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DeltaBus

A Lakehouse-Native
Event Bus Pattern for
Data Platforms

Auraa Platform Context: Auraa is Covasant’s Databricks-native, agent-driven
data platform that automates ingestion, data quality, governance, and

analytics across the Lakehouse through a modular suite of components N
orchestrated by Al agents. DeltaBus is the default production implementation

of an abstract messaging contract defined in Auraa's aura_core component.

All Auraa services - tenant provisioning, ingestion orchestration, data quality,
identity, and agent-to-agent communication - program against this

abstraction, not against DeltaBus directly. Because the contract is
implementation-agnostic, DeltaBus can be replaced with an alternative
messaging backend without modifying any consuming service.




Executive Summary

Data platforms built on the lakehouse paradigm already contain the essential ingredients for event-driven communication: immutable, append-only storage with
time-travel semantics; columnar query engines capable of high-throughput scanning; and distributed processing frameworks with built-in fault tolerance and
checkpoint-based delivery guarantees. Yet the majority of such platforms augment this infrastructure with a separate message bus — Apache Kafka, AWS SQS, Azure
Event Hubs — creating a second operational surface, a second category of expertise to maintain, and an additional billing line that scales independently of actual usage.

DeltaBus is a pattern, validated in production on Databricks, that closes this gap. By treating a Delta Lake table with Change Data Feed (CDF) enabled as a persistent
message store, and checkpoint-based CDF polling as the consumption engine, a complete publish-subscribe event bus emerges from infrastructure the platform already
contains. An optional low-latency publishing path via Databricks' ZeroBus SDK — a managed gRPC streaming ingest service — provides sub-10-second acknowledged

delivery when required. An always-available in-memory buffering fallback ensures the system operates even when the ZeroBus endpoint is unreachable or unconfigured.

The economic and operational advantages of this approach are material:

Setup time: 5 minutes (create a Delta table) versus 2-6 hours for a managed queue cluster

Steady-state cost (est.): ~$50/month (Delta storage at moderate volumes; see Section 5.1 for assumptions) versus $2,000-15,000/month for managed message
queue services at comparable event volumes

Operational burden: Zero (serverless, auto-managed) versus continuous cluster monitoring, capacity planning, and patching

Governance: Native Unity Catalog table ACLs versus external RBAC requiring bespoke connectors

The pattern is well-suited for data platform operations: audit logging, workflow coordination, inter-component event propagation, and compliance tracking. For workloads
where message latency of 5-10 seconds is acceptable — which describes the vast majority of platform operations traffic — DeltaBus eliminates an entire category of
infrastructure with no loss of capability. Combined with idempotent consumer handlers, this approach achieves effectively-once processing semantics end-to-end.
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DeltaBus

A Lakehouse-Native Event Bus Pattern for Data Platforms

The Challenge: Event-Driven Architecture on the Lakehouse

To understand why DeltaBus is needed, it is necessary to first understand why event-driven architecture is essential for modern data platforms, why conventional message bus solutions are
a poor fit for the lakehouse context, and what properties of the lakehouse make a native solution possible. This section addresses each question in turn.

Why Data Platforms Need Event-Driven Communication

Modern data platforms coordinate dozens of asynchronous operations that are tightly coupled in outcome but loosely coupled in timing. When a new tenant is provisioned, the identity
service, storage orchestrator, data quality framework, and audit system each need to react — but not simultaneously, and not necessarily in a fixed sequence. When a data ingestion job
completes, downstream transformation pipelines should start. When a policy violation is detected, an alert must be raised without blocking the processing path that detected it.

This is the canonical problem that event-driven architectures solve: enabling decoupled components to react to each other’s state changes without direct synchronous calls. A component
publishes an event when something happens; any number of subscribers react in their own time, at their own pace, with their own error handling.

The case for event-driven architecture in data platforms is not merely theoretical. Platforms that rely on direct synchronous calls between components suffer from cascading failures (one
slow component blocks all callers), tight coupling (the calling component must know which downstream systems care about its output), and brittle orchestration (any change to the workflow
topology requires code changes across multiple services). Asynchronous event-driven communication eliminates each of these failure modes.

Having established why event-driven architecture matters, the natural question is why conventional solutions — dedicated message buses such as Kafka or managed queue services — are
a poor fit for the lakehouse environment. The following section addresses this directly.

The Limitations of External Message Buses

The conventional solution — deploying a dedicated message bus alongside the data platform — introduces costs and constraints disproportionate to the workload.

Infrastructure overhead. A production Kafka cluster requires at minimum three broker nodes, coordination services, topic configuration, consumer group management, retention policy
tuning, and continuous monitoring. Managed services such as AWS SQS, Azure Service Bus, and Azure Event Hubs reduce operational burden but introduce per-message pricing, storage
TTLs, and cross-service authentication complexity.

Operational expertise. Kafka administration is a distinct discipline. Teams with deep Spark and Delta expertise — the core skillset for lakehouse operations — find themselves maintaining a
second technology stack with a different operational model, failure patterns, and monitoring approach. The organizational cost of this expertise is rarely captured in infrastructure cost
comparisons.

Governance mismatch. Events published to an external message bus exist outside the Unity Catalog governance boundary. They cannot be governed by table-level ACLs, queried by SQL,
included in data lineage, or subjected to column-level access policies. Organizations that have built their governance model on Unity Catalog must accept a governance gap for every event
that flows through an external bus.

Cost profile mismatch. Platform operations events — tenant provisioning, component initialization, job scheduling, audit records — are low-volume but persistent. A platform handling 10
million events per day is typical; 10 billion is exceptional. Managed queue services price for throughput. At platform-ops volumes, the cost per event is high relative to the value derived, while
the TTL-based deletion of historical events eliminates the audit trail that compliance workloads require.

These limitations are not inherent to event-driven architecture — they are artifacts of applying infrastructure designed for high-volume streaming to a lower-volume, governance- intensive
workload. The lakehouse, as the following section demonstrates, already contains the tools to address this workload natively.
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The Lakehouse as a Message Bus

Delta Lake's core properties map cleanly onto the requirements of an event bus. This alignment is not coincidental — both an event bus and a lakehouse storage layer are
fundamentally concerned with durable, ordered, reliable record-keeping.

Append semantics. Publishers write rows to a Delta table. Each row is a message. The table is the queue. Delta's ACID transaction guarantees ensure that every write either commits
fully or does not appear at all.

Change tracking. Change Data Feed, introduced in Delta Lake 2.0, records every row insert as a versioned change event. A consumer reading the CDF sees exactly the messages
published since its last checkpoint — no polling loops, ho watermark management, no custom offset tracking.

Checkpoint-based delivery. A consumer tracking its last-processed Delta version in a checkpoint store receives each message at least once, and under normal operation exactly
once: CDF reads from version + 1 are deterministic, and the checkpoint advances only after successful processing. If a crash occurs between handler completion and checkpoint
commit, the affected batch is re-delivered — making idempotent handlers essential for exactly-once processing semantics.

Multi-subscriber support. Each consumer maintains its own checkpoint, advancing independently. Consumers can be added or removed without affecting other subscribers or the
publisher. There is no consumer group coordination overhead.

Permanent, queryable history. Because messages are rows in a Delta table, the full event history is queryable by SQL at any time. Audit queries, operational dashboards, compliance
reports, and failure diagnostics require no additional tooling — only a SQL query against the message store.

The gap between “has the right capabilities” and “works as a production event bus” lies in latency and publishing ergonomics. This is where the DeltaBus pattern adds the final pieces.

The DeltaBus Pattern

With the capabilities of the lakehouse established, this section describes the DeltaBus pattern itself: its core data model, how it handles the publishing latency gap, and how it
leverages Delta Lake's CDF infrastructure to provide reliable, at-least-once message delivery with checkpoint-based deduplication.

Core Concept

DeltaBus is a publish-subscribe event bus implemented entirely on Delta Lake and checkpoint-based Change Data Feed consumption. lts central data structure is a messages table: a
Delta Lake table with Change Data Feed enabled, containing one row per event. The table is append-only in practice — messages are written but never modified — and deletion
occurs only for explicit data retention management.

Within the Auraa platform — Covasant's Databricks-native data platform for automating the full data lifecycle through modular, agent-orchestrated components — DeltaBus is
implemented as the DeltaMessageBus class in aura_core.infrastructure.messaging. This class implements the IMessageBus port defined in the application layer
(aura_core.application.interfaces.messaging), following the hexagonal architecture that governs all Auraa infrastructure adapters. The separation between port and adapter allows the
production Delta implementation to be substituted with an InMemoryMessageBus during testing without changing any consumer code. A container factory (create_message_bus() in
aura_core.infrastructure.container) handles backend selection automatically — detecting ZeroBus availability, Databricks runtime presence, or falling back to in-memory — so that
application code never references a concrete implementation directly.
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The messages table contains a standard set of fields common to all event bus implementations: a unique message identifier, the event type, a JSON-serialized payload, routing fields (topic
and queue), publishing metadata (source component, target component, timestamp), delivery tracking fields (retry count, max retries, status), and optional correlation and causation
identifiers for distributed transaction scenarios.

Two properties distinguish this table from a conventional Delta analytics table:

1. Change Data Feed is enabled. Every row insert becomes a discrete change event with a Delta version number, enabling consumers to stream changes incrementally rather than scanning
the full table.

2. The table uses liquid clustering by topic and queue. Liquid clustering automatically organizes data files so that consumers reading a specific topic access only the relevant file segments,
avoiding full-table reads as the message history grows.

Dual-Mode Publishing

The DeltaBus pattern provides two publishing modes that operate transparently to the caller. A single send(topic, message) call selects between them automatically.

ZeroBus SDK publishing is the preferred path when a Databricks ZeroBus endpoint is configured. The ZeroBus SDK provides gRPC streaming ingest to a Delta table with write
acknowledgement, delivering end-to-end confirmation in approximately 5 seconds. This mode is appropriate for publishers that need durability confirmation before proceeding.

Buffered publishing is the always-available fallback. Messages are appended to an in-memory list with minimal overhead — approximately 1-5 milliseconds per message, non-blocking. The
buffer flushes to Delta on a time interval or size threshold, whichever occurs first, using a single batch write. Batch writes are 50-100x more efficient than individual row appends for Delta
tables. End-to-end latency from publish to message visible in the Delta table depends on the flush interval; a 5-second flush produces 5-10 second end-to-end latency — similar to ZeroBus
SDK confirmed delivery.

The two modes produce identical outcomes from the consumer’s perspective: a row in the messages table, queryable and streamable. If the ZeroBus endpoint becomes unavailable, the bus
degrades gracefully to buffered mode with no code changes required in any publisher.

Checkpoint-Based Consumption

The DeltaBus consumption model is built on batch CDF polling with a dedicated checkpoint store. A consumer defines three things: a topic filter (which messages to receive), a handler
function (what to do with each message), and a consumer identifier (a stable string used to track delivery progress in the checkpoint table).

The DeltaCheckpointStore tracks which Delta table version has been processed for each consumer via a checkpoints table (keyed by consumer_id and topic_or_queue). On each poll cycle,
the consumer reads CDF changes from last_checkpoint_version + 11to the current table version, dispatches matching messages to the handler, and advances the checkpoint only after
successful processing. On failure — a consumer crash, a transient error, or an unhandled exception in the handler — the consumer resumes from the last committed checkpoint on restart,
re-delivering only messages that had not been successfully processed.

At-least-once delivery is achieved through Delta versioning, with checkpoint-based deduplication providing effectively-once semantics. Each Delta write produces an immutable version
number. The checkpoint store records the last successfully processed version per consumer. Because CDF reads are deterministic for a given version range, and the checkpoint advances
only after successful processing, each message is delivered at most once under normal operation. If a consumer crashes after handler execution but before the checkpoint commits,
messages in that batch will be re-delivered on restart — making the guarantee at-least-once. Combined with idempotent handlers, this achieves effectively-once end-to-end processing. No
external coordination service is required.
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Design note: The batch CDF polling model was chosen over Spark Structured Streaming for pragmatic reasons: it runs embedded within application processes (including
Databricks Apps, which lack advanced streaming support), requires no separate streaming job infrastructure, and achieves configurable latency as low as 1 second via the
poll_interval_secs parameter. The pattern is architecturally compatible with a Structured Streaming consumer for workloads that require it; the IMessageBus interface abstracts
the consumption mechanism.

An important distinction worth emphasizing: at-least-once delivery does not automatically imply exactly-once processing at the application level. If a handler has observable
side effects — writing to an external database, sending a notification, triggering an external API call — and the process crashes after handler execution but before the
checkpoint commits, the consumer will re-deliver the same batch on restart. Consumer handlers should be designed to be idempotent: processing the same message twice
should produce the same outcome as processing it once. This is standard best practice for all event-driven systems, not a DeltaBus-specific constraint.

Code Examples

The following examples illustrate the core publish, subscribe, and factory patterns using the actual Auraa API surface.

Publishing an event: Subscribing to a topic: Factory with explicit configuration:t
from aura_core.application.interfaces.messaging import Message from aura_core.application.interfaces.messaging import Message, MessageHandler from aura_core.infrastructure.container import create message bus, MessagingBackend
from aura_core.infrastructure.container import get message bus
class IngestionHandler(MessageHandler): bus = create_message bus(
bus = get_message_bus() def handle_message(self, message: Message) -> None: backend=MessagingBackend.DELTA,
spec_id = message.payload["ingestion spec id"] catalog="aura system",
message = Message( # Process the ingestion spec... schema="messaging",
message_type="ingestion.spec.ready", print(f"Processing spec {spec_id}") poll interval secs=2.0,
payload={ batch_size=50,
“tenant_id": "acme", bus = get _message bus() flush_interval secs=5.0,
“ingestion_spec_id": "spec-@01", bus.subscribe(topic="events.ingestion.spec.ready", thandler=IngestionHandler()) )
“batch_id": "batch-20260322", bus.start() # Begin polling for messages

}s

source_agent="aion.scheduler",
topic="events.ingestion.spec.ready",

)

bus.publish(topic="events.ingestion.spec.ready", message=message)

The create_message_bus() factory auto-detects the appropriate backend: DELTA_ZEROBUS when a ZeroBus endpoint is configured, DELTA on Databricks runtime, or
MEMORY for local development and testing. Application code uses get_message_bus() for singleton access and never references a concrete implementation directly.
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Architecture

This section presents the system architecture of DeltaBus: the design principles that guided its development, the data flow for publishing and consuming events, the
table structure that underlies the system, and the fault-tolerance model that governs failure handling.

Design Principles
Four principles govern DeltaBus's design trade-offs:
Lakehouse-native. Every component of the system uses infrastructure that a Databricks workspace already provides — Delta tables for storage, Spark for streaming

computation, Unity Catalog for governance, and ZeroBus SDK for low-latency ingestion. No external services, no additional API keys, and no network egress beyond
the workspace boundary are required.

Zero operational overhead. The system has no persistent services to manage. The messages table is passive storage; the buffered publisher runs as part of the
calling process; Spark streaming consumers run as lightweight background threads or scheduled jobs. There is nothing to monitor, scale, or patch beyond what the
Databricks workspace already manages.

Transparency. The system is fully observable with standard tooling. Messages are rows — queryable by any SQL interface. Consumer progress can be tracked in an
optional monitoring table. Dead-lettered messages (those that failed after the maximum retry count) are stored in a dedicated Delta table, available for inspection,
replay, or governance audit.

Simplicity over perfection. DeltaBus makes deliberate trade-offs: 5-10 second end-to-end latency instead of sub-second; per-topic ordering instead of global
ordering; single-workspace scope instead of cross-workspace federation. These trade-offs are appropriate for the target workload — platform operations events —
and dramatically simplify the implementation compared to a general-purpose message bus.

Auraa Component Architecture

Within Auraa’s aura_core package, DeltaBus is organized as follows:

e aura_core.application.interfaces.messaging — Domain port definitions: IMessageBus, IMessagePublisher, IMessageConsumer, ICheckpointStore, the Message
value object, MessageEnvelope, and error types. These interfaces are consumed by all Auraa application services and agents.

e aura_core.infrastructure.messaging.delta_message_bus — Production adapter: DeltaMessageBus and DeltaCheckpointStore. Handles dual-mode publishing
(ZeroBus + buffered), CDF-based consumption, dead-letter management, and checkpoint persistence.

» aura_core.infrastructure.messaging.zerobus_publisher — Optional low-latency adapter: ZerobusPublisher wrapping the Databricks ZeroBus gRPC SDK.

e aura_core.infrastructure.messaging.in_memory_message_bus — Test adapter: InMemoryMessageBus and InMemoryCheckpointStore for synchronous,
in-process testing with no external dependencies.

 aura_core.infrastructure.container — Factory: create_message_bus() with MessagingBackend enum (DELTA, DELTA_ZEROBUS, MEMORY, AUTO) for
environment-aware instantiation.
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System Overview

The system has two operational modes that are independent of each
other:

PUBLISHING

Publisher

send(topic, message)

ZeroBus configured fallback, always on

ZeroBus SDK In-memory buffer

batch flush 5s / 100 msgs

gRPC stream - ~5s confirmed

Delta messages table
persistent store

CONSUMPTION Change Data Feed

Batch CDF Polling Loop

continuous, per consumer

DeltaCheckpointStore

]

(consumer_id, topic, version)

handler.handle_message(msg)
per message processing

success failure (max retries)

dead_letters table
payload + error preserved

Checkpoint advanced

at-least-once via versioning
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Table Architecture
DeltaBus uses three tables within a single Unity Catalog schema:

messages is the primary event store. It holds all published events, liquid clustered by topic and queue for efficient per-consumer reads. Change Data Feed is enabled. The table is append-only in
normal operation, retaining events permanently unless a retention policy is applied.

dead_letters captures events that a consumer has exhausted all retry attempts on. Each record includes the original event payload, routing fields (topic, queue, source and target agents), the error
context, the retry count, and the failure timestamp. This table is the primary tool for diagnosing persistent consumer failures and supports manual message replay.

checkpoints tracks each consumer'’s delivery progress. Each row stores a consumer_id, topic_or_queue, and checkpoint_version (the Delta table version last successfully processed). The checkpoint
store uses idempotent upserts (INSERT INTO REPLACE WHERE) so that a consumer restart or duplicate write never corrupts the offset state. This table is the source of truth for delivery progress —
the consumer reads CDF changes from checkpoint_version + 1 onward.

Teams that require operational dashboards — “which consumers are behind? by how many versions?” — can query the checkpoints table directly against the current messages table version
(DESCRIBE HISTORY messages) to compute consumer lag, with no additional monitoring infrastructure required.

Reliability and Fault Tolerance

Each common failure mode has a defined handling strategy:

ZeroBus SDK unavailable Automatic fallback to buffered writes; transparent to caller

Buffer flush failure Retried automatically; messages held in memory until flush succeeds

Consumer handler exception Message rejected; retried up to max_retries; dead-lettered after exhaustion The ’c:omblpatlon of Delta’s ACID transaction guar'antees,
CDF's version-based change tracking, and Spark's
checkpoint-based recovery provides layered fault tolerance

Consumer process crash Consumer resumes from last checkpoint version on restart; no message loss where each layer addresses a distinct failure class.

Network interruption Polling loop retries on next cycle; checkpoint unchanged until success

Delta table unavailable Polling loop pauses; automatic recovery when table is accessible
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Value Proposition ‘

The value of DeltaBus is most clearly understood in three dimensions: direct cost reduction, operational burden reduction, and governance-and-analytics capabilities that .° T e " : - . R
TTL-based queues structurally cannot provide. This section quantifies and characterizes each dimension. . . - e « 3
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The economic case rests on a single observation: platform operations messaging is a low- volume, persistent workload that is structurally mismatched to infrastructure priced - o - © .‘ ® *® e® :
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@ ®
Estimated infrastructure cost at 10 million events per day: - ® e © " ® ° .‘ “e
Note: The figures below are order-of-magnitude estimates based on publicly available pricing as of early 2026. Actual costs will vary by cloud region, reserved-capacity e e ° ® et ® ® .. ® .‘ o «
discounts, message size, retention policy, and workload pattern. They are intended to illustrate the structural cost difference between the approaches, not to serve as a - ® e ® ® e %e e ®<
® ® ® ®
e @ ® ‘. ® ® ® g @ .'
Component Kafka (self-managed) Managed Queue Service DeltaBus o ® o ®g_ ©4 ®©q_ o
» “ (] . ‘ ® ® ® @ ® ® ‘
e o @ ® “ ®q Py ® e
Primary consumer $2,000-5,000/month $0 (managed) O (existing Spark) - ® ®e ® : ® e @
® ®
Message ingestion $0 (self-managed) $500-2,000/month $0 (Delta append) . ® o o LIPS ® ® =
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Storage $200-500/month $100-300/month (TTL) ~$50/month (permanent) @ ® ® 9 ® ® LIPS ® ® o,
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Network egress $100-500/month $50-200/month $0 (internal workspace) ® ® ®e ®@ ®e O ‘

Connector infrastructure $500-2,000/month $0-500/month $0 (SDK client) ® | X ®
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@
Total (est.) $2,800-8,000/month $650-3,000/month ~$50/month ® C © 00 o (
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The DeltaBus estimate assumes permanent retention. A retention policy — deleting events older than 90 days — reduces storage cost further for high-volume deployments. ° ® ¢ o o @ o ‘
The DeltaBus estimate also does not increase with message volume in the way that managed queue services do: there is no per-message ingestion fee. e o P ) o O
Operational labor cost is the often-invisible component that makes managed queues expensive even when their licensing cost appears modest. Kafka administration v ° PY o 0
requires dedicated expertise; production incidents are complex to diagnose; capacity planning is a recurring exercise. Platform teams running DeltaBus report that messaging Py ‘ O
infrastructure consumes effectively zero engineering time after initial setup. ) o O
)
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Operational and Analytics Benefits
Beyond direct cost, DeltaBus provides three capabilities that dedicated message buses cannot offer:

SQL queryability over the full event history. Messages are rows. Any question expressible as a SQL query can be answered against the message store without additional
integration work. "How many provisioning events failed this week?” “What is the end-to-end latency from publish to consumption for the audit pipeline?” “Which component
published the most events in the last hour?" These queries execute in seconds against the messages table using any SQL interface.

Permanent, time-travel queryable history. Dedicated message queues apply TTL policies that delete messages after days or weeks. DeltaBus retains events indefinitely in a
format that supports time-travel queries — reconstructing the exact state of the event stream at any point in the past. This is particularly valuable for compliance and
forensics workloads where the complete history of platform operations must be reconstructable on demand.

Native data lineage integration. DeltaBus events participate in the same data lineage, access policies, and monitoring infrastructure as all other data assets in the workspace.

There is no integration boundary between the event store and the data platform's governance model — they are the same model.

Governance and Security
Access to the messages table is controlled by Unity Catalog table-level ACLs using the same role model applied to all other platform data:

. Platform service principals require read and write access to publish events and consume across all tenants.

e Tenant administrators require read access scoped to their own tenant'’s events, best enforced via a Unity Catalog row filter on the tenant_id column or a per-tenant view.

e  Application engineers may require read access for debugging, scoped to their tenant.
e Analysts should access pre-filtered views rather than the raw messages table.

An important security consideration: in a multi-tenant deployment the messages table is shared across all tenants. Unity Catalog row-level security should be applied at the
infrastructure layer to prevent accidental cross-tenant data access. Application-level filtering (adding a WHERE tenant_id = ? predicate to every query) is a partial mitigation,
but infrastructure-enforced row filters provide defense in depth and cannot be bypassed by an application bug or omission.

For the ZeroBus SDK publishing path, authentication uses service principal credentials stored in a Databricks secret scope. These credentials must never be embedded in
application configuration files or committed to version control.

Use Cases

DeltaBus is particularly well-matched to the event workloads that data platforms generate continuously but that receive little architectural attention. The following use cases
represent the primary deployment contexts where the pattern delivers clear advantage.

Platform Operations Audit Logging

Every significant operation on a data platform generates an audit record: a tenant was provisioned, a catalog was created, a policy was applied, a job started or failed. These
records must be captured durably, stored permanently, and made available for operational dashboards and compliance reporting.

The conventional approach — writing audit records directly to a database table from each component — requires every component to have direct write access to the audit
schema, creates tight coupling between the audit schema and every system that writes to it, and provides no buffering during high-throughput periods or early-startup
windows before storage infrastructure is available.
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DeltaBus enables decoupling audit logging from audit storage. Each component publishes an operation.logged event; an audit consumer subscribes to this topic and
persists records to a dedicated audit table. Components have no knowledge of the audit schema's structure; the schema can evolve without changes to any publisher.
The in-memory buffer captures early audit events published before the Delta tables are provisioned, flushing them automatically once storage is ready — ensuring no
audit records are lost during the platform initialization window.

Workflow Coordination and Choreography

Many platform workflows are naturally event-driven: tenant provisioning involves creating a catalog, initializing schemas, registering access groups, and notifying
downstream components. These steps can be expressed as a sequence of events — tenant.catalog_created triggers schema initialization; tenant.schemas_initialized
triggers access group registration — forming a choreography that coordinates complex multi-step operations without a centralized orchestrator.

Multiple components can react to the same event independently, executing their initialization logic in parallel with separate checkpoint tracking and independent failure
handling. If one component’s handler fails, it retries from its own checkpoint without affecting any other subscriber. New components can be added to the workflow by
subscribing to existing events, with no changes to existing publishers or consumers.

This choreography-based pattern is simpler to operate than a centralized orchestration engine for platform workflows where the sequencing is well-understood and
failures are contained within individual components.

Real-Time Compliance and Analytics

Because messages are stored as queryable rows, DeltaBus enables compliance and analytics capabilities that TTL-based queues cannot provide. Queries that would
otherwise require external log aggregation pipelines become direct SQL statements against the message store:

e Regulatory timelines. Reconstruct the complete sequence of operations affecting a specific tenant or resource, with timestamps, for regulatory reporting or audit
response.

e Failure analysis. Identify patterns in failed operations — which component types fail most frequently, during which time windows, with which error conditions.
o Performance trending. Track the end-to-end latency of multi-step workflows over time, without any external metrics infrastructure.

o  Capacity planning. Measure event rates and growth trends directly from the message store, using the same SQL Warehouse infrastructure that serves data
analytics.

Trade-offs and Limitations

DeltaBus is a deliberate fit for a specific operating point. Understanding when the pattern is appropriate — and when it is not — is essential for applying it correctly. This
section characterizes the boundaries of the pattern with the same rigor applied to its strengths.
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When This Pattern Fits :
DeltaBus is well-suited for: .
o Platform operations events — tenant management, component initialization, job lifecycle, policy enforcement — where 5-10 second end-to-end latency is acceptable K

e Audit and compliance logging — where message permanence, queryability, and governance integration are more important than sub-second delivery
e  Workflow choreography — asynchronous coordination between platform components that do not require synchronous response
. Multi-subscriber fan-out — workloads where multiple independent consumers must each receive and process the full event stream

. Databricks-native environments — teams with deep Spark and Delta expertise seeking to avoid a second technology stack

When to Choose a Dedicated Message Bus ° N
Several workload characteristics make DeltaBus an inappropriate choice: /
Sub-second latency requirements. Interactive user-facing applications, real-time bidding systems, financial transaction streams, and sensor data pipelines with millisecond SLAs require

dedicated streaming infrastructure. The CDF polling model introduces structural latency of 1-10 seconds that cannot be eliminated within the DeltaBus architecture.

Very high event volumes. Platforms generating billions of events per day, or with peak rates of millions of events per second, may exceed the practical throughput of a single Delta table without .

significant clustering or sharding engineering. Apache Kafka and Amazon Kinesis are purpose-built for this operating point.

Cross-platform federation. DeltaBus operates within a single Databricks workspace. Organizations that need to propagate events across workspaces, cloud providers, or non-Databricks systems

require a message bus capable of cross-environment delivery.

Request-reply patterns. DeltaBus is a one-way asynchronous bus. Applications that publish a command and need a correlated response should use synchronous APIs or a dedicated

request-reply channel, not an event bus. -
Known Limitations

Delivery vs. processing semantics. DeltaBus's checkpoint-based CDF polling guarantees at-least-once delivery: each message is delivered to the handler at least once, and under normal ‘
operation exactly once per successful checkpoint commit. If a consumer crashes after handler execution but before the checkpoint advances, the affected batch will be re-delivered on restart.

Exactly-once processing — ensuring that the side effects of handling a message occur exactly once — therefore requires handlers to be idempotent. This is not a DeltaBus-specific constraint; it is
universal to all event-driven systems. Teams new to event-driven architecture should treat handler idempotency as a first-class design requirement from the outset.

Shared table multi-tenant isolation. The messages table is shared across all tenants by default. Unity Catalog row filters should be applied to enforce tenant isolation at the infrastructure layer;
relying solely on application-level filtering creates a risk surface for accidental cross-tenant data access.

'
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Load-balanced consumer groups. The current pattern supports multiple independent consumers (each with a separate checkpoint) but does not natively support a load-balanced consumer
group — multiple instances of the same logical consumer sharing the processing load for a single subscription. This pattern, common in Kafka and SQS, is achievable with Spark's streaming
partitioning but requires explicit configuration.

Single-workspace scope. DeltaBus events are accessible only within the workspace that hosts the messages table. Cross-workspace event delivery requires either Delta Sharing or a relay
mechanism.
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Related Work

DeltaBus builds on a well-established body of research and practice in distributed systems, event-driven architecture, and log-structured storage. This section positions the
pattern relative to the foundational concepts it implements, the production systems it can replace, and the academic work that establishes its theoretical basis.

o’

Message Queue Systems

Apache Kafka [KLEPPMANN, 2017] is the dominant open-source distributed log, designed for high-throughput, ordered event streaming across partitions. Kafka's core innovation
— modeling a message queue as an append-only log with consumer-controlled offset tracking — is directly analogous to DeltaBus's use of a Delta table with CDF. Each Kafka
partition corresponds to a DeltaBus topic (with liquid clustering); each consumer group offset corresponds to a Spark checkpoint version. The key architectural difference is
infrastructure: Kafka requires dedicated broker clusters and coordination services; DeltaBus uses infrastructure that a Databricks workspace already provides.

Managed queue services — AWS SQS [AMAZON, 2006], Azure Service Bus, and Google Cloud Pub/Sub — reduce Kafka's operational burden at the cost of per-message
pricing, storage TTLs, and integration with lakehouse governance models. DeltaBus addresses a different trade-off: accepting the constraint of a single workspace in exchange
for zero incremental infrastructure cost and native governance integration.

RabbitMQ [PIVOTAL, 2007] and ActiveMQ represent the traditional broker-based messaging paradigm, where a central broker routes messages between producers and
consumers. DeltaBus replaces the broker with a Delta table; the "routing” is performed by topic-based liquid clustering and consumer-side filtering rather than broker-side
dispatch.

Event Sourcing and CQRS

Event Sourcing [FOWLER, 2005] is the architectural pattern of storing all changes to application state as an ordered sequence of immutable events, from which the current state
can be reconstructed by replay. The event store is the system of record; state snapshots are derived artifacts. This pattern, popularized by domain-driven design practitioners
[EVANS, 2003] and the CQRS community, provides auditability, temporal query capability, and the ability to replay history to reconstruct past states or populate new projections.

DeltaBus's messages table is a direct implementation of an event store. Delta Lake's append-only write semantics, time-travel query capability, and CDF change stream provide
exactly the properties that Event Sourcing requires: immutability, ordered versioning, and incremental consumption. Organizations adopting DeltaBus for platform operations can
extend the same infrastructure toward full Event Sourcing for domain-level application state if their requirements evolve in that direction.

CQRS (Command Query Responsibility Segregation) [YOUNG, 2010] separates the write model (commands that produce events) from the read model (projections built by
consuming those events). DeltaBus's publishers implement the command side; streaming consumers build read-model projections in separate Delta tables. The SQL Warehouse
provides the read path for those projections. This separation is a natural consequence of the pattern, not a deliberate design choice — it emerges from the structural separation
between the messages table and the consumer-specific output tables.

Change Data Capture

Change Data Capture (CDC) is the discipline of tracking row-level changes in a database or storage system and making those changes available as an event stream to
downstream consumers. The Debezium platform [DEBEZIUM, 2016] captures changes from relational databases (PostgreSQL, MySQL, Oracle) and publishes them to Kafka
topics for downstream consumption. Maxwell's Daemon [ZENDESK, 2013] provides similar functionality for MySQL specifically.

Delta Lake's Change Data Feed is a native CDC implementation for the Delta table format. Unlike Debezium, which requires a separate connector process monitoring database
transaction logs, CDF is built into the Delta writer: every write to a CDF-enabled table automatically produces change records in a queryable format, with the Delta transaction
version as the offset. DeltaBus leverages CDF as its CDC mechanism, eliminating the need for a separate CDC infrastructure layer between the message store and the streaming
consumers.

Covasant 3
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Log-Structured Storage

The Log-Structured Merge Tree [O'NEIL et al., 1996] is the foundational data structure underlying many modern storage engines, including RocksDB, Cassandra,
LevelDB, and InfluxDB. Its core insight — that sequential writes to an append-only log are dramatically faster than random writes, and that a periodic compaction
process can restore query efficiency — is directly relevant to DeltaBus's storage model.

Delta Lake implements a similar philosophy: writes are appended to Parquet files, and a transaction log records all changes. Periodic compaction (the OPTIMIZE
operation) and expired data cleanup (the VACUUM operation) correspond to LSM tree compaction: they consolidate small files and maintain efficient scan
performance as the table grows. For DeltaBus, this means the messages table absorbs high write rates efficiently while maintaining the query performance that makes
CDF-based streaming practical at scale.

Structured Streaming and Checkpoint-Based Recovery

Apache Spark’s Structured Streaming [ARMBRUST et al., 2018] introduced a unified API for batch and streaming computation on the same DataFrame abstraction, with
end-to-end exactly-once fault tolerance provided through checkpointing. The exactly-once guarantee is implemented as follows: each micro-batch is assigned a
unique identifier; the checkpoint records which batches have been durably committed; and re-processing is triggered automatically for any batch that did not complete
successfully before the checkpoint commit.

DeltaBus's consumption model draws on the same checkpoint-based recovery principle established by Structured Streaming, but implements it differently: a
DeltaCheckpointStore persists each consumer’s last-processed Delta table version in a dedicated checkpoints table, and CDF reads from version + 1 onward provide
deterministic, incremental delivery. This approach was chosen over Structured Streaming for pragmatic reasons — it runs embedded within application processes
(including Databricks Apps), requires no separate streaming job infrastructure, and achieves configurable latency via polling interval. The correctness arguments
published by the Spark research group [ARMBRUST et al., 2018] for checkpoint-based recovery apply equally to DeltaBus's simpler polling model: the checkpoint is
the single source of truth for consumer progress, and advancing it only after successful processing prevents message loss.

The Discretized Streams (D-Streams) model [ZAHARIA et al., 2013] that preceded Structured Streaming established the fundamental correctness arguments for
checkpoint-based fault tolerance in streaming computation, providing the theoretical foundation that both Structured Streaming and DeltaBus's checkpoint store build
upon.

The Lakehouse Paradigm

The lakehouse architecture [ARMBRUST et al., 2021] combines the cost and scale advantages of data lake storage with the ACID transaction semantics, schema
enforcement, and query performance historically associated with data warehouses. Delta Lake is the primary open-source implementation, providing transactional
guarantees on object storage through its write-ahead transaction log.

DeltaBus extends the lakehouse paradigm beyond analytics storage and query: it demonstrates that the same infrastructure can serve as the event communication
backbone for the platform that manages the lakehouse itself. This eliminates the operational boundary between data storage and data communication — they become
the same system. The “use the lakehouse itself” principle for messaging mirrors the broader lakehouse philosophy of eliminating specialized infrastructure through
composable reuse of a unified storage and compute layer.

Prior work on using Kafka as the backbone of a streaming lakehouse [CHEN et al., 2016] positioned Kafka and the lakehouse as complementary rather than
substitutable. DeltaBus challenges this assumption for the specific workload class of platform operations events, demonstrating that the lakehouse can subsume the
message bus role when latency requirements are in the 5-10 second range.
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Conclusion

Summary

DeltaBus demonstrates that the event bus problem for data platform operations is not a fundamental constraint requiring
dedicated infrastructure — it is an accidental complexity created by reaching for external tools before fully exploiting the
infrastructure already in place. Within the Auraa platform, DeltaBus has validated this thesis in production across three core
workflows: ingestion orchestration (the IngestionSpecReadyHandler in dataduct, consuming events.ingestion.spec.ready),
tenant provisioning (the OnboardingTaskHandler in foundra, consuming commands.onboarding.start), and project provisioning
(the ProjectProvisioningHandler in foundra, consuming commands.project_provisioning.start). Each consumer publishes
completion and failure events downstream, establishing the foundation for broader event-driven choreography across the
platform — with no external message queue infrastructure required.

Delta Lake provides append-only, ACID-transactional storage with time-travel semantics. Change Data Feed provides the
change stream that consumers need to track message delivery progress. Checkpoint-based CDF polling provides at-least-once
delivery with automatic recovery on restart. ZeroBus SDK provides low-latency acknowledged publishing for workloads that
require it. Together, these components constitute a production-grade event bus with no additional infrastructure, no additional
operational burden, and no additional cost beyond Delta storage.

The pattern achieves this while delivering capabilities that dedicated message queues cannot: permanent, queryable message
history; native Unity Catalog governance; SQL-based compliance and analytics; and zero integration friction with the Spark and
Delta ecosystem.

Recommendations for Adopters
Organizations evaluating DeltaBus for data platform messaging are encouraged to consider the following guidance:

Validate the latency requirement first. DeltaBus delivers messages in 5-10 seconds end-to-end. Most platform operations
workloads tolerate this comfortably. Identify any workload in scope that requires sub-second delivery; those workloads require
dedicated streaming infrastructure regardless of the cost analysis.

Design idempotent handlers from the start. Exactly-once delivery does not eliminate the need for idempotent consumer
handlers. Design every handler to be safe to execute twice with identical outcomes. This is sound engineering practice for any
event-driven system and eliminates an entire class of operational incidents before they can occur.
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Apply Unity Catalog row filters for multi-tenant deployments. The shared messages table is
a governance surface that should be secured at the infrastructure layer, not only at the
application layer. Apply tenant-scoped row filters before granting tenant service principal
access to the table.

Leverage the in-memory buffer during initialization. The buffered publishing mode allows
events to be captured before Delta tables are provisioned, with automatic flush once storage
is ready. This pattern ensures no audit records are lost during the platform bootstrap window
— a common source of compliance gaps in platforms that use direct-write audit logging.

Start simple: one schema, correct clustering. A single schema for all platform messaging
events, liquid clustered by topic and queue from the start, is simpler to govern and operate
than per-topic schemas. Add schema-per-topic isolation only if access control requirements
specifically demand it.

Closing Thought

“The lakehouse is your event store. The warehouse is your event processor.
Stop paying for a third system.”

The data platform teams that have adopted DeltaBus — including the Auraa platform team at
Covasant — report not only cost reduction but a simplification of their operational model: one
storage layer (Delta), one compute layer (Spark), one governance layer (Unity Catalog), one
event layer (DeltaBus). Every component speaks the same language. Every event is a row.
Every audit is a query.

This unification is the deeper value of the pattern — not merely that it is cheaper than
managed queue services, but that it eliminates the cognitive and operational overhead of
reasoning about a system that lives simultaneously in two fundamentally different
infrastructure paradigms.
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