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Abstract - High-frequency mobile enterprise applications field-service management, claims processing, retail operations,
inspection workflows place state management under pressure that desktop and web equivalents rarely face. Devices operate on
flaky networks, in moving vehicles, in basements, behind firewalls, and across time zones; users capture data in bursts and
then disappear for hours; business rules demand that a record updated at 09:14 in one office must be visible at 09:14 in
another without round-trip coordination overhead. We argue that the conventional “server holds truth, client renders it”
model is structurally inadequate for these workloads, and that the right level of abstraction is the workflow instance, not the
database row. The article makes three contributions. First, it defines five canonical states that every mobile workflow instance
passes through on a device Unknown, Prefetched, In-Flight, Divergent, Reconciled and shows that most production failures
are failures of state modelling rather than failures of networking code. Second, it surveys four architectural patterns for
managing state across device and server Pull-Only with optimistic local state, Push-Only with event-sourced log, Hybrid with
materialized view and reconciliation queue, Edge-Coordinated with peer-to-peer state and compares them against online
staleness, offline support, conflict handling behaviour, and operational cost. Third, it presents a decision framework that maps
workload properties to architecture choice, draws trade-off boundaries explicitly, and closes with a worked scenario from a
600-technician field-service deployment. The intended reader is the enterprise architect who must decide whether a mobile
application needs a custom state platform or can be served by an off-the-shelf mobile BaaS, and the engineering lead who must
choose between consistency, completeness, and the operational budget required to maintain each.

Keywords - Mobile Enterprise Applications, State Management, Offline-First, Conflict Reconciliation, Event Sourcing,
Optimistic Ul, Edge Coordination, Mobile App Development.

1. Introduction

Mobile enterprise applications have crossed an inflection point. Where a decade ago a “mobile” version of an enterprise
system was a thin client that polled a server for screens and occasionally posted a form, today’s mobile systems are the primary
working surface for large classes of work: technicians diagnosing equipment on customer premises, claims adjusters reviewing
photos at accident sites, inspectors logging compliance evidence on factory floors, sales associates closing deals on shop
floors. The defining property of these workloads is that the device is not a temporary cache for a server-side process; it is a
peer that participates in the business process and must remain productive when the network is absent, lossy, or expensive.

Three forces compound to make state management hard in this regime. First, the failure mode of “no network™ is not
exceptional but routine, and the failure mode of “high latency” is normal. Second, the same workflow is often touched by
multiple actors in different physical locations within minutes of each other two field technicians updating the same work order,
a back-office agent and a technician racing each other to close a case. Third, business semantics rarely tolerate loss: a missed
inspection reading is a regulatory violation; a duplicated maintenance log is an audit failure; a dropped claim photo is a legal
exposure. The state-management strategy must therefore do all three things at once keep the device productive offline, keep
records consistent across actors, and keep the system auditable which is exactly the combination that conventional client/server
architectures do not optimize for.

The literature and market have responded in three directions that all have merit but also have characteristic failure modes.
Offline-first databases (Realm, CouchDB, PouchDB) give the device durable storage and synchronization primitives but leave
conflict resolution to the application, which is exactly where most teams struggle. Mobile BaaS platforms (Firebase, Supabase,
AWS Amplify) provide excellent developer ergonomics but impose consistency models that are too weak for regulated
workloads and too strong for collaborative ones. Event-sourced systems provide auditable history but shift the storage problem
to the device and to the synchronization channel. The missing element across these is a workflow-instance state model that
abstracts over the storage choice and lets the architect reason about behaviour rather than about APIs.

This article makes the workflow-instance state model explicit and uses it to choose between four architectural patterns.
Section 2 reviews related work. Section 3 introduces the workflow-instance state model and the five canonical states. Section 4
surveys the four architectures and compares them against a fixed matrix of behavioural properties. Section 5 derives the
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operational mechanics that every architecture must implement. Section 6 presents a decision framework that maps workload
properties to architecture choice. Section 7 walks through a worked scenario from a real field-service deployment. Section 8
discusses trade-offs and limitations, and Section 9 concludes.

2. Related Work

The conceptual foundations of mobile state management come from three traditions. First, the distributed-systems
literature on eventual consistency, conflict-free replicated data types (CRDTS), and operational transformation represented by
Shapiro, Preguica, Baquero, and Zawirski establishes the formal vocabulary for reasoning about divergence and reconciliation
on disconnected replicas. Second, the database and storage literature on offline-first systems, materialized views, and log-
structured storage represented by Kleppmann, Patterson, and the CouchDB/PouchDB line of work provides the engineering
primitives. Third, the enterprise-architecture literature on long-running business processes and saga patterns represented by
Richardson, Fowler, and the workflow-management community provides the business-process vocabulary that mobile
workflows must serve.

Industry practice reflects a pragmatic layering of these traditions. Firebase and Supabase anchor a reactive-document
model that is excellent for collaborative editing of well-bounded object graphs but does not model workflow instances
explicitly. AWS Amplify and Azure Mobile Apps provide stronger enterprise integration but inherit the consistency pitfalls of
the underlying cloud databases. Realm and Couchbase Mobile pioneered durable on-device storage with built-in
synchronization and remain the default choice for forms-heavy workflows. More recently, edge-computing platforms such as
AWS Greengrass and Azure 10T Edge have introduced peer-to-peer state propagation among devices in the same physical
location, opening up new architectures for collaborative field work.

Three gaps recur across the practice. First, almost every framework treats the document or record as the unit of state, but
the business process is interested in the workflow instance a work order, an inspection, a claim which bundles many documents
together and has its own lifecycle. Second, the cost of operation particularly of the reconciliation queue, the conflict-resolution
interface, and the observability surface is rarely modelled quantitatively, so architects are surprised after commitment. Third,
the trade-offs between architectures are usually presented as one-dimensional (online vs offline) when the actual concerns are
multi-dimensional (staleness, completeness, conflict handling, cost, auditability). This article addresses all three gaps with the
workflow-instance state model and the comparative matrix in Section 4.

3. The Workflow-Instance State Model
3.1. Why model states at the workflow level

The single most common cause of mobile enterprise failures we have observed is that architects model state at the wrong
granularity. They model it at the table level (synced vs not synced), at the row level (dirty flag, last-modified timestamp), or at
the network level (online vs offline). None of these abstractions survives contact with real workflows, because a single
workflow instance on a single device simultaneously contains records that are unknown, prefetched, in-flight, divergent, and
reconciled with respect to one another. A state model that cannot express this composite reality cannot drive correct Ul, correct
conflict resolution, or correct observability.

The correct level of abstraction is the workflow instance. A work order, an inspection, a claim, a delivery — each is a
workflow instance whose state on the device is a function of what the device knows about it, what the device is doing with it,
and what the device believes the server knows about it. The five canonical states below are not implementation details; they are
user-visible and operations-visible, and they must appear in the Ul, in the conflict-resolution interface, in the observability
surface, and in the SLA accounting.

3.2. The five canonical states

State 1: Unknown. The device has no information about the workflow instance. It cannot render the workflow at all. From the
user’s perspective, the workflow does not exist on this device. This state is the entry state for every new workflow that the user
has not yet been exposed to. Production failure modes associated with this state are surprisingly common: the device crashes
during prefetch and the user is told the workflow does not exist; the prefetch completes but is filtered out by a local cache
eviction, leaving the user to manually pull-to-refresh; the workflow exists in the server but was routed only to a different
device cohort and was never offered to this one. The Unknown state is, in practice, the most important state to make
observable because it is invisible until something breaks.

State 2: Prefetched. The device has read-only metadata about the workflow instance, sufficient to render the workflow in a list,
to show its current status, to allow the user to drill in without a network round-trip, but not necessarily sufficient to allow the
user to act on it. The Prefetched state is the workhorse of mobile performance: it is what makes a list of 200 work orders
responsive on a flaky network. The Prefetched state is a read state, and it is the state in which most mobile interactions begin.
The principal failure mode is staleness: the prefetched data is hours old and the user acts on it as if it were current. Production
systems therefore pair this state with a freshness indicator in the UI.
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State 3: In-Flight. The user has opened the workflow, has begun editing one or more fields, and the local edits have not yet
been confirmed by the server. The In-Flight state is the most dangerous state in the system because it is the state in which
business value is being created but no durable acknowledgement has been received. The device must persist the edits,
deduplicate against any local replay, surface a clear “unsent” marker to the user and operator, and ensure that background
reconnection correctly resumes the upload. The principal failure mode here is silent loss: the device thinks it saved, but the
network dropped between local commit and background upload, and the user walks away believing the work is captured.

State 4: Divergent. The server has returned a value for a field that the user previously edited locally and that the local edit
disagrees with. The Divergent state is the state in which the system has acquired contradictory truths and must involve the user
or the operator in choosing which truth to keep. The principal failure mode is silent overwrites: the system decides the server is
right and overwrites the local edit, then synchronizes the local-only state to other devices and propagates the loss. The
mitigations are a clear divergence flag in the Ul, a structured conflict-resolution interface, and for regulated workflows a
default that preserves human edits rather than server state.

State 5: Reconciled. The local state matches the server state for every field of the workflow instance as last synchronized. The
Reconciled state is the steady state for workflows the user is not currently editing and for workflows that have been edited,
uploaded, and confirmed. The principal failure mode here is false reconciliation: the system believes the local and server states
match because a normalized comparison passed, but the normalization hid a substantive difference (a currency change, a unit
conversion, an off-by-one in a date). Reconciled is therefore not a single boolean; it is a vector of field-level reconciliations.

3.3. Transitions between states

Transitions occur in well-defined directions. Unknown — Prefetched when the device successfully reads the workflow
metadata. Prefetched — In-Flight when the user opens the workflow and begins editing. In-Flight — Divergent when the
server returns a value that contradicts a local edit during a subsequent read or during the upload response. In-Flight —
Reconciled when the local edit is confirmed by the server. Divergent — In-Flight when the user chooses a resolution and re-
edits. Divergent — Reconciled when the user or operator applies a default resolution (e.g., server wins, local wins, merge-by-
field). Any state — Prefetched on a stale-data refresh. Any state — Unknown when local cache eviction removes the metadata,
which is a failure mode that production systems must treat explicitly.

3.4. Composite states in practice

A workflow instance on a device is rarely in a single state; it is a composite. The header may be Prefetched and current,
four form fields may be In-Flight and unsent, one field may be Divergent and awaiting the user’s resolution, and two fields
may be Reconciled and up to date. The composite view is what the user sees and what the system must render. Production
systems that flatten this composite view into a single “synced / unsynced” flag produce Uls that lie to the user and
reconciliation interfaces that lose data.

3.5. Observability implications

The state model is the explicit basis for the observability surface. Three measurements are essential and often missing: the
count of workflow instances in Unknown despite a successful login (indicates a prefetch failure), the count in In-Flight beyond
a threshold (indicates an upload pipeline failure or workflow abandonment), and the count in Divergent per workflow type per
operator (indicates a confusable Ul or a misguided reconciliation default). Operations dashboards that lack these measurements
cannot distinguish a network failure from a workflow abandonment from a divergence spike, and as a result the on-call
engineer cannot prioritize.

3.6. Why this model is novel in the enterprise context

Most
production
‘ failures
Prefetched arisahare
Unknown (metadata In-Flight Divergent Reconciled
(no metadata |—»| and read-only (—»| (workeris [-»| (localand (localand |—»
on device) content editing) server values server agree)
present) differ)
prefetch worker opens server-side terminal
transitions to transitions to change can state for an
Prefetched In-Flight transition to attempt
Divergent

worker chooses resolution
transitions back to In-Flight

Figurel. The Five Workflow-Instance States on a Mobile Enterprise Device

The contribution of Section 3 is to name the states explicitly and to make them the unit of reasoning. While individual
systems often implement subsets of these states, no widely-adopted enterprise mobile framework treats all five as first-class
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and observable. The architectures surveyed in Section 4 inherit this gap: they treat Unknown and Divergent as edge cases
rather than as primary states, which is the root cause of the production failures they encounter.

4. Architectural Patterns for Mobile State Management

We classify mobile state architectures along two axes: which side (device or server) drives the fetch (Pull vs Push), and
how reconciliation is performed (implicit by storage engine vs explicit in a dedicated queue and Ul). The four resulting
architectures are Pull-Only with optimistic local state, Push-Only with event-sourced log, Hybrid with materialized view and
reconciliation queue, and Edge-Coordinated with peer-to-peer state. Each is described below and then compared in the matrix
in Figure 2.

4.1. Pull-Only with optimistic local state

In the Pull-Only architecture, every screen is fetched on demand from the server, local edits are applied optimistically and
stashed in a local pending-edits table, and the server is the source of truth for everything else. This is the most common
architecture in early mobile enterprise apps because it requires no synchronization infrastructure and is well supported by
REST and GraphQL conventions.

The appeal is its simplicity. The device does not store workflow instances; it caches fragments as the user navigates. The
local pending-edits table is a handful of records. There is no replication topology and no conflict-resolution interface to design.

The failure modes are equally simple but severe. The app is unusable offline, because every navigation requires a network
round-trip and high-frequency mobile enterprise apps spend a large fraction of their time offline. There is no list view, because
pulling 200 work orders on every screen open is unacceptable; consequently the app forces the user to remember identifiers or
type search strings. Edits appear to succeed optimistically and then fail silently in the background, producing the In-Flight loss
mode described in Section 3. There is no concept of Divergent because there is no local model to diverge from. The
architecture is, in practice, a thin client with optimistic Ul usable for low-frequency workflows with strong network
assumptions, and unsuitable for the high-frequency workloads we are discussing.

4.2. Push-Only with event-sourced log

In the Push-Only architecture, every state change on the server is captured as an immutable event in a log, the device
subscribes to relevant event streams, and the local store is materialized from the event log. The reference implementations
include event-sourced Firebase patterns, AWS AppSync subscriptions, and Supabase realtime channels.

The strength of this architecture is the strong offline guarantee: the device receives every event that affects it, persists them
in order, and can rebuild its state from the log. The auditability of an event log is also attractive for regulated workflows. The
model composes cleanly with event-carried state transfer, and the server has a full history of every change.

The failure modes are concentrated around initial state and discovery. The device does not know which workflow
instances exist for it until the server pushes the first event for each, which produces a long warm-up and an unattractive
Unknown state (see Section 3.2). The log can grow unboundedly and must be compacted aggressively; the device must
implement log truncation and replay. Backpressure is hard: a device that returns from a long offline period must catch up on
potentially thousands of events, and the Ul cannot render meaningfully until catch-up completes. Conflict resolution is implicit
in the log-merging logic and is typically “last write wins” or “operation-based CRDT merge” both of which silently lose data
in regulatory workloads. The Pull vs Push boundary is not balanced.

4.3. Hybrid with materialized view and reconciliation queue

In the Hybrid architecture, the device maintains a materialized local view of the workflow instances assigned to it (via Pull
on schedule or on demand), local edits are written both to the local view and to an outbound reconciliation queue, the server
accepts the queued edits, applies them, and returns the canonical state; conflicts are caught by server-side logic and surfaced
back to the device for explicit resolution. This is the architecture used by most production-grade field-service, claims, and
retail apps (Salesforce Field Service, ServiceNow Mobile, custom-built equivalents).

The strength of the Hybrid architecture is balance. The device is productive offline because the materialized view is
locally queryable. Discovery of new workflow instances is fast because the pull can be targeted (per user, per cohort, per
region). Edits are durable locally before they are durable remotely because the queue absorbs network failures. Conflict
resolution is explicit because conflicts surface in a structured interface rather than silently. Observability is built in because the
queue is a measurable artifact.

The failure modes are concentrated in the operational cost. The Hybrid architecture requires a queue, a conflict-resolution

interface, a per-workflow-type reconciliation policy, and an observability surface. Each of these is engineering work and each
must be maintained as schemas and business rules evolve. The architecture also requires a contract between device and server
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that is more demanding than the Pull-Only and Push-Only contracts, because the server must accept queued edits that may be
stale, must reject some, and must surface divergences in a way that the device can act on.

4.4. Edge-Coordinated with peer-to-peer state

In the Edge-Coordinated architecture, devices in the same physical location propagate state to one another through a local
mesh (Bluetooth, Wi-Fi Direct, or a local edge gateway), and the local mesh reconciles before any device pushes to the server.
This is the youngest of the four architectures, enabled by AWS Greengrass Lite, Azure loT Edge, and a small ecosystem of
mobile mesh frameworks.

The strength of the Edge-Coordinated architecture is the strongest possible offline support: devices cooperate locally even
when no uplink exists. It is appropriate for disaster response, military operations, and large-site industrial inspections where
dozens of workers need to see one another’s findings in real time and the uplink is intermittent.

The failure modes are operational and security complexity. The mesh must authenticate peers, must enforce access control,
must deduplicate events, and must reconcile clock skew. The server-side ingest must accept non-canonical ordering and must
reconstruct a meaningful history from whatever the mesh eventually sends. The device must run a synchronization engine
locally, which raises the bar for mobile engineers. The architecture is not appropriate as a default; it is appropriate for a
specific class of workloads and should be chosen deliberately.

4.5. Comparative matrix
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Figure 2. Comparison of the Four State-Management Architectures for High-Frequency Mobile Enterprise Apps

The matrix compares the four architectures against six dimensions: online staleness, offline support quality, conflict
handling behaviour, operational cost, auditability, and best-fit workload type. The principle observations are: Pull-Only is
cheap to build but fails on offline support; Push-Only is strong on offline support and auditability but slow on discovery and
weak on regulatory conflict semantics; Hybrid is the balanced default with explicit operational cost; Edge-Coordinated is
appropriate only for highly collaborative or disconnected workloads and has the highest operational complexity.

5. Operational Mechanics Common to All Four Architectures

1. Schema Evolution 2. Partial-Sync 3. Conflict-Aware Ul 4, Offline vs Divergent
Compatibility Survival Observability
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Forward + informs on drives 4
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Absent any one of these mechanics, the architecture’s contract is unenforceable in production

\ ‘ / \ (no incident) (incident) /

Figure 3. The Four Operational Mechanics for Mobile State Management
Whichever architecture is chosen, four operational mechanics are mandatory and must be implemented at the workflow-

instance level rather than at the row level. Treating them as first-class implementation requirements rather than as afterthoughts
to be added “if time permits” is the single largest determinant of production reliability.
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5.1. Schema evolution with forward and backward compatibility

The device schema and the server schema drift over time. New columns appear, columns are renamed, enum values are
added or removed, validation rules tighten. The device must be able to read server data with fields it does not recognize
(forward compatibility) and the server must be able to read device data with fields it does not recognize (backward
compatibility) for the entire window of time during which old device builds are still in customers’ hands. A schema change
that lacks this property is a forced upgrade, and a forced upgrade of thousands of remote devices is a project in itself.

5.2. Partial sync survival

A sync round-trip will fail partway. The local queue must checkpoint progress so that a reconnection resumes at the last
successfully applied event, not at the beginning of the queue; the inbound server stream must be replayable from a
deterministic log offset; the Ul must show progress on a long catch-up so the user is not left staring at a frozen screen. A
checkpointing strategy that is implicit in a third-party library is the most common source of silent corruption we have
observed.

5.3. Conflict-aware Ul

The conflict-resolution interface is a user-facing product surface and must be designed as such. It must surface the
divergent fields, must show the local value and the server value side by side, must indicate which value arrived first and which
is more recent, must support a per-field resolution (keep mine, keep theirs, merge), and must produce an audit trail of the
resolution decision. A blanket “server wins” default is acceptable only for non-regulated workflows and must be explicitly
toggled, with a per-workflow-type policy that the user and operator can inspect.

5.4. Offline-vs-Divergent observability

Operations dashboards must distinguish three distinct conditions: the device is offline, the device is online but its
outbound queue is blocked (In-Flight accumulation), and the device has diverged from the server (Divergent accumulation).
These three conditions have different causes, different responders, and different SLAs. A dashboard that conflates them for
example, reporting “synced=false” for all three produces noisy alerts and unclear accountability.

5.5. Anti-pattern: stripping the state model to a single boolean

The most common anti-pattern we observe is the collapse of the five-state model into a single “synced / unsynced” flag.
The flag is cheaper to implement and easier to display, but it cannot express the composite reality of a workflow instance (see
Section 3.4), and it cannot drive correct conflict resolution, correct observability, or correct SLAs. Systems that have shipped
with this anti-pattern reliably experience the following sequence: launch is fine; users begin to use the app offline; divergence
events accumulate; support volume rises; a rewrite begins. The cost of doing the five-state model correctly at launch is a
fraction of the cost of the rewrite it prevents.

5.6. Operational cost model

A practical operational cost model treats the reconciliation queue as a measurable artifact: messages per minute, age of the
oldest unprocessed message, divergence count per workflow type per operator, schema-evolution deployment failures per
quarter. These four measurements are the basis of capacity planning, of SLA reporting, and of architectural review.
Architectures that do not produce these measurements cannot be compared on operational cost in any grounded way.

6. Decision Framework
The choice between architectures is not aesthetic it follows from workload properties. We recommend that an architect
evaluate the workload against four axes and read the resulting combination against the comparative matrix in Section 4.5.

e Axis A: Network expectation. What fraction of operating time is the device online? Below 50 percent, only Hybrid or
Edge-Coordinated can satisfy the workload. Above 90 percent, Pull-Only may suffice for low-frequency workflows
but will still fail on discovery latency.

e Axis B: Staleness tolerance. How stale can a workflow listing be before it causes business harm? Below one minute,
Push-Only is attractive. Between one minute and one hour, Hybrid with frequent prefetch is the right balance. Above
one hour, Pull-Only may be acceptable if discovery is not a primary concern.

e Axis C: Collaboration intensity. How many actors touch the same workflow instance per hour? One actor or none
means conflict handling is mostly local. Multiple actors within minutes means conflict handling must be explicit and
Divergent must be a first-class state which excludes Push-Only with naive last-write-wins.

e Axis D: Regulatory constraint. Is the workflow subject to audit, retention, or sign-off requirements that forbid silent
data loss? If yes, the architecture must surface Divergent as a first-class state and must preserve the user’s edits by
default.

Mapping the four axes to an architecture: A low, B medium, C high, D high — Hybrid. A very low, C very high, D medium —
Edge-Coordinated. A medium to high, B low, C low, D low — Push-Only. A high, B medium+, C low, D low — Pull-Only
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with optimistic Ul. The mappings reflect dominant cases; mixed workloads should be split per workflow type rather than
forced into a single architecture.

7. Worked Scenario: 600-Technician Field Service Deployment

A mid-sized industrial-services firm with approximately 600 field technicians operating across three countries provides a
worked illustration. Each technician worked an average of eight to 24 jobs per day, mixed between indoor plant work and
outdoor site work, on a device fleet that ranged from current-model ruggedized tablets to five-year-old consumer smartphones.
Network coverage was strong in urban cells but absent in many customer sites; technicians frequently arrived at sites without
signal and stayed there for one to three hours.

The initial architecture was Pull-Only with an optimistic Ul, because the team had built two prior mobile apps that way
and the pattern was familiar. Within four months of launch, three failure patterns had become routine. First, technicians at
customer sites could not open their work orders because the app required a network round-trip; calls to dispatch spiked, and
dispatchers lost visibility into whether technicians were on-site. Second, edits captured on site sometimes failed to upload
when the technician drove away; dispatch assumed the work was done and invoiced, while the technician believed the edits
had been saved; reconciliation disputes consumed forty to sixty minutes per incident. Third, two-technician jobs (a senior and a
junior on the same task) frequently produced concurrent edits whose reconciliation followed the “server wins” default and
silently lost the senior technician’s findings.

The replacement architecture was Hybrid with materialized view and reconciliation queue, using an off-the-shelf mobile
database for durable local storage, a custom reconciliation queue with explicit per-field conflict surfacing, and a workflow-
instance state model exposed in the UI (“Awaiting Sync,” “Synced,” “Needs Review”). The migration introduced the five-state
model, replaced the “server wins” default with a per-workflow-type policy configurable by operations, instrumented the queue
(oldest message age, per-workflow-type divergence rate, divergence-per-operator), and added a partial-sync checkpoint so that
long catch-ups resumed from the last applied event rather than the beginning of the queue.

Results after nine months in production: average batch-sync latency fell to under twelve seconds in typical coverage; the
weekly divergence encounter rate dropped from approximately eight percent to under four percent after field-by-field
normalization was added; technician trust in the app measured by voluntary qualitative survey and by the usage statistics of the
conflict-resolution interface rose sharply, with fewer than ten percent of users reporting any data-loss concern; the operations
team replaced the noisy “synced / unsynced” dashboard with the four-measurement operational cost model and saw alert
volume fall while mean-time-to-detect improve. The Edge-Coordinated pattern was considered but not adopted because the
workload did not require peer-to-peer visibility at a single site.

8. Trade-Offs And Limitations

The Hybrid architecture with explicit workflow-instance state modelling is the pragmatic default we recommend, but the
trade-offs deserve to be stated. The explicit state model adds engineering cost relative to a single boolean, and the cost is paid
by every team member who touches the mobile code; without strong engineering leadership and a durable investment in
mobile architecture, the model can decay into a de facto single boolean over time. The reconciliation queue and per-field
conflict Ul are real product surfaces and must be designed and maintained as such; teams that treat them as pure infrastructure
work tend to produce interfaces that technicians avoid, which silently reverts the system to the “server wins” default.

The Edge-Coordinated architecture is the most powerful of the four but is the only one whose security model we do not
consider fully solved. Peer-to-peer state propagation among devices produced at scale requires identity, authentication, audit,
and tamper detection at the mesh layer that current mobile platforms do not provide out of the box; adopters should expect to
build this layer themselves and to maintain it as devices and firmware evolve.

The Push-Only architecture is deceptively scalable. An event log that grows at the rate of a large enterprise’s mutations
accumulates quickly and requires active retention policy and compaction strategy; devices that come online after long offline
periods face a catch-up problem that the system’s Ul must be designed to handle gracefully, and that the operations team must
be prepared to monitor; a poorly-compacted log will appear to work in testing and to fail in production at scale. The Pull-Only
architecture is not a non-recommendation for every workload. For read-mostly dashboards, for low-frequency administrative
workflows, and for applications with strong and persistent network coverage, Pull-Only with optimistic Ul is the right tool and
should not be replaced with a more complex architecture “for consistency.”

Across all four architectures, the principal limitation is the joint problem of regulatory constraint and collaborative
intensity. Workflows that are both highly regulated and highly collaborative are the hardest to model and to operate, and the
choice of architecture is dominated by this joint constraint rather than by either alone. Hybrid with explicit state and per-field
conflict Ul is the architecture we have seen succeed in this regime; the alternative is a substantial investment in custom
workflow-event infrastructure that the standard platforms do not provide.
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9. Conclusion

Mobile enterprise applications have crossed an inflection point at which the device is no longer a temporary cache for the
server but a peer that must remain productive across long offline windows, in collaborative workflows with multiple actors,
and under audit and regulatory constraint. The conventional client/server model is structurally inadequate for this regime, and
the conventional state model a single “synced / unsynced” boolean is structurally inadequate for the workflows that flow
through it.

We have argued that the right level of abstraction is the workflow instance, not the database row, and that every workflow
instance on a device passes through five canonical states Unknown, Prefetched, In-Flight, Divergent, Reconciled that must be
first-class in the state model, in the Ul, in the conflict-resolution interface, and in the observability surface. We have surveyed
four architectural patterns Pull-Only, Push-Only, Hybrid, Edge-Coordinated and compared them along with online staleness,
offline support, conflict handling, operational cost, auditability, and best-fit workload type. We have sketched a decision
framework that maps workload properties to architecture choice and that, in the dominant case of high-frequency mobile
enterprise workflows, recommends a Hybrid architecture with a reconciliation queue, a per-field conflict Ul, and explicit state
observable to operations. We have illustrated the architecture with a worked scenario from a 600-technician field-service
deployment.

The practitioners we expect to use this material face three pressures to ship quickly, to keep the operation simple, and to
keep the system auditable and these pressures pull in different directions. The workflow-instance state model and the Hybrid
default offer a path that does not sacrifice any of the three. The Edge-Coordinated pattern extends the same model to the highly
disconnected and collaborative workloads where the Hybrid model cannot deliver, at the price of a substantial investment in
mesh-level authentication, audit, and peer reconciliation. The Pull-Only and Push-Only patterns remain appropriate for their
respective narrow workload classes. The unifying recommendation is to make the state of every workflow instance on every
device explicit and observable before the architecture is chosen because whatever architecture is chosen, the production
failures of mobile enterprise systems are failures of state modelling, not failures of networking code.
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