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* User input: Go to Amazon,
find a book called ‘Build a
Large Language Model from
Scratch’ and add it to the cart.

Quick Demo

LLM Agent: Shopping for the user
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Problem statement



Problem statement & Use case
Leveraging LLMs and VLMs for Human-Computer Interaction

Ul-information

« Easier human-computer
interaction

making it easier for people with

low computer skill
Web LLM GUI-
€ Agent * and disabled people to use

computers to do what they want
through the browser.

Action
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Background



ul v
Backg round . LLM GUI-

Agent

Related workunti 03.2025) yy

Action

@ OpenAl Operator &

OmniParser

User Task:

Save to my trips a restaurants in
Johannesburg with vegan options.

launched in 02.2025 launched in 03.2025 launched in 03.2025

* Master thesis contributionsegin from 02.2025)

« Building a system with open-source tools to reverse-engineer a similar result without knowing
the exact implementation details.

» Evaluation & examinate the limitation.
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Basics



Basics
Framework

Ul-information

Image Processing > Ul Perception

(VLM‘ GPT-4V) wRootWehirea "REWE. de — Deine Startseite fir Lebensmittel im Internet!” focusable: true url: https://fwww. reve. de/
=

SRR » barmer "
[ S e .

p list ™"

button "" focusable: true

Nt | mn M - | ks - | medsenpe -

|

Zeit, deinen niichsten Einkauf zu erledigen

- J _’ p button "" focusable: true

'. p navigation "Sekundire Navigation' focusable: true focused: true

» main
i w ' p heading "Dein REVE Newsletter"

» paragraph ""
» button "Zum Newsletter ammelden" focusable: true
» contentinfo "" v

LLM
Web Accessibility Tree GUI-
(Axtree) Agent

» group "grammarly-integration" focusable: true [

Mouse click [} Keyboard input

Action
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System design

®

DOM AXTree
(Document Object Model ) (Accessibility Object Tree)

amazon..

Elgibi for free delivry
e Dlary oy iz

Feon Shigping i Amzaun s sigida

Suaicns

T Gelitry b 1T
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a4 Orders Bt

PICKUP  New original movie

ESYSTEMTREFF

+, Stide Al Single Ao, GPU Height Adjustable,
< Holder for Computér Campanents, GPU Suppert,..
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Task

Go to Amazon, find a book
and add it into the cart.

®

Pre-process

Accessible Elements

Identification Q

“Click the button”

Action
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®

Task

System design -~

AXTree

(Document Object Model ) (Accessibility Object Tree)

« C & github.com 2 % & O @ ==

414

€)' | Product | Solutions -  Resources * | Open Source - | Enterprise - | Pricing

Build and ship software on a
single, collaborative platform

Join the world’s most widely adopted Al-powered developer platform

625

Enter your email : Sign up for GitHub Try GitHub Copilot ]

Download file ‘DeepSeek
V3’ from Github

®

Plan
Step1:... v
Step2:...
IStep3:...

Pre-process

Accessible Elements

Identification .

“Click the search box”

®

Action
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System design



System design

Pre-process module
Task

4 o)

process

K Action /

Task

Task

v

Pre-
process <

General plan

General plan

Goal: Login in the university Stuttgart campus system
and select a course called Automatisierungstechnik |
with username:... and password.:...

Website: https://www.google.com/

University of Stuttgart, IAS

1. **Open your web browser** and go to the University of Stuttgart's campus
link: [https://campus.uni-stuttgart.de/cusonline/]

2. **Log in** using the credentials provided:
- Username: "..."
- Password: "...

3. Once logged in, **search for the course** titled “Automatisierungstechnik | -
Vorlesung” in the course catalog or dashboard.

4. Click on the course link to access the course materials, schedule, and any
other relevant information.

5. If you encounter any issues logging in or finding the course, ensure your
credentials are correct or check for any university announcements regarding
system maintenance.

13/08/2025 13



https://www.google.com/

SyStem deSign C@MPUS

Willkommen in C@MPUS,
dem Campus Management Portal

See m Od U I e der Universitat Stuttgart :‘E‘;‘::‘":::‘;:"“"

tudium, die nicht an der Universitét Stuttgart studisren oder beschaftigt sind

| E:
/ * \ L enden Link:
- N =
»
12.8. 26123456, S1987654) Gber den Button ‘Zur Anmekiung” an. _
Brmaidan
process Weitere Informationen -
e kg

an zur Anmeldung/Registrierung

Hinweise fiir Bewerber*innen

udienangebat der Universitit Stuttgart 2u informisren, kinnen Sie ohne Anmekiung Tur Aemrisicng

Bewerber*innen

See

extraction

DOM, AX tree

Action
K J (Document Object Model ) (Accessibility Object Tree)

accessible elements
identification

= \Weiter ohrymé = I 1

Zur Anmeldyl .
Benutzername oder E-Mail

Structuring element data

bid type href status |

97 I pig type href status
9% b ¥ . AT AT

i

bid type href status
98 searcah box  https:/filesserver.net/resource  visuable/clickable
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DOM (Document Object Model )

IDOCTYPE html>

eoihiml class lanz="de” data-lt-installed="true” stvle="—-headsr-height: B0px: "> wra1 == 57

{gcript sro="chrome-extension://eppiocentmnlbhiplegkofciiezoncon/content/location/location. js° id="epplocemhmnlbhjiplegkofciiegomcon” »¢/scripty
{gcript sro="chrone—extension://eppiocentmnlbhiplegkofciiezoncon/libs fextend-native-history-api. js" »</script>

{script src="chrone-extension://eppiocemtmnlbhiplcgkofciiegoncon/libs /requests. js” > script>

b <heady o (Shead?

» ¢hedy class="instance-production” _ processed_cfiT4caf-bEB5-4bdl-Bhé4-Ge20blafedfe_ ="true” style="display: block;” data—new-gr-c—s-check-loaded="14.1247. 0" data-sr-ext-installedy - </bedys

¥ {granmarly-desktop-integration data—grammarly-shadew-root="trus">
» #shadow-root (open)
¢/eranmarly-desktop-integration>
b <div id="immersive-translate-popup” style="all: initial”> .. (/div>
<hinl>

AX tree (Accessibility Object Tree)

» heading "Bewerber#innen"

p LabelText ""
Bermtzername oder E-Nail" focusable: true settable: truemultiline: false readonly: false required: falze

p LabelText ""
p textbox "Passwort” focusable: true settable: truemultiline: false readonly: false recquired: false

p button "Hide password" focusable: true
trmelden” focusable: true

} heading "Studierende und Beschaftigte”

Welter ohne armeldung” focusable: true url: https://campus. uni—stuttgart. de/cusonline/ee/ui fca?/app/desktop/ ./ home?3ctx=lang=rmll

Anmelden

interactive elements Benutzername oder E-Mail

-=> Weiter ohne Anmeldung
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13/08/2025

15



System design

Task

General Plan ‘

University of Stuttgart, IAS

=~

Plan module

General Plan

Step1:... -
Step2:... bid type href ~ status
Step3:... g6 button https://example.com visuable/clickable

Plan

A

»
»

Textual tool-call
‘click the login button’

Action module

await page.click("button:text('login’ )")|

PEEEEEN Action X

N

‘click the login button’

13/08/2025
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System implementation

Download file ‘DeepSeek
V3’ from Github @ Large language
Task model

General Plan @
IStep1:...

IStep2:...
IStep3:...
Pre-process

@ . python software
WY Playwright package

@ Accessible Elements
Identification / _ . \
(1) Get starting page info: page.url

@, @ Get website data

® Oty
/niegraﬁs fogy page.content()
N page.accessibility.snapshot()

/ page.screenshot()

® l} (6) Execute actions on the page
page.click()

page.fill()
K page.goto() /

13/08/2025 17

AXTree DOM

(2) Plan generating
(5) Decision making

“Click the button”
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Test and evaluation



Test and evaluation

Case 1: Shopping

Case 2: File download

Case 3: Course selection

B sewn ) o AD @z :| & 5 € @ goagecom g % & O @=sax
WLAN-Frust | Google Google
: war gestern. > - oo
- eero | — 2 -
i o autg, CongeE FUTR
re bei Amazon- o
-
N Ol jmaschutz: Jede Er g 22 - < I = ] M .................. . m
Verbeprogramms  Unten e Google Suche? Daisnscrumentinng  NuDegibsdngungsn  Einsiiungen 27 Google % | Google MENGENY B |
Task Task Task

GOAL = "Find me a book ‘Build a Large
Language Model from Scratch’ from
Amazon and add it to basket."
STARTING_URL =
https://www.amazon.de/

GOAL = “Go to Github and find the project
DeepSeek-V3 and download it as .zip file."
STARTING_URL =
https://www.google.com/

Success rate: 7/10

University of Stuttgart, IAS

GOAL = “Go to university Stuttgart campus
(https://campus.uni-stuttgart.de/cusonline/ ), glick
'‘Zur Anmeldung! since | am already a student then
login with user name ‘...” and password °...". Select
a course called “Automatisierungstechnik | —
Vorlesung in “alle Lehrveranstaltung."
STARTING_URL = https://www.google.com/

Success rate: 8/10

Success rate: 5/10

13/08/2025 19


https://www.google.com/
https://www.amazon.de/
https://campus.uni-stuttgart.de/cusonline/
https://campus.uni-stuttgart.de/cusonline/
https://campus.uni-stuttgart.de/cusonline/
https://www.google.com/

Plan Other Action Pre-process

Test and evaluation - - - -

Limitation
Time consumption (s) / 208.56 / 82 409.36 / 95 586.21 /165

Estimated Human
Reference (s)

Time consumption
breakdown by module

Pre-processing @ See @ Plan @ Action ) Other "
Preprocessing @ See @ Plan @ Action () Other Preprocessing @ See @ Plan__ @ Action @ Other

Token Consumption 29995 33844 48197
Prompt token ratio (of 93% 92% 93%
total token consumption)

Total Tool Calls 6 8 13

* It's expensive for LLMs to ‘understand’ a website;

«  What's easiest for humans can be the hardest for LLMs.

University of Stuttgart, IAS 13/08/2025 20



Test and evaluation
Failure types

1. Ambiguity caused by complex web design

Bewerber*innen Alle Lehrveranstaltungen Meine Lehrveranstaltungen

Benuizemame oder E-Mall

Studierende und

Beschiftigte

— T
Anmelden

Weiter ohne Anmeldung

st Swtigart x +

12 /fapp/desktop/#/home 2 % & O @ =aax

C @& campusuni-stuttgart.de/cusonline/

venmsuses @ MPUS

Universitit Stuttgart

Favoriten

Willkommen in C@MPUS, gy 1
dem Campus Management Portal ) o | | A
der Universitat Stuttgart A DL e 75_1" | =9

Hinweise flr Bewerber*innen
Um sich Gber das Studienangebot der Universitat Stuttgart zu informieren, kénnen Sie ohne Anmeldung
auf C@MPUS zugreifen:

= Weiter ohne Anmeldung

Jle Lehrveranstaltungen | Mein Studium : Meine Leistungen

Beschaftigte

Bewerber*innen fir ein Studium, die nicht an der Universitat Stuttgart studieren oder beschaftigt sind, Alle Applikationen =
registrieren sich (ber den folgenden Link

= Registrieren & Bewerben

Bewerber*innen

Hinweise flr Studierende und Beschaftigte
Studierende und Beschiftigte melden sich mit dem personlichen Nutzerkonto der Universitat Stuttgart Meine Termine

(z.8. ac123456, $1987654) Uber den Button “Zur Anmeldung’ an
:
% Mein Studium

Weitere Informationen

Mains Prfungetorine

Meine Studien- &
Leistungsbescheinigungen

Weitar ohne Anmeldung B
- © _ Meine Heimat. und
Ay

=
Meine Antrige ¥ b j Meine Studierendanakte

= Informationen zur Anmeldung/Registrierung

possible solution: More precise task description / more
LLM-friendly web design
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Test and evaluation
Failure cases

possible solution: Extra dataset for reCAPTCHA training.

I'm not a robot

3. Authentication

Username....

@ Password:... possible solution: Isolate sensitive data from the workflow
for separate management.

Updated Plan: I'm sofry, I can’t assist with that.

4. Step limit reached

FINAL RESULT: possible solution: Increase the step limit.

Max steps reached, agent stops execution.

University of Stuttgart, IAS 13/08/2025 22
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Conclusion and outlook

Conclusion

- Large language models, integrated with suitable tools, are capable of emulating human
interactions with computers to accomplish typical browser tasks.

Outlook
* A more efficient method to enhance the LLM’s understanding of web pages.
» Achieve secure and efficient handling of human verification mechanisms.
» Ensure sensitive data is processed outside of the main task pipeline.

* Development of more LLM-friendly and user-centered web design.

University of Stuttgart, IAS 13/08/2025 24



: University of Stuttgart
Institut of Industrial Automation
and Software Engineering

Thank you!

i e

Zhe CAO

=Sy
‘ “ e-mail st186915@stud.uni-stuttgart.de
phone +49 (0) 711 685-
: fax +49 (0) 711 685-

University of Stuttgart
Institute of Automation and Software Systems

Pfaffenwaldring 47, 70550 Stuttgart
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