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ABSTRACT

Flexibility is identified as a mandatory characteristic of today’s
supply chains. There are a few aspects of supply chain flexibility
identified in the literature, and one of them is flexible supply
chain integration. The standard for exchanging supply chain
data plays a crucial role in that aspect. Today, business systems
operate in different geopolitical, business process, and industry
settings, and there is a great chance that they are using different
Data Exchange Standards (DESes). Various approaches to deal
with this heterogeneity exist; however, they can be exponentially
time-consuming and expensive or may not meet desirable char-
acteristics such as security constraints and varying use cases. In
our recent paper, we proposed a novel approach based on the
Core Component Specification (CCS) and its concept of the
Business Context. Its central idea is the super (or federated) data
model that gets updated as relevant DESes and enterprise infor-
mation objects grow in the enterprise integration ecosystem. It
provides a semantic layer to link different DESes. Along the su-
per data model, two additional models were employed — the stag-
ing data model that enables the import of any type of data struc-
ture definitions, and the library-specific data model that enables
their representations in the CCS-like form. This paper brings
further investigation into the complexity of various industry use
cases in dealing with multiple standards to achieve flexible sup-
ply chain integration. Our research collaboration with industry
partners found that the industry may need up to six use cases,
but commercial tools typically address only one of these use
cases, data mapping. This paper formalizes and illustrates these
use cases using two DESes — connectSpec and QIF. While the
main contribution is the use case identification and decomposi-
tion, which will make the industry’s needs more explicit, man-
ageable, and automatable, the paper also outlines the user inter-
faces and backend needed to make the multi-standard manage-
ment more productive. The future plan is the definition of auto-
mation, and the backend RESTful APIs that are needed to create

user-friendly interfaces. The paper points out the issues that
arose in the initial validation stage and improvements that need
to be tackled in the future.

Keywords: Flexible Supply Chain; Integration; Data Exchange
Standardization.

1. INTRODUCTION

This paper continues our previous work [1] where a novel ap-
proach to multi-standard management was proposed. The previ-
ous paper analyzed today’s supply chains and heterogeneity be-
tween business systems. In such an environment, the supply
chain's flexibility, resilience, and agility are mandatory. Steven-
son and Spring [2] investigated different aspects of supply chain
flexibility and concluded that one of the issues is standardization.
Often, integrated business systems operate in different geopolit-
ical, business process, and industry settings. The consequence of
these differences is that business systems often use different Data
Exchange Standards (DESes). A few approaches are identified
in the literature to resolve the DES heterogeneity [3,4]. Inspired
by these industry problems, in January 2024, a new working
group named Flexible Supply Chain Integration [5] was formed
in cooperation between Open Application Group Inc. (OAGi)
[6], its member companies, and the National Institute of Stand-
ards and Technology (NIST) [7]. In February 2024, when the
Open Industrial Digital Ecosystem Summit [8] was held in Ari-
zona, USA, the roadmap for standards-based semantic interoper-
ability was discussed during the OAGi Connect meeting session.
Multi-standard management was emphasized as one of the im-
portant milestones because of its potential to provide the flexi-
bility of supply chain integrations.

As concluded in [ 1], existing approaches typically leave the
burden of the mapping process on only one of the integrating
systems, which can make supply chain flexibility costly and
challenging. The multi-standard management in [1] proposed to
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reengineer the mapping process so that it is more streamlined and
scalable using three types of data models — the staging, library-
specific, and super (federated) data model. The paper [1] used
the Test Result component from the Quality Information Frame-
work (QIF) standard [9] for the initial evaluation of the approach.

This paper contributes by further analyzing the proposed
approach. It identifies the list of use cases needed to support
multi-standard management and describes and demonstrates
them using the same QIF and connectSpec [10] libraries. QIF is
“a unified XML framework standard for computer-aided quality
QIF systems” [9], while connectSpec is the interoperability
standard owned by OAGi [6].

The remaining parts of this paper are structured as follows.
Section 2 introduces the needed background. Section 3 intro-
duces the list of identified use cases. Section 4 offers a demon-
stration of the use cases using two libraries — connectSpec and
QIF. Section 5 discusses the results and future work. Section 6
closes the paper with concluding thoughts.

2. BACKGROUND

This paper relies on the research results obtained from [1], where
the novel approach for flexible supply chains was introduced.
The approach adopts the Core Component Specification (CCS)
[11] as a basis for multi-standard management, and it is envi-
sioned to be an extension of the connectCenter, the existing tool
for standard life cycle management. This section provides addi-
tional information on flexible supply chains, CCS, and con-
nectCenter, which are the foundation of this paper.

2.1 Flexible supply chain integration

In our last paper [1], we discussed the problems and the need for
a better approach to multi-standard management to support flex-
ible supply chain integration. The paper reviewed different in-
compatibilities between integrated business systems. Often-
times, these business systems operated in different industries and
geopolitical contexts and used different DESes or the same
DESes differently. The paper also identified and commented on
existing approaches to resolving the heterogeneity between busi-
ness systems. Some of the shortcomings of these approaches
were pointed out, and a novel approach to support multi-standard
management was proposed. The approach relies on three data
models — staging, library-specific, and super (federated). The
staging data model stores the data structure definitions being im-
ported for supply chain integration as a specification, while the
library-specific data model normalizes related specifications that
may be imported over time into the CCS-compliant form. The
specification can be a portion or the whole content of the DES, a
profiled message, the API definition, etc. The super (federated)
data model relies on the federated learning approach, represents
the union of components from the imported libraries, and main-
tains the links between semantically similar components. The
federated data model is important as it can provide a basis for the
efficient development of future mapping specification defini-

tions. The paper concluded that a time-efficient and cost-effec-
tive approach to multi-standard management is needed to sup-
port the flexibility of supply chains.

2.2 Core Component Specification

The Core Component Specification is an ISO 15000-5 [12]
standard that defines a meta-model. Entries in the metadata are
Core Components (CCs) that serve as building blocks to repre-
sent the structure of the DES content. Since DESes typically
need to cover business requirements in multiple industries, busi-
ness processes, roles, and geopolitical environments, they are
subjected to context-specific refinements in their usages. This
specific environment in which the DES is used is identified and
captured as the CCS Business Context. To represent these con-
text-specific refinements, CCS introduces one more concept —
Business Information Entities (BIEs) that enable restrictions of
underlying CCs. UN/CEFACT also defines the catalog of
twenty-two Core Data Types (CDTs) that can be assigned to the
CCs. These CDTs rely on the list of eleven primitives. Each CDT
is associated with a list of allowed primitives.

2.3 DES management tool

In [1], it was envisioned that multi-standard management would
be an extension of the connectCenter (formerly, Score), the ex-
isting tool for standard development and usage [13,14]. The tool
relies on the CCS specification and is the result of the coopera-
tion between OAGi and NIST.

Although the tool is used for the life-cycle management
(LCM) of the connectSpec (formerly, OAGIS) standard, there is
an initiative to expand its functionality to browse (read-only) and
manage other standards, which are generalized as libraries. The
library is a collection of its backward-compatible releases (ver-
sions) available in the connectCenter (e.g., connectSpec
v10.11.3,v10.11.2,v10.11.1,v10.11, etc.). Examples of libraries
are standards such as HROpen [15], AgGateway ADAPT [16],
and Chem eStandards [17], albeit a standard may be broken
down into multiple libraries. Currently, the NIST research team
is working on the necessary modifications to support such multi-
library management. The user should be able to analyze gaps be-
tween releases within the same or different libraries, resolve
these gaps, and define mapping specifications. These functional-
ities are envisioned to be implemented as a modular extension of
the connectCenter, referred to as mapCenter. While the DESes
are the current focus, this feature can be extrapolated to import
any Commercial Off-the-Shelf (COTS) vendor application inter-
faces for enterprise integration.

3. USE CASE DECOMPOSITION

Fig. 1 shows the decomposition of the use cases identified to sup-
port multi-standard management and flexibility of the supply
chain integrations.
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Fig. 1: USE CASE DECOMPOSITION.

Gray use case icons are part of the mapCenter. The figure
shows that these new use cases rely on the existing functionali-
ties, represented in clear use case icons, and are provided by con-
nectCenter. Each of the new use cases is described below, while
details of the existing use cases can be found in [14,18].

Use case 1: Import_a_specification—Specification is de-
fined as some data structure definitions and can be a portion or
the whole content of some DES, profiled message, or API defi-
nition [1]. The purpose of this use case is to 1) componentize the
specification and store the result in the staging data model and 2)
process the result into a library. The processing in the second
step may include actions such as merging overlapping specifica-
tions into the same library, changing arcane component names
into more human-understandable names, and adding documen-
tation. The result of the second step is stored in the library-spe-
cific data model with links to the respective specifications in the
staging model. At the moment, the import of the XML-based
specifications is being piloted. Detailed importing rules between
XML Schema and CCS concepts have been defined. These rules
specify how to recognize the aggregate components, properties,
associations, value domains, and value constraints from XML
Schema, and how to represent them in the staging and the library-
specific data models. The federated data model is not populated
in the import use case. It is populated when the linkages between
semantically similar components coming from different libraries
are established in other use cases.

This use case relies on the existing functionality—CC man-
agement—needed to add new Core Components to the library or
revise existing ones.

Use case 2: CC gap analysis—The purpose of this use case
is to allow the user to identify gaps that exist between source and
target libraries (or their specific releases) and generate a gap
analysis report. For this purpose, the federated (or super) data
model is introduced. The model stores merged components from
libraries. Matched components from a source library and a target
library are provided by the user and supported by computational
suggestions. Every time a match is specified between two or
more components, the federated data model is updated. In this
way, the results of the gap analysis can be saved for future refer-
ence and used to enhance computational suggestions. The gap
analysis report summarizes, based on the scope specified by the
user: (1) semantically similar (or same) CCs that exist in both

libraries; (2) CCs that exist in the source, but not in the target
library; and (3) CCs that exist in the target, but not in the source
library. The cases of (2) and (3) are the gaps.

Use case 3: Resolve gaps between CCs—The purpose of
this use case is to allow the user to resolve gaps between librar-
ies. It relies on the results obtained from the CC gap analysis.
This use case is a generalization of three use cases—CCs harmo-
nization, CCs merging, and CCs alignment. Further, each of the
specialized use cases will be described. This use case also relies
on the existing CC management functionality.

Use case 3.1: CCs harmonization—Actions in the harmo-
nization process can include creating new Core Components or
revising existing ones in the source library and the target library
if the user is authorized to make changes to either library. These
changes are then reviewed for inclusion in the next release of the
libraries. The goal of harmonization is that the two libraries are
semantically equivalent.

Use case 3.2: CCs merging—In the merging use case, the
user can select multiple matched or non-matched components
and choose to create a new library based on them. The output is
a new library that contains a union of all selected CCs from the
two initial libraries. The goal of merging is a new library that
semantically subsumes the source and target libraries.

Use case 3.3: CCs alignment—Similarly to harmonization,
actions in the alignment process can include creating new CCs
or revising existing ones. The only difference is that in this use
case, the user chooses either the source or target library to which
these changes will be applied. Therefore, the goal of alignment
is to update a library to align with the other library. The updated
library is called the aligned library, whose changes are then re-
viewed for inclusion in its next release.

Use case 4: Mapping—The purpose of this use case is to
allow the user to create a mapping specification. A mapping
specification aims at bridging the gap between the domain expert
and integration software developers. A domain expert (also
called a business analyst) documents how data in the source
should be represented in the target. The mapping specification is
then handed over to the software developers for an executable
implementation. In this way, developing a mapping specification
does not require the domain expert to know the computer lan-
guage necessary for the mapping execution, and the mapping
specification can be reused in various deployment platforms us-
ing different computer languages. Mapping assumes that appro-
priate profiled components—BIEs—are created with constraints
relevant to the integration use case. BIEs help narrow down the
scope of the mapping. Examples of these constraints are a subset
of data elements and their cardinalities and value domain re-
strictions. For the BIE creation, this use case relies on the exist-
ing BIE management functionality. The use case may also use
the report created through the CC gap analysis. The gaps be-
tween the libraries do not have to be resolved in advance. How-
ever, if gaps are not resolved, the BIEs can also be structurally
different and semantically deficient, and the mapping can result
in information loss. For each source-target BIE pair, the user




views the differences and provides the mapping specification ac-
cordingly.
Table 1: Use case specification.

Use | User Pre-condition Post-condition

case

1 Standard The specification is well-formed and valid according to its | The library is available in the mapCenter.
Developer/ grammar.
Standard User

2 Standard The source and target components or libraries are pro- The gaps between the source and target
Developer/ vided. components or libraries are identified, and
Standard User the report is generated.

3 Standard The gap analysis report between the source and target li- (1) The source and target libraries are har-
Developer/ braries is available. monized,
Standard User (2) A new, merged library is created, or

(3) The source or target library is aligned.

4 Standard (1) The gap analysis is done between the source and target | The mapping specifications are defined.
Developer/ components or libraries, and
Standard User | (2) The source and target BIEs are created.

Besides structural and semantic differences, if gaps between
libraries are not resolved, the BIEs can differ in value domains,
value domain restrictions, cardinalities, etc. The use case may
provide computational support to identify and resolve these dif-
ferences.

4. USE CASE DEMONSTRATION
The use cases identified in the paper will be demonstrated using
two libraries, QIF 3.0 [9] and connectSpec 10.11.2 [10].

Use case 1: Import a specification. As stated in Section 2,
the connectCenter already contains the connectSpec standard.
For demonstration purposes, the whole QIF 3.0 standard is im-
ported into the tool. In Fig. 2, the UI for importing a new speci-
fication is represented. The user provides the specification name,
format (e.g., XML, JSON), specification type (e.g., standard,
profiled message, API definition), and the source and uploads
specification schema files.

Import a new specification
New Specificatic

Fig. 2: IMPORT A NEW SPECIFICATION.

The bottom part of Fig. 2 presents the content of the imported
specification. In certain situations, the library-specific data
model can be automatically populated along with the staging
data model. If ‘profiled message’ or ‘API definition’ is chosen
as the specification type, the BIEs can also be created during the
import process. Otherwise, only CCs will be populated. The QIF
library is imported in a read-only mode, as there is no intention
to manage the QIF standard in the tool.

Use case 2: Gap analysis. After the QIF 3.0 specification is
imported and the corresponding library is created, the user can
proceed with the gap analysis step. The tool enables the identifi-
cation and documentation of differences between the two librar-
ies. First, the user needs to specify the source library and choose
the initial component for the gap analysis. For the demonstration,
the TestResults component from the connectSpec library, release
10.11.2, is selected. These steps are shown in Fig. 3. The same
steps would be repeated for the target component. The Re-
sultsType component from QIF, release 3.0, is chosen as the tar-
get component.

Further, the user needs to provide a match between subcom-
ponents within the two chosen components. In Fig. 4, two trees
are represented. On the left-hand side, the TestResults compo-
nent from the connectSpec library is represented. Similarly, on
the right-hand side, the corresponding ResultsType component
from the QIF is shown. The user can click on any component in
these two trees to see additional information (e.g., definition,
value domain, etc.).
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Fig. 3: GAP ANALYSIS — SEARCHING SOURCE/TARGET COMPONENTS.

As shown in Fig. 4, the user selects one (or more) sub-com-
ponents from the source component and selects sub-components
that represent the same (or similar) semantic group in the target
component. Then, the user can also provide additional comments
that are important for that particular match. For example, the user
can provide information on whether the match needs to be veri-
fied by another domain expert or whether the source and target
sub-component(s) can support the whole semantics of each
other. Currently, this step is done manually, and the user needs
to repeat the same steps for all sub-components from the source
and target parent components.
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Fig. 4: GAP ANALYSIS - MATCHING
SUB-COMPONENTS.

In this paper, only one component from the two libraries is
used to demonstrate matching. After these matchings are speci-
fied, the user can view the gap analysis report. As shown in Fig.
5, the user can search through the available gap analysis reports.
After opening one of the gap analysis reports, the user can see
details about all identified gaps between the two libraries.

Gap Analysis Reports

act the gap analysis t

20240904 143304

connectSpec 10.11.2 QIF 3.0
clena

Fig. 5: LIST OF GAP ANALYSIS REPORTS.

Fig. 6 represents the report example generated from the gap
analysis. As stated at the beginning of this section, two librar-
ies—connectSpec 10.11.2 and QIF 3.0—are used as examples.
For each pair, the report proposes changes — revising an existing
component or creating a new one — needed for one of the librar-
ies. After clicking on the link, the user can also see details about
necessary revisions (e.g., proposed changes in cardinality, value
domain, etc.).
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Use case 3: Resolve gaps between CCs. After the gaps be-
tween these two libraries are identified, the user can proceed with
the libraries’ harmonization, merging, or alignment. The source
library alignment will be demonstrated since the QIF library is
imported in a read-only mode. Following the gap analysis result
in Fig. 4, a new Shift component is created, and the Person Base
component is revised to add the newly created Shift component.
Fig. 7 shows the revised Person Base.

Fig. 7 also shows details about a newly added component to
connectSpec based on the QIF. This revision is still in the WIP
state and is not yet part of the published release of the con-
nectSpec standard. After the editing is completed, the user can
move the state to Draft, indicating that it is ready for review by
other standard developers. Once the review is completed, the
user moves the component to the Candidate state, indicating that
it is ready for inclusion in the new release of the connectSpec.
connectCenter then supports the release process, where all new
and revised components can be reviewed, validated, and released
together to the end-user. After resolving all the gaps and publish-
ing a new release, the source library is aligned such that it sub-
sumes the target library (or a subset of its components), QIF, in
this example.

Search > Shift Q X

/ Person Base. Details / Shift

v Person Base. Details Shift, Text

> Identification. Details

> PersonName 0.1 =i
> Description  0..c0 = i
> GenderCode 0.1

> Marital Status Code 0.1 =i
> Birth Date Time 0.1 =i
> Death Date Time 0.1 =i
> AgeMeasure 0.0 =i
> Language Code  0..c0

> Nationality Country Code 0.1 =i

> Address 0.0 = i

Use case 4: Mapping. To demonstrate this use case, two
BIEs are created for the ResultsType and TestResults compo-
nents (see Fig. 8). Since these two libraries are matched and the
source library is aligned in the previous steps when the user se-
lects a specific sub-component from two profiles, the UI shows
matched component(s) from the other library.

Mapping for Results Type and TestResults BIES

Qx < Qx <

SaceTee T Hagatee

Fig. 8: BIEs’ MAPPING.

Fig. 8 shows Employeeld from the ResultsType matched to
Identifier from the TestResults component. The mapCenter ana-
lyzes differences between each pair of the matched profiled sub-
components, suggesting the mapping specification that the user
needs to provide. In the bottom table in Fig. 8, one difference
between the two BIE sub-components is detected. For the Iden-
tifier component, the regular expression is defined, but the Em-
ployeeld is simply text. The user can see the details of the differ-
ence by clicking the link next to the matched pair. After review-
ing the difference, the user can provide the mapping specifica-
tion.

£ Update

Move to Draft

> Communication  0..c0

> shift 0.0 =i

Fig. 7: SOURCE LIBRARY ALIGNMENT.
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5. DISCUSSION AND FUTURE WORK

The paper presented an overview of the use cases needed to sup-
port a flexible supply chain, which was defined through the Flex-
ible Supply Chain Integration working group [5] initiated in Jan-
uary 2024 by OAGiI, its member companies, and NIST. There
are six base use cases in total and three specialized use cases.
Two libraries—QIF 3.0 and connectSpec 10.11.2—were used to
demonstrate the identified use cases. At the moment, the front
end is designed, and the future plan includes the definition and
implementation of the needed RESTful APIs.

At this phase of the project, some challenges and improve-
ments have also arisen. First, as proof of concept, only con-
nectSpec and QIF libraries were imported. However, through the
Flexible Supply Chain Integration working group, a few more
specifications were identified. The future plan is to validate the
mapCenter using the following list of specifications: UBL 2.4
[19], Chem eStandards [17], AgGateway ADAPT Standards
[16], S Series [20], MTConnect [21], IPC-1754 [22], MIL-STD-
31000B [23], and NIEMOpen [24]. These standards use different
syntaxes and conventions, making the import tasks quite compli-
cated.

Second, the proposed design for a flexible supply chain [1]
assumes that libraries will be stored in a CCS-compliant way. All
the specifications mentioned, except UBL, are not CCS-based.
Consequently, some challenges need to be resolved before a
specification can be represented in a CCS-compliant form. Let
us first clarify what it means to be CCS-compliant. First, it means
that structure and value domain definitions can be represented
with CCS modeling entities, including Core Components, Busi-
ness Information Entities, and Data Types. But for the Data
Types, CCS makes a distinction between Core Data Types
(CDTs) and Business Data Types (BDTs) that are based on
CDTs. The second meaning of compliance is that CDTs must
come from the UN/CEFACT Data type Catalog [25]. The Data
Type Catalog defines the allowed list of eleven primitives as well
as the list of the CDTs. The initial discussion and analysis of the
specifications used for the validation of the mapCenter indicated
that the UN/CEFACT-provided list of CDTs might not be
enough to satisfy the needs of different specifications supporting
different industries. The current opinion of the working group is
that the list of CDTs should be expandable, but the
UN/CEFACT-provided list of primitives should be consistent.
Here, the challenge will be how to recognize CDTs and BDTs in
an importing specification. A possible solution for XML-based
specifications is to import Simple Types that restrict or extend
XML-built-in data types as CDTs, whereas the other data types
that extend these CDTs are imported as BDTs. However, this
potential extension of the CDT list would mean that the imported
libraries would not be CCS-compliant, but more in a CCS-like
form.

Third, many of the specifications analyzed up until now
have circular dependencies. This situation can make the import
process and the representation of and interaction with the data on
the UI challenging. The future plan is to develop an algorithm

for processing circular dependencies and design a solution to
handle this infinity.

Fourth, searching for matched source and target compo-
nents cannot be based on the component’s name only. Currently,
the user needs to know the name of the desired component to be
able to provide the matched component. In the future, this func-
tionality needs to support search based on any available data
about the component (e.g., definition, Dictionary Entry Name
(DEN), property term, etc.). Also, the plan is to provide a word-
embedding-based search or a connection to some of the existing
Artificial Intelligence (Al)/Large Language Models (LLM) plat-
forms for an interactive/chat-based search.

Fifth, the gap analysis is currently a manual task. Given that
the components and libraries themselves can be large, containing
thousands of sub-elements, merging can be a time-consuming
and error-prone process. We will seek to enhance user produc-
tivity by employing an embedding approach [26], which consid-
ers structure and data type in addition to individual labels and
documentation when calculating semantic similarity between
two components.

Sixth, currently, the gap analysis report provides information
about matched/non-matched components as well as the com-
ments the user provided during the matching process. It is envi-
sioned that this report could be more comprehensive and serve
as a valuable source of information for Standard Development
Organizations (SDOs). This information can be crucial as it can
drive the life-cycle management of the standard and signal im-
portant discrepancies and gaps between the standards and indus-
try needs. The future plan is to include additional information in
the gap analysis report, such as cardinalities, value domains,
value constraints, definitions, and the path of each component.
Also, the user should be able to choose the desired expression
language (e.g., JSON, XML) to export the generated gap analysis
report.

Lastly, as stated in [1], the plan is to enable the mapping
specifications definition in an "interoperable" and computer-in-
terpretable data transformation language using RADmapper
[27].

6. CONCLUDING REMARKS

This paper defines the use cases related to multi-standard man-
agement needed by the industry. These use cases are identified
as necessary to enable a flexible supply chain and more cost-ef-
fective and scalable integration between dispersed business sys-
tems operating in different business contexts. The paper demon-
strated each of the use cases using two DESes that were consid-
ered in the past by our industry collaborators. The paper also
identified challenges in realizing those use cases and plans for
future research.
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