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Agenda

Workload Isolation Boundaries — Architectural guardrails to contain analytical workloads and prevent cross-domain
1 contamination.

Deterministic Execution Paths — Design patterns that impose predictability on inference pipelines without
2 sacrificing flexibility.

Decision Traceability & Lineage — Operational tools enabling post-incident analysis, auditability, and faster root-
3 cause investigation.

Long-Term Operability — Model drift management, controlled rollout strategies, and preserving human oversight at

4 scale.



The Core Problem

Al Becomes a Reliability Problem Before It

Becomes a Modeling Problem

Bursty Compute
Demand

Inference workloads spike
unpredictably, overwhelming
shared resource pools and
degrading adjacent services.

Opaque Execution Paths

Model pipelines lack the
determinism SREs rely on black-
box behavior obscures root cause
during incidents.

Extended Data Lifecycles

Al systems retain and replay data
across time, creating dependencies
that outlive original system
contracts.



How Al Surfaces in Post-
Incident Reviews

%

Latency Spikes

Analytical workloads competing for compute saturate shared
queues, amplifying tail latency across dependent services.

Cascading Failures

A failing inference pipeline propagates backpressure upstream
services designed for independence suddenly share a blast radius.

Reduced Observability

Automated decision systems produce outcomes without emitting
signals that existing monitoring stacks can interpret or alert on.



What This Session Covers
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Workload Isolation Boundaries

Architectural guardrails to contain analytical workloads and
prevent cross-domain contamination.

03

Deterministic Execution Paths

Design patterns that impose predictability on inference
pipelines without sacrificing flexibility.

04

Decision Traceability & Lineage

Operational tools enabling post-incident analysis,
auditability, and faster root-cause investigation.

Long-Term Operability

Model drift management, controlled rollout strategies, and
preserving human oversight at scale.



Workload Isolation
Boundaries

Uncontrolled analytical workloads are among the most common causes of
SLO degradation in platforms that were never designed to host them. Al
inference pipelines share CPU, memory, and I/O with latency-sensitive
services without explicit boundaries, resource contention is inevitable.

T

Compute Queue Separation
Namespacing Prevent analytical jobs from
Isolate inference workloads sharing execution queues with
using dedicated node pools or transactional paths.

cgroups.



Isolation Patterns That Work

Namespace & Quota
Enforcement

Kubernetes resource quotas and
LimitRanges prevent inference pods
from crowding out transactional
workloads. Hard limits over soft
requests.

Network Segmentation

Separate data planes for analytical
traffic reduce the blast radius of a rogue
pipeline consuming bandwidth or
introducing latency on shared links.

Priority-Aware Scheduling

Assign inference jobs lower
PriorityClasses. Guarantee preemption
in favor of SLO-bound services when
contention occurs.



Real-World Pattern

In a high-throughput cloud environment, an unthrottled recommendation engine consumed 40% of shared compute during
peak traffic causing a P99 latency breach on the checkout path. The model was accurate. The architecture was not

production-ready.

1 Root Cause 2 Fix Applied 3 Outcome
No resource ceiling on the Dedicated node pool with CPU P99 restored within one release
inference deployment. Shared limits, separate ingress, and a cycle. Zero impact from
node pool with transactional circuit breaker on the analytics subsequent inference spikes.

services. API.



Deterministic Execution Paths

<{h4>Bound Execution

Limit non-deterministic
operations and
resource variance.

Enforce
Timeouts

Apply strict time limits
to guarantee
predictable outputs.

Constrain Inputs

Sanitize and validate
data to ensure
consistent inputs.

Each phase enforces predictability at a different layer of the inference

pipeline from data ingestion through model execution to output delivery.

Why Determinism Matters

Non-deterministic Al workloads are the SRE's adversary. Without bounded
execution, inference pipelines can run indefinitely, consume non-linear
resources, and evade standard SLO enforcement.

1 Input Schema Validation

Reject malformed or out-of-distribution inputs at the ingress layer
before they reach the model.

2 Hard Execution Timeouts

Every inference call must have a non-negotiable timeout. No
exceptions for "important" models.

3 Output Contract Enforcement

Define and validate output schemas. A model returning an
unexpected shape should fail fast, not silently.



Performance Constraints as First-Class
Design

SREs must negotiate performance budgets for Al workloads the same way they define error budgets for services before

deployment, not during an incident.

1 2 3
Inference Latency Burst Headroom Rate Limit Floor
Budget Minimum resource headroom Every inference endpoint must
Recommended P95 ceiling for above baseline to absorb demand have a configured rate limit no
synchronous inference in spikes without SLO breach. endpoint should be unbounded in

transactional paths. production.



Decision Traceability & Execution Lineage

When an automated decision system triggers an incident, the first question is always: what did the model see and why did it
decide that? Without lineage, post-incident analysis isn't investigation. It's archaeology.

Execution lineage is not a compliance artifact. It's your fastest path to resolution. SREs who can replay a decision against its
original inputs don't just close incidents faster they prevent the next one.



Lineage as an
Operational Tool

e Reproducible Replay e Version-Pinned

Store input snapshots Artifacts

alongside model version Every inference must reference
references so any decision can an immutable model artifact.
be replayed deterministically Mutable models break causal
during post-incident review. chains in incident timelines.

e Correlated Trace IDs

Propagate trace IDs from API ingress through feature extraction and
into the model runtime enabling full distributed tracing across the
decision path.



Security & Monitoring as Inherited Reliability
Properties

Not Afterthoughts Structural Properties

In mission-critical Al systems, security and observability are not
bolt-on features. They are properties inherited from or denied by
the architecture itself.

® Access control as a blast-radius limiter: a compromised
inference endpoint should not reach production data stores.

® Monitoring must understand Al-specific signals: confidence
score distributions, input drift, and prediction latency
percentiles.

® Alerting should fire on behavioral anomalies, not just
infrastructure metrics.



Al-Specific Observability Signals

A

Confidence Score Drift

Track model output confidence distributions over
time. A sustained shift below threshold is a pre-
incident signal before accuracy degrades.

Inference Latency Percentiles

P95 and P99 inference latency are primary SLIs for

Al services. Alert on trend, not just threshold breach.

ot

U

Input Feature Distribution

Monitor incoming feature vectors against training-
time distributions. Covariate shift is an early
indicator of model reliability degradation.

Access Boundary Violations

Alert on any inference service attempting to reach
data outside its defined access scope treat as a
reliability event, not just a security one.



Long-Term Operability:
Drift, Rollouts & Human
Oversight

Every model that passes pre-production validation will eventually
degrade in production. Drift is not a risk to mitigate it's a certainty to
engineer for. The only question is whether your architecture catches it

first, or your users do.



Managing Model Drift in Production
Q

Detect Drift
Run Population Stability Index (PSI) and KS tests on feature distributions
continuously not on a weekly batch cadence.

D

Contain Impact
Route a percentage of live traffic to candidate models in shadow mode before any
promotion decision.

O

Recover Service
Tie model promotion to reliability gates: if P99 latency or error rate degrades post-
swap, rollback triggers automatically.

g

Continuous Monitor

A closed-loop drift management process reduces model-induced incidents to
planned maintenance events rather than uncontrolled outages.



Controlled Rollout Strategies

&

Shadow Deployment

Model runs in parallel zero user impact. Validate outputs
against production baseline.

Champion-Challenger

Run old and new models simultaneously with automated
traffic weighting based on live reliability metrics.

76

Canary Release

Route 1-5% of traffic to the new model. Monitor SLIs
before expanding scope.

Full Promotion

Promote only after all reliability gates pass. Keep the prior
version pinned forimmediate rollback.



Preserving Human Oversight in Automated

Systems

Automation Must Have an Off Switch

Every automated decision path must have a defined human override mechanism not as a fallback, but as a first-class architectural

component.
@
Confidence Thresholds Kill Switch
Route low-confidence predictions to Implementation
human review queues rather than Feature flags backed by a fast config
acting autonomously. store disable any model in under 30

seconds without a deployment.

Audit-Ready Decision
Logs

Every automated action must
produce a structured log entry
sufficient for human review and
regulatory audit.



Bringing It Together

The Reliability-First Al Architecture Stack

—0——0——0—

Foundation Execution Layer Observability Layer
Workload Isolation - namespaces, Deterministic Pipelines - timeouts, Al-Specific Signals - drift detection,
quotas, dedicated node pools schema validation, rate limits confidence tracking, trace IDs
Governance Layer Operability Layer

Traceability & Lineage - input snapshots, version pinning, Human Oversight - kill switches, rollback gates, override

audit logs workflows



Key Takeaways for SREs

1 Isolate Before You Integrate

Treat every Al workload as a potential resource contention event.
Establish isolation boundaries at design time, not post-incident.

2 Enforce Execution Contracts

Timeouts, rate limits, and output schemas are SRE primitives for Al.
Without them, inference pipelines are unmanaged dependencies.

3 Lineage Is a Reliability Tool

Decision traceability reduces MTTR. Build it in from day one retrofitting
lineage after an incident is expensive and incomplete.

4 Design for Drift

All models degrade. The architecture should detect, contain, and recover
from drift automatically before it becomes a P1.
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