International Journal of

INTELLIGENT SYSTEMS AND APPLICATIONS IN
ENGINEERING

ISSN:2147-6799 www.ijisae.org Original Research Paper

1JISAE

From Data Silos to Smart Integrations: A Framework for
Enterprise-Wide Interoperability Using APIs, HL7, and JSON

Nikitha Edulakanti

Submitted: 04/01/2024  Revised: 10/02/2024  Accepted: 22/02/2024

Abstract: Each industry has enterprise systems that can be totally independent of others, which means the industry
has many data silos, which interfere with real-time decision-making, regulatory governance, and cross-functional
coordination. This article provides the strategic approach to the realization of enterprise-wide interoperability by
matching the modern architecture of APIs with their standardization in the data structure (HL7, JSON, XML, and
CDA). The framework is based on practical experience of deployments in healthcare, finance as well as
operations, taking into consideration, not just technical integration, but governance, scaling and lifecycle
management as well. It proposes the reusability of components; transformation data tools and ownership models
of service that aids organizations in moving out of such ad hoc integrations and move towards a controlled
strategic interoperability platform. A pilot study is based on a multi-industry assessment of the framework that
determines the effects on the time spent delivering integration, the rate of failures, and reuse of components. The
results indicate reduction in the delivery time, reductions in the failure rate, and three-fold increment in component
reuse. The framework also improved the levels of integration capability maturity by two levels on an average.
These results confirm the usefulness of the tool of API-based architecture and a combination with semantic data
models and policies on governance. The paper provides practical recommendations to integration architects and
solution leads that want to future proof their systems. After all, this effort proves that breaking down data silos
and realizing the power of agility and cross-system intelligence is scalable in enterprise environment.
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I. INTRODUCTION custom services. Nonetheless, a majority of the
organizations still run under functional silos, where
each individual system and data repository blocks the
process of smooth cooperation and insights.

The businesses of our times progressively depend on
data to make their innovations, business operations, and
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The silos are prevalent especially in the data-heavy the speed of decision-making, but also raises the risk of
industry like healthcare, finance and logistics because  operations and compliance issues.

different legacy systems, custom formats and irregular
standards all restrict interoperability. Absence of single
flow of data between applications does not only reduce

The current integration strategies tend to the point-to-
point integrations or vendor-dependent middleware
services. Although they serve the purpose well in
Manager, Data and AI Solutions isolated cases, they are not scalable and fail to adapt to
Independent Researcher, USA. the changing business and regulatory requirements.
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The standards that have been initiated to tackle data
consistency include HL7, JSON and XML among
others but there are usually loopholes in their
implementation as well as governance. The paper
introduces an enterprise-wide cross industry
framework of interoperability.

It provides a scalable solution to the data silos break
based on the integration of API architectures,
standardization on data structure, and strong feature-
sets in terms of employee integration governance. The
validations of the framework are applied to the real-
world case such as in healthcare and financial sectors,
which demonstrate quantifiable changes in terms of
integration performance and maturity of capability. The

paper contains technical and strategic information on
how to develop interoperable, agile and future-ready
enterprise ecosystems.

II. RELATED WORKS
Challenges

The system of healthcare has suffered a long history of
being fragmented in terms of data silos that negatively
affects the flow of homegrown patient-centric care.
Regardless of the potential of such standards as HL7
FHIR, the research continues to demonstrate serious
gaps in the interoperability of various systems and
providers, in turn pointing to seamless integration.

Integration Capabilties

= Pre-Level

== Post-Level

Healthcare A

5
4

Logistics C Finance B
3245
Table 1. Data Silos

Metric Healthcare | Finance | Logistics | Average
Siloed data 76% 62% 59% 66%
Average integrations | 6.1 54 4.8 5.4
Integrations failing 18% 15% 12% 15%
Delivery time 9.3 7.6 6.8 7.9

The findings affirm the continued use of siloed
architectures because an average of more than two-
thirds of the systems still have isolated data stores. The
sector in which fragmentation and problems with
integration were the most pronounced was healthcare,
due to its particularly complicated regulatory and
semantic heterogeneity. These long delivery times
(average ~8 weeks) of new integration also shows why
reusable framework and standard data formats are

necessary to avoid duplicating efforts and minimizing
the rate of failures.

Qualitatively, interviews gave further impressions that
the major causes of integration failure were
characteristic of an occurrence that was to be expected
in failure:
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Inconsistent data
Regulatory requirements
Vendor lock-in

Skilled resources

These facts prove the assumption that the old point-to-
point tactics are not sustainable in businesses that
require flexibility, observation, and safe data sharing.
Besides the use of quantitative metrics, qualitative
information gained in the surveyed organization gave
us the refined idea about the reasons of why different
organizations remain in such silo’s architecture in spite
of a lot of investments in the integration technologies.

Organizational and cultural barriers were the most
often mentioned barriers by the participants. Example
According to the business unit-centric approach, the
business units regularly carry out local optimizations at
the cost of the enterprise-wide data sharing hence
having competing data models and redundant systems.

Integration Architects observed that even in the case of
availability of technical solutions, internal politics and
cross-functional lack of alignment may swerve
standardization efforts. The absence of the alignment
between the IT and business priorities was also another
key theme.

According to Solution Leads, business stakeholders
tend to underestimate how complicated integration of
legacy systems can be and the projects are not elevated
as the result runs into under-funded or rushed projects
that create brittle, non-standard interconnections. The
outcome of this short-sight additional loss of
maintainability creates at some future cost, adding
technical debt that even gets worse as you go along.

The interviewees stressed that to break this cycle, it is
necessary to obtain executive sponsors and funding of
strategic integration initiatives. The difficulty in coping
with different data formats and schemas was also
described by organizations.

An example is that healthcare participants previously
worked with HL7 v2, CDA, DICOM and vendor
specific formats that all had to be custom mapped and
contain custom validation rules. The finance
respondents also faced the same issue in changing
JSON schemas and regulatory reporting needs.

This dynamism adds to the volume of integration or
there may be a possibility of having inconsistent data,
particularly in cross-system reporting and analytics.
There are also security and compliance issues that make
the integration process more difficult. The need
expressed by many respondents was that of intensive
audit traces, access control, and the tracking of data
lineages in order to comply to regulators and internal
risk functions.

These point-to-point integrations usually do not have
such controls and thus are cumbersome to audit and
secure at scale. Such visibility is not present, which
negatively affects trust in data and restricts its ability to
use it in advanced analytics or customer engagement.
Some other respondents identified skill shortage as the
obstacle as well.

Although the APIs and the advanced integration
platforms are readily present, the knowledge to
adequately design, secure and sustain the same is both
rare and of high demand. The reason organizations with
no integration teams resort to the vendor-specific
solution is that these programs have data trapped in
proprietary formats and work flows.

The vulnerability of vendor lock-in was portrayed as
one of the greatest pain points with interviewees
reporting that it cost a lot of money to migrate
integrations to other providers breaking integration.
However, most respondents were optimistic on the use
of standardized frameworks that focus on the
reusability of components and management.

Those taking a survey expressed a lot of interest
regarding low-code integration platforms that enable
business users to determine mapping rules with
assurance of IT involvement. It was also suggested that
creating centralized integration catalogues that were
meant to enhance reuse and discovery of available
components ought to be supported.

All in all, the results illustrate that the problem of data
silo fragmentation is not only a technical problem, yet
that it is an organizational problem on a system level as
well. It is necessary to solve it by matching the strategy,
architecture, and governance and investing in tools that
could give safe, auditable, and repeatable integration
templates.

Such understandings support the necessity to consider
integration as an enterprise-wide issue and make it not
an afterthought but a strategic capability. With
switching to new ways that eliminate legend point-to-
point and deployment of standardized APIs, data
formats, and effective governance organizations can
improve levels of agility, minimize expenditures, and
provide uniform recurrent trusted data to their whole
environment.

Standardized Formats

In order to check how effective the proposed
framework is, three organizations (a healthcare
organization, a financial organization, and a logistics
organization) participated in a pilot procedure. All of
them switched to a standard approach to integration that
uses RESTful APIs and HL7 FHIR (healthcare), JSON
(finance), and hybrid JSON/XML (logistics)
integration models. They have also introduced the
elements of governance such as the models of service
ownership and centralized integration catalogue.
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Table 2. Integration Performance

Metric Pre-Implementation | Post-Implementation | Improvement
Delivery time 8.1 4.7 42%

Failure rate 16% 7% 56%

Reusable components | 3 11 +267%

Integration delivery time after the implementation was
decreased by the mean of 42 percent. There was a
reduction in the failure rate by half thereby inferring
better design-time validation and governance. The
number of reusable components increased by almost
three times, and it is indicative of the strategic
transformation  regarding the  specificity of
implementation to modular architectures that could be
maintained and reused.

The key enablers were given respect in integration lead
interviews:

JSON/HL7

APIs.

Centralized integration.
Service ownership.

This empirical evidence argues in favor of the
hypothesis that the combination of the new
standardized formats with the contemporary API
design patterns can essentially enhance both efficiency
and resilience of the integration. In addition to the
quantitative gains, qualitative comments made by
participants of pilot programs pointed at several
transformational changes within the organizations.

Reported to this integration, use of standardized
formats and well-defined APIs allowed a better
communication between development team and
business stakeholders. Teams were able to eliminate
confusion in data contracts through the use of common
standards, such as HL7 FHIR and JSON, and therefore
requirements of integration are simple to document,
review, and approve.

The users also pointed out that transparency and reuse
were enhanced through the possibility to stash
integration artifacts in a common catalogue, which was
considered centralized. In the past innovation
knowledge was usually trapped in the grey matter of
individual developers or locked in bespoke scripts. In a
centralized strategy, the practices like data mapping
rules, API specifications and validation schemas were
findable between teams.

This did not only speed up new integration projects, but
also minimized errors caused by incomplete
implementations. The practice of governance,
particularly the ownership models of service, came out
as important facilitators of success. With the clearly
defined responsibility over management of
integrations, organizations would not undergo the
popular yet problematic approach to leaving integration
without a team to take care of it, where the legacy links
would simply stop working and nobody felt like
owning the issue.

Passive integration owners monitored service-level
agreements (SLAs), performance, and designed
upgrades in advance, which led to fewer cases of
production incidents. The interviewees also mentioned
that the improvement of relations with external partners
and regulators was facilitated by the given changes.

APIs and published data formats were made
standardized and documented, which allowed the
partners to feel confident in stability of integrations and
cut the onboarding times and overhead on negotiations.
Audit of benefits was also made easier by the fact that
the integration catalogues had a distinct lineage of data
flows within and between systems and they had their
validation records.

Such results explain that standardized forms and API-
based design provide greater than the technical benefit.
They also create the basis of sustainable, corporation-
wide, interoperability with the mechanism of creating a
reuse, accountability, and transparency culture. It is this
change that changes integration into a business agility
and continuous innovation enabler rather than a
strategic constraint.

Real-World Interoperability

The pilot program also involved the tests of data
mapping and validation efficiency of non-homogenous
data sources. In healthcare use cases, the transformation
of CDA and DICOM data into HL7 FHIR resources
was performed; finance use cases were performed using
JSON format accompanied by schema validation;
logistics use cases were served through XML-to-JSON
formats.
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Table 3. Data Transformation

Sector Data Types Mapping Success | Validation Error
Healthcare | CDA 93.4 4.7
Finance JSON schema | 96.2 3.1
Logistics | XML 91.8 53

All sectors recorded 90 percent or more success rate.
There were low validation error rates that were less than
6%, which is highly reliable even in heterogeneou’
input data. Naturally, the most successful mappings
have occurred in the fields of finance, where schema-
based JSON transforms are not quite in the dark.
Semantic heterogeneity in legacy systems further
complicated the issue of healthcare transformations,
which were required to maintain designs of
transformation and testing carried out by domain
experts.

Traceable transformations.
Domain experts
Lifecycle governance.

These governance processes allowed even a
complicated cross-system integration to be audited,
maintained and evolved as demands varied.
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#!/ALAMNA utilise a five-level model, to evaluatk
levels of improvement in organizational integratioE
capability maturity level: )

Ad hoc >

Opportunistic
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Sustained assessed maturity of the organisations pre-
and post-implementation of the framework.

Table 4. Integration Capability

Organization

Pre-Level

Healthcare A | 2

Finance B 3

Logistics C 2

Post-Level | Change
4 +2
5 +2
4 +2

Each of the three organizations developed two notches,
that is, they went to managed or optimized stages of

opportunistic or defined maturity. Such an upgrade
came as a result of:
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Governance model.

Component libraries. .
Standardized APIs. .
Stakeholder alignment. .

The further benefits are disclosed by interviews:
Regulatory compliance.
Increased agility.

Stakeholder trust.

Integration Delivery
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Having established that integration is a strategic
capability that should not be viewed as a strictly
technical implementation, the study has found that
organizations are able to escape the confines of siloed
architecture and realize interoperability on enterprise-
wide level. Although preliminary investment in
governance, tooling and alignment of the stakeholders
is necessary, the long term came payoff is that there is
an increased time-to-market, minimized integration
danger and better insight into operations.

Finance

Logistics
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All in all, the pilot established that a combination of
modern API patterns, standardized data formatting
(HL7, JSON, and CDA) and strong governance
practices within a strategic framework presents an
opportunity to industry to change enterprise integration
performance. The quantitative findings demonstrated
considerable decreases in how fast the integration is
delivered and the number of failures, whereas for the
qualitative ones, the results were an increase in
governance maturity and data traceability.

Integration Failures
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The results support the significance of creating
integration structures that accommodate real time as
well as the batch process, that offer heterogeneous data

conversion, and that give definite ownership of
services. With such capabilities, organizations will be
able to go beyond broken, isolated systems to scale and
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interoperability that forms the basis of real business
adaptability and operational effectiveness.

V. CONCLUSION

This study illustrates that enterprise silos of data cannot
be cracked merely by means of interconnection of
systems but must be tactically oriented towards
cohesion of architecture, data syntax and governance.
To streamline the interfaces with security and
scalability the proposed framework combines the
RESTful APIs to eradicate loose ends of exchange of
data between system of various organizations that will
work on standardized formats such as HL7, JSON,
XML and CDA.

In pilots of the real-world businesses of healthcare,
finance and logistics, the framework was successful in
cutting integration delivery time by 42%, cutting the
failure by half, and reusing integration elements tripled.
In addition to the technical efficiency, there is an
interesting result suggesting that maturity in integration
skills closely relates with the form of governance, in
terms of service ownership, reusable mapping tools and
centralized integration catalogues.

Companies that implemented this framework changed
their reactive, piecemeal integration plans over to
proactive, strategized ecosystems that could transform
themselves according to business needs. The findings
of this research help to explain that interoperability is a
business necessity instead of IT of the back end.

Treating integration as a fundamental competence,
enables organizations to unleash agility, raise
compliance, as well as deliver smarter and faster
decisions cross-functionally. It is possible to advance
this framework by adding data orchestration based on
Al and real-time analytics in future. Finally, this paper
gives an itinerary to enterprise looking forward to
future-proof their operations with the aid of smart and
standards-based integration tactics.
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