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Abstract

Large language models (LLMs) are expected to
be trained to act as agents in various real-world
environments, but this process relies on rich
and varied tool-interaction sandboxes. How-
ever, access to real systems is often restricted;
LLM-simulated environments are prone to hal-
lucinations and inconsistencies; and manually
built sandboxes are hard to scale. In this paper,
we propose EnvScaler, an automated frame-
work for scalable tool-interaction environments
via programmatic synthesis. EnvScaler com-
prises two components. First, SkelBuilder con-
structs diverse environment skeletons through
topic mining, logic modeling, and quality evalu-
ation. Then, ScenGenerator generates multiple
task scenarios and rule-based trajectory valida-
tion functions for each environment. With En-
vScaler, we synthesize 191 environments and
about 7K scenarios, and apply them to Super-
vised Fine-Tuning (SFT) and Reinforcement
Learning (RL) for Qwen3 series models. Re-
sults on three benchmarks show that EnvScaler
significantly improves LLMs’ ability to solve
tasks in complex environments involving multi-
turn, multi-tool interactions.

1 Introduction

Large language models (LLMs) are increasingly
expected to serve as agents in a wide range of real-
world applications, such as modifying orders in
e-commerce backends, rescheduling flights via tick-
eting platforms, or managing documents in a file
system (Luo et al., 2025; Yao et al., 2025; Qian
et al., 2025). In these applications, the agent op-
erates within a specific environment (Env), inter-
acting with the user to gather information and in-
voking tools to query or update the Env’s state, as
illustrated in Figure 1. This challenges LLMs to
combine dialogue and tool use, adapt actions based
on Env feedback, and solve tasks while respecting
Env rules over long-horizon trajectories.

*Corresponding Author

Environment X Agent User

Hey! I want to cancel two things I received - a bookshelf [}
and a jigsaw puzzle - but they came in different orders. “

Could you please provide your email address or
your name along with your zip code?

My name's Lucas Brown, and my email is lucas.brown9344@example.com. Jv

find_user_id_by_email(email="1lucas.brown9344@example.com")
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'
return_delivered_order_items(payment_method_id="credit_card_2112420", :
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é Tool-Interactive Environment <------------
0) Rules/ — Database/ * Tools/
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- Returns/exchanges: - Users (Email, Address,
only when item status orders ..) - get_order_details(order_id)

- get_user_details(user_id)
- modify_user_address(...)
- cancel_pending_order(...)

is Delivered. - Orders (Product, User,

- Address change/cancel: StatusPayments ..)
only when item status - Products (Available,
is Pending. Color, Price ..)

Figure 1: An illustration of tool-interactive environ-
ments. The environment (1) defines rules and provides
tool interfaces to the agent; (2) executes the agent’s tool
calls to update its state and return results.

To develop such capable LLM agents, scaling
up rich and diverse tool-interactive environments
is essential. Whether by collecting trajectories fol-
lowed by imitation learning, or by autonomous ex-
ploration and reinforcement learning (RL) within
Envs, we hope that exposure to a sufficiently broad
range of environments during training will enable
LLMs to generalize effectively to unseen environ-
ments and scenarios at test time (Huang et al., 2025;
Liu et al., 2025a; Froger et al., 2026). However,
as compared in Table 1, real-world environments
often have restricted access; LLM-simulated envi-
ronments also suffer from hallucinations and incon-
sistencies. Recently, a series of studies (Patil et al.,
2025; Yao et al., 2025; Lu et al., 2025) build state-
ful, tool-interactive sandboxes through executable
programs, offering advantages in controllability
and stability. Nonetheless, these environments are
manually crafted for evaluation purposes, with lim-
ited coverage and scalability. Therefore, a key chal-
lenge lies in automating the synthesis and scaling
of sandbox environments to support training. It re-
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Scal- Consis- Control- Sta- Explain-

Eny Type able tent lable ble able
Real-World X X

LLM-Simulated X X X
Programmatic v v v v v

Table 1: Key property comparison of three Env types for
LLM training. Scalable: ease of large-scale expansion;
Consistent: logical coherence between multiple calls;
Controllable: flexibility in modifying Env logic; Stable:
reproducible over time; Explainable: transparency of
Env logic. Symbols denote: vfull support, Xnot sup-
ported, / partial or conditional support.

quires creating diverse, high-quality environments
with states, tools, and interaction logic, and design-
ing tasks that align with each environment.

Several studies have made progress in tackling
this challenge, with LLMs used as programmers
of environment logic rather than direct simulators.
One approach (Ye et al., 2025; Sullivan et al., 2025)
focuses solely on tool-layer modeling. It does not
model the sandbox’s state, nor consider the inter-
action logic between tools and the database. An-
other approach (Tang et al., 2024; Piriyakulkij et al.,
2025) seeks to programmatically reconstruct envi-
ronments from existing observations (e.g., trajec-
tories), but inevitably depends on access to pre-
existing environments. Besides, AgentScaler (Fang
et al., 2025) and AutoForge (Cai et al., 2025) rely
on pre-collected toolsets or tool documentation,
and lack an automated mechanism for assessing
environment quality. Due to these limitations, a
notable gap remains in automatically synthesizing
and scaling tool-interactive environments without
relying on environmental priors or toolsets. To
bridge this gap, we propose EnvScaler, an auto-
mated, scalable framework for synthesizing diverse,
executable, tool-interactive environments to train
LLM agents, as shown in Figure 2.

We first introduce SkelBuilder to automate the
construction of environmental skeletons, covering
topic mining, logic modeling, and assessment. It
comprises three modules: (1) Task-driven environ-
ment discovery: mines diverse environment themes
from existing open-source task sets. (2) Executable
environment construction: starting from an environ-
ment description, it plans states and tools, and pro-
grammatically implements them into a complete,
runnable environment. (3) Quality inspection: a
testing agent sends tool requests, while a checking
agent assesses whether executions meet expecta-
tions. This process iterates over multiple rounds,

EnvScaler

ScenGenerator

____________________

Gen State Data
@ Design Tasks

1 Gen Reward Func

SkelBuilder
@ Mine Env Theme
Build Exec Env
R Assess Env Quality

P

Structure Content

Figure 2: The overview of EnvScaler.

with the pass rate indicating environment quality.

To further synthesize multiple task scenarios for
each environment, we propose ScenGenerator. To
ensure task relevance and solvability within a given
environment and scenario, ScenGenerator first syn-
thesize the environment’s initial database/state, and
then derives challenging tasks from the current
state. To achieve rule-based trajectory verification,
ScenGenerator generates a set of terminal-state val-
idation functions for each task. After the trajectory
ends, these functions check whether the final envi-
ronment state meets the expected conditions, using
the functions’ pass rate as the reward score.

To validate the effectiveness of EnvScaler, we
synthesized 191 environments and about 7K scenar-
ios, applying them to SFT and RL for the Qwen3
series models. Evaluation on multiple tool-use
benchmarks (Patil et al., 2025; Yao et al., 2025;
Chen et al., 2025) shows that EnvScaler signifi-
cantly enhances LLMs’ ability to solve tasks in
complex environments involving multi-turn, multi-
tool interactions. Further analysis of environment
coverage, scale, and training strategies provides
insights into how synthetic environments promote
tool learning and generalization for LLM agents.

In summary, we propose EnvScaler for scalable
tool-interactive environment synthesis. Our contri-
butions are threefold: (1) We propose SkelBuilder,
an automated framework for synthesizing diverse,
executable environment skeletons. (2) We pro-
pose ScenGenerator, a scenario generation pipeline
that produces state data, challenging tasks, and
rule-based trajectory verification for each environ-
ment. (3) Experiments on three benchmarks verify
the effectiveness of EnvScaler in improving LLMs’
ability to solve tasks in complex environments in-
volving multi-turn, multi-tool interactions.

2 Related Work

2.1 Tool Use of LLMs

Many studies aim to improve LLMs’ ability to
solve tasks with tools (Qu et al., 2025; Luo et al.,
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Stage 1: Task-Guided Env Discovery
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0
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def get_user_by_phone_number (self, phone_number: str) -> d
def validate_phone_number (self, phone_number: str) -> dict
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‘tool_result=getattr(env_instan
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5 Testing Agent A& Checking Agent

Input Input
[Env Description] [Tool Source Code]
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[Currect Env State Info]
[Test History Summary]

Function Implementation
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[Env State Changes)
ef mark_message_as_read(self, message_id: str): Outpu "field":"m

message - self. messages.get (message_id)
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Output
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=@
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test_round=100/pass_num=00/warning_nun=5/fail_num=5

ict

Overall Pass Rate
>=? Threshold

Figure 3: The overall framework of SkelBuilder.

2025). In this paper, we focus on general tool use
across various domain-specific environments (Patil
et al., 2025; Yao et al., 2025; Chen et al., 2025),
rather than tool-integrated reasoning and web in-
formation access centered on Python or search
tools (Dong et al., 2025; Li et al., 2025a). Some
work have explored the training data and RL strate-
gies from different perspectives (Prabhakar et al.,
2025; Liu et al., 2025b; Xu et al., 2025; Zhang et al.,
2026; Zhao et al., 2025). However, they mainly fo-
cus on synthetic static trajectories and cannot sup-
port LLMs’ self-exploration. For trajectory eval-
uation, they primarily rely on surface matching,
checking whether generated tool names and param-
eters match references, which is neither sufficient
to determine whether the task is truly completed
nor able to accommodate multiple equivalent solu-
tion paths. In contrast, we synthesize executable
environments and tasks, along with rule-based eval-
uation grounded in environments’ state, thereby
supporting LLMs’ training across varied scenarios.

2.2 Scaling Environments for LLM Agent

Environments provide agents with action feedback
and rewards for interaction and policy optimization.
We focus on tool-interactive environments, where
LLM agents can use tools to query environmen-
tal information or change the state of the environ-
ment. One line of work (Guo et al., 2024, 2025;
Castellani et al., 2025; Li et al., 2025b) leverages
LLMs’ reasoning and world knowledge to simulate
environments. Although there is no need to build

real environments, it is prone to hallucinations and
inconsistencies, and lacks transparency and persis-
tent state management. Another line of work (Tang
et al., 2024; Ye et al., 2025; Fang et al., 2025; Cai
et al., 2025) builds sandbox environments through
programming. However, they either only model
isolated, stateless functions, or rely on environ-
mental priors (e.g., trajectories, toolsets) and lack
automatic assessment, which limits scalability and
coverage. Therefore, we propose EnvScaler to en-
able automatic, scalable environment and scenario
synthesis for agent training.

3 Automated Env Skeleton Synthesis

Overview. The goal of SkelBuilder is to construct
environments { £}, where each can be abstracted as
a set of three elements: E' = { Fixec, Fdocs Stool -
* Executable program files Fix..: Complete logic
implementation of E’s states, tools, and rules.

* Documentation Fq4,.: Provides the agent with
introductions or rules about FE.

* Tool interface set Xy01: Names, parameters, and
descriptions of all tools exposed to the agent,
serving as the entry for agent—Env interaction.

As shown in Figure 3, SkelBuilder enables an au-

tomated workflow from text resource mining to

environment modeling and evaluation.

3.1 Task-Guided Env Discovery

The first step in scaling environments is to collect
diverse environment themes. Unlike manual pre-
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setting or derivation from API collections (Fang
et al., 2025), SkelBuilder mines them from exist-
ing text resources. Considering that studies around
SFT have gathered a large and diverse set of tasks
that may implicitly contain latent environmental
contexts, this inspired us to derive themes through
reverse inference from the existing tasks.

Given a task set Texist = {t1,...,tn}, an LLM
M first performs binary filtering to retain tasks situ-
ated within a domain-specific, stateful environment.
For each retained task, M infers the corresponding
environment description:

{Bles} = {M(PRRI) | ¢ € Texist, M(Piiiail[6)}
(1
where Pg?tsekr and P denote prompts for task fil-
tering and environment inference'. The inferred
environments are then aggregated and dedupli-
cated by embedding each description and retaining
one record from groups of highly similar descrip-
tions, yielding the final diverse, non-redundant set

{Edes} = Dedup({ El}, sim).

€S
3.2 Automated Executable Env Construction

To transform the environment description into a
programmatically modeled environment, we design
a three-stage pipeline.

Logic Planning. An LLM enriches the envi-
ronment description Fqs, inferring the Env state
definition e, domain rules Fye, and the list of
tool operations { Eiool, }. These elements serve as a
structured blueprint, with Ep. concatenated with
F4es to form the environment documentation Fyoc:

Estate; Erule = M( S]tgrtleHEdes)

{Etooli} — M( S?;f} ‘ |Edes||Estdte‘ |Erule)

2

Program Modeling. The LLM first converts the
planned state space into class attribute definitions
Fir. Then, for each tool operation, given the en-
vironment rules and class attributes, it generates
the corresponding class-method implementation
Finew;, ensuring consistency with rules and proper
state transitions:

Fattr - M(PStateH Estate>7

exec

Fmethi - M(PtOO] || Erule” Fattr” Etooli)-

exec

3

Program Assembly. The generated code frag-
ments are automatically merged into a complete
Python class file Fixec, implementing all sandbox

'We denote the prompt for LLMs by P and use the notation
henceforth. The content of P is shown in Appendix A.

logic, where attributes represent environment states
and methods represent supported tool operations:

Fexec — Merge(Fattra {Fmethi }:Zl) (4)

Syntax validity is verified via the abstract syntax
tree (AST), with invalid files discarded. AST com-
bined with regex extraction yields all method sig-
natures, forming the tool interface set o012

3.3 Dual-Agent Env Assessment

Unlike static evaluation via direct LLM scoring,
we propose a dual-agent loop to assess the actual
tool-execution performance of the environment.
Frontend Testing Agent. After instantiating the
environment class, the testing LLM agent M has
no access to its internal implementation. In round
J, it receives the current environment state S, and
randomly generates a call request, which may be
a positive or a negative test case (e.g., invoking a
file-deletion tool to delete a non-existent file):

callj = Mtest(Etooh Sj) (5)

Backend Checking Agent. The environment
first executes the tool invocation. The checking
agent M peck, inspects the tool’s source code Fineen,
the returned result ;, and state changes before
and after execution to judge whether the behavior
matches expectations:

Rj,Sj+1 = EXCC(Fmeth, callj, Sj), (6)
judge; = Mcheck(cally, Rj, ASjj41).

The testing and checking agents form a closed loop,
iterating for NV rounds to cover diverse situations.
The average judging pass rate serves as the quanti-
tative metric for the environment’s quality:

SCOr€eny =

1 N
~ D Judge;, @)
j=1

where environments with score,, below a prede-
fined threshold are discarded.

3.4 Practical Analysis

In practice, we select API-Bank (Li et al., 2023)
and ToolACE (Liu et al., 2025b) as initial task
sources, which have high task retention rates.
GPT-4.1 and Qwen3-235B-Instruct-2507 are used
for environment discovery and programming, while
GPT-4.1-mini and Qwen3-30B-A3B-Instruct-2507

2We provide the example of Fuyee, Sioo in Appendix A.5.
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Automatic Env Scenario synthesis

Slenv Infoé

Env Introduction & State Schema

Scenario Initial State/Database

Based on Class Definition, generate a JSON
that serve as the initial state configuration.

Env Name: Mobile Messaging Application o
users”:
“phone_number"
Chan
"messages”
"receiver": "u2", “"content"
"timestamp": " ", “status”
"conversations" "1t
"], "last_msg": "m1"
“contacts": {...

e . . "ul” "_id": "USER1"
Env Description: This environment is a mobile Ay IO, e

"Alice
messaging application where users manage contacts ...

.

Env State Schema: sender”

class UserInfo(Typeddict): _id: str
phone_number: str name: str profile_info
class ContactInfo(TypedDict): _id: str
contact_id: str contact_phone_number
contact_name: str

str

{"members”: ["ul",
st "u2 1

El Task Checklist

Given a task, generate a clear and uniformly phrased checklist.

.
Has the phone number 5036481912 been validated?

Has the contact \"Jade Williams\" with number 5036481912 been created for USER2?
for contact in contac

if (contact.get
contact .get ("

Has a contact-backed conversation between USER?2 and Jade Williams been created?

Has the existing unread message from USER2 to 5036481912 been marked as read?

return False

Figure 4:
Item Avg. Med.
# Constraint Rules Per Env 4.58 5
# State Category Per Env
Level 1 (e.g., user, message, item) 3.74 4
Level 2 per Level 1 (e.g., u_id, u_phone) 5.72 5
Total 21.38 21
# Tools Per Env
Env Information Query (e.g., list_users)  10.44 10
Env State Change (e.g., send_message) 8.14 8
Total 18.58 18

Table 2: Statistics across 191 synthetic environments.

are used for environment assessment. The number
of test rounds NV is set to 100, with a filtering thresh-
old of 0.85. In total, we obtain 191 environments.
Table 2 and Figure 10 presents their statistics, with
an average of 18.58 tools and 21.38 state categories
per environment, reflecting the complexity of the
synthesized environments.

4 Automated Env Scenario Synthesis

Overview. The skeleton of the environment alone
is insufficient to support agent interactions. An en-
vironment also requires initial state data, tasks, and
an evaluation mechanism for assessing agents’ ac-
tion trajectories. As shown in Figure 4, we propose
ScenGenerator to automatically construct multiple
task scenarios for each environment.

4.1 Env Initial State & Task Generation

In stateful environments, tasks are closely tied to
state data. For example, an agent cannot cancel
an order that does not exist in the environment’s
database. To ensure that the generated task is both
solvable and consistent with the given environment
and scenario, ScenGenerator first uses an LLM to

{State Check Function}

Generate a Func that checks if final_state satisfies the given check item.

def check_func(final_state
contacts = final_state.get("contacts”

Interact with Envs for Training

\”—l Scenario Task

Based on the Env and initial state, create a
realistic, clear, and challenging task.

Observation

Environment Scenario
LLM

e %; with Tools
| ® @ B

For USER?2 (Ethan Marquez), normalize his ongoing

thread with Jade Williams by converting the raw phone
S

tac and send a
follow-up:

- Validate the phone number 5036481912

- Create a new contact for USER2 named “Jade Williams
with phone number 5036481912,

Task / LLM-
Simulated User

Action (Chat/Tool Calls)
o? Traject i
o Trajectory

Imitation
Learning (SFT)

<

values.
act.

® Self Trial-and-
Error (RL)

912" and @

®¥ o

The overall framework of ScenGenerator.

generate the environment’s initial state data Siy;,
and then derives challenging tasks based on the
environment’s initial state:

| ’Fexec‘ |Estate)- ()

A common task synthesis approach (Fang et al.,
2025; Cai et al., 2025) is to walk through tool in-
vocation sequences and infer the corresponding
task by reversing the sequence. However, this of-
ten yields low-quality tasks, and the existence of
multiple valid task solution paths also make the
sequence unsuitable as a unique “ground-truth” ref-
erence. Therefore, we directly prompt the LLM to
generate a challenging, scenario-specific task from
the initial state Sy, tool set Eioo1, and rules Fyje:

| |Sinit| ‘Etool‘ |Erule) . (9)

4.2 Validation Function Generation

Sinit = M (PSS

init

peen

task

task = M (

To achieve rule-based trajectory verification, we
first use an LLM to decompose the task into a
checklist of verifiable conditions. Then, for each
checkpoint, we call the LLM to generate a terminal-
state validation function. This function takes the
environment’s final state Sfy, after the trajectory
as input and returns “True” or “False” to indicate
whether the condition is satisfied. Finally, the pro-
portion of passed functions is used as the trajec-
tory’s reward score. Formally, we have:

{erioy = M (P task),

Fer = M (Pie*[lcx),
| K (10)
reward = 17 Z 1[fc, (Shna) = True].
k=1

Compared with a single boolean judgment, decom-
posing the task into multiple validation functions
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Qwen3 Qwen3 Qwen3 Qwen3-8B Qwen3

-4B(NT) -4B -8B (max@8) -30B
Non-Conversation
Score 3753 53.05 57.78 69.38 67.07
Avg Step 21.36 1296 13.66 - 16.78
Conversation
Score 46.13 55.56 58.35 74.48 63.08
Avg Step 2720 2548 2590 - 25.38

Table 3: Average scores and step counts of LLMs on a
random sample of 50 scenarios. Qwen3-30B is Qwen3-
30B-A3B-Thinking-2307. NT: Non-Think.

not only captures partial completion, but also is
easier for the LLM to generate. Moreover, unlike
superficial evaluation that merely checks whether
the tool invocation sequence matches a reference
sequence, evaluation based on the environment’s
final state is agnostic to the solution process and
can accommodate multiple valid solution paths.

4.3 Interact with Envs for Training

The agent—environment interaction can be modeled
as a Partially Observable Markov Decision Process
(POMDP). At time step ¢, the agent 7y cannot di-
rectly access the environment state data S;; instead,
it makes decisions based on the observation—action
history H; and the current observation o;:

ar = Wg(Ht,Ot) Ot+1, St+1 = E(CLt, St) (11)

We consider two interaction settings:?

(1) Non-Conversation (Non-Conv.): The en-
vironment directly provides the complete task in-
formation to the agent, with the initial observation
00 = {Edoc, Siool; task }. At each step, the agent
invokes a tool, and the execution result as the obser-
vation, until the agent believes the task is completed
or the maximum step limit is reached.

(2) Conversation (Conv.): The environment ad-
ditionally includes an LLM-simulated user 7ger-
Complete task information is not revealed upfront
but must be progressively acquired via agent-user
dialogue. Compared with Non-Conv, it expands
the agent’s action space to include user interaction.
The trajectory ends when the user considers the
task completed or the maximum steps are reached.

For SFT, trajectories from the teacher LLM can
be directly used as learning targets for the student
LLM. For RL, trajectories are converted into re-
wards using the validation functions, which are
then applied for policy optimization.

3The trajectory examples are shown in Appendix A.7.

Win/Tie/Loss Comparison of Trajectory Score

30.0% 4|0 o

Qwen3-30B-A3B-Thinking-2507 52.0% | 40.0% F 0%
vs. Qwen3-8B . ) )

Qwen3-30B-A3B-Thinking-2507 "
vs. Qwen3-4B 66.0% |

Qwen3-8B vs. o >
Qwen3-4B % | 34.0% | 20.0%
Qwen3-4B vs. @ ©
Qwen3-4B (Non Thinking) 46.0% | 30.0% | 24.0%
0% 20% 0% 60% 80% 100%
= Win £ Tie [ Loss

Figure 5: Pairwise comparison of different LLMs on a
random sample of 50 scenarios under Non-Conv setting.

4.4 Practical Analysis

With ScenGenerator, we construct around 7K task
scenarios for 191 environments and randomly sam-
ple 50 scenarios for a pilot study. As shown in
Table 3, Qwen3-8B (Thinking) scores 57.78, while
Qwen3-4B (Non-Think) scores only 37.53. Be-
sides, the average trajectory is about 15 steps un-
der the Non-Conv setting, increasing to over 25
steps under Conv. This shows that the synthetic
tasks have substantial difficulty and can incentivize
LLMs to produce long action trajectories. More-
over, for the same model, multiple sampling and se-
lecting the highest-scoring trajectory significantly
boost the score, suggesting that synthetic tasks of-
fer considerable room for self-exploration and op-
timization. Figure 5 shows that stronger LLMs
consistently achieve higher win rates, confirming
the validity of the state-check functions in distin-
guishing and quantifying model performance.

5 Experiments

5.1 Experiment Setup

Training. We conduct SFT and RL on Qwen3 se-
ries models (Thinking Mode) (Yang et al., 2025).
A total of 140 environments are used for SFT, and
the remaining 51 environments are used for RL.
For SFT, we employ Qwen3-30B-A3B-Thinking-
2507 as the teacher model, interacting with the
environments under two interaction settings, yield-
ing about 9K trajectories in total. For RL, we apply
the Reinforce++ algorithm (Hu et al., 2025) under
Non-Conv Setting. Detailed implementation are
provided in Appendix B.2.

Evaluation. We use three widely used multi-
turn tool-use benchmarks: BFCL-v3 Multi-Turn
(abbreviated as BFCL-MT) (Patil et al., 2025),
Tau-Bench (Yao et al., 2025), and ACEBench-
Agent (Chen et al.,, 2025). Each benchmark
consists of several domain-specific environments
equipped with tools, requiring the LLM to interact
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Model BFCL-v3 Multi-Turn Tau-Bench ACEBench-Agent
Miss- Miss- Long- o asas Multi- Multi-
Base Func Param Context Overall Retail Airline Overall Step Turn Overall
Advanced Models
GPT-4.1 46.00 37.50 32.00 44.50 40.00 6695 48.0 57.48 95.00 60.00 77.50
Qwen3-235B-Thinking-2507 60.00 35.00 34.00 54.00 45.75 67.8 46.00 5690 85.00 63.33 74.17
Qwen3-235B-Instruct-2507  58.00 33.00 27.50 50.50 4225 7130 44.00 57.65 80.00 63.33 71.67
Kimi-K2-Instruct-0905 57.50 35.00 42.00 49.00 4588 69.87 54.00 6194 8500 73.33 79.17
Qwen3-1.7B (Thinking) 13.50 6.00 12.50 7.00 9.75 8.99 16.00 12.50 35.0 28.89 31.95
+ EnvScaler (w/ SFT) 24.50 11.50 20.00 16.50 18.13,s3s 20.87 14.00 17.44.494 55.00 32.22 43.61.11.66
+ EnvScaler (w/ SFT&RL) 31.50 17.00 20.50 23.00 23.00,1325 18.55 14.00 16.28.375 66.67 33.33 50.00.15.05
Qwen3-4B (Thinking) 32.00 20.00 24.00 25.50 2538 40.87 26.00 33.44 58.33 5222 55.28
+ EnvScaler (w/ SFT) 47.00 24.00 31.50 37.00 34.88.950 44.35 32.00 38.20.476 73.33 60.00 66.67.11.39
+ EnvScaler (w/ SFT&RL) 51.00 34.00 28.00 39.00 38.00.1262 48.12 34.00 41.06.76> 80.00 61.11 70.55,1527
Qwen3-8B (Thinking) 32.00 33.50 22.00 28.00 28.88 46.38 30.00 38.19 63.33 56.67 60.00
+ EnvScaler (w/ SFT) 47.00 33.00 29.50 38.50 37.00.512 48.70 34.00 41.35.316 83.33 60.00 71.67.11.67
+ EnvScaler (w/ SFT&RL) 55.50 36.00 35.00 41.00 41.88.1300 53.62 36.00 44.81.662 85.00 60.00 72.50.12.50

Table 4: Performance comparison of models on three benchmarks. We bold the Overall results for each benchmark.

with users and invoke tools to solve tasks. Notably,
ACEBench uses the [ func_name (param)] prompt
format by default; we modify the official code to
support LLMs’ native function-calling interface
to ensure consistency. Detailed introductions are
provided in Appendix B.1 and Table 9.

5.2 Main Results

As shown in Table 4, using EnvScaler for SFT leads
to significant improvements across all benchmarks,
and incorporating RL further boosts performance *.
Next, we analyze the results from three aspects:

(1) Training Strategy. SFT significantly boosts
LLMs’ performance. Averaged across three mod-
els, BFCL-MT improves by 8.67 points, Tau-Bench
by 4.29 points, and ACEBench-Agent by 11.57
points. This can be attributed to the diverse, multi-
tool environments and complex tasks synthesized
by EnvScaler, which help LLMs strengthen do-
main adaptability, multi-turn interaction, and multi-
tool usage in supervised training. Incorporating
RL yields further improvements (the RL curve
is shown in Figure 6). For example, Qwen3-8B
achieves 4.88 and 3.46 point gains on BFCL-MT
and Tau-Bench, respectively. This demonstrates
that leveraging synthetic environments and state-
checking reward signals can guide LLMs to au-
tonomously learn more effective strategies.

(2) Model Size. SFT delivers stable improve-
ments across models, whereas RL performance
is more model-dependent. Qwen3-8B achieves

*The experiments in direct RL and non-thinking mode are
presented in Section 5.6 and Appendix C.1, respectively.
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Figure 6: The RL training and validation curve of
Qwen3 in synthetic environments after SFT.

gains across all datasets, whereas Qwen3-1.7B
shows notable improvements on BFCL-MT and
ACEBench-Agent but a slight drop on Tau-Bench.
The main reason is that large-scale models pos-
sess stronger exploration capabilities during RL,
enabling them to extract effective strategies. In
contrast, small-scale models, with weaker founda-
tional abilities, are more susceptible to noisy re-
ward signals and produce lower-quality strategies
that struggle to generalize to unseen environments.

(3) Different Benchmarks. Comparatively, En-
vScaler shows more substantial gains on BFCL-
MT and ACEBench-Agent, while improvements
on Tau-Bench are relatively limited. Qwen3-1.7B
even slightly declines on the most challenging Tau-
Bench Airline task. This is mainly because BFCL-
MT and ACEBench-Agent underscore the evalu-
ation of LLM’s ability in multi-turn, multi-tool
collaboration and domain adaptability, while EnvS-
caler can substantially enhance these capabilities.
In contrast, Tau-Bench focuses on deep reasoning
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Miss- Miss- Long- Over-

Base Func Parm Cont. all

Qwen3-4B 32.00 20.00 24.00 25.50 25.38
+ SFT (Full) 47.00 24.00 31.50 37.00 34.88
+ SFT (top 50%) 40.50 28.00 27.50 32.00 32.00

+ SFT (bottom 50%) 43.00 27.50 27.50 32.00 32.50
+ SFT (random 50%) 42.00 26.00 26.00 31.00 31.25

Table 5: Qwen3-4B’s Performance on BFCL-MT with
training on different environment-similarity subsets.

(a) BFCL-v3 Multi-Turn

(b) ACEBench-Agent
40 70.0

354

Overall Score (%)
o .
&

01020 50 141 ’ 01020 50 141
Environment Num Environment Num

Figure 7: The change of Qwen3-4B’s performance with
the scaling of the number of environments for SFT.

under complex environment’s rules, making such
tasks harder for LLMs to learn and generalize.

5.3 Train-Test Env Similarity Analysis

To investigate how the similarity between synthetic
and test environments affects test performance, we
compute the similarity between each synthetic envi-
ronment and those in BFCL-MT, based on textual
embeddings of the environment topic and toolset
descriptions. According to the similarity scores,
environments are divided into three groups: (1)
the 50% most similar; (2) the 50% least similar;
and (3) a random 50% selection. As shown in Ta-
ble 5, training on either the most similar or least
similar subsets yields only minor differences in
overall metrics, and both significantly outperform
the baseline. This suggests that the performance
gains do not primarily depend on direct similarity
between training and test environments, but on the
problem-solving patterns and transferable tool-use
skills learned from different environments.

5.4 Effect of Scaling Environment

To analyze the effect of scaling the number of train-
ing environments on model performance, we sam-
ple subsets with varying environment counts from
the full SFT dataset and conduct SFT on each sub-
set. As shown in Figure 7, Qwen3-4B’s scores on
both the BFCL-MT and ACEBench-Agent exhibit
a steady upward trend as the number of training

Base Miss Miss Long Over-

Func Parm Cont. all

Qwen3-8B 32.00 33.50 22.00 28.00 28.88
+ SFT (Non-Conv) 49.50 32.50 23.50 37.50 35.75
+ SFT (Conv) 45.50 32.00 30.50 34.00 35.50
+ SFT (Full) 47.00 33.00 29.50 38.50 37.00

Table 6: Qwen3-8B’s Performance on BFCL-MT with
training on different subsets of interaction patterns.

Model BFCL ACEBench Tau-
(Thinking) Multi-Turn  -Agent Bench
Qwen3-1.7B 9.75 12.50 31.95
+ EnvScaler (RL) 12.124237 13.084058 32.224027
Qwen3-4B 25.38 33.44 55.28
+ EnvScaler (RL) 29.38,400  35.15:171 61.25:597
Qwen3-8B 28.88 38.19 60.00
+ EnvScaler (RL) 37.62+8,74 42.30+4‘11 63.05+3,05

Table 7: Performance of models trained with direct RL.

environments increases. The most pronounced im-
provement occurs when scaling from 0 to 20 envi-
ronments; although the rate of gain slows beyond
this point, performance continues to rise overall.
These results indicate that scaling up the number
and diversity of training environments effectively
enhances the model’s adaptability across contexts
and improves its task-solving performance.

5.5 Effect of Interaction Patterns

To investigate the impact of interaction patterns
on model training, we conduct SFT under three
data settings: Non-Conv, Conv, and their combina-
tion (Full). Table 6 reports the BFCL-MT results
for Qwen3-8B. The Base and Long-Context sub-
sets have complete task information, whereas the
Miss-Func and Miss-Parm subsets lack necessary
tools or parameters, requiring the agent to interact
with the user to obtain them. It can be observed
that SFT (Non-Conv) performs better on Base and
Long-Context, while SFT (Conv) achieves higher
scores on Miss-Parm. Performance on Miss-Func
does not improve, primarily because the training
data lacks samples with missing tool types. The
SFT (Full) setting yields the highest overall score,
highlighting the need to learn both interaction pat-
terns for adaptability in scenarios with either suffi-
cient or incomplete information.

5.6 Results of Training with Direct RL

Table 7 shows the performance of models trained
with RL directly on synthetic environments without
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Figure 8: The Direct RL training and validation curve
of Qwen3 in synthetic environments without SFT.
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Figure 9: The score distribution of environment quality.

SFT cold start. Figure 8 presents the curves during
the RL process. Overall, all models achieve vary-
ing degrees of improvement on three benchmarks,
indicating that even without SFT initialization, di-
rect RL can still drive self-optimization. How-
ever, the gains from direct RL strongly depend on
model size and exploration capability. Qwen3-1.7B
shows only minor improvement, while Qwen3-8B
achieves the most notable gains. This suggests
that larger models can leverage the environment
more effectively for exploration and learning
high-quality policies, whereas smaller models, lim-
ited in base ability and exploration, are more vulner-
able to sparse or noisy rewards. Besides, compared
with “SFT + RL” in Table 4, the overall gains from
direct RL remain limited, highlighting that SFT ini-
tialization is still important for better policy quality.
Combining SFT with RL can more fully exploit the
training value of synthetic environments.

5.7 Quality Analysis of Environment

To further evaluate the quality of environments, we
decompose the quality evaluation into three dimen-
sions and find that Claude-4.5-Sonnet’s scores align
highly with manual judgments: (1) Tool-Program
Alignment: it evaluates whether the semantic def-
inition of the tool is consistent with its program
implementation. (2) Functional Correctness: it
evaluates whether the tool behaviors in the environ-

Tokens Cost

Stage ®

Input Output  Total
Per Environment (SkelBuilder)
Discovery
(GPT-4.1) 1529 569 2098 0.0076
Construction
(GPT-4.1) 57639 16655 74294  0.2485
Accessment
(GPT-4.1-mini) 1709159 52706 1761865 0.7679
Total 1768327 69930 1838257 1.0240
Per Scenario (ScenGenerator)
Gen Database
(GPT-4.1) 5658 2205 7863 0.0289
Gen Task
(GPT-4.1) 2883 555 3438 0.0102
Check Func
(GPT-4.1-mini) 26879 8571 35450  0.0244
Total 35420 11331 46751  0.0635

Table 8: Average token usage and cost of EnvScaler.

ment meet expectations. (3) Code Robustness: it
evaluates whether the environment program han-
dles abnormal inputs and boundary conditions rea-
sonably. As shown in Figure 9, the 191 synthesized
environments achieve high average scores of 8.5+
across all three dimensions. This proves the overall
reliability of the EnvScaler evaluation mechanism.

5.8 Token Usage and Cost Analysis

We evaluate the average token usage and cost of
synthesizing a single environment and a single sce-
nario on a small batch. The results are shown in
Table 8. Under the GPT-4.1/mini combination, the
average cost per environment is about $1 and the
cost per scenario is about $0.06. We consider this
acceptable. During environment construction, the
100-round dual-agent loop causes high token con-
sumption. If the number of loop rounds is reduced,
the cost can be further lowered.

6 Conclusion

In this paper, we propose EnvScaler, a scalable
framework for synthesizing diverse, executable
tool-interactive environments to train LLM agents.
EnvScaler first constructs environment skeletons
through topic mining, programmatic modeling, and
dual-agent assessment (SkelBuilder), then synthe-
sizes scenarios by generating initial states, chal-
lenging tasks, and rule-based trajectory verifica-
tion (ScenGenerator). Experiments on three bench-
marks demonstrate that EnvScaler significantly en-
hances LLMs’ ability to solve tasks through multi-
turn, multi-tool interactions across environments.
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Limitations

In this paper, we propose EnvScaler for automated
synthesis of tool-interactive environments. How-
ever, there are still some limitations, as follows: (1)
Although LLMs are not directly used as environ-
ment simulators, the entire construction process re-
lies on LLM synthesis, which may introduce biases
compared to real systems (e.g., business logic, state
definitions, and task design). (2) In terms of do-
main coverage, EnvScaler mainly targets domain-
specific, stateful environments, with limited sup-
port for open environments such as web search or
information access. (3) In terms of feature model-
ing, EnvScaler focuses on tool—state interactions
but lacks explicit simulation of real-system charac-
teristics such as interface latency, network fluctua-
tions, and error patterns. (4) In terms of modality,
EnvScaler only supports text-based tool inputs and
outputs, without incorporating multimodal tools
involving images, audio, or other modalities. (5) In
terms of scale, although EnvScaler is highly scal-
able, the current study is limited to around 200
synthesized environments and 7K scenarios due to
experimental resources.
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A Details of EnvScaler

A.1 Details of Prompts for SkelBuilder

* Figures 12 and 13 show the prompts for task
filtering and environment-theme inference in the
Task-driven Environment Discovery stage.

* Figures 14 and 15 present the prompts used to
plan environment states, rules, and operations
during the environment-modeling stage, while
Figures 16 and 17 show the prompts for convert-
ing these blueprints into executable programs.

* Figures 18 and 19 show the system prompts
for the testing agent and checking agent in the
Dual-Agent Env Assessment stage, respectively.

A.2 Details of Prompts for ScenGenerator

Figures 20 and 21 show the prompts for generating
the environment’s initial state and tasks, respec-
tively. Figures 22 and 23 show the prompts for
decomposing tasks into checklists and converting
each check item into a verification function.

A.3 Details of Prompts for LLM Agents

Figures 24 and 25 show the system prompts guiding
LLMs complete tasks under the Non-conversation
and Conversation settings. Figure 26 shows the
system prompt for guiding a LLM to act as a user.

A.4 Details and Statistics of 191 Synthesized
Environment

Figure 10 shows detailed statistics for the 191 syn-
thesized environments. By embedding each envi-
ronment’s theme description and applying t-SNE,
we obtain Figure 10(a), where the point dispersion
demonstrates the diversity of environment themes.
Figures 10(b) and (c) show the distribution of tool

counts across environments, while Figure 10(d)
shows the distribution of state categories. Fig-
ure 10(e) shows synthesized scenario counts per
environment after removing unqualified scenario.

A.5 Example of Synthesized Environment

In Example 1, we provide a program example of
synthesized environments, and Table 11 shows the
corresponding tool interfaces.

A.6 Example of Environment’s Task Scenario

* Initial State Configuration: Figure 27 shows an
example of an initial state configuration, which
is used to initialize the environment’s state data.

» Task: Figure 28 presents an example task under
this initial state.

» State Check Functions: Figure 12 shows the
checklist associated with the task, along with the
check function for each checkpoint, which are
used to compute a trajectory’s reward score.

A.7 Example Trajectory of LLM Interacting
with Synthesized Environment

* Non-Conversation: Table 13 shows a trajectory
example of Qwen3-30B-A3B-Thinking-2507
with the environment under Non-Conv setting.

* Conversation: Table 14 shows a trajectory ex-
ample of Qwen3-30B-A3B-Thinking-2507 un-
der Conversation setting. Both trajectories corre-
spond to the same task scenario.

B Details of Experiments

B.1 Details of Evaluation Benchmarks

¢ BFCL-v3 Multi-Turn (Patil et al., 2025): The
BFCL-v3 Multi-Turn dataset evaluates the ability
of LLMs to consistently and accurately perform
function calls across multi-turn dialogues, cov-
ering 8 environments including vehicle control,
transactions, ticketing, and file systems. In ad-
dition to the Base subset for standard tasks, it
includes Missing Parameters, Missing Func-
tions, and Long Context subsets to test handling
of incomplete information, unavailable functions,
and information-dense long contexts. The eval-
uation applies both state checking and response
checking as dual criteria.

¢ Tau-Bench (Yao et al., 2025): Tau-Bench is a
benchmark for evaluating LLLM agents in realis-
tic human—AlI interaction scenarios, focusing on
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ons of 191 synthesized environments.

their ability to engage in multi-turn dialogues, in-

Dataset

# Env # Tools Per Env # Task

voke domain-specific APIs, and follow complex BFCL-v3 Multi-Turn 8 16.13 800
business rules. It includes two subsets: (1) Re- - Base 8 16.13 200
1. Q: . . - Miss-Param 8 16.13 200
tail: Simulated cu§tomer service for retail, such _ Miss-Func g 16.13 200
as order cancellation/modification, returns and - Long-Context 8 16.13 200
exchanges. (2) Airline: Simulated airline cus- "1 Bench 2 14 175
tomer service, such as ticket booking, reschedul- - Retail 1 15 115
ing, baggage and insurance handling, with more - Alrline ! 13 >0
complex rules and greater reasoning challenges. =~ ACEBench-Agent (EN) 4 7.75 50
- Multi-Step 3 6 20

* ACEBench-Agent (Chen et al., 2025): It eval- - Multi-Turn 4 7.75 30

uates LLMs’ ability to perform multi-turn and
multi-step tool calls in dynamic, real-world en-
vironments, covering scenarios such as mobile
apps, food delivery platforms, financial services,
and travel booking. It consists of two subsets:
(1) Multi-turn: The user interacts with the LLM
multiple times during the task, gradually provid-
ing information or adjusting requirements. (2)
Multi-step: The user gives the task only once at
the start, and the LLM autonomously calls tools
until it decides the task is complete.

Table 9 present the statistics of each benchmark.

B.2 Details of Implementation

* SFT. We use Qwen3-30B-A3B-Thinking-2507
as the teacher model to interact with 140 environ-
ments under two interaction settings. We remove
trajectories that contain invalid formats or are
judged by the LLM as impossible to complete,
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Table 9: Statistics of evaluation benchmarks.

resulting in about 9K final trajectories. For SFT,
We use the LlamaFactory framework (Zheng
et al., 2024). In thinking mode, Qwen3 auto-
matically removes all rounds’ reasoning process
when applying the chat_template. To let the
model learn the reasoning in each round, we split
an n-round sample into n sub-samples (corre-
sponding rounds are 1,2,...,n). Only the final
round’s reasoning and action in each sub-sample
are supervised and optimized (implemented via
the mask_history hyperparameter). We train for
3 epochs with a learning rate of 1e-6, a maximum
sequence length of 32K tokens, and an effective
batch size of 256 after gradient accumulation.

RL. We conduct RL using the Reinforce++ algo-



Model BFCL ACEBench Tau-
(Non-Thinking) = Multi-Turn -Agent Bench
Qwen3-4B 6.88 30.56 20.15
+ APIGen 6.75.0_13 20.84.9_72 14.71.5,44
+ APIGen-MT 3.0073_88 32.50+|_94 33.93+|3_7x
+ EnvScaler (SFT) 17.88”1‘00 41.67+1 1.11 18.57.1_58

Table 10: Performance of Qwen3-4B after training on
different datasets in non-thinking mode.

rithm (Hu et al., 2025) within the ROLL frame-
work (Wang et al., 2025). We retain the KL con-
straint with a coefficient of 0.1 and use a learning
rate of 1.0 x 1075, In each training step, we sam-
ple 64 tasks and rollout 8 trajectories per task in
the Non-Conversation setting, for a total of up
to 200 training steps. The maximum trajectory
length is set to 32K tokens, and the maximum
generation length per step is capped at 4K tokens.

» Evaluation. We evaluate with a tempera-
ture of 0.7 and report the average over three
runs. Following the Qwen3 setup, we keep
only historical actions and remove historical
reasoning process. For both baselines and
our trained models, we use each model’s own
function-calling interface to ensure consistent
tool-use formats. Because ACEBench uses the
[func_name (param) ] prompt format by default,
we modify the official code to support LLMs’
native function-calling interface. For Tau-Bench,
we use GPT-4.1 in ReAct mode to simulate users.
For the Multi-Turn subset of ACEBench-Agent,
we likewise use GPT-4.1 for user simulation. We
set the maximum context length to 64K to match
the Long-Context subset of BFCL-v3.

C More Experiments

C.1 Results of Training in Non-thinking Mode

Table 10 shows the performance of Qwen3-4B
training on different SFT datasets in non-thinking
mode. We also compare the APIGen (Liu et al.,
2024) and APIGen-MT (Prabhakar et al., 2025)
datasets because they only provide non-thinking
samples.  APIGen contains 60K single-turn
tool-use examples; APIGen-MT contains 5K
multi-turn examples, but they cover only two en-
vironments, which are identical to those in Tau-
Bench. For EnvScaler, we remove the teacher
LLM’s reasoning process and keep only the ac-
tion sequences. First, APIGen leads to degraded
performance on all benchmarks, indicating that

104 —==- threshold=85 points‘ 10.00%

Proportion (%)
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Exception Handling

> N
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FEEEEEELE S

(a) Dual-Agent Assessment Score of Envs (b) Error Distribution of Envs

Figure 11: Score and error distribution of environments
in dual-agent loop assessment.

relying solely on single-turn supervision cannot
improve an LLM’s multi-turn tool-use capabilities.
Due to the environments being the same as in Tau-
Bench, APIGen-MT provides a significant boost
on Tau-Bench, but it fails to transfer to BFCL-MT
or ACEBench-Agent. Moreover, since this dataset
uses only the Conversation setting, the model tends
to talk to the user before using tools, which con-
flicts with the style of BFCL-MT. This highlights
the importance of training in both settings. Finally,
EnvScaler (SFT) brings significant improvements
on BFCL-MT and ACEBench-Agent but slightly
degrades performance on Tau-Bench. We believe
this is because Tau-Bench relies more on reasoning,
while in non-thinking mode the LLM learns only
actions and not the reasoning chain, making it diffi-
cult to produce correct actions during evaluation.

C.2 Analysis of Discarded Envs

As stated in Section 3.4, we conducted 100 rounds
of cyclic testing for each synthetic environment
and retained only those with a test success rate
above 0.85. From 266 synthetic environments, we
selected 191, corresponding to a rejection rate of
28.2%. In Figure 11 (a), we present the distribution
of scores for all environments in the dual-agent
loop assessment. To systematically analyze the
reasons for environment failures, we extract all
test cases identified as failures from the logs in the
dual-agent loop quality inspection. We use Claude-
4.5-Sonnet to classify these errors. As shown in
Figure 11 (b), the primary issue is type errors or
attribute errors, followed by the consistency of state
management.

A Use of AI Assistant

In this paper, we only use ChatGPT> for grammar
proofreading and spell checking.

Shttps://chatgpt.com/
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SkelBuilder: Prompt for Task Filtering

You are a system that filters natural language tasks to determine if they are state—dependent, actionable requests within a persistent, domain—specific
environment.

### Core Definition
We are ONLY looking for tasks that meet all of the following criteria:
1. Persistent Environment
— The query is about a domain where:
— There is a live, ongoing state that can be read or changed
— The environment supports both: a) Information queries about current state (read operations) b) Explicit state—changing actions (create, update, delete,
move, cancel, etc.)
2. State Dependency
— The task cannot be answered correctly without:
— Inspecting the actual current data or configuration in the environment, and/or
— Executing an operation that modifies that data.
. Domain Specificity
— The environment is not general—purpose knowledge; it is a structured system such as: File management system with stored files/folders, Calendar/
scheduling system, Other specialized platforms with records that persist over time
4. Actionability in Context
— The query must correspond to an actionable operation or status check within the actual environment (not hypothetical).

8

#i## Eligible Task Types
— State queries: "Is invoice #1024 paid?" / "What meetings are scheduled for Wednesday?"
— State modification operations: "Upload the proposal.pdf to the project folder" / "Cancel order #4512" / "Move meeting to 3 PM"

##t# Explicit Exclusions
A request is NOT eligible if it is: Open—domain factual Q&A, Casual conversation, Content creation, Isolated reasoning or calculations without accessing
persisted state

### Judgment Rule — Be strict:

Choose YES only if:

— The query cannot be answered from general knowledge alone

— AND it requires real-time access to persistent state in a domain—specific environment
— AND it targets an actionable operation (either a read or a write to that environment)

— AND the environment has the capability for both queries and modifications

If any criterion is missing — NO.
\

Figure 12: The prompt for filtering tasks situated within a domain-specific, stateful environment.

SkelBuilder: Prompt for Inferring Env Description

You are a Task Analyst. Given a raw task description, your objective is to identify the most plausible stateful and domain—specific environment in which this
task would naturally occur.

The chosen environment should strike a balance: not so broad as to be meaningless, and not so narrow as to apply only to a single, highly specific case. It should
be scoped such that this task, along with similar related tasks, can be executed meaningfully. If multiple environments seem equally plausible, select one at
random rather than listing all possibilities.

Your response must include the following sections:

1. # Analysis
— Explain the reasoning process used to connect the task to the chosen environment.
— Note any relevant entities, constraints, relationships, or dynamics implied by the task.

2. # Environment Summary
— Provide a concise label for the environment type.

3. # Environment Introduction
— Introduce the environment itself, without referring to the current task.
— Focus on its inherent structure, the nature of the state it maintains, typical operations it supports, and its general scope in real-world usage.
— Limit to approximately three sentences.

4. # Metrics
— Usefulness: 1-10
Reflects how broadly applicable and valuable this environment is in real-world scenarios. Higher scores indicate environments relevant to many contexts
and industries.
— Modelability: 1-10
Indicates how straightforward it would be to represent this environment using a single Python class, with attributes holding state and methods performing
reading, writing, and querying operations. Higher scores indicate simpler, more self—contained structures.

Figure 13: The prompt for inferring environment description from existing tasks.
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SkelBuilder: Prompt for Planning States & Rules

You are an expert task and environment analyst. Given an environment description and a example task in this environment, infer the set of state variables (state
space) that the environment maintained.
The state should not be too broad (e.g. "all possible data in an e—commerce system"), nor too narrow (only for this single task). Instead, reasonably design it to
support this task and similar tasks in the same environment.
Your output must follow the format below (do not include any other text):
# Analysis
[ Your thought process: What states are involved in the environment? What entities/attributes are needed to be tracked? What constraints or rules exist in the
environment? ...]
# State Space Definition
— Entity: EntityNamel
— Attributes: Attributel, Attribute2, ...
— Description: The role of this entity in the environment
— Entity: EntityName2
— Attributes: ...
— Description: ...
# Constraints & Rules
— Constraint 1
— Constraint 2

Figure 14: The prompt for planning state and rules of the environment.

SkelBuilder: Prompt for Planning Tools

You are an expert in building and analyzing agent environments.

Given an environment summary, introduction, state space definition, constraint rules, Python base class definition, and example task, your goal is to analyze the
current environment and then generate the list of operations needed to support the task in this environment (including information query class and state
modification class).

Each operation will be converted into a class function for the Agent to use in subsequent steps.

Key Points:

— Operations are divided into 2 categories: Information Query Class and State Change Class.

— Each operation includes: operation name + brief description.

— Before output, you must first write # Analysis: explain task logic — which are query operations, which are state change operations — and how constraints are
related.

Strictly maintain the following Output Format:

# Analysis

[Explain operation requirements + classification logic + how constraints affect + ...]
# Operation List

## Information Query Class

— Operation: OperationName Description: ...

— Operation: OperationName Description: ...

## State Change Class

— Operation: OperationName Description: ...

— Operation: OperationName Description: ...

\

Figure 15: The prompt for planning tool operations of the environment.

SkelBuilder: Prompt for Converting State into Class Def

You are an Al coding assistant. Your job is to translate an environment specification into a Python environment class definition. The class should simulate the
stateful environment structure (without methods yet). You should analyze first and then generate code. You should follow the rules of Analysis and Code to
generate the code.

Rules of Analysis

— Determine the environment class name. It should be EnvironmentSummary or an appropriate adaptation (e.g., LinuxFileSystem, EcommerceOrderSystem).
— Extract attribute names (comma—separated) from each entity in state_space_definition.

— If needed, generate a corresponding TypedDict using the extracted attributes, with attribute name — key and attribute value type — inferred from the
appropriate Python primitive type (e.g., id=str, name=str, category=str, price/size=float/int, quantity=int, status=str, timestamps=str/float).

— constraints_rules is left as a comment.

Rules of Code

— Generates each TypedDict definition if needed.

— Generates the environment class (with only __init__ and attributes), with attributes of type" Dict[ID, TypedDict].
— Add comments mapping each attribute back to the state space entity/attributes.

— Annotates the constraints in the code comments.

— Do not implement any business logic or methods yet.
\

Figure 16: The prompt for programmatically converting states into the class definition.
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SkelBuilder: Prompt for Converting Tool to Class Method

You are a code generation assistant.

Given an Agent's environment, including the environment's summary and introduction, the environment's state space definition, the environment's constraint
rules, key base class definitions, and the list of operations supported by the environment.

Operations include two types: one is information querying of the environment, and the other is state modification of the environment.

Given one of the operations in the operation list (Target Operation),

You must:
1. In # Analysis, reason about:
— What entities/attributes are involved.
— Parameters needed.
— Expected outputs (queries return structured results, state modifications return success messages).
— Error/edge cases (e.g., invalid input, permission denied).
— Does it involve environmental constraints or rules.
2. In # Code, implement the Python method:
— Method name: " def <operation_name>(self, ...)". Note: Cannot be an independent function, but rather a method function within an already implemented
environment class.
— Add clear type hints.
— Add docstring describing inputs, outputs, constraints.
— Error handling: do not raise exceptions — return a dict like * { "success": False, "error": "reason” }*.
— For information—query operations, if successful return * { "success": True, "data": <result> }".

"on N

— For state—modifying operations, if successful return * { "success": True, "message": "operation description” }".

Your output format must be:
# Analysis
[Explain reasoning:inputs, outputs, related entities/attributes, constraints logic, success/failure cases]

# Code
" python
def <operation_name>(self, ...):

<docstring explaining inputs, outputs and constraints>

# Implementation

Figure 17: The prompt for programmatically converting operation to class-method.

SkelBuilder: Prompt for Initializing Testing Agent

You are an experienced testing engineer, performing comprehensive exploratory testing on all tool interfaces (methods) of a simulated environment class.
Your goal is to verify the behavior of each method under different types of inputs, aiming to uncover potential errors, exceptions, and state inconsistencies.
In each upcoming testing round, you will generate one tool invocation as a test case. After execution, you will receive the environment's return information,
along with a result evaluation from backend engineers indicating the test case's result (pass, warning, fail).

[Environment Introduction]
{env_introduction}

[Available Tool Interface List]
{tool_info}

Testing Strategy:

— Positive case testing: Use valid parameters that comply with interface definitions (normal input).

— Negative case testing: Use invalid parameters (wrong types, non—existent IDs, out—of—range values, etc.) and special parameters (null/empty values, extreme
values, special characters, etc.).

— Throughout testing, cover all available tool interfaces, and ensure a balance between the number of tests for each tool.

— It is not necessary to maintain a consistent task goal; you are free to explore various methods and scenarios.

Testing Rules:

— Invoke only one tool interface per round.

— Parameters must be in dictionary structure; parameter keys must be valid, but parameter values can be invalid or boundary inputs for testing.
— Do not call any methods outside of the provided tool interface list.

— Balance breadth (cover all available methods) and depth (multiple input scenarios for each method) during testing.

\

Figure 18: The prompt for initializing the testing agent during environments assessment.
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SkelBuilder: Prompt for Initializing Checking Agent

You are an experienced "Interactive Simulation Environment Testing Specialist”, with extensive background in validating simulated systems and environments (
such as game simulations, business system sandboxes, etc.).

Your task is to fully analyze whether a given method call in an environment class meets the expected behavior, based on the provided environment class
structure, method source code, call parameters, the relevant internal state before and after the call, the differences between these states, and the method's
returned observation.

You should pay special attention to:

— Whether the method causes the relevant internal state to change correctly before and after the call
— Whether the code logic, conditional checks, state changes, and return value are consistent

— Whether there are any unexpected exceptions or logical errors

Strictly output your answer in the following format:
[Analysis]
Your Step—by—step analysis.

[Result]

Answer only one of the three words: 'Pass', "'Warning', or 'Fail', without any other words.

— "Pass' — The method fully meets expectations, implementation is correct, and no issues are found.

— "Warning' — The method works and meets functional expectations, but there are potential issues such as missing parameter validation, lack of boundary checks
, absence of fallback mechanisms, or minor style/robustness problems.

— '"Fail' — The method does not meet functional expectations, contains major logic errors, incorrect state changes, unhandled exceptions, or behaviors that violate
environment rules.

[Error Reason]
If the answer to 'Result' is 'Fail' or 'Warning', provide the reason you believe the error occurred and accordiing solutions.

If the answer is 'Pass', just output 'No error'.
\

Figure 19: The prompt for initializing the checking agent during environments assessment.

ScenGenerator: Prompt for Generating Env Initial State

You are an Al assistant.

You will be given the complete definition of a Python class.

This class represents an environment state in a specific domain and contains various attributes (such as dictionaries, lists, * TypedDict™ objects, dataclasses, etc.)
used to manage entities and their relationships within the system.

Based on the class definition, generate a JSON object that can serve directly as the class's initialization configuration (" config" ), following these rules:

### 1. Structure and Type Matching
— The JSON must strictly follow the attribute structure and data types required by the class.
— Field names, nesting levels, and value types must match the class definition exactly.

### 2. Respect Constraints

— Read the class methods and docstrings to identify constraints (e.g., valid status values, required fields, ID reference rules), ensuring all generated data
complies.

— All references (e.g., “reporter_id", "location_id", " disease_name" ) must be cross—linked appropriately and valid.

— Consider cross—entity relationships and constraints (e.g., a product must belong to an existing category).

#### 3. Richness of Data

— Each major dictionary—-like attribute should contain multiple entities (recommended at least 3—5 entries) with differentiated content to avoid repetitive
templates.

— Cover the different states and value ranges supported by the class wherever possible.

— Dates should be distributed over a reasonable time span to provide diversity.

— Numerical fields (e.g., " case_count ) should vary in range to simulate realistic system data.

### 4. Realistic Simulation of Data

— Name fields should use natural-language fictional content (e.g., * "Alice Chan"", * "Central City District""
*or “user001°.

— Description fields should be concise, natural, and logically consistent with the domain's context.

— Date fields must be in ISO format (" YYYY-MM-DD") or timestamps, with dates reasonably distributed in time.
— 1D fields may mix short codes (e.g., "LOCI1", *REP1") and UUIDs, but all must be unique.

— Data must be fictitious and must not contain any real-world personal or sensitive information.

) rather than mechanical placeholders like " namel

### 5. Output Format

— Output only the JSON, without any extra explanation.

— The JSON must be a complete, ready—to—use initialization configuration that can be passed directly to the class constructor as the " config® parameter.
\

Figure 20: The prompt for generating environment’s initial state data.

8343



ScenGenerator: Prompt for Generating Env Task

You are a task design expert, responsible for creating realistic, clear, and challenging tasks for a specific interactive environment. You do not need to consider
how the task will be executed; another execution expert will be responsible for completing it.

# Environment Introduction: {env_introduction}

# Environment State Definition: {env_state_definition}

# Supported Operation Interfaces: {env_modify_operation}

# Environment Rules / Constraints: {env_rule}

# Current Environment Initial State / Database: {env_init_state}

# Task Design Requirements:
— Realism: The task must closely align with the current environment, reflect a plausible real-world scenario, and have a well-defined objective with business
relevance.
— Feasibility:
i. The task must be based on and constrained by the current initial state of the environment. For example, you cannot delete a file that does not exist.
ii. The task must be achievable through a combination of operation interfaces supported by the environment.
iii. Avoid tasks that require more than just the user interface. For example, timestamps might be automatically generated rather than modified through the
user interface.
— State Modification: The task must involve modifying the current environment state/database; it cannot be limited to information queries only.
— Challenge: The modification should have sufficient complexity (e.g., involving multiple objects, multiple attributes, or multi—condition combinations), and
should not be achievable in a single simple step.
— Clarity: Use concise natural language to describe the task. The description must be easy to understand and unambiguous.
\

Figure 21: The prompt for generating a task under the specific environment and state.

ScenGenerator: Prompt for Generating Verification Checklist

You are a Quality Checklist Generation Assistant. I will provide you with a task description. Your job is to generate a simple and uniformly phrased checklist.
Requirements:
1. Each checklist item must be independent and not rely on the results of other items.
2. Every checklist item must start with the exact phrase: "Has ..." followed by a clear description of the action or field to verify.
3. Use precise fields and exact values; avoid vague wording.
4. If the task requires checking multiple fields, split them into separate checklist items.
5. List the items in logical order, ensuring each is self—contained.
6. Output format:
— Use Markdown list syntax (*— ") for each checklist item.
— Each item must start with "Has ..." and be verifiable with a single boolean expression.

Figure 22: The prompt for generating verification checklist for a task.

ScenGenerator: Prompt for Converting Checkpoint to Verification Function

You are a Python verification function generation assistant. You will be given:
— Environment introduction (env_introduction), describing the overall context and purpose of the system.
— Environment system configuration (initial_state), defining the structure, field names, and value formats of the system's data, and serving as the environment's
initial database state before any modifications occur.
— After a series of modifications performed by an Agent to complete a task, the system reaches the final state (* final_state" ).
— A single check item, phrased as "Has ...", indicating the condition that must be verified against the final state.
Your task:
Generate a Python function that validates whether the " final_state™ satisfies the given check item.
Rules:
1. Always reference the data structure, field names, and value formats from " initial_state® when writing your verification logic. This ensures the code matches
the actual system schema.
2. If the check item involves randomly generated or time—dependent fields (e.g., “user_id", " create_time", " update_time", UUIDs), do not validate against a
fixed concrete value.
Instead, check that the field exists in " final_state” and has the correct type/format (e.g., string).
3. If the check item describes a non—fixed target value (e.g., "add a remark"), only verify that the field exists and meets basic conditions (e.g., non—empty string,
correct data type).
4. If the check item specifies an explicit target value, you must strictly match it (" ==").
5. Use "initial_state™ as a reference only when necessary to determine changes — for example, "Has been added" means the entity didn't exist in " initial_state"
but exists in " final_state" .
6. The function must implement only the given single check item and return " True" if passed, " False" if failed.
7. The function must not modify any input data and must perform no actions other than verification.
8. Ensure the function signature is " def check_func(final_state)", and that it only returns " True" or " False".
\

Figure 23: The prompt for programmatically converting each checkpoint to a verification function.

System Prompt for Non-Conversation Agent

You are a helpful assistant. When given a specific task, your goal is to complete it in an interactive environment by making step—by—step use of available tools.
— Before completing the task, at each step, select a tool from the tool list and fill in all required parameters, making sure that the values are valid. Avoid making
parallel tool calls in one step.

— When you believe the task has been completed, respond only with 'Task Completed' to end the trajectory, without adding any other content or making any tool
calls.

— It is recommended to first call query tools to gather sufficient information, then use modification tools to complete the task. Adjust actions promptly based on
the feedback from the environment, i.e., the tool results.

Figure 24: The system prompt for prompting LLM agents under the Non-conversation setting.
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System Prompt for Conversation Agent

You are a helpful assistant. Your goal is to fulfill the user's requests in an interactive environment by step—by—step use of available tools, while proactively
communicating with the user when necessary, until the user ends the conversation.

At each step, you will receive either the user's task/reply or the environment's tool call result.

— If you lack essential information to complete the task or perform a tool call, and it cannot be obtained through the existing tool set, actively ask the user for
specific details.

— If you can proceed with the current information, select one tool from the tool set and provide complete, valid parameters. Avoid making parallel tool calls or
calling a tool while interacting with the user in one step.

— It is recommended to first call query tools to gather sufficient information, then use modification tools to complete the task. Adjust actions promptly based on
the feedback from the environment, i.e., the tool results.

— When you believe the task is completed, clearly inform the user of the result and ask whether there are any new tasks or follow—up requests.
\

Figure 25: The system prompt for prompting LLM agents under the Conversation setting.

System Prompt for LLM-Simulated User

You are a real human user interacting with an Agent assistant.
Your current task is to have the Agent accomplish the following goal:
{task}

Core Principles:

— Do not directly or fully repeat the exact task instruction in your dialogue; instead, progress toward the goal gradually through multiple exchanges.

— Deliver the task information in parts during the conversation so the Agent can slowly understand and move closer to the final objective.

— When the task goal has been achieved, output a standalone message: " #HSTOP###" in your reply to end the dialogue. Do not include anything else.

Rules:

1. If the task contains multiple sub—tasks, do not reveal all of them at once; provide relevant sub—tasks one by one as the Agent asks.

2. If completing the task requires multiple pieces of information, do not disclose them all at once; provide partial information in response to the Agent's
questions.

3. All requests must remain strictly within the scope of the task—do not add extra requirements, intentions, or invent information that was not part of the original
task.

4. Always keep the conversation focused on progressing toward the task, ensuring every sub—task or goal is covered and none are skipped.

Fidelity and Consistency Requirements:

— Always remain faithful to the original task wording throughout the conversation. Pay special attention to preserving exact keywords, names, and proper nouns
} @:)—do not rephrase or alter them.

— If the Agent assistant presents you with multiple options, only choose those that match the intent and constraints of the original task. If none fit, politely
refuse and restate your requirement.

— Do notintroduce any new information that is not present in the original task description.

— Do not repeat information you have already provided earlier in the conversation unless the Agent explicitly asks for clarification.

Style Requirements:
— Keep the dialogue natural and conversational, avoiding overly rigid or formal expressions.

Output Format (must be strictly followed):

# Thought:

<Your thought process (this will NOT be sent to the Agent)>

# Reply:

<Your natural, conversational reply as the user, to be sent to the Agent>
\

Figure 26: The system prompt for prompting the LLM to act as a user under the Conversation setting.
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Example 1: Program Example of thesized Envi

from typing import Dict, List, TypedDict
import uuid
import time

class UserInfo(TypedDict):

_id: str
phone_number: str
name: str

profile_info: str

class ContactInfo(TypedDict):
_id: str
contact_id: str
contact_phone_number: str
contact_name: str

class MessageInfo(TypedDict):
message_id: str
sender_id: str
receiver_id: str
receiver_phone_number: str
content: str
timestamp: str
delivery_status: str
read_status: str

class ConversationInfo(TypedDict):
conversation_id: str
user_ids: List[str]
message_id: str

class MobileMessagingApplication:
def __init__(self, config: dict):
self.users: Dict[str, UserInfo] = {}
self.contacts: Dict[str, ContactInfo] = {}
self.messages: Dict[str, MessageInfo] = {}
self.conversations: Dict[str, ConversationInfol = {}

# Constraints:

# - Only registered users can send messages

# - Phone numbers must be valid before sending messages

# - Message delivery status must be updated (e.g., sent, delivered, failed)
# - Conversation history is retained for each user-contact pair

- Duplicate messages to the same phone number are allowed but tracked separately
self.config = config

def get_user_by_phone_number(self, phone_number: str) -> dict:

"""Look up a user by their phone number
Constraints:

- Only registered users are present in the system.

- Phone number must match a user entry; otherwise, return error
for user in self.users.values():

if user["phone_number”] == phone_number:

return {"success": True, "data": user}

return {"success”: False, "error”: "User with this phone number not found"}

def get_user_by_id(self, user_id: str) -> dict:
"""Retrieve user information by user ID.
Constraints:
- user_id must correspond to an existing registered user
user = self.users.get(user_id)
if user is None:
return { "success”": False, "error”: "User not found” }
return { "success": True, "data": user }

nnn

def list_all_users(self) -> dict:
"""List all registered user accounts.
Constraints:
- Returns the current set of registered users.
- No failure unless system corruption (not handled here)."""
user_list = list(self.users.values())
return { "success": True, "data”: user_list }

def get_contact_by_phone_number(self, phone_number: str) -> dict:
"""Retrieve contact information using a contact's phone number
Constraints:
- The provided phone number must correspond to an existing contact
for contact in self.contacts.values():

wnn
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if contact["contact_phone_number”] == phone_number
return {"success"”: True, "data": contact}
return {"success”: False, "error”: "No contact found with this phone number."}

def get_contact_by_id(self, contact_id: str) -> dict:
"""Look up and return contact info by contact ID.
Constraints:

- Contact must exist in the system.
contact = self.contacts.get(contact_id)
if contact is None:

return { "success”: False, "error”: "Contact not found” }
return { "success”: True, "data”: contact }

def list_user_contacts(self, user_id: str) -> dict:

"""Lists all contacts associated with a particular user
Constraints:

- The provided user_id must correspond to a registered user.
if user_id not in self.users:

return {"success": False, "error”: "User does not exist"}
contacts = [

contact_info for contact_info in self.contacts.values()

if contact_info.get("contact_id") == user_id

wnn

]

return {"success"”: True, "data": contacts}

def validate_phone_number(self, phone_number: str) -> dict:
"""Check if a phone number is valid for messaging.
Constraints:
- Phone number should be a non-empty string.
- Phone number should only contain digits, possibly beginning with '+'
- Length must be between 10 and 15 (excluding '+')."""
if not isinstance(phone_number, str):
return { "success”: False, "error"”: "Phone number must be a string” }
stripped = phone_number.lstrip('+")
if not stripped.isdigit():
return {
"success": True,
"data": {"valid": False, "reason"”: "Phone number must contain only digits after optional '+'"}
}
if len(stripped) < 10 or len(stripped) > 15:
return {
"success": True,
"data"”: {"valid"”: False, "reason”: "Phone number length must be between 10 and 15 digits"}
}
# Passed all checks
return {
"success": True,
"data”: {"valid”: True, "reason”: "Phone number is valid for messaging"}

def get_messages_by_phone_number(self, phone_number: str) -> dict:
"""Retrieve all messages (sent or received) associated with the specified phone number

Constraints:
- Matches both messages where receiver_phone_number == phone_number,
and messages sent by users whose phone_number == phone_number.

- Returns empty list if no matches found; this is not considered an error
- Input phone number should be a string."""
if not isinstance(phone_number, str):
return { "success": False, "error”: "Invalid phone number format” }
# Find all user IDs whose phone number matches the input (for sent messages)
sender_ids = [
user_id for user_id, user_info in self.users.items()

if user_info["phone_number”] == phone_number
]
result = [
msg for msg in self.messages.values()
if ( msgl"receiver_phone_number"] == phone_number or msg["”sender_id"] in sender_ids)]

return { "success”: True, "data"”: result }

def get_conversation_by_user_and_contact(self, user_id: str, contact_id: str) -> dict:
"""Get the conversation history (messages) between a user and a given contact
Constraints:
- User id must exist in the platform
- Contact id must exist in contacts
- Returns all messages in the user-contact conversation(s)
if user_id not in self.users:
return { "success”: False, "error": "User not found” }
if contact_id not in self.contacts:
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return { "success”: False, "error”: "Contact not found” }
# Find relevant conversations:
conversations = [

convo for convo in self.conversations.values()

if user_id in convo["user_ids"] and contact_id in convo["user_ids"]
]
if not conversations:

return { "success”: False, "error”: "No conversation found between user and contact” }
# Gather all related message infos:
messages = []
for convo in conversations:

msg_id = convo["message_id"]

if msg_id in self.messages:

messages. append(self.messages[msg_id])

return { "success”: True, "data": messages }

def get_message_by_id(self, message_id: str) -> dict:

"""Retrieve information for a specific message given its unique message ID.
Constraints:

- The message ID must exist in the environment's messages.
message = self.messages.get(message_id)
if not message:

return { "success": False, "error”: "Message not found” }
return { "success”: True, "data": message }

wnn

def get_message_delivery_status(self, message_id: str) -> dict:
"""Check and return the current delivery status of a specific message.
Constraints:
- message_id must exist in the system.
msg = self.messages.get(message_id)
if not msg:
return { "success”: False, "error": "Message ID not found” }
return {
"success”: True, "data": {"message_id": message_id, "delivery_status”: msg["delivery_status"]}}

nnn

def send_message(self, sender_id: str, receiver_phone_number: str, content: str) -> dict:
"""Create and send a new message from a registered user to a valid phone number.
Constraints:
- Only registered users can send messages.
- Phone numbers must be valid before sending.
- Message delivery status must be set ('sent').
- Conversation history must include this message.
- Content must not be empty."""
# Sender must be a registered user
if sender_id not in self.users:
return {"success": False, "error”: "Sender is not a registered user."}
# Content must not be empty
if not content or content.strip() ==
return {"success": False, "error”: "Message content cannot be empty."}
# Validate phone number
if not hasattr(self, "validate_phone_number”) or not callable(self.validate_phone_number):
return {"success"”: False, "error”: "Phone number validation method is unavailable.”}
valid_check = self.validate_phone_number(receiver_phone_number)
if not valid_check.get("success”, False):
return {"success"”: False, "error”: "Receiver phone number is invalid.”"}

nn,

# Determine receiver user (if exists)
receiver_id = None
for uid, user in self.users.items():

if user["phone_number”] == receiver_phone_number
receiver_id = uid
break

# Create unique message_id (use combination of sender, receiver, timestamp, and an increment)
message_id = str(uuid.uuid4())
timestamp = str(time.time())
# Initial delivery status and read status
delivery_status = "sent”
read_status = "unread”
# Create message entry
message_info = {
"message_id": message_id,
"sender_id": sender_id,
"receiver_id": receiver_id if receiver_id else
"receiver_phone_number"”: receiver_phone_number,
"content”: content,
"timestamp”: timestamp,
"delivery_status”: delivery_status,
"read_status": read_status

nn
)
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self.messages[message_id] = message_info

# Maintain conversation history:
# Find if a conversation exists between sender and receiver (user_id or phone_number)
# Use sorted user_ids (if possible), else pseudo user_id from phone number
user_ids = [sender_id]
if receiver_id:
user_ids.append(receiver_id)
else:
# Create pseudo id for phone number to track conversation
user_ids. append(f"”phone:{receiver_phone_number}")
user_ids_sorted = sorted(user_ids)
# Try to find existing conversation
conversation_id = None
for cid, conv in self.conversations.items():

if sorted(conv['user_ids']) == user_ids_sorted:
conversation_id = cid
break

if conversation_id is None:
# Create a new conversation
conversation_id = str(uuid.uuid4())
self.conversations[conversation_id] = {
"conversation_id": conversation_id,
"user_ids": user_ids_sorted,
"message_id": message_id
3
else:
# Update conversation: for simplicity, replace message_id (could be made a list in real impl.)
# To keep track, we simply overwrite the latest message_id (history is in messages)
self.conversations[conversation_id]["message_id"] = message_id

return {"success"”: True, "message"”: "Message sent successfully.”}

def update_message_delivery_status(self, message_id: str, new_status: str) -> dict:
"""Set or update the delivery status for a particular message.

Constraints:

- The message_id must exist.

- Optionally, enforce that new_status is among allowed values ('sent', 'delivered', 'failed')."""
allowed_statuses = {"sent”, "delivered”, "failed"}
if message_id not in self.messages:

return { "success”: False, "error”: "Message not found” }

if new_status not in allowed_statuses:

return { "success”: False, "error": f"Invalid delivery status: {new_status}" }
self.messages[message_id]["delivery_status”] = new_status
return { "success”: True, "message”: f"Delivery status updated for message {message_id}" }

def create_contact(self, contact_id: str, contact_phone_number: str, contact_name: str) -> dict:
"""Add a new contact to the specified user's contact list.
Constraints:
- Only registered users can add contacts.
- Phone numbers must be valid before creating a contact.
- Duplicate contacts (same phone number) are allowed but tracked separately.”""
# Check that the user exists
if contact_id not in self.users:
return { "success”: False, "error"”: "User does not exist” }
# Validate phone number using the environment's function
if not hasattr(self, "validate_phone_number"):
return { "success": False, "error”: "Phone number validation not available"” }
validation_result = self.validate_phone_number(contact_phone_number)
if not (isinstance(validation_result, dict) and validation_result.get("success”)):
return { "success”: False, "error”: "Phone number is invalid” }
# Generate new contact _id (ensure uniqueness)
new_contact_id = f"contact_{len(self.contacts)+1}"
# Create and store the contact
contact_info = {
"_id": new_contact_id,
"contact_id": contact_id,
"contact_phone_number"”: contact_phone_number,
"contact_name”: contact_name
}

self.contacts[new_contact_id] = contact_info
return { "success”: True, "message”: "Contact created” }

def add_message_to_conversation(self, conversation_id: str, message_id: str) -> dict:
"""Insert a new message into the conversation history for the appropriate user-contact pair.
Constraints:
- Both the conversation and the message must exist
- Each message can be tracked in the history; duplicate messages to same phone are allowed but tracked separately.
- User IDs in message context should match conversation participants (not strictly enforced).”"”
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def

# Check conversation existence
if conversation_id not in self.conversations:

return { "success": False, "error”: "Conversation does not exist.” }
if message_id not in self.messages:
return { "success”: False, "error": "Message does not exist.” }

# Get conversation and message info
conv_info = self.conversations[conversation_id]
msg_info = self.messages[message_id]
# Optionally check participants (message sender/receiver in conversation user_ids)
relevant_user_ids = conv_info.get("user_ids"”, [])
msg_participants = [msg_info["”sender_id"], msg_info["receiver_id"]]
missing = [uid for uid in msg_participants if uid not in relevant_user_ids]
# Not strictly enforced per constraints, but warn if mismatch.
# For this environment, conversation history is retained for each user/contact pair
# Since ConversationInfo maps one message_id, we append a new entry with same conv_id and user_ids
new_convo_entry = {
"conversation_id": conversation_id,
"user_ids": relevant_user_ids,
"message_id": message_id
}
# Insert new entry into conversations dict with a unique key
# Use 'conversation_id:message_id' as a compound key to allow duplicate messages
convo_key = f"{conversation_id}:{message_id}"
self.conversations[convo_key] = new_convo_entry

return { "success”: True, "message": "Message added to conversation history.” }

create_conversation(self, user_idl1: str, user_id2: str) -> dict:
"""Initiate a new conversation record between two users or a user and a contact, if such a conversation does not already
exist.
Constraints:

- Both participants must exist (in users or contacts).

- Conversation between same pair must be unique.

- Participants must not be identical.”""
# Check that both participants exist in the system
valid_ids = set(self.users.keys()) | set(self.contacts.keys())
if user_idl not in valid_ids:

return { "success": False, "error”: f"Participant 1 ({user_id1}) does not exist.” }
if user_id2 not in valid_ids:

return { "success”: False, "error": f"Participant 2 ({user_id2}) does not exist.” }
if user_idl1 == user_id2:

return { "success”: False, "error”: "Cannot create conversation with oneself.” }

# Check if a conversation between these two IDs already exists
for conv in self.conversations.values():
ids_set = set(conv["user_ids"])
if ids_set == set([user_id1, user_id2]):
return {
"success"”: False,
"error”: "Conversation between these participants already exists.”,
"conversation_id": conv["conversation_id"]
3
conversation_id = str(uuid.uuid4())
conversation_info: ConversationInfo = {
"conversation_id": conversation_id,
"user_ids": [user_id1, user_id2],

"message_id": "" # Initial, no message yet
}
self.conversations[conversation_id] = conversation_info
return {
"success": True,
"message”: "Conversation created”,
"conversation”: conversation_info
3
mark_message_as_read(self, message_id: str) -> dict:

"""Mark a message as read by updating its read_status field.
Constraints:

- message_id must exist in the system.

- Operation is idempotent; if already 'read', report success
message = self.messages.get(message_id)
if not message:

return { "success": False, "error”: "Message not found.” }
if messagel["read_status”] == "read":

# Already marked as read, treat as success

return { "success”: True, "message”: "Message marked as read.” }
# Mark as read
message["read_status”] = "read”
return { "success”: True, "message”: "Message marked as read.” }

non
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def delete_message(self, message_id: str) -> dict:
"""Remove a message from the system. If message exists, it's deleted and any references
in conversations are also removed.
Constraints:
- Message must exist in the system.
- References to this message in conversation objects are also removed for integrity.
if message_id not in self.messages:
return {"success": False, "error”: f"Message {message_id} does not exist."}
# Remove references in conversations
for conv in self.conversations.values():
if conv["message_id"] == message_id:
conv["message_id"] = "" # Remove reference (could also delete the conversation if message is sole content)
# Alternatively, could maintain a messages list if the schema changes
# Remove the message itself
del self.messages[message_id]
return {
"success": True,
"message”: f"Message {message_id} has been deleted.”

nnn

def archive_conversation(self, user_id: str, conversation_id: str) -> dict:
"""Archive or hide a conversation for a specific user
Constraints:
- Only registered users may archive conversations.
- Conversation must exist.
- User must be a participant in the conversation.
- Archiving is idempotent (archiving again is still success).
# Ensure tracking exists
if not hasattr(self, "archived_conversations”):
self.archived_conversations: Dict[str, List[str]] = {}
if user_id not in self.users:

nn

return { "success”: False, "error”: "User does not exist.” }
if conversation_id not in self.conversations:
return { "success”: False, "error”: "Conversation does not exist.” }

conversation_info = self.conversations[conversation_id]
if user_id not in conversation_info["user_ids"]:
return { "success": False, "error”: "User is not a participant in the conversation.” }
archived_list = self.archived_conversations.setdefault(user_id, [])
if conversation_id not in archived_list:
archived_list.append(conversation_id)

return { "success": True, "message”: "Conversation archived for user.” }

def delete_conversation(self, conversation_id: str, requestor_id: str) -> dict:

"""Remove a conversation from history if the action is allowed.
Constraints:

- Only admins or users who are part of the conversation can delete it

- If conversation does not exist, fail.

- Conversation removal does not delete referenced messages.
# Check if conversation exists
conv = self.conversations.get(conversation_id)
if not conv:

return { "success”: False, "error”: "Conversation does not exist.” }
# Check requestor existence
user_info = self.users.get(requestor_id)
if not user_info:

non

return { "success”: False, "error": "Requestor does not exist.” }
# Permission check: Admin or participant
is_admin = (user_info.get("profile_info", "") == "admin")

is_participant = requestor_id in conv.get("user_ids", [])
if not (is_admin or is_participant):
return { "success”: False, "error”: "Permission denied.” }
# Delete the conversation
del self.conversations[conversation_id]

return { "success”: True, "message”: "Conversation deleted successfully.” }
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Tool Name

Description

Parameters

get_user_by_phone_
number

Look up a user by their phone number

Args: phone_number (str): The phone number to search for.

phone_number

get_user_by_id Retrieve user information by user ID. user_id
Args: user_id (str): The unique ID of the user to be retrieved.
list_all_users List all registered user accounts. None

Args: None

get_contact_by_phone_
number

Retrieve contact information using a contact’s phone number
Args: phone_number (str): The phone number to look up in contacts.

phone_number

get_contact_by_id

Look up and return contact info by contact ID.
Args: contact_id (str): Unique identifier of the contact.

contact_id

list_user_contacts

Lists all contacts associated with a particular user
Args: user_id (str): The unique identifier for the user whose contacts are to be

listed.

user_id

validate_phone_
number

Check if a phone number is valid for messaging.
Args: phone_number (str): The phone number to validate.

phone_number

get_messages_by_
phone_number

Retrieve all messages (sent or received) associated with the specified phone

number .

Args: phone_number (str): The phone number for which to fetch messages.

phone_number

get_conversation_by_
user_and_contact

Get the conversation history (messages) between a user and a given contact.
Args: user_id (str): The user’s id. contact_id (str): The contact’s id.

user_id,
contact_id

get_message_by_id

Retrieve information for a specific message given its unique message ID.
Args: message_id (str): The unique identifier of the message.

message_id

get_message_
delivery_status

Check and return the current delivery status of a specific message.
Args: message_id (str): The unique identifier of the message to query.

message_id

send_message

Create and send a new message from a registered user to a valid phone number
Args: sender_id (str): Registered user’s ID of the message sender.
receiver_phone_number (str): The recipient’s phone number. content (str): The
textual content of the message.

sender_id,
receiver_phone
_number, content

update_message_
delivery_status

Set or update the delivery status for a particular message.
Args: message_id (str): The unique identifier of the message to update.
new_status (str): The new delivery status (e.g., ’sent’,

message_id,
new_status

create_contact

Add a new contact to the specified user’s contact list.
Args: contact_id (str): The user id for whom the contact is being added.
contact_phone_number (str): The contact’s phone number. contact_name (str): The

contact’s name.

contact_id,
contact_phone
_number,
contact_name

add_message_to_
conversation

Insert a new message into the conversation history for the appropriate

user-contact pair.

Args: conversation_id (str): ID of the conversation history to add the message to.
message_id (str): ID of the message to insert (must exist and be valid).

conversation_id,
message_id

create_conversation

Initiate a new conversation record between two users or a user and a contact, if
such a conversation does not already exist.

Args: user_idl (str): The ID of the first user/participant. user_id2 (str): The
ID of the second user/participant.

user_id1,
user_id2

mark_message_as_read

Mark a message as read by updating its read_status field.
Args: message_id (str): The unique identifier of the message to update.

message_id

delete_message

Remove a message from the system. If message exists, it’s deleted and any
references in conversations are also removed.
Args: message_id (str): Unique identifier of the message to remove.

message_id

archive_conversation

Archive or hide a conversation for a specific user
Args: user_id (str): The user who wants to archive the conversation.
conversation_id (str): The conversation to archive.

user_id,
conversation_id

delete_conversation

Remove a conversation from history if the action is allowed.
Args: conversation_id (str): The unique ID of the conversation to remove.
requestor_id (str): The user requesting the deletion.

conversation_id,
requestor_id

Table 11: An example of tool interfaces provided by synthesized environments to the LLM agent.
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Example of Environment

Initial State Configuration

{

"users": {
"USR1": {”_id”: "USR1”, "phone_number”: "+15551234567"”, "name”: "Alice Chan”, "profile_info”: "admin”},
"USR2": {"_id": "USR2", "phone_number”: "+15559874566", "name”: "Brandon Lee"”, "profile_info”: "basic user"},
"USR3": {"_id": "USR3", "phone_number": "+15557678987", "name”: "Cara Santorini”, "profile_info": "support”},
"USR4": {"_id": "USR4", "phone_number”: "+447531234762", "name”: "David Newton", "profile_info”: "basic user”},
"USR5": {"_id": "USR5", "phone_number”: "+812345678901", "name”: "Emi Takahashi”, "profile_info”: "basic user"}

e

"contacts”: {
"contact_1": {"_id": "contact_1", "contact_id"”: "USR1", "contact_phone_number”: "+15559874566", "contact_name”: "Brandon
Lee"},
"contact_2": {"_id": "contact_2", "contact_id": "USR1", "contact_phone_number": "+17165558888", "contact_name": "Gabby
Fields"},
"contact_3": {"_id": "contact_3", "contact_id": "USR2", "contact_phone_number": "+447531234762", "contact_name”: "David
Newton"},
"contact_4": {"_id": "contact_4", "contact_id"”: "USR3", "contact_phone_number": "+812345678901", "contact_name”: "Emi
Takahashi"},
"contact_5": {"_id": "contact_5", "contact_id": "USR3", "contact_phone_number”: "+15557678987", "contact_name": "Cara
Santorini”}

e

"messages”: {
"MSG0Q1": {"message_id": "MSG@O@1", "sender_id": "USR1", "receiver_id"”: "USR2", "receiver_phone_number"”: "+15559874566",
"content”: "Hey Brandon, can you send the report by Friday?”, "timestamp”: "2024-02-17T14:38:05Z", "delivery_status”: "
delivered”, "read_status”: "read"},
"MSG002": {"message_id": "MSG@@2", "sender_id": "USR2", "receiver_id"”: "USR1", "receiver_phone_number"”: "+15551234567",
"content”: "Hi Alice, yes I'll have it done tomorrow.”, "timestamp”: "2024-02-17T15:00:51Z", "delivery_status": "
delivered”, "read_status”: "unread"},
"MSG003": {"message_id": "MSG@@3", "sender_id": "USR3", "receiver_id": "USR4", "receiver_phone_number": "+447531234762",
"content”: "David, tech support says the system update is finished."”, "timestamp”: "2024-03-05T11:21:12Z"
"delivery_status”: "sent", "read_status”: "unread"},
"MSG004": {"message_id": "MSG@Q@4", "sender_id": "USR4", "receiver_id": "USR3", "receiver_phone_number”: "+15557678987",
"content”: "Thank you Cara, I'll check and confirm later today.”, "timestamp”: "2024-03-05T11:31:58Z", "delivery_status":

"delivered”, "read_status”: "read"},
"MSG0Q5": {"message_id": "MSG@@5", "sender_id": "USR2", "receiver_id"”: "", "receiver_phone_number”: "+17165558888",
"content”: "Gabby, please join the video call at 4pm.", "timestamp”: "2024-04-02T08:45:19Z", "delivery_status”: "failed”,
"read_status”: "unread"},

"MSG006": {"message_id": "MSG@@6", "sender_id": "USR5", "receiver_id": "", "receiver_phone_number": "+15551234567",
"content”: "Alice, your settings have been updated securely.”, "timestamp”: "2024-06-01710:02:46Z", "delivery_status”: "
sent”, "read_status”: "unread"},
"MSG0Q7": {"message_id": "MSG@@7", "sender_id": "USR1", "receiver_id": "USR5", "receiver_phone_number”: "+812345678901",
"content”: "Emi, the new version is available for testing.”, "timestamp”: "2024-05-15TQ7:17:22Z", "delivery_status”: "
delivered”, "read_status”: "read"}

e

"conversations”: {
"CONV@O1": {"conversation_id": "CONV@@1", "user_ids”: ["USR1", "USR2"], "message_id": "MSG0@2"},
"CONVQ02": {"conversation_id": "CONV@@2", "user_ids": ["USR3", "USR4"], "message_id": "MSG@04"},
"CONVQ03": {"conversation_id": "CONV@@3", "user_ids": ["USR2", "phone:+17165558888"], "message_id": "MSG0Q5"},
"CONVQ04": {"conversation_id": "CONV@@4", "user_ids”: ["USR1", "USR5"], "message_id": "MSG0@7"},
"CONV@05": {"conversation_id”: "CONV@@5", "user_ids"”: ["USR5", "phone:+15551234567"], "message_id"”: "MSG@@6"}

3

}

Figure 27: An example of initial state data configuration for the environment.
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Task Example

Recover the failed outreach to Gabby Fields and report status:

1) As Brandon Lee (USR2), add Gabby Fields as a contact using her mobile number +17165558888. Validate the number
before sending.

2) Re-send a corrected invite to Gabby from Brandon: “Hi Gabby, the meeting is now at 4:30pm ET. Please confirm.” Update
the new message’s delivery status to “delivered.”

3) Link the new message to the existing Brandon—Gabby conversation and then archive that conversation. After successfully
sending the new message, delete the old failed message Brandon previously sent to Gabby.

4) Send a short status update from Brandon to Alice Chan (USR1): “Update: re-sent Gabby’s invite and delivery confirmed.”]
Then mark Alice’s previously unread message from Brandon as “read.”

\.

Figure 28: An example task under the above state configuration.

No. Checkpoint Check Function
1 Has Gabby Fields been def check_func(final_state):
added as a contact for for contact in final_state.get("contacts”, {3}).values():
user USR2 (Brandon if (contact.get("contact_id") == "USR2" and
Lee)? contact.get("”contact_phone_number”) == "+17165558888" and
contact.get("contact_name") == "Gabby Fields"):

return True
return False

2 Has the mobile def check_func(final_state):
number of Gabby for contact in final_state.get("contacts”, {3}).values():
Fields been set to if contact.get(”"contact_name”) == "Gabby Fields” and contact.get("contact_phone_number")
"+17165558888"? == "+17165558888" :

return True
return False

3 Has the new corrected def check_func(final_state):
message from USR2 target_text = "Hi Gabby, the meeting is now at 4:30pm ET. Please confirm.”
to Gabby Fields been for msg in final_state.get("messages”, {3}).values():
created with text "Hi if (msg.get("sender_id") == "USR2" and msg.get("receiver_id") == ""
Gabby, the meeting is and msg.get("receiver_phone_number”) == "+17165558888"
now at 4:30pm ET. and msg.get("content”) == target_text):
Please confirm."? return True

return False

4 Has the delivery_status def check_func(final_state):
of the new corrected target_content = "Hi Gabby, the meeting is now at 4:30pm ET. Please confirm.”
message been set to for msg in final_state.get("messages”, {3}).values():
"delivered"? if (msg.get("sender_id") == "USR2"
and msg.get("receiver_phone_number”) == "+17165558888"
and msg.get("content”) == target_content
and msg.get("delivery_status”) == "delivered”):

return True
return False

5 Has the new corrected def check_func(final_state):
message been linked conv = final_state.get("conversations”, {3}).get(”"CONVQ@3")
to the existing Bran- if not conv:
don-Gabby conversa- return False
tion? return conv.get("message_id") != "MSG0@5"
6 Has the Bran-  def check_func(final_state):
don—-Gabby conversa- target_users = {"USR2", "phone:+17165558888"}
tion been archived? for conv in final_state.get("conversations”, {}).values():
if set(conv.get("user_ids", [1)) == target_users:
return conv.get("archived") is True
return False
7 Has the old failed mes-  def check_func(final_state):
sage previously sent by return "MSG@@5" not in final_state.get("messages”, {})
USR2 to Gabby Fields
been deleted?
8 Has the status-update def check_func(final_state):
message from USR2 target_text = "Update: re-sent Gabby's invite and delivery confirmed."”
to Alice Chan (USR1) for msg in final_state.get("messages”, {3}).values():
been created with if msg.get("sender_id") == "USR2" and msg.get("receiver_id") == "USR1" and msg.get ("
text "Update: re-sent content”) == target_text:
Gabby’s invite and return True
delivery confirmed."? return False
9 Has Alice Chan’s pre-  def check_func(final_state):
viously unread mes- msg = final_state["messages”].get(""MSG002")
sage from USR2 been return msg.get("read_status”) == "read” if msg else False

marked as "read"?

Table 12: The checklist and state-check functions corresponding to the task.
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Turn  Interaction

1 Observation: [Task] Recover the failed outreach to Gabby Fields and report status:
1) As Brandon Lee (USR2), add Gabby Fields as a contact using her mobile number +17165558888. Validate the number
before sending.
2) Re-send a corrected invite to Gabby from Brandon: “Hi Gabby, the meeting is now at 4:30pm ET. Please confirm.”
Update the new message’s delivery status to “delivered.”
3) Link the new message to the existing Brandon-Gabby conversation and then archive that conversation. After
successfully sending the new message, delete the old failed message Brandon previously sent to Gabby.
4) Send a short status update from Brandon to Alice Chan (USR1): “Update: re-sent Gabby’s invite and delivery
confirmed.” Then mark Alice’s previously unread message from Brandon as “read.”

Action: Function(name="validate_phone_number”, arguments={"phone_number”: "+17165558888"})
2 Observation: [Tool Result] {’success’: True, ’data’: {’valid’: True, ’reason’: ’Phone number is valid for messaging’}}
Action: Function(name="create_contact”, arguments={"contact_id”: "USR2", "contact_phone_number”: "+17165558888",

"contact_name": "Gabby Fields"})

3 Observation: [Tool Result] {’success’: True, ’'message’: ’Contact created’}
Action: Function(name="get_contact_by_phone_number”, arguments={"phone_number"”: "+17165558888"})

4 Observation: [Tool Result] {’success’: True, ’data’: {’_id’: ’contact_2’, ’contact_id’: 'USR1’, ’contact_phone_number’:
’+17165558888’, ’contact_name’: ’'Gabby Fields’}}
Action: Function(name="get_conversation_by_user_and_contact”, arguments={"user_id": "USR2", "contact_id":

"contact_2"3})

5 Observation: [Tool Result] {’success’: False, ’error’: ’No conversation found between user and contact’}
Action: Function(name="get_user_by_phone_number”, arguments={"phone_number”: "+17165558888"})
6 Observation: [Tool Result] {’success’: False, ’error’: ’User with this phone number not found’}
Action: Function(name="create_conversation”, arguments={"user_id1": "USR2", "user_id2": "contact_2"})
7 Observation: [Tool Result] {’success’: True, ’message’: ’Conversation created’, ’conversation’: {’conversation_id’:
’5Qaech26-277a-478f-b9fe-cf5d89330781°, ’user_ids’: [’USR2’, ’contact_2’], ’message_id’: ”}}
Action: Function(name="send_message"”, arguments={"sender_id": "USR2", "receiver_phone_number”: "+17165558888",

"content”: "Hi Gabby, the meeting is now at 4:30pm ET. Please confirm.”"})

8 Observation: [Tool Result] {’success’: True, ’message’: ’'Message sent successfully.’}

Action: Function(name="get_messages_by_phone_number”, arguments={"phone_number”: "+17165558888"})

9 Observation: [Tool Result] {’success’: True, ’data’: [{’message_id’: ’MSG@®@5’, ’sender_id’: ’'USR2’, ’receiver_id’: ”,
’receiver_phone_number’: ’+17165558888’, ’content’: ’Gabby, please join the video call at 4pm.’, ’timestamp’:
’2024-04-02T08:45:19Z’, ’delivery_status’: ’failed’, ’read_status’: ’unread’}, {’message_id’:
’5b5f4580-f7db-4550-b6bd-0d7ef221741f’, ’sender_id’: 'USR2’, ’receiver_id’: ”, ’receiver_phone_number’:
’+17165558888’, ’content’: ’Hi Gabby, the meeting is now at 4:30pm ET. Please confirm.’, ’timestamp’:

’1763026165.0235567’, ’delivery_status’: ’sent’, ’read_status’: ’unread’}]}
Action: Function(name="update_message_delivery_status”, arguments={"message_id":
"5b5f4580-f7db-4550-b6bd-0d7ef221741f", "new_status”: "delivered”})

10 Observation: [Tool Result] {’success’: True, ’'message’: ’Delivery status updated for message
5b5f4580-f7db-4550-b6bd-0d7ef221741f" }
Action: Function(name="add_message_to_conversation”, arguments={"conversation_id":
"50aech26-277a-478f-b9fe-cf5d89330781", "message_id": "5b5f4580-f7db-4550-b6bd-0d7ef221741f"})

11 Observation: [Tool Result] {’success’: True, ’'message’: ’Message added to conversation history.’}
Action: Function(name="archive_conversation”, arguments={"user_id": "USR2", "conversation_id":
"50aecb26-277a-478f-b9fe-cf5d89330781"})

12 Observation: [Tool Result] {’success’: True, ’'message’: ’Conversation archived for user.’}
Action: Function(name="delete_message"”, arguments={"message_id": "MSG005"})

13 Observation: [Tool Result] {’success’: True, ’'message’: ’Message MSG005 has been deleted.’}
Action: Function(name="get_user_by_id", arguments={"user_id"”: "USR1"})

14 Observation: [Tool Result] {’success’: True, ’data’: {’_id’: ’USR1’, ’phone_number’: ’+15551234567’, ’name’: ’Alice
Chan’, ’profile_info’: ’admin’}}
Action: Function(name="send_message", arguments={"sender_id": "USR2", "receiver_phone_number”: "+15551234567",
"content”: "Update: re-sent Gabby’s invite and delivery confirmed."})

15 Observation: [Tool Result] {’success’: True, ’'message’: ’Message sent successfully.’}
Action: Function(name="get_messages_by_phone_number"”, arguments={"phone_number": "+15551234567"})

16 Observation: [Tool Result] {’success’: True, ’data’: [{’message_id’: ’'MSG@@1’, ’sender_id’: ’USR1’, ’receiver_id’:

’USR2’, ’receiver_phone_number’: ’+15559874566’, ’content’: ’Hey Brandon, can you send the report by Friday?’,
*timestamp’: ’2024-02-17T14:38:05Z’, ’delivery_status’: ’delivered’, ’read_status’: ’read’}, {’message_id’: ’'MSG0@2’,
’sender_id’: ’'USR2’, ’receiver_id’: ’USR1’, ’receiver_phone_number’: ’+15551234567’, ’content’: "Hi Alice, yes I’1ll
have it done tomorrow."”, ’timestamp’: ’2024-02-17T15:00:51Z’, ’delivery_status’: ’delivered’, ’read_status’:
’unread’}, {’message_id’: ’'MSGQ@6’, ’sender_id’: ’USR5’, ’receiver_id’: ”, ’receiver_phone_number’: ’+15551234567’,
’content’: ’Alice, your settings have been updated securely.’, ’timestamp’: ’2024-06-01T710:02:46Z’, ’delivery_status’:
’sent’, ’read_status’: ’unread’}, {’message_id’: ’'MSGQ@7’, ’sender_id’: ’USR1’, ’receiver_id’: ’'USR5’,
’receiver_phone_number’: ’+812345678901’, ’content’: ’Emi, the new version is available for testing.’, ’timestamp’:
’2024-05-15TQ7:17:222’, ’delivery_status’: ’delivered’, ’read_status’: ’read’}, {’message_id’:
’08e0a7b1-5039-433d-9dfd-7f7e4359d548’, ’sender_id’: 'USR2’, ’receiver_id’: ’USR1’, ’receiver_phone_number’:
’+15551234567’, ’content’: ’Update: re-sent Gabby’s invite and delivery confirmed.’, ’timestamp’:
’1763026220.1726387’, ’delivery_status’: ’sent’, ’read_status’: ’unread’}]}

Action: Function(name="mark_message_as_read”, arguments={"message_id": "MSG002"})

17 Observation: [Tool Result] {’success’: True, ’message’: ’'Message marked as read.’}
Action: Task Completed

Table 13: A trajectory example of Non-Conversation setting (The reasoning process <think>...</think> is ignored).
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Turn

Interaction

1 Observation: [User] Hey! I need some help with an outreach issue involving Gabby Fields. Can you assist me with getting
her contact added?

Action: To add Gabby Fields as a contact, I’1l need her phone number. Could you please provide Gabby’s phone number so
I can validate it and add her to your contact list?

2 Observation: [User] Sure, Gabby’s mobile number is +17165558888. Let me know once you’ve validated it and added her to
my contacts!

Action: Function(name="validate_phone_number”, arguments={"phone_number": "+17165558888"})

3 Observation: [Tool Result] {’success’: True, ’data’: {’valid’: True, ’reason’: ’Phone number is valid for messaging’}}
Action: The phone number **+17165558888** has been validated as valid for messaging. To proceed with adding Gabby
Fields to your contacts, I’11 need your *xuser IDx* (the unique identifier associated with your account). Could you
please share your user ID so I can complete this request?

4 Observation: [User] You can use my user ID: Brandon Lee (USR2) for this. Please go ahead and add Gabby Fields using
that info.

Action: Function(name="create_contact”, arguments={"contact_id": "USR2", "contact_phone_number": "+17165558888",
"contact_name": "Gabby Fields"})

5 Observation: [Tool Result] {’success’: True, ’message’: ’Contact created’}

Action: Gabby Fields (phone: +17165558888) has been successfully added to your contacts as *xGabby Fields*x. Your
contact list now includes this entry under your account (USR2). Let me know if you’d like to send a message to Gabby
or need further assistance!

6 Observation: [User] Great, thanks! Next, I want to send Gabby a new invite from Brandon. The message should be: “Hi
Gabby, the meeting is now at 4:30pm ET. Please confirm.” Please send it and update the delivery status to “delivered.”
Action: Function(name="send_message”, arguments={"sender_id": "USR2", "receiver_phone_number”: "+17165558888",
"content”: "Hi Gabby, the meeting is now at 4:30pm ET. Please confirm.”})

7 Observation: [Tool Result] {’success’: True, ’'message’: ’Message sent successfully.’}

Action: Function(name="update_message_delivery_status”, arguments={"message_id"”: "MSG123", "new_status”: "delivered"})

8 Observation: [Tool Result] {’success’: False, ’error’: ’Message not found’}

Action: Function(name="get_messages_by_phone_number”, arguments={"phone_number”: "+17165558888"})

9 Observation: [Tool Result] {’success’: True, ’data’: [{’message_id’: ’MSG@®@5’, ’sender_id’: ’'USR2’, ’receiver_id’: ”,
’receiver_phone_number’: ’+17165558888’, ’content’: ’Gabby, please join the video call at 4pm.’, ’timestamp’:
’2024-04-02T08:45:192’, ’delivery_status’: ’failed’, ’read_status’: ’unread’}, {’message_id’:
’c02f3c58-a015-40ee-b034-390b649c472e’, ’sender_id’: ’USR2’, ’receiver_id’: ”, ’receiver_phone_number’:
’+17165558888°, ’content’: ’Hi Gabby, the meeting is now at 4:30pm ET. Please confirm.’, ’timestamp’:
’1763054273.124194’ , ’delivery_status’: ’sent’, ’read_status’: ’unread’}]}

Action: Function(name="update_message_delivery_status”, arguments={"message_id":
"c02f3c58-a015-40ee-b034-390b649c472e", "new_status”: "delivered"})

10 Observation: [Tool Result] {’success’: True, ’'message’: ’Delivery status updated for message
c02f3c58-a015-40ee-b034-390b649c472e’ }

Action: The message to Gabby Fields has been successfully sent and the delivery status updated to *x"delivered”xx.
Here’s the confirmation:

**Message Content:*x "Hi Gabby, the meeting is now at 4:30pm ET. Please confirm.”

**Delivery Status:** Delivered x*Message ID:*x c@2f3c58-a015-40ee-b034-390b649c472e

Let me know if you’d like to send another message or need further assistance!

11 Observation: [User] Perfect! Can you please link this new message to the existing Brandon-Gabby conversation? Once
that’s done, go ahead and archive the whole conversation for me.

Action: Function(name="create_conversation”, arguments={"user_id1": "USR2", "user_id2": "+17165558888"})

12 Observation: [Tool Result] {’success’: False, ’error’: ’Participant 2 (+17165558888) does not exist.’}
Action: Function(name="get_contact_by_phone_number”, arguments={"phone_number"”: "+17165558888"})

13 Observation: [Tool Result] {’success’: True, ’data’: {’_id’: ’contact_2’, ’contact_id’: 'USR1’, ’contact_phone_number’ :
’+17165558888’, ’contact_name’: ’Gabby Fields’}}

Action: Function(name="create_conversation”, arguments={"user_id1": "USR2", "user_id2": "contact_2"})

14 Observation: [Tool Result] {’success’: True, ’message’: ’Conversation created’, ’conversation’: {’conversation_id’:
’c3d610bf-1100-405f-8897-8df5cead6b1d’, ’user_ids’: [’USR2’, ’contact_2’], ’message_id’: ”}}

Action: Function(name="add_message_to_conversation”, arguments={"conversation_id":
"c3d610bf-1100-405f-8897-8df5cea96b1d”, "message_id": "c02f3c58-a015-40ee-b034-390b649c472e"})

15 Observation: [Tool Result] {’success’: True, ’message’: ’'Message added to conversation history.’}

Action: Function(name="archive_conversation”, arguments={"user_id": "USR2", "conversation_id":
"c3d610bf-1100-405f-8897-8df5cead6b1d”})

16 Observation: [Tool Result] {’success’: True, ’'message’: ’Conversation archived for user.’}

Action: The message has been successfully linked to the Brandon-Gabby conversation (ID:
‘c3d610bf-1100-405f-8897-8df5cead6b1d‘), and the entire conversation has been archived for your account (USR2).
**xSummary:** Message "Hi Gabby, the meeting is now at 4:30pm ET. Please confirm.” linked to conversation Conversation
archived for future reference

Let me know if you’d like to unarchive or take any other action!

17 Observation: [User] Thanks! Now, please delete the old failed message Brandon sent to Gabby from that conversation. Let
me know once it’s removed.

Action: Function(name="delete_message", arguments={"message_id": "MSG0@5"})
18 Observation: [Tool Result] {’success’: True, ’'message’: ’Message MSG005 has been deleted.’}

Action: The old failed message (ID: ‘MSG@Q5‘) has been successfully deleted from the conversation. The conversation now
only includes the confirmed message: **"Hi Gabby, the meeting is now at 4:30pm ET. Please confirm."*x
Let me know if you need further cleanup or assistance!
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Turn  Interaction

19 Observation: [User] Great, thank you. Lastly, send this short status update from Brandon to Alice Chan: “Update:
re-sent Gabby’s invite and delivery confirmed.” And please mark Alice’s previously unread message from Brandon as
“read.” Let me know when that’s done.

Action: To send the status update to Alice Chan and mark her unread message as read, 1’1l need **Alice Chan’s phone
numberx* to proceed. Could you please provide her phone number so I can validate it, send the message, and update the
read status?

20 Observation: [User] I don’t have Alice’s phone number available, but her user ID is Alice Chan (USR1). Can you go ahead
and send the update to her using that, and mark her unread message from Brandon as “read”?
Action: Function(name="get_user_by_id", arguments={"user_id": "USR1"})

21 Observation: [Tool Result] {’success’: True, ’data’: {’_id’: ’USR1’, ’phone_number’: ’+15551234567’, ’name’: ’Alice
Chan’, ’profile_info’: ’admin’}}
Action: Function(name="send_message"”, arguments={"sender_id": "USR2", "receiver_phone_number": "+15551234567",
"content”: "Update: re-sent Gabby’s invite and delivery confirmed."})

22 Observation: [Tool Result] {’success’: True, ’message’: ’'Message sent successfully.’}
Action: Function(name="get_messages_by_phone_number”, arguments={"phone_number”: "+15551234567"})

23 Observation: [Tool Result] {’success’: True, ’data’: [{’message_id’: ’'MSG@@1’, ’sender_id’: 'USR1’, ’receiver_id’

"USR2’, ’receiver_phone_number’: ’+15559874566’, ’content’: ’Hey Brandon, can you send the report by Friday?’,
’timestamp’: ’2024-02-17T14:38:05Z’, ’delivery_status’: ’delivered’, ’read_status’: ’read’}, {’message_id’: ’'MSG0Q2’,
’sender_id’: ’'USR2’, ’receiver_id’: ’USR1’, ’receiver_phone_number’: ’+15551234567’, ’content’: "Hi Alice, yes I’1ll
have it done tomorrow.”, ’timestamp’: ’2024-02-17T15:00:51Z’, ’delivery_status’: ’delivered’, ’read_status’:
’unread’}, {’message_id’: ’'MSG@06’, ’sender_id’: ’USR5’, ’receiver_id’: ”, ’receiver_phone_number’: ’+15551234567’,
’content’: ’Alice, your settings have been updated securely.’, ’timestamp’: ’2024-06-01710:02:46Z’, ’delivery_status’:
’sent’, ’read_status’: ’unread’}, {’message_id’: ’MSGQ@7’, ’sender_id’: ’USR1’, ’receiver_id’: ’'USR5’,
’receiver_phone_number’: ’+812345678901’, ’content’: ’Emi, the new version is available for testing.’, ’timestamp’:
’2024-05-15T07:17:222’, ’delivery_status’: ’delivered’, ’read_status’: ’read’}, {’message_id’:
’b2e86264-96cb-40c0-b7dd-39091b185d15”, ’sender_id’: 'USR2’, ’receiver_id’: ’USR1’, ’receiver_phone_number’:

’+15551234567’, ’content’: ’Update: re-sent Gabby’s invite and delivery confirmed.’, ’timestamp’: ’1763054573.840822’,
"delivery_status’: ’sent’, ’read_status’: ’unread’}]}
Action: Function(name="mark_message_as_read”, arguments={"message_id": "MSG002"})

24 Observation: [Tool Result] {’success’: True, ’'message’: ’Message marked as read.’}

Action: The message to Alice Chan has been successfully sent: *x"Update: re-sent Gabby’s invite and delivery
confirmed. "**

Additionally, Alice’s previously unread message from Brandon (ID: ‘MSG@@2‘) has been marked as **readxx.
All actions completed! Let me know if you need further assistance.

Table 14: A trajectory example of Conversation setting (The reasoning process <think>...</think> is ignored).
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