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Abstract

High-traffic digital grocery platforms operate under unique technical constraints: extreme traffic spikes during promotions
and holidays, highly dynamic product catalogs, real-time pricing and inventory updates, and stringent performance
expectations from users who often abandon carts within seconds of perceived latency. Front-end systems sit at the center
of this experience, translating complex backend ecosystems into fast, reliable, and intuitive user journeys. This paper
presents a comprehensive architectural framework for building scalable, resilient, and business-aligned front-end systems
for large-scale digital grocery platforms. Drawing from modern frontend paradigms—headless commerce, micro
frontends, component-driven development, performance engineering, and cloud-native delivery—the paper synthesizes
academic research and industry practices into a unified reference architecture. Multiple case studies illustrate real-world
applications, trade-offs, and measurable outcomes. The paper concludes with future directions, including Al-assisted
personalization, edge intelligence, and experience-driven architecture governance.
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1. Introduction

Digital grocery platforms represent one of the most
demanding classes of consumer-facing web systems. Unlike
traditional e-commerce applications, grocery platforms must
support high-frequency repeat usage, rapidly changing
inventories, localized pricing, complex fulfillment options,
and time-sensitive purchasing behavior. These characteristics
impose stringent requirements on frontend systems, which
must deliver consistently fast, reliable, and
experiences under highly variable load conditions [5], [9],
[22].

intuitive
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From an architectural standpoint, the frontend layer has
evolved from a thin presentation tier into a critical system
responsible for experience orchestration,
optimization, and business differentiation. Modern grocery
frontends integrate real-time pricing engines, inventory
availability personalization  models, and
promotional logic while maintaining sub-second interaction
latency. Empirical studies demonstrate that frontend
performance directly correlates with conversion rates, cart

performance

services,

completion, and customer retention, particularly in grocery
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contexts where substitution friction and delivery windows
influence user behavior [5], [22], [23].

Historically, many grocery platforms adopted monolithic
single-page applications (SPAs) tightly coupled to backend
services. While effective at smaller scale, these architectures
exhibit significant limitations as traffic volume, feature
complexity, and team size increase. Deployment coupling,
brittle release cycles, and performance regressions become
common failure modes during peak demand events such as
holidays or emergency-driven surges [6], [11].

This paper presents a scalable frontend architecture tailored
to high-traffic digital grocery platforms. The proposed
approach synthesizes decoupled content management, micro
frontend composition, component-driven development, and
performance-first delivery strategies into a cohesive system.
Rather than prescribing a single framework or toolchain, the
paper emphasizes architectural principles and patterns that
enable long-term scalability across traffic, teams, and
business evolution.

The primary contributions of this work are threefold. First, it
formalizes the unique frontend challenges of digital grocery
systems and distinguishes them from general e-commerce
architectures. Second, it proposes a layered reference
architecture that enables independent scalability of content,
features, and delivery. Third, it validates the approach
through enterprise-scale case studies and quantitative
performance outcomes. Collectively, these contributions aim
to provide both academic and practitioner audiences with a
repeatable blueprint for architecting resilient, scalable
grocery frontends [1], [2], [20].

2. Problem Space and Architecural Challenges
2.1 Traffic Volatility and Demand Spikes

Digital grocery platforms experience some of the most
extreme traffic volatility in retail systems. Demand surges
may be driven by predictable events such as holidays and
promotional campaigns, as well as unpredictable external
factors including weather disruptions, public health
emergencies, or supply chain shortages. During such events,
frontend systems often become the primary bottleneck, as
backend services are typically protected by queues and rate
limiting mechanisms [9], [16].

Traditional frontend architectures that rely on centralized
rendering or tightly coupled deployment pipelines struggle to
scale elastically under these conditions. Cold-start latency,
cache misses, and overloaded origin servers can cascade into
user-visible failures. Studies in large-scale retail systems
indicate that frontend-induced failures account for a
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disproportionate share of customer-facing outages during
peak demand periods [11], [24].

2.2 Catalog Dynamism and Content Velocity

Grocery catalogs differ fundamentally from durable goods
catalogs due to high SKU churn, frequent price changes,
regional availability constraints, and promotional overlays.
Frontend systems must continuously reconcile real-time
inventory signals with merchandising content, substitutions,
and regulatory disclosures. Monolithic frontend deployments
often require engineering involvement for routine content
changes, limiting organizational responsiveness [1], [21].

Headless and decoupled architectures address this challenge
by separating content authoring from presentation logic,
enabling non-technical teams to operate independently while
maintaining rendering consistency. However, without proper
governance, such decoupling can introduce content-
performance trade-offs and cache invalidation complexity

(1], [20].
2.3 Performance Sensitivity and User Behavior

Performance expectations in grocery experiences are
exceptionally high. Users frequently abandon carts when
faced with slow search results, delayed price updates, or
unresponsive checkout flows. Multiple studies demonstrate a
nonlinear relationship between latency and conversion, with
degradations beyond two seconds producing sharp declines
in completion rates [5], [22], [23].

Unlike discretionary e-commerce, grocery purchases are
often task-oriented and time-constrained. Frontend latency
not only affects revenue but also erodes trust in inventory
accuracy and delivery reliability. Consequently, performance
must be treated as a first-class architectural concern rather
than a post-deployment optimization [4], [12].

2.4 Organizational and Team Scalability

Large grocery platforms are typically developed by dozens of
autonomous teams distributed across domains such as search,
product detail, cart, checkout, loyalty, and fulfillment.
Frontend architectures that impose shared release cycles or
centralized ownership become organizational bottlenecks as
team count grows. Conway’s Law predicts that tightly
coupled system designs will mirror organizational
communication structures, leading to coordination overhead
and reduced delivery velocity [6], [18].

Micro frontend architectures attempt to address this challenge
by aligning technical boundaries with team ownership. While
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effective in improving deployment independence, they
introduce new complexities in runtime composition, shared
dependency management, and user experience consistency

(2], [6], [18].

3. Architectural Principles for Scalable Grocery
Frontends

Scalable frontend architectures emerge from a consistent
application of architectural principles rather than isolated
technical decisions. Based on empirical observations and
prior research, this paper defines five core principles that
guide the proposed reference architecture.

3.1 Decoupling by Default

Decoupling content, presentation, and business logic reduces
systemic fragility and enables independent evolution of
system components. Headless content management systems
and experience APIs allow frontend teams to iterate without
direct dependency on backend release cycles [1], [20].
Decoupling also facilitates experimentation and regional
customization without full redeployment.

3.2 Independent Deployability

Each frontend domain should be independently deployable,
allowing teams to release features without coordinating with
unrelated  domains. Micro  frontend architectures
operationalize this principle by decomposing applications
into self-contained units with well-defined contracts [2], [6].
Independent deployability is a prerequisite for scaling both
traffic and development velocity.

3.3 Performance as a Feature
Performance must be explicitly budgeted, measured, and
enforced. Architectural decisions—including rendering

strategy, data-fetching patterns, and asset delivery—should
be evaluated against their performance impact. Performance
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budgets tied to Core Web Vitals provide objective guardrails
for architectural governance [4], [12], [22].

3.4 Resilience and Graceful Degradation

Given the inevitability of partial failures in distributed
systems, frontend architectures must prioritize resilience.
Techniques such as progressive enhancement, fallback
rendering, and stale cache serving ensure acceptable user
experiences even when upstream dependencies degrade [9],
[16].

3.5 Business-Metric Alignment

Frontend investments must be justified through measurable
business outcomes. Conversion rate, retention, and order
frequency provide a quantitative basis for prioritizing
architectural work. Research consistently shows that
experience quality directly influences financial performance,
particularly in high-frequency commerce scenarios [22],
[23].

These principles collectively
architecture presented in subsequent sections and serve as
evaluation criteria for alternative design choices.

inform the reference

4. Reference Architecture Overview

The proposed reference architecture for scalable digital
grocery frontends is designed to decouple concerns across
presentation, composition, content, data access, and delivery.
Rather than optimizing for a single deployment model, the
architecture emphasizes adaptability to traffic growth,
organizational scale, and evolving business requirements.
Figure 1 illustrates the high-level architecture, and the
primary interaction flows between layers.

At its core, the architecture separates user experience
composition from backend service orchestration. This
separation allows frontend systems to evolve independently
while insulating users from backend volatility. Similar
layered approaches have been shown to reduce system
fragility and improve fault isolation in large-scale web
platforms [6], [11], [20].
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Figure 1: Reference architecture for scalable front-end systems in high-traffic Digital Grocery Platforms.

4.1 Presentation Layer

The presentation layer consists of independently deployable
micro frontends responsible for rendering discrete experience
domains such as search, product detail pages (PDP), cart,
checkout, and order tracking. Each micro frontend owns its
routing subtree, Ul logic, and domain-specific state. This
ownership model aligns with team boundaries and enables
parallel development at scale [2], [6], [18].

Micro frontends may be implemented using framework-
agnostic approaches, runtime module federation, or build-
time composition. While runtime composition offers
maximum deployment independence, it
performance considerations that must be mitigated through
caching, prefetching, and shared dependency governance [6],
[12].

introduces

4.2 Composition Layer

The composition layer, often implemented as an application
shell or experience orchestrator, is responsible for routing,
layout composition, and cross-cutting concerns such as
authentication, localization, and error handling. By
centralizing these concerns, the architecture avoids
duplication while preserving micro frontend autonomy.

The shell also serves as the enforcement point for
performance budgets and resilience policies. Research in
large-scale frontend systems demonstrates that centralized
governance combined with decentralized execution provides
a balance between consistency and autonomy [11], [18].
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4.3 Content Layer

The content layer is powered by a headless CMS that exposes
structured content via APIs. This enables
merchandising and marketing teams to manage banners,
promotions, substitutions, and compliance messaging
without direct engineering involvement. Decoupled content
delivery has been shown to significantly increase content
velocity and reduce deployment risk [1], [20].

layer

4.4 Experience APIs

Experience APIs act as an abstraction layer between frontend
systems and backend microservices. Rather than exposing
raw service APIs directly to the frontend, experience APIs
aggregate, tailor, and optimize data for specific Ul needs.
This pattern reduces over-fetching, minimizes chatty network
calls, and improves performance predictability [15], [16].

4.5 Delivery Layer

The delivery layer leverages global CDNs and edge compute
to minimize latency and absorb traffic spikes. Static assets,
pre-rendered pages, and cached API responses are served
from edge locations, reducing load on origin systems. Edge-
based delivery has emerged as a critical enabler of frontend
scalability in high-traffic commerce platforms [9], [10], [16].

5. Headless CMS and Decoupled Frontends
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Headless CMS architectures decouple content authoring from
presentation logic by exposing content through APIs rather
than templated rendering engines. This approach is
particularly well-suited to grocery platforms, where content
changes frequently and must be coordinated with real-time
inventory and pricing signals.

5.1 Content Modeling for Grocery Domains

Effective headless CMS adoption begins with domain-
specific content modeling. Grocery content includes
promotional banners, category hierarchies, dietary labels,
substitution rules, and regulatory disclosures. Modeling these
entities as structured content enables deterministic rendering
and automated validation across channels [1], [21].

Poorly modeled content can negate the benefits of decoupling
by introducing runtime complexity and cache invalidation
challenges. Prior studies emphasize the importance of
aligning content schemas with frontend component contracts
to ensure predictable rendering behavior [1], [20].

Volume 08 - 2026

5.2 Rendering Strategies

Headless content may be rendered using server-side
rendering (SSR), static site generation (SSG), or client-side
rendering depending on freshness requirements. Promotional
landing pages benefit from static generation with incremental
revalidation, while inventory-sensitive components require
server or edge-side rendering [4], [9], [12].

Hybrid rendering strategies allow grocery platforms to
balance performance with freshness. Empirical evidence
shows that combining SSG for stable content with SSR for
dynamic fragments significantly improves Largest
Contentful Paint (LCP) without sacrificing accuracy [5], [22].

5.3 Organizational Impact

By decoupling content workflows from deployment
pipelines, headless CMS architectures enable merchandising
teams to operate independently. Case studies indicate that
organizations adopting headless CMS platforms achieve 2—
3x increases in campaign throughput and reduced reliance on
engineering resources [1], [21].
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Figure 2: Headless CMS Architecture

6. Micro Frontends for Team and System Scalability

Micro frontend architecture extends microservice principles
to the frontend domain by decomposing applications into
independently developed and deployed units. In digital
grocery platforms, this decomposition typically aligns with
customer journey stages such as browse, select, purchase, and
fulfill.
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6.1 Decomposition Strategies

Effective micro frontend decomposition avoids both overly
granular fragmentation and excessive consolidation.
Domain-driven decomposition, informed by bounded
contexts, has been shown to produce more stable interfaces
and lower coordination overhead compared to purely
technical partitioning [2], [6], [18].
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6.2 Runtime Composition and Performance

Runtime composition enables independent deployments but
introduces risks related to bundle size growth, duplicate
dependencies, and runtime failures. Techniques such as
shared dependency contracts, preloading critical modules,
and defensive isolation boundaries mitigate these risks [6],
[12].

Performance of runtime-composed micro
frontends show that naive implementations can degrade Time
to Interactive (TTI). However, optimized configurations

evaluations

Domain-Driven Decomposition
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achieve parity with monolithic builds while preserving
deployment independence [11], [15].

6.3 UX Consistency and Governance

Maintaining consistent user experience across independently
owned micro frontends requires strong design system
governance. Component libraries, shared tokens, and
automated visual regression testing provide scalable
enforcement mechanisms without central bottlenecks [3],
[17].
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Figure 3: Micro Frontends for Scaling High-Traffic E-Commerce Systems.

7. Component-Driven Development

Component-driven development (CDD) has emerged as a
foundational practice for building scalable and maintainable
frontend systems. Rather than treating user interfaces as
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monolithic pages, CDD decomposes experiences into
reusable, testable, and independently evolvable components.
In high-traffic digital grocery platforms, this approach
enables consistency across domains while supporting rapid
feature development [3], [17].
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7.1 Design-to-Development Workflow

CDD establishes a shared contract between design and
engineering by defining components as the primary unit of
collaboration. Design systems specify visual tokens,
interaction states, and accessibility requirements, which are
then implemented as versioned components. This workflow
reduces ambiguity and minimizes rework, particularly in
platforms with multiple contributing teams [3], [18].

7.2 Reusability and Governance

Reusable components such as product cards, pricing badges,
availability indicators, and substitution alerts appear across
search results, product detail pages, and cart views.
Governance mechanisms—including semantic versioning,
automated regression testing, and visual diffing—ensure that
component evolution does not introduce breaking changes
[17],[18].
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7.3 Impact on Quality and Velocity

Empirical evidence suggests that organizations adopting
CDD experience measurable
consistency and defect reduction. Jain and Mittal (2024)
report lower regression rates and faster onboarding for new
engineers due to explicit component contracts and
documentation [3]. In grocery platforms, these benefits
translate into faster iteration cycles during peak demand
periods.

improvements in Ul

8. Performance Engineering at Scale

Performance engineering is a central concern in digital
grocery frontends, where latency directly influences user
trust and conversion behavior. Unlike traditional optimization
efforts, performance engineering at
architectural alignment,

scale
measurement, and

requires
continuous
proactive governance [4], [12].
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Figure 5: Performance Engineering Lifecycle

8.1 Rendering Strategies

Server-side rendering (SSR) improves initial load
performance and search engine visibility for critical user
journeys such as homepages and product listings. Static site
generation (SSG) is effective for evergreen content, while
edge-side rendering addresses freshness requirements for
inventory-sensitive components. Hybrid rendering strategies
balance these approaches to optimize both speed and

accuracy [4], [9], [12].

8.2 Asset Optimization and Delivery

The Am. J. Eng. Technol. 2026

Techniques such as code splitting, tree shaking, adaptive
image loading, and HTTP/2 multiplexing reduce payload
sizes and improve time-to-interactive. Edge caching with
stale-while-revalidate policies further mitigates latency
during traffic surges [9], [16].

8.3 Performance Metrics and Budgets

Core Web Vitals—including Largest Contentful Paint (LCP),
First Input Delay (FID), and Cumulative Layout Shift
(CLS)—provide standardized metrics for evaluating user-
perceived performance. Establishing performance budgets
tied to these metrics enables proactive detection of
regressions and enforces accountability across teams [4],
[22].
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9. Observability and Frontend Governance

Scalable frontend systems require observability mechanisms
that extend beyond uptime monitoring. Comprehensive
observability frameworks capture user experience metrics,
error rates, and behavioral signals, enabling teams to correlate
frontend performance with business outcomes [11], [14].

9.1 Experience-Level Observability

Instrumentation at the component and journey levels provides
visibility into user interactions, rendering performance, and
failure modes. Real-user monitoring (RUM) complements
synthetic testing by capturing performance data under real-
world conditions [11], [14].
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9.2 Governance Models

Effective governance balances autonomy with consistency.
Lightweight architectural guardrails—such as performance
budgets, design system constraints, and API contracts—
enable decentralized teams to innovate without
compromising system integrity [18], [20].

9.3 Feedback Loops

Continuous feedback loops integrate observability data into
planning and prioritization processes. By linking UX metrics
to business KPIs, organizations can justify frontend
investments as measurable drivers of revenue and retention
[22], [23].
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10. Case Studies and Empirical Evaluation

Case studies provide empirical grounding for the
architectural principles and patterns discussed in previous
sections. The following anonymized case studies are drawn
from large-scale North American digital grocery platforms

operating at national scale.
10.1 Case Study 1: High-Traffic Holiday Event

A national grocery platform experienced recurring frontend
instability during peak seasonal events, including major
holidays and promotional weekends. The legacy frontend
architecture consisted of a monolithic SPA coupled tightly to
backend services. During peak traffic, users encountered
slow page loads, checkout failures, and inconsistent
inventory visibility.

The Am. J. Eng. Technol. 2026

Architecture Transformation

The platform migrated to a micro frontend architecture with
server-side rendering for critical paths. A centralized
application shell handled routing, authentication, and shared
services, while domain teams independently owned search,
PDP, cart, and checkout experiences. Edge caching and static
generation were applied selectively to high-traffic entry
points.

Outcomes

Post-migration metrics demonstrated significant
improvements:
e  35% reduction in Largest Contentful Paint (LCP)

e  22% increase in checkout completion rate
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e Zero frontend-related downtime during the subsequent  These outcomes align with prior research linking frontend
holiday season performance improvements to revenue growth [5], [22].

Figure 7: Case Study 1- Scaling to Holiday Traffic Spikes
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Figure 7: Case Study 1- Scaling to Holiday Traffic Spikes.

The retailer adopted a headless CMS integrated with the
existing frontend through structured APIs. Content schemas
were aligned with frontend components, enabling
deterministic rendering and automated validation.

10.2 Case Study 2: Content Velocity Through Headless
CcMS

A regional grocery retailer faced bottlenecks in launching
. . . Outcomes
promotional campaigns due to tightly coupled frontend
deployments. Merchandising teams depended on engineering
releases for content updates, resulting in missed market

opportunities.

Following adoption, the organization achieved:

e 3Xincrease in campaign launch frequency

e Reduced engineering involvement in routine content
Architecture Transformation updates
e Improved consistency across web and mobile channels
These results corroborate findings on the organizational

benefits of decoupled architectures [1], [21].

Figure 8: Case Study 2 - Successful Headless CMS Adoption
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Figure 8: Case Study 2 - Successful Headless CMS Adoption.
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11. Security and Compliance Considerations

Security and regulatory compliance are critical concerns in
digital grocery platforms, which handle sensitive customer
data, payment information, and location-based delivery
details. Frontend architectures must incorporate security
controls without compromising performance or usability.

Key considerations include:

e Secure handling of authentication tokens and session
data

e Compliance with PCI DSS requirements for payment
flows

e Protection against cross-site scripting (XSS) and supply
chain attacks

e Secure API consumption and least-privilege access
controls

Modern frontend security practices emphasize defense-in-

depth, automated dependency scanning, and continuous

vulnerability assessment. Prior studies highlight the growing

importance of frontend attack surfaces in large-scale web

applications [8], [24].

12. Future Directions
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The evolution of digital grocery frontends continues to be
shaped by advances in distributed systems, artificial
intelligence, and edge computing. Several emerging trends
are likely to influence future architectures.

12.1 AI-Driven Personalization

Machine learning models increasingly drive personalized
recommendations, promotions, and substitutions. Integrating
Al-driven decisioning into frontend architectures requires
low-latency inference and explainable experiences to
maintain user trust [10], [20].

12.2 Edge Intelligence

Edge-side rendering and computation enable personalization
and experimentation closer to users, reducing round-trip
latency. As edge platforms mature, frontend architectures will
increasingly shift logic away from centralized origins [9],
[19].

12.3 Experience-Level Feature Flags

Fine-grained feature flagging at the experience level enables
safer experimentation and gradual rollouts. This capability
supports continuous optimization without full redeployment
[15],[18].
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Figure 9: Future Directions for Digital Grocery Platforms.

13. Discussion

The case studies and architectural analysis presented in this
paper demonstrate that scalable frontend systems emerge
from a deliberate synthesis of technical and organizational
practices. While decoupled architectures and micro frontends
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introduce additional complexity, this complexity is offset by
gains in resilience, velocity, and business alignment.
Trade-offs remain inevitable. Excessive fragmentation can
degrade performance and user experience if not governed
effectively. Conversely, overly centralized control stifles
innovation and slows delivery. Successful implementations
strike a balance through clear architectural principles, shared
standards, and continuous feedback loops [6], [18], [20].
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14. Conclusion

Architecting scalable front-end systems for high-traffic
digital grocery platforms requires more than incremental
optimization or framework selection. It demands a holistic
approach that aligns architecture, organizational structure,
and business objectives.

Volume 08 - 2026

This paper presented a layered reference architecture
grounded in decoupling, independent deployability,
component-driven development, and performance-first
delivery. Through enterprise-scale case studies, the paper
demonstrated measurable improvements in performance,
reliability, and operational efficiency. Future advancements
in Al and edge computing will further expand the role of
frontend systems as strategic assets in digital commerce.
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Figure 10: Overview of Impacts with Scalable Front-End Architectures
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