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Abstract

Existing benchmarks evaluate Tool-Integrated
Reasoning (TIR) in LLMs on idealized “happy
paths”, largely overlooking real-world tool fail-
ures. We introduce TOOLMAZE, a benchmark
for dynamic path discovery and error recov-
ery in TIR agents. To separate systematic
replanning from blind trial-and-error, TOOL-
MAZE adopts a two-dimensional design: DAG-
based topological complexity and a 2 × 2
taxonomy of tool perturbations (explicit/im-
plicit, transient/permanent). Evaluations show
that perturbations degrade performance across
nearly all models, with the sharpest drops
under implicit semantic failures. Driven by
systemic over-trust in corrupted outputs, Per-
turbation Recovery Rate (PRR) plummets by
around 37% in these scenarios, while complex
topologies trap agents in futile trial-and-error
loops. Crucially, agentic fault-tolerance im-
proves with model scale 3.66× slower than
basic task execution, highlighting dynamic re-
planning as a distinct bottleneck unaddressed
by model scaling or prompting. Data and
code are available at https://github.com/
Zhudongsheng75/ToolMaze.

1 Introduction

Integrating external tools has transformed LLMs
from static knowledge repositories into Tool-
Integrated Reasoning (TIR) agents (Schick et al.,
2023; Qin et al., 2023). However, prevailing bench-
marks (Li et al., 2023; Zhuang et al., 2023; Guo
et al., 2024) evaluate these capabilities under a
"happy path" fallacy, implicitly assuming perfectly
stable and truthful environments. Real-world tool
execution, by contrast, is rarely a seamless linear
pipeline. Instead, it forms a complex, failure-prone
dependency graph (He et al., 2025). Agents fre-
quently encounter explicit failures such as network
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Figure 1: An illustrative example of agent behavior
under tool failure. The unstable agent aborts the task
after an endless retry loop, whereas the robust agent
wisely bypasses repeated failures by switching to an
alternative tool.

errors (e.g., 404, 429, timeout) that clearly block
execution paths (Zhang et al., 2026). More insidi-
ously, they face implicit failures (Winston and Just,
2025; Vuddanti et al., 2026)—structurally valid but
semantically corrupted responses, such as negative
stock counts caused by delayed inventory updates.
Without autonomous anomaly detection, agents
blindly propagate these poisoned values, triggering
cascading logic errors (Romeo and Conti, 2026;
Wingerter et al., 2025; Alarcon and Capiola, 2025;
Kataria). This raises a crucial question: how re-
silient are LLM agents against such unpredictable
instabilities and deceptive tool responses?

Ensuring system robustness necessitates a
paradigm shift from linear execution to dynamic
path discovery (Figure 1): when obstructed, an
agent must smoothly transition from execution to
exploration—detecting anomalies, backtracking,
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and systematically replanning—echoing the de-
liberate, slow-thinking style of System 2 reason-
ing (Zhang et al., 2025a). Current benchmarks (Yao
et al., 2024; Backlund and Petersson, 2025; Yehu-
dai et al., 2025) are structurally unequipped to mea-
sure these exploratory behaviors. Recent meth-
ods attempt to address the challenge of evaluating
agent reliability under environmental variability
by omitting failure injection (Mohammadi et al.,
2025), artificially removing environmental variabil-
ity (Guo et al., 2024), or introducing fault/noise
injection (Gupta, 2026; Wang et al., 2026; Gur-
ram, 2026). However, they remain limited by two
issues. First, they do not fully characterize the
space of possible solutions, making it hard to tell
whether an agent is systematically replanning or
simply benefiting from tool substitutions (Bean
et al., 2026). Second, perturbations are introduced
randomly rather than at pre-specified tool nodes.
This makes it difficult to fairly measure agents’
search efficiency or compare them reliably.

To systematically bridge these gaps, we intro-
duce TOOLMAZE, a framework that shifts the
evaluation of tool-using agents from static, single-
trajectory execution to dynamic state-space explo-
ration. The core idea of TOOLMAZE is to formu-
late robustness evaluation as a two-dimensional
evaluation grid. Every evaluation instance is sit-
uated at the intersection of two orthogonal axes:
Topological Complexity (C) and Perturbation Mode
(P). The C-axis structures tasks on Directed
Acyclic Graphs (DAGs) of increasing complex-
ity (C1–C4) to precisely define available recovery
paths. The P-axis defines four perturbation modes
by crossing two binary attributes: explicit versus
implicit and transient versus permanent. Perturba-
tions are injected at pre-specified tool nodes rather
than randomly, enabling controlled evaluation of
recovery behavior. By generating instances condi-
tioned on their (C,P) coordinates and exhaustively
enumerating valid solutions, TOOLMAZE provides
a complete ground truth set of recovery paths. Fur-
thermore, to rigorously quantify agent behavior,
we move beyond binary Task Success Rate (TSR)
by introducing Perturbation Recovery Rate (PRR)
and Recovery Cost (RC). These metrics effectively
isolate an agent’s true replanning capability while
strictly penalizing inefficient trial-and-error search.

Our three primary contributions are:

• Novel Two-Dimensional Benchmark: We in-
troduce TOOLMAZE, the first benchmark to sys-

tematically evaluate dynamic path discovery and
error recovery via orthogonal axes of DAG com-
plexity and perturbation modes.

• High-Quality, Scalable Synthesis Paradigm:
We design a scalable data synthesis paradigm
that constructs DAG topologies prior to query
naturalization, guaranteeing semantic coherence
and enabling exhaustive solution enumeration.

• Comprehensive Empirical Analysis: Through
experiments on state-of-the-art models, we show
that agents often lack robust anomaly awareness,
and that dynamic replanning captures a capabil-
ity not reflected by general task success alone.

2 Related Work

2.1 Complex Interactive Environments

Early work establishes foundational tool-use abil-
ities in LLMs (Guo et al., 2024; Li et al., 2023;
Qin et al., 2023) while recent paradigms (Lu et al.,
2025; Froger et al., 2025; Wang et al., 2025;
Wölflein et al., 2025; Wijk et al., 2024; Cai et al.,
2025) target stateful, open-ended environments.
Related settings also begin to stress robustness
under evolving missions and disruptions: Multi-
Mission Tool Bench(Yu et al., 2025) studies related
and dynamic missions, while STT-Arena(Hui et al.,
2026) evaluates replanning under spatio-temporal
disruptions. Furthermore, planner-centric agents
(Wei et al., 2026) build global DAGs for multi-
tool dependencies. Yet existing benchmarks rarely
isolate robustness and recovery under noise, hallu-
cinations, or execution failures.

2.2 Robustness and Risk Evaluation

The robustness of TIR agents has emerged as a crit-
ical research direction. Beyond adversarial injec-
tions, dynamic command generation (Zhang et al.,
2025b; Jiang et al., 2025), and manipulation of tool
responses or selection mechanisms (Xiong et al.,
2025; Sneh et al., 2025), recent benchmarks in-
creasingly study reliability under realistic noise
and failures. τ -bench (Yao et al., 2024) introduces
passk to distinguish consistent success from chance
success. AgentNoiseBench (Wang et al., 2026)
injects both user-noise and tool-noise, Reliabili-
tyBench (Gupta, 2026) adopts chaos-engineering-
style fault injection, and AgentProp-Bench (Gur-
ram, 2026) measures propagation cascades caused
by parameter-level injections. ToolGym (Xi et al.,
2026) examines recovery from intermediate fail-
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Figure 2: Overview of the TOOLMAZE framework, illustrating its main components: (1) task generation from a
curated tool corpus, (2) four levels of topological task complexity (C1–C4), (3) 2 × 2 taxonomy of perturbation
modes (P1–P4), and (4) the evaluation framework with metrics including TSR, PRR, and RC.

ures, highlighting how early errors can cascade
through downstream tool interactions (Ruan et al.,
2023). Other methods improve resilience through
architectural safeguards or recovery-oriented train-
ing (Xiang et al., 2025; Xu et al., 2024; Zhang
et al., 2026). However, prior works still center on
shallow chains, narrow attack surfaces, or unstruc-
tured failures, leaving implicit semantic failures
and DAG-structured recovery underexplored.

3 The TOOLMAZE Framework

TOOLMAZE evaluates LLM agents along two or-
thogonal axes — task complexity (C) and pertur-
bation mode (P) — whose cross product defines a
structured evaluation space. As illustrated in Fig-
ure 2, the framework is implemented as a pipeline
consisting of task construction, perturbation engine,
and evaluation.

3.1 Tool Corpus
TOOLMAZE ships with a curated tool corpus of 270
tools, manually constructed based on real-world
APIs and annotated with two complementary meta-
data attributes:
Functional category. We distinguish three func-
tional categories. Source tools retrieve informa-

tion from the simulated environment, for example
get_weather or search_news. Processor tools
transform intermediate data with representative ex-
amples including temperature_converter and
text_translator. Action tools represent oper-
ations with external side effects and typically serve
as terminal nodes, for example send_email or
book_flight. This three-way taxonomy imposes
structural constraints during DAG construction. A
well-formed task DAG must contain at least one
Source node and one Action node, with Processor
nodes and optional Action nodes bridging the two.

Application domain. Tools are labeled with one of
six domains: Financial, Travel, Office, Shopping,
IoT, and General, covering a broad spectrum of
realistic LLM tool-use scenarios from enterprise
workflows to smart-home automation. Domain
labels constrain sampling during DAG construc-
tion to ensure semantic coherence. For example,
a Travel-domain task will not chain a stock-price
lookup with an email-sending action. The frame-
work further applies domain-balanced sampling so
that generated tasks are distributed evenly across
all six domains, preventing any single domain from
dominating the benchmark.



3.2 The C × P Evaluation Matrix

At the core of TOOLMAZE is a two-dimensional
evaluation designed to systematically test an
agent’s fault tolerance and its ability to discover al-
ternative valid tool-call paths after failures. Rather
than treating task generation and failure injection as
isolated steps, every benchmark instance is funda-
mentally defined by a coordinate (C,P) along two
orthogonal axes: Topological Task Complexity
(C) and Perturbation Mode (P). Together, they
dictate the available solution space (alternative tool-
call paths and recovery strategies) and the nature
of the encountered obstacle (error signal).

Axis 1: Topological Task Complexity (C). The
C-axis controls the DAG topology, determining
how many alternative tool-call paths the agent may
need to consider. We define four progressive levels:
C1 (linear) offers a single path with no alternatives,
testing basic execution and graceful failure han-
dling; C2 (1-to-N alternatives) introduces function-
ally equivalent substitutes, requiring direct single-
step substitution; C3 (many-to-many multi-path)
creates a combinatorial space of valid recovery
paths across interacting sub-graphs, rigorously eval-
uating breadth-first planning; and C4 (integrated
multi-branch) combines multiple C2 and C3 pat-
terns within a single DAG, requiring the agent
to reason over multiple branching nodes, each of
which may contain 1-to-N or many-to-many recov-
ery subgraphs.

Axis 2: Perturbation Mode (P). While the C-
axis defines where an agent explores, the P-axis
dictates what triggers this exploration. Beyond a
Non-Perturbed (NP) baseline, tasks are evaluated
under a 2 × 2 tool failure taxonomy governed by
two orthogonal dimensions: error manifestation
and temporal persistence. For anomaly detection,
error manifestation fundamentally bifurcates into
explicit and implicit failures. While explicit fail-
ures involve machine-readable exceptions (such as
HTTP 404) that obstruct program execution, im-
plicit failures generate structurally compliant but
semantically flawed outputs, making autonomous
verification indispensable. For recovery strategies,
temporal persistence distinguishes transient fail-
ures resolvable via simple retries from permanent
ones that force dynamic rerouting or graceful termi-
nation. These dimensions yield four distinct modes
(P1: Explicit-Transient, P2: Explicit-Permanent,
P3: Implicit-Transient, P4: Implicit-Permanent)

to comprehensively assess resilient replanning (de-
tails in Appendix A).

3.3 DAG-Based Task Generation Pipeline

To populate the C × P evaluation matrix defined
in Section 3.2, our pipeline employs a tool-first
paradigm, in which task graphs are constructed
before natural-language queries, that guarantees
both semantic coherence and the mathematical
completeness of the ground-truth solution space.
An LLM-based DAG Architect samples tools from
the corpus (Section 3.1) to assemble a graph whose
topology matches this target C level; solution-space
enumeration then establishes a provably complete
set of valid recovery paths before any natural-
language query is generated. The process consists
of three sequential steps.

Step 1: DAG Assembly and Validation. For
each target complexity level, the DAG Architect
assembles a DAG whose nodes are tool calls and
whose edges encode data-flow dependencies. Struc-
tural graph validation enforces acyclicity and con-
firms that the graph topology matches the intended
C pattern. Semantic validation further filters out
incoherent data-flow compositions, such as cases
in which a weather-object field is passed to a stock-
price lookup tool. To perform this check, a sec-
ondary LLM verifies data-flow coherence by check-
ing whether each node’s output fields can be mean-
ingfully bound to its successors’ input parameters.

Step 2: Solution-Space Enumeration. Rigor-
ous fault-tolerance evaluation requires a mathe-
matically complete space of valid recovery strate-
gies. We establish substitutability relations by
clustering functionally equivalent tools or execu-
tion sub-graphs into schema-compatible alternative
tool-call paths. These 1-to-N or many-to-many
mappings instantiate the C2 and C3 complexity pat-
terns. Traversing these alternatives enables the ex-
haustive enumeration of all valid topological DAG
orderings. After pruning redundant cycles and sub-
optimal chains, we define the ground-truth solution
space S = {s1, . . . , sk}, designating the shortest
sequence s∗ ∈ S as the default path for the unper-
turbed baseline. Formalizing S allows TOOLMAZE

to compare an agent’s recovery trajectory against
the optimal recovery path and quantify unnecessary
tool calls.

Step 3: Task Naturalisation. To convert these
DAGs into natural language task, a two-stage



pipeline translates each DAG into a realistic user
query. First, we distill the DAG into a task specifi-
cation containing the core semantic arguments (e.g.,
{"goal": "stock price in EUR", "entity":
"AAPL"}). Next, an LLM rewrites this skeleton into
a context-rich request (Table 7), such as: “I’m plan-
ning to invest in Apple—my account settles in euros.
Can you check the current price for me?” To miti-
gate hallucinated content and omitted constraints
during generation, we enforce a strict reverse val-
idation step. An independent LLM reconstructs
the tool dependencies solely from the generated
query. The task is retained if and only if the recon-
structed tool dependencies match the source DAG,
minimizing semantic drift.

3.4 Runtime Perturbation Engine
While Section 3.3 generates the static task queries
and ground-truth topological spaces, the Perturba-
tion Engine is responsible for dynamically realizing
the P-axis during agent inference.

Deterministic Perturbation Injection. Each
task carries a perturbation profile that specifies
which tool on the preferred path s∗ should fail, and
what synthetic response to return (e.g., an HTTP
404 error for P1/P2, or a structurally valid but
semantically wrong output for P3/P4). At run-
time, when the agent calls a tool, the engine checks
this profile: if the call matches a fault rule, the en-
gine returns the pre-specified synthetic response;
otherwise, it forwards the call to the standard tool
simulator. Because the injected responses are fixed
per (task,P) pair, every model under evaluation
receives identical injected fault responses, elimi-
nating variance from the perturbation mechanism
across runs.

Fault Activation Rules. In multi-path tasks,
faults are associated with an alternative group in-
stead of a fixed tool. Once the agent invokes any
tool in the group, the engine assigns the fault to that
chosen tool and disables further activations within
the same group. This ensures that the perturbation
is triggered regardless of which valid path the agent
selects, while preventing multiple alternatives in
the same group from being perturbed simultane-
ously. For C2/C3 tasks, this mechanism is applied
globally to the single alternative group. For C4
tasks, it is applied independently per parallel slot,
so each branch can trigger at most one local per-
turbation without affecting the others. After activa-
tion, the P-axis semantics apply uniformly: P1/P3

Metric C1 C2 C3 C4
Domain Involvement (out of 100 tasks per level)†

General 82 81 90 85
Office 39 32 38 47
Financial 32 31 32 50
Travel 33 30 32 47
Shopping 31 29 31 49
IoT 22 16 17 46

Tool-Set Diversity
Mean Jaccard Sim. 0.03 0.04 0.05 0.06

Topological Statistics
Avg. Length 5.30 5.75 6.66 11.00
Length (Min/Max) 5/7 5/9 6/10 8/15
Valid Paths 100 200 200 600
†Column sums exceed 100 as cross-domain chaining
is native to the benchmark.

Table 1: Domain distribution, tool-set similarity, and
topological path statistics across C1-C4.

faults affect only the initial invocation, whereas
P2/P4 faults make the targeted tool permanently
unavailable or corrupted.

3.5 Evaluation Framework and Metrics

To rigorously quantify agent robustness and dy-
namic path discovery, we evaluate execution trajec-
tories over three complementary dimensions: over-
all completion (TSR), recovery capability (PRR),
and replanning efficiency (RC). Let Tm denote
the set of evaluation trajectories under perturba-
tion mode m. For each trajectory τ ∈ Tm, let
Isucc(τ) ∈ {0, 1} indicate successful task comple-
tion, and Ipert(τ) ∈ {0, 1} indicate exposure to the
injected perturbation.

Task Success Rate (TSR). TSR captures the ab-
solute task completion capability across the evalua-
tion set:

TSRm = Eτ∼Tm [Isucc(τ)]

=
1

|Tm|
∑
τ∈Tm

Isucc(τ)
(1)

TSR reflects foundational tool-use proficiency (un-
der non-perturbed) and overall resilience. Suc-
cess under perturbation requires different strategies:
retrying for transient faults (P1/P3), switching to
alternative paths for permanent faults (C2–C4 un-
der P2/P4), or executing a graceful termination
when no alternatives exist (C1 under P2/P4).

Perturbation Recovery Rate (PRR). To dis-
entangle active recovery from passive avoidance,



Model TSR (%)↑ TSR (%)↑ PRR (%)↑ RC (%)↓ Avg.↑
NP P1 P2 P3 P4 Avg P1 P2 P3 P4 Avg P1 P2 P3 P4 Avg

MiniMax-M2.7 (w/o hint) 56.50 36.50 22.75 9.50 7.25 19.00 48.61 24.16 11.38 9.22 23.34 56.59 72.65 83.14 86.66 74.76 25.03
MiniMax-M2.7 (w/ hint) 55.50 44.25 25.25 9.25 9.00 21.94 57.66 27.75 9.86 12.05 26.83 50.40 70.71 85.43 85.34 72.97 27.50↑

Qwen3.5-35B-A3B (w/o hint) 41.50 40.50 16.50 6.25 4.50 16.94 75.09 22.88 10.87 9.06 29.48 32.66 60.49 65.61 67.96 56.68 31.55
Qwen3.5-35B-A3B (w/ hint) 38.00 46.50 18.25 7.50 5.00 19.31 80.87 26.49 12.71 8.43 32.13 31.84 59.45 67.39 71.27 57.49 32.56↑

Qwen3.6-27B (w/o hint) 42.25 42.50 15.50 4.75 4.75 16.88 77.78 21.38 7.85 7.97 28.75 36.97 66.74 70.43 72.84 61.74 29.65
Qwen3.6-27B (w/ hint) 44.50 48.50 27.75 11.25 8.25 23.94 80.15 33.06 16.55 11.52 35.32 32.98 63.69 72.40 74.83 60.98 34.13↑

Qwen3.5-397B-A17B (w/o hint) 42.00 42.25 18.75 3.25 2.25 16.62 78.04 28.36 7.10 4.84 29.58 31.57 57.68 67.27 68.90 56.35 31.64
Qwen3.5-397B-A17B (w/ hint) 44.50 48.75 24.00 9.50 6.00 22.06 83.03 33.57 15.40 9.37 35.34 30.01 55.42 64.61 70.84 55.22 35.56↑

GLM-5.1 (w/o hint) 75.75 60.00 32.50 8.00 8.50 27.25 67.19 35.33 9.04 10.15 30.43 37.86 66.47 88.65 89.11 70.52 32.28
GLM-5.1 (w/ hint) 74.75 66.25 37.00 14.75 17.00 33.75 75.22 38.72 15.65 18.35 36.98 32.32 62.48 81.98 81.24 64.50 38.14↑

Deepseek-V4-Pro (w/o hint) 69.75 68.00 34.75 12.00 9.75 31.12 84.70 37.74 12.41 12.00 36.71 29.98 63.55 85.19 87.55 66.57 36.33
Deepseek-V4-Pro (w/ hint) 68.00 71.25 46.75 25.50 19.75 40.81 90.41 47.91 29.00 21.99 47.33 27.15 55.51 71.53 79.04 58.31 45.09↑

Claude-Sonnet-4-6 (w/o hint) 77.00 49.00 27.00 5.75 6.00 21.94 59.68 27.68 5.08 7.08 24.88 48.95 71.56 90.88 91.75 75.79 27.35
Claude-Sonnet-4-6 (w/ hint) 76.25 75.50 39.50 27.75 25.25 42.00 90.61 38.94 29.99 26.63 46.54 23.22 61.85 69.58 73.29 56.99 46.14↑

GPT-5.5 (w/o hint) 70.00 67.25 26.75 16.75 14.00 31.19 86.09 29.49 18.89 14.75 37.31 35.61 73.02 81.33 83.83 68.45 35.94
GPT-5.5 (w/ hint) 71.50 58.75 37.50 46.75 31.25 43.56 84.74 43.56 65.00 20.55 53.46 37.31 58.88 48.48 66.23 52.72 49.96↑

Gemini-3.1-Pro-Preview (w/o hint) 71.25 59.75 30.00 6.75 9.00 26.38 73.49 33.52 8.09 10.84 31.48 37.53 67.64 88.64 87.24 70.26 32.19
Gemini-3.1-Pro-Preview (w/ hint) 68.75 65.25 42.50 43.25 34.00 46.25 90.21 53.09 54.98 29.36 56.91 29.73 52.59 49.38 63.53 48.81 52.95↑

Table 2: P-based average results (%) across perturbation modes. TSR (Non-Perturbed, NP) denotes the clean setting
with no perturbation applied. Rows labelled (w/o hint) use the standard prompt; (w/ hint) rows use the failure-aware
prompt. Bold marks the best value per column.

PRR evaluates the conditional probability of resolv-
ing an encountered perturbation:

PRRm = P(Recovered | Perturbation)

=

∑
τ∈Tm Irecov(τ) · Ipert(τ)∑

τ∈Tm Ipert(τ)

(2)

where Irecov(τ) = 1 if the agent successfully ex-
ecutes a valid recovery strategy: (1) retrying for
transient faults, (2) utilizing an alternative path, or
(3) wisely aborting unsolvable tasks. PRR strictly
evaluates error recovery independently of final task
success.

Recovery Cost (RC). RC quantifies replanning
efficiency by penalizing unnecessary tool calls dur-
ing recovery. For an exposed trajectory (Ipert(τ) =
1), let c(τ) and c∗(τ) be the empirical and theoreti-
cal minimum tool-call steps required from the first
perturbed response to completion. The trajectory-
level cost:

Crec(τ) = 1− c∗(τ)

max{c(τ), c∗(τ)} · Isucc(τ) (3)

The mode-level aggregated Recovery Cost aver-
ages the penalty across all runs:

RCm =
1

|Tm|
∑
τ∈Tm

(
Ipert(τ) · Crec(τ)

)
(4)

Intuitively, RC → 0 indicates optimal recovery
(c(τ) = c∗(τ)), RC increases toward 1 as the agent
wastes steps on futile explorations, and RC = 1
constitutes an outright recovery failure.

4 Experiments

4.1 Experimental Setup

Models. We evaluate representative open-weight
and proprietary LLMs. (1) Open-weight: GLM-
5.1 (GLM-5-Team et al., 2026), Deepseek-V4-
Pro (DeepSeek-AI, 2026), MiniMax-M2.7 (Min-
iMax, 2026), Qwen3.5-35B-A3B (Qwen Team,
2026a), Qwen3.5-397B-A17B (Qwen Team,
2026a), Qwen3.6-27B (Qwen Team, 2026b). (2)
Proprietary: GPT-5.5 (OpenAI, 2026), Gemini-3.1-
Pro-Preview (Google DeepMind, 2026), Claude-
Sonnet-4-6 (Anthropic, 2026).

Dataset. TOOLMAZE builds upon a manually
constructed corpus of 270 unique tools. Using
this human-curated foundation, we leverage GPT-
5.5 and Gemini-3.1-Pro-Preview to automatically
synthesize 400 base tasks (100 each for C1–C4,
prompts in Appendix C). Systematically applying
Non-Perturbed baseline and our four perturbation
modes expands this into 2,000 instances. Table 1
summarizes the task statistics and domain distribu-
tion. For more detailed dataset composition and
diversity verification, please refer to Appendix B.
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Figure 3: Mean metrics across complexity levels C1–C4, averaged over all evaluated models. Solid (dashed) lines
correspond to the w/ (w/o) hint prompt.

Execution. Each task runs in a sandboxed envi-
ronment with a maximum of 25 agent steps. All
LLM sampling uses temperature 1 and max to-
kens 16,000. To isolate the impact of prompting,
we evaluate agents under two prompt configura-
tions (Appendix C.1). The first applies a standard
tool-use prompt (w/o hint) across all modes (NP
and P1–P4). The second substitutes a failure-
aware prompt (w/ hint) specially for P1–P4, ex-
plicitly warning of potential tool failures and out-
lining recovery strategies.

4.2 Main Results

Table 2 reports the primary evaluation results. To
isolate the impact of different perturbation modes,
the values presented for TSR, PRR, and RC are
macro-averaged across all four topological com-
plexity levels (C1–C4). Detailed breakdowns are
provided in Appendix D. To provide a holistic as-
sessment, models are ranked by a composite score
(Avg.), computed as the macro-average of each
metric across all complexity-mode combinations:
(Avg(TSR) + Avg(PRR) + (1 − Avg(RC)))/3,
using TSR for all settings and PRR/RC only
for perturbation settings. Overall, Gemini-3.1-
Pro-Preview achieves the best comprehensive per-
formance (Avg.), followed by GPT-5.5, Claude-
Sonnet-4-6, and Deepseek-V4-Pro. Beyond leader-
board rankings, the results reveal two high-level
findings:

Non-Perturbed vs. P1–P4. Almost all mod-
els exhibit substantial performance drops when
transitioning from the unperturbed baseline (Non-
Perturbed, NP) to perturbation modes (P1–P4).
Even frontier models with strong NP performance
(e.g., Claude-Sonnet-4-6 achieves 77.00% TSR)
exhibit substantial degradation under P1–P4, as
reflected by lower TSR, PRR and higher RC.
This sharp contrast confirms that navigating lin-
ear “happy paths” and dynamically recovering
from execution anomalies are decoupled capabili-
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Figure 4: Mean PRR and RC across perturbation modes
P1–P4, averaged over all evaluated models. Solid
(dashed) lines correspond to the w/ (w/o) hint prompt.

ties. The evaluation demonstrates that robustness
does not naturally emerge from general instruction-
following proficiency.

Standard vs. failure-aware prompt. Across all
evaluated models, the w/ hint configuration consis-
tently outperforms its w/o hint counterpart, yield-
ing improvements ranging from +1.5% to +20.8%.
This consistent performance gap highlights a sys-
temic lack of intrinsic anomaly awareness in cur-
rent agents. However, explicit prompting provides
only partial mitigation. Despite the perturbation
hints provided in the failure-aware prompt, TSR
under perturbation remains substantially lower than
in the Non-Pert setting. Therefore, these observa-
tions indicate that current LLMs still lack robust
dynamic replanning and anomaly recovery capabil-
ities in tool-use and agentic tasks.

4.3 Analysis

Effect of task complexity. As illustrated in Fig-
ure 3, model resilience is strongest at C2 rather
than C1: TSR and PRR reach their highest values,
while RC reaches its lowest value. C1 tasks en-
force a strict linear pipeline with zero structural



32B 56B 100B 178B 316B 562B 1000B
Model size (parameters, log scale)

0

20

40

60

80

100
Av

g.
 (%

)
Qwen3.6-27B
Qwen3.5-35B-A3B
MiniMax-M2.7
Qwen3.5-397B-A17B
GLM-5.1
Deepseek-V4-Pro

Overall PRR
TSR (NP)
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total model size for open-weight models (log scale).
Dashed lines show linear fits in log-parameter space.

redundancy. Consequently, any perturbation cre-
ates a single point of failure, requiring the agent
to localize the anomaly despite having no alterna-
tive path. In contrast, C2 introduces alternative
tool paths, enabling agents to bypass failed tools
through rerouting. However, as topological com-
plexity scales to C3 and C4, performance deterio-
rates progressively. The challenge of navigating
longer dependency chains and a combinatorially ex-
panded search space quickly outstrips the benefits
of path redundancy. As task complexity deepens,
agents face greater difficulty, reflected in lower
TSR and PRR, and make more unnecessary tool
calls during recovery, reflected in higher RC. De-
tailed results averaged across the perturbation di-
mension (P) are provided in Appendix D.

Opposing trends of PRR and RC. Figure 4
shows a clear inverse relationship between PRR
and RC. As perturbation modes shift from easily
detectable faults (P1) to deceptive, persistent errors
(P4), models exhibit a monotonic decline in recov-
ery success alongside a sharp increase in recovery
cost. This indicates that current agents not only fail
to resolve implicit semantic errors but also make
many unnecessary tool calls during recovery. The
failure-aware prompt (w/ hint) consistently outper-
forms the standard prompt (w/o hint) by explicitly
priming agents for potential anomalies, resulting
in higher PRR and lower RC. This improvement,
however, remains only a partial mitigation. At P1,
agents reliably detect and efficiently resolve ex-
plicit transient failures, achieving high PRR and
low RC. Under implicit permanent failures (P4),
by contrast, PRR drops below 20% while RC ex-
ceeds 70%, suggesting that structurally valid but se-
mantically incorrect outputs severely disrupt agent
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Figure 6: Average PRR performance (w/ hint) between
explicit perturbation and implicit perturbation.

planning and lead to many unnecessary tool calls
during recovery.

Fault-tolerance does not scale at the same rate
as task completion. Figure 5 plots overall PRR
(averaged over C1–C4) and TSR(NP) against total
model size (log scale) for the six open-weight mod-
els evaluated. While both metrics improve with
scale, their growth rates diverge significantly. A
log-linear fit reveals that TSR(NP) grows by 17.85
percentage points (pp) per order of magnitude in
parameter count, whereas PRR increases by merely
4.88 pp. In other words, each order-of-magnitude
increase in model size is associated with roughly
3.66× more gain in baseline task completion than
in fault-tolerance. This stark discrepancy suggests
that dynamic replanning and anomaly recovery do
not emerge as natural by-products of general model
scaling. Instead, they appear to represent a dis-
tinct capability that may require targeted training
signals not yet systematically captured by current
open-weight models.

The implicit–explicit trust gap. Current mod-
els exhibit over-trust in semantically perturbed tool
outputs, exposing a profound vulnerability to im-
plicit failures. We measure this via the implicit–
explicit PRR gap (i.e., PRR(P1) − PRR(P3) for
transient, and PRR(P2)−PRR(P4) for permanent
errors, both under the w/ hint setting). As shown
in Figure 6, across all models, this gap remains
strictly positive, averaging 37.15% overall (53.75%
for transient and 20.54% for permanent conditions).
This consistent drop indicates that detecting im-
plicit anomalies remains a fundamental bottleneck
for tool-use LLMs. Notably, the smaller gap in the
permanent condition stems from a floor effect. Re-
solving persistent explicit errors (P2) is inherently
difficult, demanding complex replanning (C2–C4)



or graceful termination (C1). Because the PRR for
P2 is already low (38.12% on average, compared
with 81.44% for P1), there is less room for further
degradation when failures become implicit under
P4.

5 Conclusion

We introduce TOOLMAZE, a DAG-based bench-
mark to systematically evaluate LLM agents’ fault-
tolerance and dynamic recovery, challenging the
prevalent “happy path” evaluation fallacy. Our find-
ings reveal a systemic lack of anomaly awareness
in current models. Driven by over-trust in cor-
rupted outputs, implicit semantic failures (P3/P4)
cause recovery rates to plummet by 37.15% com-
pared to explicit errors, while deep topological
complexity traps agents in futile trial-and-error
loops. Crucially, agentic fault-tolerance improves
3.66× more slowly with model scale than general
task execution. This stark disparity proves that
dynamic recovery is a distinct, foundational capa-
bility unaddressed by current scaling or superficial
prompting strategies. Ultimately, TOOLMAZE un-
derscores the urgent need to shift from linear execu-
tion toward deliberate, System 2-style autonomous
anomaly detection and replanning for genuinely
resilient agents.

Limitations

While TOOLMAZE introduces a rigorous frame-
work for evaluating dynamic replanning, it pos-
sesses certain limitations that provide avenues for
future research:

Evaluation in Controlled Topologies. To pro-
vide a mathematically exact ground truth for re-
covery paths and rigorously penalize inefficient
trial-and-error, TOOLMAZE prioritizes procedu-
rally generated DAG topologies over completely
open-ended web environments. While our reverse-
validation pipeline ensures semantic realism within
the benchmark, future work could extend our com-
binatorial task-generation paradigm to more un-
structured, open-domain agentic workflows where
success criteria are inherently ambiguous.

Extensibility of the Failure Taxonomy. Our
evaluation focuses on a foundational 2× 2 taxon-
omy to systematically isolate the core dimensions
of tool failures (explicit/implicit, transient/perma-
nent). In real-world ecosystems, agents may also

encounter compounded complexities, such as cas-
cading failures (where a silent error in one API
triggers a chain reaction) or malicious adversarial
injections. Building upon our foundational matrix
to model these highly complex, multi-hop failure
scenarios remains an exciting direction for advanc-
ing agentic security.
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A Perturbation Classes

We present defined perturbation types in Table 3.

B Detailed Dataset Statistics

This section provides a comprehensive statistical
breakdown of the dataset corpus and the generated
evaluation tasks.

Table 4 details the composition of the 270 simu-
lated tools, categorized by their functional role and
primary application domain. It also summarizes the
distribution of the 126 alternative groups, which
serve as the foundation for constructing multi-path
topologies (C2–C4).

Functional Categories Domain Breakdown Alternative Groups

Action 123 Office 61 1-to-1 44
Source 78 Financial 58 1-to-n 26
Processor 69 Travel 45 n-to-n 56

Shopping 36
IoT 36
General 34

Total Tools 270 Total Groups 126

Table 4: Overview of the tool corpus composition and
alternative group structures.

Every tool in the corpus is a hand-crafted, de-
terministic simulation modelled after a real-world
API. Each implementation maps valid inputs to
pre-defined outputs via static lookup tables, ensur-
ing bit-exact reproducibility across evaluation runs
while preserving realistic response schemas, param-
eter constraints, and error-handling conventions of
the original services. A subset of tools further main-
tains lightweight state through the shared execu-
tion context: for instance, query_availability
filters out time slots already consumed by earlier
schedule_meeting calls within the same trace,
faithfully simulating the stateful behaviour of calen-
dar APIs. This simulation-based design eliminates
external network dependencies, API-key manage-
ment, and rate-limit variability, making benchmark
results fully reproducible without sacrificing the
structural fidelity needed to stress-test agent tool-
use behaviour.

As introduced in Table 1, domain footprints
across the 400 base tasks are non-mutually exclu-
sive. This occurs because complex tasks routinely
chain APIs from different sectors (e.g., retrieving
a flight schedule and subsequently recording the
expense). To rigorously verify task diversity, we
calculate the intra-category mean Jaccard similar-
ity of constituent tool sets across all 4,950 possible

task pairs within each 100-task subset. The consis-
tently low similarity scores (≤ 0.06) confirm high
semantic variance and minimal template duplica-
tion.

C Prompt Templates

C.1 Evaluation Prompt

Table 5 and Table 6 present the standard tool-
use prompt and failure-aware prompt configura-
tions, respectively. The standard tool-use prompt
serves as a baseline, providing standard instruc-
tions for the agent to invoke tools in response to
user queries. In contrast, the failure-aware prompt
is a robustness-aware configuration that explicitly
informs the agent of potential tool execution fail-
ures and outlines corresponding recovery strategies
to mitigate these issues.

Standard tool-use prompt.

You are an autonomous AI assistant that executes
tool-based workflows.
TASK COMPLETION
- The user query may describe multiple sub-tasks.
You must complete ALL of them — do NOT skip any
sub-tasks.
- Every fact, data retrieval, or state change must come
from a tool call. Never substitute a tool result with
internal knowledge, and never report a step as com-
pleted unless you actually called the corresponding
tool and received its result in this conversation.
FINAL ANSWER FORMAT
- Be CONCISE and DIRECT. No emojis, markdown
formatting (**, etc.), or bullet points.
- State only essential facts and requested results (e.g.,
confirmation codes). Omit internal technical details.

Table 5: Evaluation prompt for P0. It does not hint the
possibility of tool failures or the corresponding recovery
strategies.

C.2 Task Description Generation Prompt

Table 7 shows the prompt for task description gen-
eration from existing templates.

C.3 Template Generation Prompts

Tables 8-17 show prompts for generating task tem-
plates for C1 (Table 8, 9), C2 (Table 10, 11, 12), C3
(Table 13, 14, 15), C4 (Table 16, 17), respectively.

C.4 Implicit Failure Generation Prompt

Tables 18-19 show the prompt for implicit pertur-
bation (P3, P4) generation.



P1_ERROR_RESPONSES = [
{"status": 503, "message": "Service Temporarily Unavailable", "error_type":

"ServiceUnavailable"},
{"status": 504, "message": "Gateway Timeout", "error_type": "Timeout"},
{"status": 429, "message": "Too Many Requests", "error_type": "
RateLimitExceeded"},

{"status": 500, "message": "Internal Server Error", "error_type": "
InternalServerError"},

{"status": 502, "message": "Bad Gateway", "error_type": "BadGateway"},
{"status": 409, "message": "Maximum Concurrent Connections Reached", "
error_type": "ConcurrentLimit"},

{"status": 409, "message": "Resource Temporarily Locked", "error_type": "
ResourceLocked"},

{"status": 503, "message": "Cache Unavailable", "error_type": "
CacheUnavailable"},

{"status": 502, "message": "Upstream Service Error", "error_type": "
UpstreamError"},

]

P2_ERROR_RESPONSES = [
{"status": 404, "message": "Tool Not Found", "error_type": "NotFound"},
{"status": 410, "message": "Tool Permanently Removed", "error_type": "Gone
"},

{"status": 501, "message": "Not Implemented", "error_type": "NotImplemented
"},

{"status": 403, "message": "Access Forbidden", "error_type": "Forbidden"},
{"status": 451, "message": "Unavailable For Legal Reasons", "error_type": "
UnavailableForLegalReasons"},

{"status": 402, "message": "Account Quota Exhausted", "error_type": "
QuotaExhausted"},

{"status": 410, "message": "API Version Deprecated", "error_type": "
APIDeprecated"},

{"status": 410, "message": "Feature Discontinued", "error_type": "
FeatureDiscontinued"},

{"status": 451, "message": "Service Unavailable In Your Region", "
error_type": "GeoBlocked"},

{"status": 403, "message": "Account Suspended", "error_type": "
AccountSuspended"},

{"status": 402, "message": "License Expired Or Invalid", "error_type": "
LicenseInvalid"},

{"status": 410, "message": "Data Source Retired", "error_type": "
DataSourceRetired"},

]

P3_P4_CORRUPTION_TYPES = [
"physics_violation",
"tool_leakage",
"irrelevant_response",
"statistical_inconsistency",
"internal_contradiction",
"missing_required_fields",
"logic_violation",
"temporal_contradiction",
"fact_contradiction",

]

Table 3: Perturbation classes.



Failure-aware prompt.

You are an autonomous AI assistant that executes
tool-based workflows. Tools may occasionally fail or
return unexpected data.
TASK COMPLETION
- The user query may describe multiple sub-tasks.
You must complete ALL of them — do NOT skip any
sub-tasks.
- Every fact, data retrieval, or state change must come
from a tool call. Never substitute a tool result with
internal knowledge, and never report a step as com-
pleted unless you actually called the corresponding
tool and received its result in this conversation.
- Sub-tasks may be accomplishable through different
tool combinations.
FAULT HANDLING
- When evaluating tool outputs, consider whether the
returned data is coherent and usable for the next step
— fields should be present, values should be seman-
tically reasonable, and types should match what the
workflow requires.
- If you determine that a required step cannot be ac-
complished by any available tool or approach, stop
the workflow and clearly report which step failed and
why, rather than proceeding with incomplete results.
FINAL ANSWER FORMAT
- Be CONCISE and DIRECT. No emojis, markdown
formatting (**, etc.), or bullet points.
- If SUCCESSFUL: State only essential facts and
requested results (e.g., confirmation codes). Omit
internal technical details.
- If HALTED: State clearly that the task was aborted
and the reason (e.g., "Task aborted: the pricing tool
returned corrupted data after retry and no other alter-
native approaches exist"). Do not apologize exces-
sively.

Table 6: Evaluation prompt for P1-P4, which hints the
possibility of tool failures or the corresponding recovery
strategies.

D Full Results

Table 20 shows results over perturbation modes.
The full results of all models evaluated across C1-
C4, TSR (NP) and P1-P4 are shown in Table 21
and Table 22.

E Case Studies

To provide a qualitative understanding of LLM’s
behavioral patterns, we present 16 representative
case studies (Figure 7-22)—one for each combina-
tion of complexity level (C1–C4) and perturbation
type (P1–P4). Each figure contrasts a successful
model with a failed one on the same task instance.

Each figure is laid out as follows. The left col-
umn contains: (i) the natural-language task query;
(ii) the full tool-call DAG, with victim node(s)
highlighted in red; and (iii) the actual perturbed

Task description generation.

You are an expert data generation assistant.
You will be given a tool execution trace of a task
in multiple messages (one step per message). Your
job is to write a natural, colloquial user request
(‘task_description‘) that would reasonably lead to
performing these steps.
**CRITICAL REQUIREMENTS - YOU MUST
FOLLOW THESE EXACTLY**:
1. **MANDATORY COVERAGE**: The task de-
scription MUST require ALL steps in the execution
trace, in order.
- You will receive N steps. Your description MUST
mention all N actions.
- DO NOT skip any step, even if it seems redundant
or obvious.
- Each step must be explicitly or implicitly requested
in the description.
2. **Step-by-Step Verification** (Internal checklist -
verify before outputting):
- Step 1: Does my description request this action?
YES/NO
- Step 2: Does my description request this action?
YES/NO
- Step 3: Does my description request this action?
YES/NO
- ... (for all N steps)
- If ANY answer is NO, rewrite the description to
include that step.
3. **FORBIDDEN - Past Tense / Completed Ac-
tions**:
NEVER use: "I’ve already...", "I just...", "My ... is
confirmed"
NEVER imply actions are already done: "my book-
ing", "the reservation I made"
ALWAYS use future/imperative: "Please...", "I need
to...", "Help me..."
4. **REQUIRED - Dependency Expression**:
- If step B uses output from step A, use connecting
words: "then", "after that", "and then"
- Example: "Book a flight, then get the flight details,
and send them to me"
- NOT: "Send me the flight details" (missing book
step)
5. **Natural Language**:
- Do NOT mention tool names, schemas, or technical
terms
- Keep it realistic and concise (1-3 sentences)
- Use the same language as the trace content
- ONLY use facts from the trace blocks - do NOT
invent details
6. **Verification Before Output**:
- Count the steps in the trace: N steps
- Count the actions in your description: M actions
- If M < N, you MUST rewrite to include all steps
- If M = N, verify each action maps to a step
domains: {domains}
language_hint: {language_hint}
You will receive the trace blocks next (one per mes-
sage).
**REMEMBER**: Your description must request
ALL {num_steps} steps. Do not skip any step.
Output ONLY the user request text.

Table 7: Prompt for task description generation.

response returned by the victim tool. The right col-
umn shows two execution traces. The green (Suc-
cess) panel displays a model that handles the per-
turbation correctly. The red (Failure) panel shows
a model that failed to recover.



### Role
You are a **Data Pipeline Architect** for C1 complexity level. Design a **5-7 step

linear pipeline** using the provided tools.

### Pipeline Structure
Build a linear chain that starts from a Source-like step, contains meaningful

Processor steps, and ends with an Action-like step. **No alternative nodes** —
every step executes unconditionally.

### CRITICAL: Quality Requirements
**Every step must pass the Necessity Test**:
1. What NEW information does this step produce?
2. Which subsequent step(s) actually USE this information?
3. What would break if we removed this step?
**If you cannot answer all three questions clearly, DO NOT include that step.**

### Anti-Patterns to STRICTLY AVOID
1. **FORBIDDEN: Using tools on empty or meaningless data**
2. **FORBIDDEN: Type mismatches** — output type from step N must match input type of

step N+1
3. **FORBIDDEN: Using `get_field_value` for simple data access** — only use it for

complex nested structures
4. **FORBIDDEN: Fetching information that is never used by any subsequent step**

### Binding Reference Syntax
Every `arg_bindings` value must be exactly one of:
| Form | JSON | Meaning |
|------|------|---------|
| User input field | `{"source": "user_input", "field": "city"}` | A value the user

provides |
| Field from prev step | `{"source": "prev", "field": "price"}` | One field

extracted from the immediately previous step output |
| Whole prev output | `{"source": "prev"}` | Entire output dict of the previous step

(use for object-typed params) |
| Field from earlier step | `{"source": "step", "step_number": 2, "field": "price"}`

| One field from step 2's output |
| Whole earlier step | `{"source": "step", "step_number": 2}` | Entire output dict

of step 2 |
| Constant | `{"source": "constant", "value": "USD"}` | Hard-coded literal |
**Do NOT** write raw strings or numbers directly as `arg_bindings` values.

### Type Compatibility Rules
Check the **Output Fields** and **Input Parameters** sections for each tool before

writing bindings.

**Parameter expects `object`:**
- Use `{"source": "prev"}` or `{"source": "step", "step_number": N}` — no `field`

key — to pass the entire previous output as the object.
- Only add `"field": "xxx"` if that specific field is itself an object (`dict`) in

the upstream tool's Output Fields.
- **Never** point an object parameter at a scalar field (string, integer, boolean).

**Parameter expects `string` / `integer` / `number` / `boolean`:**
- Always include `"field": "xxx"` pointing to the exact scalar field name shown in

the upstream tool's Output Fields.
- Use `user_input` if no upstream step produces the required scalar.

### Available Tools
{tool_specifications}

### Type Compatibility Checklist
Before setting each `arg_binding`, verify:
1. The previous step's output contains this field (check Output Fields)
2. The field's type matches the current parameter's expected type
3. The field's value is meaningful for the current operation

Table 8: Prompt of C1 template construction (part 1).



### Task
Select **5-7 tools** from the candidate list to create a coherent, useful task

pipeline.
- Each step must produce NEW information or perform a meaningful transformation
- Each step's output must be USED by subsequent steps or the final result
- `user_input_schema` must cover every `user_input.xxx` field referenced in bindings

### Output Format (JSON only)
```json
{
"success": true,
"chain": [
{
"step": 1,
"tool_name": "name_of_source_tool",
"is_alternative": false,
"reasoning": "Starts the chain by fetching X, which is needed by step 2 for Y",

"arg_bindings": {
"required_param": {"source": "user_input", "field": "required_param"}

}
},
{
"step": 2,
"tool_name": "name_of_processor_tool",
"is_alternative": false,
"reasoning": "Processes data from step 1, transforming X into Y for step 3",
"arg_bindings": {
"data_param": {"source": "prev", "field": "output_field_from_step_1"},
"config_param": {"source": "constant", "value": "some_literal"}

}
}

],
"task_description": "One sentence describing the overall workflow",
"user_input_schema": {
"required_param": {"type": "string", "example": "example_value"}

}
}
```

### Hard Rules
1. Chain must have exactly **5-7 steps**.
2. **No alternative nodes** — `is_alternative` must be `false` for every step.
3. **No duplicate tool names** in the chain.
4. Every required parameter must have a valid `arg_bindings` entry.
5. `user_input_schema` must cover every `user_input.xxx` field referenced in

bindings.
6. If a valid chain cannot be constructed, return `{"success": false, "reason":

"..."}`.

Respond ONLY with the JSON object, no additional text.

Table 9: Prompt of C1 template construction(part 2).



### Role
You are a **Data Pipeline Architect** for C2 complexity level. Your goal is to

design a data processing pipeline with **5-7 steps** that includes **at least
one alternative node** using the provided tools and alternative groups.

### C2 Complexity Features
- **Chain Length**: 5-7 steps (flexible, not fixed like C1)
- **Alternative Nodes**: At least 1 step must be an alternative node (tools that can

substitute each other)
- **Alternative Types**:
- `one_to_one`: Two tools can substitute each other
- `one_to_many`: One integrated tool OR multiple decomposed steps

- **Scope Restriction**: C2 only uses the two alternative types above. Other types
such as `many_to_many` are reserved for C3/C4 and must not be used in C2.

### Data Flow Rules

1. **Flexible Data References**:
- Step N can reference output from any previous step (step 1 to N-1)
- Arguments can come from `user_input`, `constant`, `prev` (previous step), or `
step` (any earlier step)
- For `constant`, always use `{"source": "constant", "value": ...}` (NOT `field`)
- For `step`, use `{"source": "step", "step_number": N, "field": "xxx"}` to
reference step N's output

2. **Alternative Node Parameter Mapping**:
- Use the parameter mapping defined in the alternative specification
- Direct params: `{city: "city"}` - takes from input field named "city"
- Constants: `{from_currency: "'USD'"}` - single quotes for string literals
- References: `{a: "$stock_data.price"}` - $ prefix for previous tool outputs

3. **CRITICAL - Output Field Names**: When using `{"source": "prev", "field": "xxx
"}`, use exact field names from Observed output keys.

4. **CRITICAL - Query vs Action Semantics**:
- `get_*` / `query_*` / `check_*` tools return CURRENT state (for inspection)
- `set_*` / `update_*` / `create_*` tools require TARGET state (desired outcome)
- Do NOT use `prev` output from a query tool as input to its corresponding action
tool

- Example: `get_light_status` → `set_light_state` should use `user_input` for
target state, NOT `prev` from query result
- Dependencies between steps indicate execution order, NOT automatic parameter
binding

5. **CRITICAL - Type Compatibility**:
- **Object parameters**: If a parameter expects `type: object`, you MUST bind the
entire object from `prev`, NOT individual fields
- WRONG: `weather_data: {"source": "prev", "field": "temperature_celsius"}` (
scalar field)
- CORRECT: `weather_data: {"source": "prev", "field": "weather_result"}` (
complete object)
- **Scalar parameters**: If a parameter expects `type: string/number/integer`,
bind a scalar field
- Check the tool's parameter type specification before binding
- For identifier parameters (`device_id`, `light_id`, `lock_id`, `media_id`, `
target_device`), prefer `user_input` and avoid `prev` unless exact compatibility
is guaranteed.

- If previous step is an alternative node, `prev.field` must be valid for every
alternative path (not just one path).
- Use the "Alternative Output Field Hints" section: if an alternative group has `
common keys across all paths: (none)`, do NOT use `source=prev` from that
alternative step.
- If previous step is an alternative node and you use `source=prev`, choose only
from its listed `common keys across all paths`.
- If unsure, keep the parameter from `user_input` instead of forcing a `prev`
link.

Table 10: Prompt of C2 template construction (part 1).



### Available Tools

{tool_specifications}

{alternative_specifications}

### Task
Design a **5-7 step** pipeline that:
1. Uses at least ONE alternative group from the provided alternatives
2. Creates a coherent, useful task flow
3. Properly connects data between steps

### Output Format (JSON Only)
```json
{
"success": true,
"chain": [
{
"step": 1,
"tool_name": "source_tool_name",
"is_alternative": false,
"reasoning": "Starts the chain by fetching...",
"arg_bindings": {
"param": {"source": "user_input", "field": "param_name"}

}
},
{
"step": 2,
"tool_name": "ALTERNATIVE",
"is_alternative": true,
"alternative_id": "alt_weather_provider_pair",
"category": "Processor",
"reasoning": "Uses a weather provider pair alternative...",
"arg_bindings": {
"city": {"source": "prev", "field": "city"}

}
},
{
"step": 3,
"tool_name": "processor_tool",
"is_alternative": false,
"reasoning": "Processes the weather data...",
"arg_bindings": {
"temperature": {"source": "prev", "field": "temperature_celsius"}

}
},
{
"step": 4,
"tool_name": "action_tool",
"is_alternative": false,
"reasoning": "Sends the final result...",
"arg_bindings": {
"message": {"source": "prev", "field": "formatted_message"}

}
}

],
"task_description": "Brief description of the overall task",
"user_input_schema": {
"param_name": {"type": "string", "example": "example_value"}

}
}
```

Table 11: Prompt of C2 template construction (part 2).



### Critical Rules
1. **5-7 steps** - flexible length
2. **At least 1 alternative node** - mark with `"is_alternative": true` and provide

`"alternative_id"`
3. Alternative nodes should NOT be the first or last step (prefer middle positions)
4. If you cannot construct a valid chain, return `{"success": false, "reason": "

explanation"}`
5. All required parameters must have an entry in `arg_bindings`
6. Field names MUST match exactly from Observed output keys
7. Prefer valid type-safe flows over aggressive chaining; do not force every step to

consume previous output.
8. `alternative_id` MUST be selected exactly from the "VALID alternative_id values"

list below the alternatives.
9. `user_input_schema` must cover every `user_input.xxx` field referenced in

bindings.
9. **CRITICAL - Domain Consistency**:

- All tools MUST belong to semantically related domains
- FORBIDDEN combinations: Weather+Shopping, Weather+Flight, Weather+Finance, IoT+
Shopping, IoT+Finance, IoT+Flight, Shopping+Office, Finance+IoT
- Adjacent steps MUST have compatible domains
- The chain should form ONE coherent workflow, not multiple unrelated tasks

10. **CRITICAL - Alternative Semantic Fit**:
- The alternative MUST fit semantically into the workflow
- Check that the alternative's domain matches surrounding tools' domains
- Do NOT insert an alternative just to meet the requirement if it doesn't fit

11. **CRITICAL - No Duplicate Tools**: Each tool can only appear ONCE in the chain.
Do NOT use the same tool_name multiple times.

12. **CRITICAL - Alternative Must Be a True Branch**: The alternative node replaces
a single logical step with multiple implementation paths. ALL paths within the
alternative must accomplish the SAME goal. Do NOT design an alternative where
one path repeats work already done by a preceding main-path step (e.g., if `
get_account_balance` is already in the main chain, do NOT include `
get_account_balance_bank_api` inside the alternative — that would duplicate the
data-fetching work). The alternative's paths diverge ONLY in HOW they achieve
the step's goal, not in WHAT they fetch beforehand.

12. **CRITICAL - Alternative Output Compatibility**:
- Check "Alternative Output Field Hints" section for each alternative
- If an alternative shows "common keys across all paths: (none)", the NEXT step
CANNOT use `source=prev`
- If step N is alternative and step N+1 uses `source=prev`, you MUST only use
fields from "common keys across all paths"
- When in doubt, use `user_input` instead of forcing `prev`

Respond ONLY with the JSON object, no additional text.

Table 12: Prompt of C2 template construction (part 3).



### Role
You are a **Data Pipeline Architect** for C3 complexity level. Your goal is to

design a data processing pipeline with **5-7 logical steps** that includes **at
least one `many_to_many` alternative node** using the provided tools and
alternative groups.

### C3 Complexity Features
- **Chain Length**: 5-7 logical steps
- **Alternative Nodes**: At least 1 step must be an alternative node
- **Alternative Types**:
- `many_to_many`: one multi-tool path OR another multi-tool path, and the tool
chains should be end-to-end distinct within the same group

- **Scope Restriction**: C3 only uses `many_to_many`. Do NOT use `one_to_one` or `
one_to_many` groups.

### Data Flow Rules

1. **Flexible Data References**:
- A step may reference `user_input`, `constant`, `prev` (previous step), or `step
` (any earlier step)
- `prev` means the output of the previous logical step
- `step` allows referencing any earlier step: `{"source": "step", "step_number":
N, "field": "xxx"}`
- For `constant`, always use `{"source": "constant", "value": ...}`

2. **Alternative Node Parameter Mapping**:
- Use the abstract interface exposed by the alternative specification
- Bare params like `{city: "city"}` mean the alternative expects an abstract
input named `city`
- References like `$reservation_data.reservation_id` are internal to an
alternative path and are already handled by the system

3. **CRITICAL - Output Field Names**:
- When using `{"source": "prev", "field": "xxx"}`, use exact field names from the
observed output keys or the alternative output hints, UNLESS you are
referencing the entire output object as defined in Critical Rules 13.

4. **CRITICAL - Type Compatibility**:
- **Object parameters**: If a parameter expects `type: object`, you MUST bind the
entire object from `prev`, NOT individual fields
- WRONG: `weather_data: {"source": "prev", "field": "temperature_celsius"}` (
temperature_celsius is a number, not an object)
- CORRECT: `weather_data: {"source": "prev", "field": "weather_result"}` (
weather_result is the complete object)
- **Scalar parameters**: If a parameter expects `type: string/number/integer`,
bind a scalar field
- CORRECT: `temperature: {"source": "prev", "field": "temperature_celsius"}`

- Check the tool's parameter type in the specification before binding
- If unsure, keep the parameter from `user_input` instead of forcing a `prev`
link

5. **CRITICAL - Binding Object Format**:
- EVERY `arg_bindings[param]` value must be an object like `{"source": "
user_input", "field": "amount"}`
- Do NOT output raw strings, raw numbers, or bare field names directly inside `
arg_bindings`

6. **CRITICAL - `get_field_value` Usage**:
- Prefer direct `prev` field references over `get_field_value` for simple access
- If you use `get_field_value`, `target_field`, `field_name`, and `index` should
normally be `constant` bindings
- Example: `{"source": "constant", "value": "filled_average_price"}` or `{"source
": "constant", "value": 0}`

Table 13: Prompt of C3 template construction (part 1).



7. **CRITICAL - Numeric Tools**:
- For numeric params such as `amount`, `a`, `b`, `quantity`, only bind from
numeric `prev` fields or numeric `user_input` fields
- Do NOT bind a numeric param from a person name, email, room name, message text,
or any generic string field

### Available Tools

{tool_specifications}

{alternative_specifications}

### Task
Design a **5-7 logical step** pipeline that:
1. Uses at least ONE `many_to_many` alternative group from the provided alternatives
2. Creates a coherent, useful task flow
3. Properly connects data between steps
4. Includes `user_input_schema` for every referenced `user_input.xxx` field

### Output Format (JSON Only)
```json
{
"success": true,
"chain": [
{
"step": 1,
"tool_name": "source_tool_name",
"is_alternative": false,
"reasoning": "Starts the chain by fetching...",
"arg_bindings": {
"param": {"source": "user_input", "field": "param_name"}

}
},
{
"step": 2,
"tool_name": "ALTERNATIVE",
"is_alternative": true,
"alternative_id": "alt_contact_user",
"reasoning": "Uses a multi-path contact strategy...",
"arg_bindings": {
"target_name": {"source": "user_input", "field": "target_name"},
"message_content": {"source": "user_input", "field": "message_content"}

}
},
{
"step": 3,
"tool_name": "processor_tool",
"is_alternative": false,
"reasoning": "Processes the previous step result...",
"arg_bindings": {
"param": {"source": "prev", "field": "result_field"}

}
}

],
"task_description": "Brief description of the overall task",
"user_input_schema": {
"target_name": {"type": "string", "example": "Alice Chen"},
"message_content": {"type": "string", "example": "Please review the latest
workspace snapshot."}

}
}
```

Table 14: Prompt of C3 template construction (part 2).



### Critical Rules
1. **5-7 logical steps**
2. **At least 1 alternative node** using a provided `many_to_many` group
3. Alternative nodes should NOT be the first or last step
4. If you cannot construct a valid chain, return `{"success": false, "reason": "

explanation"}`
5. All required parameters must have an entry in `arg_bindings`
6. `alternative_id` MUST be selected exactly from the valid allowlist below the

alternatives
7. Include a non-empty `user_input_schema` covering every referenced `user_input.xxx

` field
8. Prefer semantically clean, type-safe flows over aggressive chaining
9. Treat many_to_many as true path-level alternatives: if two paths would share the

same tail tool(s), that is not a good C3-style N-to-N substitute
10. **CRITICAL - Alternative Must Be a True Branch**: The alternative node replaces

a single logical step with multiple implementation paths. ALL paths within the
alternative must accomplish the SAME goal. Do NOT design an alternative where
one path repeats work already done by a preceding main-path step (e.g., if a
data-fetching tool is already in the main chain, do NOT include a functionally
equivalent tool inside the alternative). The alternative's paths diverge ONLY in
HOW they achieve the step's goal.

11. **CRITICAL - Domain Consistency**:
- All tools MUST belong to semantically related domains
- FORBIDDEN combinations: Weather+Shopping, Weather+Flight, Weather+Finance, IoT+
Shopping, IoT+Finance, IoT+Flight, Shopping+Office, Finance+IoT
- Adjacent steps MUST have compatible domains

12. **CRITICAL - Alternative Output Compatibility**:
- Check "Alternative Output Field Hints" for each alternative
- If an alternative shows "common keys across all paths: (none)", the NEXT step
CANNOT use `source=prev`
- When in doubt, use `user_input` instead of forcing `prev`

13. **CRITICAL - Binding Entire Output (Object Parameters)**:
- If a parameter expects `type: object`, you MUST use `{"source": "prev", "field
": "$output_name"}` to pass the entire result.
- **FORBIDDEN**: Never guess field names like "hotel_info", "flight_result", or
"data_obj".
- The correct `output_name` is defined in alternative specification.

Respond ONLY with the JSON object, no additional text.

Table 15: Prompt of C3 template construction (part 3).



### Role
You are a **Data Pipeline Architect** for C4 complexity level. Design a data

processing pipeline with **8-12 logical steps** that includes **at least two
alternative nodes**.

### Step Types

**Normal step** (`is_alternative: false`): executes a single named tool.
**Alternative step** (`is_alternative: true`): uses `"tool_name": "ALTERNATIVE"` and

one `alternative_id` from the provided allowlist. The system expands it into
multiple possible execution paths at runtime.

### Binding Reference Syntax

Every `arg_bindings` value must be exactly one of:

| Form | JSON | Meaning |
|------|------|---------|
| User input field | `{"source": "user_input", "field": "city"}` | A value the user

provides |
| Whole prev output | `{"source": "prev"}` | Entire output dict of the previous step

|
| Field from prev | `{"source": "prev", "field": "price"}` | One field extracted

from previous step output |
| Whole earlier step | `{"source": "step", "step_number": 3}` | Entire output dict

of step 3 |
| Field from earlier step | `{"source": "step", "step_number": 3, "field": "price"}`

| One field from step 3 |
| Constant | `{"source": "constant", "value": "USD"}` | Hard-coded literal |

**Do NOT** write raw strings or numbers directly as `arg_bindings` values.

### Type Compatibility Rules

Check the **Output Fields** and **Input Parameters** sections for each tool before
writing bindings.

**Parameter expects `object`:**
- Use `{"source": "prev"}` or `{"source": "step", "step_number": N}` — no `field`

key — to pass the entire previous output as the object.
- Only add `"field": "xxx"` if that specific field is itself an object (`dict`) in

the upstream tool's Output Fields.
- **Never** point an object parameter at a scalar field (string, integer, boolean).

**Parameter expects `string` / `integer` / `number` / `boolean`:**
- Always include `"field": "xxx"` pointing to the exact scalar field name shown in

the upstream tool's Output Fields.
- Use `user_input` if no upstream step produces the required scalar.

### Alternative Output Compatibility

After an alternative step, the **next step's `prev` bindings must work for every
path** in that alternative group.

Before writing `{"source": "prev", "field": "xxx"}` after an alternative step:
1. Look at the terminal tool's Output Fields for **each path** in the alternative

group.
2. If the field exists **in every path's terminal output** → safe to use.
3. If the field is missing from **any path** → do NOT use that field from `prev`.

- Use `{"source": "prev"}` if the parameter expects `object`.
- Use `{"source": "user_input", ...}` if the parameter expects a scalar.

### Available Tools

{tool_specifications}

{alternative_specifications}

Table 16: Prompt of C4 template construction (part 1).



### Task
Design an **8-12 logical step** pipeline that:
1. Uses at least **TWO** alternative groups from the provided alternatives
2. Creates one coherent, semantically consistent workflow
3. Every required parameter has a valid `arg_bindings` entry
4. `user_input_schema` covers every `user_input.xxx` field referenced in bindings

### Output Format (JSON only)

```json
{
"success": true,
"chain": [
{
"step": 1,
"tool_name": "some_tool",
"is_alternative": false,
"reasoning": "Why this step is needed",
"arg_bindings": {
"city": {"source": "user_input", "field": "city"},
"payload": {"source": "prev"}

}
},
{
"step": 3,
"tool_name": "ALTERNATIVE",
"is_alternative": true,
"alternative_id": "alt_group_id",
"reasoning": "Which strategy and why",
"arg_bindings": {
"shared_param": {"source": "user_input", "field": "shared_param"}

}
}

],
"task_description": "One sentence describing the overall workflow",
"user_input_schema": {
"city": {"type": "string", "example": "New York"},
"shared_param": {"type": "string", "example": "example_value"}

}
}
```

### Hard Rules
1. Chain must have exactly **8-12 logical steps**.
2. At least **2 steps** must be alternative nodes.
3. Alternative nodes must **not** be the first or last step.
4. `alternative_id` must be selected **exactly** from the provided allowlist.
5. **No duplicate tool names** anywhere in the chain.
6. **No duplicate `alternative_id`** values.
7. Prefer **2-3 alternative groups** maximum.
8. Alternative groups must represent true branching choices, not repeated work.
9. If a valid chain cannot be constructed, return `{"success": false, "reason":

"..."}`.

Respond ONLY with the JSON object, no additional text.

Table 17: Prompt of C4 template construction (part 2).



Guidelines:

"physics_violation": """Generate values that violate physics/common sense:
- Temperature: °-50C in a city (wrong but not °-273C)
- Price: -$50 (negative but believable)
- Count: -5 items (impossible negative)
- Percentage: 150% or -20%""",

"tool_leakage": """Include internal info that shouldn't be exposed:
- debug_info: "API endpoint: /internal/path"
- model_used: "gpt-4o-mini"
- internal_error: "NullPointerException"
- sql_query: "SELECT * FROM users" """,

"irrelevant_response": """Return data for a DIFFERENT entity:
- Asked Beijing weather, return Tokyo weather
- Asked hotel booking, return flight info
- Asked user profile, return product catalog""",

"statistical_inconsistency": """Return aggregated values that don't
match details:

- total_count: 10 but items: [a, b] (only 2)
- average_price: 100 but prices: [50, 50] (avg is 50)""",

"internal_contradiction": """Generate fields that contradict each other:
- count: 10 but items: []
- is_available: true AND stock_count: 0""",

"missing_required_fields": """Return output but missing critical fields:
- Booking completed but no confirmation_number
- User created but no user_id
- Payment completed but no transaction_id""",

"logic_violation": """Violate business logic:
- booking_confirmed: true but booking_id: null
- order_placed: true but order_id: null""",

"temporal_contradiction": """Generate impossible timestamps:
- created_at: 2024-03-15, updated_at: 2024-03-10 (updated before created)
- start_date > end_date""",

"fact_contradiction": """Return facts that contradict common knowledge:
- city: Beijing, timezone: UTC+5 (should be UTC+8)
- city: Beijing, currency: JPY (should be CNY)"""

Prompt:

You are a Chaos Engineering Data Generator. Generate corrupted tool output.

### The Golden Rule: Detectability
The corrupted data MUST be detectable by common sense or basic logic WITHOUT

external verification.

### Corruption Type: {corruption_type}
{guidelines(corruption_type)}

### CRITICAL: Key Fields That MUST Be Corrupted
The following output fields are used by downstream tools. You MUST change their

VALUES (not just add extra fields):
{json.dumps(key_fields, indent=2)}

Do NOT just append extra fields. You MUST modify the values of the key fields listed
above.

Table 18: Prompt for implicit perturbation (P3, P4) generation (part 1).



### Input Context
- Tool Name: {tool_name}
- Input Arguments: {json.dumps(arguments, indent=2, ensure_ascii=False)}
- Expected Normal Output: {json.dumps(original_output, indent=2, ensure_ascii=False)}

### Requirements
1. Return a valid JSON object (NO "error" field)
2. Apply the {corruption_type} corruption type
3. The corruption should be OBVIOUS when read by a human or AI
4. Keep the SAME keys as the original output — do NOT add new keys
5. Keep errors realistic (not absurdly extreme)

Return ONLY valid JSON, no explanations.

Table 19: Prompt for implicit perturbation P3, P4 generation (part 2).

Model TSR (%)↑ PRR (%)↑ RC (%)↓ Avg.↑

C1 C2 C3 C4 Avg C1 C2 C3 C4 Avg C1 C2 C3 C4 Avg

MiniMax-M2.7 (w/o hint) 23.00 42.40 26.20 14.40 26.50 17.98 37.00 23.07 15.33 23.34 77.09 58.16 79.42 84.36 74.76 25.03
MiniMax-M2.7 (w/ hint) 27.40 44.00 26.80 16.40 28.65 28.38 40.00 22.64 16.30 26.83 74.39 55.01 79.01 83.48 72.97 27.50↑

Qwen3.5-35B-A3B (w/o hint) 25.40 27.60 21.20 13.20 21.85 25.68 38.90 30.58 22.74 29.48 62.84 36.94 59.56 67.38 56.68 31.55
Qwen3.5-35B-A3B (w/ hint) 27.60 28.00 20.00 16.60 23.05 31.23 40.60 30.53 26.14 32.13 64.12 38.22 62.48 65.13 57.49 32.56↑

Qwen3.6-27B (w/o hint) 24.60 28.40 22.00 12.80 21.95 26.26 37.86 27.23 23.63 28.75 70.12 45.69 65.94 65.21 61.74 29.65
Qwen3.6-27B (w/ hint) 34.20 39.40 24.80 13.80 28.05 37.58 46.33 31.39 25.97 35.32 63.50 45.36 64.87 70.18 60.98 34.13↑

Qwen3.5-397B-A17B (w/o hint) 25.60 27.00 19.60 14.60 21.70 26.95 36.62 29.82 24.95 29.58 67.83 38.40 58.64 60.56 56.35 31.64
Qwen3.5-397B-A17B (w/ hint) 30.80 37.60 21.00 16.80 26.55 32.84 49.52 30.14 28.88 35.34 63.02 35.65 59.55 62.67 55.22 35.56↑

GLM-5.1 (w/o hint) 28.00 50.00 37.80 32.00 36.95 18.97 43.82 29.73 29.19 30.43 81.79 53.17 72.78 74.34 70.52 32.28
GLM-5.1 (w/ hint) 35.00 60.00 40.00 32.80 41.95 27.12 56.34 32.34 32.12 36.98 73.66 42.16 69.93 72.28 64.50 38.14↑

Deepseek-V4-Pro (w/o hint) 32.40 52.40 41.40 29.20 38.85 28.27 48.07 37.10 33.41 36.71 72.97 48.63 68.88 75.79 66.57 36.33
Deepseek-V4-Pro (w/ hint) 44.60 63.60 44.00 32.80 46.25 41.94 64.04 43.59 39.73 47.33 63.37 33.97 64.09 71.81 58.31 45.09↑

Claude-Sonnet-4-6 (w/o hint) 26.40 41.80 35.20 28.40 32.95 17.55 31.56 27.75 22.66 24.88 84.07 62.80 77.08 79.19 75.79 27.35
Claude-Sonnet-4-6 (w/ hint) 41.40 65.80 47.40 40.80 48.85 35.71 62.29 44.75 43.44 46.54 66.57 33.71 62.65 65.02 56.99 46.14↑

GPT-5.5 (w/o hint) 35.20 56.60 33.80 30.20 38.95 33.25 54.51 30.04 31.44 37.31 72.05 43.43 80.63 77.69 68.45 35.94
GPT-5.5 (w/ hint) 65.40 65.20 41.00 25.00 49.15 62.67 68.56 45.13 37.50 53.46 40.72 28.52 70.30 71.36 52.72 49.96↑

Gemini-3.1-Pro-Preview (w/o hint) 33.40 45.00 31.20 31.80 35.35 27.65 44.03 25.76 28.50 31.48 74.40 51.47 78.44 76.74 70.26 32.19
Gemini-3.1-Pro-Preview (w/ hint) 63.00 61.00 40.00 39.00 50.75 65.82 69.70 44.60 47.51 56.91 40.47 29.33 62.52 62.92 48.81 52.95↑

Table 20: C-based average results (%) across task categories. Rows labelled (w/o hint) use the standard tool-use
prompt; (w/ hint) rows use the failure-aware prompt. Avg. deltas (w/ hint−w/o hint) are coloured green for
improvement and red for regression. Bold marks the best value per column.



Model C TSR (%)↑ PRR (%)↑ RC↓

NP P1 P2 P3 P4 P1 P2 P3 P4 P1 P2 P3 P4

MiniMax-M2.7

C1 68.00 37.00 6.00 3.00 1.00 50.57 9.78 3.41 8.14 50.40 87.75 85.20 85.00
C2 69.00 51.00 51.00 23.00 18.00 56.38 51.65 23.66 16.30 44.78 41.06 71.03 75.78
C3 57.00 36.00 23.00 9.00 6.00 52.08 23.71 10.42 6.06 61.76 74.34 88.03 93.57
C4 32.00 22.00 11.00 3.00 4.00 35.40 11.50 8.04 6.39 69.41 87.45 88.29 92.30
Avg 56.50 36.50 22.75 9.50 7.25 48.61 24.16 11.38 9.22 56.59 72.65 83.14 86.66

Qwen3.5-35B-A3B

C1 63.00 59.00 1.00 3.00 1.00 84.81 7.59 3.90 6.41 21.10 78.80 74.45 77.00
C2 40.00 38.00 37.00 12.00 11.00 69.49 46.77 19.35 20.00 23.76 27.81 51.49 44.71
C3 37.00 42.00 16.00 7.00 4.00 85.33 20.78 10.81 5.41 37.11 63.03 67.95 70.14
C4 26.00 23.00 12.00 3.00 2.00 60.71 16.40 9.41 4.44 48.67 72.31 68.55 80.00
Avg 41.50 40.50 16.50 6.25 4.50 75.09 22.88 10.87 9.06 32.66 60.49 65.61 67.96

Qwen3.6-27B

C1 60.00 56.00 1.00 3.00 3.00 82.56 8.33 3.45 10.71 31.30 83.75 84.45 81.00
C2 33.00 47.00 38.00 12.00 12.00 72.15 44.59 18.31 16.39 33.79 39.52 59.00 50.47
C3 49.00 46.00 13.00 1.00 1.00 88.89 16.25 2.50 1.30 38.68 69.68 79.29 76.12
C4 27.00 21.00 10.00 3.00 3.00 67.53 16.36 7.14 3.49 44.09 74.01 59.00 83.75
Avg 42.25 42.50 15.50 4.75 4.75 77.78 21.38 7.85 7.97 36.97 66.74 70.43 72.84

Qwen3.5-397B-A17B

C1 61.00 61.00 3.00 2.00 1.00 86.05 10.59 3.66 7.50 28.08 83.54 80.68 79.00
C2 42.00 39.00 39.00 8.00 7.00 68.33 56.67 11.48 10.00 22.87 23.94 53.17 53.61
C3 36.00 42.00 18.00 2.00 0.00 89.04 24.66 5.56 0.00 33.68 57.75 70.13 73.00
C4 29.00 27.00 15.00 1.00 1.00 68.75 21.51 7.69 1.86 41.64 65.50 65.08 70.00
Avg 42.00 42.25 18.75 3.25 2.25 78.04 28.36 7.10 4.84 31.57 57.68 67.27 68.90

GLM-5.1

C1 87.00 47.00 3.00 2.00 1.00 54.74 10.42 2.11 8.60 48.20 93.50 93.45 92.00
C2 77.00 70.00 67.00 17.00 19.00 70.53 69.15 17.89 17.71 28.50 27.88 78.78 77.54
C3 79.00 73.00 28.00 6.00 3.00 81.63 28.28 6.00 3.03 28.85 71.60 94.29 96.39
C4 60.00 50.00 32.00 7.00 11.00 61.86 33.47 10.17 11.25 45.89 72.92 88.08 90.49
Avg 75.75 60.00 32.50 8.00 8.50 67.19 35.33 9.04 10.15 37.86 66.47 88.65 89.11

Deepseek-V4-Pro

C1 82.00 74.00 5.00 1.00 0.00 89.13 14.29 1.06 8.60 19.00 86.67 93.20 93.00
C2 74.00 72.00 68.00 27.00 21.00 77.66 68.09 25.26 21.28 24.49 26.83 69.67 73.52
C3 74.00 78.00 38.00 10.00 7.00 93.00 38.38 10.00 7.00 27.32 63.86 90.83 93.52
C4 49.00 48.00 28.00 10.00 11.00 78.99 30.20 13.33 11.11 49.12 76.82 87.08 90.15
Avg 69.75 68.00 34.75 12.00 9.75 84.70 37.74 12.41 12.00 29.98 63.55 85.19 87.55

Claude-Sonnet-4-6

C1 87.00 36.00 6.00 0.00 3.00 43.75 13.83 0.00 12.63 60.80 88.50 95.00 92.00
C2 81.00 57.00 55.00 9.00 7.00 64.52 50.00 7.45 4.26 38.02 40.24 85.58 87.38
C3 79.00 61.00 23.00 7.00 6.00 75.00 23.00 7.00 6.00 42.52 77.69 93.66 94.43
C4 61.00 42.00 24.00 7.00 8.00 55.46 23.87 5.88 5.42 54.45 79.83 89.30 93.18
Avg 77.00 49.00 27.00 5.75 6.00 59.68 27.68 5.08 7.08 48.95 71.56 90.88 91.75

GPT-5.5

C1 79.00 74.00 9.00 13.00 1.00 90.43 19.15 14.89 8.51 25.75 86.50 82.44 93.50
C2 75.00 72.00 64.00 36.00 36.00 80.43 64.89 37.23 35.48 23.38 31.39 61.35 57.59
C3 74.00 74.00 11.00 7.00 3.00 96.00 11.11 10.00 3.03 40.83 90.48 94.58 96.64
C4 52.00 49.00 23.00 11.00 16.00 77.50 22.82 13.45 11.98 52.49 83.71 86.96 87.60
Avg 70.00 67.25 26.75 16.75 14.00 86.09 29.49 18.89 14.75 35.61 73.02 81.33 83.83

Gemini-3.1-Pro-Preview

C1 84.00 67.00 9.00 2.00 5.00 78.49 17.20 2.13 12.77 31.77 84.50 92.33 89.00
C2 67.00 63.00 61.00 17.00 17.00 75.00 64.44 18.89 17.78 28.22 30.38 73.77 73.52
C3 70.00 62.00 17.00 3.00 4.00 78.79 17.17 3.03 4.04 39.41 82.83 96.40 95.13
C4 64.00 47.00 33.00 5.00 10.00 61.67 35.27 8.33 8.75 50.72 72.86 92.07 91.32
Avg 71.25 59.75 30.00 6.75 9.00 73.49 33.52 8.09 10.84 37.53 67.64 88.64 87.24

Table 21: Detailed results (standard tool-use prompt) across complexity levels (C1–C4) and perturbation modes (NP
and P1–P4). Higher is better (↑); lower is better (↓).



Model C TSR (%)↑ PRR (%)↑ RC↓

NP P1 P2 P3 P4 P1 P2 P3 P4 P1 P2 P3 P4

MiniMax-M2.7

C1 72.00 47.00 14.00 1.00 3.00 72.83 25.84 1.08 13.79 45.20 76.17 92.20 84.00
C2 64.00 56.00 54.00 22.00 24.00 64.84 52.13 20.21 22.83 37.11 40.59 73.58 68.75
C3 56.00 48.00 21.00 7.00 2.00 58.76 21.43 8.33 2.02 51.85 77.39 89.79 97.00
C4 30.00 26.00 12.00 7.00 7.00 34.21 11.61 9.82 9.55 67.45 88.71 86.17 91.60
Avg 55.50 44.25 25.25 9.25 9.00 57.66 27.75 9.86 12.05 50.40 70.71 85.43 85.34

Qwen3.5-35B-A3B

C1 57.00 66.00 12.00 1.00 2.00 93.98 21.18 1.23 8.54 18.65 77.83 80.00 80.00
C2 32.00 39.00 38.00 18.00 13.00 69.35 51.67 25.00 16.39 25.77 26.08 51.17 49.86
C3 32.00 49.00 10.00 7.00 2.00 92.77 13.89 12.99 2.47 37.61 63.16 70.14 79.00
C4 31.00 32.00 13.00 4.00 3.00 67.39 19.23 11.63 6.32 45.32 70.73 68.24 76.23
Avg 38.00 46.50 18.25 7.50 5.00 80.87 26.49 12.71 8.43 31.84 59.45 67.39 71.27

Qwen3.6-27B

C1 66.00 68.00 27.00 4.00 6.00 91.95 37.08 6.98 14.29 21.75 70.42 82.33 79.50
C2 47.00 54.00 48.00 26.00 22.00 78.95 52.44 30.49 23.46 24.37 37.80 58.68 60.57
C3 43.00 51.00 18.00 9.00 3.00 88.24 20.22 13.25 3.85 37.19 72.88 74.29 75.12
C4 22.00 21.00 18.00 6.00 2.00 61.45 22.51 15.46 4.47 48.62 73.65 74.31 84.13
Avg 44.50 48.50 27.75 11.25 8.25 80.15 33.06 16.55 11.52 32.98 63.69 72.40 74.83

Qwen3.5-397B-A17B

C1 66.00 64.00 16.00 5.00 3.00 89.53 28.40 6.10 7.32 23.83 71.50 77.75 79.00
C2 46.00 52.00 51.00 23.00 16.00 78.87 63.89 31.88 23.44 20.93 24.59 47.98 49.08
C3 38.00 48.00 15.00 3.00 1.00 92.31 21.43 5.56 1.27 33.66 57.00 69.53 78.00
C4 28.00 31.00 14.00 7.00 4.00 71.43 20.57 18.07 5.43 41.61 68.60 63.17 77.29
Avg 44.50 48.75 24.00 9.50 6.00 83.03 33.57 15.40 9.37 30.01 55.42 64.61 70.84

GLM-5.1

C1 85.00 65.00 16.00 1.00 8.00 73.96 20.83 1.06 12.63 32.63 81.50 93.00 87.50
C2 80.00 76.00 69.00 37.00 38.00 81.91 70.53 35.05 37.89 21.88 27.02 61.65 58.07
C3 80.00 74.00 33.00 7.00 6.00 82.83 33.33 7.14 6.06 28.35 66.70 91.14 93.52
C4 54.00 50.00 30.00 14.00 16.00 62.18 30.17 19.33 16.81 46.41 74.69 82.15 85.86
Avg 74.75 66.25 37.00 14.75 17.00 75.22 38.72 15.65 18.35 32.32 62.48 81.98 81.24

Deepseek-V4-Pro

C1 83.00 82.00 39.00 13.00 6.00 96.84 44.79 17.71 8.42 13.60 65.50 83.20 91.17
C2 69.00 80.00 75.00 47.00 47.00 88.30 72.63 46.81 48.42 16.40 21.12 48.94 49.40
C3 69.00 75.00 41.00 23.00 12.00 95.00 41.00 26.26 12.12 29.82 61.99 76.68 87.88
C4 51.00 48.00 32.00 19.00 14.00 81.51 33.20 25.21 19.01 48.79 73.44 77.31 87.70
Avg 68.00 71.25 46.75 25.50 19.75 90.41 47.91 29.00 21.99 27.15 55.51 71.53 79.04

Claude-Sonnet-4-6

C1 86.00 80.00 21.00 8.00 12.00 92.63 25.81 8.42 15.96 17.38 79.00 87.40 82.50
C2 78.00 82.00 70.00 51.00 48.00 90.32 61.05 52.13 45.65 14.41 27.97 45.68 46.79
C3 79.00 80.00 35.00 27.00 16.00 98.00 35.00 30.00 16.00 24.38 67.08 74.09 85.06
C4 62.00 60.00 32.00 25.00 25.00 81.51 33.89 29.41 28.93 36.72 73.37 71.17 78.81
Avg 76.25 75.50 39.50 27.75 25.25 90.61 38.94 29.99 26.63 23.22 61.85 69.58 73.29

GPT-5.5

C1 79.00 68.00 70.00 46.00 64.00 90.11 85.71 62.64 12.22 28.05 35.00 46.40 53.42
C2 75.00 69.00 67.00 58.00 57.00 76.67 71.11 64.37 62.07 24.32 24.91 33.47 31.39
C3 76.00 64.00 5.00 59.00 1.00 94.74 5.15 79.59 1.04 42.76 93.19 50.04 95.20
C4 56.00 34.00 8.00 24.00 3.00 77.45 12.28 53.40 6.88 54.12 82.40 64.00 84.91
Avg 71.50 58.75 37.50 46.75 31.25 84.74 43.56 65.00 20.55 37.31 58.88 48.48 66.23

Gemini-3.1-Pro-Preview

C1 81.00 79.00 60.00 41.00 54.00 96.77 89.01 52.22 25.27 19.58 36.67 51.20 54.42
C2 69.00 64.00 56.00 64.00 52.00 84.09 62.07 75.00 57.65 26.23 31.50 25.76 33.84
C3 66.00 67.00 19.00 35.00 13.00 95.79 20.00 48.94 13.68 31.18 76.33 59.88 82.70
C4 59.00 51.00 35.00 33.00 17.00 84.21 41.26 43.75 20.83 41.95 65.88 60.69 83.17
Avg 68.75 65.25 42.50 43.25 34.00 90.21 53.09 54.98 29.36 29.73 52.59 49.38 63.53

Table 22: Detailed results (failure-aware prompt) across complexity levels (C1–C4) and perturbation modes (NP and
P1–P4). Higher is better (↑); lower is better (↓).



Case C1 C1_task_089 P1 — Explicit-Transient

Hi, for user_123, please reserve 1 black
Sony XM5 for me using product_id
p_sony_xm5_blk. The title is Untitled and
the data is test. After you place the hold,
please prepare the checkout from that reser-
vation and let me know exactly when the
reservation ex...

hold_inventory

build_checkout_
from_hold

convert_
datetime ×

get_
recommendations_

popularity

create_document_
and_alert_
from_data

Perturbed output: —
convert_datetime: {”error”:
”Internal Server Error”}

✓ Success claude-sonnet-4-6

hold_inventory build_checkout_
from_hold

convert_datetime convert_datetime
! P1 retry ✓

get_recommendations_
popularity

create_document_
and_alert_from_data

PASS All 5 steps completed successfully. Here is a clean summary: — Reservation - Reservation ID: RESV-14729548
- Product: Sony WH-1000XM5 (Black) — p_sony_xm5_blk - Quantity: 1 - Total Price: $399....

× Failure MiniMax-M2.7

hold_inventory build_checkout_
from_hold

convert_datetime
get_recommendations_

popularity

! P1

create_document_
and_alert_from_data

FAIL P1 failed: no retry on ’convert_datetime’ (called 1 time(s), need >=2); ’convert_datetime’ never succeeded
after retries; missing required tools: [’convert_datetime’]

Figure 7: C1P1 — Explicit-Transient (C1_task_089). The victim tool convert_datetime returns an explicit
error on the first call. The successful model retries and recovers; the failing model calls the tool only once and
abandons it, leaving the downstream pipeline incomplete.

Case C1 C1_task_089 P2 — Explicit-Permanent

Hi, for user_123, please reserve 1 black
Sony XM5 for me using product_id
p_sony_xm5_blk. The title is Untitled and
the data is test. After you place the hold,
please prepare the checkout from that reser-
vation and let me know exactly when the
reservation ex...

hold_inventory

build_checkout_
from_hold

convert_
datetime ×

get_
recommendations_

popularity

create_document_
and_alert_
from_data

Perturbed output: —
convert_datetime: {”error”:
”Account Quota Exhausted”}

✓ Success gemini-3.1-pro-preview

get_recommendations_
popularity

hold_inventory build_checkout_
from_hold

convert_datetime
! P2

abort ✓

stop

PASS Task aborted: the convert_datetime tool returned an error ”Account Quota Exhausted”.

× Failure qwen3.5-397b-a17b

hold_inventory create_document_
and_alert_from_data

convert_datetime convert_datetime
! P2 ! P2

get_recommendations_
popularity

create_document_
and_alert_from_data

FAIL P2 failed: missing required pre-victim tools: [’build_checkout_from_hold’]; agent should have stopped but
called other tools after victim: [’create_document_and_alert_from_data’, ’get_recommendatio...

Figure 8: C1P2 — Explicit-Permanent (C1_task_089). The victim tool returns a permanent explicit error. The
successful model detects the irrecoverable failure and stops gracefully; the failing model continues to invoke
downstream tools after the failure, violating the stop-on-permanent-error requirement.



Case C1 C1_task_089 P3 — Implicit-Transient

Hi, for user_123, please reserve 1 black
Sony XM5 for me using product_id
p_sony_xm5_blk. The title is Untitled and
the data is test. After you place the hold,
please prepare the checkout from that reser-
vation and let me know exactly when the
reservation ex...

hold_inventory

build_checkout_
from_hold

convert_
datetime ×

get_
recommendations_

popularity

create_document_
and_alert_
from_data

Perturbed output: —
convert_datetime:
{”original_timestamp”: null,
”formatted_time”: ””}

✓ Success claude-sonnet-4-6

hold_inventory convert_datetime convert_datetime
build_checkout_

from_hold

! P3 retry ✓

get_recommendations_
popularity

create_document_
and_alert_from_data

PASS Everything is done! Here’s a full summary: — RESERVATION - Product: Sony WH-1000XM5 Headphones
(Black) — p_sony_xm5_blk - Reservation ID: RESV-14729548 - Quantity: 1 - Total Price: $399.00 - Ex...

× Failure glm-5.1

hold_inventory build_checkout_
from_hold

convert_datetime
get_recommendations_

popularity

! P3

create_document_
and_alert_from_data

FAIL P3 failed: no retry on ’convert_datetime’ (called 1 time(s), need >=2)

Figure 9: C1P3 — Implicit-Transient (C1_task_089). The victim tool convert_datetime returns semantically
corrupted data. The successful model detects the anomaly and retries, obtaining a clean response; the failing model
accepts the corrupted output without re-querying and propagates the erroneous result downstream.

Case C1 C1_task_089 P4 — Implicit-Permanent

Hi, for user_123, please reserve 1 black
Sony XM5 for me using product_id
p_sony_xm5_blk. The title is Untitled and
the data is test. After you place the hold,
please prepare the checkout from that reser-
vation and let me know exactly when the
reservation ex...

hold_inventory

build_checkout_
from_hold

convert_
datetime ×

get_
recommendations_

popularity

create_document_
and_alert_
from_data

Perturbed output: —
convert_datetime:
{”original_timestamp”: null,
”formatted_time”: ””}

✓ Success gemini-3.1-pro-preview

hold_inventory build_checkout_
from_hold

convert_datetime convert_datetime
! P4 ! P4

abort ✓

stop

PASS Task aborted: the convert_datetime tool returned invalid data and failed to provide the formatted expiry
time.

× Failure claude-sonnet-4-6

hold_inventory build_checkout_
from_hold

get_recommendations_
popularity convert_datetime

! P4

convert_datetime
create_document_

and_alert_from_data

! P4

FAIL P4 failed: agent should have stopped but called other tools after victim: [’cre-
ate_document_and_alert_from_data’]

Figure 10: C1P4 — Implicit-Permanent (C1_task_089). The victim tool returns persistently corrupted data.
The successful model identifies the permanent corruption and halts the pipeline; the failing model recognises the
corruption yet still proceeds to invoke a downstream tool that must not be called after a permanent victim failure.



Case C2 C2_task_084 P1 — Explicit-Transient

Please check what connected devices are in
the living_room first. Then look up the sta-
tus of my AC with thermostat_device_id
ac_living in the living_room and set it
to hvac_mode cool. I know the tar-
get_temperature is 22, but please set it to
24°C. After tha...

query_connected_
devices

get_iot_
device_status

adjust_temperature

set_light_state × set_power_state

update_
device_config

snapshot_
workspace_
and_alert

Perturbed output: —
set_light_state: {”error”:
”Gateway Timeout”}

✓ Success claude-sonnet-4-6

query_connected_
devices

get_iot_device_status adjust_temperature set_light_state
! P1

set_light_state snapshot_workspace_
and_alert

retry ✓

PASS All 5 steps completed successfully. Here’s a clean summary: — **Living Room Device Scan** 4 devices
found: lock_main, light_living, ac_living, tv_living. **AC (ac_living)** Status: Online and ...

× Failure MiniMax-M2.7

query_connected_
devices

get_iot_device_status set_light_state set_light_state
! P1 retry ✓

snapshot_workspace_
and_alert

FAIL P1 failed: missing shared tools: [’adjust_temperature’]

Figure 11: C2P1 — Explicit-Transient (C2_task_084). In a task with an alternative IoT-control path, the
victim tool adjust_temperature returns an explicit error. The successful model retries and completes all shared
downstream steps; the failing model skips the victim entirely, omitting the required shared tool invocations after
recovery.

Case C2 C2_task_084 P2 — Explicit-Permanent

Please check what connected devices are in
the living_room first. Then look up the sta-
tus of my AC with thermostat_device_id
ac_living in the living_room and set it
to hvac_mode cool. I know the tar-
get_temperature is 22, but please set it to
24°C. After tha...

query_connected_
devices

get_iot_
device_status

adjust_temperature

set_light_state × set_power_state

update_
device_config

snapshot_
workspace_
and_alert

Perturbed output: —
set_light_state: {”error”:
”Account Quota Exhausted”}

✓ Success glm-5.1

query_connected_
devices

get_iot_device_status adjust_temperature set_light_state
! P2

update_device_config set_power_state snapshot_workspace_
and_alert

PASS All tasks completed. Here is the summary: 1. Living room devices: 4 found — lock_main, light_living,
ac_living, tv_living. 2. AC (ac_living) status: online, on, 24°C, cool mode. 3. AC set to cool ...

× Failure MiniMax-M2.7

query_connected_
devices

adjust_temperature set_light_state set_light_state
! P2 ! P2

snapshot_workspace_
and_alert

FAIL P2 failed: missing shared tools: [’get_iot_device_status’]; ’set_light_state’ permanently failed but agent did
not switch to alt tool

Figure 12: C2P2 — Explicit-Permanent (C2_task_084). The victim tool set_light_state fails permanently.
The successful model switches to the alternative path and completes shared downstream tools; the failing model
neither retries nor reroutes, omitting the shared tool get_iot_device_status.



Case C2 C2_task_084 P3 — Implicit-Transient

Please check what connected devices are in
the living_room first. Then look up the sta-
tus of my AC with thermostat_device_id
ac_living in the living_room and set it
to hvac_mode cool. I know the tar-
get_temperature is 22, but please set it to
24°C. After tha...

query_connected_
devices

get_iot_
device_status

adjust_temperature

set_light_state × set_power_state

update_
device_config

snapshot_
workspace_
and_alert

Perturbed output: —
set_light_state: {”device_id”: ””,
”operation”: ”set_thermostat_sc...

✓ Success claude-sonnet-4-6

query_connected_
devices

get_iot_device_status adjust_temperature set_light_state
! P3

set_light_state snapshot_workspace_
and_alert

retry ✓

PASS All tasks completed. Here’s a summary: — Step 1 — Living Room Devices: 4 devices found: lock_main,
light_living, ac_living, tv_living. Step 2 — AC Status (ac_living): Online, power on, tempera...

× Failure qwen3.6-27b

query_connected_
devices

get_iot_device_status snapshot_workspace_
and_alert

get_iot_device_status

set_light_state set_light_state get_iot_device_status update_device_config
! P3 retry ✓

FAIL P3 failed: missing shared tools: [’adjust_temperature’]

Figure 13: C2P3 — Implicit-Transient (C2_task_084). The victim tool returns corrupted sensor data. The
successful model detects the semantic inconsistency, retries and recovers; the failing model accepts the corrupted
reading and proceeds without re-querying, never invoking the required shared tool adjust_temperature.

Case C2 C2_task_084 P4 — Implicit-Permanent

Please check what connected devices are in
the living_room first. Then look up the sta-
tus of my AC with thermostat_device_id
ac_living in the living_room and set it
to hvac_mode cool. I know the tar-
get_temperature is 22, but please set it to
24°C. After tha...

query_connected_
devices

get_iot_
device_status

adjust_temperature

set_light_state × set_power_state

update_
device_config

snapshot_
workspace_
and_alert

Perturbed output: —
set_light_state: {”device_id”: ””,
”operation”: ”schedule_thermost...

✓ Success glm-5.1

query_connected_
devices

get_iot_device_status adjust_temperature set_light_state
! P4

set_light_state set_power_state update_device_config snapshot_workspace_
and_alert

! P4

PASS All sub-tasks completed. Here is the summary: 1. **Living room devices found**: lock_main, light_living,
ac_living, tv_living (4 total). 2. **AC (ac_living) status**: online, power on, currently ...

× Failure qwen3.6-27b

query_connected_
devices

snapshot_workspace_
and_alert

get_iot_device_status get_iot_device_status

set_light_state set_power_state update_device_config update_device_config
! P4

get_iot_device_status set_light_state set_power_state get_iot_device_status
! P4

set_light_state get_iot_device_status set_light_state get_iot_device_status
! P4 ! P4

update_device_config

FAIL P4 failed: missing shared tools: [’adjust_temperature’]

Figure 14: C2P4 — Implicit-Permanent (C2_task_084). Persistent semantic corruption in the victim tool. The
successful model recognises the unrecoverable state and halts after completing reachable shared steps; the failing
model propagates the corrupted value silently into adjust_temperature.



Case C3 C3_task_040 P1 — Explicit-Transient

Hi there! Could you please check the current
weather in Tokyo and get all the alert details
so you can post a weather alert card for me?
Once that’s done, I’d like you to book an
economy seat on flight CA1234. I also need
you to look up the latest business ...

get_weather_
weatherapi

get_weatherapi_
alert_card_

native ×

get_
visualcrossing_

forecast_
chip_native

publish_
weatherapi_

alert_card_native

publish_
visualcrossing_

forecast_
chip_nativebook_flight_with_

status_check

get_news_currents

get_
recommendations_

trending

get_available_
coupons

Perturbed output: —
get_weatherapi_alert_card_native:
{”error”: ”Resource Temporarily
Locked”}

✓ Success qwen3.6-27b

get_weather_
weatherapi

get_weather_
weatherapi

get_weatherapi_
alert_card_native

get_weatherapi_
alert_card_native

! P1 retry ✓

publish_weatherapi_
alert_card_native

book_flight_with_
status_check

get_news_currents get_recommendations_
trending

get_available_coupons
get_weather_
weatherapi

PASS Current weather in Tokyo: 22°C, Sunny. Weather alert card published successfully with notification ID
NOTIFEE84C. Flight CA1234 booked in economy class for default_user. Booking ID: FLIGHT5A3B2C, ...

× Failure claude-sonnet-4-6

get_weatherapi_
alert_card_native

get_weatherapi_
alert_card_native

publish_weatherapi_
alert_card_native

book_flight_with_
status_check

! P1 retry ✓

get_news_currents get_recommendations_
trending

get_available_coupons

FAIL P1 failed: no complete valid path executed successfully; ’get_weatherapi_alert_card_native’ neither led to a
completed retried path nor a completed switched path

Figure 15: C3P1 — Explicit-Transient (C3_task_040). In a multi-branch weather-alert task, the victim tool
get_weatherapi_alert_card_native returns an explicit error. The successful model retries until success and
completes a valid path; the failing model neither retries sufficiently nor switches branches, leaving no valid execution
path completed.

Case C3 C3_task_040 P2 — Explicit-Permanent

Hi there! Could you please check the current
weather in Tokyo and get all the alert details
so you can post a weather alert card for me?
Once that’s done, I’d like you to book an
economy seat on flight CA1234. I also need
you to look up the latest business ...

get_weather_
weatherapi

get_weatherapi_
alert_card_

native ×

get_
visualcrossing_

forecast_
chip_native

publish_
weatherapi_

alert_card_native

publish_
visualcrossing_

forecast_
chip_nativebook_flight_with_

status_check

get_news_currents

get_
recommendations_

trending

get_available_
coupons

Perturbed output: —
get_weatherapi_alert_card_native:
{”error”: ”License Expired Or
Invalid”}

✓ Success claude-sonnet-4-6

get_weatherapi_
alert_card_native

get_weather_
weatherapi

get_visualcrossing_
forecast_chip_native

publish_
visualcrossing_

forecast_chip_native

! P2

book_flight_with_
status_check

get_news_currents get_recommendations_
trending

get_available_coupons

PASS All 5 tasks are fully complete! Here’s a clean summary of everything: — 1. WEATHER ALERT FOR
TOKYO (Published via Visual Crossing fallback) The primary WeatherAPI alert card service returned a ...

× Failure qwen3.6-27b

get_weather_
weatherapi

get_weather_
weatherapi

get_weatherapi_
alert_card_native

get_news_currents

! P2

get_recommendations_
trending

get_available_coupons book_flight_with_
status_check

get_weatherapi_
alert_card_native

! P2

FAIL P2 failed: no complete valid path executed successfully; ’get_weatherapi_alert_card_native’ failed perma-
nently but agent did not complete another valid path

Figure 16: C3P2 — Explicit-Permanent (C3_task_040). The victim tool fails permanently with an explicit error.
The successful model abandons the failed branch and completes the task via an alternative path; the failing model
remains stuck on the failed tool and does not reroute to any other valid execution path.



Case C3 C3_task_040 P3 — Implicit-Transient

Hi there! Could you please check the current
weather in Tokyo and get all the alert details
so you can post a weather alert card for me?
Once that’s done, I’d like you to book an
economy seat on flight CA1234. I also need
you to look up the latest business ...

get_weather_
weatherapi

get_weatherapi_
alert_card_

native ×

get_
visualcrossing_

forecast_
chip_native

publish_
weatherapi_

alert_card_native

publish_
visualcrossing_

forecast_
chip_nativebook_flight_with_

status_check

get_news_currents

get_
recommendations_

trending

get_available_
coupons

Perturbed output: —
get_weatherapi_alert_card_native:
{”alert_card_id”: ”SQL_QUERY:
SELECT * FROM alert...

✓ Success deepseek-v4-pro

get_weather_
weatherapi

get_weatherapi_
alert_card_native

get_visualcrossing_
forecast_chip_native

publish_
visualcrossing_

forecast_chip_native

! P3

book_flight_with_
status_check

get_news_currents get_recommendations_
trending

get_available_coupons

PASS Here is a summary of everything completed: Weather: Tokyo is 22°C and Sunny. The WeatherAPI alert
card returned corrupted internal data (debug errors, null pointer exceptions), so I used the Visua...

× Failure claude-sonnet-4-6

get_weatherapi_
alert_card_native

get_weather_
weatherapi

book_flight_with_
status_check

get_news_currents

! P3

get_recommendations_
trending

get_available_coupons

FAIL P3 failed: no complete valid path executed successfully; Sanity Ignorance - agent used corrupted data from
’get_weatherapi_alert_card_native’ without retry

Figure 17: C3P3 — Implicit-Transient (C3_task_040). The victim tool returns semantically corrupted weather
data. The successful model detects the inconsistency and retries to obtain clean data; the failing model exhibits
sanity ignorance—it consumes the corrupted output without verification and propagates it downstream.

Case C3 C3_task_040 P4 — Implicit-Permanent

Hi there! Could you please check the current
weather in Tokyo and get all the alert details
so you can post a weather alert card for me?
Once that’s done, I’d like you to book an
economy seat on flight CA1234. I also need
you to look up the latest business ...

get_weather_
weatherapi

get_weatherapi_
alert_card_

native ×

get_
visualcrossing_

forecast_
chip_native

publish_
weatherapi_

alert_card_native

publish_
visualcrossing_

forecast_
chip_nativebook_flight_with_

status_check

get_news_currents

get_
recommendations_

trending

get_available_
coupons

Perturbed output: —
get_weatherapi_alert_card_native:
{”alert_card_id”: ”DEBUG: API
endpoint: /internal...

✓ Success deepseek-v4-pro

get_weather_
weatherapi

get_weatherapi_
alert_card_native

get_visualcrossing_
forecast_chip_native

publish_
visualcrossing_

forecast_chip_native

! P4

book_flight_with_
status_check

get_news_currents get_recommendations_
trending

get_available_coupons

PASS All tasks complete. Here’s the summary: - Weather: Tokyo is 22°C and Sunny. The WeatherAPI alert card
returned corrupted data (internal errors), so I used the Visual Crossing forecast chip instead...

× Failure qwen3.5-35b-a3b

get_weatherapi_
alert_card_native

get_available_coupons book_flight_with_
status_check

get_news_currents

! P4

get_recommendations_
trending

FAIL P4 failed: no complete valid path executed successfully; ’get_weatherapi_alert_card_native’ failed perma-
nently but agent did not complete another valid path

Figure 18: C3P4 — Implicit-Permanent (C3_task_040). The victim tool persistently returns corrupted data. The
successful model identifies the irrecoverable corruption and reroutes to a clean alternative branch to complete the
task; the failing model never completes any valid path after the victim permanently fails.



Case C4 C4_task_090 P1 — Explicit-Transient

Hi, for user_123 with medium priority,
please check whether the black Sony XM5
headphones are in stock in the audio cat-
egory. The product is p_sony_xm5_blk,
and in my items list I have { product_id:
p_sony_xm5_blk, quantity: 1 }. If they’re
available, pleas...

get_stock_level

get_
recommendations ×

get_
recommendations_

content
submit_order_with_

best_discount

get_crypto_price

get_quote_
snapshot_native

get_fx_quote_
ticket_native

archive_quote_
snapshot_native

archive_fx_quote_
ticket_native

resolve_direct_
quote_profile

place_sell_
order_from_

converted_quote

create_balance_
data_and_alert

get_account_
balance_bank_api

get_exchange_
rate_fixer

build_balance_
data_payload

create_document_
and_alert_
from_data

Perturbed output: —
get_recommendations: {”error”:
”Bad Gateway”}

✓ Success MiniMax-M2.7

get_stock_level submit_order_with_
best_discount

get_recommendations get_recommendations_
content

! P1

get_crypto_price
get_quote_

snapshot_native
archive_quote_

snapshot_native
resolve_direct_
quote_profile

place_sell_order_
from_converted_quote

create_balance_
data_and_alert

PASS All tasks completed successfully: **Order Confirmation:** - Sony WH-1000XM5 Headphones (Black) - Order
ID: ORD-8B2C1D3E - Total: $359.10 (saved $39.90 with WELCOME10 coupon) **Alternative Audio R...

× Failure qwen3.6-27b

get_stock_level
get_quote_

snapshot_native get_crypto_price get_recommendations
! P1

get_recommendations_
content

archive_quote_
snapshot_native

resolve_direct_
quote_profile

place_sell_order_
from_converted_quote

submit_order_with_
best_discount

create_balance_
data_and_alert

FAIL P1 failed: ’get_crypto_price’ neither led to a completed retried path nor a completed switched path

Figure 19: C4P1 — Explicit-Transient (C4_task_090). In a complex finance-and-crypto task with multiple
tool groups, the victim tool get_crypto_price returns an explicit error. The successful model retries and, upon
recovery, completes all required downstream steps; the failing model neither retries successfully nor switches to an
alternative path, leaving execution incomplete.



Case C4 C4_task_090 P2 — Explicit-Permanent

Hi, for user_123 with medium priority,
please check whether the black Sony XM5
headphones are in stock in the audio cat-
egory. The product is p_sony_xm5_blk,
and in my items list I have { product_id:
p_sony_xm5_blk, quantity: 1 }. If they’re
available, pleas...

get_stock_level

get_
recommendations ×

get_
recommendations_

content
submit_order_with_

best_discount

get_crypto_price

get_quote_
snapshot_native ×

get_fx_quote_
ticket_native

archive_quote_
snapshot_native

archive_fx_quote_
ticket_native

resolve_direct_
quote_profile

place_sell_
order_from_

converted_quote

create_balance_
data_and_alert ×

get_account_
balance_bank_api

get_exchange_
rate_fixer

build_balance_
data_payload

create_document_
and_alert_
from_data

Perturbed outputs: —
get_quote_snapshot_native:
{”error”: ”Tool Not Found”}
create_balance_data_and_alert:
{”error”: ”Account Suspended”}
get_recommendations: {”error”:
”Account Quota Exhausted”}

✓ Success deepseek-v4-pro

get_stock_level submit_order_with_
best_discount

get_recommendations get_recommendations_
content

! P2

get_crypto_price
get_quote_

snapshot_native
get_quote_

snapshot_native
get_quote_

snapshot_native

! P2 ! P2 ! P2

get_fx_quote_
ticket_native

archive_fx_quote_
ticket_native

resolve_direct_
quote_profile

place_sell_order_
from_converted_quote

create_balance_
data_and_alert

get_account_
balance_bank_api

get_exchange_
rate_fixer

build_balance_
data_payload

! P2

create_document_
and_alert_from_data

PASS All tasks complete. Here’s the summary: - Stock: Sony WH-1000XM5 Black (p_sony_xm5_blk) - in stock
(10 units) - Order: ORD-8B2C1D3E confirmed, $359.10 via PayPal (coupon WELCOME10 saved $39.90) - ...

× Failure qwen3.5-397b-a17b

get_stock_level submit_order_with_
best_discount

get_quote_
snapshot_native

get_quote_
snapshot_native

! P2 ! P2

get_fx_quote_
ticket_native

get_crypto_price
resolve_direct_
quote_profile

place_sell_order_
from_converted_quote

archive_quote_
snapshot_native

create_balance_
data_and_alert

get_account_
balance_bank_api

get_exchange_
rate_fixer

! P2

build_balance_
data_payload

create_document_
and_alert_from_data

get_recommendations get_recommendations_
content

! P2

FAIL P2 failed: no complete valid path executed successfully; ’get_quote_snapshot_native’ failed permanently
but agent did not complete another valid path

Figure 20: C4P2 — Explicit-Permanent (C4_task_090). The victim tool get_quote_snapshot_native fails
permanently. The successful model detects the dead end and completes the task through an alternative quote source;
the failing model abandons execution without attempting any alternative path.



Case C4 C4_task_090 P3 — Implicit-Transient

Hi, for user_123 with medium priority,
please check whether the black Sony XM5
headphones are in stock in the audio cat-
egory. The product is p_sony_xm5_blk,
and in my items list I have { product_id:
p_sony_xm5_blk, quantity: 1 }. If they’re
available, pleas...

get_stock_level

get_
recommendations ×

get_
recommendations_

content
submit_order_with_

best_discount

get_crypto_price

get_quote_
snapshot_native

get_fx_quote_
ticket_native

archive_quote_
snapshot_native

archive_fx_quote_
ticket_native

resolve_direct_
quote_profile

place_sell_
order_from_

converted_quote

create_balance_
data_and_alert

get_account_
balance_bank_api

get_exchange_
rate_fixer

build_balance_
data_payload

create_document_
and_alert_
from_data

Perturbed output: —
get_recommendations:
{”original_product_id”:
”p_nike_air_zoom_pegasus”...

✓ Success MiniMax-M2.7

get_stock_level submit_order_with_
best_discount

get_recommendations get_recommendations_
content

! P3

get_crypto_price
get_quote_

snapshot_native
archive_quote_

snapshot_native
resolve_direct_
quote_profile

place_sell_order_
from_converted_quote

create_balance_
data_and_alert

PASS Here’s a summary of all completed tasks: **Sony XM5 Order:** - Black Sony WH-1000XM5 headphones:
IN STOCK (10 available) - Order confirmed: ORD-8B2C1D3E - Total: $359.10 (saved $39.90 with WELCOME...

× Failure qwen3.6-27b

get_stock_level submit_order_with_
best_discount

get_quote_
snapshot_native

archive_quote_
snapshot_native

get_crypto_price
resolve_direct_
quote_profile

place_sell_order_
from_converted_quote

create_balance_
data_and_alert

get_recommendations get_recommendations_
content

! P3

FAIL P3 failed: Sanity Ignorance - agent used corrupted data from ’get_crypto_price’ without retry

Figure 21: C4P3 — Implicit-Transient (C4_task_090). The victim tool get_crypto_price returns a corrupted
price value. The successful model cross-checks the result, detects the anomaly and retries to obtain a valid price; the
failing model exhibits sanity ignorance—it uses the corrupted price directly in subsequent portfolio calculations.



Case C4 C4_task_090 P4 — Implicit-Permanent

Hi, for user_123 with medium priority,
please check whether the black Sony XM5
headphones are in stock in the audio cat-
egory. The product is p_sony_xm5_blk,
and in my items list I have { product_id:
p_sony_xm5_blk, quantity: 1 }. If they’re
available, pleas...

get_stock_level

get_
recommendations ×

get_
recommendations_

content
submit_order_with_

best_discount

get_crypto_price

get_quote_
snapshot_native ×

get_fx_quote_
ticket_native

archive_quote_
snapshot_native

archive_fx_quote_
ticket_native

resolve_direct_
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Perturbed outputs: —
get_quote_snapshot_native:
{”snapshot_ref”: ”qs_msft”,
”symbol”: ”MSFT”, ”us...
get_recommendations:
{”original_product_id”:
”p_nike_airmax_270”, ”cou...
create_balance_data_and_alert:
{”message”: ”Flight booking
confirmed successfull...

✓ Success claude-sonnet-4-6

get_stock_level submit_order_with_
best_discount

get_recommendations get_recommendations_
content

! P4
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resolve_direct_
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! P4

place_sell_order_
from_converted_quote

create_balance_
data_and_alert

! P4

PASS The balance tool returned completely corrupted data (a flight booking record). All other tasks have been
completed. Here is the full summary: — **1. Sony XM5 Black — Stock & Order** - Stock: 10...

× Failure deepseek-v4-pro

get_stock_level get_crypto_price
get_quote_

snapshot_native
submit_order_with_

best_discount

! P4

get_fx_quote_
ticket_native
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content
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! P4

get_exchange_
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build_balance_
data_payload

create_document_
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FAIL P4 failed: ’get_quote_snapshot_native’ failed permanently but agent did not complete another valid path

Figure 22: C4P4 — Implicit-Permanent (C4_task_090). The victim tool get_quote_snapshot_native returns
persistently corrupted market data. The successful model recognises the unrecoverable state and routes around
the failure via alternative tools; the failing model does not explore any alternative path, leaving the entire task
incomplete.
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