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ABSTRACT

Modern web and mobile applications are event-driven at the experience level, feeds refresh, presence changes,
collaborative edits land, orders progress, while remaining request-driven at the architecture level, built on REST
endpoints with real-time behavior retrofitted through ad hoc WebSocket handlers, duplicated delivery logic, and
reconnection code rewritten per feature. The costs are structural: state divergence between what requests return and
what events pushed, no uniform semantics for ordering, resumption, or backpressure, and mobile clients whose offline
behavior is an afterthought. This paper proposes a modular event-driven messaging framework for web and mobile
applications that treats REST and WebSocket as two disciplined faces of one event-oriented core. The framework
defines a channel abstraction, named, typed event streams with declared delivery semantics, per-channel ordering
keys, and retention windows, produced by application services into an event core and consumed uniformly over three
access modes: request-response snapshots over REST, live subscription over WebSocket with sequence numbering
and snapshot-plus-delta resumption, and hybrid read-then-subscribe that guarantees gapless transition from snapshot
to stream. Modularity is achieved through a layered contract: transport adapters, session and subscription
management, channel routing with per-channel policy, and application bindings are separately replaceable, with
server-sent events and polling adapters degrading gracefully where full-duplex transport is unavailable. Client
libraries specify offline queueing, idempotent command submission, and convergent local caches for mobile
conditions. The framework’s semantics, delivery guarantees per channel class, reconnection contracts, and
backpressure policies, are stated precisely, and an evaluation plan measures latency, resumption correctness under
churn, server fan-out capacity, and developer-facing modularity through feature-implementation studies.
Applications, limitations, and migration pathways from REST-only systems are analyzed.
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1. INTRODUCTION

The interaction model of contemporary applications has outgrown the architecture most of them
run on. The web’s architectural style is request-response by design, and its principled formulation
as representational state transfer remains the backbone of application interfaces (Fielding &
Taylor, 2002), while the experiences built on top, messaging, collaboration, live dashboards,
delivery tracking, are streams of events that clients must learn about as they happen. The mismatch
was measured early: polling and long-polling over request channels impose latency floors and
overhead ceilings that degrade exactly the interactive behavior they attempt to provide (Gutwin et
al.,2011), and the WebSocket protocol standardized the escape, a persistent, full-duplex, message-
framed channel negotiated from the web’s own infrastructure (Fette & Melnikov, 2011), with
measured advantages for streaming updates over the polling patterns it replaced (Pimentel &
Nickerson, 2012; Skvorc ef al., 2014) and a settled place among the web’s real-time options
(Loreto & Romano, 2012; Grigorik, 2013). The transport substrate continues to evolve beneath
both faces, multiplexed streams and user-space transports with connection migration (Belshe et
al., 2015; Langley et al., 2017; Iyengar & Thomson, 2021), and enterprise edge networks evolve
alongside it as software-defined overlays whose resilience properties condition what applications
can assume about connectivity (Ogunwola, 2026), without changing the application-level problem.

That problem is semantic, not transportational. Publish-subscribe is the right abstraction for event
distribution, decoupling producers from consumers in space, time, and synchronization, with a
design space of topic addressing, filtering, and quality dimensions mapped by the foundational
survey (Eugster et al., 2003) and elaborated by the event-based middleware tradition in content-
based routing and distributed notification services (Carzaniga et al., 2001; Pietzuch & Bacon,
2002; Miihl et al., 2006). The enterprise integration literature catalogued the recurring message-
flow patterns applications actually need, channels, routers, translators, dead letters (Hohpe &
Woolf, 2003), atop the observer foundations of the design-patterns canon (Gamma et al., 1994),
and the practitioner strand documents how those patterns are realized in contemporary enterprise
service buses and multi-cloud integration layers (Badmus, Jooda, Ozowara, & Anunagba, 2022b)
and in the cloud messaging architectures that carry them (Ahmed & Odejobi, 2018a). And the data-
infrastructure strand supplied the durable core: the partitioned, replicated log as the system of
record for event flow, with replay, per-key ordering, and independent consumption (Kreps et al.,
2011; Kleppmann & Kreps, 2015; Kleppmann, 2017), consumed under event-time semantics
where processing requires it (Akidau et al., 2015), within microservice architectures whose
services communicate increasingly by events rather than calls (Newman, 2015; Richardson, 2018)
and whose cloud-native deployments now extend to edge execution contexts (Idika ez al., 2021).

Yet at the application edge, where web and mobile clients live, these strands rarely compose into
a discipline. Typical codebases expose REST for state and bolt WebSocket handlers beside it per
feature, so ordering, resumption, duplicate handling, and backpressure are re-decided, or
undecided, feature by feature; the governance literature on application programming interfaces
makes the same point from the risk side, that ungoverned interface proliferation produces
inconsistent contracts and unpriced operational exposure (Aliliele, Mbonu, & Iwuanyanwu,
2023b). Snapshot reads and event streams race, producing the missed-update and double-apply
bugs every real-time feature rediscovers, and the live dashboard and analytics surfaces that
consume these streams inherit the inconsistency directly (Basnet, Oghenemaiga, & Anene, 2023;
Orise & Niniola, 2022). Mobile clients, for whom disconnection is the common case and radio
energy the budget (Carroll & Heiser, 2010), inherit reconnection logic designed for browsers on
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wired networks, with offline mutation handled by hope, even though the wireless systems literature
has characterized the energy, reliability, and latency trade-offs such clients actually face with some
precision (Asiedu & Quainoo, 2024; Quainoo & Ogundapo, 2026a). The distributed-systems
literature has principled answers, logical ordering (Lamport, 1978), availability-consistency trade-
offs stated plainly (Gilbert & Lynch, 2002; Brewer, 2012), and convergent replication for the
offline-first client state problem (Terry et al., 1995; DeCandia et al., 2007; Shapiro et al., 2011),
but they arrive in applications piecemeal if at all. Meanwhile the operational literature shows what
is at stake at scale, where concurrency behavior and service assurance for large user populations
are measured properties rather than assumptions (Odejobi & Ahmed, 2018b; Oteri & Edivri, 2026).

This paper proposes the composition as a framework: a modular event-driven messaging layer in
which REST and WebSocket are two access modes over one channel abstraction with declared
semantics, and in which the recurring decisions, ordering, resumption, delivery class,
backpressure, offline behavior, are made once, per channel, in configuration rather than per feature
in code. Section 2 reviews background; Section 3 states requirements and principles; Sections 4
through 7 specify the framework, the channel model, the access modes, and the client libraries;
Section 8 details modularity and extension; Section 9 sets out the evaluation plan; Sections 10 and
11 treat applications and limitations; Section 12 concludes.

2. BACKGROUND AND RELATED WORK

Three literatures ground the framework. The event distribution literature defines the abstraction
and its options. Publish-subscribe decoupling and its quality dimensions frame what a channel can
promise (Eugster er al.,, 2003); content-based routing systems demonstrated expressive
subscription at wide-area scale (Carzaniga et al., 2001); typed event middleware integrated events
with application type systems (Pietzuch & Bacon, 2002); and the consolidated treatments organize
routing, filtering, and composite event detection as an engineering repertoire (Miihl et al., 2006),
with complex event processing extending consumption from delivery to pattern detection where
applications need it (Cugola & Margara, 2012). The integration-patterns catalogue names the
message-flow structures, point-to-point and publish-subscribe channels, routers, dead-letter
handling, that recur regardless of substrate (Hohpe & Woolf, 2003), and the observer pattern
anchors the in-process ancestry (Gamma ef al., 1994). Applied studies of integration middleware
and of extract-transform-load design in enterprise platforms show the same structures reappearing
under commercial names, together with the coupling and schema-evolution costs that follow when
they are adopted without contracts (Badmus, Dosunmu, & Ozowara, 2019a; Badmus, Jooda,
Ozowara, & Anunagba, 2022b).

The web transport literature defines the edge. The REST formulation fixes the request-response
face and its cache-friendly, stateless virtues (Fielding & Taylor, 2002); WebSocket fixes the full-
duplex face (Fette & Melnikov, 2011), with empirical comparisons quantifying its overhead and
latency advantages for push workloads (Pimentel & Nickerson, 2012; Skvorc et al., 2014; Gutwin
et al., 2011) and practitioner syntheses situating server-sent events and streaming responses as the
unidirectional alternatives (Grigorik, 2013; Loreto & Romano, 2012). Transport evolution,
multiplexing in the HTTP/2 framing layer and the QUIC transport’s user-space streams with
connection migration, changes the floor beneath the adapters without changing channel semantics,
and the framework confines it there by design (Belshe ef al., 2015; Langley et al., 2017; Iyengar
& Thomson, 2021). Beneath the protocol layer, the physical and link layers set the achievable
envelope, with throughput degradation under varying channel conditions, impedance and radio-
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link characteristics, and system-on-chip transceiver behavior all bearing directly on what latency
budgets a mobile client can honor (Quainoo, Ogundapo, & Asiedu, 2024; Quainoo, Ogundapo, &
Asiedu, 2025a; Quainoo & Ogundapo, 2026b). Persistent connections also enlarge the abuse
surface, as the amplification and denial-of-service literature makes clear for any long-lived or
reflectable protocol, which is why the framework treats connection admission and backpressure as
security-relevant rather than merely performance-relevant (Jimoh & Ahmed, 2024).

The distributed data literature defines the core and the client. The log-centric position, durable,
partitioned, replayable event streams as the integration backbone, supplies the framework’s server-
side substrate and its retention and per-key ordering vocabulary (Kreps et al., 2011; Kleppmann &
Kreps, 2015; Kleppmann, 2017), consumed within microservice architectures whose inter-service
communication the pattern literature organizes (Newman, 2015; Richardson, 2018), with event-
time processing semantics available where derived views require them (Akidau et al., 2015). The
cloud-resources strand supplies the elasticity and placement models that determine whether a core
binding can absorb fan-out at all, from constraint-satisfaction formulations of allocation to
predictive scaling and query-optimization complexity (Ahmed, Odejobi, & Oshoba, 2019; Ahmed,
Odejobi, & Oshoba, 2020; Odejobi, Hammed, & Ahmed, 2019). For clients, the offline-first
problem is the classical weakly-connected replication problem: divergence under partition with
principled reconciliation (Terry et al., 1995), availability-first stores that made eventual
consistency an engineering practice (DeCandia et al., 2007), convergent replicated data types
whose merges guarantee convergence without coordination (Shapiro et al, 2011), and the
impossibility results that make the trade-offs explicit rather than accidental (Gilbert & Lynch,
2002; Brewer, 2012), all under the logical-time foundations that make ordering claims meaningful
(Lamport, 1978). Mobile energy analysis completes the client picture, radio dominance in the
power budget arguing for batched, state-aware transmission (Carroll & Heiser, 2010), a finding
the intermittent-computing literature pushes further by designing delivery protocols for devices
whose power availability is itself unreliable and by modeling coexistence and duty-cycling costs
at the system level (Asiedu & Quainoo, 2023a; Asiedu & Quainoo, 2023b; Asiedu & Quainoo,
2025; Asiedu, Quainoo, & Asiedu, 2026; Quainoo & Ogundapo, 2026a). The edge-intelligence
strand is relevant to the same client budget from the compute side, where on-device inference and
model compression contend for the energy and memory a messaging client must share
(Nwakamma, Ojukwu, & Oyesiji, 2025; Oyesiji, Nwakamma, & Ojukwu, 2025), and portable
cloud-to-edge runtimes offer a substitution story for adapter and handler code that matches the
framework’s modularity ambitions (Ojukwu, Oyesiji, & Nwakamma, 2025). The framework’s
contribution against this background is not a new mechanism in any one literature but a specified,
modular composition at the application edge, where the literatures currently meet ad hoc.

3. REQUIREMENTS AND DESIGN PRINCIPLES

Six requirements govern the framework. Semantic unification: snapshot reads and event streams
must be views of the same channel state, with a guaranteed gapless read-then-subscribe transition,
eliminating the race that ad hoc composites exhibit. Declared semantics: every channel declares
its delivery class, ordering key, retention window, and backpressure policy in configuration, so
consumers program against contracts, not implementations (Eugster et al., 2003; Hohpe & Woolf,
2003), and so that the declarations become reviewable artifacts in the same sense that interface
governance and infrastructure-as-code governance make platform configuration auditable
(Aliliele, Mbonu, & Iwuanyanwu, 2023b; Mbonu, Iwuanyanwu, Aliliele, & Uzoka, 2020b). Where
channels carry regulated content, the declaration is also the natural attachment point for sensitivity
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classification and traceability metadata rather than a separate parallel registry (Aliliele, Mbonu, &
Iwuanyanwu, 2024a).

Resumability: sessions reconnect with bounded replay from acknowledged sequence positions and
explicit discontinuity signaling beyond the window, on every transport that supports it. Graceful
degradation: where full-duplex transport is unavailable, adapters degrade to server-sent events or
managed polling with the same channel contracts and honestly weaker latency, never with silently
different semantics (Grigorik, 2013), the same posture the intermittent-networking literature
adopts when it preserves reliable-broadcast guarantees across power interruptions rather than
weakening them silently (Asiedu & Quainoo, 2025). Mobile citizenship: offline queueing of
commands with idempotent submission, convergent local caches for subscribed channels, and
radio-aware batching are specified client behaviors, not integrator homework (Shapiro et al., 2011;
Carroll & Heiser, 2010; Asiedu & Quainoo, 2024; Quainoo & Ogundapo, 2026a). And modularity
as replaceability: transports, session management, routing, the durable core binding, and
application bindings are layered behind interfaces such that each can be substituted without
touching the others, the property Section 8 makes concrete and the evaluation plan tests, with
substitution treated as a reviewed change under version control and code-review governance rather
than an undocumented rewrite (Badmus, Jooda, Ozowara, & Anunagba, 2022a; Ojukwu, Oyesiji,
& Nwakamma, 2025).

4. FRAMEWORK OVERVIEW

The framework is organized as five layers around a channel registry. At the center, the event core
is the durable substrate: an embedded store for modest deployments or a partitioned log for scale,
bound through a core interface that requires only appended, per-key-ordered, retention-windowed
streams (Kreps et al., 2011; Kleppmann, 2017). Which binding is viable at a given scale is a
resource question the cloud-allocation literature addresses directly, in placement and constraint-
satisfaction terms and in predictive scaling terms, and the framework’s core interface is
deliberately narrow so that those decisions remain deployment decisions (Ahmed & Odejobi,
2018a; Ahmed, Odejobi, & Oshoba, 2019; Ahmed, Odejobi, & Oshoba, 2020; Odejobi, Hammed,
& Ahmed, 2019).

The channel layer projects the core into named channels with declared semantics from the registry.
The routing layer matches subscriptions to channels, applies per-channel policy, filtering, fan-out,
conflation, and maintains per-subscriber cursors. The session layer owns client identity,
authentication context, subscription sets, acknowledgment state, and resumption, and it is here that
the identity and access management literature for distributed and federated systems supplies the
propagation model the framework needs, since a long-lived subscription must carry an
authorization context that can be evaluated continuously rather than once at connect time (Oshoba,
Hammed, & Odejobi, 2019; Mbonu, Aliliele, Iwuanyanwu, & Uzoka, 2020; Ogbole, Okoruwa,
Fadayomi, et al., 2021). The adapter layer terminates transports, WebSocket foremost, REST for
snapshots and commands, server-sent events and polling as degradation paths, translating each into
the session layer’s uniform operations, with the enterprise network substrate beneath it treated as
a variable rather than a constant (Ogunwola, 2026). Application services interact only at the top
and bottom edges: they produce events into channels and implement command handlers;
everything between is framework. The design’s center of gravity is the registry: a channel
definition is the single place where a feature’s delivery class, ordering, retention, and backpressure
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are decided, which is what converts recurring per-feature decisions into reviewed configuration
(Hohpe & Woolf, 2003; Aliliele, Mbonu, & Iwuanyanwu, 2024a).

5. THE CHANNEL MODEL

A channel is a named, typed event stream with five declared properties. Type: the event schema,
versioned, with compatibility rules for evolution, the same discipline the data-integration literature
applies to pipeline contracts when upstream schemas change beneath downstream consumers
(Badmus, Dosunmu, & Ozowara, 2019a). Ordering key: the per-key total order the channel
guarantees, user, document, order, conversation, mapped onto the core’s partitioning so that
ordering claims are structural rather than aspirational (Kreps et al., 2011; Lamport, 1978). Delivery
class: state channels carry keyed current-state events where the latest per key supersedes
predecessors, and are conflatable end to end; event channels carry individually meaningful
occurrences, delivered at-least-once with consumer idempotency keys, never conflated; command-
result channels carry per-requester outcomes with exactly-once effect achieved through
idempotent submission rather than transport magic (Kleppmann, 2017). Retention: the replay
window backing resumption, declared per channel from seconds to the full log, and doubling as
the evidentiary window where regulated flows require an immutable record of what was delivered
and when (Oshoba, Hammed, & Odejobi, 2020). Backpressure policy: per delivery class defaults,
conflate state, queue events with bounded buffers and explicit overflow signaling, overridable per
channel where consumers justify it.

The snapshot relation is part of the model, not an add-on. Every state channel defines its snapshot
as the keyed reduction of its stream, served with the sequence position it reflects, so the read-then-
subscribe transition is specified exactly: snapshot at position p, then deltas from p, gapless by
construction, with the same contract underpinning REST reads and WebSocket resumption alike.
Derived channels, projections, joins, and windowed aggregates over base channels, are declared
in the registry and computed within the framework under event-time semantics where lateness
matters (Akidau et al., 2015), giving dashboards and composite views the same contracts as base
features (Cugola & Margara, 2012). This matters most for the operational surfaces that consume
aggregates continuously, where real-time monitoring, visualization, and key-performance-
indicator tracking currently reimplement their own refresh and reconciliation logic per view
(Basnet, Oghenemaiga, & Anene, 2023; Ogbole, Okoruwa, Babatope, & Oyewole, 2021; Tonoyan,
Dada, & Ayivi-Donkor, 2024b).

6. ACCESS MODES AND SESSION SEMANTICS

The REST face serves three verbs against the model: snapshot reads of state channels at explicit
positions, ranged reads of event channels within retention, and command submission with
idempotency keys and asynchronous results on command-result channels, preserving the stateless,
cacheable virtues where they apply (Fielding & Taylor, 2002). The idempotency discipline is the
same one that payment and settlement systems adopt when a retried instruction must not produce
a second effect, and the framework borrows the requirement rather than inventing it (Akomolafe,
Olaogun, Adesuyi, Ndukwe, & Sakyi, 2022; Akomolafe, Olaogun, Adesuyi, Ndukwe, & Sakyi,
2024a).

The WebSocket face carries the live protocol: typed frames for subscribe, unsubscribe, event
delivery with channel and sequence identifiers, acknowledgment, heartbeat, and discontinuity,
over the standard transport (Fette & Melnikov, 2011). Sessions resume by presenting
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acknowledged positions per subscription; the session layer replays within retention or signals
discontinuity, upon which clients re-snapshot through the same specified transition, so
reconnection is a contract, not a strategy per feature (Pimentel & Nickerson, 2012). The hybrid
mode composes the faces: subscription requests may ask for snapshot-then-stream in one
operation, and the framework guarantees the gapless splice.

Degradation adapters honor the same session semantics at reduced capability. Server-sent events
carries downstream delivery with REST-submitted commands upstream; managed polling exposes
the cursor model over plain requests with adaptive intervals; both are declared per deployment and
negotiated per client, so constrained environments lose latency, never correctness (Grigorik, 2013;
Loreto & Romano, 2012; Asiedu & Quainoo, 2025). Backpressure operates in the session layer
uniformly: per-subscriber buffers enforce channel policy, conflating state channels to freshest-per-
key and bounding event channels with overflow signals that clients must acknowledge, making
slow-consumer behavior observable and policy-driven rather than an accident of socket buffers.
Because unbounded fan-out is also an availability risk, admission control and per-session quotas
are first-class session-layer concerns rather than deployment afterthoughts (Jimoh & Ahmed, 2024;
Odejobi & Ahmed, 2018b; Edivri & Oteri, 2022). Transport evolution is absorbed at the adapter
boundary alone, with multiplexed and migration-capable transports slotting beneath unchanged
frames, and with link-layer variability treated as a property the adapter reports rather than one the
application discovers through timeouts (Iyengar & Thomson, 2021; Langley et al., 2017;
Ogunwola, 2026; Quainoo, Ogundapo, & Asiedu, 2025a).

7. CLIENT LIBRARIES AND MOBILE DISCIPLINE

The client libraries are part of the framework’s specification because edge semantics fail at the
edge. Each library maintains, per subscribed channel, a local cache consistent with the channel’s
class: state channels materialize the keyed reduction, applying deltas idempotently by key and
sequence; event channels expose ordered, deduplicated streams to application callbacks.
Commands submit through an outbox with idempotency keys, queued across disconnection and
replayed on reconnect, so user actions survive tunnels and airplane mode with exactly-once effect
at the handler (Kleppmann, 2017), which is the client-side counterpart of the continuity models
payment infrastructures adopt for instructions that must survive interruption of the channel that
carried them (Adesuyi, Akomolafe, Olaogun, Ndukwe, & Sakyi, 2025b).

For collaborative and offline-mutable state, the libraries support convergent replicated types as the
cache representation for channels declared mergeable, importing the convergence guarantee rather
than improvising merge logic per application (Shapiro et al., 2011; Terry et al., 1995). Radio
awareness is built in: acknowledgments and outbox flushes batch opportunistically, heartbeat
cadence adapts to platform power state, and subscription hydration prioritizes visible surfaces,
applying the mobile energy findings as library defaults (Carroll & Heiser, 2010) and drawing on
the wireless-systems characterization of how radio coexistence, duty cycling, and harvest
uncertainty shape the achievable schedule (Asiedu & Quainoo, 2024; Asiedu, Quainoo, & Asiedu,
2026; Quainoo & Ogundapo, 2026a). On devices that also run local inference, the messaging
client’s energy and memory budget is contested rather than sole, which argues for the same
compression and scheduling discipline the on-device model literature applies to its own workloads
(Nwakamma, Ojukwu, & Oyesiji, 2025; Oyesiji, Nwakamma, & Ojukwu, 2025).

Local caches are also a data-protection surface, since a subscribed channel materialized on a
handset is personal data at rest under most regimes, so the libraries expose per-channel retention
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and eviction controls and default to the least persistent option consistent with the declared
semantics (Annan, 2022; Badmus, Jooda, & Anunagba, 2024). The availability-consistency stance
is stated to developers honestly: caches are available and eventually consistent under partition,
with staleness bounded by observable positions, the trade the impossibility results make
unavoidable and the framework makes explicit (Gilbert & Lynch, 2002; Brewer, 2012).

8. MODULARITY AND EXTENSION

Modularity is specified as five substitution points with contracts. Core bindings: the event core
interface admits embedded stores, partitioned logs, or cloud streaming services, chosen per
deployment scale without touching channel definitions, with the placement and elasticity

characteristics of the chosen binding governing cost and headroom rather than semantics (Kreps
etal.,,2011; Ahmed & Odejobi, 2018b; Ahmed, Odejobi, & Oshoba, 2019).

Transport adapters: new transports implement the frame contract; the degradation set is itself an
example, and platform push services can be bound as wake-up adapters that trigger session
resumption, a path that also brings notification-quality obligations into scope where the delivered
content is safety-relevant or must reach recipients across languages and accessibility needs
(Odejide, 2023; Odejide, 2024). Routing extensions: per-channel filters and derived-channel
operators register as typed components, giving content-based subscription where features need it
within the expressiveness the routing literature maps (Carzaniga et al., 2001; Miihl et al., 2006),
and reusing the routing and transformation vocabulary that enterprise integration platforms already
expose (Badmus, Jooda, Ozowara, & Anunagba, 2022b).

Policy modules: authentication context propagation, per-channel authorization, and quota
enforcement attach at the session layer as middleware, drawing on identity-centric and zero-trust
formulations in which authorization is continuous and contextual rather than established once at
the perimeter, and on the access-control literature for heterogeneous and bring-your-own-device
client populations (Adebayo, Anunagba, & Ozowara, 2025; Ladapo, Jooda, Dosunmu, & Abolaji,
2023b; Mbonu, Iwuanyanwu, Aliliele, & Uzoka, 2022b; Ogbole, Okoruwa, Fadayomi, et al., 2021;
Oshoba, Hammed, & Odejobi, 2019).

Application bindings: producer and handler interfaces are thin and framework-agnostic on the
service side, so the framework composes with prevailing service architectures rather than
prescribing one (Newman, 2015; Richardson, 2018; Idika ef al., 2021), with portable component
runtimes offering one concrete substitution mechanism for handlers that must run in both cloud
and edge contexts (Ojukwu, Oyesiji, & Nwakamma, 2025). Each substitution point is exercised in
the reference implementation by at least two bindings, which is the concrete meaning of the
modularity claim and the object of the evaluation plan’s replaceability study. Because substitution
is a deployment event, the framework specifies its bindings to be promotable through ordinary
continuous integration and delivery pipelines, with tooling comparisons in adjacent platform-
engineering literature indicating how much of the substitution cost is tooling rather than
architecture (Badmus, Dosunmu, & Ozowara, 2018; Badmus, Dosunmu, Ozowara, & Anunagba,
2020).

9. EVALUATION PLAN

Evaluation proceeds in three phases. Phase one verifies semantics. A protocol conformance
harness drives reference client and server through the specified state machines, subscription,
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acknowledgment, resumption, discontinuity, and read-then-subscribe splice, under scripted
disconnection, reordering, and duplication at the transport boundary, asserting the channel
contracts hold: gapless transitions, per-key order on state channels, no conflation on event
channels, idempotent command effect. The harness is built as an automated regression suite in the
sense the software-testing literature intends, so that contract violations are caught continuously
rather than at integration, and instrument-driven test automation from wireless hardware
engineering supplies a useful model for scripting the physical-condition side of the matrix (Borah,
Aliliele, Rakshit, & Vajjhala, 2022; Mbonu, Aliliele, Iwuanyanwu, & Uzoka, 2021b; Quainoo,
Ogundapo, & Asiedu, 2025b). Fault injection extends the scripts to core failover and adapter
degradation, verifying that weaker transports weaken latency, not guarantees, with continuity
criteria drawn from the business-continuity literature on infrastructure change under load
(Adesuyi, Akomolafe, Olaogun, Ndukwe, & Sakyi, 2025b; Ogunwola & Alozie, 2026).

Phase two measures performance envelopes. Server-side, fan-out capacity is measured as
concurrent subscribers per node across channel mixes and payload sizes, with latency distributions,
including tails, from publish to client callback, situating the WebSocket face against the polling
and server-sent alternatives under identical channel loads, extending the transport comparison
literature to the framework’s full session semantics (Pimentel & Nickerson, 2012; Skvorc ef al.,
2014; Gutwin et al., 2011). Concurrency behavior in multi-tenant deployments and service-
assurance targets for large user populations provide the reference points against which envelopes
are judged adequate or not, and capacity forecasting supplies the method for projecting them
forward (Edivri & Oteri, 2022; Odejobi & Ahmed, 2018b; Oteri & Edivri, 2026; Oyeleke, Eze, &
Asiedu, 2026). Resumption cost is measured under churn: reconnect storms with varying retention
windows, quantifying replay load and time-to-consistency. Client-side, mobile builds are measured
for energy per session hour across heartbeat and batching policies on representative devices
(Carroll & Heiser, 2010), under channel conditions varied deliberately rather than incidentally so
that throughput degradation and coexistence effects are attributed rather than averaged away
(Asiedu, Quainoo, & Asiedu, 2025; Quainoo & Ogundapo, 2026a; Quainoo, Ogundapo, & Asiedu,
2025a).

Phase three measures the developer-facing claims. Feature-implementation studies task developers
with representative real-time features, presence, collaborative list, live order tracking, against the
framework and against a conventional REST-plus-ad-hoc-WebSocket baseline, comparing
implementation size, defect classes found by the conformance harness, and time to correct
resumption behavior, the modularity and discipline claims rendered as observations rather than
assertions. Instrumentation follows the key-performance-indicator frameworks used for service
delivery and adoption measurement, so that the developer-facing outcome is reported on the same
footing as the runtime envelopes (Edivri & Oteri, 2024; Oteri & Edivri, 2024; Tonoyan, Dada, &
Ayivi-Donkor, 2024b). Replaceability is evaluated by substitution exercises at each extension
point, measuring the blast radius of each swap in changed lines and affected modules, reviewed
under the version-control and code-review governance the platform-engineering literature
recommends for exactly this kind of change (Badmus, Jooda, Ozowara, & Anunagba, 2022a).
Acceptance for the framework is conjunctive: contracts verified under fault, envelopes adequate
for the target application classes, and edge discipline demonstrably cheaper to use than to
improvise.
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10. ANTICIPATED APPLICATIONS

The framework targets the application classes whose experiences are event-shaped. Collaboration
and messaging features consume state and event channels directly, with mergeable caches carrying
the offline-editable surfaces, over the cloud messaging substrates such features are already
deployed on (Shapiro et al, 2011; Ahmed & Odejobi, 2018a). Commerce and logistics
applications map order and delivery lifecycles onto state channels with command-result flows for
user actions, gaining gapless tracking views for free, which is directly useful for the routing,
fulfilment, and last-mile surfaces where position and status updates are currently polled (Mayo,
Ogbole, Okoruwa, & Babatope, 2021; Tonoyan, Dada, & Ayivi-Donkor, 2025; Anene & Clement,
2022). Warehouse and fulfilment automation is a demanding instance of the same shape, since
fleet coordination and slotting decisions consume high-rate position and task-state streams whose
ordering and freshness requirements are exactly what per-channel declaration is meant to express
(Akanbi & Sunday, 2024; Akanbi & Sunday, 2025; Akanbi, Ganiu, & Sunday, 2025).

Dashboards and operations consoles consume derived channels, aggregations and joins declared
in the registry rather than hand-built per view (Cugola & Margara, 2012; Akidau et al., 2015),
which is the pattern real-time analytics, monitoring, and visualization systems arrive at
independently and at some cost (Basnet, Oghenemaiga, & Anene, 2023; Oghenemaiga, Basnet, &
Anene, 2024; Ogbole, Okoruwa, Babatope, & Oyewole, 2021; Orise & Niniola, 2022; Tonoyan,
Dada, & Ayivi-Donkor, 2024b). Industrial and infrastructure telemetry fits the state-channel model
closely, where sensor networks, digital twins, and condition-monitoring surfaces publish keyed
current state that operators consume live and analysts replay later (Jimoh, Abolle-Okoyeagu,
Ahmed, & Lawal, 2023; Kumuyi, Uzoka, Akeju, & Ozowara, 2024a; Shittu, Shittu, Adeleke, &
Adedokun, 2023; Shittu, Shittu, Akintayo, & Opara, 2025; Sunday & Omoegun, 2022). Public-
safety and alerting applications are the case where delivery-class declaration carries the most
weight, since an alert is an event channel that must never be conflated and whose reach obligations
extend to multilingual and accessible delivery (Odejide, 2023; Odejide, 2024).

Social and content feeds use event channels with bounded retention and conflated presence beside
them. A wide class of ordinary line-of-business applications benefits without any real-time
ambition at all, since bidding, approval, tracking, and attendance systems all contain state whose
staleness is currently managed by refresh buttons (Aniji, Chizoba, & Ahmed, 2026a; Aniji,
Chizoba, Ahmed, & Chukwu, 2026b; Ayari, Chizoba, & Ahmed, 2026; Ussher-Eke, Okoh, & Ijiga,
2025; Yusuf, Akintunde, Shittu, & Quadri, 2023). Beyond product features, the framework serves
as migration infrastructure: REST-only systems adopt it by declaring their first state channels over
existing stores, serving snapshots immediately and adding live subscription without re-architecting
services, the incremental path that determines whether edge disciplines get adopted at all, and the
path the cloud-migration and service-management literature identifies as the one organizations can
actually execute (Newman, 2015; Kleppmann, 2017; Ladapo, Dosunmu, Jooda, & Abolaji, 2023b;
Ladapo, Dosunmu, Jooda, & Abolaji, 2025; Ladapo, Jooda, Dosunmu, & Abolaji, 2022).

11. LIMITATIONS

The framework’s boundaries are explicit. It specifies application-edge messaging, not inter-service
architecture: services keep their own integration substrate, and the framework binds to it rather
than replacing it (Richardson, 2018). Its guarantees are per-channel and per-key: cross-channel
transactions and global ordering are out of scope by design, and features needing them must model

Sankara et al. 10|Page



D\~

DAC Insight Advances in IT and Digital Security, Volume 1, Issue 5, pp. 1- 18, April 2026.

Publishers

them explicitly, the honest consequence of the availability-first stance (Gilbert & Lynch, 2002;
Brewer, 2012). Mergeable caches cover the state shapes convergent types express well, sets, maps,
counters, sequences with known trade-offs, and do not absolve applications of semantic merge
decisions beyond them (Shapiro et al., 2011). Degradation adapters preserve contracts at real
latency cost, and applications whose value collapses without full-duplex transport should treat the
degraded modes as availability signaling, not equivalence.

The framework standardizes delivery semantics, not compliance: channels carrying regulated or
cross-border data still require classification, retention justification, and jurisdictional analysis that
the registry can record but cannot decide (Aliliele, Mbonu, & Iwuanyanwu, 2024a; Annan, 2022;
Mbonu, Aliliele, Iwuanyanwu, & Oluoha, 2018). Nor does it establish a security posture on its
own; long-lived authenticated sessions enlarge the attack surface, and the framework inherits
rather than resolves the threat-detection and secure-engineering obligations that come with that
(Odejobi, Okonkwo, Ahiaeke Patrick, Okeke, & Mayo, 2025). The evaluation’s developer studies
carry the usual external-validity bounds of such designs, tasks and participants sample a space,
and the performance envelopes are per reference implementation, with the core-binding
modularity meaning envelopes must be re-established per binding rather than inherited (Oteri &
Edivri, 2026). Finally, the framework standardizes semantics, not judgment: channel declarations
concentrate the decisions, and mis-declared channels, an event stream marked conflatable, fail as
efficiently as they run, which makes the human and organizational factors around who declares
channels and under what review a live risk rather than an implementation detail (Onche, Adegbite,
& Ogbonna, 2026).

12. CONCLUSION

This paper has proposed a modular event-driven messaging framework for web and mobile
applications in which REST and WebSocket are disciplined access modes over one channel
abstraction. The framework contributes a channel model with declared types, ordering keys,
delivery classes, retention, and backpressure policy; a specified snapshot relation that makes read-
then-subscribe gapless by construction; session semantics with sequence-numbered delivery,
bounded replay resumption, and honest discontinuity; client libraries that make offline queueing,
idempotent commands, convergent caches, and radio-aware batching default behavior; and a five-
point modularity contract exercised by construction in the reference design. Its evaluation plan
verifies the contracts under fault, measures the envelopes against the alternatives the transport
literature quantified, and tests the developer-facing claims empirically.

The position beneath the design is that real-time correctness at the application edge is a semantics
problem that each feature team currently re-solves, and that the remedy is the same one software
architecture has always applied to recurring decisions: name the abstraction, declare the contract,
and make the disciplined path the easy one. Executed, the framework turns the recurring bugs of
ad hoc real-time, races between reads and streams, resumption gaps, silent conflation, lost offline
actions, into contract violations a conformance harness catches, which is what it means for event-
driven application messaging to become engineering rather than folklore.
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