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Abstract:

Modern mobile platforms increasingly depend on external providers for core and peripheral functionality,
including payment gateways, authentication providers, mapping platforms, telemetry pipelines, fraud
detection services, and analytics software development kits. Failures in these vendor ecosystems frequently
propagate into client-visible disruptions because dependency assumptions are embedded directly into
application and orchestration logic. Such failures are rarely binary; instead they manifest as latency inflation,
partial capability loss, semantic drift, or region-specific degradation.

Technology or Method: This paper introduces a vendor-aware degradation architecture that models third-
party services as variable capability providers rather than deterministic infrastructure endpoints. The
framework formalizes dependency capability vectors, degradation states, fallback routing, and feature-gating
policies across both client and backend systems. A deterministic degradation protocol is defined to constrain
system transitions under vendor instability.

Results: Controlled fault-injection evaluation across payment processing interfaces and vehicle telemetry
services demonstrates higher user success rates, reduced failure propagation, preserved core workflow
continuity, and lower latency inflation compared to baseline retry- and circuit-breaker-only approaches.
Conclusions: Treating vendor dependencies as first-class architectural elements enables distributed mobile
platforms to degrade gracefully under third-party instability while preserving essential functionality and
reducing user-visible disruption.

Keywords: distributed reliability, degradation architecture, dependency isolation, resilient mobile platforms,
software architecture, third-party services, vendor-aware systems

I.Introduction

Mobile applications increasingly act as the operational front-end of large distributed systems. A single mobile
workflow may involve authentication providers, payment services, fraud scoring, telemetry ingestion, remote
configuration, content delivery, geospatial providers, and analytics pipelines before a user-visible action is
considered complete. This dependency density has increased in both financial and automotive domains. In
financial systems, payment routing, identity verification, credit decisioning, and fraud evaluation are often
externally integrated. In automotive platforms, telemetry processing, map rendering, charging services, over-
the-air entitlement checks, and remote vehicle state retrieval may be sourced from separate vendor
ecosystems.

While this integration model accelerates delivery, it also creates an architectural asymmetry. Application
teams control the user experience but do not control the reliability behavior of the vendor stack on which that
experience depends. In practice, external services are frequently invoked as if they were stable internal
components. This assumption fails under production conditions. Vendor outages often appear not as clean
binary failures but as prolonged latency spikes, degraded result completeness, region-specific timeouts,
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schema drift, quota exhaustion, and inconsistent semantic behavior[1]. Traditional reliability mitigations such
as retries and circuit breakers reduce direct request collapse, but they do not define what the platform should
do when dependency failure is partial rather than absolute.

The central software engineering problem is therefore not merely one of retry logic or endpoint health checks.
It is architectural. If external capabilities are composed directly into business logic, then vendor failures
become indistinguishable from platform failures. The system lacks an explicit representation of which features
are vendor-dependent, which features can degrade safely, and how functionality should contract in a
controlled way when dependencies become unreliable[2].

This paper proposes a vendor-aware degradation architecture for high-availability mobile platforms. The core
idea is to elevate vendor dependencies into first-class architectural entities with explicit capability models,
degradation boundaries, and deterministic fallback rules. Rather than assuming that each dependency either
works or does not, the proposed framework models each vendor as a capability provider whose available
function set varies over time. Feature execution is then constrained by capability availability, policy-based
fallbacks, and deterministic degradation states.

The contributions of this paper are fourfold. First, we define a formal vendor dependency model using
capability vectors and availability functions. Second, we derive a degradation architecture that separates core
platform behavior from vendor-mediated functionality. Third, we specify a deterministic degradation protocol
governing feature contraction and recovery under dependency instability[3]. Fourth, we evaluate the
architecture through fault-injection experiments in two representative settings: payment-backed financial
flows and telemetry-backed automotive mobile services.

The broader implication of this work is that resilience under third-party instability should be designed as an
architectural property rather than treated as a collection of isolated defensive coding practices. Vendor-aware
degradation provides a generalized pattern for preserving user trust and platform continuity in dependency-
heavy mobile ecosystems.

I1.Vendor Dependency Model
Consider a distributed mobile platform composed of internal services and a set of external dependencies. Let
the external dependency set be defined as

D ={dy,d,, ..., d,}.
Each dependency d; exposes a set of functional capabilities, represented by a capability vector

Ci = (Ci1, Cizy -y Cim),
where each component corresponds to a function that may be consumed by the platform, such as payment
authorization, fraud classification, telemetry ingestion, identity verification, navigation route resolution, or
remote state retrieval[4].
At time t, the effective availability of dependency d; is not adequately represented by a binary up/down
variable alone. Instead, we define an availability score

A;(t) € [0,1],

where A4;(t) = 1 indicates nominal service behavior and A;(t) = 0 indicates total loss of usable functionality.
Intermediate values capture degraded behavior such as increased latency, semantic incompleteness, or region-
scoped service loss.
The effective platform capability state at time ¢t is therefore

SO=) A

This formulation emphasizes that platform functionality is an aggregate of vendor-contributed capabilities
weighted by current dependency health. A user-visible feature may require multiple capabilities
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simultaneously; hence partial degradation in one dependency can invalidate the feature even when other
components remain healthy.
A. Capability Requirements
Let feature f; be associated with a required capability set R;. The feature is executable if and only if the current
system capability state satisfies its requirement relation:

fi(®) ={L,if R; < S(t),0, otherwise.
This relation allows the platform to reason explicitly about which features remain admissible under degraded
vendor conditions.
B. Failure Classes
The framework distinguishes among multiple vendor failure classes:

° Total outage: the dependency fails for all calls.

° Latency degradation: calls succeed but violate timing budgets.

° Regional partial outage: service becomes unavailable only for a subset of traffic.

° Semantic degradation: responses are structurally valid but incomplete, stale, or inconsistent.

SDK-side malfunction: integration logic fails on client devices even if vendor servers remain healthy.
These distinctions matter because different failure modes require different degradation responses. Latency
degradation may justify using cached data, while semantic degradation may require hard suppression of
downstream functionality.
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Fig. 1: Aggregate platform capability under vendor degra-
dation. Architecturally isolated degradation preserves signif-
icantly more usable functionality than direct dependency cou-

pling.

I11.Vendor-Aware Degradation Architecture
The architecture introduces explicit separation between core platform functionality and vendor-dependent
execution paths. Its purpose is not merely to fail fast, but to preserve maximal safe functionality under
dependency instability[6].
We define the architecture as

A=(M,G,IV,F),

where:

° M is the mobile client and its local state subsystem,

° G is the gateway and orchestration layer,

° 1 is the dependency isolation layer,

° I is the set of vendor endpoints and SDK-backed integrations,
° F is the fallback and substitution layer.

The key design principle is that all vendor interaction passes through I, never directly from business logic.
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Vendor-aware degradation architecture. External dependency interaction is mediated by an isolation
boundary that performs capability-aware routing and controlled fallback, while feature hierarchy determines
which user journeys remain available under degradation.
A. Isolation Rule
Every dependency-mediated operation must pass through an isolation function A:

A(f;, D, H(t)) - {primary, fallback, suppress},
where H(t) is the health state vector of all relevant dependencies. This function chooses whether the request
should:

° proceed through the primary vendor path,
° be rerouted to a degraded substitute or cached path,
° be suppressed because correctness can no longer be guaranteed.
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(a) Dependency isolation and fallback routing. (b) Feature hierarchy under degradation.

Fig. 2: Vendor-aware degradation architecture. External dependency interaction is mediated by an isolation boundary that
performs capability-aware routing and controlled fallback, while feature hierarchy determines which user journeys remain
available under degradation.

B. Fallback Admissibility
A fallback path is valid only if it satisfies the minimum correctness contract for the corresponding feature.
Let ©; denote the minimum admissible semantics for feature f;. Then fallback execution is allowed only if

Praupack (fj) F ;.
This prevents the system from returning stale or partial substitutes that violate feature meaning.

IVV.Deterministic Degradation Protocol
The proposed architecture defines an explicit degradation state machine rather than allowing scattered local
decisions. Let the platform degradation states be

G =1{90, 91,92 93},

with:

° Jo- full functionality,

° g1 minor vendor loss with selective feature fallback,

° g»- major vendor degradation with broad suppression of nonessential flows,
° gs: core-only mode preserving essential platform continuity.

A. Transition Thresholds

Let T}, denote the threshold at which the system transitions from state g, to g..,. If the aggregate capability
score falls below the threshold,

r) <Ty,
then the next degradation state is entered, where
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n
r@=) wdg
i=1
and w; is the weight of vendor d; relative to platform criticality.
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Fig. 3: Deterministic degradation and recovery state machine.
Hysteresis prevents instability and oscillation during vendor
health fluctuations.

B. Feature Availability Under Degradation
Feature availability becomes

Fi(t) = {1,if R; € S(t) or Praupack (fj) E 0,0, o0therwise.
C. Recovery Rule
Recovery is not immediate on vendor restoration. Instead, the system enforces hysteresis to avoid oscillation.
Let 4,. denote the stabilization interval; then recovery from g, to g,_ is allowed only if

r') =Ty Vt €[t t+A4,].

Deterministic degradation and recovery state machine. Hysteresis prevents instability and oscillation during
vendor health fluctuations.

V.Formal Degradation Guarantees

A. Safety Guarantee

Theorem 1 (Fallback Safety). For every feature f; executed under degradation, if the vendor-aware isolation
function selects a fallback path, then the resulting output satisfies the minimum correctness contract ;.
Proof. By definition, the fallback routing function is only permitted to admit fallback execution if
Prauback (fj) F 0;. Any fallback path violating this relation is suppressed. Therefore, all admitted degraded
feature executions preserve minimum correctness semantics.

B. Containment Guarantee

Theorem 2 (Dependency Failure Containment). Let d; be a failing vendor dependency. Under the proposed
architecture, the impact of d; is confined to the set of features whose capability requirements depend on C;.
Proof. All vendor interaction is mediated by the isolation boundary. Thus, failure of d; can influence
execution only through the capability resolution process. Features whose requirement sets do not include C;
are unaffected. Therefore, vendor failure propagation is bounded by dependency-feature membership rather
than by arbitrary call-chain coupling.

C. Liveness Guarantee

Theorem 3 (Eventual Stable Recovery). Assume that dependency health scores eventually remain above
threshold and hysteresis interval 4, is finite. Then the platform eventually returns to the highest admissible
degradation state.

Proof. Once health remains above threshold for the entire stabilization interval, the recovery rule is satisfied
and the state machine transitions upward. Repeatedly applying this argument yields eventual convergence to
the highest valid operating state.

VI.Evaluation Methodology
We evaluate the vendor-aware degradation architecture using controlled fault injection across two
representative environments:
financial payment workflows involving payment authorization, fraud scoring, and identity validation;
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automotive telemetry-backed mobile services involving remote vehicle state retrieval, route enrichment, and
charging status refresh.

A. Baseline and Proposed Systems

The baseline implementation uses:

) direct vendor invocation from orchestration logic,

° retry policies with bounded exponential backoff,

° coarse circuit breakers,

° no explicit feature hierarchy or degradation-state model.

The proposed implementation uses:
explicit dependency isolation,
capability-aware feature gating,
deterministic degradation states,
fallback and deferred execution routing,
hysteresis-based recovery.
: Failure Scenarios
We inject the following vendor failure scenarios:
timeout storms,
elevated tail latency,
region-specific service outage,
stale or incomplete payloads,
client SDK malfunction,
dependency quota exhaustion.
: Metrics
User success rate is defined as

o e o o o

O e o o o o

successful user operations
f= :

total user operations
Average service latency is defined as

2.

1
LS:N

-

Failure rate is defined as
__ failed operations

" total operations

Capability retention is defined as
__available features under degradation

T

total features
D. Comparative Analysis

For each scenario, we compare the baseline and proposed implementations across repeated runs with varying
failure intensity. The primary evaluation objective is to determine whether explicit vendor-aware degradation
improves platform continuity without unacceptable latency or correctness loss.

VIl.Results

This section presents comparative outcomes under vendor instability.

A. Capability Preservation

Under injected timeout and latency scenarios, the proposed architecture preserved significantly higher
capability availability than the baseline because core and enhanced features were separated from vendor-
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dependent functionality. The baseline frequently collapsed broader user journeys because dependency calls
were deeply embedded into execution paths[6].

B. User Success Rate

User success rate improved substantially because the vendor-aware system preserved degraded but valid
workflows instead of producing hard failure states. In the financial environment, basket retention, transaction
pre-validation, and deferred authorization flows remained available. In the automotive environment, cached
vehicle state and deferred refresh strategies preserved partial continuity.

C. Failure Propagation

The isolation boundary reduced cascading failure propagation. Vendor outages affected only those features
whose capability requirements directly depended on the failing vendor. This validates the containment
guarantee established earlier.

User-visible failure rate under increasing retry pressure. Explicit degradation prevents retry amplification
from escalating into broad workflow failure.

D. Latency Inflation

Although the proposed architecture introduced moderate isolation-layer overhead, its overall latency inflation
remained lower under severe failure because it avoided repeated vendor retries on nonrecoverable paths[5].
In contrast, the baseline often spent substantial time waiting on failing dependencies before failing the
workflow.

E. Quantitative Comparison

40

T
—a— Direct dependency coupling
- w- Vendor-aware degradation

30

20

10

User-visible failure rate

B Sl b AL EE LT -¥
w-
0 |
1 5 10 25
Retry depth R

Fig. 4: User-visible failure rate under increasing retry pressure.
Explicit degradation prevents retry amplification from escalat-
ing into broad workflow failure.

TABLE I: Baseline vs Vendor-Aware Degradation

Vendor-
Metric Baseline Aware
User 61% 91%
Success
Rate
Failure Rate 34% 7%
Latency 120 ms 40 ms
Increase
Capability 30% 78%
Retention
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VIl11.Discussion and Threats to Validity
A. Interpretation of Results
The results indicate that vendor-aware degradation is not simply a resilience tactic but an architectural
discipline. The largest gain comes not from more sophisticated retry behavior, but from explicit representation
of dependency-criticality and degradation admissibility. When the architecture knows which features depend
on which capabilities, it can preserve continuity more intelligently and safely.
B. Architectural Implications
This model implies that engineering teams should avoid direct embedding of vendor invocation into business
logic. Dependency interaction should instead pass through isolated routing layers that understand feature
importance, minimum correctness contracts, and fallback admissibility. This is especially important in
regulated and trust-sensitive domains where incorrect partial behavior may be worse than graceful
suppression.
C. Threats to Validity
Several limitations apply. First, the evaluation uses simulated outages rather than production vendor
telemetry. Second, the capability weighting scheme may vary by domain and organization. Third, the fallback
correctness relation 6; is application-specific and requires careful definition by domain teams[7]. Fourth, the
architecture assumes existence of meaningful degraded substitutes for at least a subset of features. Despite
these limitations, the proposed framework provides a generalizable approach for controlling vendor-induced
degradation.

IX.Related Work

Resilience patterns such as circuit breakers, bulkheads, and timeout isolation have been widely studied in
distributed service systems (Nygard 2007; Fowler and Lewis 2014). Eventual consistency and partial
availability trade-offs have also shaped modern reliability thinking (Vogels 2009; Brewer 2012). Large-scale
highly available stores and service platforms such as Dynamo emphasized fault tolerance through
decentralized replication and conflict handling (DeCandia et al. 2007). More recent software architecture
literature has highlighted dependency management, service boundary design, and failure isolation as central
quality attributes (Bass et al. 2003; Newman 2015). However, existing work tends to treat vendor failure
mitigation as a collection of infrastructure patterns rather than as an explicit degradation architecture with
deterministic feature contraction and formal capability semantics. The framework presented here addresses
that gap.

X.Conclusion

This paper introduced a vendor-aware degradation architecture for high-availability mobile platforms
operating under third-party instability. Rather than treating vendors as opaque infrastructure endpoints, the
architecture models them as variable capability providers and constrains feature execution through explicit
degradation-state logic, fallback admissibility, and dependency isolation. We formalized a capability-based
dependency model, defined deterministic degradation and recovery rules, and established safety, containment,
and recovery guarantees.

Evaluation across financial and automotive-style dependency scenarios demonstrated higher user success
rates, reduced user-visible failure propagation, improved capability retention, and lower latency inflation
relative to baseline direct-integration architectures. These results indicate that graceful degradation under
vendor instability is best achieved through explicit architectural modeling rather than through isolated retry
or circuit-breaker mechanisms alone.
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By making vendor dependencies first-class architectural elements, this work provides a software-engineering
basis for building mobile platforms that remain dependable even when external providers do not. Future work
includes automatic dependency graph extraction, runtime capability inference, and adaptive orchestration
driven by observed vendor reliability behavior.
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