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3» Root cause analysis

“Service latency increased in region A.”

The alert describes the symptom.
The engineer needs to find the underlying cause.

RCA question What the diagnosis should identify
When? The onset of the failure

Where? The component responsible for the failure
Why? The underlying fault or operation

Running example: production latency incident, §5.1



2» Cascading symptoms across services

One slow product query can delay an entire request.

Latency propagates back to callers

— R

Frontend Checkout

.
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High latency Waiting for product

calls calls

Product
Slow database query

Affected service @ Root cause @ Healthy service

Payment
Healthy

RCA separates the initiating fault from its propagated symptoms.

lllustrative shopping-service topology. Cascading effects: §1 and §5.1




2 Observability data ASE 2026

System-generated: collected automatically during operation

Once instrumentation is configured, the system produces evidence of its behavior.

Metrics Traces Logs
4+ INFO [host-1]
Directory
y Deployment has

> | finished in 9 ms

Measurements over time Request paths across Events within a component
services

Narrow the abnormal |[dentify suspicious Inspect errors and
time window services and spans operations in a service

System-generated telemetry: §2.2.1 and §3.2.1. Collection requires configured instrumentation



2» Runbooks and human-generated knowledge

A runbook records troubleshooting steps
for a recurring operational problem.
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System-generated telemetry

Human-generated knowledge

Origin Collected during operation Curated by engineers
Purpose Evidence of what happened Guidance on what to check
Upkeep Instrumentation and collection Authoring and manual updates

lllustrative latency runbook

Check metrics, inspect traces, then read the relevant service logs.

Human expertise and runbooks: §1-8§2.2.1. The latency checklist is illustrative



3 Existing LLM-based RCA
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Curated knowledge can become a dependency of the investigation workflow.

SOP knowledge >

Retrieve or Code and
generate SOP execute

v

Diagnosis

Flow-of-Action ablation with GPT-3.5-Turbo

Setting Localization accuracy
Full method 94.22%
Without SOP knowledge 8.56%

The reported degradation is specific to this method and ablation setting.

Flow-of-Action, §2.3, §3.4, Table 4 (arXiv:2502.08224v1). Prior-work context: OpsLens §2.1

Removing the knowledge also
makes its SOP flow
ineffective.

The agent falls back to
ReAct.



3 Human-generated data is not always available ASE 2026

Huawei’s Platform A: 23 systems in two regions

Region Complete Ma_intained RCA
telemetry artifacts

A 157117 3/17

B 5/6 1/6

Overall 20/ 23 (87.0%) 4123 (17.4%)

Telemetry: metrics, traces, and logs.
Artifacts: structured incident reports or prebuilt
diagnostic tools, as assessed by SREs.

Runbook-free RCA must work from available telemetry.

Empirical evidence: §2.2.1 and Table 1. Overall percentages calculated from reported system counts

Creating the knowledge
takes SRE time

Runbook creation for

50 historical incidents
averaged 3.42 person-hours
per incident.

Engineers collect evidence
and organize reusable
troubleshooting guidance.



2» Interacting with telemetry through code ASE 2026

Directly prompting with raw data

Large volumes and specialized structures
can exceed the context window.
Truncation may discard relevant evidence.

Telemetry

Metrics, traces, logs

»/ Generated code

Analyzing data through code

Code filters and analyzes data outside
the prompt. The LLM interprets
compact diagnostic results.

» Diagnostic events > LLM

Filter and analyze

Selected evidence Interpret results

The next question: does the generated analysis find useful evidence?

Interaction mechanism: §2.2.2. Compact diagnostic events: §3.2.1



2» Generated tools need quality management ASE 2026

A tool can run successfully and still miss the diagnostic signal.

In the 14-subtask study

5 80% [ Gemil;i 25Pro |- ___ . ______________ —

= gqoy || Clande3:5Somnet] | L] L * First runnable tools

> {E1 Qwen25Coder |10 ] o completed fewer than 30% of

& 40% F——————————————— - ———— ==

£ RN R I R B tasks.

5 W% I | o * After six SRE-guided

2 0% —— . 6 refinement rounds,
Refinement Rounds completion reached 80.9%.

System changes can also make previously useful tools unsuitable.

Quality management must assess outputs, refine the analysis,

and guide which tools to select and reuse.
Motivating study: 14 RCA subtasks, SRE-guided refinement, §2.2.2 and Fig. 2 9




3 Opslens overview
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Framework architecture: §3.1 and Fig. 3
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3 Multi-agent collaboration ASE 2026

Within an incident

e e | |
EX[flt(:.ll‘Zr Expfogrer EX[l).liz)creel‘ | Long-Term Memory EXplOI’erS share final
- - — - - | (i - ] investigation outcomes.
@ | & =
I RCA : ' I Short-Term Memory
: Query 1 e LT
("_'_'_'_"_‘__'_'_'_"_"_"___'_"_"_'_'_'_"_"_"_'___'_"_"_'_'_"_"_:I Across incidents
|
| \ RN ' . . . .
el B A i A\ Investigate Action Each modality keeps its own
| Query 2 A Q | Investigation experience.
|
________________________________ )
— " Investigate Order

Shared event fields: source, timestamp, component, and description.

Modality specialization and shared evidence: §3.2 and Fig. 4 11



J3» Tool generation and

Diagnosis Task
from Controller

[ - | a
— d —
| g%i Analyze Task I Select | &
l Inject Tools %
CoT =
T B R, 'é-a
- % Generate Code ——— ¢
, " Persist <
Execute Tools
{ Tools )
] Tool Executor /= .
iagnosis
Events
/ - / e System-
Generated Data_

Two-stage generation and feedback: §3.3.3—-3.3.4. Example from Fig.

refinement ASE 2026

Generation

* A reasoning role designs the analysis.

* A coding role implements it.

Execution feedback

* Runtime checks find code errors.
 Task-specific constraints check result quality.

* Failed checks trigger code or analysis refinement.

10 12



3 Quality-aware tool reuse ASE 2026

Tool Call Chain  Result Tool Graph Tool Scoreboard
01— 0, =03, @
.g Query1 ‘- N \_ Oep Oef Onp Onf score
El TSN O | o) <:Os, O]l2] 1] o] o] a4
< N« A3
- | : . -1 1 o 111
* RCA (N (OO0, @ O 1 1 1 0 |05
Query 3 \& 1 \ 72, 4 4 .
Stored information How it helps select the next tool
Tool description Match the analysis task and required parameters
Quality scoreboard Rank tools by historical RCA outcomes
Invocation graph Suggest tools used next in successful investigations
Tool information, historical quality, and invocation context: §3.3.1-3.3.2 and Fig. 5 13



3 Evaluation setup

*OpenRCA: 335 failure cases from Telecom, Bank, and Market.

*Queries require root cause elements such as time, component, and reason.

ASE 2026

Measure Meaning
C@1 All required elements in the top-ranked answer
Score rate Fraction of available element points earned

Online evaluation protocol

Stores start empty, then retain tools and memory across cases.
Completed-case labels update scores only for later cases.

OpenRCA and online evaluation protocol: §4.1, latest Overleaf version

14



2 RCA performance on OpenRCA ASE 2026

Overall benchmark

1.00
0.88 results
0.80 0.76 0.74
0.60 Metric OpslLens
0.40 037 087 Score rate 0.80
0.31
0.25

0.20 %1% ois C@1 49.85%
0.00

Telecom Bank Market Score rate gives credit for

Nezha  RCA-agent M OpsLens individual root cause elements.

With the same Claude 3.5 Sonnet backbone, OpsLens achieves 1.79x score rate
on 55 sampled cases. The full comparison uses different backbones.

Score rate: Table 3. Main comparison uses different backbones. Matched model: §4.4 15



’ Ablation StUdy ASE 2026

Removing either collaboration or tool management reduces score rate.

1.000
0.800 0.737

0.600

0.475
0.438

0.400
0.263

0.200

0.000
Full OpsLens Single hybrid agent No refinement No persistence

The largest reduction on Market occurs when refinement is removed.

Market system, Table 3. All bars use the same score-rate metric 16



» Results on industrial datasets
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General fault diagnosis

Network diagnosis

Dataset 31 diverse cases 259 alerts, 10 categories
Model Gemini 2.5 Pro GPT-40
C@1 64.52% 100%

Additional result

83.87% C@3

29.6 seconds per case

The network result comes from a bounded orchestration workflow.

It uses internal inspection tools and SRE-provided category guidance.

Industrial evaluations on Huawei’s Platform A: §4.6, Tables 6—7

17



2D Lessons from deployment ASE 2026

Experience from four systems at Huawei’s Platform A

Latency budgets Warm up and reuse tools. After 5—6 cases,
steady-state diagnosis averages 173-220 s.

SRE trust Expose the investigation evidence so engineers
can verify the conclusion before taking action.

Data sensitivity Use internal models for sensitive tasks and
external models for reasoning-heavy tasks.

System migration Standard telemetry helps transfer. Configure
data paths and field schemas for each system.

Deployment since June 2025: §5. Four lessons from §5.2; steady-state timing from §4.5 19



2» Takeaways ASE 2026

Runbook-free RCA starts from the telemetry a system already produces.
*Modality-specialized agents connect investigation evidence.

*Execution feedback and quality-aware reuse improve diagnostic tools.

Thank you

Contact me: hyhuang25@cse.cuhk.edu.hk Questions?

OpsLens: Runbook-Free Root Cause Analysis via Multi-agent Collaboration and Tool Management 20




3 Case study in production

Alert: service latency increased in region A, 08:00-12:00.
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Investigation

Evidence collected

First execution returns no diagnosis events.

Metrics One refinement finds the 08:15-08:20 anomaly window.
Candidates: svc-728 and svc-041.

Traces . .
Symptoms may also appear in affected services.
A full table scan on svc-728:

Logs

SELECT * FROM t_collect

6@ Diagnosis: slow SQL on svc-728

The SRE reviews the timing, component, and log evidence.

Production case: §5.1 and Fig. 10. SQL excerpt shown as reported

18



2» Backup: scope and assumptions
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Setting

Assumptions and retained knowledge

Core RCA workflow

Telemetry access, data schemas, general modality knowledge

OpenRCA evaluation

Empty initialization, then persistent tools and memory

Scoreboard updates

Completed-case labels guide later cases

Network workflow

Internal tools plus SRE category and remediation guidance

Runbook-free initialization still requires data access and feedback.

Scope: §3, online protocol in §4.1, and network workflow in §4.6.2

B1



2» Backup: same-backbone comparison ASE 2026

Both systems use Claude 3.5 Sonnet on the same 55-case sample.

1.0000
0.8000
0.6174
0.6000
0.4000 0.3455
0.0000

RCA-agent OpsLens

OpsLens achieves 1.79x% score rate in this matched-backbone study.

Matched Claude 3.5 Sonnet comparison on 55 stratified sampled cases, Table 5 B2




2» Backup: tool selection and quality checks

Similarity = 0.6, top 5 by quality, plus graph successors

score(O) = ep?/ (ef + np)

ASE 2026

Count Historical cases

ep Successful cases involving the tool
ef Failed cases involving the tool

np Successful cases without the tool

The score measures association with successful RCA outcomes.

Tool selection and conjugate DStar2 score: §3.3.1-3.3.2, Eq. 3

B3



2» Backup: latency, cost, and limits
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Measure

Reported result

Steady-state diagnosis

173—-220 seconds average

Generating a new tool

260 seconds average

LLM calls per task

14.5 average

Tokens per task

52.67k average

* [nitial tool generation can exceed a strict latency budget.

* Evidence comes from one provider. Incomplete telemetry and heuristic checks remain limits.

Latency and LLM usage: §4.5. Deployment lessons: §5.2
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