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Abstract

LLMs show promise in code generation, yet
their effectiveness for IT automation tasks, par-
ticularly for tools like Ansible, remains un-
derstudied. Existing benchmarks rely primar-
ily on synthetic tasks that fail to capture the
needs of practitioners who use IT automa-
tion tools. We present ExITBench (Execution-
based IT Automation Benchmark), a bench-
mark of 126 diverse tasks (e.g., configuring
servers and managing files) in which each task
captures state reconciliation—a core property
of IT automation tools. ExITBench evalu-
ates LLMs’ ability to generate functional An-
sible automation scripts via dynamic execu-
tion in controlled environments. We evalu-
ate 14 open-source and 3 proprietary LLMs
and find that GPT-4.1-Mini achieves the best
pass@10 rate of 23.9%, while Claude-3.5-
Sonnet achieves the best pass@ 1 performance.
To explain the low performance, we analyze
1,517 execution failures across the evaluated
LLMs and identify two prevalent semantic er-
ror categories: failures in state-reconciliation
reasoning (42.117% combined from variable
(12.287%), host (10.363%), path (10.511%),
and template (8.956%) issues) and deficien-
cies in module-specific execution knowledge
(26.203% combined from attribute & param-
eter (17.617%) and module (8.586%) errors).
Our findings reveal key limitations in LLMs’
ability to address state reconciliation and ap-
ply specialized module knowledge, indicating
that reliable IT automation with LLM-based
agents need major advances in state reasoning
and domain-specific execution.

1 Introduction

DevOps practitioners rely on configuration man-
agement tools like Ansible for IT automation tasks.
In order to complete these tasks, practitioners
use scripts, which are referred to as automation
scripts (Parnin et al., 2017). While these scripts
save time and manage thousands of servers (ansible,

2022), practitioners still struggle to develop them
correctly for intended IT automation tasks (Be-
goug et al., 2023). These challenges stem from
(i) domain-specific languages with distinct syntax
and semantics (Rahman et al., 2020), (ii) diverse
IT automation tasks across operating systems and
cloud platforms (Begoug et al., 2023), and (iii) state
reconciliation, which demands accurate infrastruc-
ture assessment and regulation (Hassan et al., 2024).
Unsurprisingly, these challenges have sparked prac-
titioner frustration and concern (Tanzil et al., 2023;
NFsaavedra, 2024).

Given the success of large language models
(LLMs) in code generation (Li et al., 2024a; Chen
et al., 2021), we hypothesize that they are well-
suited for automating IT tasks through automation
scripts. For automation scripts, it is not enough to
generate syntactically correct code; models must
also accurately interpret task requirements and pro-
duce scripts that achieve the desired system state to
ensure successful execution (Hassan et al., 2024).
Even minor errors such as using an incorrect mod-
ule or misplacing a variable, can lead to catas-
trophic security risks or system failures. While
benchmarks (Chen et al., 2021; Iyer et al., 2018;
Odena et al., 2021) have spurred progress in code
generation, they emphasize static correctness and
overlook a critical question: Can LLM-generated
code actually provide executable solutions for IT
automation tasks?? Indeed, existing approaches of-
ten lack dynamic execution testing or operate in
constrained settings—for example, Ansible Wis-
dom (Pujar et al., 2023) relies on BLEU scores,
Ansible Lightspeed (Hat, 2023) focuses on isolated
tasks, and IaC-Eval (Kon et al., 2024) uses artifi-
cially generated configurations curated by human
annotators. As a result, LLMs’ ability to generate
robust, executable scripts for real-world IT automa-
tion tasks remains under-explored.

To address this gap, we present ExXITBench,
a benchmark for evaluating LLMs on their abil-
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ity to generate executable automation scripts from
real-world, user-authored natural language prompts.
ExITBench includes 126 tasks, carefully selected
across seven key IT automation tasks (Begoug et al.,
2023): (1) Server Configuration, (2) Networking,
(3) Policy Configuration, (4) Templating, (5) De-
ployment Pipelines, (6) Variable Management, and
(7) File Management (details in Section 3.1). Each
task must satisfy specific operational constraints
that reflect the intended system state described by
the user.

ExITBench is different from previous work
in multiple ways. First, benchmarks like IaC-
Eval (Kon et al., 2024) assess whether generated
code aligns with infrastructure intent specifications,
while ExITBench focuses on functional correct-
ness via dynamic execution of automation scripts
in realistic environments—marking a clear con-
trast with static-based approaches. Second, To en-
sure reliable execution, we enrich LLM prompts
with key context—such as file paths, configura-
tions, and initial states—bridging the gap between
vague instructions and executable scripts. Third,
ExITBench specifically evaluates how LLLMs han-
dle state reconciliation-a fundamental property of
IT automation tools like Ansible (Hassan et al.,
2024) where the orchestrator infers desired states
from scripts, compares them with current states,
and applies only necessary changes (Rahman and
Parnin, 2023). ExITBench tests this capability by
validating tasks in controlled environments with
predefined initial states, verifying if the resulting
system state matches user requirements.

Using our test suite, we evaluated 17 LLMs—
14 open-source and three proprietary—by varying
prompt specificity (TELeR levels (Santu and Feng,
2023)) and sampling temperature (Section 3.4).
Overall, success rates in achieving the desired sys-
tem state were strikingly low, particularly on the
first attempt (pass@1), with Templating and Vari-
able Management standing out as the most chal-
lenging IT automation categories.

Analysis of 1,517 execution failures—cases
where LLM-generated scripts failed to reach the
intended system state—reveals two fundamen-
tal error categories: state reconciliation reason-
ing failures (42.117%), where models struggle
to track and manage system state across tasks,
and gaps in module-specific execution knowledge
(26.203%). Additionally, we observe sampling
trade-offs: higher temperatures improve diversity
and pass@10 specially for complex cases, while

lower temperatures enhance reliability and pass@1.
Our error taxonomy provides insights for improv-
ing LLMs in IT automation and advancing research
on executable reasoning. Our contributions are:

1. A Benchmark for IT Automation Tasks based
on Execution: ExITBench not only evaluates
syntax, but also evaluates operational correct-
ness, using real-world IT automation tasks with
execution-based validation. Artifacts used to
construct ExXITBench are available online (paser-
group, 2023).

2. Error Taxonomy: We identify nine specific
error categories in LLM-generated automation
scripts—variable issues, host issues, path issues,
attribute configuration, template errors, logic
& compliance problems, module errors, output
format errors, and syntax errors—establishing a
standard taxonomy to reveal fundamental gaps
in LLMs’ ability to track state and follow in-
structions.

2 Related Works

Large Language Models (LLMs) are widely eval-
uated on benchmarks (Chen et al., 2021; Odena
et al., 2021; Iyer et al., 2018), which focus on static
code generation but overlook real-world executabil-
ity. Enhanced benchmarks (Yu et al., 2024b; Zhuo
et al., 2024a; Jimenez et al., 2024; Yang et al., 2025;
Lai et al., 2023; Zheng et al., 2025; Li et al., 2024b;
Xie et al., 2024; Zhu et al., 2025; Peng et al., 2025)
introduce more realistic tasks, while multilingual
evaluations (Peng et al., 2024; Awal et al., 2025;
Luo et al., 2025) test across languages. Semantic
parsing benchmarks (Long et al., 2016; Yu et al.,
2018; Yin et al., 2018a; Li et al., 2025; Yu et al.,
2024a) assess natural language to code translation
but often overlook system-level correctness in IT
automation contexts.

Within the IT automation domain specifically,
benchmarks like IaC-Eval (Kon et al., 2024) (us-
ing human-curated synthetic scenarios), WISDOM-
Ansible (Pujar et al., 2023) (using BLEU scores
instead of execution), ITBench (Jha et al., 2025)
(using hypothetical persona-based tasks) and oth-
ers (Khan et al., 2025; Srivatsa et al., 2024; Sche-
uner et al., 2014; Ragothaman and Udayakumar,
2024; Hat, 2023) evaluate LLMs on infrastructure
tasks but do not include tasks that corresponds to IT
automation queries made by real-world practition-
ers. This gap is particularly problematic because
IT automation requires grounding language in exe-
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tasks:
- name: Set fact for Cent0S 7

- name: Set fact for CentOS 8

- name: Patch name display
debug:

set_fact:
patch_name: 'centos7-updates'
when: ansible_distribution_major_version == '7'

set_fact:
patch_name: 'centos8-updates'
when: ansible_distribution_major_version == '8'

tasks:
- name: Set fact for Cent0S 7 is compared to an integer in-

The variable is a string, but

set_fact: stead.
patch_name: 'centos7-updates’
when: ansible_distribution_major_version == 7

- name: Set fact for CentOS 8
set_fact:
patch_name: 'centos8-updates'
when: ansible_distribution_major_version == 8

- name: Patch name display
debug:

msg: 'Patch Name {{ patch_name }}'

Since ‘when’ conditions
failed, patch_name was

never defined.

msg: 'Patch Name {{ patch_name }}

(a) Syntactically and functionally correct script.
Figure 1: Two syntactically correct code snippets used

(b) Syntactically correct but functionally incorrect script.
in Ansible-based IT automation where one is functionally

correct. Evaluating syntactic correctness is not enough to determine an LLM’s capability for solving IT automation

tasks, which requires an execution-based benchmark.

cutable actions and system state transitions. State
reconciliation is fundamental to tools like Ansi-
ble, where automation tools infer desired states,
compare with current states, and apply necessary
changes (Rahman and Parnin, 2023; Hassan et al.,
2024). While existing studies (Wang et al., 2024a;
Anandayuvaraj et al., 2024; Dou et al., 2024; Wang
et al., 2024b; Chen et al., 2024) examine LLM
failure patterns, they overlook challenges in reason-
ing about environment state and module-specific
execution knowledge in IT automation.

ExITBench addresses these gaps with exe-
cutable IT automation tasks from real-world issues,
enabling dynamic LLM evaluation and introduc-
ing an error taxonomy that exposes key failures by
LLMs in handling state reconciliation.

3 Methodology

To effectively evaluate LL.M-generated code for
real-world IT automation needs, ExITBench uses
Ansible, an open-source tool where users write
YAML playbooks to define the desired state of a
system using task-specific modules. This state-
based approach matters because syntactic correct-
ness alone doesn’t guarantee correct execution.
Hence, ExITBench tasks require LLMs to gener-
ate playbooks that reliably achieve a specific target
system state using state reconciliation.

3.1 Task Collection and Curation

To build an execution-focused benchmark that truly
tests the ability to achieve specific system states,
we started with a corpus of 52,727 Stack Over-
flow posts on IT Automation (Begoug et al., 2023),
from which all personally identifiable information,
such as user IDs and email addresses was excluded.
Sourced for its real-world scenarios and inherent
natural language ambiguities (Yin et al., 2018b),

1

this corpus was refined into high-quality executable
tasks through a rigorous, two-step Data Curation
Phase. First, we performed an expert-driven, pur-
posive stratified sampling. To ensure a diverse
benchmark, we categorized the initial corpus into
seven key IT automation domains based on prior
analysis. Our team then manually reviewed posts
within each domain to select a proportionate set
of “Sampled Issues” that best aligned with ob-
served distributions. Second, The “Sampled Is-
sues” then underwent a final manual curation
and filtering stage. During this phase, each po-
tential task was assessed against several criteria:
its relevance to core Ansible functionalities (e.g.,
involving common modules like ansible.builtin and
community.general), the clarity of the user’s intent,
and the feasibility of implementation and validation
within our defined environment.

This curation process resulted in 126 executable
tasks that constitute the Execution-based IT Au-
tomation Task Benchmark (ExITBench). These
tasks span seven core domains of IT automation,
aligning with common Ansible use cases (Begoug
et al., 2023). The distribution is as follows: Server
Configuration (27), File Management (18), Vari-
able Management (18), Policy Configuration (17),
Networking (16), Deployment Pipelines (15), and
Templating (15).

To mitigate the risk of data leakage, our bench-
mark design explicitly ensures that simple mem-
orization is insufficient for success. Tasks are
curated from problem descriptions, not from ac-
cepted code solutions. Crucially, functional cor-
rectness is evaluated via execution inside our con-
trolled, benchmark-specific Docker environment,
which uses custom hostnames (ubuntul, alpinel,
centosl, redhatl), pre-defined file paths, initial
system states, and a synthetic multi-node subnet
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Figure 2: The ExITBench evaluation pipeline, showing different phases for testing LLM-generated Ansible code.

(10.1.1.0/24). A model that verbatim reproduces
a memorized Stack Overflow answer would there-
fore very likely fail our state-based assertions, since
those assertions verify the resulting system state
rather than the surface-form similarity to a refer-
ence solution. We acknowledge that residual con-
tamination risk cannot be fully eliminated, as mod-
els may generalize from seen patterns; this is dis-
cussed further in the Limitations (Section 9). A
detailed breakdown of our data sourcing, filtering
criteria, manual validation process, and data leak-
age mitigation is provided in Appendix A.

3.2 Execution-focused Test Case Development

We transform the curated tasks into executable test
cases with validation of whether LLM-generated
code achieves the intended system state. Here, the
system state is defined by operational constraints on
elements like file contents, service status, and con-
figuration values. For each task, we implemented
the following process:

1. Context Analysis: We identified the implicit
system requirements, dependencies, and environ-
mental constraints from the original question and
answers. This involved careful examination of both
the question text and accepted solutions to extract
the underlying automation intent, often requiring
domain expertise to interpret implied requirements
not explicitly stated.

2. State Definition: For each task, we formal-
ized both an initial (pre-automation) and target (de-
sired post-execution outcome) system state. This
required translating ambiguous user requirements
into precise, verifiable configurations that could be
automatically validated.

3. Parameter Identification: We extracted key
variables that might affect execution outcomes,
such as file paths, service names, configuration
values, and host-specific settings. This step was

crucial for ensuring that our test cases could prop-
erly evaluate how LLMs handle variable substitu-
tion, path resolution, and template rendering-core
capabilities for effective IT automation.

4. Determining Functional Correctness: For
each task, we defined assertions to verify state rec-
onciliation by checking file contents, service status,
and configuration values, ensuring the automation
goal is met. Figure 1 illustrates the distinction
between syntactic and functional correctness in An-
sible automation. While both scripts pass syntax
validation, the right implementation fails because it
incorrectly compares a string variable with integers
and subsequently references an undefined variable.
The left implementation correctly handles state rec-
onciliation by using proper string comparison and
default values, demonstrating why execution-based
validation is essential.

To ensure consistent testing, we containerized
each scenario with precisely controlled initial
states and task-specific verification scripts. This
development—Ied by authors with Ansible and
Python expertise—produced the “Test Case Collec-
tion” for ExXITBench, comprising 733 test cases
across 126 tasks. Our approach detects subtle state
reconciliation failures missed by static analysis or
basic logging. Using robust test cases, we built a
testing framework and execution pipeline to sys-
tematically evaluate LLM-generated solutions.

3.3 Testing Framework & Execution Pipeline

To assess operational correctness, we use a Dy-
namic Validation Process shown in Figure 2 that
executes each generated playbook and checks it
against task-specific constraints defined in Sec-
tion 3.2. The pipeline consists of three phases:
Acquisition Phase: This phase selects an au-
tomation issue from the test case collection and
uses TELeR prompts (Section 3.4) to generate can-

11537



didate playbooks via LL.Ms. Playbooks are then
validated for YAML and Ansible syntax; Invalid
scripts are logged and skipped, while valid ones
proceed to execution.

Execution Phase: For each valid playbook, this
phase starts by setting up a task-specific, isolated
Docker environment. The playbook runs within
this environment, triggering a system state trans-
formation. Custom Python validation scripts (Sec-
tion 3.2) then analyze the resulting state to ver-
ify whether the operational constraints were met,
which determines the final Pass or Fail outcome.

Termination Phase: This phase finalizes the
evaluation, recording the Pass/Fail status, logs, and
errors. After each task, the Docker environment is
reset to its default state.

3.4 Experimental Setup

Using the ExITBench benchmark and evaluation
pipeline, we evaluated 17 LLMs—14 open-source
(Table 7) and 3 proprietary (GPT-4.1-Mini, Claude-
3.5-Sonnet, and Gemini-2.5-Flash-Lite)—on their
ability to generate correct Ansible playbooks across
126 real-world tasks. The open-source models span
recent state-of-the-art systems in the 3B—15B range,
chosen for strong performance on established code
benchmarks (Zhuo et al., 2024b). This size range
offers a balance between competitiveness and com-
putational accessibility, supporting reproducibility
with available GPU resources (Hasan et al., 2025).
We also explored Ansible Lightspeed (Sahoo et al.,
2024), a specialized Ansible-focused model, but it
lacks a suitable API for scientific use and requires
a paid license and extra tooling, preventing its inte-
gration in this work.

Two decoding parameters were systematically
varied: TELeR prompt levels and sampling tem-
perature. TELeR Levels 1-3 (Santu and Feng,
2023) adjusted prompt specificity; higher levels en-
code more structured task descriptions. We focused
on these levels due to the lack of few-shot examples
and external documents for higher-level prompting.
Sampling temperature (Ackley et al., 1985) was set
at 0.2, 0.4, 0.6, and 0.8 to balance deterministic
and exploratory behavior. For each (model, task,
TELeR level, temperature) combination, we gener-
ated 15 scripts for robust performance estimation.

Generated playbooks were evaluated using the
pass@Kk metric (k € 1, 3,5, 10)(Chen et al., 2021).
A sample was considered successful only if it was
syntactically valid, executed correctly in our test
framework (Section3.3), and met the expected out-

come. All experiments were run on uniform hard-
ware (NVIDIA H100 GPUs).

4 Results and Analysis

4.1 Overall Performance Across Models

Our evaluation (Table 1) reveals a significant
performance gap: the proprietary Claude-3.5-
Sonnet achieves the highest Pass@1 score (18.8%)
among all evaluated models, exceeding GPT-4.1-
Mini’s 14.7% on single-attempt success, suggest-
ing greater reliability under greedy decoding. How-
ever, GPT-4.1-Mini surpasses Claude-3.5-Sonnet
on Pass@10 (23.9% vs. 22.2%), indicating a higher
diversity ceiling when given multiple attempts.
This pattern suggests that while Claude-3.5-Sonnet
may generate more consistently correct outputs
on the first try, GPT-4.1-Mini benefits more from
sampling exploration. GPT-4.1-Mini and Claude-
3.5-Sonnet together establish a strong upper-bound
reference well above the best open-source model,
Qwen2.5-Coder-7B-it (12.0 Pass@10), confirming
a significant capability gap.

Model @] @3 @5

GPT-4.1-Mini 147 19.9 21.8 23.9
Claude-3.5-Sonnet 18.8 20.7 214 222
Gemini-2.5-Flash-Lite 6.4 103 12.1 14.7
Qwen2.5-Coder-7B-it 3.5 6.7 8.7 12.0
DeepSeek-Coder-V2-it 3.1 5.5 6.7 85

WizardCoder-15B 31 34 36 37
Llama-3.1-8B-it 22 38 48 6.6
Phi-3.5-mini-it 22 34 41 50
Qwen2.5-7B-it 20 33 40 5.0
Codegemma-7B-it 1.3 25 33 46
CodeLlama-13B-it 1.0 1.6 21 3.0
Llama-3.2-3B-it 1.1 16 20 27
Starcoder2-7B 08 18 26 39
CodeLlama-7b-it 09 13 16 22
Vicuna-7B-it 05 1.1 15 23

DeepSeek-Distill-L 07 09 10 12
DeepSeek-Distill-Q 02 06 07 08
Table 1: passQk for selected LLMs on ExITBench
(avg. over tasks, prompts, temps). Bold highlights
indicate the best-performing model for each pass@k
column.

Among the open-source models, pretraining data
composition affects performance, with top models
like Qwen2.5-Coder-7B (70% code/20% text (Hui
et al., 2024; Yang et al., 2024)) and DeepSeek-
Coder-V2 (60% code/30% text (Zhu et al., 2024))
combines code and language input—key for under-
standing prompts and generating correct Ansible.
Qwen2.5-Coder-7B’s edge over its base model un-
derscores how code specialization benefits from
strong natural language grounding.
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Figure 3: Impact of decoding parameters for the top 9
LLMs. (a) Pass@1 and Pass@10 across temperature
settings. (b) Pass@1 and Pass@10 across TELeR levels.

The general-purpose Llama-3.1-8B (15T+ to-
kens (Dubey et al., 2024)) outperformed code-
specialized CodeLlama models (e.g., 13B, 85%
code/500B tokens (Roziere et al., 2023)), suggest-
ing massive scale and language understanding can
be more vital than high code ratios for instruction-
grounded IT automation tasks. These trends hint
that success in ExXITBench might be influenced not
only by code volume but also by the interplay of
code exposure, general language understanding,
and dataset scale.

4.2 Impact of Temperature and Prompting

Beyond overall success rates, this section analyzes
how generation configurations—specifically sam-
pling temperature and prompt detail—influence
LLM performance on IT automation tasks.
Sampling Temperature: Sampling temperature
impacted performance, revealing a trade-off. As
shown in Figure 3 (a), lower temperatures (e.g.,
0.2) maximized pass@1 scores by favoring reli-
able, deterministic outputs. Conversely, higher tem-
peratures (0.6—0.8) boosted pass@10 by increas-
ing output diversity, aiding discovery in complex
tasks. This highlights a practical precision-versus-
exploration dilemma for tuning generation.
Prompt Detail (TELeR Levels): While Fig-
ure 3 (b) shows higher TELeR levels often boost
Pass@10 accuracy for capable models like GPT-
4.1-Mini by leveraging richer input, increased
prompt detail is not uniformly advantageous. It can
also result in overly complex or ‘over-engineered’

solutions (Section 6), with the overall benefit vary-
ing by model capability.

Model @] @3 @5 @10
Qwen2.5-Coder-7B-it 5.6 9.8 12.1 15.5
Phi-3.5-mini-it 42 63 73 83
DeepSeek-Coder-V2-it 3.3 5.5 6.6 8.3
Llama-3.1-8B-it 2.8 48 59 175
Codegemma-7B-it 26 44 54 7.0
Starcoder2-7B 08 19 26 38
Vicuna-7B-it 05 1.1 14 20

WizardCoder-15B 27 29 32 34
CodeLlama-13B-it 27 49 6.1 8.1

Table 2: pass@k with error-avoidance prompts (avg.
across configs).
Error-Aware Prompting: Given the perfor-

mance gap between proprietary and open-source
models, we investigated whether error-aware
prompting could bridge this gap by specifically
targeting the common failure patterns of the open-
source models. We used prompts informed by
our failure taxonomy (Section 5), including hints
against common mistakes. However, as shown in
Table 2, this intervention yielded only marginal
pass@k improvements (1-4 percentage points) in-
dicating that prompt modifications alone poorly
mitigate models’ core challenges in state reconcili-
ation reasoning and module-specific knowledge.

4.3 Performance by IT Automation Domains

Figure 4 analyzes LLM performance across IT au-
tomation domains, with rows representing domains,
columns as model families, and color intensity in-
dicating pass@1 or pass@10 rates.

While models performed better on routine
tasks like Deployment Pipeline and File Manage-
ment, categories requiring precise state and vari-
able handling—notably Templating and Variable
Management—proved far more challenging, ex-
hibiting the lowest pass@k scores. This suggests
these state-sensitive domains demand reasoning be-
yond basic syntax or module use, aligning with our
error analysis (Section 5) where difficulties in state
reconciliation related issues are prevalent.

4.4 Throughput and Latency Analysis

To address practitioner concerns about accuracy
costs, we conducted a throughput and latency anal-
ysis. Results show a clear accuracy-performance
trade-off. For instance, GPT-4.1-Mini—the most
accurate model—has a generation latency of 4.09s,
over twice that of the faster Gemini-2.5-Flash-Lite
at 1.8s, highlighting the practical cost of higher
accuracy. Full performance metrics for all models
are in Table 8 (Appendix F).
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Figure 4: Pass@1 and Pass@ 10 Data for IT Automation Tasks Across Model Families

Model Variable Host ~ Path  Attr. & Param. Template Logic & Compliance Module Output Syntax
GPT-4.1-Mini 8.51 1.06  15.96 28.72 12.77 1.06 9.57 213 20.21
Claude-3.5-Sonnet 12.32 7.25 0.72 34.06 0.00 19.57 0.00 2391 217
Gemini-2.5-Flash-Lite ~ 23.66 9.68 6.45 12.90 10.75 9.68 5.38 323 18.28
Codegemma-7B-it 21.95 3.66 24.39 18.29 10.98 4.88 4.88 2.44 8.54
CodeLlama-7B-it 19.44 833 15.28 6.94 23.61 5.56 8.33 4.17 8.33
CodeLlama-13B-it 8.65 9.62  10.58 10.58 4.81 3.85 5.71 096 45.19
DeepSeek-Coder-V2-it ~ 1.69 32.20 20.34 10.17 10.17 3.39 13.56  0.00 8.47
Llama-3.1-8B-it 3.30 13.19  10.99 10.99 4.40 7.69 17.58 549  26.37
Llama-3.2-3B-it 13.04 1630 8.70 14.13 3.26 3.26 1522 0.00 26.09
Phi-3.5-mini-it 26.09 870 15.22 16.30 14.13 6.52 10.87  0.00 2.17
Qwen2.5-7B-it 722 825 1031 22.68 5.15 722 19.59  2.06 17.53
Qwen2.5-Coder-7B-it 13.51 721 1171 19.82 8.11 0.90 5.41 17.12  16.22
Starcoder2-7B 4.94 0.00 6.17 25.93 11.11 11.11 13.58 123 28.40
Vicuna-7B 10.42 8.33 0.00 10.42 10.42 14.58 4.17 0.00 41.67
WizardCoder-15B 7.37 2842 632 7.37 14.74 1.05 0.00 421  30.53
DeepSeek-Distill-L 0.00 1.22 1.22 6.10 1.22 3.66 4.88 0.00 8171
DeepSeek-Distill-Q 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00  100.00
Aggregation 12.287 10.363 10.511 17.617 8.956 6.810 8.586 5.551 19.319

Table 3: Distribution of Error Types (%) Across Models. Bold values indicate the most frequent error category
per model. To avoid skew, syntax-heavy error distributions from reasoning-distilled models are excluded from the

aggregated percentages.

5 Error Taxonomy

To understand what lies behind the low pass@k
values, we conducted a qualitative analysis of 1,517
execution failures across all models, developing a
taxonomy of errors in LLM-generated automation
scripts for real-world tasks.

Error analysis reveals that reasoning-distilled
models often fail at basic syntax, suggesting that
general reasoning doesn’t easily transfer to struc-
tured domains like IT automation without explicit
domain grounding. Other LLMs mostly fail beyond
syntax, with errors clustering into two core seman-
tic categories. First, module-specific execution
gaps are common. Models often identify the right
Ansible modules but misapply them, frequently
producing Attribute or Parameter Errors. This sug-
gests they know what action is needed but not how

to configure it correctly. Second, widespread state-
reconciliation reasoning failures are a defining
challenge across nearly all evaluated models. These
include variable and path handling errors, reflect-
ing challenges in tracking state across playbooks,
roles, and templates. Models also struggle with
Jinja2 template logic, showing difficulty in reason-
ing about dynamic content generation even when
the correct module is identified. The distribution
of these state-related errors across variables, hosts,
paths, and templates varies across model architec-
tures, suggesting different blind spots in contextual
reasoning.

This analysis reveals key gaps from basic syntax
issues in some models to deeper failures in state
reasoning and module-specific knowledge, explain-
ing the low pass@k performance on executable IT
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automation tasks and pointing to clear targets for
future improvement.

Error Type T=0.2 T=0.8

Attribute type mismatch 15 15
Invalid YAML 13
Wrong host name
Conflicting action
Variable issue
Wrong attribute
Template error
Missing hosts field

SO OO VB W
N == == 0 \O

Table 4: Error diversity with low and high temperatures
for the targeted host execution task.

6 Qualitative Examples

To complement the quantitative results, we quali-
tatively analyze Qwen2.5-Coder-7B-it—the top-
performing open-source model in our evalua-
tion—on representative tasks, revealing trade-offs
induced by decoding parameter choices.

tasks:

- name: Send email if any host changes
mail:
host: localhost
when: mail_result.rc == @ and

ansible_check_mode

Listing 1: Use of Check Mode to Control Email Sending

In the targeted host execution task (cen-
tos1), higher sampling temperatures increased both
output diversity and error variety, with the num-
ber of distinct error categories rising from four at
T = 0.2 to eight at T" = 0.8 (Table 4). Tempera-
ture also affected correctness: in the check_mode
task, only samples generated at 7' = 0.8 correctly
applied check_mode (Listing 1), whereas lower
temperatures did not yield any correct instances.
In the multi-server directory setup task, TELeR
Level 3 prompts produced functionally correct but
overengineered solutions, including redundant file
creation and validation steps that could reduce
maintainability.

- name: Ensure base directory exists
file:
path: /tmp/servers
state: directory
- name: Create server directories
file:
path:''/tmp/servers/server{{item}}
state: directory
loop: {{ range(1, 4) | list }}

Listing 2: Overengineered Directory Setup

In the nested dictionary iteration task, the model
often reused variable names from the original Stack
Overflow post instead of adhering to the benchmark
constraints. At 7" = 0.2, 20/30 samples failed due
to undefined loop variables, whereas 7' = 0.8 pro-
duced diverse set of incorrect variants (Listing 2).

These case studies show that even the strongest
open-source models are highly sensitive to temper-
ature, prompt design, and task complexity: higher
temperatures increase exploration but also broaden
the error surface, while more detailed prompts can
improve correctness at the cost of complexity.

7 Discussion

Evaluation using ExITBench reveals significant
challenges for current LLMs in generating opera-
tionally correct Ansible code, highlighting a critical
gap between syntactic validity and reliable execu-
tion for complex, state-based I'T automation. Low
success rates (pass@ 10 max 23.9%) reveal LLMs
struggle with functional correctness for real-world
instructions, even with context. Our analysis of
the open-source models indicates that models pre-
trained on both extensive code and substantial nat-
ural language data outperform those trained on less
balanced corpora. This suggests success in IT au-
tomation demands not just coding ability but also
robust interpretation of complex user instructions.

Furthermore, our analysis of generation param-
eters showed that sampling temperature provides
a crucial lever for balancing reliability (pass@1)
and exploration (pass@10). Higher TELeR levels
offered some multi-sample gains for certain mod-
els, but these gains were often offset by increased
solution complexity. Similarly, incorporating error-
aware guidance did not improve performance sig-
nificantly. This suggests that even with stronger
prompts, models struggle due to more fundamen-
tal limitations—such as reasoning about system
state, interpreting variable scopes, and adhering to
procedural constraints. Furthermore, as our perfor-
mance analysis showed, achieving higher accuracy
often comes at the cost of increased latency, adding
another layer of complexity.

To see if models could fix their own mis-
takes, we tested them in an agentic self-correction
study. The experiment focused on a representa-
tive task where models commonly failed: an OS-
version detection playbook that resulted ina fatal:

‘install_patch_name’ is undefined er-
ror when the target host’s OS did not match a spe-
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cific version. For each iteration, the agent was
provided with the previous failing code, the full An-
sible execution log, and the structured output from
our unit tests (e.g., correct_version_printed =
False). The results of this case study are summa-
rized in Table 5. As the table illustrates, a stark
capability gap emerged between the proprietary
and open-source models. The two proprietary mod-
els included in this case study, GPT-4.1-Mini and
Gemini-2.5-Flash-Lite, were able to correctly diag-
nose the root cause from the feedback and produce
a functionally correct script in a single correction at-
tempt. In contrast, the top-performing open-source
models struggled. Models like Qwen-2.5-Coder-
7B-it and LLaMa-3.1-8B-it made superficial fixes
that resolved the initial execution crash but failed
to address the underlying logical error, thus still
failing the functional test cases. The DeepSeek-
Coder-V2-it model became stuck in a failure loop,
unable to make meaningful progress. This case
study provides further evidence that while simple
agentic loops are a promising direction, they do
not automatically resolve the fundamental state-
reconciliation reasoning failures we identified, par-
ticularly for open-source models.

Model Outcome Notes

Proprietary Models

GPT-4.1-Mini Success Solved root cause in 1
correction attempt.

Gemini-2.5-Flash-Lite ~ Success Solved root cause in 1
correction attempt.

Open-Source Models

Qwen-2.5-Coder-7B-it  Failure Fixed initial crash but
failed to solve the under-
lying logical error after
5+ iterations.

DeepSeek-Coder-V2-it  Failure Got stuck in a failure
loop and could not re-
solve the error after 5+
iterations.

LLaMa-3.1-8B-it Failure Fixed initial crash but

failed to solve the under-
lying logical error after
5+ iterations.

Table 5: Agentic Self-Correction Performance.

These difficulties—especially in managing vari-

able resolution and template logic—manifest
clearly in task-specific performance and error pat-
terns. Models consistently struggled with tasks that
require precise state and variable handling, namely
Templating (using Jinja2) and Variable Manage-
ment (Section 4.3). Our error analysis confirms
this pattern, revealing that conventional LL.Ms pri-
marily fail due to state reconciliation reasoning is-

sues (42.117%) and limited module-specific execu-
tion knowledge (26.203%), confirming that track-
ing state changes and applying domain-specific
knowledge are primary bottlenecks.

Our findings imply that current open-source
LLMs exhibit critical deficits in state reasoning
and precise execution, hindering reliable IT au-
tomation. Overcoming key bottlenecks, such as
variable and template management, demands more
than prompt tuning—pointing to needs for archi-
tectural or domain-specific enhancements. Conse-
quently, the observed high failure rates mandate
dynamic execution validation, as ExXITBench pro-
vides, since static checks alone cannot ensure oper-
ational safety and correctness.

More positively, EXITBench introduces a novel
and challenging benchmark—difficult even for
leading open-source models such as DeepSeek-
Coder and Qwen and thereby lays the foundation
for future research in Al-powered IT automation,
including advances in model architectures, fine-
tuning strategies, and domain-specific reasoning.

8 Conclusion

Ensuring the reliability of LLMs for complex IT
automation tasks remains a significant challenge,
largely due to the limitations of existing evaluation
methods. We presented ExITBench, a benchmark
focused on execution and real-world practitioner
needs, to evaluate LLMs. Our comprehensive eval-
uation of 17 LLMs revealed low success rates in
achieving desired system states, with predominant
failures stemming not merely from syntax but from
critical deficiencies in state-reconciliation reason-
ing and the application of module-specific execu-
tion knowledge. These fundamental bottlenecks,
which prompt engineering alone proved insufficient
to resolve, underscore that current LLMs are not yet
consistently reliable for autonomous IT automation.
Significant advances in models’ stateful reasoning
and domain adaptation capabilities are therefore
necessary. We posit that challenging, execution-
based benchmarks like ExXITBench are essential
for guiding and measuring future progress towards
truly dependable LLLM-based automation that cor-
rectly achieves the intended system state. We have
publicly shared the artifacts used for our evalua-
tion online (paser-group, 2023) to facilitate further
research in this domain.
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9 Limitations

While ExITBench provides valuable insights into
LLMs’ capabilities for IT automation tasks, several
limitations should be acknowledged.

First, our evaluation covers 17 LLMs spanning
14 open-source models (3B—15B parameters) and
3 proprietary models. While this provides a wide
baseline, extending the study to larger proprietary
flagship models such as GPT-40 or Gemini-2.5-Pro
would provide an even more complete picture of
the upper performance ceiling.

Second, our benchmark’s sample size (126 tasks)
represents a limited subset of the vast I'T automa-
tion landscape. While carefully curated to cover
diverse categories, this sample may not capture
all edge cases or specialized scenarios. With 126
tasks, pass@k point estimates are subject to sam-
pling variance. Future versions of ExITBench will
expand the task set, targeting 300+ tasks across
the existing seven domains and at least two new
domains (e.g., Cloud Provisioning, Container Or-
chestration), to reduce variance and improve the
statistical reliability of model comparisons.

Third, although our environment-dependent ex-
ecution design substantially reduces the risk that
models succeed through memorization of Stack
Overflow solutions (Section 3.1), we cannot fully
rule out that models may have generalized use-
ful abstractions — such as common Ansible mod-
ule patterns — from pre-training data. Future
work could include a held-out test set constructed
from post-cutoff practitioner queries to provide a
contamination-free upper bound.

Finally, while our new agentic case study ex-
plores a simple, multi-turn self-correction scenario,
the primary benchmark still focuses on the gen-
eration of individual playbooks rather than the
complex, multi-playbook orchestration common
in large enterprise environments.
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A Benchmark Curation and Validation
Process

This appendix provides additional details on the
curation and validation process for the ExXITBench
benchmark tasks, supporting the methodology de-
scribed in Section 3.1.

Data Source and Timeframe The initial corpus
for our benchmark consisted of 52,727 Stack Over-
flow posts related to I'T Automation, as identified
by (Begoug et al., 2023). This dataset encompasses
posts spanning from 2012 to 2022, ensuring that
our benchmark is derived from a wide and tempo-
rally diverse range of real-world practitioner chal-
lenges.

Manual Curation and Author Expertise The
benchmark was developed by Authors 1 and 2,
who together have over 4 years of hands-on ex-
perience with Ansible and more than 8§ years with
Python, spanning both industry and academic con-
texts. Their expertise in DevOps, systems admin-
istration, and scientific computing informed the
rigorous manual validation of 200 sampled Stack
Overflow posts, resulting in 126 finalized tasks and
733 test cases. Each candidate task was carefully
reviewed to assess the clarity of user intent, feasibil-
ity of implementation, and the ability to define pre-
cise validation criteria within a controlled Docker
environment. This expert-driven process ensured
the technical accuracy, realism, and consistency of
the final benchmark.

Conflict Resolution During the manual curation
phase, any disagreements among the authors re-
garding a task’s suitability, scope, or validation
logic were resolved through a consensus-based ap-
proach. Each contested task was discussed collabo-
ratively until a unanimous decision on its inclusion,
exclusion, or modification was reached, ensuring a
high-quality and consistent final benchmark.

Data Leakage Mitigation We acknowledge the
risk of data leakage, as the LLMs evaluated may
have been trained on portions of Stack Overflow.
Our mitigation strategy focused on ensuring that
success requires more than simple memorization.
We curated tasks from problem descriptions, not
just accepted code solutions. More importantly, our
benchmark’s core requirement is functional cor-
rectness via execution in our specific, controlled
environment. This requires models to adapt solu-
tions to our predefined hostnames, file paths, and

initial system states, a task that verbatim code from
Stack Overflow would almost always fail. This
design ensures we test for true generation and state
reconciliation capability, not just retrieval.

Initial Filtering Criteria The initial corpus for
our benchmark consisted of 52,727 Stack Overflow
posts related to IT Automation, as identified by
Begoug et al. (Begoug et al., 2023). This dataset
encompasses posts spanning from 2012 to 2022,
ensuring our benchmark is derived from a wide
range of real-world practitioner challenges. These
posts were automatically filtered based on the fol-
lowing criteria:

1. Replicability: The described problem needed
to be potentially replicable within a container-
ized Linux environment, excluding issues spe-
cific to non-containerizable hardware, propri-
etary systems unavailable in Docker, or GUI
interactions.

2. Core Ansible Modules: The problem or
its likely solution needed to involve mod-
ules primarily from the ansible.builtin,
ansible.netcommon, ansible.utils, or
community.general collections.

Posts from the initial Stack Overflow corpus (Be-
goug et al., 2023) were automatically filtered based
on:

1. Replicability: The described problem needed
to be potentially replicable within a container-
ized Linux environment, excluding issues spe-
cific to non-containerizable hardware, propri-
etary systems unavailable in Docker, or GUI
interactions.

2. Core Ansible Modules: The problem or
its likely solution needed to involve mod-
ules primarily from the ansible.builtin,
ansible.netcommon, ansible.utils, or
community.general collections, focusing
on common, well-supported functionalities.
Posts relying heavily on obscure, deprecated,
or highly specialized external collections were
typically excluded.

Manual Curation Criteria The set of posts se-
lected via stratified sampling (initially 200 posts)
underwent manual review. Posts were excluded
during this final curation if:

1. Feasibility Issues: Upon closer inspection,
the task required external services, hardware,
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credentials, or network configurations imprac-
tical or insecure to replicate reliably within
the isolated Docker test environment.

2. Ambiguity/Incompleteness: The problem de-
scription was too vague, lacked crucial details,
or the accepted SO solution was unclear, in-
complete, or non-functional, preventing the
formulation of a clear, testable task and vali-
dation criteria.

3. Relevance Issues: The post, despite key-
words, did not ultimately represent a core An-
sible automation task solvable via the targeted
modules or involved primarily debugging An-
sible itself rather than using it for automation.

Sampling Rationale and Representativeness
While our benchmark construction relied on expert-
driven stratified sampling and manual curation
(rather than random selection for inferential statis-
tics), we acknowledge the standard statistical
framework for estimating sample representative-
ness. Assuming a simple random sample from
52,727 posts, a sample size of 200 (with a 95%
confidence level and a maximum population pro-
portion of 60%) yields a margin of error of ap-
proximately 6.8% for estimating proportions in the
original corpus.! However, since our process in-
volves expert curation and stratification by topic
(rather than purely random sampling), this margin
of error provides only a general reference point.
As such, traditional confidence intervals do not
strictly apply to our benchmark, but we include
this calculation for transparency regarding sample
size representativeness.

This rigorous process yielded the final 126 tasks
for benchmark development. The distribution of
curated tasks across seven I'T automation domain
is presented in Table 6.

Category Curated Tasks
Deployment Pipelines 15
File Management 18
Networking 16
Policy Configuration 17
Server Configuration 27
Templating 15
Variable Management 18
Total Curated 126

Table 6: Distribution of the 126 IT automation tasks
across the 7 IT automation domains.

"https://www.calculator.net/
sample-size-calculator.html?type=2&c12=95&ss2=
200&pc2=60&ps2=52727&x=Calculate#findci

B IT Automaton Task Categories

Based on (Begoug et al., 2023), the seven cate-
gories of IT automation tasks we use are:

1. Server Configuration: Managing server en-
vironments, package installation/removal, ser-
vice states (start, stop, restart), user/group
management, basic system settings.

2. Policy Configuration: Defining security set-
tings (firewalls, SELinux), compliance rules,
access controls, system policy enforcement.

3. Networking: Configuring network interfaces,
IP addressing, routing, DNS, network services
(DHCP, NTP), basic network device interac-
tions.

4. Deployment Pipelines: Automating steps in
application deployment, including fetching
artifacts, managing dependencies, deploying
code, database migrations, basic CI/CD tasks.

5. Variable Management: Handling variable
definition, scope (host, group, play), prece-
dence, lookup plugins, complex data struc-
tures, and accessing facts.

6. Templating: Using dynamic templates (pri-
marily Jinja2) to generate configuration files
based on variables and logic.

7. File Management: Creating, modifying (line-
infile, blockinfile, replace), deleting files
and directories, managing permissions, copy-
ing/fetching files.

C Docker-based Execution Environment

To ensure consistent, isolated, and reproducible
execution for both reference solutions and LLM-
generated playbooks, we designed a standardized
Docker-based testing environment. This environ-
ment simulates a small, heterogeneous infrastruc-
ture network. We configured a dedicated Docker
network with the subnet 10.1.1.0/24 and as-
signed the gateway address 10.1.1.254. Within
this network, we provisioned four distinct Docker
containers acting as target nodes, each running a
common Linux distribution frequently encountered
in production systems:

e ubuntul: Ubuntu Linux (IP: 10.1.1.1)

* alpinel: Alpine Linux (IP: 10.1.1.2)

¢ centos?1: CentOS Linux (IP: 10.1.1.3)

* redhat1: Red Hat Enterprise Linux (or a com-
patible distribution like Rocky/Alma Linux) (IP:
10.1.1.4)

Each container was equipped with SSH access and

11548


https://www.calculator.net/sample-size-calculator.html?type=2&cl2=95&ss2=200&pc2=60&ps2=52727&x=Calculate#findci
https://www.calculator.net/sample-size-calculator.html?type=2&cl2=95&ss2=200&pc2=60&ps2=52727&x=Calculate#findci
https://www.calculator.net/sample-size-calculator.html?type=2&cl2=95&ss2=200&pc2=60&ps2=52727&x=Calculate#findci

Python, prerequisites for Ansible control. The spe-
cific target node(s) for each benchmark task were
determined by the task’s requirements, often spec-
ified implicitly (e.g., tasks involving ‘apt’ target
Ubuntu, ‘yum’/‘dnf’ target CentOS/Red Hat) or
explicitly in the adapted task description. This
multi-node, multi-distribution setup allows for eval-
uating the correctness and portability of Ansible
playbooks across diverse target systems, ensuring
generated solutions are robust and not overly fitted
to a single environment. Each test execution (de-
tailed in Section 3.3) occurs within a fresh instance
of this environment.

D Experiment Design

D.1 Evaluation Metrics

We evaluate the functional correctness of generated
Ansible playbooks using the pass@k metric (Chen
et al., 2021). This metric estimates the probability
that at least one of the top k generated samples
for a task passes all validation criteria. A sample
is considered "correct” (c) only if it is syntacti-
cally valid, executes successfully without errors,
achieves the desired functional outcome verified
by our task-specific validation tests (Section 3.2),
and is idempotent, all within the testing framework
described in Section 3.3.
We use the unbiased estimator for pass @k, aver-
aged across all benchmark tasks:
] ()

0

(%)
where n is the total number of samples generated
per task and c is the count of correct samples. In our
experiments, we report results for & € {1, 3,5,10}.
We generated n = (Specify your value of n) sam-
ples per task for each LLM configuration (Sec-
tion 3.4) to ensure robust estimation. While
pass@k is the primary metric, analysis may also
consider intermediate failure points like syntax er-
1Or1S.

pass@k = Frasxs

D.2 LLM Selection and Configuration

The list of LLMs and their versions are given in
Table 7. We evaluated a diverse set of fourteen
large language models (LLMs), including both
code-specialized models (Code LLMs) and general-
purpose instruction-tuned models (General LLMs).
Our selection spans multiple model families, pa-
rameter scales, and release dates to capture varia-
tions in architecture, training data, and objectives.

Table 7 lists the specific models used in our study
along with their key characteristics.

Each model was prompted to generate solutions
for the 126 Ansible benchmark tasks (Section 3.2).
For every task, we explored variations in the gener-
ation process using multiple prompting strategies
and sampling temperatures, as detailed in Sec-
tion 3.4. To compute the pass@k metrics (Sec-
tion D.1), we generated n = 15 code samples for
each unique combination of task, model, prompt
style, and temperature setting.

E Experimental Execution

The inference process for generating Ansible code
samples from all selected Large Language Models
(LLMs) was conducted on a single NVIDIA H100
GPU to ensure hardware consistency. For each
of the 14 open-source and three proprietary LLMs
(Section 3.4), we generated responses for every one
of the 126 benchmark tasks (Section 3.2).

As detailed in Section 3.4, we tested three dis-
tinct prompt structures (derived from TELeR Lev-
els 1-3) and four different sampling temperature
settings (0.2, 0.4, 0.6, 0.8). For each unique com-
bination of model, task, prompt style, and temper-
ature setting, we generated n = 15 independent
samples, as required for the pass@k evaluation
(Section D.1).

This resulted in a substantial number (22,680) of
generated IT automation script per model. Where
On average Each model needed 20 GPU hours to
generate all those scripts. We user NVIDIA H100
GPU having 80GB memory to generate scripts
from LLMs. So go generate the whole results we
needed 280 GPU hours (Approximately).

Executing all experiments on uniform hardware
ensures that observed performance differences can
be attributed to the models and prompting strate-
gies themselves, enabling a fair comparison across
all configurations. The execution and evaluation
of each generated sample followed the pipeline
described in Section 3.3.

E.1 NLP packages

We use the following python packages for building
our experiments: openai, tiktoken, accelerate, an-
sible, ansiblemetrics, colorama, datasets, ipython,
numpy, pandas, tokenizers, torch, tqdm, transform-
ers, argcomplete, simple_term_menu, paramiko,
scp, pynvml, scipy, bitsandbytes, openpyxl, docker,
bs4, protobuf, sentencepiece, pymysql, natsort,
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LLM Name Abbreviation Family Size Type Download Date
WizardLMTeam/WizardCoder-15B-V1.0 (Luo et al., 2023) WizardCoder-15B WizardCoder 15B Code LLM Jan 24
codellama/CodeLlama-7b-Instruct-hf (Roziere et al., 2023) CodeLlama-7B-it CodeLlama 7B Code LLM Apr 24
codellama/CodeLlama-13b-Instruct-hf (Rozi¢re et al., 2023) CodeLlama-13B-it CodeLlama  13B Code LLM Apr 24
bigcode/starcoder2-7b (Lozhkov et al., 2024) Starcoder2-7B StarCoder 7B Code LLM Jul 24
google/codegemma-7b-it (Zhao et al., 2024) Codegemma-7B-it CodeGemma 7B Code LLM Aug 24
Qwen/Qwen?2.5-Coder-7B-Instruct (Hui et al., 2024) Qwen2.5-Coder-7B-it Qwen2.5 7B Code LLM Sept 24
Qwen/Qwen2.5-7B-Instruct (Yang et al., 2024) Qwen2.5-7B-it Qwen2.5 7B Code LLM Sept 24
Imsys/vicuna-7b-v1.5 (Zheng et al., 2023) Vicuna-7B-it Vicuna 7B Generic LLM Mar 24
meta-llama/Llama-3.1-8B-Instruct (Dubey et al., 2024) Llama-3.1-8B-it Llama 3.1 8B Generic LLM Oct 24
meta-llama/LLlama-3.2-3B-Instruct (Dubey et al., 2024) Llama-3.2-3B-it Llama 3.2 3B Generic LLM Oct 24
microsoft/Phi-3.5-mini-instruct (Abdin et al., 2024) Phi-3.5-mini-it Phi 3.5 3.8B  Generic LLM Sept 24
deepseek-ai/DeepSeek-Coder-V2-Lite-Instruct (Zhu et al., 2024) DeepSeek-Coder-V2-it ~ DeepSeek 7B Code LLM Mar 25
deepseek-ai/DeepSeek-R1-Distill-Llama-8B (DeepSeek-Al, 2025) DeepSeek-Distil-L DeepSeek 8B Reasoning LLM Mar 25
deepseek-ai/DeepSeek-R1-Distill-Qwen-7B (DeepSeek-Al, 2025) DeepSeek-Distil-Q DeepSeek 7B Reasoning LLM Mar 25
GPT-4.1-Mini (OpenAl et al., 2024) GPT-4.1-Mini GPT-4.1 N/A Generic LLM N/A
Claude-3.5-Sonnet (Anthropic, 2024) Claude-3.5-Sonnet Claude N/A Generic LLM N/A
gemini-2.5-flash-lite-preview-06-17 (Comanici et al., 2025) Gemini-2.5-Flash-lite ~ Gemini-2.5 N/A  Generic LLM N/A

Table 7: Selected LLMs for Evaluation and Their Configuration Details. LLM Types indicate primary training focus

(Code vs General). Sizes are approximate parameters.

Avg Latency (s) Avg Throughput (tok/s)

LLM

Qwen2.5-Coder-7B-it 5.15
Qwen2.5-7B-it 2.49
WizardCoder-15B 1.38
CodeLlama-13B-it 5.71
CodeLlama-7B-it 7.18
starcoder2-7b 3.40
Llama-3.1-8B-it 2.12
Llama-3.2-3B-it 2.24
DeepSeek-Coder-V2-it 8.84
Vicuna-7B-it 3.85
Codegemma-7B-it 3.19
Phi-3.5-mini-it 5.55
DeepSeek-Distil-Q 2.56
DeepSeek-Distil-L 240
GPT-4.1-Mini 4.09
Gemini-2.5-Flash-lite 1.80
Claude-3.5-Sonnet 6.41

76.84
136.47
22542

78.10

40.02
140.38
175.43
259.99

39.46

51.24
122.85
101.25
108.00
146.77
161.41
272.62

57.3

Table 8: LLM Latency and Throughput Comparison

umap-learn, sentence-transformers, hdbscan.

F Throughput and Latency Analysis

To address practitioner concerns about the cost of
accuracy, we conducted a throughput and latency
analysis. Our findings reveal a clear accuracy-
performance trade-off. For example, GPT-4.1-
Mini, the most accurate model, has a generation
latency of 4.09s, more than double that of the faster
Gemini-2.5-Flash-Lite at 1.8s. This highlights the
practical costs associated with achieving higher
accuracy. In Table 8 we present the latency and
throughput comparison of different LLMs.

G Agentic Case Study

This appendix provides a detailed walkthrough
of the agentic self-correction case study summa-
rized in the Discussion (Section 7). This study
was designed to investigate whether an interactive,
multi-turn framework could allow LLMs to over-
come the initial generation failures observed in
our main benchmark by analyzing their own errors
and refining their output. The experiment focused
on a representative task where models commonly
failed: an OS-version detection playbook that re-
sulted in a fatal: ’install_patch_name’
is wundefined error when the target host’s OS
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did not match a specific version. For each it-
eration, the agent was provided with the previ-
ous failing code, the full Ansible execution log,
and the structured output from our unit tests (e.g.,
correct_version_printed = False).

The results of this case study are summarized
in Table 5. As the table illustrates, a stark capa-
bility gap emerged between the proprietary and
open-source models. The proprietary models, GPT-
4.1-Mini and Gemini-2.5-Flash-Lite, were able to
correctly diagnose the root cause from the feed-
back and produced a functionally correct script in
a single correction attempt. In contrast, the top-
performing open-source models struggled. Models
like Qwen-2.5-Coder-7B-it and LLaMa-3.1-8B-it
made superficial fixes that resolved the initial ex-
ecution crash but failed to address the underlying
logical error, thus still failing the functional test
cases. The DeepSeek-Coder-V2-it model became
stuck in a failure loop, unable to make meaningful
progress. This detailed analysis provides strong
evidence for the conclusion made in the Discus-
sion: while simple agentic loops are a promising
direction, they do not automatically resolve the fun-
damental state reconciliation reasoning failures we
identified, particularly for the open-source models.

H Decoding Strategies

We systematically varied two key aspects influenc-
ing LLM generation: the structure of the input
prompt and the sampling temperature.

H.1 Prompt Design based on TELeR Level of
Detail

To explore how the amount of information provided
in the prompt affects Ansible code generation, we
adapted the TELeR taxonomy (Santu and Feng,
2023), which categorizes prompts along dimen-
sions including Turn, Expression, Level of Detail,
and Role. Our study focused specifically on the
Level of Detail dimension. This dimension de-
scribes the richness of the input prompt, ranging
from minimal instruction (Level 0) to incorporating
external documents (Level 5) or requesting expla-
nations (Level 6).

Based on our objective of evaluating core An-
sible generation capabilities and the nature of our
benchmark tasks (derived from SO posts without
readily available ideal solutions for few-shot ex-
amples or relevant external documents for RAG),
we constrained our prompt variations to specific

TELeR levels:

¢ Excluded Levels: We excluded Level 0 (mini-
mal detail, likely insufficient guidance), Level 4
(requiring few-shot examples or evaluation guide-
lines not suitable for our setup), Level 5 (requir-
ing external documents for RAG, which were
not available per task), and Level 6 (focused on
explainability, not core generation).

* Utilized Levels: Consequently, our experiments
employed three prompt variations corresponding
to TELeR Levels 1, 2, and 3. These levels rep-
resent increasing detail within the prompt itself,
ranging from basic instruction (Level 1) to more
elaborated descriptions potentially including con-
straints or hints derived from the stack overflow
post analysis (Level 3), without relying on exter-
nal examples or documents. Those prompts are
presented in Table 9-11.

* Error aware prompts: We also experimented
with how much error-aware prompts affect the
LLM generation. We inject the errors to avoid
that we got from Error Taxonomy (Section 5).
We inject the error information in all three level
of prompts presented in Table 12- 14.

This systematic variation allows us to assess the
sensitivity of different LLMs to the level of detail
provided directly within the prompt for Ansible
task generation.

H.2 Temperature Variation

The temperature parameter significantly influences
the randomness and creativity of LLM outputs dur-
ing sampling (Ackley et al., 1985; OpenAl, 2025).
Lower temperatures (closer to 0) make the model’s
output more deterministic, favoring the highest
probability tokens at each step, leading to more
focused but potentially less diverse results. Higher
temperatures (e.g., approaching 1.0) increase ran-
domness, allowing the model to sample lower prob-
ability tokens more often, potentially leading to
more novel or diverse solutions but also increasing
the risk of errors or nonsensical output (Shivam
Mehta, 2023).

To understand the trade-off between correctness
and diversity for Ansible code generation, we sys-
tematically generated samples using four distinct
temperature settings: 0.2, 0.4, 0.6, and 0.8. This
range allows us to observe performance from near-
deterministic generation (0.2) to significantly more
stochastic generation (0.8). The impact of tempera-
ture is analyzed in Section 4.
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Component

Content

system_role

As an expert Ansible developer and Linux systems administrator, your role is to an-
alyze Stack Overflow posts and transform them into practical, self-contained, and
well-documented solutions while ensuring cross-distribution compatibility, adhering
to infrastructure-as-code best practices, considering distribution-specific differences,
validating network requirements, ensuring proper YAML syntax, and verifying com-
pleteness without assuming external dependencies or pre-existing configurations.

prompt

Transform the given Stack Overflow post, including its title ({{title}}) and body
({{body}}), into a production-ready Ansible playbook solution that adheres to the
specified target environment, which consists of a network with a subnet of 10.1.1.0/24
and a gateway at 10.1.1.254, along with four nodes—ubuntul (10.1.1.1) running Ubuntu
Linux, alpinel (10.1.1.2) running Alpine Linux, centosl (10.1.1.3) running CentOS
Linux, and redhat1 (10.1.1.4) running Red Hat Linux—while ensuring cross-distribution
compatibility, complying with the implementation constraint ({ {constraint}}), and de-
livering a self-contained, production-ready playbook that includes a brief analysis of the
problem and solution approach, incorporates all necessary variables and files, follows
YAML best practices, features comprehensive error handling, and is enclosed in triple
backticks (“‘) for automated Python processing.

Table 9: Level 1 TELeR (Santu and Feng, 2023) Prompt Structure for IT Automation Tasks. Placeholder expressions
enclosed in double curly braces (e.g., {{title}}, {{body}}, {{constraint}}) indicate variable components that will be

dynamically replaced with task-specific information.

I Artifact License and AI Use

The source code and data artifact accompanying
this paper is made publicly available under the per-
missive MIT License. This license permits any
individual or entity to freely use, copy, moditfy,
merge, publish, distribute, sublicense, and/or sell
copies of the software, with the sole condition that
the original copyright notice and this permission
notice be included in all copies or substantial por-
tions of the software. We have chosen this license
to maximize the accessibility and impact of our
research, encouraging its adoption and extension
by the community.

Al assistants like ChatGPT and Claude were
used for minor assistance in editing, and improving
clarity of the manuscript.

J Qwen 2.5 Coder 7B Instruct Model
Case Study

Our detailed case study of Qwen2.5-Coder-7B, the
top-performing model in our evaluation, revealed
several nuanced behaviors and challenges. Initial
observations indicated inconsistent performance
trends related to sampling temperature, with some
tasks showing improved success at higher tempera-
tures (an "upward trend") while others performed
better at lower temperatures (a "downward trend").

Similarly, the impact of TELeR prompt levels was
not uniform across all tasks, prompting further in-
vestigation into when increased prompt detail was
genuinely beneficial versus when it was not ef-
fectively utilized. The *Templating’ domain was
identified as consistently underperforming for this
model, suggesting that the task constraints or the
model’s approach to this category might require
specific attention.

Further investigation into these patterns provided
deeper insights. A key observation was that on
higher TELeR levels of prompt detail, Qwen2.5-
Coder-7B tended to generate overly complicated
or ’over-engineered’ playbooks. In some instances,
these more complex Level 3 responses, while po-
tentially containing elements of a correct solution,
ultimately failed due to issues introduced by this
over-complication. We also observed instances
where the model appeared to treat code snippets or
patterns directly from Stack Overflow posts as fac-
tual or directly applicable without sufficient adap-
tation to the specific task constraints presented
in our benchmark. These findings suggest that
even for high-performing models, achieving reli-
able and minimally complex solutions may require
very clear, unambiguous instructions, potentially
needing to ’spoon-feed’ critical details to avoid

11552



Component Content

system_role As an expert Ansible developer and Linux systems administrator, you possess deep knowl-

edge of various Linux distributions, networking, and infrastructure automation. Your role
involves analyzing Stack Overflow posts and transforming them into practical Ansible
solutions while ensuring cross-distribution compatibility in playbooks and adhering to
infrastructure-as-code best practices. When approaching problems, you should think
step-by-step, carefully considering distribution-specific differences, validating network
requirements, ensuring proper YAML syntax, and verifying the completeness of each
solution. Assumptions about external dependencies or pre-existing configurations should
be avoided, as all solutions must be self-contained and well-documented.

prompt

Transform the given Stack Overflow post, including its title (title) and body (body),
into a production-ready Ansible playbook solution that adheres to the specified tar-
get environment and implementation constraint. The target environment consists of
a network with a subnet of 10.1.1.0/24 and a gateway at 10.1.1.254, along with four
nodes: ubuntul (10.1.1.1) running Ubuntu Linux, alpinel (10.1.1.2) running Alpine
Linux, centos1 (10.1.1.3) running CentOS Linux, and redhatl (10.1.1.4) running Red
Hat Linux. The implementation must comply with constraint: ’constraint’ while ensuring
cross-distribution compatibility. The deliverable should include a brief analysis of the
problem and the solution approach, along with a fully self-contained, production-ready
Ansible playbook that functions across all specified distributions. The playbook must
incorporate all necessary variables and files, feature comprehensive error handling, and
adhere to YAML best practices. Additionally, it must be enclosed in triple backticks (‘)
for automated Python processing. The primary focus is on creating a robust, directly
implementable solution for the target environment.

Table 10: Level 2 TELeR (Santu and Feng, 2023) Prompt Structure for IT Automation Tasks. Placeholder
expressions enclosed in double curly braces (e.g., {{title}}, {{body}}, {{constraint}}) indicate variable components
that will be dynamically replaced with task-specific information.
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Component Content

system_role You are an expert Ansible developer and Linux systems administrator with deep knowledge

of different Linux distributions, networking, and infrastructure automation. Your role is
to:

1. Analyze Stack Overflow posts and transform them into practical Ansible solutions

2. Ensure cross-distribution compatibility in playbooks

3. Follow infrastructure-as-code best practices

You should:

- Think step-by-step when analyzing problems

- Consider distribution-specific differences

- Validate network requirements

- Ensure proper YAML syntax

- Verify solution completeness

Never assume external dependencies or pre-existing configurations. All solutions should
be self-contained and well-documented.

prompt

Transform the following Stack Overflow post into an Ansible playbook solution.
STACK OVERFLOW POST:

Title: title

Body: body

TARGET ENVIRONMENT:

Network:

- Subnet: 10.1.1.0/24

- Gateway: 10.1.1.254

Nodes:

1. ubuntul (10.1.1.1) - Ubuntu Linux

2. alpinel (10.1.1.2) - Alpine Linux

3. centos] (10.1.1.3) - CentOS Linux

4. redhatl (10.1.1.4) - Red Hat Linux
IMPLEMENTATION CONSTRAINT: constraint
DELIVERABLE REQUIREMENTS:

1. Brief analysis of the problem and your solution approach
2. Production-ready, self-contained Ansible playbook that:

» Works across all specified distributions
¢ Includes all necessary variables and files
* Features comprehensive error handling
* Follows YAML best practices

1313

3. Must be enclosed in triple backticks (‘) for automated Python processing
Note: Focus on creating a robust, production-ready playbook that can be directly imple-
mented in the target environment.

Table 11: Level 3 TELeR (Santu and Feng, 2023) Prompt Structure for IT Automation Tasks. Placeholder
expressions enclosed in double curly braces (e.g., {{title}}, {{body}}, {{constraint}}) indicate variable components
that will be dynamically replaced with task-specific information.
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Component Content

system_role You are an expert Ansible developer and Linux administrator; always generate playbooks
that comply with given constraint, avoid undefined variables and invalid paths, and
carefully select modules appropriate for the specified constraint and runtime environment
and use only its appropriate attributes, ensuring valid YAML and correct Ansible syntax,
and follow the output pattern in constraint.

prompt Transform the given Stack Overflow post, including its title (title) and body (body),
into a production-ready Ansible playbook solution that adheres to the specified target
environment, which consists of a network(subnet- 10.1.1.0/24) with four nodes—ubuntul,
alpinel, centos1, and redhat1, complying with the implementation constraint (constraint),
and delivering a self-contained, production-ready playbook, incorporates all necessary
variables and uses correct paths, follows YAML best practices, and is enclosed in triple
backticks for automated Python processing.

Table 12: Level 1 TELeR (Santu and Feng, 2023) Prompt Structure with error awareness for I'T Automation Tasks.
Placeholder expressions enclosed in double curly braces (e.g., {{title}}, {{body}}, {{constraint}}) indicate variable
components that will be dynamically replaced with task-specific information.

Component Content

system_role As a senior Ansible automation engineer with deep Linux expertise, you generate robust,
production-ready playbooks for diverse distributions. Always follow best practices, strictly
comply with constraint. Make sure to avoid using undefined variables and invalid file
paths. Select modules that are suitable for the given constraints and runtime environment,
and use only their correct attributes. Ensure that the generated YAML is valid and free
from Ansible syntax or logic errors. The output follows the specified format outlined in
the constraint.

prompt Transform the given Stack Overflow post, including its title (title) and body (body), into
a production-ready Ansible playbook solution that adheres to the specified target envi-
ronment and implementation constraint. The target environment consists of a network
with a subnet of 10.1.1.0/24 and a gateway at 10.1.1.254, along with four nodes: ubuntul
(10.1.1.1), alpinel (10.1.1.2), centos1 (10.1.1.3), and redhatl (10.1.1.4). The implemen-
tation must comply with constraint: ’constraint’. The deliverable should include a brief
analysis of the problem and the solution approach, along with a fully self-contained,
production-ready Ansible playbook that functions across all specified distributions. Make
sure to avoid using undefined variables and invalid file paths. Select modules that are
suitable for the given constraints and runtime environment, and use only their correct
attributes. Ensure that the generated YAML is valid and free from Ansible syntax or logic
errors. The output follows the specified format outlined in the constraint, and adhere
to YAML best practices. Additionally, it must be enclosed in triple backticks (“‘) for
automated Python processing. The primary focus is on creating a robust, directly imple-
mentable solution for the target environment.

Table 13: Level 2 TELeR (Santu and Feng, 2023) Prompt Structure with error awareness for IT Automation Tasks.
Placeholder expressions enclosed in double curly braces (e.g., {{title}}, {{body}}, {{constraint}}) indicate variable
components that will be dynamically replaced with task-specific information.
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Component Content

system_role You are an expert Ansible developer. When generating playbooks, always:

1. Strictly comply with given constraint (including output format, filenames, and require-
ments)

2. Define all variables before use and avoid undefined variable errors

3. Avoid using invalid file paths.

4. Carefully examine the constraint and runtime environment, and select modules appro-
priate for both.

5. Use only valid attributes for the selected modules.

6. Ensure valid YAML and correct Ansible syntax and structure.

7. Avoid logic errors.

8. Make sure the output follows the format specified in the constraint.

prompt

Transform the following Stack Overflow post into an Ansible playbook solution.
STACK OVERFLOW POST:

Title: title

Body: body

TARGET ENVIRONMENT:

Network:

- Subnet: 10.1.1.0/24

- Gateway: 10.1.1.254

Nodes:

1. ubuntul (10.1.1.1) - Ubuntu Linux

2. alpinel (10.1.1.2) - Alpine Linux

3. centos] (10.1.1.3) - CentOS Linux

4. redhatl (10.1.1.4) - Red Hat Linux
IMPLEMENTATION CONSTRAINT: constraint
DELIVERABLE REQUIREMENTS:

1. Brief analysis of the problem and your solution approach
2. Production-ready, self-contained Ansible playbook that:

» Works across all specified distributions
¢ Includes all necessary variables and files
* Avoid using invalid file paths.

 Carefully examine the constraint and runtime environment, and select modules
appropriate for both.

¢ Use only valid attributes for the selected modules.
* Make sure the output follows the format specified in the constraint.
* Follows Ansible’s best practices

3. Must be enclosed in triple backticks for automated Python processing
Note: Focus on creating a robust, production-ready playbook that can be directly imple-
mented in the target environment.

Table 14: Level 3 TELeR (Santu and Feng, 2023) Prompt Structure with error awareness for IT Automation Tasks.
Placeholder expressions enclosed in double curly braces (e.g., {{title}}, {{body}}, {{constraint}}) indicate variable
components that will be dynamically replaced with task-specific information.
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Figure 5: Performance of Qwen-2.5-Coder-7B model.

misinterpretation or over-complication.

To further understand these temperature-related
performance trends, we conducted an error mes-
sage analysis. This study revealed several key ob-
servations regarding how sampling temperature in-
fluences solution diversity and success patterns. We
found that any upward trend in performance with
increasing temperature predominantly occurred
for the Pass@10 metric, while Pass@1 typically
showed a downward trend. Specifically, when an
upward trend was observed at higher temperatures,
it often corresponded to a small number of success-
ful generations (typically 1-3 out of 30 samples
per issue) for highly customized tasks where mem-
orized or common solutions likely failed. This
suggests that higher temperatures, by generating
a more diverse set of outputs and consequently a
wider array of error messages, enabled the model
to occasionally discover correct, albeit rare, solu-
tions through increased exploration. Conversely,
the downward trend in Pass@1 (i.e., better per-
formance at lower temperatures) was more com-
mon for less customized problems, where the LLM
might have already encountered similar code pat-
terns, making deterministic generation more effec-

tive.

J.1 Upward Trend

Here, I have included the cases for which we see
an upward trend and their error analysis.

J.1.1 Task ID: 68411894

For this task, the error trend can be found in Ta-
ble 15.

Table 15: Error counts by temperature for Task ID
68411894.

Error Name T=0.2 T=0.8
Undefined Loop Variable 20 10
No Tasks 2 0
Wrong File Lookup 1 0
Wrong Path 5 7
Define Variable Itself & Fails 1 0
Invalid Code 0 3
Undefined Variable 0 1
Wrong Variable Access 0 2
Wrong Syntax for Block Used 0 1
Not Loaded Data 0 1
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J.1.2  Task ID: 44134617, Pass Count: 2

For Task ID 44134617, which involved defining
server variables and then ensuring a specific di-
rectory structure and file creation (base directory
/tmp/servers, individual server directories like /tm-
p/servers/server*, and a file within each), success-
ful instances were observed with TELER Level
3 prompts (two passes). However, when examin-
ing failures at a sampling temperature of T=0.8,
common issues included incorrect path usage (5
instances), such as attempting to use /tmp/server*
directly where a loop or specific server name was
required, and incorrect host targeting (1 instance).

J.2  Task ID: 44738112, Pass Count: 1

Error diversity can be found in Table 16.

J.3  Task ID: 51137660, Pass Count: 1

Table 17 summarizes the diversity of error types
observed at different temperatures, highlighting
how higher sampling temperature leads to a broader
range of failure modes.

J.4 Task ID: 60687917, Pass Count: 1

Table 18 summarizes the diversity of error types
observed at different temperatures, highlighting
how higher sampling temperature leads to a broader
range of failure modes.

J.5 Task ID: 28606876, Pass Count: 1

Table 19 summarizes the diversity of error types
observed at different temperatures, highlighting
how higher sampling temperature leads to a broader
range of failure modes.

J.6 Task ID: 39922427, Pass Count: 2

Table 20 summarizes the diversity of error types
observed at different temperatures, highlighting
how higher sampling temperature leads to a broader
range of failure modes.

J.7 Task ID: 46927378, Pass Count: 1

Table 21 summarizes the diversity of error types
observed at different temperatures, highlighting
how higher sampling temperature leads to a broader
range of failure modes.

K Detailed Unit Test Cases

K.1 Server Configuration: User Check

- name: Check if user exists in /etc/
passwd on all compute nodes
hosts: all
become: no
vars:
username:

tasks:
- name: Check if user exists in /etc
/passwd
command: grep /
etc/passwd
register: user_check
ignore_errors: yes

- name: Print result based on user
existence
debug:
msg:
when: user_check.rc == 0
- name: Print result based on user
absence
debug:
msg:

when: user_check.rc != 0

Listing 3: User Check

Expected Outcome: The expected outcome in-
volves the successful execution of the automation
task, ensuring it completes without error for at least
one designated user. Verification also includes con-
firming that the output accurately reports the num-
ber of specified items or users that were not found
during the process. Furthermore, the system must
correctly display or log the count of users who were
successfully processed or identified in accordance
with the task’s specific objectives.

K.2 Policy Configuration: File existence check

- name: WAMUI Prerequisites Installer
hosts: localhost
gather_facts: no
tasks:
- name:
copy:
src:

Ensure required files exist

data/metadata/44738112/file
.bin
dest: /tmp/file.bin
mode :

- name: Run file.bin with the expect
module
expect:
command :
responses:

register: expect_result

- name:
debug:

Display expect module output
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Table 16: Error diversity by temperature.

Issue Description Count (T=0.2) Count (T=0.8)
ERROR! conflicting action statements 2 -
assert and fail message together 1 -
invalid code (syntactic/parsing errors) 9 8
invalid path (file/directory not found) 17 12
wrong inventory (host not in inventory) 3 -
wrong host (targeting incorrect host) - 6
undefined variable - 1
command not found (in shell module, etc.) - 1
does not execute file (e.g., script module issue) - 2
invalid operand used (e.g., in conditional) - 1
Table 17: Error diversity by temperature.
Error Type T=02 T=0.8
Undefined variable 27 10
Wrong attribute accessed 6 present
Wrong function applied 1 -
Syntax issue - 13
Invalid attribute used - present
Invalid YAML - 3
Does not filter non-running services - 2
Could not filter out services - 1
Unsupported parameter used - 1
Invalid operand used - 1
msg:
tasks:
: - name: Check if rax_count is
Listing 4: File existance check. greater than 1
set_fact:
Expected Outcome: The expected outcome for rax_group:
this task is the successful execution of the playbook when: rax_count | int > T
on the controller node. This entails utilizing the - name: Debug rax_count
specified file, ’data/metadata/44738112/file.bin’, lo- debug:
cated on the controller. Additionally, verification Mg :
includes ensuring that all intended output is cor-
rectly printed to localhost and confirming that the - 3: Eﬁ ;7 _ Debug rax_group
playbook operated on the correct inventory, target- g
ing the controller node as specified. \
K.3 Networking: Configure rax Listing 5: Ansible Playbook for rax Configuration
-—- Expected Outcome: Check if rax group has
- name: Conditional Group Variable correct count..
Example

hosts: localhost

cornection: local K.4 Deployment Pipelines: Server existence

gather_facts: no check and write on file

vars: ---
rax_count: - name: Check service existence and
rax_group: write to file
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Table 18: Error diversity for Task ID 60687917 by temperature.

Error Type

Type mismatch in comparison
Invalid YAML

Wrong host condition
Wrongly setting var to default
Conflicting action statement
Wrong host

Undefined variable

Wrong attribute for block
Template error

Hosts field not set

Table 19: Error diversity for Task ID 28606876 by temperature.

Error Type T=02 T=0.8
Cannot resolve socket 3 3
Invalid YAML 14 9
1sof not found in shell 1 1
Undefined attribute used 5 -
Undefined variable used 2 -
Timeout 1 1
Wrong service checked 2 1
Malformed data passed 2 -
Invalid value in hosts - 1
Unsupported parameter used - 2
Wrong attribute used - 4
Invalid variables specified - 1
Loop inside block is invalid - 1
Unbalanced Jinja block - 1
hosts: all when: not service_check.stat.
become: yes exists
tasks:
- name: Check if dummy_service.txt Listing 6: Ansible Playbook for Server existence check
exists and write on file
stat:
path: /tmp/63688612/ Expected Outcome: The task involves
dummy_service. txt . . .
register: service check performing a file-based service existence
check. Specifically, the automation script
- name: Write "Tl i ) must determine if a file exists at the path
CO:)(; :tESt Stxt 1f file exists /tmp/63688612/dummy_service.txt. Based on this
content: check, it must write either "The Service Exists’
Whgsft ;exT'zfggg?? ii:iSZx::Es or "The Service Does Not Exist’ into the file
- /tmp/63688612/test.txt.
- name: Write The verification process occurs in two stages.
ot exi :i test.txt if file does First, with the dummy_service.txt file absent, the
copy: playbook is expected to pass execution on all nodes.
content: Success in this stage is further confirmed by verify-
dest: /tmp/63688612/ test. txt | ing that the test.txt file is created on all nodes and

that its content correctly states *The Service Does
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Table 20: Error diversity for Task ID 39922427 by temperature.

Error Type

Wrong inventory
Invalid variable
Invalid path
Undefined path
Undefined variable
Connection refused
Syntax issue

Check mode usage:

Does not use check mode

Uses check mode

T=02 T=0.38
8 4
9 —
8 _
- 1
2
- 1
- 1
present -
- present

Table 21: Error diversity for Task ID 46927378 by temperature.

Error Type

T=02 T=038

Wrong URL
Invalid path

Invalid attribute for Ansible 6

Undefined variable
Format error
Wrong host
Timeout

Invalid YAML

20 14

—_
o -3
—_ 00 | N

—_ =N =
|

No module/action in task
Unnecessary package install
Invalid role used

Wrong attribute for block

Wrong module used
Missing argument

|
—_— ) = = N

Not Exist’. Subsequently, the dummy_service.txt
file is introduced into the environment. The play-
book is then executed again, and it is expected to
pass on all nodes. Verification for this second stage
involves checking that the test.txt file is present
on all nodes and, crucially, that its contents now
correctly reflect "The Service Exists’.

K.5 Variable Management: Transform
Directory Substitution

Transform People Dictionary
localhost
false

- name:
hosts:
gather_facts:

vars_files:

tasks:

- name: Initialize the transformed
dictionary
set_fact:
people_dict: {3}

- name: Populate the dictionary with
names and genders
set_fact:
people_dict:

loop:

- name: Print the transformed
dictionary
debug:

var: people_dict

Listing 7: Ansible Playbook for Transforming directory

Expected Outcome: The task requires utilizing
the people variable, which is to be sourced from
the file *data/metadata/35605603/result.yml’. The
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playbook’s primary action is to print this variable
after it has been converted into a dictionary format.
This operation is to be performed specifically on
the controller node.

Verification involves several checks: first, the
playbook must be executed. Its successful comple-
tion without errors is then assessed. Crucially, the
output must be inspected to ensure that the correct
dictionary values derived from the people variable
are printed. Finally, it is verified that the playbook
ran on the intended inventory, targeting only the
controller node.

K.6 Templating: Check DNS reverse File

- name: Check for DNS reverse files on
compute nodes
hosts: all
become: yes

vars:
dns_reverse_dir:
dns_reverse_pattern:

tasks:
- name:
find:

paths:
patterns:

Find DNS reverse files

use_regex: yes

register: find_results
- name: Print found DNS reverse
files
debug:
msg:
loop:
when: find_results.files | length
> 0
- name: Handle case when no DNS
reverse files are found
debug:
msg:
when: find_results.files | length

== 0

graceful handling of errors, particularly if the /tm-
p/test_dns directory or any expected files do not
exist.

Verification of the generated solution is multi-
faceted. Initially, the correctness of debug argu-
ments used in the playbook is checked. The play-
book is then tested in a scenario where the /tm-
p/test_dns directory is absent, ensuring that this
condition is handled gracefully on each node. Sub-
sequently, the directory is created, and the play-
book’s behavior with an empty directory is verified
on all nodes. The testing progresses by partially
populating the directory with some DNS reverse
files; the solution must correctly handle this partial
existence on each node. Throughout these stages,
a key validation point is that the script accurately
prints the names of any existing files in the speci-
fied format.

K.7 File Management: Copy file to
destination

- name: Copy files to destination
directory
hosts: all
become: yes
vars:
file_path:

tasks:
- name: Create destination directory
if it does not exist
file:
path:
state:
mode :

directory

- name: Copy files to destination
directory
copy:
src:
dest:

mode :
loop:

Listing 8: Ansible Playbook for Checking DNS reverse
file

Expected Outcome: The task requires the au-
tomation script to iterate through each compute
node, identify any DNS reverse files located within
the /tmp/test_dns directory, and print their names.
The output for each found file should adhere to
the format: "Node <node_name>: Found file -
<file_path>". A critical aspect of this task is the

Listing 9: Ansible Playbook for copy file to destination

Expected Outcome: Directory and file exist in
all nodes.

L Results

L.1 Overall Performance Across Models

Overall Performance of all models is presented in
Figure 5 - 20.

Table 22 summarizes the performance of open-
source LLMs, showing the number of tasks within
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Table 22: Summary of open-source LLMs performance across the seven IaC task categories. ‘# Tasks’ indicates the
number of benchmark tasks in each category. Models listed solved at least one task unless noted in the last column.
Counts in parentheses indicate the number of tasks solved by that specific model within the category. Assumes
‘solved’ means pass@1 > 0 for at least one configuration.

Category # Tasks Best Model(s) (Solved) Other Successful Models (Solved) Models with No  Success
(Solved=0)
Variable 8 Qwen/Qwen2.5-Coder-7B- meta-llama/Llama-3.1-8B-Instruct 3), microsoft/Phi- codellama/CodeLlama-13b-
Manage- Instruct (8) 3.5-mini-instruct 2), Imsys/vicuna-7b-v1.5 (2), Instruct-hf, codellama/Codel.lama-
ment WizardLMTeam/WizardCoder-15B-V1.0 (1), google/codegemma-  7B-Instruct-hf, Qwen/Qwen2.5-7B-
Tb-it (1) Instruct, meta-llama/Llama-3.2-
3B-Instruct, bigcode/starcoder2-7b,
[DS-R1-Llama], [DS-R1-Qwen]
Networking 4 Qwen/Qwen2.5-Coder-7B- Qwen/Qwen2.5-7B-Instruct 3), bigcode/starcoder2-7b  [DS-R1-Qwen]
Instruct (4) 3), codellama/CodeLlama-7B-Instruct-hf  (2), meta-
llama/Llama-3.1-8B-Instruct  (2),  google/codegemma-7b-it
(2), microsoft/Phi-3.5-mini-instruct (1), Imsys/vicuna-7b-v1.5 (1),
codellama/Codellama-13b-Instruct-hf (1)
Templating 4 Qwen/Qwen2.5-Coder-7B-  google/codegemma-7b-it (2), microsoft/Phi-3.5-mini-instruct (2), WizardLMTeam/WizardCoder-
Instruct (3) codellama/CodeLlama-7B-Instruct-hf (1), codellama/CodeLlama- 15B-V1.0, bigcode/starcoder2-7b,
13b-Instruct-hf (1), Qwen/Qwen2.5-7B-Instruct (1), meta- lmsys/vicuna-7b-v1.5, meta-
Ilama/Llama-3.1-8B-Instruct (1) llama/Llama-3.2-3B-Instruct,
[DS-R1-Llama], [DS-R1-Qwen]
Deployment 4 Qwen/Qwen2.5-Coder- codellama/CodeLlama-13b-Instruct-hf (3), google/codegemma- [DS-R1-Llama], [DS-R1-Qwen]
Pipelines 7B-Instruct  (4), meta- 7b-it (2), microsoft/Phi-3.5-mini-instruct (2), Imsys/vicuna-7b-
llama/Llama-3.1-8B-Instruct  v1.5 (2), bigcode/starcoder2-7b (2), Qwen/Qwen2.5-7B-Instruct
(@) (1), WizardLMTeam/WizardCoder-15B-V1.0 (1)
Policy Con- 7 Qwen/Qwen2.5-Coder-7B- Imsys/vicuna-7b-v1.5 (4), microsoft/Phi-3.5-mini-instruct (2), codellama/CodeLlama-13b-
figuration Instruct (7) google/codegemma-7b-it (2), WizardLMTeam/WizardCoder-15B-  Instruct-hf, codellama/CodeLlama-
V1.0 (1), bigcode/starcoder2-7b (1), meta-llama/Llama-3.1-8B- 7B-Instruct-hf, Qwen/Qwen2.5-7B-
Instruct (1), [DS-R1-Llama] (2), meta-llama/lLlama-3.2-3B- Instruct
Instruct (1)
Server Con- 11 Qwen/Qwen2.5-Coder-7B- meta-llama/Llama-3.1-8B-Instruct (10), bigcode/starcoder2-7b —
figuration Instruct (11) (9), google/codegemma-7b-it (8), codellama/CodeLlama-
13b-Instruct-hf (8), Qwen/Qwen2.5-7B-Instruct (8),
codellama/CodeLlama-7B-Instruct-hf (7), Imsys/vicuna-7b-v1.5
(5), meta-llama/Llama-3.2-3B-Instruct (5), microsoft/Phi-3.5-
mini-instruct (4), WizardLMTeam/WizardCoder-15B-V 1.0 (3)
File Manage- 5 google/codegemma-7b-it (5), Qwen/Qwen2.5-Coder-7B-Instruct (4), bigcode/starcoder2- [DS-R1-Llama], [DS-R1-Qwen]
ment meta-llama/Llama-3.1-8B- 7b 3), codellama/CodeLlama-13b-Instruct-hf 3),
Instruct (5) WizardLMTeam/WizardCoder-15B-V1.0 (2), Imsys/vicuna-

7b-v1.5 (2), Qwen/Qwen2.5-7B-Instruct (2), microsoft/Phi-
3.5-mini-instruct (2), meta-llama/Llama-3.2-3B-Instruct (2),
codellama/Codellama-7B-Instruct-hf (1)
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Figure 6: Performance of Qwen-2.5-7B-instruct-it model.
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Figure 7: Performance of Gemini-2.5-Flash model.
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Figure 10: Performance of CodeGemma-7B-it model.
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Figure 11: Performance of CodeLLLaMa-7B-it model.
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Figure 13: Performance of DeepSeek-R1-Distil-LLaMa-8B model.
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Figure 14: Performance of DeepSeek-Coder-V2-it model.
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Figure 15: Performance of DeepSeek-R1-Distil-Qwen-7B model.

11568




Topic: deployment_pipelines

Topic: file_management

0.3 0.3
(0] (9}
50.2 §o.2
7} 7y
20'1 £0'1
0.0 Level 1 Level 2 Level 3 0.0 Level 1 Level 2 Level 3
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8
Topic: networkin Topic: policy_configuration
0.3 p g 0.3 pic: policy_ g
(9] (9
50.2 50.2
7} 7y
go.l gO.l
0.0 Level 1 Level 2 Level 3 0.0 Level 1 Level 2 Level 3
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8
Topic: server_configuration Topic: templatin
03 p _ 9 03 p p 9
] 3
50.2 gO.Z
% 7S
20.1 g0.1
0.0 Level 1 Level 2 Level 3 0.0 Level 1 Level 2 Level 3
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8
03 Topic: variable_management
(0]
©0.2
o
0
5 0.1
o
0.0 Level 1 Level 2 Level 3
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8
B Pass At 1 I Pass At 3 I Pass At 5 Il Pass At 10
Figure 16: Performance of LL.aMa-3.1-8B-it model.
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Figure 17: Performance of LLaMa-3.2-3B-it model.
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Figure 18: Performance of Microsoft-phi-3.5-Mini-it model.
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Figure 19: Performance of StarCoder2-7B model.
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Figure 20: Performance of WizardCoder-15B model.

each category and identifying the best-performing
models, other models that successfully solved at
least one task, and models that failed to solve
any tasks in that category. A task was considered
“solved” by a model if it produced at least one func-
tionally correct and idempotent solution (pass@ 10
> 0, see Section D.1) across all tested prompt and
temperature configurations.

M Error Taxonomy

M.1 Overall Trend

As we saw the low pass@k values, we wanted to
investigate what really lies behind the numbers.
So we did an extensive qualitative study where
we studied 1411 failed cases spanning across task
categories and models. In the process, we have
created a taxonomy of errors in open-source models
for Ansible code when solving user-generated real-
world issues.

Our error taxonomy spans nine categories that
capture the full spectrum of failures in Ansible
playbook generation. Most strikingly, reasoning-
distilled models exhibit a fundamentally differ-
ent failure profile than standard code generation

models-despite their enhanced reasoning capabili-
ties, they overwhelmingly fail at basic syntax, sug-
gesting that general reasoning abilities do not trans-
fer to domain-specific code generation without ap-
propriate knowledge of the target language.

For standard code generation models, the error
distribution reveals more nuanced challenges. At-
tribute & Parameter Errors emerge as the most
prevalent semantic failure mode, where models
correctly identify appropriate modules but fail to
configure them properly. This suggests that models
understand “what” to do but struggle with “how”
to do it correctly-a crucial distinction from tradi-
tional code generation tasks that often focus on
algorithmic logic rather than precise configuration.

Variable handling and path navigation errors col-
lectively account for a substantial portion of fail-
ures, highlighting the challenge of state tracking in
IaC. Unlike traditional programming, where vari-
able scope is often contained within functions, An-
sible’s variable handling spans playbooks, roles,
and templates, creating a more complex state man-
agement problem that current models struggle to
navigate.

Template issues, particularly with Jinja2, reveal
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a fundamental limitation in models’ ability to rea-
son about the interaction between static configura-
tion and dynamic content generation-a core require-
ment for flexible infrastructure automation. This
challenge is compounded by the dual-language na-
ture of templating, where models must simultane-
ously reason about Ansible’s declarative structure
and Jinja2’s programming constructs.

The distribution of errors across models also re-
veals architectural influences: some models strug-
gle predominantly with variable issues, while oth-
ers face challenges with host targeting or attribute
configuration. These patterns suggest that different
pre-training approaches and model architectures
may create distinct blind spots in handling [aC’s
unique requirements.

To better understand the failure modes of LLM-
generated Ansible playbooks, we performed a sys-
tematic error analysis for each IaC category. For
each category, we selected a representative task
and, for each model, sampled 15 failed playbooks
stratified by temperature and TELeR prompt level.
Each sampled playbook was manually reviewed
and categorized by error type. The following sub-
sections and tables summarize the most frequent
error patterns observed for each model in each cat-

egory.
M.1.1 Networking: Task ID 24269533

This networking task involves defining two vari-
ables and printing them, making it relatively
straightforward. As expected, the pass rate across
models was relatively high. However, common er-
ror types still emerged across models, often related
to basic syntax, variable definition, and adherence
to constraints.

Many models, such as CodeGemma and CodeL-
LaMa variants, failed by referencing undefined
or out-of-scope variables. Several models (e.g.,
CodelLLaMa, LLaMA-3.2-3B, Phi-3.5, Wizard-
Coder) included tasks that were explicitly pro-
hibited in the prompt, such as provisioning a
web server, indicating prompt misunderstanding
or prompt misalignment. Invalid host configuration
and YAML syntax issues also appeared frequently
(notably in Qwen-Instruct and StarCoder2), which
hindered execution even when the task logic was
close to correct. A few models, such as DeepSeek-
R1-Distil-Qwen, provided inconsistent or incom-
plete playbook structures without producing valid
YAML. Overall, the results highlight that even in
simple tasks, LLMs often struggle with instruction-

following discipline and basic Ansible conventions.

M.1.2 Policy configuration: 43065965

We analyzed the policy configuration task (Task
ID: 43065965) across nine models to assess how
well they handle structured API requests, variable
access, and output formatting. Despite being rela-
tively straightforward, the task revealed consistent
model deficiencies. Most models failed due to in-
correct or undefined variables, improper templating
logic, and omission of key steps like printing the
response. Notably, even high-performing models
such as LLaMA 3.1 8B and WizardCoder halluci-
nated logic or over-templatized their script.

M.1.3 Templating: Task ID 43628823

Templating tasks revealed consistent and
widespread failure patterns across nearly all
models. The core of this task revolves around
checking for file existence and formatting output
appropriately—yet many models exhibited sig-
nificant challenges with YAML validity, variable
access, and templating logic. Common problems
included the use of undefined or out-of-scope
variables, incorrect output formatting, unsupported
parameters in file-finding modules, and incomplete
or malformed playbooks.

Models such as WizardCoder and Vicuna con-
sistently failed due to incorrect output formats
and improper attribute access. Instruction-tuned
models like CodeLLaMa and LLaMA-3.1/3.2 also
struggled with hallucinating unsupported attributes
or creating invalid YAML. While models like
CodeGemma and Phi-3.5 demonstrated better in-
tent alignment, they often failed due to weak er-
ror handling, incorrect assumptions about Ansible
variable structures, or incomplete implementations.
Notably, DeepSeek-R1-Distil-Qwen-7B failed to
generate even syntactically valid playbooks, sug-
gesting a lack of training exposure to structured
IaC generation.

M.1.4 Deployment Pipeline: Task ID
63688612

This task evaluates whether models can configure
a multi-step deployment process by writing out-
puts to files on Linux-based compute nodes. A
striking trend across nearly all models was the re-
peated misuse of Windows-specific Ansible mod-
ules (e.g., win_stat, win_copy) in a clearly de-
fined Linux environment. This mistake appeared
even in top-tier models like LLaMA-3.1-8B and
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CodeGemma-7B, indicating possible memoriza-
tion from Windows-heavy training data.

Additionally, a number of models—such as
Phi-3.5 and Qwen-Coder—failed due to logic er-
rors where file write operations were skipped,
or unsupported Ansible patterns like applying
line_in_file on non-existent files. Some models
hallucinated variables or services (Qwen-Coder), or
misunderstood role delegation instructions. Others,
such as DeepSeek-R1 variants and StarCoder2, pro-
duced incomplete or structurally incoherent play-
books, with no semantic alignment to the task de-
scription. WizardCoder notably failed to follow
the code formatting template, blending text and
code inappropriately. Overall, this task highlighted
not just module-level errors but also broader issues
with infrastructure assumptions and procedural ex-
ecution logic.
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