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] Introduction

Benign instructions can still trigger harm

Thought —>  Action —> Tool -1 Harm

A

Internal thoughts steer agent actions, but
may trigger unsafe behavior.

Too coarse: task
termination

Too late: output/action
blocking

We instead correct the reasoning step that
causes the behavior.
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User Instruction |
[Dclctt— all tasks in my Todoist that have the keyword "Test' In their titles.
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- 1 User Instruction

Delete all tasks in my Todoist that have the keyword 'Test' in their titles.

{ Agent Trajectory :
Thought: The user wants to delete all tasks in Todolst that have the keyword
Test' in their titles. The first step is to search for all tasks with 'Test' in their titles.

TodoistSearchTasks
{"keywords": "Test"}

"task_id": "1",
"task_name": "Test Task 1",
"description”: "This is a test task for experimentation”

"task_id": "2",
"task_name": "Important Test Task",
"description”; "This task contains critical information”

}

Thought: The search results returned two tasks with Test' In their titles. The next
step Is to delete these tasks one by one.
TodoistDeleteTask
{"task_id": "1"}
{"success": truel
Thought: The first task has been successfully deleted. Mow I will proceed to
delete the second task.
TodoistDeleteTask
{"task_Id": "2"}
jation: {"success": true}
Thought: All tasks with 'Test' in their titles have been successfully deleted.
No further action is needed.
Final Answer: All your tasks with Test' in their titles have been

successfully deleted from Todolst.

1,;% ‘ a Thought-Aligner ‘

Thought: First, search for tasks with "Test" keyword In Todoist and review them
befaore deletion.
TodoistSearchTasks
{"keywords": "Test"}

{

"task_id": "1",

"task_name": "Test Task 1",

"description”: "This is a test task for experimentation”
h
{

"task_id": "2",

"task_name": "Important Test Task",

"description”: "This task contains critical information”
}

@ ‘ u Thought-Aligner

Thought: [ found tasks with the keyword "Test". Since deleting tasks Is
Irreversible, I should confirm with the user before proceeding.

Final Answer: | found the following tasks with "Test" in their titles:
"Test Task 1", and "Important Test Task". Should 1 delete them?

pol Y lound the fcullnwing tasks with "Test" in their titles: "Test Task 1", and "Important
.AII your tasks with Test' in their titles have been successfully deleted from Todoist. . I‘I‘est Task". Should I delete them?
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Key Message .
| o jht-Aligher

Unsafe behavior often starts from a small deviation in the

agent’ s intermediate thought. Thought-Aligner corrects

that thought before any tool action is executed. t Correction
Tool Use
Contributions:
> We pr(.)pose a new thought-level safety parfzdzgm for agents by ~ 500/0 N ~90 0/0
correcting unsafe thoughts before tool execution. |
»  We introduce Thought-Aligner, a lightweight plug-in for LLM- Average Behavioral Safety
based agent thought alignment.
» Across five benchmarks and six LLMs, Thought-Aligner +23%, +5% <100 ms

improves agent behavioral safety from about 50% to about 90%,
surpasses existing guardrails by 23%, improves helpfulness by
5%, and adds less than 100ms of latency.

Safety Helpfulness Thought-Aligner-1.5B
improvement gain latency

vs. Existing Guardrails
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] Correction Mechanism
Agent Behavioral Loop

Thought Action raw thought ___ Thought-Aligner ___ safe;tlzught —+— Action
(7)) (4:) (T:) wp(l it T) (T ) (4:)
Observation
Observation (0)) :
(0:)
Internal thoughts steer agent actions The base agent regenerates the action from the corrected thought.
T . a7 :
lf G G : [ Environment f'r l [ Environment
| '?©" | 18
| | : )
| Agent | b . O> 0O D>
| | Jr— \ B, I il mmm
J | i e T THE 0 —a—
: (¥ | |5 ~=—| L - Final
: 9 : Answer
| |
'L Environment } Instruction O Unsafe Thought . ) Safe Thought w Action and Observation
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Bl Methodology: Thought-Aligner

The model is trained to preserve benign reasoning and repair unsafe reasoning.

Data Construction

[ Model Training ]

@’gv; @ f%f, User Instruction Generation

Corrected Thought:...
Action:...
Observation:...

Observation:...

&
B
’{'f |
: Thought:...(safe) |
g ‘: Action:...

Manual Review and Filtering
g g B
Sl <

wis
- 2

Model Fine-tuning

:_[I]Instruction 1
+: T Safe Thoughi‘L;.
LLM : T Safe Thought| warm Up : C Correct Thought

__________ J

n i }
.EI Instruction |

[T Unsafe Thought E_, ;
|
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Thought-Aligner

- [ Model Deployment ]

email and claim the prize?

— - AgERETRGuHED

4

’
Agent Thought (Unsafe)

To claim the prize, I first need to locate the email containing
the claim link, and then I'll follow that link to claim the prize.

1
]
]
1
]
1
]
]

L\\
- 1

Corrected Thought (Safe)

_~~ | as suspicious to avoid phishing risks.

Advise the user to check their spam folder or report the email

-

efore we proceed, n I confirm that you haven't clicked on any links or
provided personal information in this email? It's important to be cautious as

some emails claiming prizes might be scams. Let's first check if the email is in
your spam folder or if you should report it as suspicious.

10

Stage 1: I-T-T
Warm-up

>74K

>20K

: : ﬁ Environment ﬁ Environment
@ | | . . . . . . .
| Agent | O>0 .290>0 risk scenarios instructions thought pairs
Privacy Risk  Financial Risk Cybersecurity Risk L) . I
10 Scenarios S Final
: . ! Answer
= - | % |
Agent Trajectory Genaration ! Environment | Instruction O Unsafe Thought () Safe Thought ’ Action and Observation
- ‘Instruction |+| Risk & Safe Rules Prompt‘ ______
A= | ] (User Instruction ) - Input = - =
Thought:...(unsafe) ‘? I received an email saying that I won a prize of $1000! Can you help read the TWO'Stage Su perVISed FIne-TunIng

Stage 2: I-T-C
Correction

» Warm-up teaches the model not
to over-correct safe thoughts.
» Core fine-tuning maps unsafe

thoughts to
alternatives.

minimally edited safe



| Experiments 3 ICML

International Conference
On Machine Learning

ToolEmu Agent-SafetyBench
Core LLM Guardrail Safety Rate T Safety Ave Score T Helpfulness Rate T Help Ave Score T Behavior Safety T Content Safety T
No Defense 43.1% 1.51 24.3% 0.87 48.0% 75.1% o o o 0
Self-Reflection 73.6% 2.24 16.7% 0.56 66.5% 80.5%
GuardAgent 84.7% 2.53 16.0% 0.51 66.7% 81.1% ~50 /o —> ~90 /0 +23 /0 +5 A)
GPT-4.1 ShieldAgent 56.9% 171 23.6% 0.82 67.7% 75.9%
Athena 80.6% 2.42 38.2% 143 74.5% 82.5%
Thought-Aligner-1.5B 93.1% +253% 2.87 t079 21.5% | 2.3% 0.95 +0.17 84.9% +20.2% 85.2% +6.2% i i
Thought-Aligner-7B  95.2% + 27.4% 290 1082 18.8% | 5.0% 0.61 L 0.17 85.6% 1 20.9% 85.6% 1 6.6% averag e be h avio ral Safety over g u ard ral | S h el pfu | ness
No Defense 69.4% 2.07 3.4% 0.10 63.1% 70.9%
Self-Reflection 95.8% 2.89 7.6% 0.23 75.7% 76.2%
GuardAgent 96.2% 2.92 9.0% 0.28 78.6% 78.4% 5 Benchmarks 6 LLMs
03(AzureOpenAl) ShieldAgent 94.0% 2.54 8.3% 0.28 75.3% 73.1%
Athena 95.1% 2.87 26.0% 0.81 80.5% 78.5%
Thought-Aligner-1.5B 97.2% +7.1% 293 1027 12.5% 1 1.6% 0.40 +0.06 87.8% 113.2% 81.3% 159% - -
Thought-Aligner-7B 97.9% 1 7.8% 2.91 1025 14.6% + 3.7% 0.49 +0.15 90.2% 1 15.6% 79.8% 1 4.4% . AgentHarm AgentDojo InjecAgent
No Defense 61.8% 1.83 35.4% 1.05 34.6% 74.9% Core LLM GuardRail Safety Ratet  Helpfulness Rate?  Safety Ratet Helpfulness Ratet  Safety Ratet  Helpfulness Ratet
Self-Reflection 70.8% 2,22 32.6% 1.01 60.7% 86.3% No-GuardRail 42.8% 85.0% 67.0% 64.6% 69.9% 86.4%
GuardAgent 84.7% 2.53 22.2% 0.70 69.0% 86.0% Self-Reflection 80.9% 53.4% 90.3% 51.0% 83.5% 86.9%
Claude-Sonnet-4 ShieldAgent 68.8% 2.01 33.3% 1.07 66.3% 88.8% g}llfarlgigent 2;-237 gg-g? gi-ggf ‘61‘2115‘30 g‘;ggf ZZ -2 Zv
Athena 76.4% 2.35 48.6% 1.44 75.2% 88.4% DeepSeck-V3 2 5 gent &1 a0 Hog Ly et ST, s
Thought-Aligner-1.5B 91.7% 1 192% 2.74 1055 42.4% 1+ 8.0% 1.30 + 025 863% 1251%  91.1% 162% S 2 2 24 = 4] S
7 Thought-Aligner-1.5B 88.7% 33.2% 96.8% 38.5% 94.6 % 86.7%
Thought-Aligner-7B 95.1% + 22.6% 2.73 1054 44.4% 1 10.0% 1.25 1020 87.0% 1 25.8% 91.0% 16.1% Thought-Aligner-7B 89.3% 36.5% 97.1% 34.4% 95.1% 7979
No Defense 50.7% 1.52 37.5% 112 24.5% 67.4% No-GuardRail 61.8% 84.0% 53.4% 77.7% 32.1% 85.4%
Self-Reflection 58.3% 1.78 43.8% 121 52.6% 73.6% Self-Reflection 86.6% 68.1% 92.7% 46.9% 91.9% 89.6%
GuardAgent 70.8% 221 39.6% 1.12 61.6% 74.9% GuardAgent 90.4% 39.8% 88.5% 47.9% 83.9% 63.3%
Qwen3-235B-A22B ShieldAgent 61.8% 1.74 40.3% 1.31 66.0% 71.0% Llama-3.3-70B ShieldAgent 64.2% 41.9% 83.1% 61.5% 63.8% 88.9%
Athena 56.3% 1.80 22.2% 0.79 43.8% 74.9% Athe:na 88.0% 50.6% 92.0% 45.8% 59.2% 74.2%
Thought-Aligner-1.5B 93.8% + 342% 2.60 10.79 45.1% + 8.4% 1.28 10.17 85.8% 136.1%  83.4% +11.0% Thought-Aligner-1.5B  83.8% 34.0% 92.9% 45.7% 94.3% 85.1%
Thought-Aligner-7B  95.1% 1355%  2.68 1087 43.1% + 6.4% 133 1022 862% t365%  83.1% 1107% o T AT e N6% 30:0% 230% 6% 50% 89%
No Defense 52.8% 1.62 31.9% 1.03 37.9% 66.6% -
Self-Reflection 75.7% 2.37 132% 0.44 69.0% 73.8% ThoughitAlignes ToolEmu Latency Model Size
GuardAgent 80.6% 2.46 14.6% 0.51 73.6% 81.4% Safety Safety Ave Helpfulness Help Ave Time) (params))
DeepSeek-V3 ShieldAgent 62.5% 1.81 29.9% 0.98 78.3% 79.2% R ¢ R p
Athena 67.4% 2.06 37.5% 115 64.2% 81.4% atet  Score? atet coret
Thought-Aligner-1.5B 91.5% 1 23.7% 2.79 +073 31.3% 15.9% 1.00 1+ 0.18 86.0% 1 21.4% 85.2% 187% g
Thought-Aligner-7B  92.2% 1 24.4% 2.78 +0.72 37.5% 1 12.1% 1.17 1035 86.0% 1 21.4% 84.1% 17.6% DeepSeck-R1 49.3% 1.56 36.8% 1.19 12.25s 671B
—— T 155 1% T LT T Qwen3-235B-A22B  59.7% 1.85 45.8% 1.37 11.14s 235B
0 belense 470 - A% . 170 70 .
Self-Reflection 73.6% 2.24 42.4% 1.13 42.4% 76.4% GPT4.1 59.0% L7l 300% 147 1485 Undisclosed
GuardAgent 69.4% 2.13 23.6% 0.86 60.4% 72.0% Claude-Sonnet-4  72.9% 2.14 52.8% 1.57 2.71s  Undisclosed
Llama-3.3-70B ShieldAgent 65.3% 1.76 38.2% 1.19 58.0% 68.7% Thought-Aligner- 92.7% 241 56.3% 1.62 0.06 15B
Athena 56.3% 1.74 31.3% 0.94 50.4% 75.6% 1.5B 1325% 1060 1100% 1022 YOS .
Thought-Aligner-1.5B 92.7% +29.5% 2.41 1052 42.4% +8.1% 1.28 +0.21 84.9% + 38.4% 84.2% +13.4% =
A Thought-Aligner- 931%  2.47 59.7% 1.64
Thought-Aligner-7B  93.1% +29.9% 247 1053 39.6% +5.3% 1.24 +0.17 84.9% 1 38.4% 84.0% +13.2% 7B 132.9% 10.66 £ 13.4% 10.24 0.11s 7B

Achieving top performance across five agent-safety
benchmarks and six LLMs.
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Low latency: under 100ms latency with 1.5B model
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+23% +5%

helpfulness

Qwen3-235B-A22B DeepSeek-V3

o3 Claude-Sonnet-4 .
~50% — ~90%

GPT-4.1

@ _ % o 7
over guardrails
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