENFIAVLMESSSEEIREED, KigeHizsARE
SITREINZEFNIZEEN.

EIRT-29Backbonet&BIE2PaLM-E 540B, FRLATSEIEITIENSEA
A9EG £, REEsfEE=in, MRT-1A/LAERETEEsSA L,

RT-2: New model translates vision and language into action,
July 2023
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Open the top

w P

def affordance_map():
. a8 msize = (100,100,100)
Visual 4 ™= np.zeros(msize)
handles = detect('handle')
=» Language - k = lambda x: x.pos[2]
handles . sort(key=k)

: MOd el top_handle = handles[-1]
X,¥,z = top_handle.pos
map[x,y,z] = 1
return smooth(map)

def constraint_map():
msize = (100,100,100)

H map = np.zeros(msize)

Open the top drawer. Large vases = detect('vase’)

vase = vases[@]

@ Please also watch  —» Language |  xyz = vase.occupancy_grid
out for that vase! Model map[xyz] = -1

return smooth(map)

L )
(a) 3D Value Map Composition

Constraint Maps

(b) Motion Planning

B, SER iﬁf— (FITEERGB-DEG) FIENIERIT
E,JE%'LI: I:Ij:

®E, LM (7(1%?:.‘4{%?&) REXERNBRENNE, FrEmlits
VLM (HITniESEL) #7RE, 1ESRREMENAEREHERIEE,
EP3D Value Map.,

Fm&3D Value Map, BRZAffordance Map#1Constraint Mapfy
SRR, BEtmc T “EMETTD |, time T “tRiTEn” .

FTICEFEMEIRIER (BTN, BSREAN)  EHEES
TETRENELES.

BIRERAIL, VoxPoserr=4 744 “if@ilgeN"

(1) THHYDIR4SM, tbﬁﬂ%ﬁ%ﬂﬁ’hﬁgiﬁiﬂﬁﬁﬁﬂe NS AR
IEJ&?-}%EE%@, TREMMREE;

(2) ITHERMER, [(WIEEEENESF, SFSSA "BREE
=" , eigsEs E TEREES Y

(3) MAERIE, tLIIHIT "ARTELETF" XMBEEKKRS
AUESSEY, BATTLARNEEARLE "(RMRET1EX" EEHHESRK
RIECHIRIE;

(4) EFRmRIZTERE, tbﬁDﬂLWL%%M HEBERF TR —F,
AT SEXNSRIERSHAVESEAR B I EELVES AT EHITIXEEAES,
@VoxPoserﬂLl*E?E?ﬂﬁﬁ’ﬂ%EHﬂ%f?%‘d’F%ﬂiﬁ AESE T
HERINCRFWE, ARBHIERZEFSMALIBEREEKT .

VoxPoser: Composable 3D Value Maps for Robotic Manipulation with Language Models, 2023

Al TN & = EHENHZ LR
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» R XENAR4: SIES5EBIEH
O GPT-X=izl R SIS HFRE LS AR
O ChatGPT fBRASHEHBAESREIIM
O GPT-4 SRR, MIARIEFRRBAINERIE;
O IFHALLMSANRE, Ass ANERFITIES(]
O KEGPT-XEZEAR=4BR. RiREEHE, FxZdEdl XE Rt
7:! Pau" HRIR

£hiR

= ' e SAKAE NI
— & SRS
' b E
B5: SYEHRE)
B.AZOL8E
B=f M‘ﬂuw = %Ea =]
. Sigh W, W
Task Level Skill Level ﬁ_{%
<EMBERT, GRERTIS? «HEREA . EEh . - o - T - A
st G o o o @&’ R AR SZIEAEIEE
g sy 78, - *
g fr i ——
% E =)zl
< —
RISREES e =i TN =

AR SRR & < i\ B2 AT NDD ﬁ‘t&*‘?ﬁfﬁi“;&mﬁ
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f ] rDZtaT Cleaning
| REw (e 5 I [j Error Detection :
2 . / \ j @ Anomaly Detection |
Table PP '
: i I(Integration T |G;n;r;t|;n_ = 1|
KnOW|edge . | I Deduplication . I O Error Correction |
Graph ) Unified | O@ Row Search : | @ Data Imputation I
( Text Corpus Y Founda‘tion "‘: [0 Schema Matching | Ll:lEiplina_tioE o J
MOdel IEEI Table Union Search | , = = = = D i =
/ Bl Table Search |  User Defined Tasks
User Input | : B Entity Linking : : Dg :
Knowledge | \ / | B0 Data Validation i = I
:EE] String Matching | 3 I
Ontology j £ Ontology Matching : : :
> o | IO Entity Alignment T :
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Foundation model

-w/ Unplug

Downstream
( data - -
Model Owner '\é/ Data 0 wner h e Compress \N—’
'.' Model “=—~", Model — Emulator —
Breaks data privacy O — O —
(a) Downstream users upload data for fine-tuning D"""'t Data
ata

Offsite-tuning

e Too expensive! m e
del Owner Data Owner | Fine-tuning

Breaks model ownershlp
(b) Model owner releases the model to downstream users

Figure 2. Overview of Offsite-Tuning. Fine-tuning (left) requires
access to the full model weights and needs both model and data

Em“htor to be in one location. In Offsite-tuning (right), the model owner
l Model Owner +Adapter Data Owner | sends an adapter and an emulator to the data owner, who fine-tunes
“ the adapter on the downstream data with the emulator’s assistance.
Protect the privacy of both parties The fine-tuned adapter is then returned and plugged into the full
(c) Offsite-Tuning: private and efficient adaptation model to create an adapted foundation model. As neither party
needs to share full models or data and the emulator is compressed,

Offsite-Tuning: Transfer Learning without Full Model, 2023 offsite-tuning is both privacy-preserving and efficient.
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» KnowLM: Knowledgeable LLM framework

HiRER A2
i = ARG
ETHRGIER AT AR RRER A ‘R A% B3
AR, EERNEUAER BRI
TR, MRS HFARGASENRIESH
’ ’ R F [ | 1 1 IEQE "a“‘aﬂ&gﬁﬁ‘%ﬁwﬁ.
. & Easylnstruc R KSR B AR
@I‘g EasyEdit /
\ .& Know _
OpenKG
EFAIREE SEEIRED

SAIFRHHEY RIS R 2XEFENF
HF/FRER SJIRGAHA 20 ..
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» KESHEEMIE: EFE

i BimAY R XIS, SEMES. REMES RIFMIERI R, BRBE. IHEHENES
End-to-end perception tasks, creative Tasks emphasizing data reliability, outcome
tasks, exploratory tasks determinism, and computational precision
BRAAMZERE BAANRZERE
Natural Human-machine Interface Natural Human-machine Interface
[_/ P
J
5 {&EF sk HislE Plugins/Middleware
ERIE A ’TIE o gins/
Prompt Engineering Fine-tuning RO Fine-tuning F#% Bridgin
Engineering g. & :
E.g., ChatGPT Plugin Manifest
L J ' J .

; 0O, RENESHRS
FmEHITERS APIs, Intermediate Languages
Non-deterministic Computing and Services

R R

Non-deterministic Computing

MEMITE RS
ZIESKIER ZiEAAER Deterministic Computing
Multimodal Foundation Models Multimodal Foundation Models
REMEIEIZE
HEHITHINEE

Math and Classical Algorithms

AR ZHEREERR R S E#H N\ BF R~ NiDD A #tsRtzES

<



VAGPT{EAEEE,

» LAXKESREAEUMBNES

0
Expedia

Bring your trip plans to life—get there, stay there, find
things to see and do.

K.

Klarna Shopping

Search and compare prices from thousands of online
shops.

Speak

Learn how to say anything in another language with
Speak, your Al-powered language tutor.

AR N ER iR &2 < T it

FiscalNote
Provides and enables access to select market-leading,

real-time data sets for legal, political, and regulatory
data and information.

.
W

Milo Family Al

Giving parents superpowers to turn the manic to
magic, 20 minutes each day. Ask: Hey Milo, what’s
magic today?

Wolfram

Access computation, math, curated knowledge & real-
time data through Wolfram|Alpha and Wolfram
Language.

REERE, LigPa)lINES,
HANBFHR

<

Instacart

Order from your favorite local grocery stores.

OpenTable

Provides restaurant recommendations, with a direct
link to book.

zapier

Zapier
Interact with over 5,000+ apps like Google Sheets,
Trello, Gmail, HubSpot, Salesforce, and more.

BT ERRIES

KAYAK

Search for flights, stays and rental cars. Get
recommendations for all the places you can go within
your budget.

Shop

Search for millions of products from the world’s
greatest brands.

D Al* EMEFEH&"#I-'?“&
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Foundation Large Language Model Stack

— Writing Assi M S S & + E
BBOTIKA W cosny [F Soofy. CEN da - =]
%' Spellbook ® Reot e
eply )
MateAl @ ChaiGPTWrter | o ople
@ supertransiate ) NeuroSpell
h g Growth in Large Language Model Size
~— Content & Idea Creati ~
_ tent 1000
R = — Megatron-Turing NLG, 5308 ——"
Text Generator Plugin QDotemti al o] - g 1 .‘.“. — 3
ECODE 25 text.cortex .5' i B dr 7 ‘ End User i+
DECODER 25 Paraphrase Tool Il 7 CsSM Applications e
~ GPT-3,175B ——a
i i Data Extraction & Developer/
~— Generative & Search Assistants —————\ poy tion‘:Seardn -~ Coding Assistants —_— 100
Refraction _
o s toxial | | OO = -
pr— = context 12
E iy | A ) i "~ Turing-NLG, 17.28
© oon — F=1 codeAssist g
EvelynAl Qi = == E 10 e
. b Q| 7 T~
0 Alfredi>s - By Elicit TableTalk CodeGeeX a2 \er 75, 11B
o Y Caid ¥
~ -\ - J o \ Megatron-LM, 8.38
( LLM API Build Frameworks Prompt Engineering Tools = GPT-2, 1.5B
WHumanloop  [E¥Fixie.ai 8 o
% 4 LangChain auto IIIm & 1
3
#) steamship $* re:tune 7 DUST ProuPTISTACKS] S LM g
Development §
Tools ~ BERT, 240M
— Data Centric Tooling ©
i HumanFirst Snorkel 0.1 ,\
ELMo, 94M
~— Models & Hubs
. Foundation LLM Models . Ope LUMModels . _ CodeModels
&~ 4 Bloom .Codex BigCode Foundation
OpenAl = LaMD
@ °e GooseAl RJ @ Vhisp Models B
e & Hubs 2017 2018 2019 2020 2021
[ S e £,
S
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» KigSIREHIRETREEER

& @ LangChain Welcome to Llamalndex {5 (GPT Index)!

Document Loaders
(> 140 Integrations)

/ Unstructured  Structured \ Vector Sforage

(> 40 Integrations)

O B aoxiv E3 1
) S & B Document o
5 < ec ©QrEx T “ Datasats " e
: 4w = < Transformers |[— LLMs
. Q , mg OpenWeather (e.g., Text Splitters, OAI functions) (> 60 InTegrQTionS)
SR S Qe @y e [ W
) ::;:ges‘(:um&mp = Fr‘-’ q g "Y‘D"‘;:,
‘ ° O @ : £) irbyte T4 ‘:;"FV
H Datastores — N _ 5 | 00— :
E @ ° e =0, . _E‘ A S[l’ipe Embeddlngs The first bat.ch ofF(ih:Y‘COmbinator acceler_ator
Rl b L (> 30 Integrations) ——— e e A R
i sk @redis Loopt, Weebly, Twitch (founded by Justin Kan. ..

LLMehj RtrhEN, LM SSRGS
=t '5I?j)1§enAl ft) GPT-3 1 GPT-3.5 1&71]| R T —EEURS, ARFLLMISRI|IKE

N Hugging Face RIFFRE I TSR &R, FERR T IR AK/INRHIFIZERARIER

A EPEEA SSRGS L ang Chain 8RN TR

(
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0

0

L)

L)

AR N ARG A& < i

Grounding ( pre-processing) :

VAR Microsoft Graph 1EE5
ETSHEXNBRE&E, FH
prompt—#B5y, (Prompt HE)
i)

Modified prompt: Z£& FH F
promptF1&#E, LIt promptfiE

FHERENIRESRE, X
IXLELLM,

Grounding (post-processing)

XF LLM iR [B] By 45 8 {8 post-
processing, FMUser Datarh

SREVE R BIRE NS RAIH T,

(FRLE 7))
Response + App command: 8

TR E R BEImMA A (Word,
Excel, PPTZE) B9m<. tban,

Office ¥ ¥ VBA , H H B
commandA] BE 22,

S &L AR NDD A'**'*%ﬁ?“%

Future App

Copilot Engine

(6 Response +
app command

Large Language
@ Modified Promp Model

(1) User prompt

@ Grounding
(Pre-processing)

User Data
(5) Grounding
(Post-processing)

£

O
=Your data -

emails, files maetings chats,
calendars, and contacts

(,



O Generating output..

March 16 2023 100 PM

Here are some topics to prepare you for your upcoming meeting:

- Project updates: The new product line was launched in 3 countries. Project Gamma has been

delayed by 2 weeks. 1

. Customer Updates: The sales team final
meeting with the Relecloud executives has

. WMMMMSmhImmwmﬂn
celebrated Joanne's 25 year anniversary.

. Tunupdlta:Matthc\vnmodfrornpawmitylew
and the agenda was shared with everyone.

ized a new annual contract with Relecloud ? and the
been scheduled for this week.
sales team. The marketing team

e. The team offsite is scheduled for this week

O copy M EditinWord v H QD
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e '-'.:' QL  hitps:/fonedrivelive.com/ -w/ L EaCKkPsBAchljwlULn30E0F4BybBjy | APWrkiZbSCELIaZwTe=CMggn)

it @ Document! - Saved - D Search (alt + O

File Home Insert Layout References Review View Help

e [ F | AptosBody) v M~ B I Uv £+ A o

& croate content with Capilat

| & job description for... | | 10 ideas for._ |

[ & press relexce for..

yv Pv @ | 8~

._ & praject praposal about.. 1 ] |

':3 Commemants

& | F-

Describe what you'd like to create, and Copilot will generate a draft

W &

Page 1 of 4 ZS6words  Englsh (U5)  Test Predictions: On
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Q AP Terminal

Show me more details.

0 Q
Al-Powered Operations, For e

Every Decision NP < e

Activate LLMs and other Al
on your private network, g
safely and securely.

159th
Artillery BN

Team Foxtrot

What military unit is in the region?

https://www.palantir.com/platforms/aip/

[  Model Library

Manage Models, Objectives, and Flows

@® New modeling objective

Modeling objectives. 14
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Detect GPS Jammin g Trucks
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Details
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- Li
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ChatGPT is yesterday's news, now it's all about Al agents
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PlatformerGPT TravelGPT 7

ite some code to make a

latformer game.

Step 1: Pull the first incomplete task

ﬁeeure task

Execution Agent

ﬁum result Loop

Step 2: Enrich result and store

in Vector DB

@nt&xt Return context Store result in Vector DB

Context Agent Step 3:

Create new tasks and reprioritize task list

ARSI R (48 & = HE N\ EF R K
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N )

Instruction: Install the necessary Python libraries for
sentiment analysis and stock trading.

Input: None
Idea: Develop a trading
Solution: To install th Python libraries fi
bot for the stock market Task Specifier s:nltlillt?:nt :nlar};;s anilns‘:g?:ist:zling, \32 ;a;atzlseesp;;or,
the package installer for Python. Here are the libraries
l we need to install:

1. tweepy - for accessing the Twitter API
2. textblob - for sentiment analysis

3. yfinance - for accessing Yahoo Finance API

Specified Task: Develop
a trading bot with a
Human User sentiment analysis tool -

pip install tweepy

@
that can monitor I pip install textblob

To install these libraries, open the command prompt or
terminal and enter the following commands:

. 0 ip i fi
social media platforms PIp install yfinance

Role Assignment: for positive or negative ARG
comments about a e ction: oot ibraries i Puth
. . . nstruction: Import the necessary libraries in on.
Al Assistant: particular stock, and input: None i g
Python Programmer execute trades based on
se ntl ment analySiS §9Iution: Here's the code to import these libraries:
A| user: reSUItS ' import tweepy

from textblob import TextBlob
Stock Trader import pandas as pd

Al Assistant import numpy as np
import yfinance as yf

Next request.

Human Input Role Playing Session

g VAN 5 J

https://www.camel-ali. org/ |
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