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Abstract

The decoupling of infrastructure provisioning from observability configuration creates a “Visibility Gap”
where Service Level Objectives (SLOs) fail to reflect the real-time state of the underlying cloud resources.
In this paper, I present an architectural framework that utilizes Crossplane Compositions to treat
observability—specifically Grafana OSS dashboards and SLO alerting—as Managed Resources (MR).
By integrating the observability lifecycle into the Kubernetes Control Plane, I enable the automated
generation of operational metrics at the moment of infrastructure birth. I provide a formal model for
“Metric Drift” and demonstrate, through a production-scale simulation, how this pull-based IaC approach
eliminates manual monitoring debt and ensures 100% metric coverage for ephemeral cloud shards.

1. Introduction

In the modern era of Platform Engineering, the “Day 0” provisioning of a cloud resource is often
automated, but the “Day 1” setup of its monitoring is frequently manual or ad-hoc. This leads to a systemic
risk where critical infrastructure components run without proper SLO enforcement. My research focuses
on the unification of these two lifecycles. I argue that a VPC, a Database, or a Network Shard is not
“Complete” until its corresponding SLOs are active and its metrics are registered in an Incident Response
Management (IRM) provider. By extending Grafana OSS via Crossplane, I have developed a method to
ensure that infrastructure is “Self-Observing.” This paper details the transition from static JSON
dashboarding to reconcilable observability compositions, providing a blueprint for automated operational
excellence.

2. The Problem: The Visibility Gap and Monitoring Debt

Through my analysis of enterprise-scale deployments, I have identified three primary failure modes in
traditional observability workflows:

1. Manual Dashboarding: Developers often create dashboards after a resource is deployed, leading
to a period of “Black Box™ operation.

2. Configuration Drift: A change in infrastructure (e.g., adding a new network interface) is not
automatically reflected in the monitoring tool.
3. Metric Orphanage: When infrastructure is deleted via IaC, its corresponding alerts often remain

active, causing “Alert Fatigue” through false positives.
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I define this delta between infrastructure state and observability state as the Visibility Gap (Vg). My goal
is to reduce Vg to zero.

3. Crossplane as the Observability Orchestrator

While Crossplane is typically used for cloud resources like S3 buckets or EKS clusters, I leverage it here
as a provider for Grafana. In my framework, a Composite Resource Definition (XRD) defines the
infrastructure, and its Composition includes both the cloud resource and the Grafana resource.

3.1 Treating SLOs as Managed Resources

In my model, an SLO is no longer just a line in a document; it is a Kubernetes Custom Resource (CR). I
utilize the provider-grafana to define:

* SLO Objects: Defining the Error Budget and SLIs (Service Level Indicators).
* Alerting Rules: Mapping infrastructure health directly to notification channels.

* Dashboards: Generating visualizations dynamically based on labels.

4. The Formal Model of Metric Drift

I propose a mathematical model to quantify the reliability of an observability system. Let R(t) be the set
of cloud resources at time t, and M (t) be the set of active monitoring metrics. The Observability Coverage
(Q) is:
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In a standard push-based IaC environment (e.g., Terraform), Q frequently drops below 0.8 during rapid
scaling events. In my pull-based Crossplane model, the reconciliation loop ensures € = 1.0 by treating the
metric as a dependency of the resource itself.

5. Technical Implementation: The Observability Composition
I have designed a Go-based composition logic that calculates the required SLO thresholds based on the
resource’s “Tier” (e.g., Production vs. Staging).
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Listing 1: Go Logic for Dynamic SLO Threshold Calculation

1 [func (r *SLOReconciler) Calculate Threshold (tier string) float6g4 {

// Production requires 99.9% while staging accepts 95%

3 if tier == "prod" {
4 return 0.999
s t
6 return 0.950
¥

s |[func (r *SLOReconciler) Reconcile (ctx context. Context, req ctrl.
Request) (ctrl.Result, error) {

10 slo: = &vialphai1.Observability SLO {}

1 // Logic to ensure Grafana reflects the current

infrastructure state

12 threshold: = r.Calculate Threshold (Slo. Spec. Tier)
13 return r.SyncTo Grafana (Ctx, slo, threshold)
14 }

6. Adaptive SLOs via Crossplane Functions
A significant contribution of my research is the use of Composition Functions. In-stead of static YAML,
I use Go code to transform infrastructure metadata into Grafana JSON.

6.1 Standardizing the Provider Context

When I provision a new Network Shard, the Composition Function intercepts the Shard ID and
automatically injects it into a Prometheus query template. This template is then pushed to Grafana as a
new dashboard row. This ensures that the dashboard grows and shrinks horizontally alongside the
infrastructure.

7. Simulation: Measuring Recovery from Metric Drift

I conducted a simulation involving 1,000 ephemeral cloud shards. In the control group (Static [aC), it took
an average of 14 minutes for the monitoring to “catch up” to a new shard. In my experimental group
(Crossplane Compositions), the monitoring was active within 4 seconds of the shard being marked as
Healthy.
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8. Comparison: Push-Based vs. Pull-Based Observability

Metric Manual/Ad-hoc Terraform Crossplane
(Push) (PulD)

Setup Time High (Days) Moderate (Min- Low (Seconds)
utes)

Consistency Low (Human error) Moderate (State  High (Reconciled)
lock)

Coverage (Q2) <0.6 0.85 0.99

Drift Detection  None Manual Plan Real-time

Table 1: Strategic Comparison of Observability Provisioning
9. Failure Mode and Effects Analysis (FMEA)

In designing this system, I identified and mitigated several failure modes:

1. Grafana API Saturation: Rapidly creating 500 dashboards can rate-limit the API. Mitigation: I
implement exponential backoff in the Go provider.

2. Circular Dependencies: Monitoring depends on the resource, but the resource health check depends
on monitoring. Mitigation: I use a “Basic Health Check” in the cloud provider as a prerequisite for the
“Advanced SLO” in Grafana.

Conclusion

My research demonstrates that the “Visibility Gap” is a solvable problem through the application of
Control Plane Engineering. By treating Grafana OSS and SLO Frameworks as reconcilable objects within
a Crossplane Composition, I have created a system that eliminates monitoring debt. This architecture
ensures that infrastructure and observability are not two separate entities, but two halves of a single,
reliable managed resource.
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