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Abstract:

Replacing a frontend JavaScript framework in a live production system is one of the most demanding
modernization tasks a development team faces. Unlike backend migrations, frontend replacements carry
problems that server-side thinking misses: two rendering runtimes may share a browser session, client-side
state is hard to reconcile across framework boundaries, and a failed deployment reaches users instantly with
no retry window. Existing migration research covers backend and database contexts but not the frontend
specifically. This paper presents FlagFirst, a five-phase framework that uses feature flags as the primary
control mechanism for progressive, reversible frontend framework replacement. We define four flag
granularity levels, component, route, bundle, and runtime, and show how each affects rollback speed,
JavaScript payload overhead, and blast radius. A 14-month production case study of an AngularJS-to-React
migration validates the framework, showing zero unplanned outages, a 340 ms gain in Largest Contentful
Paint, and a single automated rollback that completed in under three seconds.

Keywords: feature flags, feature toggles, frontend migration, zero downtime deployment, progressive
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1. INTRODUCTION

JavaScript frameworks do not last forever. AngularJS reached end of life in December 2021, and many teams
that built production systems on it now face a practical choice: keep running unsupported software or invest
the time and effort to migrate. The migration work itself is not the primary challenge. Engineers know how
to build things in React or Vue. What is difficult is replacing a live system while it continues to serve real
users, without halting product development for the year or more the migration takes, and without creating a
single high-risk cutover moment where everything either works or does not.

The approach most teams take is a cutover event. They build the new framework in a separate branch, prepare
for several weeks, and then deploy everything at once during a low-traffic window. When something goes
wrong under those conditions, rollback means reverting a large merge and redeploying the old build, a process
that takes 30 to 45 minutes of incident response during which every user is affected.

Feature flags offer a different way to approach this. Rather than one cutover event, the team ships the new
framework in pieces, controls which users see each change, monitors both versions against each other in real
time, and can reverse any step in seconds by changing a configuration value. This model is documented for
backend services and database contexts [1, 2] but has not been treated as a structured methodology for frontend
framework migration. This paper fills that gap.
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The contributions of this paper are:
1. FlagFirst, a five-phase migration framework that uses feature flags as the primary mechanism for
progressive, reversible frontend framework replacement.

2. A four-level flag granularity taxonomy specific to frontend migration, with analysis of how each level
affects risk, JavaScript payload overhead, and rollback behavior.
3. An empirical 14-month case study of a production AngularJS-to-React migration with outcome

metrics and a documented automated rollback event.

2. BACKGROUND

2.1 Feature Flags

A feature flag is a conditional branch in application code that determines whether a code path is active at
runtime, without a new deployment [1]. Production-grade flag services support percentage-based rollout, user
attribute targeting, and real-time configuration changes. Hodgson identifies four flag types: release,
experiment, operational, and permission toggles [1]. Migration use cases align most closely with operational
toggles, which are designed to stay active across multiple deployments and be disabled quickly when a
production incident occurs.

2.2 Why Frontend Migration Is Different

Four properties of the browser environment make frontend migration meaningfully different from backend or
database replacement.

. Dual runtime coexistence: two JavaScript frameworks sharing a DOM, a global JavaScript scope, and
a browser event system can produce CSS conflicts and state overwrite bugs that do not appear in unit tests or
staging environments.

. Instant user exposure: when a frontend deployment fails, the browser has already downloaded and
executed the new bundle. There is no request drain period the way there is with backend services.

. Client cache behavior: disabling a flag stops new sessions from receiving the new bundle but does not
clear cached copies already stored in active browsers. The rollback has two timelines: the flag toggle itself
takes seconds, but full cache drain can take minutes.

. JavaScript payload cost: running two framework runtimes in the same browser increases the total
JavaScript the browser must parse on each page load. React core is roughly 45 KB gzipped and Angular]JS
1.x is roughly 60 KB. On mid-range mobile devices the combined overhead is measurable.

3. RELATED WORK

Schermann et al. studied continuous experimentation in software organizations and found that teams with
controlled rollout mechanisms had lower mean time to recovery and higher deployment confidence [3]. Savor
et al. documented continuous deployment at two large technology organizations and showed that progressive
traffic shifting can remove maintenance windows for high-traffic systems, though their work covers backend
services and does not address client-side transitions [4]. Fowler introduced the Strangler Fig pattern as a
general approach to incremental system replacement without a big-bang cutover [5]. FlagFirst adapts this
concept to the frontend, where the routing boundary is a flag condition evaluated inside the application rather
than a load balancer rule. Leppanen et al. found that teams using deployment frequency as a feedback signal
moved faster and had fewer incidents than teams using scheduled release cycles [11], which supports
incremental migration over batch cutovers. No prior published work has proposed a structured, phase-based
framework for feature flag-controlled frontend framework migration.
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4. THE FLAGFIRST FRAMEWORK

4.1 Core Principles

FlagFirst is built on three principles. First, every user-visible frontend change is gated by a flag, which makes
it targetable, measurable, and reversible without a deployment. Second, the old framework remains fully
functional throughout the migration, not just for a brief rollback window. Third, each phase has explicit,
measurable exit criteria defined before the phase begins. Teams advance because production data confirms
readiness, not because a calendar date has passed.

4.2 Architecture

Figure 1 shows the FlagFirst architecture. A flag evaluation service sits between the CDN and the frontend
serving layer. Based on the requesting user's cohort assignment, the serving layer delivers the legacy bundle,
the new framework bundle, or a hybrid combination depending on the phase. Flag evaluation decisions are
logged for analysis. Health metrics from both framework runtimes flow into a shared monitoring dashboard.
An automated monitor watches for threshold breaches and can disable a flag without requiring on-call
engineer action during Phase 3.

Figure 1: FlagFirst System Architecture
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Figure 1: FlagFirst system architecture. The flag evaluation service controls which bundle each user cohort
receives. Health metrics create a feedback loop that supports automated rollback decisions.
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4.3 The Five Migration Phases
Figure 2 shows the five phases with their exit criteria. Rollback paths are built into the model, not treated as
a fallback option.

Figure 2: FlagFirst Five-Phase Migration Model

New framework deployed in production;

Hlire s flags always OFF for real users.

Exit: monitoring confirmed; zero environment errors

Engineers & QA use new framework on real

Phase 2 production infrastructure.

Exit: zero critical errors / 5 days; p95 within 10% of baseline

Flag enabled for 1-59% of real users.
Phase 3

Automated rollback active. Automated rollback

on threshold breach
Exit- error rate & latency within thresholds at each step

Flag enabled for all users.

Phase 4 Legacy bundle kept on CON.

Human authorization

Full required for rollback
Rollout Exit: zero sev-1 incidents; 2-4 week stability window

Flag code removed. Legacy bundles purged.

Phase 5 0ld source files deleted.

Cleanup

Exit: no flag refs remain; dead code removed from repo

Phase 3 mllback is automated on threshold breach. Phase 4 requires human authorization.

Figure 2: FlagFirst five-phase migration model. Phase 3 rollback is automated on threshold breach. Phase
4 rollback requires human authorization. Each gate requires production data before advancement.

Phase 1 (Shadow Mode) deploys the new framework to production with flags always returning false for
external users. The goal is to confirm that monitoring is working and to surface any environment-specific
configuration problems before any real user is involved.

Phase 2 (Internal Cohort) enables flags for all internal users. Real production traffic finds integration bugs
that staging environments do not reproduce. Exit requires zero critical errors over five business days and p95
load time within ten percent of the legacy baseline.
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Phase 3 (Canary Rollout) starts at one to five percent of real users and steps up weekly. Automated rollback
triggers watch error rate, latency, and business conversion metrics for the flagged cohort against the control.
A failure during this phase affects only the canary cohort and resolves in seconds.

Phase 4 (Full Rollout) enables the flag for all users. The legacy bundle remains on the CDN for a two to four
week stability window before the route is declared complete.

Phase 5 (Cleanup) removes flag conditions from application code, purges legacy bundles from the CDN, and
deletes old framework source files. This phase is commonly skipped in practice, which leads to stale flags and
accumulating dead code. FlagFirst treats it as a first-class phase with a designated owner and its own exit
criteria.

4.4 Implementation Notes

Flag evaluation must add no more than a few milliseconds to page load. Most teams evaluate flags at bundle
delivery time via CDN edge logic or cache the result in the user session on first load. Flag names should
encode context and phase, for example migration.react.checkout.phase3, to make cleanup easy to track. Each
flag should have a designated owner and a cleanup ticket filed at creation time. Before Phase 3 begins, the
team must have side-by-side monitoring dashboards showing JavaScript error rate, p5S0 and p95 load time,
Core Web Vitals scores, and at least one business conversion metric split by flagged cohort versus control

group.

5. FLAG GRANULARITY TAXONOMY

The granularity level at which a flag controls the frontend determines how large the coexistence surface is,
how fast a rollback propagates, and how much preparation is needed before the flag can be activated. Figure
3 maps the four levels across five practical risk dimensions.

Blast IS Setup State
Level D ipti h

eve Name escription Radius Ovecll' ea Effort Risk

. Controls rendering engine in a

Runtime- ) . . .
L4 micro-frontend shell. Requires High None High None
Level . .
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L3 Bundle-Level = browser receives any JS. User High None Medium None

gets one complete bundle only.
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one URL route. Only one

L2 Route-Level .
framework active per page

Low Medium Low Medium
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Controls a single Ul

Component- | component. Both frameworks Very . '
L1 High L High
Level load in the browser at the same Low '8 ow 1g
time.

Figure 3: Flag granularity levels for frontend migration. Finer granularity at L1 gives faster rollback but
higher JavaScript payload overhead. Coarser granularity at L3 and L4 removes dual-runtime cost but
requires more complete preparation before activation.
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Level 1 (Component) controls a single Ul component. Both runtimes load on every page view, producing the
highest payload overhead but the smallest blast radius if something goes wrong. Level 2 (Route) controls all
components on a URL path. Only one framework is active per page view, which removes most state conflict
risk. Route-level is the most practical starting point for most projects. Level 3 (Bundle) is evaluated at the
CDN before any JavaScript reaches the browser. There is no dual-runtime coexistence at any point, but the
full set of target routes must be implemented in the new framework before the flag activates. Level 4
(Runtime) controls the rendering engine loaded by a micro-frontend shell, requiring module federation
architecture but providing the cleanest separation.

6. CUTOVER STRATEGY COMPARISON

Table 1 compares FlagFirst against the three strategies teams most commonly use when replacing a frontend
framework. A Big Bang cutover deploys all users at once. Rollback requires reverting a full merge and
redeploying, which takes 30 minutes or more under incident pressure. Blue-Green switches traffic at the load
balancer. Rollback is faster but still affects every user at the same moment, and running two full deployments
in parallel is expensive. Canary without flags routes a percentage of users by IP hash or cookie. It reduces
blast radius but offers no user-attribute targeting and requires infrastructure changes for each percentage step.
FlagFirst improves on all three, particularly on rollback speed, targeting, and observability, at the cost of
higher flag management overhead.

C
Dimension Big Bang Blue-Green anary (no FlagFirst
flags)
1
Rollback Time 0t060min | ltoSmin | 10t020min | orderto
seconds
User I t Confi bl
ser ITlpac on 100% of users | 100% of users | Canary cohort ontigurable
Failure cohort
Dual-Runti Level 1 2
ual-Runtime None Nore None evel 1 and
Overhead only
) Low High (any
User T t N N .
ser Targeting one one (IP/cookie) attribute)
Infrastructure Cost Low High Medium Low
Observability Low Medium Medium High
Automated Rollback No No Limited Yes
Partial Migration No No Limited Yes

Table 1: Cutover strategy comparison across eight practical dimensions. The FlagFirst column is shaded. It

leads on rollback time, targeting flexibility, observability, and automation support.

7. RISK AND ROLLBACK MODELING
7.1 Choosing a Granularity Level

Most teams should start at Level 2 (Route) for the first canary route. It balances rollback speed, manageable
JavaScript overhead, and low setup cost. Teams already running a micro-frontend architecture can start at
Level 3 or Level 4. Component-level flags are best suited for early exploration on a single UI element before
committing to a broader migration plan.
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7.2 Automated Rollback Triggers

Teams should define rollback triggers before Phase 3 and wire them into the monitoring system rather than
relying on engineers to detect problems manually. Three signal categories apply. Error rate: if the JavaScript
exception rate for the flagged cohort exceeds the control group by a defined multiplier, two times is a common
starting threshold, the flag is automatically disabled. Latency: if p95 page load time for the flagged cohort
exceeds the control by more than an agreed budget, for example 500 milliseconds, the flag is disabled.
Business metrics: if a core conversion signal drops beyond a defined threshold, the on-call team is alerted;
these rollbacks require human confirmation because false positives are common in the early canary window.
No automated rollback should disable a flag covering more than ten percent of users without human
authorization.

7.3 Client Cache Drain

Disabling a flag stops new sessions from receiving the new bundle but does not immediately clear copies
cached in existing browsers. Teams should set short cache TTLs during active migration phases, 60 seconds
is a practical starting point during Phase 3, and use content-addressed bundle filenames to ensure a fresh page
load delivers the correct version immediately. With both controls in place, the effective cache drain window
is under two minutes for most configurations.

8. CASE STUDY

8.1 Context

A mid-size e-commerce company with roughly 800,000 monthly active users operated an Angular]JS 1.x
frontend that had reached end of vendor support. The team chose React 18 as the replacement framework
based on team familiarity and long-term ecosystem support. The application had 140 route-level views and a
shared component library of around 320 components. Eighteen frontend engineers were split across four
product squads, each responsible for a portion of the route map.

8.2 Execution

The team adopted FlagFirst at Level 2, using route-level flags throughout. A commercial flag service was
integrated into the build system during a two-week setup sprint. The full migration ran for 14 months across
all five phases.

Phase 1 ran for six weeks on a single route, the account settings page, in shadow mode. During this period the
team confirmed that error tracking captured exceptions from the React bundle separately from the AngularJS
bundle and established performance baselines using synthetic monitoring against real production
infrastructure.

Phase 2 lasted three weeks with all internal users using the new account settings route. Four bugs were found
that had not appeared in staging: two API response handling issues masked by Angular]JS two-way binding,
one CSS conflict with a third-party analytics widget, and one session storage key collision between the two
frameworks that caused a login loop for users with existing active sessions.

Phase 3 for the account settings route started at five percent and stepped to 25, 50, and then 100 percent over
eight weeks. One automated rollback was triggered at 25 percent when an upstream API team deployed a
change that caused an unhandled promise rejection in the React bundle, pushing the error rate to 3.8 times the
control baseline. The flag service disabled the flag in under two seconds. No user filed a support ticket. The
upstream change was reverted the same day and the canary resumed the following morning at five percent.
New routes were added at roughly eight per month. All 140 routes reached full rollout by month twelve. Phase
5 cleanup ran through months 13 and 14.
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8.3 Results

Table 2 summarizes the key outcomes. Zero unplanned production outages occurred during the 14-month
migration. The one automated rollback in Phase 3 resolved without any user-visible impact. Performance
improved on every migrated route after Phase 5 cleanup removed the dual-bundle overhead that had briefly
accumulated on a handful of routes during early component-level experimentation.

Metric Result
Total migration duration 14 months
Unplanned production outages 0
Automated rollbacks triggered 1 (resolved in under 3 seconds)
User-reported migration incidents 0
Codebase size reduction after cleanup 14%
LCP improvement (average per route) 340 ms
CLS score improvement (average) 0.04 points
Bundle size change during coexistence Plus 38 KB peak (Phase 3)
Bundle size change after cleanup Minus 22 KB

Table 2: Case study migration outcomes over 14 months. All metrics measured in production. Bundle size
figures are per-page averages across all 140 migrated routes.

9. THREATS TO VALIDITY

Internal validity: the case study covers one organization and one framework pair. Concurrent infrastructure
improvements and team training during the migration period may have contributed to the observed gains,
making it difficult to attribute results to FlagFirst alone.

External validity: FlagFirst was designed for client-rendered single-page applications. Its behavior in server-
rendered or isomorphic setups such as Next.js or Nuxt.js has not been evaluated, as route-level flags work
differently when routing is handled on the server.

Construct validity: success is measured by error rate, latency, and conversion metrics. Developer experience
during the coexistence period is not captured. Engineers on the case study team noted that maintaining two
parallel codebases for the same routes during Phase 3 carried a cognitive cost the outcome table does not
reflect.

Tooling dependency: the automated rollback that made Phase 3 safe depends on a flag service with real-time
metric integration. Teams using a simple configuration file cannot reproduce this capability and would need
to trigger rollbacks manually, changing the risk profile of Phase 3 significantly.

10. CONCLUSION

Frontend framework migration is something most development teams face at some point, but engineering
research has not studied it with enough specificity. Backend migration strategies do not account for browser
caching, dual-runtime JavaScript overhead, and the absence of any drain period when a client-side failure
occurs.

This paper presented FlagFirst, a five-phase framework for feature flag-controlled frontend modernization.
The paper defined a four-level flag granularity taxonomy, compared FlagFirst against three common cutover
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strategies, and validated the approach through a 14-month production migration that produced zero unplanned
outages, a sub-three-second automated rollback, and measurable performance improvements after cleanup.
Future work should evaluate FlagFirst in server-rendered application contexts, build tooling to automate flag
lifecycle cleanup, and study developer experience during extended dual-codebase periods through structured
surveys.
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