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Abstract

Enterprise resource planning (ERP) Central Component (ECC) systems continue to play a core role in all
types of enterprises; nevertheless, their dependence on old-fashioned hardware has led to severe
performance, scalability, and security constraints. With the pace of digital transformation, businesses are
under growing pressure to move the workloads of the outdated SAP ECC systems of the old, on-premise
infrastructures to the new, high-performance data centers. This study will look into the transformation
process, the strategies, and the challenges encountered in ensuring integrity, security, and continuity of
operations during the migration process. The study intends to address three main questions: (1) How can
SAP ECC systems be successfully migrated to the modern infrastructures without losing data reliability?
(2) How can one create the most secure migration process, and (3) How is modernization the most effective
way to promote performance, scalability, and resilience? The study will use a mixed-method design,
combining quantitative performance measures with the qualitative data based on case studies of companies
that have modernized SAP ECC. The results show that strategic migration systems with encryption, real-
time replication, and virtualization systems significantly decrease latency, increase fault tolerance, and
eliminate the dangers of data corruption. Additionally, implementing hybrid or cloud-based data center
designs promotes scalability continually and enhances cybersecurity positioning. These findings highlight
the need to combine performance optimization with data protection measures, and it is a systematic
approach to the modernization of SAP ECC presented to enterprises that want to go green.

Keywords: SAP ECC, Data Center Modernization, Data Integrity, System Migration, Operational
Resilience, Scalability, Cybersecurity.

1. INTRODUCTION
1.1 Background of SAP ECC Systems and Enterprise IT Evolution

SAP ERP Central Component (ECC) has been considered one of the most fundamental
enterprise resource planning (ERP) systems worldwide. It offers the foundation of
financial, logistical, and operational processes of industries globally. Having been initially
designed to be deployed on dedicated on-premises servers, SAP ECC depends on high-
static hardware settings and restricts its ability to become flexible, respond quickly, and
be secure in a time where the world is rapidly changing due to digital transformation
(Haryadi, Wijayanti, and Widyastuti, 2022). Due to the continual change of organizations
in more complex technological environments, the reliance on legacy infrastructure has
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introduced limitations on operation, which obstruct innovation and scalability (Berkman et
al., 2023).

The contemporary data centers based on virtualization, cloud orchestration, and
distributed computing are very advantageous compared to the old server-based
environment. They allow resources, elastic scaling, automated and improved security
measures (Mondal et al., 2023). As a result, companies are increasingly shifting mission-
critical applications like SAP ECC to a hybrid or entirely cloud-based architecture that
would fulfill performance requirements and offer resilience (Cheng et al., 2024). This
change goes with a general trend towards operational modernization and sustainable IT
ecosystems that achieve efficiency and resilience (Holgado et al., 2024; Galaitsi et al.,
2023).

Nonetheless, the process of modernization is not that smooth. Moving a complex system
like SAP ECC is also associated with significant risks, especially data integrity,
cybersecurity, and systems reliability (Pandey et al., 2020; Altulyan et al., 2023). Since
the companies' business strategies are moving towards a choice between cutting down
on expenses and ensuring safe and stable infrastructure, the importance of the organized
mechanisms of migration becomes clear. SAP ECC modernization is more of a success
that requires upgrading both hardware and software and effective management of
mutually reliant processes in digital environments (Akbari, Lopes, and Martins, 2024).

1.2 Problem Statement: Challenges of Legacy Infrastructure

The old systems create a severe setback in ensuring the ongoing optimization of SAP
ECC systems. All these environments are typically supported by old processors, inflexible
storage, and constrained network throughput, all of which restrict the performance of
operations (Berkman et al., 2023). Besides, there is a higher risk of being targeted by
cyber threats because legacy systems lack sophisticated encryption schemes, proper
patching, and provide no proactive monitoring systems (Alquwayzani, Aldossri, and
Frikha, 2024; Taherdoost, 2022).

With the move towards modern business architecture, data integrity during migration has
become a significant concern. Data corruption, unauthorized access, and inadequate
synchronization may affect the business continuity and regulatory standards (Altulyan et
al., 2023). Moreover, cybersecurity risks increase when sending sensitive enterprise data
to a hybrid or cloud environment (Fernandez De Arroyabe et al., 2023; Neri, Niccolini,
and Martino, 2024). Such issues are enhanced by the increased need for real-time
analytics and high availability, which is not feasible on the old hardware (Hu, Jianguo,
and Tzeng, 2018).

These challenges include aging infrastructure, increasing cyber threats, and growing
performance demands, which demonstrate an urgent need for a structured and resilient
transformation strategy of SAP ECC systems. In the absence of modernization,
organizations may be subjected to operational ineffectiveness, loss of data, and security
breach that may compromise productivity and trust of the stakeholders (Annarelli and
Nonino, 2016; Cheng et al., 2024).

Oct 2025 | 706



Tianjin Daxue Xuebao (Ziran Kexue yu Gongcheng Jishu Ban)/
Journal of Tianjin University Science and Technology

ISSN (Online):0493-2137

E-Publication: Online Open Access

Vol: 58 Issue: 10:2025

DOI: 10.5281/zenodo.17556695

1.3 Research Objectives and Questions

The proposed study will build a systematic insight into how businesses can safely and
effectively migrate SAP ECC systems off the old hardware to the new datacenters in a
way that does not disrupt business continuity. The central research questions of the study
are:

e To determine positive methods of migrating SAP ECC systems to traditional
infrastructures and modern data center infrastructures.

e To evaluate techniques for ensuring data integrity and security before, during, and
after system migration.

e To assess the effects that modernization has on the systems' performance,
scalability, and the general resiliency of their operations.

In this regard, the study aims to provide answers to the following questions:

1. What is the best way to migrate SAP ECC systems to the current data center
infrastructures without leaving the legacy systems?

2. How does the data integrity and security of the data prior to and following the
migration process?

3. What are modernization's benefits? What are the benefits of improving system
performance, scalability, and resilience?

These queries steer the research into a comprehensive model encompassing
performance optimization, data protection, and organizational resilience (Cheng et al.,
2024; Holgado et al., 2024).

1.4 Significance of the Study

The current research adds to the discussion on the digital transformation and
modernization of enterprise IT by suggesting a performance- and security-driven model
of SAP ECC migration. The literature on modernization has addressed the issue in an
isolated setting, whether by improving infrastructure (Berkman et al., 2023) or the
resilience of cybersecurity (Alquwayzani et al., 2024), without a unified approach to these
aspects.

This study builds upon the body of literature on transforming enterprise systems by
considering data integrity, scaling of the system, and resilience to operational failures
simultaneously. It also gives practical recommendations to IT leaders, architects and
policymakers engaged in strategic modernisation of ERP systems. In addition, it
highlights the compatibility of digital infrastructure and organizational resilience, which is
highlighted by Cheng et al. (2024) and Galaitsi et al. (2023) in their different works on
operational continuity and adaptive management.

The results of the paper will be informative to the theoretical knowledge and practical
application, including the basis of creating enterprise-wide strategies to facilitate safe and
sustainable modernization of legacy SAP ECC systems.
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1.5 Structure of the Paper

This paper follows the IMRAD structure:

Section 2 (Literature Review) synthesizes existing scholarship on SAP ECC
migration, data center modernization, and data integrity frameworks.

Section 3 (Methodology) details the research design, case selection, and analytical
framework for assessing performance and security outcomes.

Section 4 (Results and Analysis) presents empirical findings and comparative
performance indicators.

Section 5 (Discussion) interprets these findings in light of existing literature, offering
strategic recommendations.

Section 6 (Conclusion and Recommendations) summarizes key insights and
outlines directions for future research.

Conceptual Framework for SAP ECC Transformation
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Figure 1: Conceptual Framework for SAP ECC Transformation
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2. LITERATURE REVIEW
2.1 Overview of SAP ECC and Enterprise System Dependencies

The SAP ERP Central Component (ECC) has been a sustainable and ubiquitous
enterprise resource planning base, supporting most large companies' finance,
procurement, manufacturing, and supply-chain operations. Its design and
interdependence between modules are meant to accomplish the transactional integrity
and built-in business processes. However, the initial deployment of many SAP ECC
systems was sized and configured with non-scalable on-premises hardware topologies.
ERP and enterprise systems studies note that the performance of the infrastructure:
hardware functionality, storage subsystems, network throughput, and backup/recovery
systems all have a direct impact on the transactional latency, batch window duration, and
availability of SAP ECC (Haryadi, Wijayanti, and Widyastuti, 2022; Berkman et al., 2023).
This dependency introduces path-dependent constraints: the fixed 1/0 expectations, low
level of virtualization, and custom backup routines in the legacy architecture assumptions
embedded in the ECC implementations are the causes of the lack of capability of
combining legacy operational practices with modern ones without significant re-
engineering (Huang et al., 2024; Mondal et al., 2023).

2.2 Legacy Hardware Constraints: Performance and Maintenance Issues

There are three general categories of constrained performance under modern workloads,
escalating maintenance complexity and cost, and heightened vulnerability to security
breaches related to old firmware and unsupported hardware, which have always been
recorded in the literature. Empirical and applied engineering research demonstrates that
bottlenecks in transactional and reporting workloads occur due to old processors, limited
parallelism, and single storage arrays monoliths - they show themselves in the form of
increased latency, a larger batch processing window, and reduced concurrency (Berkman
et al.,, 2023; Hu, Jianguo, and Tzeng, 2018). Operationally, legacy environments are
heavy maintenance burdens: they have a patching window that must be frequently
patched, custom contingency plans, and have parts and expert administrator lock-in.
Risk-wise, the legacy systems tend to be outdated in terms of endpoint protection and
are less integrated with continuous monitoring and automated threat detection, and this
increases the cybersecurity risk (Alquwayzani, Aldossri, and Frikha, 2024; Taherdoost,
2022). These not only add to the overall cost of ownership but also create challenges in
achieving high levels of availability and compliance needs mandated by modern
businesses (Pandey et al., 2020).

2.3 Data Center Modernization Trends and Technologies

According to the recent scholarship, several prevailing technology trends, which allow the
modernization of the data center, can be distinguished: virtualization and containerization,
hybrid architectures, software-defined networking (SDN), and multi-replica/distributed
transaction systems. Container platforms and virtualization also decouple application
stacks and make them hard-determined and stack-fixed, allowing them to be elastic and
provisioned more quickly (Mondal et al., 2023). Hybrid and multi-clouds enable
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organizations to strike a balance between regulatory and latency limits and use cloud
elasticity to meet peak loads (Cheng et al., 2024). Distributed transaction processing and
multi-replica database techniques can achieve higher availability and lower failover time
of transactional systems; the surveys of replication and multi-replica processing
technologies indicate trade-offs between consistency and throughput and latency that
have a direct impact on ERP migration strategies (Huang et al., 2024). Sustainability also
guides research into energy optimization of contemporary data centers. Sustainability-
oriented research considers the operational cost and carbon footprint minimization in
addition to providing superior density and redundancy (Mondal et al., 2023). Together, all
these technologies establish a condition where SAP ECC workloads can be re-hosted,
re-platformed, or re-architected with a real increase in agility, should the migration be
carefully done, considering data integrity and operational dependencies.

2.4 Data Integrity and Security Concerns During System Migration

The first area mentioned that has been referred to several times is data integrity and
security, which has posed a considerable impediment to ERP migration. Migration can
bring about various failure modes: incomplete capture of data, change of schema,
replication, and unauthorized data disclosure on transit, or transient states. The emphasis
on data integrity makes it the subject of research when it is stressed that cryptographic
verification is the means to ensure that the data after migration is loyal (Altulyan et al.,
2023; Pandey et al., 2020). At the cybersecurity level, the new research highlights the
importance of a sound identity/access management, encryption-in-transit and at-rest,
patch hygiene, and secure configuration baselines to minimize the attack surface
throughout the process of migration (Alquwayzani et al., 2024; Taherdoost, 2022;
Fernandez De Arroyabe et al., 2023). According to the empirical surveys on
organizational preparedness concerning cybersecurity, the level of spending on
monitoring and responding to incidents is linked to fewer impacts of breaches- a
significant factor in the migration of critical ERP workloads by the enterprise (Neri,
Niccolini, and Martino, 2024; Fernandez De Arroyabe et al., 2023). Even the application
of blockchain and content-addressable storage (e.g., IPFS) as a complement to tamper-
evident provenance tracking is somewhat new (though, of course, that is not scaled to
massive ERP datasets, yet) (Altulyan et al., 2023; Haque et al., 2024).

2.5 Best Practices and Frameworks for SAP System Migration

Any literature-based best practice frameworks are reduced to a set of repetitive ideas:
staged migration (pilot > staged cutover > complete migration), properly developed pre-
migration profiling and capacity planning, automated testing (unit, integration, system-
level), and continued data validation, and rollback/ contingency planning (Haryadi et al.,
2022; Pandey et al., 2020). Studies outline the importance of preserving transactional
order and referential integrity in cutover and recommend using a dual-write pattern,
shadow table, or controlled freeze with reconciliation reports to ensure fidelity (Huang et
al., 2024). On governance, mapping the parallels between migration operations and
organizational resilience operations, such as business continuity management,
operational resilience planning, etc., aids in enhancing the probability of positive
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outcomes; this interaction of technical and management practices is available in the
literature of organizational resilience (Annarelli & Nonino, 2016; Galaitsi et al., 2023;
Cheng et al., 2024). According to the security-first migration plans, the endpoint
encryption, segregated migration networks, and incremental additions of privileges are
the tools of exposure reduction (Taherdoost, 2022; Alquwayzani et al., 2024).

2.6 Gaps in Existing Research

Despite the extensive literature on the relevant topics, little research has been conducted
to examine the optimization of performance, integrity of data assurance, and
cybersecurity in SAP ECC migrations simultaneously. The majority of the research is
conducted on either axis individually i.e., on the notion of infrastructure (performance and
energy efficiency) or on the notion of security preparedness and does not bring them
together as one migration framework that is particular to the transactional semantics of
the ERP (Berkman et al., 2023; Neri et al., 2024; Mondal et al., 2023). There are also no
longitudinal empirical designs that track the operational resilience post-migration over
years and low-overhead, code-scalable integrity verification methods (that can be applied
to extensive ERP data) (Altulyan et al., 2023; Pandey et al., 2020). Finally, provenance
and distributed ledger techniques based on blockchain can also potentially be used to
offer tamper evidence, although there is virtually no work on such techniques concerning
the scale of ERP migration to enterprise-scale (Altulyan et al., 2023; Khan et al., 2021).

Table 1: Summary of Key Literature on SAP ECC Migration and Modernization

Author N Relevance to SAP
(Year) Focus Area Methodology Key Findings ECC Migration
Hardware Demonstrates Highlights hardware
Berkman et | optimization for | Applied case performance gains from bottlenecks in
al. (2023) legacy study modernized processing legacy ECC
systems resources environments
. . Supports
Mondal et S;i%g f;ata Technical review rEelzﬁtéz i::csrllfﬁéuirrﬁsrove hybrid/cloud
al. (2023) centers & simulations scalabilit P strategies for ECC
y workloads
Altulyan et Data integrity Framework & Blockchairj can provide Useful for .

. d . tamper evidence, but has provenance, caution
al. (2023) via blockchain | experiments scalability trade-offs for ERP scale
Alquwavzani | Cloud securit Identifies common cloud Inform security

q y CUMY | Review article attack surfaces and controls during ECC
et al. (2024) | vulnerabilities mitigations migration
. Advocates checksums, Methods
Pandey et Healt_hcare_ Review & . auditing, and reconciliation | generalizable to
al. (2020) data integrity recommendations for integrity ERP data migration
Responsible : Emphasize operational Fram‘?s the
Cheng et al. Y Theoretical & Y organizational
2024) digital resilience and stakeholder
( ) : case analyses . aspects of ECC
implementation alignment modernization
Taherdoost | Cvbersecurit Comprehensive Outlines standards and Provides standards-
(2022) fr;lmeworks y revieSv implementation steps for based guidance for
security management migration security

Oct 2025 | 711



Tianjin Daxue Xuebao (Ziran Kexue yu Gongcheng Jishu Ban)/
Journal of Tianjin University Science and Technology

ISSN (Online):0493-2137

E-Publication: Online Open Access

Vol: 58 Issue: 10:2025

DOI: 10.5281/zenodo.17556695

3. METHODOLOGY

3.1 Research Design

This mixed-method study involves a case study analysis, performance analysis by
simulation, and synthesis of the migration schemes using qualitative methods.

The mixed-method approach enables considering not only quantitative indicators of
performance (e.g., latency, throughput, uptime) but also the qualitative features (e.g.,
resilience, governance practices, risk mitigation); accordingly, in a coherent manner
(Cheng et al., 2024; Annarelli & Nonino, 2016).

It consists of three steps of conducting the study:

1. Exploratory Phase: Listing and classifying migration strategies found in the literature
and white papers within the industry (Altulyan et al., 2023; Berkman et al., 2023).

2. Simulation Phase: The simulated workloads of ECC in the legacy and modernized
environment will be compared within the framework of the Performance
benchmarking to estimate the key measures of the key operations (Hu, Jianguo,
and Tzeng, 2018).

3. Analytical Phase: A comparison between the two environments' security position,
data integrity test, and scalability.

The given design will allow balancing the analysis of SAP ECC modernization's technical
and organizational aspects by triangulating the data sources.

3.2 Case Study Selection and Scope

It uses a representative enterprise-scale SAP ECC implementation as the pivotal case
environment. The criteria used to select the cases will be:

e Active use of SAP ECC 6.0 or later,
¢ Reliance on physical equipment on-prem or on partially virtualized hardware, and
e Arecent trend is modern hybrid or cloud-based data center migration.

Case data was collected by system configuration report, migration documentation as well
as post-migration auditing by the IT governance team of the enterprise.

The chosen business is in the manufacturing and logistics sphere, which is realistic with
regard to the mix of workload (financials, procurement, and supply-chain modules).

The case background is consistent with the current research that identifies manufacturing
and logistics as one of the industries with complicated ERP dependencies and high data
consistency demands (Haryadi, Wijayanti, and Widyastuti, 2022; Holgado et al., 2024).

The conclusions made based on this case can, therefore, be extrapolated to the rest of
the large businesses that are going through similar modernization processes.
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3.3 Data Collection Techniques

Primary and secondary sources were used to gather the data:

Primary Data:

e To gauge the CPU utilization, memory consumption, transaction latency and

response times, system performance logs and monitoring dashboards were

obtained before and after migration.

e The security incident reports were checked to assess the vulnerability trends pre-

and post-migration.

e |IT managers, SAP administrators, and cybersecurity officers were interviewed using
semi-structured interviews to learn about governance practices and migration

issues.

Secondary Data:

e Primary observations were complemented with peer-reviewed literature, industry

migration frameworks, and standards of cybersecurity (ISO/IEC 27001, NIST SP
800-53) (Taherdoost, 2022; Alquwayzani, Aldossri, and Frikha, 2024).

All the data collected was anonymized to ensure that organizational confidentiality was

not compromised.

Table 2: Data Sources and Metrics Used in Research

reconciliation scripts
between systems.

mismatch count.

process.

I Measurement Purpose and .
Data Source Description of Metrics / Rel Supporting
Type Data Collected etrics elevance to References
Parameters Study
Extracted from SAP | CPU utilization Quantitatively
ECC transaction (%), memory assess system
System monitors (STO3N) usage (_GB), efficiency and Berkman et al.
and system transaction compare )
Performance (2023); Hu et
Logs workload analyzers | latency (ms), hardware-level al. (2018)
across legacy and throughput (TPS), | performance '
modern and 1/0 wait time improvements
environments. (ms). post-migration.
Compiled from Number of Alguwayzani et
) . o . Evaluate changes
enterprise IT audit incidents, severity in cvbersecurit al. (2024).
Security records and levels (CVSS y y Fernandez De
. i X posture and
Incident vulnerability scores), time to - Arroyabe et al.
' incident response i
Reports assessment reports | detection (hours), - . (2023);
; efficiency following
before and after patch compliance modernization Taherdoost
migration. rate (%). ' (2022)
R:r?é)rrgtz grﬁ om Checksum Measure the
9 accuracy rate (%), | reliability and Pandey et al.
. checksum - ’
Data Integrity e data loss consistency of (2020);
. verification, data .
Validation Logs replication loas. and percentage (%), data during and Altulyan et al.
b gs, and transaction after the migration | (2023)
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Technical System
documentation, configuration Provide contextual
Configuration including versions, and procedural Haryadi et al.
and Migration architecture migration timeline | insight into the (2022); Cheng
Documentation diagrams, system (hours), downtime | migration et al. (2024)
topology, and (minutes), rollback | execution process.
migration runbooks. | success rate (%).
. Coded themes: Capture expert
Semi-structured . )
; . . governance, risk perspectives and
interviews with IT erception managerial Holgado et al
Qualitative managers, SAP perception, manag 9 i o
: O migration insights to (2024); Galaitsi
Interviews administrators, and
) challenges, complement et al. (2023)
cybersecurity o L
; _ resilience quantitative
officers (n=12). :
strategies. results.
P eer-rewe_wed Establish Taherdoost
journal articles, SAP ; )
. . theoretical (2022);
Secondary white papers, and Not applicable . .
: . grounding and Annarelli &
Literature and cybersecurity (contextual and - . . )
. align findings with | Nonino (2016);
Standards frameworks (ISO theoretical).
. global best Cheng et al.
27001; NIST SP ractices (2024)
800-53). P :

Table 2 provides an overview of system metrics, audit data, and qualitative interview
sources analyzed throughout the study.

3.4 Simulation and Performance Evaluation

SAP ECC modules were benchmarked with standardized workload simulations that
represent daily transactional loads (purchase orders, journal entries, production runs) to
make sure that they could be compared. Two settings were set up:

e Legacy Environment: This is a deployed environment on traditional rack-mounted
servers with direct-attached storage (DAS) and fixed network routing.

e Organizations can implement the system in the modern environment, which implies
working in a deployed virtualized cluster with storage-area networking (SAN),
container orchestration, and dynamic load balancing.

Throughput (TPS), latency, I/O wait and CPU utilization are performance parameters
measured by both SAP internal benchmarking (STO3N and workload monitor) and third-
party monitoring systems.

Checksum verification and record-level reconciliation were used to verify data integrity
(Pandey et al.,, 2020; Altulyan et al., 2023). The resilience measurement was done
through fault injection scenarios, which mimicked hardware and network failures.
Operation resilience was measured by computing the mean recovery time and transaction
replay success rate (Cheng et al., 2024; Galaitsi et al., 2023).

3.5 Data Analysis Approach

Simulation-generated quantitative results were statistically processed using paired t-tests
and variance analysis (ANOVA) to reveal the presence of significant variations between
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pre- and post-migration measures. This assisted in establishing the effects of
modernization on the throughput, latency, and cost-effectiveness (Berkman et al., 2023).

Qualitative data (interviews) were interpreted in thematic coding with NVivo software to
reveal the common themes in migration governance, perceived risks, and mitigation
strategies (Holgado et al., 2024). The combination of the two datasets led to a cross-
validated interpretation through which the technical performance and managerial
practices were correlated.

To guarantee the reliability of the research, the data analysis procedures were peer-
reviewed by two independent IT auditors and matched the accepted standards of
research validity (Taherdoost, 2022).

3.6 Ethical Considerations

Since real-enterprise data were used in this study, rigid ethical and information protection
measures were observed. Data extraction was done with organizational consent.
Anonymization of sensitive configuration files and user logs was done. General Data
Protection Regulation (GDPR) and other data management laws were adhered to
throughout the process.

Also, the purpose of the research was to inform the system administrators bearing in mind
that the migration process would not be interrupted or subjected to any extra risk during
data collection. Ethical approval is in line with the concept of transparency, confidentiality,
and non-maleficence in the field of applied information systems research (Fernandez De
Arroyabe et al., 2023).

3.7 Research Limitations
Although the mixed-method approach offers a solid framework, it has some limitations.

First, the simulation-based evaluation might fail to reflect all variations in the real world of
multi-tenant or geographically dispersed data centers. Second, auditing of the security
incidents was retrospective and based on the accuracy of the internal audit. Lastly, the
case study discusses SAP ECC,; it should be emphasized that the results cannot be
extrapolated to other ERP systems (e.g., Oracle E-Business Suite or Microsoft
Dynamics). The drawbacks notwithstanding, quantitative and qualitative findings
triangulating enhance the validity and reliability of the obtained results, which will be the
well-rounded foundation of the further analysis in Section 4 (Results and Discussion).

4. RESULTS AND ANALYSIS

4.1. Overview of Migration Scenarios and Implementation Stages

The migration process was implemented in three unique phases: transition and
stabilization. Base line system diagnostics were performed during the assessment stage
with the view to capturing legacy performance benchmarks, bottlenecks in hardware and
the degree of data storage fragmentation. The transitional phase entailed the
implementation of virtualized infrastructure in the contemporary data center setup
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including clustered computer nodes, network segmentation and dynamic load balancing
systems.

Lastly, post-migration fine-tuning and optimization was done at the stage of stabilization.
These covered adding kernel parameters, optimizing database queries, and reconfiguring
backup and replication processes. These phases have ensured the SAP ECC workloads
are transformed systematically and that less time is wasted, and business is not affected.

This theatrical method was efficient in sustaining continuity of data, integrity of replication
and expressing a controlled stream of migration between the old environment to the new
one.

4.2. Post Migration Performance Metric Evaluation.

The assessment of quantitative performance indicators revealed a significant
improvement in all the measured indicators after migration. The throughput of the
averages was up by 43 percent, whereas the system latency was cut by 38 percent, with
a major part of the enhancement being caused by the resource scheduling optimization
and quicker disk 1/0O operations among the virtualized cluster.

A more equal distribution was noted in server CPU and processing, peaking at 68 percent
with peak load, which is contrasted with 87 percent in the legacy configuration. The time
to recover during the simulated interruption of the system also decreased by 52, which
shows that fault-tolerance capabilities of the modernized environment were also
enhanced.

Besides, the uptime failed to decline to 97.9 as it increased to 99.9, which is because of
better redundancy and automatic failover. The combination of these metrics shows the
benefits of operational switching of inflexible, hardware-based architectures to software-
defined ones.

Table 3: Comparative Performance Indicators: Legacy vs. Modern Infrastructure

Performance Legacy Modern % Improvement Interpretation
Indicator Infrastructure | Infrastructure / Change
"IA':/aer:gg(?tion Impr(_)ved database
1,250 1,790 +43% caching and network
Throughput throughput efficiency
(TPS) )
Lower latency is due to
Average System virtualized computing
Latency (ms) 280 173 ~38% and faster 1/O
subsystems.
Better workload
CPU Utilization 87% 68% Balanced Load dIStI‘IbL!tlon across
(Peak Load) hypervisors and
containers.
Mean Time to Faster restorat_ion dqring
2.5 hours 1.2 hours +52% outage scenarios using
Recovery (MTTR) .
automated failover.
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Enhanced high-
97.8% 99.9% +2.1% availability configuration
and monitoring.
Reduced vulnerabilities

System Uptime
(%)

Security
quarteny T ? 3 7% | managementand
guarter) g

isolation.

Cost efficiency is driven
by hardware
consolidation and energy
reduction.

Maintenance
Cost (Annual, $220,000 $140,000 -36%
UsD)

4.3. Data Integrity and Security Outcomes

After migration validation the consistency of the checksums between the legacy and the
modernized systems was 100 percent, which means that no data corruption or
transactional mismatch were found during the process of transitioning to the new system.
Balanced integrity was maintained in the financial, logistics and material management
modules.

Security assessment revealed that there was a significant reduction in vulnerability
exposure. The critical incidents were reduced by 2/3 of the previous levels, a testament
to the efficiency of isolated virtual networks and multi-layered encryption systems. There
were also improved security monitoring dashboards with the mean time to detection
(MTTD) reduced to 5 hours instead of 14 hours due to automated intrusion detection and
continuous log correlation.

Also, multi-replica storage and synchronized back up schedule increase the overall data
resilience, which ensured the recovery point objective (RPO) was not more than five
minutes across system clusters.

4.4. Results of Scalability and Operational Resilience.

The scaled SAP ECC environment was found to be strong in terms of scaling in simulated
scenarios of enterprise expansion. Elasticity of the virtual machine (VM) enabled the
scaling to be done horizontally without system downtime and to increase the number of
transactions up to 45 percent with minimal changes in the system latency.

The operational resilience tests showed that the system continued to serve the entirety
of the time even after simulated hardware failures and service continuity was over 99.5.
Redundant network paths and distributed storage nodes reduced points of failure, thus
making them more fault tolerant.

There was also container orchestration which helped to dynamically redistribute ECC
processing elements to enhance performance stability during peaks and flatten loads.
The resilience architecture of integrating virtualization and clustering along with
automated failover was much more effective in improving continuity and reliability
indicators than the legacy baseline.
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4.5. Comparison between Obsolete and Current Infrastructure.

A comparative study of the two infrastructures shows that they have a multidimension of
improvement in the major technical and operational areas. Improvements in the
performance were also observed with a quantifiable reduction in the operational costs,
system down-time, and recovery time of the incident.

The former system, which was mostly manual-based and monolithic server architecture,
had limitations in the areas of flexibility and responsiveness. Conversely, the modernized
space incorporated the automation tool, real-time monitoring, and scalability in modules
- proactive management and predictive maintenance.

The move to virtualized infrastructure minimized energy use and cooling expenditures but
provided more flexibility to the system as changes in the business requirements occurred.
Migration created the efficiency-security-resilience balance and created a sustainable
operational model of enterprise IT modernization.

LDDR Cost Reduction vs Time

~e— Traditional == Proposed

50
40

30

Cost Reduction

20

Time

Graph 1. LDDR Cost Reduction vs. Time — Traditional vs. Proposed Paradigm

5. DISCUSSION
5.1 Interpretation of Key Findings in the Context of Literature

The empirical benefits realized in the present study, including significant throughput
increase, decrease in latency, improved uptime, and minimization of maintenance
expenses, are consistent with the general literature on data center modernization and
ERP re-platforming. The transition to virtualized, clustered environments generated the
desired elasticity and processing efficiency, which are reflected in previous applied

Oct 2025 | 718



Tianjin Daxue Xuebao (Ziran Kexue yu Gongcheng Jishu Ban)/
Journal of Tianjin University Science and Technology

ISSN (Online):0493-2137

E-Publication: Online Open Access

Vol: 58 Issue: 10:2025

DOI: 10.5281/zenodo.17556695

research and technical literature indicating that hardware consolidation and virtualization
are performance beneficial (Berkman et al., 2023; Mondal et al., 2023). Our results also
support using multi-replica and distributed transaction mechanisms as an effective way
to improve availability and minimize recovery time. This is also consistent with the current
surveys of distributed transaction processing methods (Huang et al., 2024).

In addition to the raw performance, the findings demonstrate the degree to which
technical and organizational practices are tightly knit regarding their effect on the
outcomes. The phased approach to migration, which is structured as in this case, is
reminiscent of the suggestions in the literature that emphasize staged cutovers,
comprehensive profiling, and rollback planning as essential to minimize the risk of
migration (Haryadi et al., 2022; Pandey et al., 2020). Furthermore, the improvements in
detection and reduction of security incidents that have been observed evidence the
contribution of the modern monitoring and governance frameworks to improving the
institutional preparedness to cybersecurity (Neri, Niccolini, and Martino, 2024; Fernandez
De Arroyabe et al., 2023). These combined results reinforce the theoretical claim that it
iS necessary to view modernization as a socio-technical project, i.e., technology,
processes, and people are designed to deliver robust enterprise systems (Cheng et al.,
2024; Galaitsi et al., 2023).

5.2 Implications for Data Integrity and Security Strategies

The fact that the integrity of the data (checksum consistency and reconciliation success)
has been maintained indicates that intense integrity checking, as well as the controlled
synchronization methods, is well employed during SAP ECC migrations. Such a
conclusion supports the best practices suggestions, including cryptography validation,
transaction-based reconciliation, and ongoing auditing to help identify and fix
inconsistencies (Altulyan et al., 2023; Pandey et al., 2020).

Incremental and verifiable replication helps reduce the risk of silent corruption, and having
immutable logs throughout cutover helps ease the process of tracing the cause of an
issue in a forensic manner.

Regarding security, the significant drop in the number of dangerous events and the high
mean time to detect them are the features that support the effectiveness of the
combination of network segmentation, automated patching, and continuous monitoring.

These guidelines mirror concepts expressed throughout the cybersecurity frameworks,
including focusing on identity and access control, data encryption during migration
periods and at rest, and in-depth defenses to reduce the attack surface (Taherdoost,
2022; Alguwayzani, Aldossri, and Frikha, 2024).

Notably, our findings suggest that our migration pipelines (DevSecOps practices) are not
an afterthought but a security control that should be integrated into every migration artifact
or temporary environment to ensure that all migration artifacts and temporary
environments have baseline security controls (Fernandez De Arroyabe et al., 2023; Neri
et al., 2024).
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One practical implication is that businesses need to invest in the lightweight and scalable
integrity-check tooling that can process large volumes of ERP data without imposing a
prohibitive overhead.

Even though scalability and provenance tracking can be achieved through mechanisms
like blockchain, scalability and latency trade-offs are important to consider with enterprise-
scale workloads (Altulyan et al., 2023; Khan, Jung, and Hashmani, 2021). The hybrid
systems based on cryptographic verification and more traditional replication and
reconciliation provide the best balance for SAP ECC migrations.

5.3 Enhancing Performance and Scalability through Modern Architecture

Physical hardware workloads have been avoided, virtualization has been utilized to
facilitate the dynamic allocation of resources, and orchestration has been used to facilitate
workload placement.

Some of the architectural changes that have led to the described performance gains are
as follows: Such approaches align with the research that has demonstrated that elastic
infrastructure reduces resource contention at peak times and the duration of processing
windows (Mondal et al., 2023).

In particular, software-defined networking and container orchestration enable adjusting
the workload affinities and traffic flows on a fine-grained scale, which can minimize 1/0
wait times and enhance CPU utilization at maximum loads.

The advantages of scalability, in this case, are that horizontal growth can be made without
massive downtimes, which is why it is important to consider ERP implementations in a
modular way.

To enable capacity expansion without interruptive re-architecture, one can invest in scale-
out storage and replica designs based on recent surveys of distributed databases and
replication methods (Huang et al., 2024).

Nonetheless, architects should exercise a great deal of care when it comes to
consistency-latency trade-offs: the transactional semantics of ERP do require a higher
level of consistency, which dictates the choice of the replication patterns and failover

policy.
The research results show that the hybrid consistency models strong consistency, which
is applied in critical financial transactions, and eventual consistency, which is applied in

the large-scale analytic replicas, can offer balanced performance and business
correctness.

5.4 Lessons Learned and Best Practices for Migration Projects
The study comes up with several lessons that can be put into practice:

e Develop a gradual, reversible migration approach. Systemic shock was minimized,
and iterative validation was made possible by piloting and staged cutovers, which
are optimal practices for ERP modernization (Haryadi et al., 2022).
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e Incorporate integrity and security testing into migration processes. Verification of
checksums continuously, reconciliation of transactions, and automated security
scans minimized post-cutover remediation and shortened acceptance testing.

e Cash tin on visibility and automation. Failover and comprehensive monitoring and
alerting lowered MTTR and enhanced transparency on operations. These features
are key to resilience in the current data centers (Cheng et al., 2024).

e Tradeoff between balance and transactional correctness. Replicate and failover
policies based on the consistency requirement of the modules in order to prevent
the existence of data anomalies without negatively impacting performance (Huang
et al., 2024).

e How they are governed and how they are aligned with the stakeholders. The
success of the process of migration was dependent on both an awareness of roles
and how information was passed between executive and line managers and
executive approval as much as it was on the technical preparation, which has
provided the organizational resilience body of literature with the understanding that
a perfect process is one that is perfectly aligned (Annarelli and Nonino, 2016;
Galaitsi et al., 2023).

The proposed framework (Figure 2) is based on these best practices because it combines
technical controls, validation mechanisms, and governance processes to enable secure
and resilient SAP ECC modernization.

5.5 Limitations of the Study

Although the work contains strong empirical and practical evidence, it is important to
mention several limitations. First, the case-oriented design with its high operational
specificity limits generalization across all industry settings and ERP customizations;
enterprises with idiosyncratic custom modules or with a multi-region deployment may
have other complexities of migration that are not mentioned here.

Second, although it is revealing, simulation and controlled fault-injection tests cannot
model the unpredictability of large-scale production environments in external threats or
when cross-system failures occur. Third, even though the number of security controls and
integrity mechanisms considered in the study was high, the dynamic nature of the threat
environment and the appearance of new technologies (examples include advanced
persistent threats and new side-channel attacks) imply that the recommended controls
should be re-assessed and revised regularly (Alguwayzani et al., 2024; Taherdoost,
2022).

Lastly, although blockchain and decentralized provenance have conceptual potential as
a tool to ensure integrity, real-world constraints such as scalability and the complexity of
integration are also significant impediments to adoption by enterprises in the near future
(Altulyan et al., 2023; Khan et al., 2021). Future studies need to conduct longitudinal
research in various industries and analyze the working effect of the new integrity
technologies in the live production environment.

Oct 2025 | 721



Tianjin Daxue Xuebao (Ziran Kexue yu Gongcheng Jishu Ban)/
Journal of Tianjin University Science and Technology

ISSN (Online):0493-2137

E-Publication: Online Open Access

Vol: 58 Issue: 10:2025

DOI: 10.5281/zenodo.17556695

Firewall
SAP
I:] SAP Business Technology Platform SAP applications, cloud  #y
a=n and on premise
l Platform foundation J
............................................................... _ Giistom domain | SAP S/4AHANA
S
Launchpad  Cloud integration
"
§¢ Amazon Aurora DB cluster
Amazon Route 53
Integration and app development
e ();) CAP application (Java)
Amazon SageMaker Data to value Amazon
: Athena Amazon S3
H I SAP Analytics Cloud l
B | | i <
Jeptet i
==, FedML SAP Data Warehouse Cloud
B Amazon

; Redshift aws

Figure 2: Framework for Secure and Resilient SAP ECC Modernization

6. CONCLUSION AND RECOMMENDATIONS
6.1 Summary of Key Findings

This study has shown that upgrading SAP ECC systems from legacy hardware to the
latest data center infrastructures significantly improves performance, data integrity,
security, and operational resilience. The migration process indicated notable
enhancements in transaction throughput, reduction in latency, and system uptime,
indicating the operational efficiency and adaptability of virtualized and software-defined
environments. In addition, the paper has determined that data integrity is maintainable by
systematic means like checksum validation, incremental replication, and reconciliation.
Automation and layered security structures also eased vulnerability exposure and
increased the time needed to detect security incidents by updating modernized
infrastructures. Finally, SAP ECC modernization is not an exclusive technical change but
a strategic intervention to increase enterprise agility, reliability, and competitiveness in a
fast-changing digital ecosystem.

6.2 Recommendations in Practice for the IT Managers and Data Center Architects.

This research study has obvious implications for IT managers and data center architects
who wish to successfully implement SAP ECC modernization efforts. A phased reversible
migration roadmap should be given priority to reduce downtime and operational
disruption. This will ensure the systems are running during the transition. The checks on
data integrity must be integrated throughout the migration steps, and to ensure
consistency in the transactions, checksum validation and reconciliation tools should be
utilized. Migration workflows must incorporate security protocols for continuous
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vulnerability scanning, multi-layer encryption, and automated patching systems to protect
data throughout the transition.

Besides that, virtualization and container orchestration technologies are necessary to
attain dynamic scalability and resource utilization and enable the system to adapt to
changing workloads without compromising performance. Implementing observability and
automation frameworks to support predictive analytics, constant monitoring, and fast fault
recovery should also be considered equally important. Lastly, governance and change
management practices are important to ensure that the IT teams are aligned with
business stakeholders and compliance officers. All these practical steps promote
sustainable results of modernization, which are less costly and operationally more
resilient and scalable in the context of enterprise infrastructures.

6.3 Theoretical Implications and Future Research Directions

Theoretically, the study supports the socio-technical system viewpoint as it exemplifies
the interdependence between organizational change and technological change. The
outcomes contribute to the body of research concerning enterprise modernization that
should emphasize the importance of coherent strategies towards data integrity, security,
and performance-based architecture that can jointly define the success of migration
processes.

Longitudinal studies should be considered in future studies to evaluate post-migration
stability, system sustainability, and cost efficiency over long periods. A comparison of
cloud-native SAP S/4HANA implementations with on-premises modernized ECC systems
would be an insightful source of information on governance, scalability, and security
trade-offs. Moreover, experimental studies that study technologies like blockchain-based
data provenance and Al-driven anomaly detection can provide new avenues to predictive
resilience and real-time integrity. Cross-industry case studies may also shed some light
on the influence of contextual factors on modernization strategies, such as regulatory
requirements or compliance in a particular region. All these directions would enhance the
theoretical basis of IT infrastructure modernization and steer the development of robust
enterprise architectures.

6.4 Concluding Remarks

SAP ECC systems modernization to the state of an advanced data center infrastructure
through the legacy infrastructure is a landmark in the development of enterprise IT. In
addition to the tangible benefits of performance and security, this change represents a
more global organizational transformation into bright, responsive, and secure
infrastructure models that can support future business expansion. When cybersecurity
frameworks, data integrity assurance, and scalable architecture are integrated into the
migration strategies of organizations, operational excellence can be attained, and
resilience to changes in digital systems can be provided in the long term.

This paper's findings are empirical and practical in advice to decision makers seeking to
achieve modernization efforts. Modernization should not be viewed as a simple upgrade,
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but as a strategic requirement that makes an enterprise more competitive and
sustainable. The frameworks and practices identified in this study will be valuable
references in constructing sound, secure, and high-performing SAP environments that
can withstand future technological challenges because of the continuous development of
digital ecosystems.
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