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Introduction | Analysis and Resulls

Kubemetes emvirenmenta generate massive volumas of logs
iand onesy svents requinng deep expertise in diognase.
Single LLM sysiems frequendy hafeemets and produce
uncole remodiation. NexusTrace coordnates four
aceaiaioed LLM agents using a Blackboard shared memory
architecture twe preriedl RCA agents. A Recanciliation
agent, and a Vaidalion agent covering 19 Kubemetes fariure
categories with a stiiol human in-the-kop approud gata.

NexusTrace was evalusied across two profiles, and-lo-and
orcnustration on the depleyed EKS etwriss using Homa3.2 Sk,
and standsione SFT evaluation of the offimani‘ained CwvenZ 5
TB-ziruct soRh adapter on a 406-example held-out set.

The SFT evaluation reported scenade-matvh scervasy of
0.715, section-evoremneas of 8.512, and BSRTScune 71 of
6641, Five scenanids reached perfect accuricy includhg
OOM#fed, QuetaExcoeded, LivenessProbefatied,
Pvcwlmm and Dud«@ducEnor Manker sxonanca such
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* 9,500 balanced synthetic Kubemetes incident records
across 19 fallure categones.

+ Models: Qwen 3.5.58, DeepSeek-R1 88, Devenal-
Smas-2 218, Liama 3.2.38

+ Deployed on AWS EXS via Docker containers with
LoRA fine-tuned adapters.

Al five themed erchoalzation payleaats. storage fallumes, mage-
sall arors, scheduiing emors, ranoms oneshes, and REAC dentals
which produco ovidanco-wweze diognoses and sinnvicoesi
remciliation plans with warm inference lateney averegng 10-25
seconds per agent call.

Methodclogy

Multi-Agent Orchestration Pipeline

NexusTrace uses four LLM agents. has peralid RCAs,
a reconoliation step for rensadlation, and a validaior for
reliback/safely all gated by human approval, Adapters
were fine-funed and A on AWS EKS.
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Evaluation Notrics
Schema validation baased on all 400 SFT evaluation exemples
with zaro mismatch erors. The Pydantc-validated RCA structure

and verification commatios round mpped through MongaBB and
we freniond renderer withoul fatures.

The end-in-end ingeal srpetine ran continuously wioui message
s across delberate pod restans, confuming Lo wasi-once Kafka
delnvery. All orchestration eveluation sutes passed with contistent
beharicr in both stab-wsale and kca model tasiing.

Per-scenario accorucy ranged from 1.00 on OCAROled,
Guesokisisodo, and LivensssProoeFalled to G 24-0.47 an
FaliedSchedoling and NuteSelesterhfamatsh. Falsves with
stereetyped event text were easiesl to diagrawe while scheduling
and registry-outh sconarics were hardest. Cukive speciatst agents
for nstworking, storage, and securdty will address these gaps.

+ Data- 9.500 eynivetic Kits incigents — transformed inso 0
sele-gpealic SFT cerpora

+ Training G|.aRA 4-t4 fewituring with LoRA adapters
(r¥18) on Google Colsb A10O11109

* Beplgyment Docker imagas pusiat to Dacker Hub —
dsployed on AWS EKS (sovav trace namespoce)

coveting dlagnosis, Viely causes, remalistion calas, rofeacs plan,

The shared-mamory ensoured kil
mungdi0ls soross every ressoning stage. Each inokised in
MongeGB canies Kafes ofiset metacass and an ingested at
timestamp, a3 any RCA aulput can be traced back to the
exact-alen hat tiggesed iL

Tiwo RCA agents analyzed each heident independently using
mﬂmmmode&and feaeaning strategies. The Reconcllation
agent and produced a uniled
rswﬂanonpmm{nmbscnmmm withack
instructions, and vehdattoon stays.

The human-in-the-loop approval gate prevented any
infrastructure-changing commnond from axeeuting whtaud
expliot operator review, aligning with Al genematze best
proctizes and ensunng operalicnal safiety throudhout.
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NexusTrace that LM

on raul Rubemetes mftastrusture matarialy impeoves inchdent
diagrocoe compared fo singhe-modol approachos while
manitaving stricl operativris’ safety threugh human
avenaple.

The GKCps-managed deployment susfiare ansured foll
repeoduckiity where every ciester changs is materialized
frum Gil by Flat, en the estio stavs from Kafka through
Ctama through the analyser is version controled and
auditable.
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Kastart poants peaked beavean 2-5, consistent with rent
Kubemetes CrachLoopSacACH behainey. The limelne
confirms stable data generation with 1,400+ invidents dally
through January 6 before generation completed.

Rescurce usage was Imoadly disiributed across of CPU
and memory ranges, canfrinng dinarse operatienal
coverage across tatore scenafics.

Summary/Conclusions

NaxusTrace shows has collaborative muiti-agent LLIA

g inioraves ineident
mnpared with singie-model workfoms. By mmmng
paratal RCA, reconciliabion, and validabon, the systam
prodces eerer and saler remodiation guidanes with
redlbavk ringsrs.
The pistiorm is deployment ready through Docker and
AWS EKS, and supports beth ightweight and larger
medels. Qverall, this work shows a prastical, roztiverlny
framework for R-essxord tioud approvens.
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