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Abstract

Enterprise organizations operate a large portfolio of legacy applications that have accumulated over many years of incremental change, technology
shifts, and organizational restructuring. These systems frequently run on outdated platforms, rely on obsolete middleware, and embed business
rules that are poorly documented yet operationally critical. Modernization initiatives seek to migrate such applications toward more modular
architectures, cloud platforms, and automated delivery practices, but these efforts are often perceived as complex and risky because they impact
many technical layers and organizational processes at once. In response, automated migration frameworks have emerged that aim to structure
discovery, analysis, transformation, and verification activities through standardized tooling and repeatable pipelines. This paper examines the
extent to which such frameworks influence complexity and risk profiles in enterprise modernization efforts. Drawing on an engineering oriented
perspective, it defines a set of observable indicators for process complexity, technical complexity, and operational risk, and applies these indicators
to a set of migration initiatives that used different levels of automation. The paper describes qualitative observations and quantitative trends
obtained from tooling logs, work item systems, and incident records. The findings suggest that automation can reshape the distribution of effort,
reduce some categories of coordination overhead, and make certain risk factors more predictable, while leaving other forms of uncertainty largely
unaffected. The discussion outlines conditions under which automated migration frameworks appear most effective and identifies aspects of
modernization where manual expertise remains central. The paper concludes with observations about how organizations can position automated

migration frameworks as part of broader modernization strategies without assuming that they eliminate complexity or risk.

1. Introduction

Enterprise information systems are typically characterized by
long life cycles, diverse technology stacks, and strong coupling
between technical artifacts and organizational routines (1). Over
time, these systems accumulate integration layers, custom ex-
tensions, and operational workarounds that respond to local
constraints but rarely align with an explicit long term architec-
tural plan. This accumulation creates what is often described
as legacy complexity, where the behavior of a system cannot be
easily inferred from current documentation or high level mod-
els. When organizations decide to modernize such systems,
whether to adopt cloud platforms, microservice architectures,
or new regulatory requirements, they face a landscape in which
both the technical and organizational dimensions of change are
intertwined.

Modernization initiatives have historically relied on man-

ual analysis, design workshops, and handcrafted migration paths.

Architects and senior engineers assess system dependencies,
categorize applications, and select migration strategies such as
rehosting, refactoring, rearchitecting, or replacement. While
this approach allows tailored decisions, it also depends heavily
on scarce expertise, and the underlying reasoning is often cap-
tured only in slide decks, spreadsheets, and ad hoc scripts. As
the scope of modernization expands across portfolios of hun-
dreds or thousands of applications, this manual approach can
become difficult to scale and to coordinate consistently across

teams and time zones.

In parallel with the broader adoption of DevOps practices
and infrastructure as code, many organizations have begun to
apply automation principles to modernization itself (2). Auto-
mated migration frameworks in this context refer to collections
of tools, pipelines, templates, and analysis engines that sup-
port tasks such as application discovery, dependency analysis,
source code transformation, configuration generation, and re-
gression validation. These frameworks do not replace the need
for architectural decisions, but they aim to structure and par-
tially automate recurring tasks, thereby reducing the amount
of manual work required for each migrated system.

Despite the growing interest in such frameworks, there is
limited consolidated evidence about their actual impact on com-
plexity and risk in modernization projects. Practitioners fre-
quently report that automation accelerates certain phases, yet
anecdotal accounts also mention new forms of complexity in-
troduced by the tooling itself, including managing framework
versions, integrating with existing toolchains, and handling ex-
ceptions that fall outside automated rules. Furthermore, while
automation can reduce the probability of some categories of
human error, it may increase the consequences of misconfigu-
ration if the same automated pipeline is applied systematically
across many systems.

From an engineering research perspective, it is therefore
relevant to move beyond generic claims about the benefits or
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Figure 1. High level view of how an automated migration framework mediates between a legacy portfolio and target platforms. The diagram emphasizes a concise main flow from
legacy systems into the framework and then into modernized environments, while keeping only a small number of focused arrows to avoid clutter. Internal framework stages capture
discovery, analysis, transformation, and delivery pipelines, with dashed connections indicating supportive rather than dominant flows. Complexity and risk indicators sit at the periphery
to suggest continuous observation rather than a tightly coupled feedback loop, reflecting how many enterprise modernization initiatives treat measurement as a complementary activity.

Table 1. Relative effort distribution across modernization phases before automated framework maturity.

Phase Manual Effort Share ~ Automated Effort Share Notes

Discovery High Low Pre-framework waves
Analysis High Medium Partial rules available
Transformation Medium Medium Mixed manual edits
Validation High Medium Pipelines emerging
Cutover High Low Manual runbooks dominate

drawbacks of automation and to examine more concretely how
automated migration frameworks interact with existing mod-
ernization practices. This requires clear definitions of what is
meant by complexity and risk in this setting, as well as a set of
indicators that can be observed across multiple initiatives. It
also requires attention to the ways in which frameworks are in-
tegrated into the socio technical context of large organizations,
including governance structures, skill profiles, and legacy de-
velopment practices.

The goal of this paper is to assess the impact of automated
migration frameworks on reducing complexity and risk in en-
terprise modernization efforts in a measured way (3). Rather
than focusing on a single technology stack or a single organiza-
tion, the paper abstracts from several modernization programs
to identify recurring patterns. It proposes operational measures
for process complexity, technical complexity, and operational
risk, and it uses these measures to compare modernization ini-
tiatives with varying degrees of automation. The analysis is
not framed as a controlled experiment but as an engineering
assessment based on observed data and structured reasoning.

The remainder of the paper is organized into several sec-
tions that progressively refine this assessment. A background
section outlines key concepts related to enterprise moderniza-
tion, discusses typical sources of complexity and risk, and in-

troduces a conceptual view of automated migration frameworks.

A methodology oriented section describes the assessment ap-
proach used to gather and interpret data about modernization
initiatives. An empirical section presents observations from
multiple programs where automated frameworks were intro-
duced, with attention to both improvements and residual chal-
lenges. A discussion section reflects on the implications of
these observations for practitioners and tool designers. The pa-
per closes with a conclusion that summarizes the main insights
and suggests areas where further investigation may be useful.

2. Background on Enterprise Modernization and Mi-
gration Complexity

Enterprise modernization can be described as a coordinated ef-
fort to evolve existing systems, infrastructure, and operating
practices toward a target state that better aligns with current
business, regulatory, and technological conditions. In prac-
tice, modernization initiatives may pursue goals such as con-
solidating data centers into cloud platforms, decoupling mono-
lithic applications into services, replacing proprietary middle-
ware with open standards, or introducing automated delivery
and monitoring capabilities. These goals often co exist within
the same program, because legacy systems typically link infras-
tructure configurations, integration mechanisms, and business
workflows that have grown together over time.

The complexity of modernization arises partly from the
structural properties of the systems being changed. Legacy ap-
plications frequently integrate multiple programming languages,
different generations of libraries and frameworks, and a vari-
ety of persistence technologies. Interfaces to external systems
may rely on custom protocols, shared databases, batch file ex-
changes, or message brokers that have been introduced at dif-
ferent points in history. A single enterprise process, such as
customer onboarding or order fulfillment, might involve inter-
actions among dozens of applications arranged in a mixture of
synchronous and asynchronous patterns. When architects plan
a migration, they must account for these dependency chains
and ensure that intermediate states do not break essential busi-
ness functionality.

Another source of complexity stems from the lack of up to
date documentation and the presence of implicit knowledge (4).
Over the life of an enterprise system, multiple teams may have
modified code and configurations to respond to incidents, per-
formance bottlenecks, and new requirements. Many of these
changes are documented only in service tickets or not docu-



Table 2. Observed shifts in process complexity metrics.

Indicator Early Waves
Task Types Many
Manual Scripts High
Exception Cases Moderate
Review Steps High
Rollback Events Frequent

Automated Waves Change

Fewer Decrease
Moderate Reduced
Moderate Stable
Lower Reduced

Less Frequent Improved

Table 3. Technical attributes influencing modernization difficulty.

System Attribute  Typical Range

Tech Diversity Medium-High
DB Coupling Variable
Interface Count High
Code Volume Large
Legacy Patterns Mixed

Automation Impact Notes
Limited Intrinsic property
Low Requires manual design
Moderate Aided by discovery
Low Affects analysis time
High Rule based classification

mented at all, especially if they were considered temporary at
the time. As a result, when a modernization effort begins, the
official system diagrams often capture only part of the actual
behavior. Teams may discover undocumented interfaces, cus-
tom extensions, and nonstandard configurations only during de-
tailed analysis or test execution, which can require replanning
and cause schedule uncertainty.

Organizational factors also contribute substantially to mod-
ernization complexity. Enterprise systems are typically owned
by different business units, each with its own priorities, risk
tolerance, and change windows. Some applications support
external customers and must meet strict availability commit-
ments, while others serve internal users who can tolerate more
disruption. Regulatory requirements may impose additional
constraints on data residency, access control, and auditability,
which can affect the choice of target platforms and architec-
tures. Coordinating these factors across regions and time zones
increases the number of decision points and communication
paths, especially in organizations that rely on distributed deliv-
ery partners (5).

Risk in modernization efforts can be viewed through sev-
eral dimensions, including technical risk, operational risk, sched-
ule risk, and compliance risk. Technical risk involves the possi-
bility that migrated systems fail to meet functional or nonfunc-
tional requirements due to incomplete understanding of legacy
behavior, unexpected interactions in the target environment, or
limitations in new platforms. Operational risk relates to the po-
tential for outages, degraded performance, or data issues dur-
ing and after cutover. Schedule risk concerns the chance that
milestones are not met, which can delay dependent initiatives
or extend the period during which organizations must operate
both legacy and modernized environments. Compliance risk
arises when changes could impact regulatory obligations, such
as data protection requirements or industry specific standards.

Automated migration frameworks have emerged as one way
to address some aspects of this complexity and risk. These
frameworks typically integrate capabilities such as automated
discovery of applications and infrastructure, static and dynamic
analysis of source code and configurations, recommendation

engines that map patterns in legacy systems to target architec-
tures, and pipelines that generate deployment artifacts for new
environments. In some cases, frameworks include code trans-
formation engines that modify source code or configuration
files according to predefined rules, as well as test harnesses that
execute regression suites or traffic replay against both legacy
and modernized systems.

From an engineering standpoint, such frameworks can be
seen as a layer that sits between legacy assets and target plat-
forms, encoding migration knowledge into repeatable processes
(6). However, the introduction of a framework also adds its
own artifacts, such as configuration templates, rule sets, and
integration pipelines, which must be maintained as platforms
and requirements evolve. The framework itself becomes part of
the socio technical system and can therefore be both a reducer
and a source of complexity, depending on how it is designed,
used, and governed.

An additional consideration is that modernization is rarely
a one time event. Enterprises often modernize portfolios over
several years, with iterative waves targeting different domains.
Automated migration frameworks may be introduced gradu-
ally, starting with pilot projects and expanding as they are val-
idated and refined. During this evolution, the relationship be-
tween automation, complexity, and risk can change. Early in
adoption, teams may need to invest significant effort to learn
the framework and to adapt it to local contexts, which can tem-
porarily increase perceived complexity. Over time, as patterns
stabilize and reusable components accumulate, some categories
of complexity may decline, while others, such as long term rule
maintenance, become more visible.

Understanding these dynamics motivates the need for a struc-
tured assessment of automated migration frameworks in the
context of enterprise modernization (7). Rather than assuming
that automation is either a straightforward solution to complex-
ity and risk or a new source of difficulty, it is useful to charac-
terize where and how it modifies the landscape of moderniza-
tion tasks. This includes examining how frameworks influence
the distribution of work across phases, the types of skills re-
quired, the clarity of migration decisions, and the traceability



Table 4. Migration related incident patterns across waves.

Incident Type

Manual Waves

Environment Misconfig High
Dependency Missing High
Performance Issues Medium
Cutover Failures High
Post Migration Defects Medium

Automated Waves Trend
Lower Decreasing
Medium Decreasing
Medium Mixed
Lower Improved
Low—Medium Improved

Table S. Representative components in an automated migration framework.

Framework Component Role

Maturity Level Contribution

Discovery Engine
Analysis Engine
Transform Engine
Pipeline Layer

Governance Hooks Policy checks

Inventory extraction
Dependency mapping
Artifact generation
ClI/CD integration

High Portfolio clarity
Medium Structured decisions
Medium Reduced scripting

High Repeatability
Medium Consistency

of changes.

3. Assessment Approach and Measurement Frame-
work

To assess the impact of automated migration frameworks on
complexity and risk, this paper adopts an engineering measure-
ment perspective that emphasizes observable indicators over
abstract claims. The approach begins by defining a set of di-

mensions along which changes can be reasonably observed across

modernization initiatives. These dimensions comprise process
complexity, technical complexity, and operational risk. For
each dimension, specific indicators are identified that can be
approximated using data from tools and project artifacts such
as work item systems, source code repositories, and incident
management platforms (8).

Process complexity in this context refers to the number and
structure of distinct activities, handoffs, and coordination points
required to execute a modernization initiative. One indicator
is the count of unique manual task types documented in de-
livery plans or work management systems. Another indicator
is the average number of approval steps or coordination steps
required for key milestones such as environment provisioning,
security review, and cutover readiness (9). Additional indica-
tors include the ratio of manual tasks to automated tasks in mi-
gration pipelines and the number of exceptions that must be
handled outside the defined framework. While these indicators
do not capture every nuance of process complexity, they pro-
vide a basis for comparing initiatives that rely more heavily on
automation to those that rely primarily on manual procedures.

Technical complexity is associated with the structure and
properties of the systems being migrated and the transforma-
tions applied to them. Indicators here include the number of
distinct technology types involved in an application stack, such
as programming languages, frameworks, and data stores. An-
other indicator is the average fan in and fan out of dependencies
between services or components, as measured through static
analysis or runtime tracing. A further indicator is the number
of manual code changes required per application in addition
to those produced by automated transformations. When auto-

mated migration frameworks are used, log data about transfor-
mation rules applied, conflicts encountered, and portions of
code left unmodified can help characterize how much of the
technical change is handled systematically versus manually.

Operational risk is reflected in both the likelihood and im-
pact of incidents during and after migration. Practical indi-
cators include the number of critical and major incidents at-
tributable to migration activities, the rate of change failures
where deployments need to be rolled back or patched, the mean
time to restore service after migration related incidents, and
the number of post migration defects that affect production be-
havior (10). These indicators cannot remove all contextual dif-
ferences between systems, but they provide a way to identify
trends across modernization waves and to compare periods be-
fore and after the introduction of automation.

The assessment approach draws on data from multiple mod-
ernization initiatives in enterprise contexts where automated
migration frameworks were introduced incrementally. Initia-
tives are grouped into categories according to the level of au-
tomation employed. One group consists of migrations executed
with largely manual processes, supported by general purpose
tools but without a dedicated migration framework. Another
group consists of migrations that used an automated framework
for discovery, analysis, and artifact generation but retained man-
ual decision making for architectural choices. A third group
consists of migrations where the framework played an expanded
role, including standardized pipelines for deployment and au-
tomated validation routines.

For each group, the selected indicators are computed or ap-
proximated using available data. For process complexity, work
item exports and project plans are examined to quantify task
types and coordination steps (11). For technical complexity,
repository analysis and dependency extraction tools provide in-
sight into technology diversity and coupling. For operational
risk, incident management and change management records are
analyzed to identify migration related events. Where direct nu-
merical data is incomplete, qualitative evidence from retrospec-
tives and engineering reports is used to interpret patterns, while
acknowledging the limitations of such evidence.



Table 6. Evolution of framework use across modernization waves.

Wave Stage

Primary Focus

Framework Usage

Observed Effect

Initial Adoption

Pattern Stabilization

Scaling Phase

Late Phase

Setup
Rule tuning
Expansion

Refinement

Low—Medium
Medium
High
High

Extra workload
Reduction begins
Predictability

Smooth workflows

Table 7. Comparison of major risk categories before and after automation.

Risk Category

Manual Context

With Automation

Change

Operational Risk
Technical Risk
Schedule Risk

Compliance Risk

High

High

High
Medium

Lower
Medium
Medium
Medium

Reduced
Moderated
Improved
Stable
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Figure 2. Layered architecture of an automated migration framework embedded in an enterprise environment. Each layer aggregates a small number of tightly related responsibilities
to keep the visual structure compact: discovery adapters collect information from runtime environments, analysis and classification operate over code and configuration, transformation
engines synthesize artifacts, orchestration coordinates movement into target runtimes, and governance defines policies and controls. Context nodes around the stack indicate key integration
points, with dashed arrows representing data and policy exchanges that support but do not dominate the main vertical flow. The emphasis on short local connections and a limited number
of arrows aims to reflect how many real world frameworks are organized into relatively clear strata while still interacting with existing platforms and governance mechanisms.

Observed Modernization Risk

Automation C.

overage

Figure 3. Conceptual relationship between automation coverage and observed modernization risk across successive waves of an enterprise program. Each point aggregates multiple
applications into a single representative position, highlighting how risk tends to decrease as automated migration capabilities become more pervasive, while acknowledging that the trend
is neither strictly linear nor uniform. Icons signal a shift from legacy centric work patterns in early manual waves toward increasingly platform oriented and cloud oriented practices as
frameworks mature. The number of graphical elements is kept small to avoid visual clutter and to focus attention on the gradual change in risk rather than on precise quantitative values.



Table 8. Segments in a portfolio and their alignment with automated migration frameworks.

Portfolio Segment ~ Complexity Level

Automation Fit

Notes

Monolithic Apps High Medium Some patterns reusable
Service Clusters Medium High Good rule alignment
Batch Systems Medium Medium Dependency mapping helpful
Regulated Apps High Medium Governance effects
Small Utilities Low Medium—High Quick transformations

Table 9. Summary trends from measurement dimensions.

Measurement Dimension Indicator Trend Comment
Process Complexity Task count Down Fewer manual steps
Technical Complexity Manual code edits Down Rule reuse
Operational Stability Migration incidents Down Standardized flows
Workload Distribution Early phase effort Up initially Adoption curve

The measurement framework does not attempt to control
all confounding factors that influence modernization outcomes.
Different systems naturally exhibit different inherent complex-
ity, and organizations vary in their maturity of delivery prac-
tices, monitoring, and governance. Instead of claiming com-
prehensive causal attribution, the framework is used to identify
plausible relationships between the introduction of automated
migration frameworks and observed changes in complexity and
risk indicators. The analysis is therefore interpretive and com-
parative rather than experimental, relying on triangulation be-
tween quantitative trends and qualitative observations.

An important aspect of the assessment approach is the tem-
poral perspective. Modernization programs span months or
years, and the effects of automation may evolve over time (12).
Early in adoption, for instance, teams may need to invest addi-
tional effort in configuring frameworks, developing rules, and
integrating with existing systems. This can temporarily increase
process complexity and offset some of the expected efficiency
gains. Over subsequent waves, as reusable components ma-
ture and patterns are standardized, indicators may shift. The
measurement framework accounts for this by comparing early
and later waves of modernization where the same framework is
used, as well as by comparing different degrees of automation
across similar timeframes.

The approach also considers the granularity at which au-
tomation is applied. Some frameworks focus mainly on static
analysis and discovery, providing inventories and dependency
maps that support manual planning. Others extend into code
transformation and environment generation, automating larger
portions of the migration path. Still others incorporate regres-
sion validation, traffic replay, and monitoring integration, re-
ducing manual effort during verification. By examining indica-
tors across these different configurations, the assessment seeks
to identify which parts of the modernization lifecycle appear
most amenable to automation with respect to complexity and
risk (13).

4. Automated Migration Framework Architecture and
Usage Patterns

Automated migration frameworks, as observed in enterprise
modernization programs, typically follow a layered architec-
ture that mirrors the phases of modernization. At the founda-
tion is a discovery and inventory layer, responsible for collect-
ing information about applications, infrastructure, and depen-
dencies. This layer often integrates scanners for source code
repositories, configuration stores, runtime environments, and
network paths. The output is a catalog of applications and com-
ponents, annotated with attributes such as technology stacks,
deployment environments, resource utilization, and external
interfaces. Automated collection reduces the need for man-
ual surveys and minimizes the risk of overlooking systems that
have evolved outside formal processes.

Above the discovery layer sits an analysis and classifica-
tion layer. Here, the framework applies rules and heuristics to
interpret the collected data and to classify applications into cat-
egories that matter for modernization decisions. For example,
rules may identify applications that are predominantly stateless
and suitable for containerization, systems with strong database
coupling that may require data layer refactoring, or components
that rely on unsupported libraries and may need code level
changes. The classification layer may also estimate relative
migration effort based on features such as codebase size, tech-
nology diversity, and dependency complexity (14). These esti-
mates are typically coarse, but they provide a structured start-
ing point for planning discussions.

A third layer focuses on transformation and artifact genera-
tion. In this layer, the framework generates deployment scripts,
infrastructure templates, configuration files, and, in some cases,
code modifications that adapt applications to target environ-
ments. For example, the framework may produce container
definitions, continuous integration pipelines, or environment
specific configuration overlays. Code transformations can in-
clude updating framework versions, modifying configuration
patterns, or inserting adapters for logging and telemetry. These
transformations are usually governed by rule sets that encode
common migration patterns and constraints.

The uppermost layers of the framework involve orchestra-



tion and validation. Orchestration components connect the frame-
work outputs to execution environments, such as build systems,
deployment platforms, and test harnesses. They coordinate
the sequencing of tasks such as building artifacts, provision-
ing infrastructure, deploying applications, running test suites,
and performing cutover (15). Validation components collect
results from tests, runtime monitoring, and user feedback, feed-
ing them back into the framework and into project governance
channels. This helps ensure that automated transformations are
evaluated systematically and that exceptions are documented.

Usage patterns for such frameworks vary across organiza-
tions and programs. In some cases, the framework is used pri-
marily as an advisory tool, where discovery and analysis out-
puts are consumed by architects who then design bespoke mi-
gration plans. In this pattern, the framework reduces the effort
required to gather and structure information but does not di-
rectly execute migration tasks. In other cases, the framework
is integrated deeply into delivery workflows, with developers
and operations engineers relying on generated artifacts as the
default starting point for application onboarding to new plat-
forms. In these scenarios, manual work tends to focus on cus-
tomizing generated artifacts and handling exceptions that do
not fit predefined patterns.

Another variation in usage concerns the degree to which
frameworks are centralized versus distributed. Centralized frame-
works are maintained by a dedicated platform or modernization
team that governs rules, templates, and integrations for the en-
tire organization (16). This can support consistency and reduce
duplication of effort, but it can also introduce queues and gov-
ernance steps when changes to the framework are needed. Dis-
tributed usage patterns allow domain teams to adapt and extend
frameworks locally, creating specialized rule sets or pipelines
for their contexts. While this can increase responsiveness, it
may also lead to variations that complicate cross portfolio over-
sight.

From the perspective of complexity and risk, these archi-
tectural and usage patterns are relevant because they shape how
automated frameworks influence modernization activities. For
example, a framework that automates discovery and classifica-
tion but leaves transformation largely manual may reduce pro-
cess complexity associated with early planning, while still re-
lying on manual expertise for detailed design. A framework
that automates both transformation and validation may shift
complexity into the initial configuration and into the manage-
ment of rule sets, while reducing repetitive manual tasks dur-
ing execution. Centralized frameworks can reduce local deci-
sion points at the cost of introducing global coordination steps,
whereas distributed frameworks may increase local autonomy
but require more effort to ensure alignment with organization
wide standards.

In practical terms, the introduction of an automated migra-
tion framework often requires changes to existing processes
and roles. Teams must decide how to align framework outputs
with existing architectural review boards, release processes, and
compliance checkpoints (17). For example, automatically gen-
erated infrastructure templates may need to pass through se-
curity review, and pattern based code transformations may re-

quire static analysis and code review before they are accepted
into mainline branches. These integrations can introduce addi-
tional steps initially, particularly when governance processes
were designed around manual workflows, but over time they
can also support more repeatable and auditable modernization
paths.

A further aspect of usage is the learning curve and percep-
tion of control among practitioners. Engineers responsible for
legacy systems may initially view automated frameworks as
opaque tools that generate artifacts without sufficient expla-
nation. If the framework does not provide clear traceability
between input analysis, rules applied, and outputs produced,
users may be reluctant to trust generated configurations or code
changes. To address this, frameworks often include features
that surface rule applications, allow parameterization, and sup-
port incremental adoption where teams can inspect and modify
generated artifacts before applying them. The extent to which
such features are used influences the impact of the framework
on both complexity and perceived risk.

5. Empirical Observations from Modernization Initia-
tives

The assessment of automated migration frameworks in this pa-
per draws on observations from multiple enterprise modern-
ization initiatives that differ in domain, scale, and technology
stacks but share common structural characteristics. In each ini-
tiative, modernization efforts were organized into waves that
targeted clusters of applications related by business function
or technology affinity (18). Automated migration frameworks
were introduced at different stages, allowing comparison be-
tween manual and more automated waves under broadly simi-
lar organizational conditions.

In initiatives where modernization began before the intro-
duction of an automated framework, initial waves relied pri-
marily on manual discovery and planning. Teams conducted
workshops with application owners, examined documentation,
and executed ad hoc scripts to identify dependencies and con-
figuration details. Work item records from these waves show
a high proportion of tasks related to information gathering and
verification, with repeated activities for each application. Pro-
cess complexity indicators such as the number of distinct man-
ual task types and the number of coordination steps between
teams were relatively high. Technical complexity indicators,
such as the number of technologies per application and the de-
gree of coupling, reflected the inherent structure of the systems
and did not differ substantially from later waves, but the effort
required to map these structures was significant.

As automated discovery and analysis capabilities were in-
troduced, the number of tasks dedicated to manual inventory
and dependency mapping decreased. Framework scanners pro-
duced application catalogs and dependency graphs that could
be reviewed by architects and application owners. In subse-
quent waves, work item records show fewer tasks for exploratory
discovery and more tasks focused on interpreting framework
outputs and making decisions based on them (19). The total
number of documented tasks per application decreased, and



the ratio of manual discovery tasks to decision and design tasks
shifted. While the underlying technical complexity of the sys-
tems remained, the process complexity associated with under-
standing that complexity became more structured.

In initiatives that adopted transformation and artifact gen-
eration capabilities, additional changes in indicators were ob-
served. For applications that aligned with common patterns
encoded in the framework, a substantial fraction of deployment
and configuration artifacts were generated automatically. Teams
reported that for these applications, between 40% and 60% of
the initial configuration for target environments could be pro-
duced without manual scripting. Work item data indicate a re-
duction in repetitive configuration tasks and a concentration of
manual effort on customizing generated artifacts and handling
edge cases. However, for applications with highly specialized
requirements or nonstandard integrations, the contribution of
automated generation was smaller, and manual work remained
central.

Operational risk indicators during migration also show dif-
ferentiated patterns (20). In waves executed without an auto-
mated framework, incident records during cutover periods in-
clude a range of issues related to misconfigured environments,
missing dependencies, and manual execution errors in runbooks.
Change failure rates were relatively high, with a nontrivial pro-
portion of deployments requiring rollback or emergency fixes.
In later waves where deployment pipelines and configuration
templates were standardized through a framework, the frequency
of such issues decreased for applications that conformed to
common patterns. For these applications, change failure rates
dropped by proportions ranging from roughly 20% to 35% com-
pared to earlier waves, and mean time to restore service after
migration related incidents shortened, as standard rollback and
remediation procedures were encoded in pipelines.

At the same time, new categories of issues emerged that
were linked to the automation layer. For example, in some
cases, misinterpretation of framework parameters led to gen-
erated configurations that were syntactically correct but did
not match desired capacity or resilience characteristics. When
such configurations were propagated systematically through au-
tomated pipelines, the resulting incidents affected multiple com-
ponents. Although these issues were typically detected during
preproduction testing, they illustrate how automation can am-
plify the impact of configuration errors. Once identified, up-
dating framework rules and templates allowed corrections to
be applied consistently across affected systems, but the initial
discovery required careful analysis (21).

Another observation relates to the temporal distribution of
effort. In manual waves, effort profiles over time show signifi-
cant activity during late phases, especially near cutover, when
manual configuration and verification tasks peak. With auto-
mated frameworks in place, some of this effort shifted earlier,

into the configuration of framework rules, the creation of reusable

templates, and the setup of pipelines. This front loading of

work sometimes created the perception that automation increased

initial workload, particularly in early adoption waves where
teams were learning the framework. Over subsequent waves,
as reusable components matured, the incremental effort per

application tended to decrease, and teams reported more pre-
dictable schedules, although this perception varied depending
on the degree of variability in application characteristics.

Qualitative feedback from practitioners provides additional
context to these quantitative trends. Architects emphasized
that automated discovery and classification improved the trans-
parency of portfolios, enabling more consistent discussions about
migration priorities and strategies. They also noted that frame-
work outputs sometimes revealed hidden dependencies or tech-
nology usage patterns that were not captured in existing docu-
mentation. Developers and operations engineers appreciated
the reduction in repetitive scripting for standardized compo-
nents but expressed caution about overreliance on generated
artifacts without sufficient review (22). They highlighted the
importance of maintaining the ability to override or customize
framework outputs for specific cases.

Ininitiatives where frameworks were integrated tightly with
governance processes, such as security review and compliance
checks, process complexity indicators evolved in nuanced ways.
On one hand, the number of ad hoc review steps decreased be-
cause standard templates could be assessed once and reused.
On the other hand, the introduction of centralized rule manage-
ment required new coordination between platform teams and
application teams when changes to the framework were neces-
sary. This added a layer of organizational complexity, though
it also provided a structured mechanism for addressing cross
cutting concerns.

Overall, the empirical observations suggest that automated
migration frameworks influence the structure rather than the ex-
istence of complexity and risk in modernization efforts. They
tend to reduce certain types of repetitive manual tasks and make
some aspects of risk more predictable by encoding patterns into
rules and pipelines. At the same time, they introduce a new set
of artifacts and coordination needs that must be managed care-
fully. The balance of these effects depends on the characteris-
tics of the systems being migrated, the design of the framework,
and the way it is integrated into existing processes (23).

6. Discussion: Impact on Complexity, Risk, and Or-
ganizational Practice

The observations summarized in the previous section provide
a basis for discussing how automated migration frameworks
affect complexity and risk at multiple levels. One way to inter-
pret the findings is to distinguish between intrinsic complexity,
which arises from the structure and behavior of legacy systems
and target environments, and extrinsic complexity, which is as-
sociated with the processes, tools, and organizational arrange-
ments used to manage modernization. Automated frameworks
do not remove intrinsic complexity, but they can reshape ex-
trinsic complexity by organizing how intrinsic complexity is
discovered, represented, and acted upon.

In terms of process complexity, frameworks appear to trans-
form a portion of manual, loosely structured tasks into more
standardized activities. Automated discovery reduces the need
for repeated manual inventory tasks, and standardized classi-
fication schemes provide a more uniform basis for planning.



This can reduce the number of distinct task types and coordi-
nation steps required for each application, especially in portfo-
lios with many similar systems. However, the introduction of
the framework itself adds setup and maintenance tasks, such as
managing rule sets, aligning templates with evolving platform
capabilities, and handling exceptions. These tasks are less fre-
quent but often more specialized, requiring expertise in both
legacy and target technologies as well as in the framework it-
self.

From a technical complexity perspective, frameworks pro-
vide structured representations of dependencies and technol-
ogy usage, which can help teams reason about migration im-
pacts (24). Automated analysis can highlight tightly coupled
components, shared databases, and unusual integration patterns,
enabling architects to make more informed decisions about se-
quencing and risk mitigation. Code transformation capabili-
ties, where applicable, can reduce the manual effort required
to apply certain changes across codebases. Nevertheless, these
transformations are limited by the scope and correctness of
the rules encoded in the framework. For systems that deviate
from expected patterns, the value of automated analysis may
be lower, and manual inspection remains necessary.

Operational risk is influenced by both the standardization
that frameworks bring and the potential for systemic errors in
automated pipelines. Standardized deployment and validation
pipelines can reduce the likelihood of omissions and inconsis-
tencies in configuration and testing, leading to lower rates of
environment related incidents and more consistent handling
of failures. At the same time, errors in frameworks or mis-
configured parameters can propagate quickly across many sys-
tems, creating concentrated risk. The observations indicate
that while such incidents do occur, the ability to update frame-
work rules and apply corrections systematically can help limit
long term impact, provided that monitoring and feedback loops
are in place.

The interplay between automation and organizational prac-
tice is particularly important (25). Where frameworks are in-
troduced as part of a broader evolution in delivery practices,
including improvements in version control, automated testing,
and monitoring, their impact on complexity and risk tends to be
more positive. In contexts where underlying practices remain
largely manual, frameworks may be perceived as external tools
that add overhead without fully integrating into existing work-
flows. This suggests that the success of automated migration
frameworks depends not only on technical design but also on
how they are positioned within organizational processes and
governance structures.

Another dimension of the discussion concerns the distribu-
tion of expertise. Automated frameworks encapsulate migra-
tion knowledge in rule sets and templates, which can help dif-
fuse expertise beyond a small group of specialists. Less expe-
rienced teams can rely on predefined patterns and pipelines to
carry out standard migrations, while experts focus on complex
or exceptional cases. This can mitigate resource constraints in
large programs. On the other hand, there is a risk that teams
may become dependent on framework outputs without fully un-
derstanding underlying principles, which could limit their abil-

ity to adapt to novel situations. Maintaining a balance between
leveraging encoded knowledge and fostering ongoing learning
is therefore an important consideration (26).

The temporal aspects of framework adoption also influence
perceived benefits. Early adoption phases often involve over-
lapping activities: teams must continue delivering migrations
using existing methods while simultaneously configuring and
validating the framework. This can create a temporary increase
in workload and process complexity. Over time, as patterns sta-
bilize and reusable components mature, the marginal cost of
applying the framework to additional applications decreases.
The observations suggest that organizations that account for
this adoption curve in their planning and expectations are better
positioned to realize stable benefits.

Limitations in the assessment should also be acknowledged.
The initiatives considered in this paper vary in context, and
the indicators used capture only part of the relevant factors.
For example, the analysis does not quantify user satisfaction,
long term maintainability of migrated systems, or the full eco-
nomic costs associated with framework development and oper-
ation. Furthermore, the qualitative data relies on retrospective
accounts that may be influenced by local narratives and per-
spectives (27). These limitations do not invalidate the observed
patterns but indicate that the findings should be interpreted as
indicative rather than definitive.

Finally, the discussion has implications for the design of au-
tomated migration frameworks themselves. The need for trans-
parency in how analyses and transformations are applied sug-
gests that frameworks should provide traceability from inputs
to outputs, enabling users to understand and adjust decisions.
The observed importance of context specific exceptions indi-
cates that frameworks should support configurable rule scopes
and override mechanisms rather than enforcing uniform behav-
ior in all cases. The existence of systemic risk associated with
automated pipelines underscores the value of staged rollouts,
validation checkpoints, and monitoring to detect and address
unintended effects early.

7. Conclusion

This paper has examined the impact of automated migration
frameworks on complexity and risk in enterprise moderniza-
tion efforts using an engineering oriented assessment approach.
By defining indicators for process complexity, technical com-
plexity, and operational risk, and by applying these indicators
to observations from multiple modernization initiatives, the pa-
per has explored how automation reshapes the structure of mod-
ernization work rather than eliminating complexity outright.
The analysis suggests that automated discovery, analysis, and
artifact generation can reduce certain categories of repetitive
manual tasks and make some aspects of risk more predictable,
particularly for applications that conform to common patterns
captured in framework rules and templates.

At the same time, automated migration frameworks intro-
duce their own forms of complexity and risk (28). They add a
layer of artifacts that must be configured, maintained, and gov-
erned, and they can amplify the consequences of configuration



errors or rule misinterpretations when applied systematically
through pipelines. The balance between reduced manual ef-
fort and added framework related complexity depends on fac-
tors such as the diversity of legacy systems, the maturity of
surrounding delivery practices, and the way frameworks are
integrated into organizational processes. Adoption tends to in-
volve an initial period of increased workload as frameworks
are established and aligned with existing governance structures,
followed by potential efficiency gains as reusable components
mature.

The discussion in this paper highlights that the effective-
ness of automated migration frameworks is closely tied to trans-
parency, configurability, and alignment with organizational prac-
tices. Frameworks that provide clear traceability, support con-
text sensitive overrides, and integrate with established engi-
neering workflows are better positioned to support moderniza-
tion programs without introducing excessive additional com-
plexity. Organizations considering or using such frameworks
may therefore benefit from focusing not only on technical ca-
pabilities but also on how frameworks are governed, how ex-
pertise is distributed, and how feedback from modernization
waves is used to refine rules and processes.

Future work could extend the assessment presented here by
incorporating additional dimensions, such as cost metrics, long
term maintainability indicators, and user experience measures,
and by exploring more systematic comparisons across differ-
ent types of frameworks and organizational contexts. Longitu-
dinal studies that track modernization programs over multiple
years could provide further insight into how the role of automa-
tion evolves as legacy portfolios change and as target platforms
mature. While this paper does not claim comprehensive cov-
erage of all aspects of modernization, it provides a structured
perspective on the ways in which automated migration frame-
works interact with complexity and risk, offering a basis for fur-
ther investigation and informed decision making in enterprise
settings (29).
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