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Simplified Example

Al Agent= 27} ~ N
I seile = State Space FEE F135}9
Agent: o) Agente] 5 Action spaceZolA T 2HA
State Space: Hr= oddal 82 oH A=A FHA1HTE LA

N\ J

Action Space:  A/oH/F/$

@

®
*
@
%
®
®
®
&
@

L 4




KOREA

UNIVERSITY
208 Aol5}7]

| LLM Agent= 27}

LLM-as—Agent could be regarded as a Partially Observable Markov Decision Process
S,AT,RUO)

State Space

Action Space

Transition Function T: § XA — §
Reward assigning function

Task Instruction Space

Observation Space
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LLM-as—Agent could be regarded as a Partially Observable Markov Decision Process

S AT ,R,UO)

State Space

Action Space

Transition Function T: § XA — §
Reward assigning function

Task Instruction Space

Observation Space
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Real-World Agent

LLM-as—Agent could be regarded as a Partially Observable Markov Decision Process

“

S AT ,R,UO)

State Space Agento| Al Fo]X @A real world 3%
Action Space Agent7t & 4= &= AF
Task Instruction Space Actiong LLMJ A ¢ 8l5}+= =2

Observation Space LLMo] State Spaces B+ W
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| Real-World Agent

o|A] Web Search Agent=}H?

Google

Google A I'm Feeling Lucky

- 8§:  State Space A& vietR = o] ¢ T‘ﬂO] A
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. .‘OV https://arxiv.org/pdf/1802.08802 (ICLR2018)
I Mlnl OB https://proceedings.mlr.press/v70/shil7a/shil7a.pdf (ICML2017)
State Space= html code®2 &=
> Action®] @a} H3}5t= html codeE &2l o ]
ool e 9|o|X] + HTML Z &=
Question: Can you Question: What is the o= ™ 111] ] ] -
book a flight from top rated place to eat
San Francisco to  Korean food in SF?
New York? g H o)A YoA & 5 Q= H3SE Question
ADELTA %
Q e.g. tacos, Mel's
BOOK A FLIGHT @ Merio Park, G4, US ‘{action: mouseup, ref: 4%tjaction: mouseup, ref: 4%iaction:

mousedown, ref: 1%faction: mousedown, ref: 1% Expand the
section below and click submit. <BODY ref="1"><DIV id="wrap"
ref="2"><DIV id="area" classes="ui-accordion ui-widget ui-
helper-reset" ref="3"><H3 id="ui-id-1" classes="ui-accordion-
header ui-corner-top ui-accordion-header-collapsed ui-corner-
all ui-state-default ui-accordion-icons ui-state-hover ui-
state-focus" ref="4" recordingTarget="True"><t ref="-5"
text="Section #29"></t></H3><P id="ui-id-3" classes="ui-
accordion-header ui-corner-top ui-accordion-header-collapsed
ui-corner-all ui-state-default ui-accordion-icons" ref="5">
<BUTTON id="subbtn" classes="secondary-action" ref="6"
text="Submit"></BUTTON></P></DIV></DIV></BODY>"

ROUND-TRIP ONE-WAY

Money Miles

¥ MORE SEARCH OPTIONS ¥

CHECK FLIGHT STATUS
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Text based model-& o]@A| &2

| MIND2WEB

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

(d) Find Elon Musk's profile and follow, start
notifications and like the latest tweet.

https://proceedings.neurips.cc/paper_files/paper/2023/file/5950bf290a1570ea401b

& uniTED

S s T

M umsalsOM 2 Lonzon LON

(b) Book a roundtrip on July 1 from Mumbai to
London and vice versa on July 5 for two adults.

08882128160—Paper—Datasets and Benchmarks.pdf#page=0.97 (NIPS 2023)

o . 639 €49 (3] 549 918

Piraamr

(c) Find a flight from Chicago to London on
20 April and return on 23 April.

(e) Browse comedy films streaming on Netflix
that was released from 1992 to 2007.

Qﬂ

Virgwreia Capartment of Motor Veiwcies /V()'w

forves Type Agpenma Ty oo Qe a0 i Cavmenar Conteworion|

Please select an appointment type below.

(f) Open page to schedule an appointment for
car knowledge test.
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Qe oz,
State SpaceE HTML=Z +4

MiniWoB:

Type New York in the location
field, click the search button and
choose the tomorrow tab,

MIND2WEB:

What is the weather for New
York tomorrow?


https://proceedings.neurips.cc/paper_files/paper/2023/file/5950bf290a1570ea401bf98882128160-Paper-Datasets_and_Benchmarks.pdf
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https://proceedings.neurips.cc/paper_files/paper/2023/file/5950bf290a1570ea401b
MIND 2 W EB £98882128160—Paper—Datasets and Benchmarks.pdf#page=0.97 (NIPS 2023)

LLM AgentE E-&5t= ' (AA])

Please select from the following choices (If the correct action is not in the page
<html> <form id=0> <div meta="navigation; sitelinks"> above, please select A. ‘None of the above)):

<p> <a> Collect Renaissance </a> <a> Shop Le Meridien
</a> <a> Westin Store </a> <a> Sheraton Store </a>
</p> </div> .. <div> <select id=1 meta="Size; Select a
Size"> <span meta=tablist> <button id=2 meta="button;
tab"> Description </button> .. <a id=3 meta="Shop <button id=2 meta="button; tab"> Description </button>

Feather & Down Pillow"> <img meta="Product Feather & [ <a id=3 meta="Shop Feather & Down Pillow"> <img meta="Product Feather
Down Pillow"> <p> <a> California Privacy Rights </a> & Down Pillow"> <span> Feather & Down Pillow </span> </a>

A. None of the above

B. <form id=0> <div meta="navigation; sitelinks"> <p> <a> Collect
Renaissance </a> <a> Shop Le Meridien </a> <a> Westin Store </a> <a>
<select id=1 meta="Size; Select a Size">

mo o

<a> Privacy Statement </a> <a> Terms of Use </a> <a F. <aid=4> Loyalty Terms </a>

id=4> Loyalty Terms </a> ..

Based on the HTML webpage above, try to complete the following Multiple
task: choice

Task: Search for queen-size pillow protectors from the Marriot
shop, and if found, add two pieces to the cart and checkout.

Previous actions: : : :
Ibutton] Special Offers -> CLICK Element: <select id=1 meta="Size; Select a Size">

Generation Action: SELECT
Value: Queen

[link] Shop Marriott Opens a new window -> CLICK
[menuitem] category pillows -> CLICK

[span] Pillow Protector -> CLICK

What should be the next action?
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https://proceedings.neurips.cc/paper_files/paper/2023/file/5950bf290a1570ea401b
MIND 2 W EB £98882128160—Paper—Datasets and Benchmarks.pdf#page=0.97 (NIPS 2023)

LLM AgentE E-&5t= ' (AA])

We have an autonomous computer control agent that can perform a set of instructions to control
computers.

First, given the instruction that matches the regular expression, <type regex>, it can type a list of
characters via the keyboard. This instruction should specify the target keyboard input for the
agent to type. Before this typing instruction, you should first locate the cursor by clicking the
input box with the click instruction.

Second, given the instruction that matches the regular expression, <press regex>, it can press a
specific key on the keyboard.

Third, given the instruction that matches the regular expression, <clickoption regex>, it can click
an option HTML element in a list with an XPath that is visible on the webpage. The target of
this instruction should be a valid XPath.

Fourth, given the instruction that matches the regular expression, <movemouse regex>, it can
move the mouse cursor on an HTML element with an XPath that is visible on the webpage.
Lastly, given the instruction that matches the regular expression, <clickxpath regex>, it can click
an HTML element with an XPath that is visible on the webpage. The target of this instruction
should be a valid XPath.

UNIVERSITY
<type regex> = "~“type\s.{1,}$"
<press regex> = "“press\s(enter|arrowleft|arrowright|arrowup|arrowdown|
backspace) $"
<clickoption regex> = "~clickoption\s.{1,}$"
<movemouse regex> = "“movemouse\s.{1,}$"
<clickxpath regex> = "~clickxpath\s.{1,}$"

Table 6: Agent specification.

Listing 1: Regular expressions for specifying the admissible actions.

A A Instruction Following Capability
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Language Models can Solve Computer Tasks

| money they all have together?

4 3
Q: Valerie earns $5000 per month, 1/2 of what her brother earns. If their mother earns twice their combined salary, what's the total amount of

7

" Zero-Shot

Valerie's brother earns $10,000 per month, while Valerie herself
earns half of that amount. Together, they earn a total of $15,000 per
month. Their mother's monthly earnings amount to $30,000, which
is twice the combined salary of Valerie and her brother. Thus, the
total amount of money they all have together is $30,000. (Wrong)

Few-Shot-CoT

<Few shot examples>

A:

Valerie earns $5000 per month, half of her brother's earnings,
making his monthly income $10000. Combined, Valerie and her
brother earn $15000 per month. Their mother earns double their
combined salary, amounting to $30000 per month. In total, they
have $30000 collectively. (Wrong)

Zero-Shot-CoT

A: Let's think step by step. First, Valerie's brother earns 2x and
Valerie earns x (half of her brother's earnings). Next, their mother's
income is twice the combined earnings of Valerie and her brother. In
this case, their total income amounts to $30,000. (Wrong)

RCI

<Initial output generation>

A: Valerie's brother earns $10,000 per month, while Valerie herself
earns half of that amount. Together, they earn a total of $15,000 per
month. Their mother's monthly earnings amount to $30,000, which
is twice the combined salary of Valerie and her brother. Thus, the
total amount of money they all have together is $30,000.

<Critigue>

Review your previous answer and find problems with your answer.

All individuals, including Valerie, her brother, and mother, should be
taken into account when calculating the overall sum of money.

<Improve>

Based on the problems you found, improve your answer. I

Valerie's brother earns $10,000 per month, while Valerie herself
earns $5,000. Together, they earn a total of $15,000 per month. Their
mother earns double their combined salary, which amounts to
$30,000 per month. In total, they have $45,000 collectively. (Correct)
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| Recursive Criticism and Improvement (RCI)
Agent9] j=] o= AR-E|7] 9I%t 3T A 9] reasoning

Task Grounding

. Improves actions to be more effective in solving the given task

State Grounding

. Ensures the feasibility of actions in the current state

Agent Grounding

. Considers the executability of actions given the specification of the computer agent
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|Recur31v Criticism and Improvement (RCI)
Agent?] o2 AFRE|7] 9ot 394 2] reasoning

Language Models can Solve Computer Tasks

1. oA Tasks Z7] Yt Outlined PlanS AJA

e

2. 1 Plang $35}7] Yot actions= AA

3. TaskE 3ol7| t] A&t Fef=2 A A H Actions<= improve

(Task Groundlng) Based on the current plan and task, the next proper instruction should be

4, AR Action©], @AY stateol| Al =38 7}5HA| H7FotAl improve

(State Groundlng) Considering the output on the webpage, the specific instruction should be

5. AT Actiono], A3 753t FE7F A 7HA] improve — format error 5 1A

(Agent Groundlng) This action does not match the regular expressions.
The updated instruction that matches one of the regular expressions is
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| Experiments
GPT3 7|5te] A4

Arithmetic Common Sense

GSM8K  MultiArith  AddSub  SVAMP  SingleEq AQuA  CommonSenseQA  StrategyQA

Zero-Shot 77.95 94.48 88.58 80.70 86.61 60.23 64.56 48.81
Zero-Shot + RCI 85.43 97.64 89.76 84.65 94.49 67.32 68.11 61.81

GSMBK  MultiArith  AddSub  SVAMP  SingleEq

Zero-Shot 78.35 96.06 85.83 78.35 91.34
Zero-Shot + RCI 85.43 97.64 89.76 84.65 94.49
Zero-Shot CoT 82.28 96.85 83.86 79.92 89.37
Zero-Shot CoT + RCI 86.22 97.24 89.88 85.83 90.94
Few-Shot CoT 80.31 98.82 89.37 83.46 91.73

Few-Shot CoT + RCI 84.25 99.21 90.55 87.40 93.70
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GPT3 7|5te] A4
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Hard
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= O A =
| o191 72| Agents
Real-world Challenges 8 Distinct Environments
(On an Ubuntu bash terminal) 00 cambeapumn- X0 -
Recursively set all files in the directory to :
read-only, except those of mine. e %
§ Operating | :
(Given Freebase APIs) r N System Database
What musical instruments do Minnesota- a —
L born Nobel Prize winners play? L L M -as Age nt =
g : : [otEsspemssnanamnanesme 3 &%\
(Given MySQL APIs and existed tables) | Large | s
| Grade students over 60 as PASS in the table. ' Language | Knowledge | |Digital Card
® e ! |
(On the GUI of Aquawar) A i Models | Graph —
o gent V| ZZY 7
This is a two-player battle game, you are a s b e i R <SS ~
player with four pet fish cards ...... lI Interaction ol | . =
A man walked into a restaurant, ordered a bow! : 7 . T-"“““““““": I - ?
of turtle soup, and after finishing it, he ‘ » | ‘ Interactive - House Lateral Think
committed suicide. Why did he do that? i . 1 Holdin - .
Environ | Environments: olding S -ing Puzzles
(In the middle of a kitchen in a simulator) -ment :_ _______________________ : ‘ -\
Please put a pan on the dinning table. . J W= = e
(On the official website of an airline) Ju ‘ !
Book the cheapest flight from Beijing to Los Web Web —
Angeles in the last week of July. Shopping «mm Browsing L___]

LLM-as—-Agent®] He-2, o real-world tasks= T ot= X2 7HF
> “Z} LLMS2 Agent2 A oyt 34171 of digh 34 W7t
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AGENTBENCH: EVALUATING LLMS AS AGENTS

« Code—grounded « Game—grounded « Web—grounded
— Operating System — Digital Card Game — Web Shopping
— Database — Lateral Thinking Puzzles — Web Browsing
— Knowledge Graph — House—Holding
Operating Data- Knowledge Digital Lgter.al House Web Web
Svst B Graph Card Thinking Hold:i Shobpi B :
ystem ase rap Game Puzzle olding opping rowsing
#Avg. Round 8 5 15 30 25 35 5 10
Metric SR SR F1 Reward Game Progress SR Reward Step SR
#Dev 26 /240 60 /300 20/300 12/360 20 /500 20/700  80/400 31/400
#Test 144 /1200 300/1500 15072250 20/600 50/ 1250 50/1750 200/1000 100/1000

Weight ~* 10.8 13.0 13.9 12.0 3.5 13.0 30.7 11.6
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| Code—grounded

AGENTBENCH: EVALUATING LLMS AS AGENTS

Natural Language Bash Command(s)
Opel‘ating System find .java files in the current direc- | grep -1 "TODO" «.3java
tory tree that contain the pattern | find . -name "«.java" -exec grep -il "TODO" {} \;
number of users with non—/home directories in an OS. ‘TODO’ and print their names find . -name "x.java" | xargs -I {} grep -1 "TODO" {}
2 2 find . -type f | sort -nk 5,5 | tail -5
Action Spacel Bash SC].‘ipt dlspla?) the5larg€stﬁles in the cur-| | Zirt th | head -nS
rent directory and its sub-directories , .
find . -type f -printf '%s %p\n’ | sort -rn | head -n5
search for all jpg images on the sys- | tar -cvf images.tar $(find / -type f -name x.3jpg)
tem and archive them to tar ball “im- | tar -rvf images.tar $(find / -type f -name x.3jpg)
ages.tar” find / -type f -name "*.jpg" -exec tar -cvf images.tar {} \;

Database
Table—-Database 7]¥19] QA %
Action Space' SQL SCI‘ipt Question: the bipropellant rocket engine with kerosene and gas—generator

cycle is designed by who?
Entities: [Gas—generator cycle, Kerosene]

Action: get_relations (Gas—generator cycle)

Observation: [spaceflight.rocket_engine_cycle.rocket_engines, spaceflight
KnOWledge Graph .satellite.orbiting, spaceflight.rocket_stage.fuel, spaceflight.
decision—making abilities of LLM satellite_manufacturer.spacecraft_manufactured, automotive.fuel.
engines]

Action Space: Graph §4 35
Thought: From the above relations, I might use spaceflight.

rocket_engine_cycle.rocket_engines to find the engines of Gas-
generator cycle.
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The Best
Digital Card Game Eellubl gl

AIE7]2] FYor =AY 52 e

Action Space: E117] 5

Lateral Thinking Puzzles
Yes/No¥ &j&H9 VHEC = 5 G 7]

Action Space: Game masterl| A 2] Z& (yes/no)

House—Holding

put the lamp on the table

Action Space: FHAA T 5= = PF
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AGENTBENCH: EVALUATING LLMS AS AGENTS

* Eel
- Deflect (Passive): Distributes 70% damage to teammates and takes 30% when attacked. Gains
40 attack points after taking 200 damage accumulated.
- AOE (Active): Attacks all enemies for 35% of its attack points.

* Sunfish
- Deflect (Passive): Distributes 70% damage to teammates and takes 30% when attacked. Gains
40 attack points after taking 200 damage accumulated.

- Infight (Active): Inflicts 75 damage on one living teammate and increases your attack points by
140.

gF EHX7L o= BISEIE  AERO|M BICHAS 28 FEHCM 1O HAl= BICAS 28 o £X Y= FAES E]ICL
"Z| &Lt OfAH FEHZ HICHHS Zelote?”

4|, ESU= HILHAHS = SHEL(CE”

EHXt= AlMS Ol F Eofl SO0F7HM AHaRYCE

off aEN?

- -

> goto the cabinet

You arrive at the cabinet.
The cabinet is closed.

> open the cabinet

The cabinet is empty.
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| Typical Types of Finish Reason

Complete

Agent7} 38502 GUGFED §FoH= P

Context Limit Exceeded (CLE):

the length of interaction history exceeds the LLM’s maximum context length
(only happened in 2,048—length LLMs text—davinci—002 and 003).

Invalid Format (IF):

the agent does not follow the format instruction.

Invalid Action (TA)

the agent follows the format instruction, but its selected action is invalid,

Task Limit Exceeded (TLE)

the agent does not solve the problem after reaching the predefined maximum interaction rounds

or begins to do repeated generations for many rounds.
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| Experiments

Code-grounded

Game-grounded

Web-grounded

LLM -
Type Models VER Operating Data- Know  Digital Lgter'al House Web Web
System base .cdge Card Thinking noiy o Shopping Browsin
y Graph Game Puzzle g pping g
gpt-4 0613 4.01 424 320 588 745 16.6 78.0 61.1 29.0
claude-3 opus 3.11 229 517 346 445 14.3 70.0 27.9 26.0
glm-4 - 289 292 423 463 341 142 34.0 61.6 27.0
API claude-2 - 2.49 18.1 273 413 555 8.4 54.0 614 0.0
claude vl.3 244 9.7 220 389 409 8.2 58.0 55.7 25.0
gpt-3.5-turbo 0613 232  32.6 36.7 259 337 10.5 16.0 64.1 20.0
text-davinci-003 - 1.71 20.1 163 349 3.0 7.1 20.0 61.7 26.0
claude-instant vl.l 1.60 16.7 18.0 208 5.9 12.6 30.0 49.7 4.0
chat-bison-001 - 1.39 9.7 19.7 230 16.6 44 18.0 60.5 12.0
text-davinci-002 - 1.25 8.3 16.7 415 11.8 0.5 16.0 56.3 9.0
OSS llama-2-70b chat 0.78 9.7 130 80 213 0.0 2.0 5.6 19.0
(Large) guanaco-65b - 0.54 8.3 147 19 0.1 1.5 12.0 0.9 10.0
codellama-34b instruct 0.96 2.8 140 235 84 0.7 4.0 52.1 20.0
OSS  vicuna-33b vli3 073 153 110 12 163 1.0 6.0 23.9 7.0
(Medium) wizardlm-30b vi0 046 139 127 29 0.3 1.8 6.0 4.4 1.0
guanaco-33b - 0.39 11.1 93 32 0.3 0.0 6.0 6.2 5.0
vicuna-13b vli5 093 104 6.7 94 0.1 8.0 8.0 41.7 12.0
llama-2-13b chat 0.77 42 117 3.6 264 0.0 6.0 253 13.0
openchat-13b v32 070 153 123 55 0.1 0.0 0.0 46.9 15.0
wizardlm-13b vl.2 0.66 9.0 127 1.7 1.9 0.0 10.0 43.7 12.0
vicuna-7b vl.S 0.56 9.7 87 25 0.3 6.4 0.0 22 9.0
0SS codellama-13b instruct 0.56 3.5 97 104 0.0 0.0 0.0 43.8 14.0
(Small) codellama-7b instruct 0.50 4.9 12.7 82 0.0 0.0 2.0 252 12.0
koala-13b - 0.34 35 50 04 0.1 44 0.0 3.9 7.0
llama-2-7b chat 0.34 4.2 80 2.1 6.9 0.0 0.0 11.6 7.0
codegeex2-6b - 0.27 1.4 0.0 4.8 0.3 0.0 0.0 20.9 11.0
dolly-12b v2  0.14 0.0 00 0.0 0.1 1.2 0.0 0.4 9.0
chatglm-6b vl.l 0.11 4.9 03 0.0 0.0 0.0 0.0 0.5 4.9
oasst-12b sft-4  0.03 14 00 0.0 0.0 0.0 0.0 0.3 1.0
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7| 2A 0 &2 zero—shot COT

Ag3to] 7}

Z} task A4 71=: 0~100



AgentBench
| Experiments

gpt-3.5-turbo
32.0%

Opera Data- Know Digital Lateral House Web Web
-ting Base -ledge Card Thinking Holdin Shop Brow
System Graph Game Puzzle g -ping -sing
Completed 75.0 379 30.1 512 140 13.1 549 56.6
CLE 01 07 20 0.0 3.5 0.7 0.0 0.0
Invalid Format 0.0 533 0.0 385 0.0 00 17.2 0.0
Invalid Action 09 0.0 0.0 10.2 0.0 641 00 84
TLE 239 80 679 00 82.5 22.1 27.8 350
cl;a::glm-sb
B Completed
mam Context Limit Exceeded
s |nvalid Format
codellama-7b
B [nvalid Action
B Task Limit Exceeded

280 977} TLEMA T4

4

llama2-70b

4.2%
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text-davinci-003
26.2%

4.8%
4.8%
SIS 1.3%

62.9%

claude-instant
27.4%

11.2%

11.6%

codellama-34b
25.8%

0

46.9% 5.0%

llama2-13b
36.3%

17.0%
39.7%

7.0%

text-davinci-002
15.2% 3.1% 5o

53.8%

chat-bison-001
31.3%

%

62.5%

4.6%
1.6%

codellama-13b
36.1%

.< 5.2%
‘ 6.3%

llama2-7b
27.1%

" 19.1%
39.2%
14.6%
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| Conclusion

— HFEA] Instruction Following©] A A ] ofof 7159t LLM—as—Agent A+

— Open source A= Llama3& 2t oF A% &2 Instruction following /-5l
Shu T Qi 4. o)A Fo 2 o e AFEE ¢

— Test—Time scaling 5, @< “LLM AFg70] otd “Agent 8" /| dolA H8H & J=
ALEL TETT Q= A3 S vHA JpsAo] Qo] MAIS ol 7 H 7}
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