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Introduction

Deploying applications for Kubernetes requires writing manifests: complex YAML files that define resources and configurations.

This requires deep expertise in both the application architecture and Kubernetes concepts. Large Language Models (LLMs) offer

promise for automation, but struggle without proper context.

Our pipeline extracts metadata from repositories, structures it into an Intermediate Representation (IR), and uses it to guide

LLMs in generating accurate, deployable manifests.

Architecture

From the

repos-

itory

Dockerfile

FROM nginx:1.15-alpine

COPY –from=builder

/sa-frontend/build

/usr/share/nginx/html

EXPOSE 80

Docker Compose

sa-frontend:

build:

context:

./sa-frontend

ports:

- "80:80"

Other data

- Environment files (.env)

- Shell scripts

- Other configuration files

(.config, *.yaml)

...etc

IR (Intermediate Representation)

IMAGE: nginx:1.15-alpine (IMAGE)

EXPOSE: 80 (EXPOSE)

EXPOSE: 443 (EXPOSE, inferred)

SERVICE_PORT: 80:80

(SERVICE_PORT_MAPPING)

LABEL component=web-server (LABEL,

inferred)

LABEL part-of=frontend (LABEL, inferred)

SERVICE_TYPE: LoadBalancer

(SERVICE_TYPE, inferred)

Knowledge Base

"name": "Nginx",

"keywords": ["web", ...],

"servicePorts": [80, 443],

"serviceType":

"LoadBalancer",

"labels": { "component":

"web-server",

"part-of": "frontend" }

LLM

You are

a strict

Kubernetes

manifests

generator.

You only

output...

K8s Manifest

apiVersion: v1

kind: Service

metadata:

name: sa-frontend

labels:

component: web-server

part-of: frontend

spec:

type: LoadBalancer

ports:

- port: 80

targetPort: 80

name: http

- port: 443

targetPort: 80

name: https

IR mappings

Dockerfiles:

CMD/ENTRYPOINT

Pod command

EXPOSE

containerPort

ENV

ConfigMap/Secret

VOLUME

PersistentVolume

WORKDIR

workingDir

USER

[...].runAsUser

HEALTHCHECK

Readiness/Liveness probes

Docker Compose:

services

Deployment/Service

depends_on

Init containers/Probes
networks

Service connectivity
ports

NodePort/LoadBalancer

Deployability
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Distribution of manual corrections required

across applications for the two IR-based configurations.

Typical Errors

apiVersion : v1
kind: Service
metadata :

name: result
spec:

type: LoadBalancer
selector:

app: result
ports :
- port: 9229

targetPort : 9229
name: debug

selector:
app: result

apiVersion : v1
kind: Service
metadata :

name: productpage
spec:
type: ClusterIP
selector :

app: productpage
ports :
- port: 9080

targetPort : 9080
protocol : TCP

[...]

Example of two common errors in LLM-generated manifests.

Semantic Alignment

Stage H L

Without IR 12 95

With IR 25 92

IR Corrected 88 92

IR + Overr. 52 98

IR + O. Corr. 92 95

H: Human-validated
functional correctness

L: LLM-judged alignment
w.r.t. requirements

(all values in %)

Conclusions

Structured metadata significantly improves LLM
performance in generating Kubernetes manifests,

demonstrating the value of targeted context over raw

code dumps or generic prompts. However, human
oversight remains essential for complex deployments.

Future directions:

• Expand evaluation to other LLMs

• Implement iterative feedback loops

for self-correction

• Extend security evaluation of images and manifests


