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Large Language Models are
everywhere



NLP Benchmarks

GPT-4 GPT-3.5 LM SOTA SOTA
Evaluated Evaluated Best external LM Best external model (incl.
few-shot few-shot evaluated few-shot benchmark-specific tuning)
MMLU [49] 86.4% 70.0% 70.7% 75.2%
Multiple-choice questions in 57 5-shot S-shot 5-shot 5-shot Flan-PalLM [51]
subjects (professional & academic) U-PalLM [50]
HellaSwag [52] 95.3% 85.5% 84.2% 85.6
Commonsense reasoning around 10-shot 10-shot LLaMA (validation ALUM [53]
everyday events set) [28]
AI2 Reasoning 96.3 % 85.2% 85.2% 86.5%
Challenge (ARC) [54]
Grade-school multiple choice 25-shot 25-shot 8-shot PalLM [55] ST-MOE [18]
science questions. Challenge-set.
WinoGrande [56] 87.5% 81.6% 85.1% 85.1%
Commonsense reasoning around 5-shot 5-shot 5-shot PalLM [3] 5-shot PalLM [3]
pronoun resolution
HumanEval [43] 67.0% 48.1% 26.2% 65.8%
Python coding tasks 0-shot 0-shot 0-shot PalLM [3] CodeT + GPT-3.5 [57]
DROP [58] (F1 score) 80.9 64.1 70.8 88.4
Reading comprehension & 3-shot 3-shot 1-shot PalLM [3] QDGAT [59]
arithmetic.
GSM-8K [60] 92.0%* 57.1% 58.8% 87.3%
Grade-school mathematics 5-shot 5-shot 8-shot Minerva [61] Chinchilla +
questions chain-of-thought SFT+ORM-RL, ORM

reranking [62]




gpt-4 [

gpt-4 (no vision)

Exam results (ordered by GPT-3.5 performance)

gpt3.5 W

Estimated percentile lower bound (among test

100% —
80% —
60% —
40% —
20% —



| LMs can also enhance
autonomous agents




What is a language agent?

0 Language model = probabilistic
model of text

o What does it provide?

noun
1. a person who acts on behalf of another person or group.
D I_a n g u a g e a g e nt "in the event of illness, a durable power of attorney enabled her nephew to act as her agent”
Similar:  representative negotiator business manager emissary envoy v
2. a person or thing that takes an active role or produces a specified effect.
0 An a g ent th at can un d erstan d an d "these teachers view themselves as agents of social change"

Similar: medium means instrument vehicle power force

generate language

Several ‘language agents’ in this room!



SHRDLU
(Winograd, 1968)

> Pick up the red

> H a
oW Ay T= block on top of a

blocks are there?

- THREE OF THEM I BN

OK.

® Rule-based, requiring extensive programming

® | imited domain



Statistical Learning

O Semantic parsing

o Convert language into structureao
programs

0 Execute programs to get actions

0 Parsing and executor modules
usually separate

move forward twice to the chair

Aa.move(a) A dir(a, forward) Alen(a,2) A

to(a, tx.chair(x))

at the corner turn left to face the blue hall

Aa.pre(a, tx.corner(x)) A turn(a) A dir(a,left) A
post(a, front(you, tx.blue(x) A hall(x)))

move to the chair 1n the third intersection

Aa.move(a) A to(a,tx.sofa(x)) A

intersect(order(Ay.junction(y), frontdist, 3), )

(Artzi and
Zettlemoyer,
2013)

What is the largest prime

less than 10? primes: {2,3,5,7,11,...}

(utterance) Grammar

i (derivations)

(parameters) .—> Model
l v

(context)

(denotation)

(logical form) @ ~ Executor

—w

max(primes N (— 00, 10))

7

(Liang, 2016)



Deep RL for language agents

a Learn both language
comprehension ana
decision making together

a0 Neural networks to map text |
(input) to actions (output) erterent

Relevant text: "Use settlers to irrigate land near your city"

0 But language understanding e e e
remained the bottleneck

Leave the bedroom, and enter the kitchen. Walk
forward, and take a left at the couch. Stop In
front of the window.



What do modern language models provide?

a LLMs have brought new levels of language understanding and human-Al
communication

A. They are better at understanding language inputs
B. They can generate ‘structured’ information well (e.g. code, actions)

C. They can even generate useful intermediate unstructured information (e.qg.
reasoning in natural language)

a A+C -> chain of thought reasoning (Wei et al., 2022)

a A+B -> LM for RL approaches like CALM (Yao et al., 2020), SayCan (Ahn et al., 2022)



Language Models for Decision Making

Observation: You are 1n the living room.
There 1s a doorway to the east, a wooden door
with strange gothic lettering to the west, which
appears to be nailed shut, a trophy case, and

 Want: A good prior for action

selection a large oriental rug in the center of the room.
You are carrying: A brass lantern ...
. lose door, north a, eat troll with e
model (GPT-2) to generate action ¢ ’ ’ g8 -+
. ( ) 9 CALM (n-gram) Actions:
can d I d ates fO rany game enter room, leave room, lock room,
open door, close door, knock on door, ...
CALM (GPT-2) Actions:

* Actions are subsequently
. east, open case, get rug, turn on lantern,
reranked by an RL agent using move rug, unlock case with key, ...

gam e-speciﬁc rewards Next Observation: With a great effort, the rug
1s moved to one side of the room, revealing
the dusty cover of a closed trap door...

[Keep CALM and Explore: Language Models for Action Generation in Text-based Games;
Shunyu Yao, Rohan Rao, Hausknecht, Narasimhan, EMNLP 2020]



Language Models for Decision Making

Text lext Env Physical

Actions Actlons

Controller \
R \'“ - £ 4 0Dl '
User input: | just worked out, can you bring me a drink and a bring It to you |
snack to recover?

Robot: | would 1. find a water bottle, 2. pick up the water bottle . :::“ _— Perceptlon
3. bring it to you, 4. put down the water bottle, 5. find an apple

2> - Text Visual
Observations Observations

Language x AMordance
Combined S<ore
pick up the apple

L

go to the table

j— - - B LM (Text

001

SayCan (Ahn et al., 2022)



What do modern language models provide?

o LLMs have brought new levels of language understanding and human-Al communication
A. They are better at understanding language inputs

B. They can generate “structured” information well (e.g. code, actions) -> this is what semantic
parsing aimed to do

C. They can generate useful unstructured information (e.g. reasoning in NL)
a A+C -> chain of thought reasoning (Wei et al., 2022)

a A+B -> early approaches like CALM (text game playing), SayCan (instruction following for robots)

o A+B+C -> ReAct (Yao et al., 2023)



Language Models can Reason

Chain-of-Thought prompting (Wei et al., 2022)

Standard Prompting

KC Input ) \

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: The cafeteria had 23 apples. If they used 20 to
make lunch and bought 6 more, how many apples
do they have?

- J

Model Output

A: The answer is 27. x

Chain of Thought Prompting

/-Clnput) \

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

Q: The cafeteria had 23 apples. If they used 20 to
make lunch and bought 6 more, how many apples

do they have?

- J
KC Model Output ~\

A: The cafeteria had 23 apples originally. They used
20 to make lunch. So they had 23 - 20 = 3. They
bought 6 more apples, so they have 3 + 6 = 9. The

\answer is9. J

In-Context Examples
+ Question

LM

\
Answer

Reasoning
Traces



Language Models can Act

“I'm looking for an X-large, red

B Natural color, woman faux fur lined
Lang. Query  winter warm coat, price under

/70 dollars...”

Language x AMordance

o input _
pick up the apple aCtIOn
100 | /"\
go to the table
., - e Language Agent @ WebShop Env.
put down the opvplo ‘ v
AR op1 | observation
User input: | just worked out, can you bring me a drink and a bring It to you | ti
snack to recover? action

oo

Robot: | would 1. find a water bottle, 2. pick up the water bottle

3. bring it to you, 4. put down the water bottle, 5. find an apple
6. oD0

pick up the water bottle

Chosen Product .........cco...... > ReV\(/)a:’ds
SayCan (Ahn et al., 2022) Alifbties- A, B2 € [0, 1]

WebShop (Yao et al., 2022)



Issues with only reasoning/only acting

® Hallucinations, error propagation in chain-of-thought

® |nsufficient generalization/lack of planning for text ->

® | ack of access to latest/relevant knowledge

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

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
i1Pod Touch. So the answer is iPhone, iPad, and iPod
Touch.

Answer: 1Phone, 1Pad, 1Pod Touch )(

action

(2a) Act-Only

2: You open the drawer 1. The drawer 1 is open.
see a dishsponge 2, and a spoon 1.

-
Act 1: Go to drawer 1
Obs 1: The drawer 1 is closed.
Act 2: Open drawer 1
Obs
you
Act 3: Go to sinkbasin 1
Obs

3: On the sinkbasin 1, you see a dishsponge 3, a

spatula 1, and a spoon 2.

Act
Obs

Act

\¥Obs

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

5: Take peppershaker 1 from sinkbasin 1
5: Nothing happens.

In it,




Can we teach LMs to both reason
and act?



ReAct: Reasoning and Acting with Language Models

Reasoning
Traces

W\/

Observations

ReAct ([Rea]soning +

Actlons

/\m

LM

[Yao et al., ICLR 2023]

nv

[Act]ing)

® Synergy: reasoning guides acting, acting
provides additional context to support
reasoning

® Advantages:

® Flexibility (diverse reasoning/decision
making tasks)

® Performance (ReAct > Reason/Act only)

® Alignment (human interpretability,
diagnosability, controllability)



The ReAct loop

® For each observation o, along with previous historical context,
® First produce a Thought a, (usually in natural language)

® Then produce an Action a, using context history including o, and 4, (e.g.
tool call)

® Environment executes Action a, and produces next Observation o,

® Repeat



ReAct prompting for Reasoning tasks

In-context
Example <

(Human-written

thoughts and actions)

Current task
context

(truncated by line break)

Language Model Input

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.

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 Were Pavel Urysohn and Leonid Levin known for the same type of work?
Thought 1

Language Model Output
I need to search Pavel Urysohn and Leonid Levin, find their types of work, then find if they are the same.




ReAct prompting for Reasoning tasks

Current task
context expands

(truncated by line break)

Language Model Input

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.
Action 2 Search[First for Women]
Observation 2 First for Women 1s a woman’s magazine published by Bauer Media Group .. was started in 19809..

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 Were Pavel Urysohn and Leonid Levin known for the same type of work?
Thought 1 I need to search Pavel Urysohn and Leonid Levin, find their types of work, then find if they are the
same.

_Action 1

Language Model Output

Search[Pavel Urysohn]




ReAct prompting for Reasoning tasks

Current task
context expands

(truncated by line break)

Language Model Input

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.

Action 2 Search|[First for Women]

Observation 2 First for Women i1s a woman’s magazine published by Bauer Media Group .. was started in 19809..
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 Were Pavel Urysohn and Leonid Levin known for the same type of work?

Thought 1 I need to search Pavel Urysohn and Leonid Levin, find their types of work, then find if they are the
same.

Action 1 Search[Pavel Urysohn]

Observation 1 Pavel Samuilovich Urysohn (February 3, 1898 - August 17, 1924) was a Soviet mathematician who is
best known for his contributions in dimension theory..

Thought 2

Language Model Output
Pavel Urysohn is a mathematician. I need to search Leonid Levin next and find its type of work.




ReAct prompting for Reasoning tasks

Language Model Input

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 i1in 1844. I need to search First for Women next.

Action 2 Search[First for Women]

Observation 2 First for Women 1s 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 Were Pavel Urysohn and Leonid Levin known for the same type of work?
Thought 1 I need to search Pavel Urysohn and Leonid Levin, find their types of work, then find if they are the
same.
Action 1 Search[Pavel Urysohn]
Observation 1 Pavel Samuilovich Urysohn (February 3, 1898 - August 17, 1924) was a Soviet mathematician who is
best known for his contributions in dimension theory..
Thought 2 Pavel Urysohn is a mathematician. I need to search Leonid Levin next and find its type of work.
Action 2 Search[Leonid Levin]
Observation 2 Leonid Anatolievich Levin is a Soviet-American mathematician and computer scientist..
Thought 3 Leonid Levin is a mathematician and computer scientist. So Pavel Urysohn and Leonid Levin have the same
type of work.
—Action 3

Language Model Output

Finish[yes]




ReAct prompting for Reasoning tasks

Language Model Input

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.

Action 2 Search[First for Women]

Observation 2 First for Women 1s a woman’s magazine published by Bauer Media Group .. was started in 19809..
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 Were Pavel Urysohn and Leonid Levin known for the same type of work?

Thought 1 I need to search Pavel Urysohn and Leonid Levin, find their types of work, then find if they are the
same.

Action 1 Search[Pavel Urysohn]

Observation 1 Pavel Samuilovich Urysohn (February 3, 1898 - August 17, 1924) was a Soviet mathematician who 1is
best known for his contributions in dimension theory..

Thought 2 Pavel Urysohn is a mathematician. I need to search Leonid Levin next and find its type of work.
Action 2 Search|[Leonid Levin]

Observation 2 Leonid Anatolievich Levin is a Soviet-American mathematician and computer scientist..

Thought 3 Leonid Levin is a mathematician and computer scientist. So Pavel Urysohn and Leonid Levin have the same
type of work.

—Action 3 Finish|[yes]

Task finished, reward = 1




Results
with PaLM-540B

SoTA

~140k samples)

samples)

samples)

HotpotQA FEVER AlfWorld WebShop
(EM, 6-shot) (accuracy, 3-shot)
Few-shot prompting 28.7 57.1
Reason-only (chain-of- 29.4 56.3
thought)
Act-only 25.7 58.9 45 30.1
ReAct 35.1 64.6 71 40
Previously published 67.5 (using | 89.5 (using ~90k | 37 (using ~100k | 29.7 (using ~90k

samples)




Human-in-the-loop revision with ReAct

- { AlfWorld }

You are in the middle of a room. Looking quickly around you,
a cabinet 4, .. a cabinet 1, a drawer 5,

you see a armchair 1,

. L

.., @ 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.
\.
( )
e | (a) ReAct ]
Obs 16: You open the drawer 4. The drawer 4 is open. In it, you

see a keychain 3, and a watch 2.

(

(b) ReAct (Human Thought edit) }

Obs 16: You open the drawer 4.
keychain 3, and a watch 2.
Act 17: Think [Now I find the first keychain (3). Next,

F—eamr—fFind—the—second—keychain +ater—tr—drawer—4—]

The drawer 4 is open. In it, you see a

I need to take it.

L)
L=

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 i likel ]

garbagecan (1), safe (1), sidetable (1), sofa (1), shelf (1-12).]

Act 24: go to dresser 1
Obs 24: On the dresser 1,
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,
in/on safe 1.]

Act 28: go to safe 1

Obs 28: The safe 1 is open.
watch 3.

Act 29: put keychain 2 in/on safe 1

you see a box 1, a creditcard 1, a keychain 2,

I need to put it

and

v

In it, you see a keychain 3, a statue 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. 1]
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.
1
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 q’ed
to take it.]

\-Act 26: take keychain 2 from drawer 4
Obs 26: Nothing happens.

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

a

a

J




What about general problem solving?

® | eft-to-right one-pass decoding of LLMs
has flaws:

® No strategic exploration with lookaheaa
® Hallucination + error propagation

® No backtracking or trying out
alternative solutions

oo

| i Majorlty vote

a) Input-Output (c) Chain of Thought SelF Consistency
Promptlng (10) Promptlng (CoT) Wlth CoT (CoT-SC)

Not a new problem in Al; search and planning have been explored for decades!



Tree of thoughts

LLMs for deliberate problem solving

® Use LLMs to:

® Suggest various paths of @ @ @

exploration (with goal in
mind)

® Fvaluate current sub-paths | ¢

to determine best next step | | |
® |ntegrate with classic search Ma,ontyvote
algorithms like BFS, DFS (or -

even heu ristic-rellant ones hke a) Input-Output | Chaln of Thought SelF Consistency
A*) Promptlng (10) Promptlng (CoT) Wlth CoT (CoT-SC)

D
D
D

+—

(d) Tree of Thoughts (ToT)

Tree of Thoughts: Deliberate Problem Solving with Large Language Models (Yao et al., NeurlPS 2023)



Game of 24

Input: 491013

7~

-

(a) Propose Prompt

{fone example}

=== :
°°°°°° 10-4=6 | 4+9=13 ::opsl;?blilgtfteps
(lef:6913) | (lefe101313) | ‘
./l\. ( \
B3-6<7 1394 .. \ L My R Eas
(left:79) (left: 4 6) Evaluate if given numbers can
A reach 24 (sure/likely/impossible)
10 14:10 + 14 = 24. sure
4(:“2?3)0 4(:?31)4 ...... {more examples}
o o 101313
Method Success (a) Success rate with nodes visited
IO prompt 7.3%
CoT prompt 4.0% 0.6
CoT-SC k=100) 9.0% (
ToT (ours) m=1) 45% 0.4
ToT (ours) ®=5) 74 %
IO + Refine k=100 27% 0.2 - Q,(Tb(ebi;fokf’k)
I0 (best of 100) 33% ---- ToT (b=1...5)
CoT (vest of 100) 49%

0 25 50 75 100

Table 2: Game of 24 Results.

Thought Generation

4+9=13(left: 1013 13)

3 10-4=6(left 6913)

{..more lines...}

Thought Evaluation

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

0.6

0.4

0.2

0.0

. CoT

p 10 +13 +13 = 36 There is no way
to obtain 24 with these big
numbers. impossible

(b) Samples failed at each step

. ToT (b=5)

4 Correct

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



ToT for solving crossword puzzles

LN
Cl

N
20 mHarow

=

-
L

©uMaaen
o E
III=IB

2
BEL LIDEEEDL

el
i N

Method Success Rate (%)
Letter Word Game
10 387 14 O
CoT 40.6 156 1
ToT (ours) | 78 60 20
+best state | 82.4 67.5 35
-prune 654 415 5
-backtrack | 546 20 5

Table 3: Min1 Crosswords results.



Internal memory/
datastore

/

External knowledge
source

\

LLM "brain”

Sensory inputs
(vision, speech, servo
measurements)

o J

4 )

APls, Tools, Physical
actuators




N

EXPLORER

v OPEN EDITORS

X E AutoGP

V' AUTO_GPT_WORKSPACE

> OUTLINE

> TIMELINE

¥ stable

O

0 /A0 Sources

£ auto_gpt_workspace

t X

E AutoGPT.txt

1

AGENTS

An Open-source Framework for Autonomous Language Agents

& windows PowerShell X + | v

Windows PowerShell
Copyright (C) Microsoft Corporation. All rights reserved.

Install the latest PowerShell for new features and improvements! h
ttps://aka.ms/PSWindows

PS D:\Auto-GPT> python autogpt

AutoGPT

Houston Homes for Sale: Hous X 15002 Cozy Hollow Ln, Houst

@ redfin.com/TX/Houston/15002-Cozy-Hollow-Ln-77044/...

"Adept Client" started debugging this browser m
R n Buy » Rent m v Sell ~ Mortgage Real Estate Agents ~ Feed o

& Search

Overview Property Details Sale & Tax History Schools

N ¥ PR G
"\" LISTED BY REDFIN 3%_a5
PR T T G N

Favorite

@ Favorite

place.

find me a house in houston that
works for a family of 4. my budget is
600k

Enter a task...

$425,000 4 35 3,407 M [

Buy with Redfin: $424,132 > Beds Baths Sq Ft <

This home is popular | i, (

It's been viewed 1,082 times. Tour it in person or via video chat before it's gone!

Tomorrow: 9:00am -+ 10:00am -+ 11:00am -+ 12200 pm -+ 1:00 pm +« More times ]
A

Adept Labs


https://vimeo.com/749413832

Language agents have flaws

| : Safe?
I
Please delete some files | Emulator | x Executed
to free my disk ... ' Language Models I ‘rm -rf /’
| Action (e.g., GPT-4) [
=, | Send the annual financial | \ - emu. tool exec. & states I Sent to a
report to Alice ... ‘ - adv. emu. for red-teaming Evaluator | X wrong email
Help me pay the monthly |1 <> | N Lar(\guagg 'ID\fII_?:;eIs — . v No risks
rent to my landlord ... > L/ 9 - : detected
SV Email  Financial - identifies failures | |\
-2 | Turn off devicestosave | /| - assesses risks 1\ X Turned off
ﬁ‘@ energy during my travel? a I security system
"::;:5" | l \j e
&) |!had asevere fall, bring | | | v No risks
= | my medication to me ... | : detected
I
e e e e e e e I

[ToolEmu; Ruan*, Dong* et al., 2023]

]



Key challenges

1) Evaluations
a) Different from how we’ve built benchmarks for NLP, RL
b) No longer boundaries between fields

2) Principled frameworks for agent development

3) Mechanisms for ensuring safety and trustworthiness

a) Agents much more powertful and dynamic than static NLP models



Evaluating agents

What are the key requirements?

1. Realistic
2. Reproducible
3. Measurable

4. Scalable

O. Easy to use



The Web as an Interactive Language Environment

amazon

© Setect your macrans

SAr T Ovens

+3 Watch now

Ax Deats Semcvs  GRitrde  GMlrdm GRlrKes  Geo Al Arwmn Conpnnd bmconcs

S

coursera [N

New Ralssses  Docks Musk Roghby Amen

Ricever & Build Loon Muscie with Core Power

Owim  Acomcries

Business, Economics, and Finance

1 MSe Finance or MSc International Business and Economics
Sustainabie Finance

T

[FOR HIRE] Offerin
oo

Explore Topics and Skills

Data Science

Earn Your Degree

Computer Sclence
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® Both practical and scalable!

® Scalable: large number of pages
and transitions, easy to extend to
new domains and tasks

® Practical: real-world domains,
important applications



The Web as an Interactive Language Environment

Click on the "Next" button.

Ok
nunc vitae purus,.

Next
viverra ac, sed:

No
purus sit quis

Select Daria>Polly

Frederica
Martina »
Daria »
Angie

Select the following color I with
the color picker and hit Submit.

Color:

mg

Enter the value that corresponds
with each label into the form and

submit when done.

Country Costa Rica
Color gray

First name Lynnette
Religion Judaism
Language Wu
Language:

First name:

Submit

Use the textbox to enter "Leonie”
and press "Search”, then find and
click the 2nd search result.

Leonie Search

Chas
https://www.senectus.us
Aliquam cursus. At.

Leonie

https://www.tortor.it

Ultricies congue gravida.
Marcella

https: //iwww.vestibulumdulis.hk
Pulvinar aliquam adipiscing.

123>

Find the email by Bobbette and
click the trash icon to delete it.

Corabelle &
Magna tortor.
laculis euismod..

Jemimah
Porttitor.
Odio tellus, Li..

Ingaberg
Amet,
Facilisi vel te..

Madelina -

=

ol

Book the cheapest cne-way flight
from: NLG to. Brownsville, TX on
12/10/2016.

Book Your One-Way Flight
[Fro |
[To: J

[ |

Search

(World of Bits; Shi et al. 2017)




WebShop

A simulated shopping website environment for interactive agents

® Task: Given an instruction in natural language, navigate through webpages to
purchase the item with the desired requirements

“I'm looking for an X-large, red

Q Natural color, woman faux fur lined
Lang. Query winter warm coat, price under
70 dollars...”
inputl
action
/—-\A o 3
@ Language Agent = [ —| WebShop Env.
-—
observation
action
Chosen Product .................... » (- Rewards
‘) Attributes: A, B, Z e [0, 1]

(Yao et al., NeurlPS 2022)



WebShop in a browser

= WebShop

Instruction:
| am looking for x-large, red color women faux fur
lined winter warm jacket coat, and price lower than
70.00 dollars

I

Project Site Task Instructions




Sim-to-real Transfer

® Deploy models trained on WebShop directly to amazon.com and ebay.com

® Promising transfer to real websites despite ditterences in products and search engines

metric = score metric = SR
80 B \WebShop
s Amazon.com
Bam  ebay.com
60

rule IL IL + RL Human rule IL IL + RL Human


http://amazon.com
http://ebay.com

(a) Find one-way flights from New York to
Toronto.

;;ij:‘:‘ UNITED

Ge:‘l,OOO bonus
miles when you
book with United

% - Bookatripto
. Cancun (CUN)

(b) Book a roundtrip on July 1 from Mumbai to

London and vice versa on July 5 for two adults..

* i »

_i!,&w llllllll -l\'nuu PROGRAM  DEALS  WILP

;fgiSi UNITED

Ge:‘1,000 bonus
miles when you
book with United

(e) Search for the interactions between

ibuprofen and aspirin.

S Choe oo Rk e
Drugs & Medications Resources

% J) &h o,

(h) Browse comedy films streaming on Netflix

(c) Search receipt with the eTicket 12345678 for

. the trip reserved by Jason Two

& uniTED

Search receipt

(f) As a Verizon user, finance a blue iPhone 13
with 256gb along with monthly apple care.

open-box
and more.

reddit GitLab

Toolbox

WebArena

\_

o @
= . = \‘)) /o\
i Q
\Q/ \ p ~)Z
N =

Knowledge resources

/

Mind2Web (Deng et al., 2023)

11
Tell me how much I spent on
food purchase 1n March 2023

Action »

¢ Create a ‘NolanFans' repo,
listing Nolan's Oscar-winning
films in a README file ”

check repo
check readme
check answer

Feedback

‘ Functional
Success

Functional
Failure

WebArena (Zhou et al., 2023)



InterCode: an interactive coding test

Lightweight, flexible, and easy-to-use framework for designing interactive
coding tasks to evaluate language agents that can code.

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

(Bash) “Move all images from
my Desktop and Downloads %
to a compressed folder on
my USB drive.”

—

'--..-.
- .- - -

Se

--------------------

= Intercode Env

Query

Standard RL formulation (POMDP), where an action is code, and observation
IS execution feedback.

(Yang et al., NeurlPS Benchmarks & Datasets, 2023)



InterCode-SQL

Task Setting Question
. Find the first name and age of students who have a
o dog but do not have a cat as a pet.
Setting: MySQL Database :Ig -
Agent
Dataset: Spider M
SQL Env
Action Space: SQL commands @ —
Agent
Example Task Instance: | DESC has_pet |
SQL Env

Instruction: Find the first name and age of [('StuId!, tint!, 'VES', 'MUL', None...] | g
students who have a dog but not a cat.

Agent
SELECT fname, age FROM student WHERE ...
Gold: SELECT T1.fname, T1l.age FROM student AS I_:

SQL Env
Tl JOIN has pet AS T2 ON Tl.stuid = T2.stuild I [('Tracy', 19)] |-

Agent
JOIN pets AS T3 ON.. (5 more lines) | ubmit |




InterCode-SQL

| | | | |
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SWE-Bench: a software engineering benchmark

? Given an issue and a codebase, generate a pull request that solves the described issue.

) Issue

data leak in GBDT due to warm
start (This is about the non-
histogram-based version of...

() Codebase

BB sklearn/ D regs.txt

BB examples/ [J setup.cfg
(D README.rst [ setup.py

> ' @« Language Model '

N2

11 Generated PR +20-12 BEEE

BB sklearn
[ gradient_boosting.py

D helper.py
BB utils

) Unit Tests

Pre PR Post PR

CLCCAL

Tests

join_struct_col

vstack_struct_col

dstack_struct_col Retrieval

matrix_transform

Code Gen.
Program Repair

euclidean_diff

Bug detection

“\ Use InterCode to construct a terminal + code editor environment.

(Jimenez*, Yang* et al., ICLR, 2024)



Model Input

¥ Instructions *1line
You will be provided with a partial code base and an issue
statement explaining a problem to resolve.

V Issue * 67 lines
napoleon_use_param should also affect "other
parameters” section Subject: napoleon_use_param

should also affect "other parameters” section

HH#HH Problem
Currently, napoleon always renders the Other parameters
section as if napoleon_use_param was False, see source

def _parse_other_parameters_section(self, se...
# type: (unicode) -> List[unicode]
return self._format_fields(_('Other Para...

def _parse_parameters_section(self, section):
# type: (unicode) -> List[unicode]
fields = self._consume_fields()
1f self._config.napoleon_use_param:

¥ Code « 1431 lines
» README.rst « 132 lines

» sphinx/ext/napoleon/docstring.py -1295 lines

» Additional Instructions « 57 lines

Gold Patch

sphinx/ext/napoleon/docstring.py

def _parse_other_parameters_section(self, section: str) -> List[str]:
- return self._format_fields(_('Other Parameters'), self._consume_fields())

else:

+ 4+ + + + + +

Generated Patch
sphinx/ext/napoleon/docstring.py

1f self._config.napoleon_use_param:
# Allow to declare multiple parameters at once (ex: x, y: 1int)
fields = self._consume_fields(multiple=True)
return self._format_docutils_params(fields)

fields = self._consume_fields()
return self._format_fields(_('Other Parameters'), fields)

def _parse_other_parameters_section(self, section: str) -> List[str]:
: return self._format_fields(_('Other Parameters'), self._consume_fields())
= return self._format_docutils_params(self._consume_fields())

Generated Patch Test Results

PASSED NumpyDocstringTest
PASSED TestNumpyDocstring
PASSED TestNumpyDocstring
PASSED TestNumpyDocstring
PASSED TestNumpyDocstring
FAILED NumpyDocstringTest
FAILED TestNumpyDocstring

===== 2 failed, 45 passed,

(test_yield_types)
(test_escape_args_and_kwargs 1)
(test_escape_args_and_kwargs 2)
(test_escape_args_and_kwargs 3)
(test_pep526_annotations)
(test_parameters_with_class_reference)
(test_token_type_invalid)

8 warnings 1in 5.16s =====



Model evaluations

BM25 Retrieval “Oracle” Retrieval
Model % Resolved % Apply Y% Resolved % Apply
Claude 2 1.96 29.86 4.80 46.99
ChatGPT-3.5 0.20 10.50 0.52 12.38
GPT-4" 0.00 4.50 1.74 13.24
SWE-Llama 7b 0.70 37.84 3.01 34.80

SWE-Llama 13b 0.70 39.41 3.97 52.14

Claude 2 ChatGPT-3.5 GPT-4* SWE-Llama7b SWE-Llama 13b

Before 2023 4.87 0.49 2.36 2.95 3.98
From 2023 4.23 0.77 0.0 3.46 3.85

Inherently difficult for LLMs to solve; well suited for agents to provide valuable delta



Key challenges

2)

Evaluations

a) Different from how we’ve built benchmarks for NLP, RL
b) Mixture of fields

Principled frameworks for agent development
Mechanisms for ensuring safety and trustworthiness

a) Agents much more powertful and dynamic than static NLP models



Production Systems

a Set of rules specitying a precondition + an action
0 When a precondition is met, corresponding action can be taken
a0 Example: String rewriting
a XYZ—>XW/Z
a Can also express entire algorithms (e.g. division by 5)
a *[l| —> |*
o*—>%* (terminal)

o —>* (zero)

(Newell and Simon, 1972)



Productions can define agents

® Thermostat controller

(temperature > 70°) A (temperature < 72°) stop

temperature < 32° call for repairs; turn on electric heater

(temperature < 70°) A (furnace off) turn on furnace

1 4]

(temperature > 72°) A (furnace on) turn off furnace



Cognitive Architectures build on productions

® Augment productions with:
® Memory
® Grounding
® Decision making procedures

® | earning mechanisms

4 Symbolic Long-Term Memories A
Procedural Semantic Episodic
o ——— dﬂ@ Off’ =)
3 4 2  S—
RL Chunking Semantic Episodic
T Learning Learning
4 4 A 4 A 4
L () . .
EIREE Symbolic Working Memory
8 EP5 8
o< | R 2
== 5= ﬂ:\

Spatial-Visual System [« Perceptual LT Memory

A 4

) A ¥

Embodiment

SOAR architecture (Laird et al. 1987, Laird, 2022)




Language Models as Production Systems

e Generate language given a context
o The cat sat on the > mat

e Can be viewed as probabilistic production systems
o X - XY, according to some distribution P(Y | X)
o Represent thisas X~» XY

Prompting Method Production Sequence

Zero-shot Q ~> Q A

Few-Shot (Brows et al., 2020) Q—Q1A1Q2A2Q Q1A Q2 A2Q A
Zero-shot Chain-of-Thought (kojima et a1., 2022) Q — QStep-by-step ~~* QStep-by-step A

Retrieval Augmented Generation (Lewis et al.. 2020 Q) Wik, QO ~~»QO0A

Socratic Models (zeng et al., 2022) Qe QO ~> QO A

Self-Critique (Saunders et al., 2022) Q 'E"‘I"VI\E’ Q A ’E"‘[""I\f’ Q A C 'I‘-"‘I""l\il’ Q A C A



Cognitive Language Agent

(" N
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. /
Input LLM Output | !
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v |
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CoALA: Cognitive Architectures for Language Agents

® Provide a blueprint for
building robust agents

® Categorize existing
systems into a single
framework

® Key modules: memory,
grounding, decision
making routines,
learning

(Sumers*, Yao* et al., TMLR 2024)

Procedural Memory

Semantic Memory

Episodic Memory

So O =

v donse == .~ r[__

& 00 = — ~ E
LLM Agent Code —_—’

A | | A | A | A
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| Y v | Y | v |

/ o \ 5uuumuuE /\
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EllmllllllnE \_/
\ 00000C J
Decision Procedure | A Working Memory

Actions
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With great(er) power, comes
great(er) responsibility




Technical risks

turned into a Nazi

ChatGPT hallucinates court
CASeS

COMPUTING

Racial Bias Found in a Major
Health Care Risk Algorithm

® Agents automate entire chain of
decisions

® Any single misstep can have
repercussions down the pipeline

® |ssues like toxicity, bias have greater
impact

® Hallucination issues can lead to
deleted emails, emptied bank
accounts, etc.



Societal Risks

Existenal risk

00

Malicious use
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® Broader questions around the safe,
controlled deployment of Al agents

® Robustness

® Malicious use

® Job displacement
® Existential risk

® How do we ‘align’” Al models and agents
with human values?

Language Agents in the Digital World: Opportunities and Risks, Yao and Narasimhan (2023)

(https://princeton-nip.qgithub.io/language-agent-impact)



https://princeton-nlp.github.io/language-agent-impact

Summary

® | anguage agents are the next evolution of language models
® \We are closer than ever to the initial dream of holistic artificial intelligence

® |ines between traditional fields like NLP, RL, CV, cognitive science will become
blurrier

® Developing robust, useful agents requires good evaluations, principled frameworks
and a clear understanding of the risks involved

® | ots of room for combining ideas from classical Al with modern ML/DL






