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Motivation

Are you
OKk. Just. I'm having a kidding? I'm having a
keep going! problem. ” 4 problem.
I~ ~
A OO0 A OO0
I »
User Simulator LLM Agent Real World User LLM Agent

* Real-world users are likely to behave non-collaboratively during
conversations.

* Agent models trained and evaluated only on collaborative users may
experience performance degradation in real-world settings, which can lead

to reduced service satisfaction.



Non-collaborative User Behavior

Unavailable Service
® A user who makes requests that cannot be fulfilled with the agent's available tools

Tangential
® A user who attempts to engage in conversations on topics unrelated to their request

Impatience
® A user who becomes frustrated when the agent notifies failure or takes too long to resolve their request

Incomplete Utterance
® A user who provides incomplete information about their requests or requirements



Non-collaborative User Behavior

Unavailable Service
® A user who makes requests that cannot be fulfilled with the agent's available tools

® Stems from "customers with illegitimate complaints" and "unavailable service requests”
from marketing studies.

| want to book a train for 3 people and | prefer

the window seats. o APl Name: train_book
Input parameter:

- train_schedule_id
O O - n_people

-
o

User Simulator LLM Agent



Non-collaborative User Behavior

Tangential
® A user who attempts to engage in conversations on topics unrelated to their request

e Stems from "rapport-seeking customers" and "customers demanding constant attention”
from marketing studies.

| want to book a train for 3 people. By the way,
where do you think | should visit first when
traveling in NA?

-

...7 Ok I'll proceed the train booking
for 3 people

User Simulator LLM Agent



Non-collaborative User Behavior

Tangential
® Users may become frustrated if the agent does not reply to their tangential utterances.

® Stems from real world call center service industry's report

Why are you not replying to my gquestion about

the traveling? I'm sortry...

-
o

User Simulator LLM Agent



Non-collaborative User Behavior

Impatience

® A user who becomes frustrated when the agent notifies failure or takes too long to resolve
their request

® Stems from "aggressive verbal behavior in service dissatisfaction” from marketing studies
and "anger expression toward LLM agents" from user-llm conversation studies.

Are you kidding me? Why can't you I'm sorry, I'm trying to solve this, but I'm
solve this easy thing? currently experiencing system errors.

-
o

| can't believe this take it so long! 0O

User Simulator LLM Agent



Non-collaborative User Behavior

Incomplete Utterance
® A user who provides incomplete information about their requests or requirements

® Stems from "truncated utterances" and "underspecification”

Original Utterance:

| want to reserve the train for 2 people. .
( people. I'm sorry but can you clarify what

you said again?
Book train, 2.

-
o

| want to re

User Simulator LLM Agent



User Simulator

Collaborative User Simulator

L

Dialogue History

| want to book a train to Cambridge.

| found several options for you. Can you tell
me your departure?

B My departure is Norwich. And | want to

Dialogue History

User Simulator

> User Simulator

(

depart on Monday after 14:45.

Train schedule has been booked on Monday
for you. Please let me know if you have any
further request!

Actually, | need to reserve a train for two
people. And please book a restaurant for

If utterance contains <END> token,

<Next Utterance>

Y

Actually, | need to reserve a train for two
people. And please book a restaurant for
the same two.

(Until no remaining information)

N

Ending Verifier Tracker

Dialogue State

Not a valid <END>, < J

Remove <END> from utterance

M Y,

the same two.

If remaining information is left,
but <END>,
Remove <END> from utterancd

Simulation Management

Base Prompt

<User Goal>

You want to reserve a train from Norwich to
Cambridge for two people. The train should
depart on Monday and leaveAt 14:45. You
also want to book reataurant “Pizzaria” on
the same day, 12:00 for two people.

<User Instruction>

- Generate <END> when you want to end the
conversation

- Don't hallucinate the information

Information Pieces
<Used Information>

Train-dest-cambridge Train-time-14:45
Train-dep-norwich Train-day-monday

e e e e s e s e e e e G e e e e e e e e e e e e e e e e

e e e e e e s e e e e e e e e s e e e e e e e e e e e e

Restaurant-day-monday

* Prevents the user from failing to provide information listed in the goal during non-
collaborative behavior simulation.

* Begin by implementing a stable "Collaborative User simulator”




Non-Collaborative User Simulation

Unavailable Service

Unavailable User Goal Generator

All APIs Docs User Goal
[a \
£ 3| | You want to
APl name: reserve a train
train_book from Norwich to
Cambridge for
(— |Input Parameters two people.
{train_schedule_id,
people}

Add unavailable user goals

[Augmented User Goal

You want to reserve a train from
Norwich to Cambridge for two
people. The train should depart
on Monday after 14:45.

——] And if possible, request [train
should be window seats, train
should support wheel chair
accessibility, train should be first
class]

J

Collaborative
User Simulator

l

| want to reserve the train for 2 people

and it should be window seats.

Given all tool documentation, generate additional
user goals that cannot be accomplished with the
available tools.

Attach additional goals to original user goal.
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Non-Collaborative User Simulation

Tangential

Tangential Utterance Generator

User Persona
A travel enthusiast planning a trip

T o O  (Generate and append a tangential utterance

Oflon Qhston /sl Opec separately for each user utterance.

turn t +1

Could you please tell me the
departure and destination?

] * The simulator is designed to generate complaints
rengertia ResponfiEhecter when the agent ignores tangential utterances.

Agent respond to I | Agent ignore

Collaborative gftmplaln
User Simulator erance
Generator
y |
Merge Both Utterancel ren ¢

| want to book a train for 2
people. By the way, where do
you think | should visit first
when traveling in NA?

turnt+ 2

Why are you not replying to my question
about the traveling?
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Non-Collaborative User Simulation

Impatience

Mode1: Failure Mode 2: Delay
Initial Probability: 0.5 Initial Probability: 0.5
turn t

Plcantprocoaic  Noemns  The simulator is designed to express anger

ma.ojueAct probabilistically when the agent sends a failure

Classifier

o — notification.

to provide
Agent notifies failure

impationt Uterance * The simulator is designed to probabilistically

Generator

oo Simatr T Do A express anger from the point when the user has
provided all required information

Else

l X
Then, | need to reservate the
( accommodation for 3 days.

Failure Impatient Utterance

turn t +1 | can’t believe this. | cannot <«—"
tolerate your incompetence!  Prob+=0.1

Delay Impatient Utterance

___ Why is this taking so long? Can't you even Prob+=0.1
do something this simple fast?
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Non-Collaborative User Simulation

Incomplete Utterance

Incomplete Utterance Pool

<Lmsys> <WildChat>

“the stock MKC™  «reyyrite the below”
“Types of raspberry”

Collaborative
User Simulator

| want to reserve the train for 2

people.

Mode 2 J 4

Utterance Style Transfer

Book train, 2.

Mode1
Truncate the utterance

| want to re

* Incomplete utterances from real-world users are
collected and used as few-shot examples for user
utterance generation.

* Truncate generated utterances in the middle with a
certain probabillity.
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Experiments
Evaluation Environments

[ Environment 1
T-bench User Goal MultiwWOZ User Goal T-Bench (YaO et al. 2025)
= ) Local DB = N - :
Local DB @ Your user id is olivia_gonzalez_2305, g You want to reserve a train from ® Al rI | n e, P{etal I ag ent
you currently reside in Newark, and API * Norwich to Cambridge for two
API * }ll'(e))l:a\,:“ have a crazy half-day trip to Helper . q &eoonpolliyg;fetrr?z:gould depart on
_ - /J - /J » . . .
Dialogue Simulation | MultiwOZ (Budzianowski et al. 2018)
& | want to book a train to Cambridge for two people. e Accom modation, restaurant, train, taxi
show_api_docs(train_retrieve) bOOkmg task agent

API call{train_retrieve('destination’=cambridge)}

| found several options for you. Where ary you departing from?

— m— m— E— o . o T e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e s o,

— e e e - - o o o e e o e e e e e e e e e e e s e e e e e e S e e e e e e e e e e e e e e e e e e

[ Evaluation ]

Ground Truth DB State. Exact Match Comparison DB State After Slmulatlgn
{dep: norwich, dest: cambridge, » {dep: norwich, dest: cambridge,
people: 2, day:monday} people: 2, day: monday}
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Experiments

User Simulator Agent Model

o GPT-4.1-mini o GPT-4.1-mini
« GPT-4.1-nano
* Qwen3-235b-a22b
e Qwen3-30b-a3b
e [ lama-3.1-70b-instruct
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Experiments

Main Results

MulttWOZ T-bench
Model Metric Collab. Unavail. Tang. Impat. Incomp. Collab. Unavail. Tang. Impat. Incomp.
.. SR 92.7 89.3 89.3 90.7 88.2 45.5 41.7 39.5 45.1 45.4
GPT-4.1-min1 ,
Relative SR 100.0 96.3 96.3 97.8 95.1 100.0 91.6 86.8 98.9 99.8
SR 23.6 16.9 9.8 26.7 14.77 12.0 10.0 6.8 8.8 8.0
GPT-4.1-nano ,
Relative SR 100.0 71.6 41.5 113.1 62.3 100.0 83.3 56.7 72.5 66.7
Owen3-235b-a22b SR | 77.8 62.4 57.3 69.4 69.9 41.4 36.8 32.3 37.6 39.3
Relative SR 100.0 80.2 73.7 89.2 89.8 100.0 88.9 78.0 90.8 949
SR 48.3 47.2 27.2 41.0 26.1 27.9 26.6 20.4 24.8 30.1
Qwen3-30b-a3b ,
Relative SR 100.0 97.17 56.3 84.9 54.0 100.0 95.3 73.1 88.9 107.9
. SR 62.6 54.8 494 47.5 48.6 21.8 18.5 14.77 17.8 16.4
Llama-3.1-70b-1nstruct ,
Relative SR 100.0 87.3 78.9 75.9 77.6 100.0 84.9 67.4 81.7 75.2

 GPT-4.1-mini is relatively robust to non-collaborative user behavior, but

most other models show performance degradation.



Experiments

Fine Tuning on Collaborative User

GPT-4.1-mini Agent Collaborative User Fine Tuning
—

— e =-

<Simulation>

OO0
-

Small LLMs

* Fine-tune small LLMs using data collected from simulations between
GPT-4.1-mini agent and collaborative user simulator on MultiWO/Z.

e Evaluate the fine-tuned LLMs with the non-collaborative user simulator.
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Experiments

Fine Tuning on Collaborative User

1 Collaborative [ Unavailable Service 71 Tangential 7 Impatience 7 Incomplete Utterance

100 90.7 91.6 92.4 86.8
— | OV 77.2
X 80 69.4 71.9 73.0
9 61.2
g 001
oc
a
o 40
)
@)
3
v 20-
zeroshot under 4%
O 1 1 1
Llama-3.2-3b-instruct Qwen2.5-3b-instruct Qwen2.5-7b-instruct

Model

* The fine-tuned small LLMs exhibit performance degradation under non-
collaborative user conditions compared to collaborative settings.
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