Prompt-Driven Infrastructure:
Sharding AI Services for Scale

& Resilience

As Al language models become central to modern applications, the infrastructure
supporting these systems must evolve beyond traditional scaling approaches.
This presentation explores how sharding—distributing services across multiple

independent units—creates resilient Al systems capable of serving

enterprise-scale workloads.

By: Rahul Singh Thakur
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The Challenge: Traditional Al Infrastructure

Limitations

Performance

Bogt emvelekisstances serving all
requests create latency spikes during
peak usage and unpredictable user

experiences.

Single Point of
BaHuwee instance fails, all dependent
applications lose access simultaneously,

causing widespread service disruptions.

Resource Contention
Computationally expensive prompts
degrade performance for simpler
requests, with no ability to isolate

different workload types.



Understanding AI Workload Characteristics

Extreme Variability
Simple queries require minimal processing while complex
analytical requests involve extensive context analysis,

multi-step reasoning, and lengthy response generation.

Resource Intensity
Large language models require substantial memory and
initialization time—often minutes rather than seconds—making

reactive scaling ineffective.

Before designing a sharded architecture, we must understand what makes Al workloads unique compared to traditional web services.
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Stateful
CamvessatidASmaintains context across multiple
interactions, requiring infrastructure to preserve and efficiently

access conversation history.

Nuanced Failures
Al services can exhibit partial failures or degraded states:
lower-quality responses, subtle corruption, or gradual

performance degradation.



The Sharding Solution

Sharding distributes language models and prompt processing capabilities across
multiple isolated environments, achieving unprecedented levels of availability,
performance, and operational flexibility.

Each shard is an independent, isolated deployment of model instances capable of
processing prompts autonomously. Shards operate independently so that the
failure of one shard does not cascade to others.

This isolation extends to resource allocation, network configuration, and even

physical infrastructure placement, ensuring true independence.




Core Architectural Components
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Al Service Shards
Independent deployments of model instances with
dedicated compute resources, designed to operate

autonomously without dependencies on other shards.

Request Routing
Intelligent routing considering context and characteristics of
each prompt, implementing session affinity while enabling

flexible rebalancing.

State Management
Shared, highly available data layer ensuring conversation
context remains accessible across the distributed

environment for flexible routing.

@ Metadata Service

Intelligence layer maintaining real-time awareness of all
active shards, their health status, capacity utilization, and

assigned workload characteristics.

-~ Multi-Zone
I}B]ldkeyEmhmu groups deployed across geographical

boundaries, achieving resilience against zone-level failures

like power outages or network partitions.

@ Observability

Sysmmsnsive monitoring with Al-specific measurements:
token generation rates, inference latencies, queue depths,

and distributed tracing.



Intelligent Request Routing Strategies
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Session Affinity %Zapacity-Aware

Meamaige neeyersational context by routing related prompts to the Rouitiregsly monitors each shard's current load through metrics like
same shard while retaining flexibility to rebalance workloads and active request count and queue depth, preferring shards with
respond to failures. available capacity.
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i’riority-Based é}eographic Optimization

Riﬁarﬁm'gtes between workload classes with different service level Directs requests to shards physically near the user when possible,

requirements through priority queues and capacity reservations. balancing proximity against current load and health status.



State Management: The Critical Challenge

Maintaining conversation context across distributed infrastructure presents one of the most significant technical challenges in Al systems.

Unlike stateless web services, conversational Al relies heavily on historical context.

-y

Message History
Chronologically ordered sequence of user
prompts and Al responses providing

context for understanding new inputs.
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Metadata

User preferences, system prompts, model
configuration parameters, and structured
information extracted during

conversation.

S

Centralized Storage
Dedicated storage layer with low-latency
read access, efficient append operations,

and high availability to prevent state loss.



Conversation Migration &

th 1gr 1on atters

Retrieve State

Conversation migration enables moving active conversations ,
Load full conversation context from shared storage layer

between shards during planned maintenance, overload situations,

or to balance load more effectively.

The migration process involves retrieving full conversation state Designate New Shard

from shared storage, designating a new shard, updating routing Select healthy shard with available capacity

mappings, and optionally pre-warming the destination shard.

Update Routing

Modify routing mappings to point to new shard

Pre-warm Context

Load necessary context into destination shard



Scaling Strategies for AI Workloads

Al workloads present unique scaling challenges due to resource-intensive model inference, long initialization times, and the need to maintain

conversational state during scaling operations.

Horizontal Scaling Vertical Scaling

Adding or removing complete shards. Requires predictive scaling that Adjusting resources allocated to existing shards. Faster than
anticipates demand based on historical patterns, time of day, and horizontal scaling since it avoids model reinitialization, but has limits
leading indicators like queue depth growth rates. at maximum effective shard size.

Capacity Reservations Cost Optimization

Dedicated shards or reserved capacity within shared shards for Spot instances for batch workloads, reserved capacity for baseline
high-priority use cases, ensuring predictable performance regardless load, and on-demand resources for variable demand. Scheduled

of overall system load. scaling during predictably low-demand periods.



Autoscaling Policies

Sophisticated autoscaling policies incorporate multiple signals beyond simple CPU thresholds to make proactive scaling decisions.

Sustained Queue

Gaiswtth incoming requests exceed processing capacity, triggering proactive shard addition before user experience degrades.

Latency Percentiles

Rising above acceptable thresholds signals capacity constraints even when average metrics appear healthy.

Predictive Models

Forecast increased demand based on historical patterns, enabling scaling decisions minutes before load actually arrives.

Cost-Aware Triggers

Account for scaling costs and initialization time, preventing unnecessary shard spinning while ensuring proactive capacity.



Fault Tolerance &

RESIIIEH%ga Ith Checking Automatic Failover

: - Routing layer immediately stops directing
Synthetic prompts exercising actual model

new requests to unhealthy shards, with

inference confirm functional operation, not =
, , conversation migration for critical
just process liveness. (O
workloads.
Disaster Recovery N Circuit Breakers
o
Multi-zone deployments with explicit ~ Temporarily stop routing to shards
capacity headroom and regular drills @ exhibiting elevated error rates, giving
ensure recovery from zone-level failures. time to recover rather than being
overwhelmed.
O
. . =)
Chaos Engineering B Data Backup
Deliberately inject failures to validate Regular snapshots and synchronous
automatic failover works correctly and replication protect conversation state from

build confidence in resilience. loss or corruption.



Operational Complexity & Monitoring

Distributed sharded infrastructure introduces operational complexity requiring robust monitoring, alerting, and operational tooling to

understand system behavior across dozens or hundreds of independent shards.

Metrics Collection Distributed Tracing Log Aggregation

e Infrastructure: CPU, memory, network, e Follows requests through complex o Centralizes logs from all shards
disk 1/O infrastructure e Enables correlation across components

o Al-specific: token generation rates,  Reveals end-to-end latencies « Structured logging with consistent
inference latencies e Pinpoints bottlenecks across identifiers

* Queue depths and context window components « Captures decision points and audit trails
utilization o Essential for performance diagnosis

o Per-shard and aggregate views



Key Benefits of Sharded Al

Infrastructure

99.9% 10x 50%

Availability Scalability Cost Reduction
Multi-zone deployments provide Dynamic scaling allows Optimized resource allocation
geographic resilience, ensuring infrastructure to match capacity  through spot instances, reserved

service continuity during with demand, supporting growth  capacity, and scheduled scaling
zone-level outages. from prototypes to millions of reduces infrastructure

users. expenses.

Zero

Cascading Failures
Fault isolation prevents single
failures from cascading
system-wide, maintaining
service for unaffected

workloads.



Implementation

RO admap Foundation

Start with multi-zone deployment of a small
number of shards. Establish architectural

foundation while limiting complexity.

Phase 2: Intelligence
Add sophisticated routing logic and basic
autoscaling policies. Implement health checking

and automatic failover mechanisms.

This progressive approach balances the benefits of distributed architecture against the practical challenges of implementation and

Phase 3: Optimization
Enhance monitoring capabilities with distributed
tracing. Implement advanced scaling policies and

capacity reservations.

operational learnings.

operation, allowing organizations to build expertise incrementally.

Phase 4: Maturity
Deploy chaos engineering practices. Optimize
costs through spot instances and scheduled

scaling. Continuous improvement based on



The Future of Al

lhIﬂ;Ifm&tllﬁu@msrrea fundamental shift from monolithic deployments to distributed, resilient architectures capable of

meeting enterprise-scale demands. The benefits extend beyond simple scalability to include fault isolation, geographic resilience, workload
prioritization, and cost optimization.
As organizations increasingly rely on Al services for critical operations, the importance of resilient infrastructure will only grow. Emerging

technologies like serverless Al, edge deployments, and specialized accelerators will influence architectural choices, requiring ongoing

adaptation of sharding strategies.

When successful, the architecture becomes invisible—conversations flow naturally, responses arrive quickly, and service disruptions are

rare and brief.
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