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Language Model

Input > @ > Qutput

Great, but
e Stateless

e Ungrounded
e Limited Knowledge



Language Agent

Part I: what internal 1. ReAct: reasoning

? 2. Reflexion: learning

3. Tol: planning
/) .\

Feedback Action

1. WebShop: web
Part II: what external 2 InterCode: code

environments are needed? 3. Collie: logic

mechanisms are needed?




Part |: Internal Mechanisms



Mechanism 1. Reasoning

Published as a conference paper at ICLR 2023

REACT: SYNERGIZING REASONING AND ACTING IN
LANGUAGE MODELS

Shunyu Yao*!, Jeffrey Zhao?, Dian Yu?, Nan Du?, Izhak Shafran?, Karthik Narasimhan', Yuan Cao?

'Department of Computer Science, Princeton University
2Google Research, Brain team



Reasoning helps Acting

Obs t [You are cooking a dish and seeing salt is out... ]

« N

“The dish should be savory, and since salt is out, | O 0
Reasoning should find the soy sauce instead. It is in the 00
cabinet to my right...”

\ 4
Act t Turn right
Reason how to act
Obs t+1 [You see a cabinet and a table... ] o
1. Generalization
Act t+1 [ Open cabinet ] 2. Alignment

...... “Verbal Reasoning” as Augmented Action Spacel!



Acting helps Reasoning

who is PM of UK?

As of December 2022, the Prime Minister of the United Kingdom is Boris Johnson.
However, since | am a large language model trained by OpenAl, my knowledge is limited to
what was available at the time of my training in 2021. My ability to provide current

information is limited, and | am not able to browse the internet for up-to-date information.

oo,

Internal knowledge can be limited / outdated

Act

Hallucination is serious
Acting is key




Reasoning and Acting

e Language models (LM) get better at reasoning and acting, separately
® ReAct: Let LMs generate both

o Reasoning traces (to update internal model belief)
o  Actions (to obtain external environment feedback)

Actions
Reasoning
LM nv
Traces

\/\/

Observations

ReAct (Reason + Act)



ReAct: Overview

Tasks: Question answering, Fact verification, Text game, Web Interaction
Learning: prompting / finetuning
Model: PaLM-540B / GPT-3

Synergy: Reasoning guides acting, acting supports reasoning
Benefits of ReAct
o Flexibility: diverse reasoning / interactive tasks
o Generalization: strong few-shot / fine-tuning performances
o Alignment: the human way of problem solving!



ReAct Prompting and Controlled Baselines

Question Which magazine was started first Arthur’s Magazine or First for Women?
Thought 1 I need to search Arthur’s Magazine and First for Women, and find which was started first.
Action 1 Search[Arthur’s Magazine]
Observation 1 Arthur’s Magazine (1844-1846) was an American literary periodical published in Philadelphia
Thought 2 Arthur’s Magazine was started in 1844. I need to search First for Women next.
ReACt prompt Action 2 Search[First for Women]

Observation 2 First for Women is a woman’s magazine published by Bauer Media Group .. was started in 1989..
Thought 3 First for Women was started in 1989. 1844 (Arthur’s Magazine) < 1989 (First for Women), so
Arthur’s Magazine was started first.
Action 3 Finish[Arthur’s Magazine]

_ Question Which magazine was started first Arthur’s Magazine or First for Women?
Reason Only prompt Thought Arthur’s Magazine was started in 1844. First for Women was started in 1989. 1844 (Arthur’s
(Chain-oﬁthought,CoT) Magazine) < 1989 (First for Women), so Arthur’s Magazine was started first.

Answer Arthur’s Magazine

Question Which magazine was started first Arthur’s Magazine or First for Women?
Action 1 Search[Arthur’s Magazine]

Act—only prompt Action 2 Search[First for Women]
L. Observation 2 First for Women is a woman’s magazine published by Bauer Media Group .. was started in 1989..
(snndartoVVebGPT) Action 3 Finish[Arthur’s Magazine]

Observation 1 Arthur’s Magazine (1844-1846) was an American literary periodical published in Philadelphia ..

Question Which magazine was started first Arthur’s Magazine or First for Women?
Answer Arthur’s Magazine

Standard prompt




Without Act: Misinformation

Question: Aside from the Apple Remote, what other device can control the program
Apple Remote was originally designed to interact with?

( Standard |

& J
[Answer: iPod x]

- [ Reason Only } N

Thought: Let's think step by step. Apple Remote was originally designed to
interact with Apple TV. Apple TV can be controlled by iPhone, iPad, and iPod
Touch. So the answer is iPhone, iPad, and iPod Touch.

Answer: iPhone, iPad, iPod Touch




ReAct: Interpretable, Factual

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

Apple Remote was originally designed to interact with?

( )

L ReAct (Reason + Act) J ~N

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

Act 1: Search[Apple Remote]

Obs 1: The Apple Remote is a remote control introduced in October 2005 by Apple .. originally
designed to control the Front Row media center program ..

Thought 2: Apple Remote was originally designed to control the Front Row media center program. I
need to search Front Row next and find what other device can control it.

Act 2: Search[Front Row]

Obs 2: Could not find [Front Row]. Similar: ['Front Row Seat to Earth', 'Front Row

Motorsports', 'Front Row (software)', ..]

Thought 3: Front Row is not found. I need to searchFront Row (software)
Act 3: Search[Front Row (software)]
Obs 3: Front Row 1s a discontinued media center software ..

Thought 4: Front Row (software) is controlled by an Apple Remote or the keyboard function keysSo
the answer is keyboard function keys.
Act 4: Finish[keyboard function keys \//

\§ J




Act Only: Unable to Synthesize Final Answer

Question: Aside from the Apple Remote, what other device can control the program
Apple Remote was originally designed to interact with?

-

- ( Act Only

Act 1: Search[Apple Remote]
Obs 1: The Apple Remote is a remote control introduced in October 2005 by Apple
. originally designed to control the Front Row media center program ..

Act 2: Search[Front Row]
Obs 2: Could not find [Front Row]. Similar: ['Front Row Seat to Earth', 'Front
Row Motorsports', 'Front Row (software)', ..]

Act 3: Search[Front Row (software) ]
Obs 3: Front Row is a discontinued media center software ..

Act 4: Finish[yes] X




Embodied Tasks: ALFWorld

You are in the middle of a room. Looking quickly around you, you see a drawer 2, a shelf
5, a drawer 1, a shelf 4, a sidetable 1, a drawer 5, a shelf 6, a shelf 1, a shelf 9, a
cabinet 2, a sofa 1, a cabinet 1, a shelf 3, a cabinet 3, a drawer 3, a shelf 11, a shelf
2, a shelf 10, a dresser 1, a shelf 12, a garbagecan 1, a armchair 1, a cabinet 4, a shelf
7, a shelf 8, a safe 1, and a drawer 4.

Your task is to: put some vase in safe.

> go to shelf 6
You arrive at loc 4. On the shelf 6, you see a vase 2.

> take vase 2 from shelf 6
You pick up the vase 2 from the shelf 6.

> go to safe 1
You arrive at loc 3. The safe 1 is closed.

> open safe 1
You open the safe 1. The safe 1 is open. In it, you see a keychain 3.

> put vase 2 in/on safe 1

You won!

Embodied Env Text Env
(ALFRED game) (ALFWorld)

Shridhar et al. "ALFWorld: Aligning Text and Embodied Environments for Interactive Learning."



ALFWorld Example: Reasoning is Key to Long-horizon Acting

You are in the middle of a room. Looking quickly around you, you see a cabinet 6, a
cabinet 1, a coffee machine 1, a countertop 3, a stove burner 1, and a toaster 1.
Your task is to: Put some pepper shaker on a drawer.

—

Act-Only

~

'—l

Act Go to drawer 1
Obs 1l: The drawer 1 is closed.

Act 2: Open drawer 1
Obs 2: You open the drawer 1. The drawer 1 is open. In it, you see a dishsponge 2,
and a spoon 1.

Act 3: Go to sinkbasin 1
Obs On the sinkbasin 1, you see a dishsponge 3, a spatula 1, and a spoon 2.

w

=8

Act Take peppershaker 1 from sinkbasin 1
Obs 4: Nothing happens.

Act
Obs

(6]

Take peppershaker 1 from sinkbasin 1
Nothing happens.

(S}




ALFWorld Example: Reasoning is Key to Long-horizon Acting

You are in the middle of a room. Looking quickly around you, you see a cabinet 6, a
cabinet 1, a coffee machine 1, a countertop 3, a stove burner 1, and a toaster 1.

Your task is to: Put some pepper shaker on a drawer.

[ ReAct (Reason + Act) ]

~

Act 1: Think[First I need to find a pepper shaker...more likely to appear in cabinets (1-6), countertops

(1-3), ... 1
Act 2: Go to cabinet 1
Obs 2: On the cabinet 1, you see a vase 2.
(Here the agent goes to cabinet 1, 2, 3, 4, 5, 6, then countertop 1 and 2)

Act 9: Go to countertoo 3
Obs 9: On the countertop 3, you see a apple 1, a bread 1, ...... a pepper shaker 1,

Act 10: Take pepper shaker 1 from countertop 3
Obs 10: You pick up the pepper shaker 1 from the countertop 3.

Act 11: Think[Now I find a pepper shaker 1. Next, I need to put it in/on drawer 1.
Act 12: Go to drawer 1
Obs 12: Drawer 1 is closed.

Act 13: Open drawer 1
Obs 13: You open Drawer 1 ..

Act 14: Put pepper shaker 1 in/on drawer 1
Obs 14: You put pepper shaker 1 in/on the drawer 1.

and a vase 3.




ALFWorld Example: Human-in-the-loop Control

( AlfWorld |

You are in the middle of a room. Looking quickly around you, you see a armchair 1, a cabinet 4, .. a cabinet 1,
a drawer 5, .., a drawer 1, a dresser 1, a garbagecan 1, a safe 1, a shelf 12, .., a shelf 1, a sidetable 1, and
a sofa 1.

Your task is to: put two keychain in safe.

(a) ReAct J

—

Obs 16: You open the drawer 4. The drawer 4 is open. In it, you see a keychain 3, and a watch 2.

Act 17: Think [Now I find the first keychain (3). Next, I need to take it. I can find the second keychain (2) later in
drawer 4. ]

Act 18: take keychain 3 from drawer 4

Obs 18: You pick up the keychain 3 from the drawer 4.

Act 22: put keychain 3 in/on safe 1

Obs 22: You put the keychain 3 in/on the safe 1.

Act 23: Think [Now I put the first keychain in safe. Next, I need to find the second keychain. I can directly go to
drawer 4. ]

Act 24: go to drawer 4

Obs 24: The drawer 4 is open. In it, you see a watch 2.

Act 25: Think [Now I find the second keychain (2). Next, I need to take it. 1]

Act 26: take keychain 2 from drawer 4

Obs 26: Nothing happens. x




ALFWorld Example: Human-in-the-loop Control

( AlfWorld |

You are in the middle of a room. Looking quickly around you, you see a armchair 1, a cabinet 4, .. a cabinet 1,
a drawer 5, .., a drawer 1, a dresser 1, a garbagecan 1, a safe 1, a shelf 12, .., a shelf 1, a sidetable 1, and
a sofa 1.

Your task is to: put two keychain in safe.

( - )l

L (b) ReAct (Human Thought edit) J
Obs 16: You open the drawer 4. The drawer 4 is open. In it, you see a keychain 3, and a watch 2.
Act 17: Think [Now I find the first keychain (3). Next, I need to take it. F—ear—fincd—the—second—tkeychainr—{t2—tater—in
reawer—4—]

Act 18: take keychain 3 from drawer 4

Obs 18: You pick up the keychain 3 from the drawer 4.

Act 22: put keychain 3 in/on safe 1

Obs 22: You put the keychain 3 in/on the safe 1.

Act 23: Think [Now I put the first keychain in safe. Next, I need to find the second keychain , which is more likely to
appear in dresser (1), garbagecan (1), safe (1), sidetable (1), sofa (1), shelf (1-12) |

Act 24: go to dresser 1

Obs 24: On the dresser 1, you see a box 1, a creditcard 1, a keychain 2, a keychain 1, a laptop 1...

Act 25: Think [Now I find the second keychain (2). Next, I need to take it. ]

Act 26: take keychain 2 from dresser 1

Obs 26: You pick up the keychain 2 from the dresser 1.

Act 27: Think [Now I take the second keychain (2). Next, I need to put it in/on safe 1. ]

Act 28: go to safe 1

Obs 28: The safe 1 is open. In it, you see a keychain 3, a statue 2, and a watch 3.

Act 29: put keychain 2 in/on safe 1

Obs 29: You put the keychain 2 in/on the safe 1. \//




Finetuning > Prompting

Prompting only works with LLMs, limited learning support

Finetuning is promising (initial results on HotpotQA, using prompted trajectories)
o ReActfinetuned small LMs > ReAct prompted large LMs
o  ReActfinetuning is better than other finetuning formats across model sizes

learning = prompt learning = finetune

30
s 25
w Method
820 mmm Standard
-
215 mmm CoT
45 mm Act
T10 mmm ReAct

- |

0

8b 62b 540 8b 62 540b

size size



ReAct: Summary

Two basic functions of language agents: reason and act

O

Many followups since 2022: LangChain, AutoGPT, ...

Simple view: action space

Slightly more complex view: working memory

O

O

O

LM can “talk” to memory (reason) or env (act)
Memory short-term, append-only
What if memory is long-term, not append-only?

000
Reason

I Act




Mechanism 2: Learning

Reflexion: Language Agents with

Verbal Reinforcement Learning

J Noah Shinn
5 Northeastern University
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(Reinforcement) Learning

e Behavior -> Feedback -> Update -> Better Behavior



Learning: Feedback

Behavior -> Feedback -> Update -> Better Behavior

i people.data.users:
response client.api.statuses.user_timeline.?et{screen_name i.scre @) Scalar Feed back: O or 1
'Got', len(response.data), 'tweets from', i.screen_name
len(response.data) 0:
ltdate = response.datal0] ['created_at']
ltdate2 = datetime.strptime(ltdate, '%a %b %d %H:%M:%S +0000 %Y'
today = datetime.now() ©) Language FGEdbaCk:
howlong = (today-ltdate2).days

howlong < daywindow: m Runtime error messages

i.screen_name, 'has tweeted in the past' , daywindow,
totaltweets len(response.data)

j in response.data: m Unittest cases and results

j.entities.urls:

k i titi . 1s: “
hemirU S KiTorariediurtt] m Human/self-feedback: “the code

urlset.add((newurl, j.user.screen_name))

did not handle this corner case...”

i.screen_name, 'has not tweeted in the past', daywind




Learning: Update

Behavior -> Feedback -> Update -> Better Behavior

i people.data.users:
response = client.api.statuses.user_timeline.get(screen_name-=i.scre O Parameter Update° PPO A3C DQN
'Got', len(response.data), 'tweets from', i.screen_name ° ! !
len(response.data) 0:
ltdate = response.datal0] ['created_at']
ltdate2 = datetime.strptime(ltdate, '%a %b %d %H:%M:%S +0000 %Y'
today = datetime.now()
howlong = (today-ltdate2).days
howlong < daywindow:

i.screen_name, 'has tweeted in the past' , daywindow, O Language Update:

totaltweets len(response.data)
j response.data: u . ”
j.entities.urls: m “Be sureto handle this corner case...
k j.entities.urls:
newurl = k['expanded_url']
urlset.add((newurl, j.user.screen_name))

i.screen_name, 'has not tweeted in the past', daywind




Reflexion: “Verbal” RL

Agent
RL: Behavior -> Feedback -> Update -> Better Behavior Extemal feedback _
.. | Self-reflection (LM) .
o Traditional RL: scalar feedback, parameter update i Refecie
o “Verbal® RL: language feedback, language update | Evalvator (M) | —
(long-term memory)
|

Trajectory )
(short-term memory) Actor (LM) ]

Key idea: LM can self-evaluate/reflect/critic
o Works with various tasks (game, QA, coding, ...)
o Works with various models (ReAct, CoT, ...) ~—Obs/Reward —|  Environment | Action
o Works with various feedback sources (env, human,
self-generated, ...
o Significantly improves the agent across placsceelaet e sssifoue solution s coteeet
episodes, using long-term memory update

| apologize for any confusion in my previous response. Upon reflection

recursive solution | provided is indeed not optimal for larger positions,



(a) Task

|

(b)
Trajectory

(c)
Evaluation
(internal / external

(d)
Reflection

|

(e) Next
Trajectory

1
2.
3.
4
5

Decision Making (ALFWorld)

4[ 1. Decision making ]—

You are in the middle of a room
[...] Task: clean some pan and put
it in countertop.

[...]

Action:take panl from stoveburnerl
Obs:Nothing happens. [...]
Action:clean panl with sinkbasinl
Obs:Nothing happens. [...]

\

Rule/ILM Heuristic:
Hallucination.

/

[...] tried to pick up the pan in
Stoveburner 1 [...] but the pan
was not in stoveburner 1. [...]

[...] Action: take pan 1 from
stoveburner 2

[...] Obs: You put the pan 1 in
countertop 1.

(Task)
(Action + observation trajectory)
(Evaluation)

(Self-reflection)

(Repeat)

o o =
o b )

Proportion of Solved Environments
(=]
N

(a) ALFWorld Success Rate

-+-- ReAct only

—e— ReAct + Reflexion (Heuristic) /

—e— ReAct + Reflexion (GPT)

V] 2 4 6 8 10
Trial Number

Shridhar, Mohit, et al. "Alfworld: Aligning text and embodied environments for interactive learning." arXiv preprint arXiv:2010.03768 (2020).



Coding (multi-task, multi-lingual)

Benchmark + Language Prev SOTA Pass@1 SOTA Pass@1 Reflexion Pass@1
HumanEval (PY) 65.8 (CodeT [4] + GPT-3.5)  80.1 (GPT-4)  91.0
[ 2. Programming | HumanEval (RS) - 60.0 (GPT-4) 68.0
@) Task | Task: You are given a list of two MBPP (PY) 67.7 (CodeT [4] + Codex [5]) 80.1 (GPT-4)  77.1
strings [...] of open '(' or close MBPP (RS) - 70.9 (GPT'4) 75.4
l ')' parentheses only [...] Leetcode Hard (PY) - 7.5 (GPT-4) 15.0
(b) def match parens(1lst):
Trajectory if" gl.count:(Y (') +
s2.count (' (') == sl.count(')') +
82..count (") ")z Leew]
(c) return 'No'
Evaluation Self-generated unit tests fail: o
(intemal/ externall assert match parens(...) 1. (I nStrUCtlon)
(d) [...] wrong because it only checks 2‘ (Fur)Ctlon |mp|ementat|0n) .
Reflection | IENEHENEOLAINCOUAL! of open and 3. (Unit test feedback) <« execution
close parentheses is equal [...] .
l order of the parentheses [...] 4 (Self‘reﬂectlon)
Nt [, 3 5. (Repeat)
Trajectory return 'Yes' if check(Sl1l) or

check (S2) else 'No'

Chen, Bei, et al. "Codet: Code generation with generated tests." arXiv preprint arXiv:2207.10397 (2022).



(a) Task

|

(b)
Trajectory

(c)
Evaluation
(intemal / external

(d)
Reflection

Importance of Unit Test

( 2. Programming ]

Task: You are given a list of two
strings [...] of open '(' or close
')' parentheses only [...]

def match parens(lst):

if’ sl.count( (L) +
s2.count (' (') == sl.count(')"') +
82 jcounti*)i)is Loewl

return 'No'

|

Self-generated unit tests fail:
assert match parens(...)

[...] wrong because it only checks
if the total count of open and
close parentheses is equal [...]

l order of the parentheses [...]
(e) Next |
Trajectory return 'Yes' if check(Sl1l) or
check (S2) else 'No'

Approach Test Generation Self-reflection Pass@1 (Acc)
Base model False False 0.60
Test generation omission False True 0.52
Self-reflection omission  True False 0.60
Reflexion True True 0.68

Test generation omission

1. (Instruction)

2.  (Function implementation)
4. (Self-reflection)

5. (Repeat)

Self-reflection omission

1. (Instruction)
2.  (Function implementation)
3. (Unit test feedback) <« execution

—dSelfarefloction)—
5. (Repeat)



Reasoning (HotpotQA)

(a) HotPotQA Success Rate

--=-- CoT only
ReAct only
0.6 —*— CoT + Reflexion
—o— ReAct + Reflexion _—¢—

(b) HotPotQA CoT (GT)

CoT (GT) only
—— CoT (GT) + Reflexion

o

.8

Ly
o

Proportion of Solved Tasks
o
o

4[ 3. Reasoning I

Task: What profession does John
(a) Task Lanchester and Alan Dean Foster

e
®

Proportion of Solved Tasks

have in common?
l Think: [...] novelist, journalist, 0.4
(b) critic [:.:] novelist;
Trajectory | screenwriter [...] common is 0.2
novelist and screenwriter. ) 0.4
Action: “novelist, screenwriter”
© _ _ 0 2 4 6 0 12 3 4 5 6 7
Evaluation Environment Binary Reward: Trial Number Trial Number

0

(internal / external

[...] failed because I incorrectly )

(@) assumed that they both had the Questlon)
d same multiple professions [...] .
Reflection | Egasataiy Tai tiEviiG VeTs . (Knowledge retrieval)
_professions.
Think: [...] SO the profession

Exact match evaluation)
Self-reflection)
Repeat)

(e) Next John Lanchester and Alan Dean
Trajectory | Foster have in common is novelist.
Action: “novelist”

(
(
(Answer)
(
(
(

U AN R

Wei, Jason, et al. "Chain of thought prompting elicits reasoning in large language models." arXiv preprint arXiv:2201.11903 (2022).
Yao, Shunyu, et al. "React: Synergizing reasoning and acting in language models." arXiv preprint arXiv:2210.03629 (2022).



(a) Task

l

(b)
Trajectory

(c)
Evaluation
(internal / external

(d)
Reflection

|

(e) Next
Trajectory

Importance of Reflection

N |

Task: What profession does John
Lanchester and Alan Dean Foster
have in common?

3. Reasoning

Think: [...] novelist, journalist,
critic: [..:] novelist;
screenwriter [...] common is

novelist and screenwriter.
Action: “novelist, screenwriter”

Environment Binary Reward:
0

[...] failed because I incorrectly )

assumed that they both had the

same multiple professions [...]

accurately identifying their
_professions.

Think: [...] SO the profession
John Lanchester and Alan Dean
Foster have in common is novelist.
Action: “novelist”

(c) HotPotQA Episodic Memory

L1.0
© CoT (GT) only
£ 0.9 -+ CoT(GT) EPM
g —— CoT (GT) EPM + Reflexion
8 0.8
s
c 0.7
0
£o.6
o
;1
a05, 1 2 3 4
Trial Number
1. (Question)
2.  (Knowledge retrieval)
3.  (Answer)
4. (Exact match evaluation)

5 ‘5e|f ;eﬂechnn\
6. (Repeat)




Reflexion: Summary

000
A verbal / “no-gradient” approach to learning
o Concurrent work: self-refine, self-debugging, ...
. . . Learn Reason
Simple view: append reflection to prompt

Slightly more complex view: long-term memory

A
Limitation? l Act




Mechanism 3: Planning

Tree of Thoughts: Deliberate Problem Solving
with Large Language Models

Shunyu Yao Dian Yu Jeffrey Zhao Izhak Shafran
Princeton University Google DeepMind Google DeepMind Google DeepMind

Thomas L. Griffiths Yuan Cao Karthik Narasimhan
Princeton University Google DeepMind Princeton University



Motivating Task: Game of 24

Use numbers and basic arithmetic operations (+ - * /) to obtain 24. Each step, you are
only allowed to choose two of the remaining numbers to obtain a new number.

Input: 4468
Steps: 4 + 8 =12 (left: 4 612); 6 - 4 = 2 (left: 212); 2 * 12 = 24 (left: 24)
Answer: (6 - 4) * (4 + 8) = 24
{more CoT examples...}
Input: 45610

Steps: 5-4=1(left: 1610); 10 -1= 9 (left: 6 9); 6 * 4 = 24 (left: 24)
Answer: (10-(5-4)) *6 =24

Remember: LM was designed to generate text
autoregressively, not to act or make decisions!

Method Success
10 prompt 7.3%
CoT prompt 4.0%

CoT-SC x=100) 9.0%
IO + Refine k=100 27%

ToT (ours) (b=1) 45%
ToT (ours) (b=5) 74 %

Why hard even for GPT-4 + Col ?

No backtrack: First couple tokens
(“5-") wrong, game over... (In fact,
60% Col samples fail after first
step)

Token decision: really hard to tell
if first token “5” is good or bad




(a) Input-Output  (c) Chain of Thought

Prompting (1O)

Prompting (CoT)

Tree of Thoughts (ToT)

Majority vote

(c) Self Consistency
with CoT (CoT-SC)

(d) Tree of Thoughts (ToT)

B W N

ToT recipe:

What is thought?
How to generate it?
How to evaluate it?
How to search?



0. Why Tree Search?

‘A genuine problem-solving process involves the
repeated use of available information to initiate
exploration, which discloses, in turn, more
information until a way to attain the solution is
finally discovered.”

‘Many kinds of information can aid in solving
problems: information may suggest the order in
which possible solutions should be examined; it may
rule out a whole class of solutions ... All these kinds

of information are heuristics --- things that aid
discovery.”

e e
N

REPORT ON A GENERAL PROBLEM-SOLVING
PROGRAM

A. Newell
J. C. Shaw
H. A. Simon*

P-1584
30 December 1958
Revised 9 February 1959

N

At the root of Al tree search was

invented as a general problem

solving process

Hand-written heuristics limited the

generality of symbolic Al

Marry the tree search’s power as

algorithm + LLM’s power as
heuristics




1. What is thought?

(a) 4/9/10/13 (b)

5 P

449=13  9-4=5
13-10=3  10/5=2
3%13=39 2*13=26

™
2E Ry
P

Tree of tokens

Bandit of outputs

e [Easyto evaluate e [Easyto generate
e Hard to generate e Hard to evaluate

4/9/10/13 (c)

4/9/10/13

e

4+9=13 13-9=4

T R

4+4=8 10-4=6

/\
4%6=24 4+6=10
Tree of thoughts

A nice tradeoff game between
generation vs evaluation




2. How to generate thoughts?

Option A. Sample i.i.d. Thoughts
- Good for long thoughts

- Might generate repetitive

short thoughts

Use numbers and basic arithmetic operations (+ - * /) to
obtain 24. Each step, you are only allowed to choose two
of the remaining numbers to obtain a new number.
Input: 4468

Steps:

4+ 8 =12 (left: 4 612)

6-4=2(left: 212)

2 *12 = 24 (left: 24)

Answer: (6 - 4) * (4 + 8) = 24

Input:291012

Steps:

4 runs GPT-4

(stop="\n')

4* 6 =24 (left: 510 24)

5* 4 =20 (left: 610 20)
4*5 =20 (left: 610 20)
5* 4 =20 (left: 610 20)




2. How to generate thoughts?

Option A. Sample i.i.d. Thoughts Input: 2 8 8 14

- Good for long thoughts Possible next steps:
- Might generate repetitive 2 +8 =10 (left: 810 14)

h h h 8/2 =4 (left: 4 8 14)
shortthoughts 14 + 2 =16 (left: 8 8 16)

2 *8 =16 (left: 8 14 16)
8-2=6(left: 6 814)
Option B. Propose sequential 14-8=6(left: 2 6 8)
thoughts 14/ 2=7(left: 7 8 8)
14 -2 =12 (left: 8 8 12)
Input: 45610
unique in the same context Possible next steps:

- Make sure thoughts are

GPT-4

Trun

4+5 =9 (left: 6 910)
5+ 6 =11(left: 410 1)
10 -4 =6 (left: 5 6 6)
4*5 =20 (left: 610 20)
10/5=2(left: 2 4 6)
6-4=2(left: 5210)
10 - 6 = 4 (left: 4 4 5)
6 /4 =15 (left: 51.510)




*3. How to evaluate thoughts?

Option A. Value independently
- When final “success” is tractable

- More priors injectable
- E.g. Promote with simulation success
- E.g. Reject with commonsense

Input: 491013

e

10-4=6

(left: 69 13)

4+9=13

(left: 101313)

(b) Value Prompt

Evaluate if given numbers can
reach 24 (sure/likely/impossible)

-

10 14:10 +14 = 24. sure

101313

Thought Evaluation

(13-10)*13=3*13=39
10+13+13=36

There is no way to obtain 24 with
these big numbers. impossible




*3. How to evaluate thoughts?

Option A. Value independently Option B. Vote across
- When final “success” is tractable - When “success’ is open-ended
- More priors injectable - Stepwise self-consistency / democracy

- E.g. Promote with simulation success - Can be zero-shot
- E.g. Reject with commonsense

Given an instruction and several choices, decide which choice is most promising. Analyze
each choice in detail, then conclude in the last line "The best choice is {s} where s the
integer id of the choice.




4. How to search?

e Breadth-first search (BFS)

©)

©)

©)

Maintain a set of promising thoughts per step
Branch and prune per step

Good for: problems with shallow trees (e.g. <=3 steps),
but hard to get initial choices right

e Depth-first search (DFS)

O

©)

©)

Alway explore the most promising thought

Until self-evaluation is “bad”, then backtrack

Good for: problems with deep trees (e.g. >= 10 steps), but
possible to get initial choices right



Tasks

Game of 24 Creative Writing 5x5 Crosswords

Input 4 numbers (4 9 10 13) 4 random sentences 10 clues (hl. presented;..)

Output An equation to reach 24 A passage of 4 paragraphs 5x5 letters: SHOWN;
(13-9)*(10-4)=24 ending in the 4 sentences = WIRRA; AVAIL; ...

Thoughts | 3 intermediate equations A short writing plan Words to fill in for clues:
(13-9=4 (left 4,4,10); 10- (1.Introduce a book that (hl.shown; v5.naled; ...)
4=6 (left 4,6); 4*6=24) connects...)

#ToT steps | 3 1 5-10 (variable)




Game of 24

Input: 491013

I
10-4=6 | 4+9=13 ,

(lefe6913) | (lefc101313) [

13-6=7 13-9=-4 ...

e

(a) Propose Prompt

N

v

{one example}
Input: 491013
Possible next steps:

(b) Value Prompt

Evaluate if given numbers can
reach 24 (sure/likely/impossible)
1014:10 +14 = 24. sure

{more examples}

Thought Generation

4+9=13 (lefc 1013 13)
10-4=6 (left: 69 13)

{..more lines...}

-

Thought Evaluation

(13-10)*13=3*13=39
10 +13 +13 = 36 There is no way
to obtain 24 with these big

(lefe: 7 9) (left 4 6)
‘/l\‘

4+6=10 4624

(left: 10) (left: 24) .IO 13 13

1. Thought: each intermediate equation
2. Generate thoughts: propose
3. Evaluate thoughts: value
4,

Search algorithm: BFS (depth=4, breadth<=5)

numbers. impossible




Game of 24: Results

Method Success
IO prompt 7.3%
CoT prompt 4.0%
CoT-SC «=100) 9.0%
ToT (ours) =1) 45%
ToT (ours) (v=5) 74 %
IO + Refine k=100 27%
IO (best of 100) 33%
CoT (best of 100) 49%

Table 2: Game of 24 Results.

(a) Success rate with nodes visited

0.6 i

0.4

0.2 — 10 (best of k)
—— CoT (best of k)

---- ToT (b=1...5)

0 25 50 75 100

(b) Samples failed at each step

E CoT
B ToT (b=5)

0.6
0.4

0.2 I

0.0 = . —H -

4 Correct

Figure 3: Game of 24 (a) scale analysis & (b) error analysis.



Creative Writing

Write a coherent passage of 4 short paragraphs. The end sentence of each paragraph must be:
1. It isn't difficult to do a handstand if you just stand on your hands.
2. |t caught him off guard that space smelled of seared steak.
3. When she didn't like a guy who was trying to pick her up, she started using sign language.
4. Each person who knows you has a different perception of who you are.

-

G

Plan 1

1. Introduce and explain the technique of
doing a handstand

2. Switch to a story about an astronaut's first
time in space

3. Describe a situation where a woman uses
sign language to avoid unwanted attention
4. The final paragraph explains how everyone
has different perceptions of others

N

Ve

Plan 2

1. Introduction to an unusual self-help book, mentioning a
handstand as a metaphor for embracing challenges.

2. Discuss the unexpected things learned from astronauts,
including the smell of space.

3. Describe a woman's clever tactic for avoiding unwanted
attention at a bar.

4. Contemplate how different perceptions of oneself can
shape one's identity.




Creative Writing

A WN o

Write a coherent passage of 4 short paragraphs. The end sentence of each paragraph must be: 1. It isn't

(a) difficult to do a handstand if you just stand on your hands. 2. It caught him off guard that space smelled of
Inpul: seared steak. 3. When she didn't like a guy who was trying to pick her up, she started using sign language. 4.
P I S ) Each person who knows you has a different perception of who you are.
i Input I Plan 1 Plan 2 Plan 3-5
| I (b) 1. Introduce and explain the technique 1. Introduction to an unusual self-help book,
1 /R 1 of doing a handstand 2. Switch to a mentioning a handstand as a metaphor for
1 | Plans story about an astronaut’s first time in embracing challenges. 2. Discuss the unexpected
I1Plan1 Plan2 ... | space 3. Describe a situation where a things learned from astronauts, including the smell of
b o = - - ] woman uses sign language to avoid space. 3. Describe a woman's clever tactic for avoiding
/l\‘ unwanted attention 4. The final unwanted attention at a bar. 4. Contemplate how
paragraph explains how everyone has different perceptions of oneself can shape one's
Passage Passage . different perceptions of others identity.
(C) Analyzing each choice in detail: Choice 1, while incorporating the required end sentences, seems to lack a
Votes clear connection between the paragraphs {..} Choice 2 offers an interesting perspective by using the
required end sentences to present a self-help book's content. It connects the paragraphs with the theme of

self-improvement and embracing challenges, making for a coherent passage. {..} The best choice is 2.

Thought: just one intermediate plan
Generate thoughts: sample

Evaluate thoughts: vote

Search algorithm: BFS (depth=2, breadth=5)



Creative Writing: Results

(a) GPT-4 coherency scores (b) Human coherency comparison
40
8
30
2 9
: 20
: ¢
4 ¢ 4
: 10
[0) CoT  ToT 10 ToT 0

+refine +refine CoT > ToT Similar ToT > CoT



M | N l C FOSSWO rd S https://www.goobix.com/crosswords/0505/1/

JIImMm|<|HV|O

In order to indicate an answer, you must click on the number associated with its definition.

Horizontal Vertical
1 An agendum; something to be done 1 To heap
2 Anengine 2 An Indian antelope
3 Pretentious; flowery 3 To intend; to plan; to devise; a nettle; to
4 Asalon; a hall guess
5 To mock; to sneer 4 Anozzle

5 Desiccator; more dry


https://www.goobix.com/crosswords/0505/1/

Mini Crosswords

tasks Input Clues () (7 =
motor = Y —
_____ 1| Thought Proposals ochizr Method Success Rate (%)
e h2.motor } h4. salon (sure) aggregate | h4.salon Ligtter Word Game
————— V5. srdry (low) q h3.grand I0 387 14 O
= = == - _h1.task_s —I | Yi’).:string (high) i/"?i.'strlng CoT 106 156 1
l : (b) - ToT (ours) | 78 60 20
l ‘Amk) ST +beststate | 82.4 67.5 35
I Y 1 v3. Pretentious; flowery: _____ sure -prune 654 415 5
jh3grand =~ h4.salon | v1. To heap: tm_s_ || impossible -backtrack | 54.6 20 5
|_ ;*"_ _(SUb_”eeﬂ””e_d) _! v5. Desiccator; more dry: sr_n_ |} maybe
1. Thought: each clue word Importance of ...
2. Generate thoughts: propose e Backtrack
3. Evaluate thoughts: value e Subtree pruning
4. Search algorithm: DFS (depth=5-10)



Tol: Summary

000
e |M +tree search complement each other
o LM provides flexible and versatile heuristics for search
o Search augments control structure for LLM Learn Reason
e But how is this related to language agents? @ Plan?
a Selection b  Expansion c Evaluation d Backup A
B B e l Act
Q+UP) LN, Q+uP) ¢ F? & ¥ N 5
B w o BOE )
Q +uP) %nax Q +u(P) P P
B2 e o (4t) 19t ”ﬂ(%) B o T (187
N

H |

(8 (@) ()38



Language Agent

We have found some piecewise insightful ideas

o Language as universal interface across mechanisms

RL Agent

Language Agent

Action space

Act

Act + Reason

Learning

Parameter update

Language update

Learn } Reason

Planning

Learned values

LM reasoning for
both generation
and evaluation

A more systematic framework to synthesize these ideas?

1 Act




Part |l; External Environments



Environment: how to be cheap, fast, yet useful?

Physical World / Humans

<Y Practical: robots / chatbots
2 Not Scalable: expensive and slow to collect data

Simulations / Games

£ Not Practical: sim-to-real is hard
< Scalable: free, unlimited interactions

Digital World (Internet, code, software, ...)

<« Practical: important tasks to automate
<« Scalable: huge scale, rich complexity, free and fast




Evaluation: how to be cheap, fast, yet high-quality?

please evaluate the code and give a score

Sure, | can provide an evaluation of the code based ¢
10 to rate each aspect. Keep in mind that this is a sul

possible considerations. Here's the evaluation:

1. Readability (9/10): The code is well-structured and
comments. However, it could benefit from some ad:
purpose of the methods and the logic behind the Fi

2. Efficiency (7/10): The iterative method is efficient a

\U,NnY,|+

att C

= ’.fA\'p(’ ’ |

Tiype € 10,0.1,0.5,1)

Human Evaluation
L High-quality (esp. if you're OpenAl): RLHF

2 Not Scalable (if you're not OpenAl): expensive
and slow to collect data

LM Evaluation
2 Not High-quality (yet): hallucinations
L Scalable (somewhat): unlimited, but with costs

“Rule-based” Evaluation
< High-quality: if we leverage domain priors!

& Scalable: unlimited, free, fast



Task

Action

Observation
feedback

Reward
feedback

1. WebShopw/

“Find a t-shirt that...”

Web actions

Webpage

Attribute rule-based

Overview

2. InterCodej=]

“Remove the file that...”

Code as action

Code execution result

Unit test or file diff

3. Collie

“Write a paragraph that...”

Text as action

Synthetic constraint
satisfaction feedback

Grammar rule-based


https://emojipedia.org/shopping-cart

Table 3

Query
For the last &
house arrest

In the winter
at Rainier Pa

This compar
had a guaran

Web Interaction

How can | train the crows in my neighborhood to bring me gifts?

This question does not make sense

Search results for: how to train crows to bring you gifts

‘ = how to train crows to bring‘ Find in page

How to Make Friends With Crows -
PetHelpful

If you did this a few times, your crows would
learn your new place, but as | said, I'm not
sure if they will follow or visit you there since
it's probably not in their territory. The other
option is simply to make new crow friends
with the crows that live in your new
neighborhood.

Gifts From Crows | Outside My Window

The partial piece of apple may have been
left behind when the crow was startled
rather than as a gift. If the crows bring bright
objects you'll know for sure that it's a gift
because it's not something they eat. Brandi
Williams says: May 28, 2020 at 7:19 am.

|
| |

This question should not be answered

Quotes =

+Add new quote |

[1] Gifts From Crows | Outside My
Window
(www.birdsoutsidemywindow.org)

Many animals give gifts to members of
their own species but crows and other
corvids are the only ones known to
give gifts to humans.

Number of quote tokens left: 463

Number of actions left: 96

[ Done quoting! Write an answer

(a) Screenshot from the demonstration interface.

4Question
How can I train the crows in my neighborhood to bring me gifts?

4Quotes

From Gifts From Crows | Outside My Window (www.birdsoutsidemywindow.org)
> Many animals give gifts to members of their own species but crows and
other corvids are the only ones known to give gifts to humans.

#Past actions

Search how to train crows to bring you gifts

Click Gifts From Crows | Outside My Window www.birdsoutsidemywindow.org
Quote

Back

+Title

Search results for: how to train crows to bring you gifts

#Scrollbar: 0 - 11

oText

(0tHow to Make Friends With Crows - PetHelpfulfpethelpful.com)

If you did this a few times, your crows would learn your new place, but
as I said, I’m not sure if they will follow or visit you there since it’s
probably not in their territory. The other option is simply to make new
crow friends with the crows that live in your new neighborhood.

(11Gifts From Crows | Outside My Windowtwww.birdsoutsidemywindow.org)
The partial piece of apple may have been left behind when the crow was
startled rather than as a gift. If the crows bring bright objects you’ll
know for sure that it’s a gift because it’s not something they eat.
Brandi Williams says: May 28, 2020 at 7:19 am.

¢Actions left: 96
#Next action

(b) Corresponding text given to the model.

Nogueira et al. End-to-End Goal-Driven Web Navigation
Nakano et al. WebGPT: Browser-assisted question-answering with human feedback

Mint WWikiNav:-WebGPT: RLHFe games’mes”
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WebShop

A Description:Produc = : * B8 [Large Siz = -
Websh o p search laptop desk.Produc !ite_l_‘!_d,'e tail styling with light wWJ:tevln..,d'e tail
walnut.Product weight: Holds laptops up to 17 inches. It also
. 4.6pounds.Material: high quality thick have spacious space (23.6x15.7x11
Instruction: steel pipe, black brushed sheet.Special inches) for your laptop, notebook,
i'm looking for a small portable folding desk that is ||| design: black brushed smooth table top, mouse, pen and coffee. Its generous
already fully assembled; it should have a khaki Increase;fie lengthrand widih of the size gives this versatile desk even
wood finish, and price lower than 140.00 dollars ||| &'e: itis possible to place the computer more flexibility.
L and various items.Function: Can be used
: : as computer desk, dining table, bedside L [Wide Application] Our
portable folding desk khaki wood ( 1 ) table.Product size: 23.6x15.7x11 inches fordable lap desk can be used as a
— R 4
1t : -
Vv resu S w4 WMENHG Folding Labtop Table Bed Desk item
Page 1 (Total results: 50) b n I5‘C Lap Desk with,Drawer Book Stand

Reading Holder Leg Space Laptop Bed
Trdy Foldable Lay Table Breakfast
Desk Sofa Smal} Desk for Small Space

Price: $400.0 ’
Buy Now @
v

Desk, Portable Writing Study Desk, Sturdy__| Rating: N4\ g

Next >

8090381868

MENHG Folding Breakfast Tray Table,
Efficient Home Laptop Notebook Computer ]

Home Office Table Workstation '9 oy AR .
$109.0 cription| Overview

KPSP Folding Study Desk Bed Breakfast COIOI" .

Serving Tray Table Efficient Home Laptop : :
Notebook Computer Desk Portable black khaki white 3 . 1.0 !

Standing Desk for Small Space Bedroom || | N "/ OO o eeeeeeea=-

Why Shopping?
e Scalable environment: rich dynamics, scalable items
e Scalable task: well-defined problem, possible for automatic reward synthesis
e Interesting challenges: multi-modal understanding, decision making, etc.


https://webshop-pnlp.github.io/assets/static/demo.mp4

Construction

e Scrape 118M products from amazon.com, text mine attributes

@ KODAK PIXPRO Astro Zoom AZ421-BK 16MP Digital

. Camera with 42X Optical Zoom and 3" LCD Screen (Black)
Electronics ~ Electronics ¥ | Camera & Photo
Qe

Department

Electronics

Camera & Photo

Cell Phones & Accessories
Computers & Accessories
Electronics Warranties

GPS, Finders &
Accessories

Headphones
Home Audio
Office Electronics

Accessories & Supplieg

Full HD 1080P 20MP Mini Digi
Video Camera Student Camerz
ok 556
-24%*45"" 45500

Save 5%] with coupon

prime Get it as soon as Wed, Jun 22
FREE Shipping by Amazon

Car & Vehicle Electronics

KODAK PIXPRO Astro Zoom Ai
(Black)
113915

747

50% off gift wrap service: code GIFTWI

prime Get it as soon as Wed, Jun 22
FREE Shipping by Amazon

More Buying Choices

$149.00 (13 used & new offers)

Canon EOS 2000D (Rebel T7) [
Memory (28pc Bundle)
S 963

$499% 551000
Lowest price in 30 days

prime Get it as soon as Sun, Jun 26
FREE Shipping by Amazon

@ Color: Red
we ®
-
L)

Style: Camera Only

Camera w/ 3268 w
only Card Compact.

About this item

o Powerful 16. 1-Megapixel CCD sensor gives you room to enlarge, zoom and crop to
content without losing out on life-like clarity or quality.

» 42x optical zoom and a 24mm wide angle lens Moves you closer to the subject and
every frame; 1080P

* Face/Cat/dog detection detects facial features and enhances it for true subject high
your four-legged Cat and dog friends. Blink/smile detection helps you to capture tt
moment.

* Face Beautifier mode and loads of built-in touch-up features allow you to reduces f
enhance skin tone and the eyes of your portrait subjects instantly.

» Use the Panorama mode to create a seamless panoramic picture to 180-degree eas
the camera across your subject. Continuous shooting

® The az421 takes a standard SD/SDHC memory card that is at least Class 4 and no Lz
32GB

Product Description
Passion and performance Go hand in hand when with our Kodak PIXPRO AZ421 digital came

optical image stabilization delivers crisp, clear 16 Megapixel close-ups, panorama or HD vide
powerful yet user-friendly settings make photography easy, fun and zero hassle. Kodak PIXP

Optical zoom
LCD screen
Memory card
Digital camera



Construction

e Scrape 118M products from amazon.com, text mine attributes

e Build synthetic website with aligned text interface

8090381868

MENHG Folding Breakfast Tray Table,
Efficient Home Laptop Notebook Compu
Desk, Portable Writing Study Desk, Sturd
Home Office Table Workstation

$109.0

B09PSZBCWR

KPSP Folding Study Desk Bed Breakfast
Serving Tray Table Efficient Home Laptor
Notebook Computer Desk Portable

Standing Desk for Small Space Bedroom

N HTML mode

B Instruction: V SImple mode

I'm looking for a small portable folding desk
that is already fully assembled [...]

[btn] Back to Search [/btn]

Page 1 (Total results: 50) [btn] Next [/btn]
[btn] MENHG Folding Breakfast Tray [...] [/btn]
$109.0

[btn] KPSP Folding Study Desk Bed [...] [/btn]




Construction

e Scrape 118M products from amazon.com, text mine attributes

e Build synthetic website with aligned text interface
e Human instructions & Automatic reward via product attributes/options/prices/types

Goal product (U)
o Goal Instruction

y - T 2 . Fujifilm X-T1 16 MP Mirrorless Digital
0 3 Camera with 3.0-Inch LCD (Body Only) . . . - = -
(Graphite Silver & Weather Resistant) Human “i'd like to find a digital camera that's water resistant. the color needs to
(Renewed) g1 > be graphite silver and i want the configuration to be the international

version, and price under 1000 dollars”

configuration




Construction

e Scrape 118M products from amazon.com, text mine attributes
e Build synthetic website with aligned text interface

e Human instructions & Automatic reward via product attributes/options/prices/types

Goal Instruction

“i'd like to find a digital camera that's water resistant. the color needs to
be graphite silver and i want the configuration to be the international
version, and price under 1000 dollars”

Purchased product (Y) ‘
~ " "L Olympus E-PL5 16MP Mirrorless

Digital C ith 3-Inch LCD, Bod H H

Only (WTTtS) (01 Modeh oy Automatic Reward Calculation

Price: $139.79

0+2+1
0222 075
T+2+1




Sim-to-real transfer (Amazon/eBay)

60

50

40

30

20

10

metric = score

45.6 45.8

rule

59.9 61.5

IL

metric = SR

B \WebShop
B Amazon.com

rule

29.1

IL

Learned policy generalizes to different search engine and products



WebShop: Summary

e First large-scale, realistic web interaction benchmark

o Trending in 2023: WebArena, Mind2Web, ...
e Synthetic website provides controlled development, transfers to real websites
e Task priors (self/model-supervision) provides scalable reward

(Individual) Human reward finetuning on top of synthetic reward pre-training?

N Olympus E-PL5 16MP Mirrorless
\'y Digital Camera with 3-Inch LCD, Body
\J Only (White) (Old Model)
]

Price: $139.79

Text mini Sentiment analysis
ext mining
Users find it good..

touch screen — o
Summarization

digital camera
This is a digital...

Image Detection

Optical zoom...



Code Interaction

Static NL2Code benchmarks: HumanEval, Spider, NL2Bash, ...

 J
e But humans code in a fundamentally interactive manner!
e Some interactive/execution-based methods, but no standard benchmark

= Query @ InterCode Env
(Bash) “Move all images from

my Desktop and Downloads a
to a compressed folder on
my USB drive.”

Provided

Designer

n
-—
=
=]
\ Y
O
<
Y
(]
=




InterCode Setup

— Question
Find all text files in the testbed directory and
. subdirectories and concatenate them into a single file
— Agent —
i 0 | pwd
) Bash Env—
/
— Agent — I_
d | s
=] Bash Env—
testbed dirl dir2
Agent
find /testbed -type f -name ‘x*.txt’...

Bash Env—
/testbed/dir3/textfile6.txt /testbed...

Agent
‘ submit I

e Standard RL env:

o Environment: Docker-based
Python/SQL/bash terminals

o Action: code command

o Observation: execution result

e Benefits

o Safe and reproducible

o Unlock new tasks (e.g. CTF)

o Unlock new evaluations (e.g. Bash)

o Unlock new methods (e.g.

Plan-and-solve)



InterCode: new methods

Single Turn

L]

1

'

: r— Initial M_sg. - Que_stlon Actl_on Evaluate
i Youare helping auserwhois | gy | Whatis the <action> )

» trying to do something in a country EN after first
' MySQL DB. Respond with the code and :

' correct SQL command... first name.. action

'

“Try Again”

Plan & Solve

Initial Msg.
[Llet's understand the problem and devise
plan... Then, let's carry out the plan...

Question
What is the country code and first name... I

— Initial Msg, ——o 18 Initial Msg. ———————————
@ You are a SQL code generator helping... " @ Interact with a MySQL DB using SQL to...

Your task is to interact with a MySQL DB...

Use interleaving Thought, Action, Obs...

Question
@ | Whatis the country code and first name... |

Question
What is the country code and first name... |

Observation times n Observation times
== | <std. output, reward> | = | <std. output> |
v N2
Terminate when reward =1

or exceeds n turns "

1

1

1

1

1

1

1

1

1

1

1

1 Agent " Agent
¥ n
; | <action> |© Upton | <thought> » <action> |@ Upton
1

1

1

1

1

1

1

1

1

finishes or exceeds n turns

' Terminate when thought chain !

Agent
[ |
Execute Msg. ——

You will now execute your own plan.
Interact with a MySQL DB using SQL...

Agent
[occion @ (4 vpro
" Observation L/j plan
n@d M length
n
n d/

Terminate when plan is
L completed or

o

" n turns exceeded

Try Again (n = 10)
SR Turns Error% | SR

ReAct (n =10)
Turns

Error % | SR

Plan & Solve
Turns  Error %

6.94
204

SQL 473 1725 464 58.7 5.30
Bash 46.5 6.15 249 20.5 4.40

49.1 429 162
280 6.65 533

Interactive >> seq2seq

Different interactive methods have

different tradeoffs

Large room for improvement

Success Rate
W ow
S O

N
G

N
S

15

(a) Success rate vs. turns for InterCode-Bash

| '
oo
=

r

/o
.//I
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p=t
S/

——e

B e ]

-0 -

-
-
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-
.o

chat-bison-001
gpt-3.5

opt-4

starchat
text-bison-001 -
text-davinci-003
vicuna

ot 8 88

Ny

4

6

8 10

Number of Interaction Turns

Success Rate

! I ' |
chat-bison-001 el
70 -~ -
-®- gpt-3.5 Pt
ol @ opta o 3
starchat d
50 —®- text-bison-001 ~
—e— text-davinci-003 e
a0} -@®- vicuna _.—".
30
20
10F
0 : -

2 4 6 8 10
Number of Interaction Turns

(b) Success rate vs. turns for InterCode-SQL



_Task

Challenge Description:
You have access to the
file 'unpackme.flag.py’
that contains the
hidden flag. Find the
flag’s value.

Flag: picoCTF{175_chr

157m45_85f5d0ac}

Future: Coding -> Software engineering?

Agent
/bin/bash -c "cat
|_unpackme .flag.py"
Bash Env

import base64; from crypto
graphy.fernet import Fernet

payload = b'...'; key_str =
'correctsta
pleco...’; key_base64 =

base64.b64encode( ...

Agent
python3 -c "import
I_base64; S
Bash Env

Traceback (most recent
call last): ...
ModuleNotFoundError:

Agent
pip3 dinstall
cryptography
Bash Env
Collecting cryptography,
Downloading

cryptography-40.0.2 ...
Successfully installed

Agent
1 h | python3 -c "import
Fasesél;...”
Bash Env
if dnput('> ') == '...':
print(’'

)




Constrained Text Generation

A traditional and important NLP (seg2seq) task: constraints -> text

Prior benchmarks: fixed constraint type and too simple for LLMs
o “Generate a sentence with dog, catch, happy.”

Collie’s goal:
o Diverse and arbitrarily hard constraints for LLMs, yet guaranteed to be solvable
o Automatic task construction + evaluation, without human efforts!

o Challenge language understanding/generation, semantic planning,

logical/arithmetic reasoning, ...
Core idea: leverage the infinite expressivity of grammar



Collie: Grammar

S — (level(§) =) AM

M—->C|CANM|CVM

C — count (T, 4, vse | £') @ vaum | POS(T, £, Vnum) © Vste
T — & | pos(T, £, vaum)
¢ — char | word | sentence | paragraph | passage
oo=lE @ o=lA>I<I<]>

Vstr € X Vnum € Z

e Few core concepts: count, pos, level
e But compositionality yields power

(constraint specification)
(multi-constraint)

(base-constraint)
(text)

(level)

(relation)

(value)

e Easily extensible (e.g. POS, sentiment, topic, ...)

(D
2)
3)
4)
®)
(6)
(7



Collie-v1: 2,080 Constraints across 13 Types

ID Example instruction

Multi-constraint // (a)

count (€, char, word) S 15 Zero-shot performance

wordO1 Generate a word with at least 15 letters.

word02 Generate a word with 10 letters, where count (¢, char, word) = 10 A pos(¢, char, 1) = s

letter 1 is ‘s’, letter 3 is ‘r’, letter 9 is ‘e’. A pos(§, char, 3) = 1’ A pos(§, char,9) = GPT-4 50.9'
word03 Generate a word with at most 10 letters and ~ count (¢, char, word) < 10 A

ends with “r". pos(&,char,—1) = ‘T
sent01 Please generate a sentence with exactly 82 count (&, char, sentence) = 82 GPT-3.5 I 27.9%

characters. Include whitespace into your
character count.

sent02

Generate a sentence with 10 words, where
word 3 is “soft” and word 7 is “beach” and
word 10 is “math”.

count (€, word, sentence) = 10 A
pos(&, word, 3) = “soft" A
pos (&, word, 7) = “beach” A
pos(&, word, 10) = “math"

sent03

Generate a sentence with at least 20 words,
and each word less than six characters.

count (€, word, sentence) > 20 A
count (&, char, word) < 6

sent04

Generate a sentence but be sure to include
the words “soft”, “beach” and “math”.

count (£, word, ‘soft’) > 0 A
count (€, word, ‘beach’) > 0 A
count (¢, word, ‘math’) > 0

para01

Generate a paragraph where each sentence
begins with the word “soft”.

pos(pos(€, sentence, 1), word, 1) = ‘soft’ A

pos(pos(§, sentence, 2), word, 1) = ‘soft” A ...

para02

Generate a paragraph with at least 4
sentences, but do not use the words “the”,
“and” or “of”.

count (&, sentence, paragraph) > 4 A
count (&, word, ‘the’) =0 A

count (¢, word, ‘and’) = 0 A

count (&, word, ‘of”) = 0

para03

Generate a paragraph with exactly 4
sentences, each with between 10 and 15
words.

count (&, sentence, paragraph) = 4 A
count (&, word, sentence) > 10 A
count (€, word, sentence) < 15

para04

Generate a paragraph with at least 3
sentences, each with at least 15 words.

count (&, sentence, paragraph) > 3 A
count (€, word, sentence) > 15

para05

Generate a paragraph with 2 sentences that
end in “math” and “rock” respectively.

count (€, sentence, paragraph) = 2 A

pos(pos(&, sentence, 1), word, —1) = “math" A
(

PaLM - 21.5%
Vicuna-7B - 16.4%
Alpaca-7B - 16.3%

Constraint satisfaction rate - GPT-4

word01 N O7 .2 %
word02 | 0.9%

word03 =

sent01 Il 9.5%

sent02 | 0.4%

sent03 H

sent04 NG 05.1%
para01 NN 06 .7 %
para02 NG 0 3.3 %

pos(pos(£, sentence, 2), word, —1) = “rock" para03 H
passO1 Geqerat.e a passage with 2 paragraph.s, each count (¢, paragraph, passage) = 2 A . para04 H
ending in “I sit.” and “I cry.” respectively. pos(pos(&, paragraph, 1), sentence, —1) = “Isit." A para05 H

pos(pos(§, paragraph, 2), sentence, —1) = “I cry."

pass01 H



Task Construction is Fully Automatic

Constraint count (&, word, ) < x A Instiction Generate a sentence with at
G _3) = Renderin —> most 10 words where the
Skl Ros\Grord; ) =¥ g third last word is ‘mankind’.

§3.1 J sy §3.3 J

- [ Extraction J 84.1

— s

*~ e ‘L

S United we stand,

ot Coroora Tl}e only thing thaf c..... N 5 humanity can overcome any
P will redeem mankind Fluency challenge for the betterment
is cooperation. (@words) of mankind. (13 words)

e Human just specify constraint types
® (ollie automatically extracts constraint “values” from corpora
e Rule-based instruction rendering and text evaluation (extensible)



Feedback helps!

H

S generate a word with 10 letters, where letter 1is "s", letter 3 is "r", letter 9 is "e"

B

Sure, here's a word that meets your criteria: "strenuous".

SH your word only has 9 letters, and letter 9 is "s", not "e".

@ A

Many other cool findings in the paper!

I apologize for the mistake. Here's a correct word that meets your criteria: "strategies".

(b)

~
o

Constraint satisfaction rate (%)

N
v

N
o

(e}}
u

[e)]
o

w
(9]

u
o

GPT-4 interactive generation

0,
65.0% 66'10 %
61.7% I
51.3%
1st rbund 2nd found 3rd found 4th found



Thanks!

1. ReAct: reasoning
? 2. Reflexion: learning
3. Tol: planning

Internal mechanisms:
Leverage language and

reasoning, go beyond RL
-8

Feedback Action
1. WebShop: web
External environments: 2 InterCode: code
Digital domains, scalable and 3. Collie: logic

faithful evaluation



