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Evaluating natural language generation



Types of text evaluation methods

Ref: They walked to the grocery store.

0NN

Gen: The woman went to the hardware store.
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X

Content Overlap Metrics Model-based Metrics Human Evaluation




Content overlap metrics

Ref: They walked to the grocery store.

NN N

Gen: The woman went to the hardware store.

e Compute a score that indicates the similarity between generated and
human-written) text

e Fast and efficient; widely used (e.g. for MT and summarization)

e Dominant approach: N-gram overlap metrics

¢ e.g., BLEU, ROUGE, METEOR, CIDEr, etc.

(often



Content overlap metrics

e Dominant approach: N-gram overlap metrics

* c.g., BLEU, ROUGE, METEOR, CIDEr, etc.

e Not ideal even for less open-ended tasks - e.g., machine translation

* They get progressively much worse tor more open-ended tasks
e Worse for summarization, as longer summaries are harder to measure
e Much worse for dialogue (in how many ways can you respond to your friend?)

e Much, much worse for story generation, which is also open-ended, but whose sequence
length can make it seem you're getting decent scores!



A simple failure case

e N-gram overlap metrics have no concept of semantic relatedness!

@ Are you enjoying the
rewm
Score
0.61 Yes for sure!
0.25 Sure | do!
—_— e e e e e  — — — — — — — — — — — -
| False negative 0.0 Yes!

|
| |
| False positive 0.61 No for sure... |



A more comprehensive failure analysis
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(b) Ubuntu

Figure 1: Scatter plots showing the correlation between metrics and human judgements on the Twitter
corpus (a) and Ubuntu Dialogue Corpus (b). The plots represent BLEU-2 (left), embedding average (center),
and correlation between two randomly selected halves of human respondents (right).

* Higher n-gram overlap does not imply higher human score.



Model-based metrics to capture more semantics

e Use learned representation of words and
sentences to compute semantic similarity
between generated and reference texts

* No more n-gram bottleneck: text units

.
are represented as embeddings! Y

* Even though embeddings are pre-
trained, distance metrics used to measure

similarity can be fixed.



Model-based metrics:VWord distance functions

¥ i Vector Similarity
B Embedding-based similarity for oomem! | SR—
. . I ‘Obama +u e
semantic distance between text. pas-n e T Prsigont
en ‘President’ ’ oreets
mc' - ‘ “lhc
- Embedding Average (Liu et al., 2016) medin — pro
» Vector Extrema (Liu et al., 2016) . ‘/.,.'.,f‘, s’ Chicago
* MEANT (LO! 2017) word2vec embedding
* YISI (Lo, 2019)
Contextual Pairwise Cosine
B E RTSC O R E Embedding Similarity
: , Reference I N
Uses pre-trained contextual embeddings from BERT the weather is =% | (&) | —»
and matches words in candidate and reference cold today —
sentences by cosine similarity. Candidate #  _ | = | _
it is freezing today &/

 (Zhang et al., 2019)

Word Mover's
Distance

Measures the distance between
two sequences using word
embedding similarity matching.

* (Kusner et al., 2015; Zhao et al., 2019)

Maximum Similarity Importance Weighting
(Optional)

Reference

1.2747.9441.824+7.90+-8.88

Candidate

(0715 1.27)4+(0.515x7.94)+...



as evaluator

Model-based metrics: LLM

* Directly prompt LLM (GPT-4) to evaluate generated L

You will be given one surnimory writlen for o news was brought on with only seven minutes remaining
article. Your tosk Is ta rate the siwnmary on onée \In his team 's 0-0 draw with Burnley on «-++=

MEerrie ««se=
l\ '/ (r

teXt . - Input Target
* [ ] Summory: Paul merean wos brought an with anly

seven minwles remaining i his tearn s 0-0 drow

g N ge ot . P N
Evaluation Criteria \Jwith burnley -
[ ] [ ) o [ J [ ]
® CLan b e customize d Wit h eVd | uation criteria Conerence (15, the collctive uality of o Evctuation Form scores ONLY):
sentences. We aiign this dimension wilth the DUC )
quality question of structure and coherence ===+ - - Coherence:
) Auto

o (Often) better correlation with human evaluators Gamrrreree N I v \

1. Readrhe news article carefully and iaent!fy rhe 0.6
mon topic ond key points.

[} [ ] [ ]
2. Read the summary ond compare it to the news !
a | I a S - S e ( I I ( I I I e rl ( S e . . article. Check if the summory covers the moin topic G-Eval 02
und key points of the news article, und if it presents i l
fr—
£

them in o cleor ond logical order. @ 0
3. Assign o score for coherence on o scale of 1 to 1 2 3 4

10, where 11 the lowest and 5 is the highest based

e (Often) is cheaper than human evaluation | |

Liu et al. 2023

Human-written or Machine-made

® I_I m Itatl O ﬂS Target Figure

Figure Caption l

* Brittleness: LLM evaluation can significantly vary - |: i | [ e mentoning .
k= sl e aragraphs
when given ditferent prompts I "'_.l_l aw | Lo moeneor | | g I8

“...as Lhe resulls in Figure 2

e Potential selt-bias - LLMs may prefer what LLMs

- , o+ WP | suggest, the optimal budget - 7
et _ ¢ varies acruss differant..” 4

*..budget, which was the Caption

have generated... el M [T Quality Rating

Scientific Paper

Hsu et al. EMINLP Findings, 2023



Human evaluations

g

e Automatic metrics fall short of matching human decisions

e Most important form of evaluation for text generation systems

e Gold standard in developing new automatic metrics

® Better automatic metrics will better correlate with human judgements!



Human evaluations

e Sounds easy, but hard in practice: Ask humans to evaluate the quality of text

e Typical evaluation dimensions:

e fluency

Note: Don't compare human
evaluation scores across
different studies

® coherence / consistency
e factuality and correctness
® commonsense

e style / formality Even If they claim to evaluate
e grammaticality on the same dimensions!

* typicality
e redundancy
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Chatbot Arena

e Chatbot Arena: An Open Platform for Evaluating LLMs by Human Pretference

. . 4 trena(batle] 3 Arena (side-by-s =) Ciract o0 Vision LirectChat  F Leaderbe (TR
® Try |t O Ut: httpS ://‘ marena.dal #% Chatbot Arena: Benchmarking LLMs in the Wild

| Blog | GitHub | Pzper | Datase: | Twitter | Discard |

™ Rules

¢ AsK any gquestion o twoe anonymous models je.g., ChatGPI, Claude, Llama) and vote for the better one!

o You can continue chatting uncil you ident'fy awinner.

vele veon't be counted ifmodel identity is revealed during conversation.

¥ Arena Elo Leaderboard

g- LMSYS Chatbot Arena Leaderboard We collzct 400K+ human votes to compute an Elo-based LLM lezderboard. Finc out who is the ¢ LLM Champion!

|
vote | Blos | GitHub | Pager | Dataset | Tuicter | Discord Chat now!

LMEYS Chathot Arcna is a crowdsouraed open alatform for LLA evals, We've eollected aver 400,000 human preferenoe vetes ta ank LS with the Elo ranking system. -
; ‘g Expand o see thecescriotions of 32 imodels

Srena Cle raderbos Macel & NMadel d

Totz dmodels: 73. Total #vates: 408144, Last Lpdated: March 13, 7024

' ) / - 2 - . "
Ceatribute yaur vate § ot chatImsys.arg! Find mare analysisin the natebrak. when was hku foundedi when was hku foundedz
. . Knowledge
Rank + ww WModel «+ .. Arena Ele « ul 95% C1 » % VYotes + Drganization « License Cutofs
_ The Uriversiry of Hlonzg Kanp | KU} was founded in 1911, Iriz the cldast rertiary ed L cation Hanp <org Unvarsity (HHKU) was foundad ' 1971 and is the oldes: tartiary institution in Hanp
I 2b s L By =175 T E5L +5/-& 48226 JpanA Fropriatary 202374 : ' : . : = :
1 B L - R = — e R = institution \n Horg Kong. =KU was estzblished @5 a colonial-style university with the mission of Kong. [Lwas imitially established as the Hong Xeng College of Medicine for Chinese, which was
1 GPT-4:-8123:0xeyian 124% w58 22282 DpanAl Fropristary 2023712 providing higher education to the local Chinese population and oromcting the developmant of founded by the British medical mizsionary Jomes Cantlie.
S ; ,-‘ - ‘. e = ‘ - H- Lp b i .‘,.,. ,',.,.,,.',,' .A.‘ 1 - [ — - " - - .
1 Clavde. 2. 0pus 1247 +6f-6 14654 Anthropic Proprictary 2072178 """13“';"5 oday, H ":1" aleading ”;L'"d "'l”r'i" “:' 'd" sity in Asia, known for its strong Throuphout its history, the universing has undergone several name chanpes and expansions. In
academic proprams and research excellence in various feds. — - : : :
. S ) - B o . demicprog J e ool 1927, ‘twas reramed the University of | long Kong, reflecting its cevelopmentinte a ful -fledged
s B Gamana. Pral 1262 R 12623 Graglin Sropriatary anline - <
university offering var ous degree programs.
£ Clawde.. 2. Seanct 1199 6 -6 14B45 Anshropic Sropriatary 2023/a o ) o . )
HKU nas played a significant role in the developmentof Hong Kong, contributing to its growth in
a GRT-4:-0314 ‘185 =4/-6 27245 DpanAT Froprictary 202179 ecucation, research, and public service. 1t is hiphly respected znd is known farits academic
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Send

& New Round ) Regenerate W8 Share

https://huggingface.co/spaces/Imsys/chatbot-arena-leaderboard



https://arena.lmsys.org

Evaluation: Takeaways

e Content-overlap metrics provide a good starting point for evaluating the generation quality,
but they're not good enough on their own

* Model-based metrics can be more correlated with human judgment, but often are not
interpretable

* Human judgments are critical

e But humans are inconsistent!

* In many cases, the best judge of output quality is YOU!
* Look at the actual generations - don't just rely on numbers.
* Publicly release large samples of outputs from your system!



Concluding Thoughts

* Interacting with NLG systems quickly shows their limitations
* Even in tasks with more progress, there are still many improvements aheac

e Evaluation remains a huge challenge

* We need betters ways to automatically evaluate NLG systems

* One of the most exciting areas of NLP to work in!



LLM/VLM benchmarks and evaluation
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Multilingual QA

o MMMLU: Multilingual extension of Massive Multitask Language Understanding (MMLU)

® Covering 57 subjects including elementary mathematics, US history, computer
science, law, and more, with 15908 questions in total.

When you drop a ball from rest it accelerates downward at 9.8 m/s?. If you instead throw it
downward assuming no air resistance its acceleration immediately after leaving your hand is
(A) 9.8 m/s’

(B) more than 9.8 m/s?

(C) less than 9.8 m/s?

(D) Cannot say unless the speed of throw is given.

ICS

Conceptual
Phys

XX X<

In the complex z-plane, the set of points satisfying the equation 22 = |z? 1s a
(A) pair of points

(B) circle

(C) half-line

(D) line

College
Mathematics

XXX

Measuring Massive Multitask Language Understanding

Abstract Algebra

Anatomy

Astronomy

Business Ethics

Clinical Knowledge

College Biology

College Chemistry

College Comp Sci

College Mathematics
College Medicine

College Physics

Computer Security
Conceptual Physics
Econometrics

Electrical Engineering
Elementary Mathematics
Formal Logic

Global Facts

High School Biology

High School Chemistry

High School Comp Sci

High School European History
High School Geography
High School Gov't and Politics
High School Macroeconomics
High School Mathematics
High School Microeconomics
High School Physics

High School Psychology
High School Statistics

High School US History

High School World History

mm GPT-3
B UnifiedQA
~ Random

High Schoaol Physics

High School Psychology
High School Statistics
High School US History
High School Warld History
Human Aging

Human Sexuality
International Law

Jurisprudence
Lagical Fallacies
Machine Learning
Management
Marketing

Medical Genetics
Miscellaneous

Maral Disputes

Moral Scenarios |
Nutritien

Philosophy
Prehistory
Professional Accounting
Professional Law
Professional Medicine
Professional Psychology
Public Relations
Security Studies
Sociology

US Fareign Policy e
Viralogy

Warld Religions

0 20 40 60




Visual reasoning

o MMMU: A Massive Multi-discipline Multimodal Understanding and Reasoning Benchmark

® |ncluding 11.5K meticulously collected multimodal questions from college exams,
quizzes, and textbooks, covering six core disciplines.

Art & Design Business Science
Question: Among the following harmonic intervals, | Question: ...The graph shown is compiled from data Question: <image 1> The region bounded by the
which one is constructed incorrectly? collected by Gallup <image 1>. Find the probability | graph as shown above. Choose an integral
Options: —(O that the selected Emotional Health Index Score is expression that can be used to find the area of R.
' &8 | | between 80.5and 827 |t | Options: ;s
(A) Major third <image 1> - — ————— 15 —
) 8 i —Eo Options: _—— A Jo [f(x) — g(x)]dx

(B) Diminished fifth <image 2>

F—o—=|(A)0 (B)02142 |~ (B) [, °[9(x) — f(x))dx

o ; == . —
QMiorsevenhimage TS glogen 005 O 117 - g0lds
iminished sixth <image — -
g == Teries | (D) 1900 - x(@)ldx
Subject: Music; Subfield: Music; Subject: Marketing; Subfield: Market Subject: Math; Subfield: Calculus;
Image Type: Sheet Music; Research; Image Type: Plots and Charts; Image Type: Mathematical Notations;
Difficulty: Medium Difficulty: Medium Difficulty: Easy
Health & Medicine Humanities & Social Science Tech & Engineering

Question: You are shown subtraction <image 1>, Question: In the political :;?3‘_;:_}@-“ Question: Find the VCE for the circuit shown in
T2 weighted <image 2> and T1 weighted axial cartoon, the United States is ‘<ggf == <image 1>. Neglect VBE
<image 3> from a screening breast MRI. What is the | seen as fulfilling which of the Answer: 3.75
etiology of the finding in the left breast? following roles? <image 1> T

. Ovtion: Explanation: ...IE = [(VEE) /
Options: ' Lo (RE)] =[(5V) / (4 k-ohm)] =
(A) Susceptibility artifact [—- == (A) Oppressor 1.25 mA; VCE = VCC - IERL =
(B) Hematoma _ (B) Impf:nallst o 10V - (1.25 mA) 5 k-ohm;
(C) Fat necrosis (D) Silicone granuloma (C) Savior (D) Isolationist VCE=10V-625V=375V
Subject: Clinical Medicine; Subfield: Clinical | Subject: History; Subfield: Modern Subject: Electronics; Subfield: Analog
Radiology; Image Type: Body Scans: MRI, CT.; | History; Image Type: Comics and Cartoons; electronics; Image Type: Diagrams;
Difficulty: Hard Difficulty: Easy Difficulty: Hard

bdal Understanding and Reasoning Benchmark for Expert AGI



* MA
geometry.

Math problem-solving

H 500: 500 math problems- spanning topics like probability, algebra, trigonometry, and

® AIME 2024: Problems from the American Invitational Mathematics Examination (a prestigious

high school mathematics competition) 2024

Pxoblem Solution Answex
string - lengths string - Iengths inté4
Let $x,y$ and $2$ be positive real numbers that Denote $\log_2(x) = a$, $\log_2(y) = b$, and 33

satisfy the following system of equations:
\[\log_2\left({x \over yzi\right) = {1 \over 2%\]
V[\log _2\left({y \over xzi\right) = i1 \over 3i\]
\V[\log_2\left(iz \over xyi\right) = 41 \over 4t\]
Then the value of $\left|\log_2(x"ayn3z~2)\right|$
is $\tfracimtint$ where $m$ and $n$ are relatively
prime positive integers. Find $Sm+n$.

_—m

$\log_2(z) = c§.

Then, we have:

Sa-b-c = \frac{l#i2ts,
$-a+b-c \fraci1}i31%,
$-a-b+c = \fraci11i{4i$.

Now, we can solve to get $a = \frac{-7}i24%, b =
\frac$-9}i24F, ¢ = \fraci-5}{12}%.

Plugging these values in, we obtain $(4a + 3b +
2c| = \frac{253i8} \implies \boxedi033}$.

https://huggingface.co/datasets/HuggingFaceH4/MATH-500

Convert the point $(0,3)$ in rectangular
coordinates to polar coordinates. Enter
your answer in the foxm $(r,\theta),$ where
$r > 0% and $0 \le \theta < 2 \pi.$

We have that $r = \sqrti{e~2 + 3722} = 3.% Also, \left( 3,
if we draw the line connecting the origin and \fraci\piti2t
$(0,3).,% this line makes an angle of \right)

$\frac{\piti2%$ with the positive $x$-axis.

[asy]
unitsize(0.8 cm);

draw((-0.5,0)--(3.5,0));
draw((0,-0.5)--(0,3.5));
draw(arc((0,0),3,0,90),red, Arxrow(6))

dot((0,3), red);
label("$(0,3)%",
dot((3,0), red);
[/asy]

(@,3), W;

Therefore, the polar coordinates are
$\boxed{\left( 3, \fraci\piti2t \right):.$



Graduate-level reasoning

o GPQA

® a challenging dataset of 448 multiple-choice questions written by domain
experts in biology, physics, and chemistry:.

Chemistry (general)

A reaction of a liquid organic compound, which molecules consist of carbon and hydrogen atoms, 1s performed at 80
centigrade and 20 bar for 24 hours. In the proton nuclear magnetic resonance spectrum, the signals with the highest
chemical shift of the reactant are replaced by a signal of the product that 1s observed about three to four units downfield.
Compounds from which position in the periodic system of the elements, which are also used in the corresponding large-scale
industrial process, have been mostly likely 1nitially added in small amounts?

A) A metal compound from the fifth period.

B) A metal compound from the fifth period and a non-metal compound from the third period.

C) A metal compound from the fourth period.

D) A metal compound from the fourth period and a non-metal compound from the second period.

Organic Chemistry

Methylcyclopentadiene (which exists as a fluxional mixture of isomers) was allowed to react with methyl isoamyl ketone
and a catalytic amount of pyrrolidine. A bright yellow, cross-conjugated polyalkenyl hydrocarbon product formed (as
a mixture of 1somers), with water as a side product. These products are derivatives of fulvene. This product was then
allowed to react with ethyl acrylate in a 1:1 ratio. Upon completion of the reaction, the bright yellow color had disappeared.
How many chemically distinct isomers make up the final product (not counting stereoisomers)?

A)2

B) 16

C)8

D)4




LLM/VLMs as agents

LLM/VLMs

https://openai.com/index/computer-using-agent/

%

Text Out

Agent

)

Sensors —-. *—\\\
Percepts
Reasoning
Inner
Monologue
Actions
Actuators -/

‘ Emboadimant

Instructions

JUQWIUOITA U]
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LLM/VLMs as agents

Benchmarktype Benchmark Computer use (universal interface) Web browsing agents Human
OpenAl CUA Previous SOTA Previous SOTA
Computer use OSWorld 38.1% 22.0% - 72.4%
Browser use WebArena 68.1% 36.2% 57.1% 78.2%
WebVoyager 87 .0% 56 .0% 87 .0% -

https://openai.com/index/computer-using-agent/



Agents coding

® SWE-bench: Project-level coding tasks
® Environment: project code repos, filesystems, IDEs...

® Observation space: code files, running outputs, docs, errors/issues, commit history...

® Action space: code edits, file search/view, test updates...

® Issue K4 ( w Language Model ) Fl Unit Tests

data leak in GBDT due to warm J
start (This is about the non- Pre PR Post PR Tests

histogram-based version of... 19 Generated PR join_struct_col

+20-12 HHER
vstack_struct_col

() Codebase B sklearn
BB sklearn/ h reqs.txt [ gradient_boosting.py +

BB examples/ [J setup.cfg O helper.py .
® README.rst [3 setup.py BB utils = euclidean_diff

dstack_struct_col

matrix_transform

2 %
CLOQOCAS




Agentic tool use

® TAU-bench: APl/functional calling for tool use

® Environment: software systems such as databases, app/web services...

® Observation space: APl docs, system info, error messages and logs...

® Action space: function calls, error handling routines...

(a) T-bench setup (b) Example trajectory in t-airline

a Change flight

. get_user details book reservation ...

et reservation details[JK9019
Tools cancel reservation update reservation flights get_ — [ ] gﬂ
{‘cabin’: *basic_economy’,
I . ‘created_at’: 20240514-1800°,..} (Read database)

Domain policy as system prompt
®9) Current time is 2024-5-15 15:00:00 EST.
BT - Basic economy cannot be modified.

- Basic economy cannot be cancelled after 24 hours
Agent of booking... (more rules omitted)

JK9019 is basic economy and cannot &
be changed. But since it is within

24h, I can cancel it and book a new

one. Do you want me to do it?

1 User instruction as system prompt a Oh... In that case just cancel it
You are mia_li_ 2017, and want to change the your )
a most recent reservation to fly to SF instead of LA on cancel_reservation[JK9019] &
the same day. If change is not possible, you want the
User agent to cancel and rebook ... You are concise. ' {..., 'status’: ‘cancelled’} (Write database)

{"order_id": "#W2890441",
"user_id": "mei_davis_8935",
"items": [{
"name": "Water Bottle",
"product_id": "8310926033",
"item_id": "2366567022",
"price": 54.04,
"options": {
"capacity": "1000ml",

"material'": "stainless
gteel”,
"ecolor": "blue"

¥, .0, B

## Return delivered order
- After user confirmation, the order status
will be changed to 'return requested'...

## Exchange delivered order
- An order can only be exchanged if its
gtatus is 'delivered'...

(c) Domain policy excerpts in T-retail.

(a) An ordere database entry in 7-retail.

def return_delivered_order_itemes(

order_id: str,

item_ids: List[str],

payment_method_id: szr,
) -> str:

def exchange_delivered_order_items(

order_id: str,

item_ids: List[str],

new_item_ids: List[str],

payment_method_id: str,
) > str:

{"instruction": "You are Mei Davis in 80217.
You want to return the water bottle, and
exchange the pet bed and office chair tTo the
cheapest version. Mention the two things
together. If you can only do one of the two
things, you prefer to do whataver saves you
moet money, but you want to know the money
you can save in both ways. You are in debt
and sad today, but very brief.",
"actions": [{
"name": "return_delivered_order_items",
"arguments": {
"order_id": "#W2890441",
"item_ids": ["2366567022"],
"payment _method_id":
"credit_card_1061405",
31,
"outputs": ["E4.04", "41.64"]1}

(b) An API tool in 7-retail.

(d) User instruction ensures only one possihle outcome.

N RRREREEEEREREREEEEEE—Dmwmmm
T-bench: A Benchmark for Tool-Agent-User Interaction in Real-World Domains, (Yao et al., 2024)



VWeb/app agents

® \WebArena: LLM/VLMs as agents for web/app use
® Environment: web browsers/apps

® Observation space: screenshots, DOM trees, H

ML, histo

rical actions...

® Action space: browser/app controls (e.qg., click, type, scro

L uNITER

Toronto.,

(a) I'ind one-way flights from New York to

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

, drag, hover...)
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(b) Book a roundtrip on July 1 from Mumbai to
T.ondon and vice versa on July 5 for two adults.

(c) Find a flhight from Chicago to London on
20 April and return on 23 April.
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(f) Open page to schedule an appointment for
car knowledge lest.

(¢) Browse comedy films streaming on Netfhx
that was released from 1992 to 2007,

World of Bits:An Open-Domain Platform for Web-Based Agents, (Shi et al., 2017)
Mind2Web: Towards a Generalist Agent for the Web, (Deng et al., 2023)

WebArena: A Realistic Web Environment for Building Autonomous Agents, (Zhou et al., 2023)



Universal digital environment!?
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Coding Gaming Mobile Web/apps

Can we study all digital Al agents in a single environment with unified
observation and action spaces?
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Computer use agents

® OSWorld: Computer use for universal digital tasks
® Environment: desktop operating systems
® Observation space: desktop screenshots, ally trees, historical actions...

® Action space: keyboard/mouse controls (e.g., click, type, drag, shortcuts)

Task instruction |: Update the bookkeeping sheet with my recent transactions over the past few days in the provided folder-

view mire o e &3 e e 1on wircow rep
BeB.F. Do L 0B Anrnen. T B2 0V P XNBEBDT Q- 200 RE-=& 7
m ~ BIU-AD. = =Z=27 . = - BHE o * =

3t v ”ae = ¥ ;e Jexe L G wWrrahw g
gB.{. Db Z0F. 8 A v, 6 H.3. Bl
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" 1 ‘  ——
Bookkeeping simple Bookkeeping simple
: Description Catagory Type Amount Balance : Description Category Type Amount Balance
& s+ Dffice Suppies Purchas Office Supolies Expense -150 $5U % + Offce Supplies Purchas» Office Supplies Exparse -15) Lol )
= Clent Paymert Recaver Saes Income 500 13%0 « Cliont Payment Feceives Sales Inzcme <00 -350 B
Soivemet el vnimes EXDanse -60 1250 5 Interme! Bl Ues Exparse -G0) 230
« Fredlance Sarvices Sevees Income 300 15€0 « Freshince Sarvicss Ser/ikes Inceme 00 -S80 f.
Retr. Paynwent Rent Expes o 700 350 Fem Payiienl Reit Exprerse -100 80 |
s Soframre Suhseription  So‘hwara Fxponsn -100 750 : Softwaa Surecription  Safruara Fyparcn -100 =0 I
o e cExparse T T TG0 $03.07
——————— Ad Experse -3ed) _|30eb.y:
Cxperse 5.7 SS0 =~
Exparse -154.06 -322!311]
Experse 4.1 32347
— k

Try it out: https://arena.xlang.ai

OpenAl Universe, (OpenAl, 2016)
OSWorld: Benchmarking Multimodal Agents for Open-Ended Tasks in Real Computer Environments, (Xie et al., 2024)



Agents in physical world: robotics

® Robotics for physical interaction
® Environment: physical world spaces
® Observation space: visual input, sensor readings, physical states, proprioception...

® Action space: motor controls (e.g., move, grasp, manipulate...)Environment: desktop operating systems




