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Abstract
Creating and maintaining a machine-readable mapping of the relationships between the various ways
of identifying industrial assets across IT applications, domains, and actors is challenging in large-scale
industrial systems. This challenge is usually addressed by using the manual labor of subject matter experts
and by creating manual mappings. The automated solution for this challenge has been under-investigated
previously. To this end, this paper proposes a classification of identifiers needed for identifying assets
on an industrial scale and proposes an approach to digital transformation to address the problem by
building upon a model-based approach that has been gaining popularity in recent years. We illustrate
our approach with a real industrial example at Equinor, the largest, state-owned Norwegian energy
company.
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1. Introduction

Background. In industrial asset management, one of the essential daily routines is the manage-
ment of many industrial assets, e.g., pumps, pipes, and valves in oil and gas production. Those
assets are represented and identified in various ways in the documentation and supporting IT
application systems. For example, at Equinor – the largest, state-owned energy company in
Norway – there are more than 100 installations, with over 9 million objects identified with TAG
numbers. Each TAG number is managed in a wide range of applications, leading to tenfold
millions of identifiers.

The Challenge. As the same objects are identified with various identification systems, today,
we depend on human intervention from subject matter experts (SMEs) in one or several fields
to know that we are talking about the same object or asset. With the rise of digitalization and
the increased need for data consolidation and integration, we see a clear need to have those
mappings generated and presented in a reproducible and machine-readable way. Furthermore,
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today’s working practice is often based on the sequential processing of data by SMEs and then
by data engineers leading to bottlenecks and unnecessary delays in the process.

The Idea. To address this challenge, we aim to automatically generate the mappings between the
identifiers and the objects by inferring the relationship mapping using model-based integration
instead of the current document-based data exchange. We introduce our model-based approach
that will serve SMEs and data engineers working with data pipelines and integrations, including
the creation of automated machine-to-machine data integrations.

The Vision. The industry’s move towards model-based documentation yields many improve-
ments to the current document-based approach. The model-based approach combined with the
suggested models will simplify the data exchange process and improve support for management
of change (MoC).

Both of these tasks are challenging and resource-intensive in the current work practice – as
the data exposed about an asset will vary significantly based on the context, the task at hand,
and the role of the system actor. This differentiation is challenging as various user groups and
applications would generally need to map different identification methods for the same asset,
as well as to have the ability to represent the asset in different ways based on the context and
the task at hand.

This approach will make it possible to process data on different levels in parallel instead of
the more sequential processing we see today. The proposed solution will help optimize these
processes, considering the various needs of user groups or automated machine-to-machine in-
terfaces, consolidating the information about an asset across multiple domains and applications,
and improving software interoperability and human collaboration.

2. The Current State of Affairs

Today’s document-centered practice requires a lot of resources and manual work to consolidate
and exchange information across the value chain and life cycles of engineering projects and
assets. We are seeing a shift towards model-based approaches that can support subject matter
experts, digital twins, and automated data exchange through APIs, data mesh [1, 2], data
pipelines, or similar.

However, creating models across multiple domains, applications, and value chains, raises the
need for a universal way to refer to an object represented by various distinct identificators. It
also questions how these object references should be managed and mapped.

Despite being a common problem in the industrial setting, data integration and mapping is
still an area yet to be widely researched. It has commonly been solved using manual labor, and
proprietary solutions [3, 4]. This work is typically done by SMEs working closely with IT and
data integration experts, such as data engineers and data integrators.

Furthermore, this complex problem can be divided into several challenges. To understand
those challenges and opportunities better, we must look closely at the actors and how each actor
identifies the assets and the relationships between them. Change management for identificators
at hand is yet another challenge for the industry that we shed light on in this paper.



3. Approach

We want to start describing our approach with introducing classifications essential to under-
standing and solving the challenge at hand.

3.1. Classification of Identificator Systems

In engineering systems, we often see various ways of identifying assets. We want to start
by distinguishing two groups of identification systems based on their uniqueness outside
their context and the amount of information they carry. Later we would also like to separate
idenficators into categories based on their lifecycle management. These categorisations are
based on the classification of the typical idenficators used in the engineering systems.

We would like to start by dividing identificators into two distinct categories based on their
usage:

• Descriptors – often context-dependent identificators (i.e., unique only within a specific
context), bearing encoded information about the asset and breakdown structures that
SMEs use. Those often are presented in a human-readable format.

• Identifiers – identificators used to identify data entries uniquely, often not intended to
be human-readable or convey meaningful information.

While descriptors are easy for the experts and engineers to use within their domains, they
carry too much information from that domain and are often dependent on the context to be
unique. In other words, a descriptor has no value if it can not uniquely identify an asset outside
its context. Therefore, we need identifiers to be able to supply that identification. On the
other hand, even though identifiers are more likely to be unique outside their context, they
will typically be less human-readable. As we can see, descriptors and identifiers have specific
usages in respectively engineering systems and the underlying IT applications and can not be
interchanged.

Furthermore, we need to look at the classification of identificators from the lifecycle manage-
ment perspective. This classification is fundamental when looking at change management for the
data and assets. We usually see this in engineering systems where data has to be exchanged and
updated across the value chain, domains, applications, or similar. The four main categories are:

• Self-managed identificators can be managed by one entity without synchronizing
the identificator generation or naming with other entities. This is typically internal
identification that is being used within a specific context.

• Co-managed identificators have to be synchronized across multiple entities and thus
can not be easily changed without proper synchronization and clarification with other
parties involved.

• Unmanaged identificators that can be generated in a distributed manner and do not
need any management from any party, except for agreeing on the algorithm, such as
UUIDs and GUIDs.

• Centrally managed identificators – their use and assignment have to be managed and
coordinated by one specific body, e.g., TAG numbers in the current engineering practice.



Figure 1: Domains of SMEs, Data Engineers, and Digital Multi-Discipline Experts.

The introduced classification is also in line with the Industrie 4.0 view on identifier man-
agement [5] and integrates well into Reference Designation System (RDS) codes defined in
ISO/IEC81346-1 [6].

So far, we have introduced two ways of classifying the identificators based on their usage
and lifecycle. However, we still need to address the challenge of being able to map various
kinds of identificators across multiple applications and domains. We also need to make the data
mapping and exchange process less sequential so that the various system actors can work on
their parts without creating bottlenecks for each other.

3.2. Classification of System Actors

To help address the issues mentioned above, we would like to introduce three types of actors in
expert systems involved in building and maintaining assets in engineering:

• Subject matter experts (SMEs)
• Data engineers / IT experts
• Digital multi-discipline experts.

If we combine this classification with the identificator classification described above, we get
a much clearer picture with the separate areas of responsibilities shown in Fig. 1.

Seen from the perspective of a subject matter expert, information about assets resides in a set
of systems varying in the domain (e.g., electrical engineering, mechanical engineering), project
execution stages (i.e., project lifecycle stages), and value chain (e.g., supplier, contractor). SMEs
often relate to project-specific descriptors (e.g., TAG numbers, other engineering numbering sys-
tems) and use that information to identify objects. The same identifier can be traced throughout
various systems, domains, and disciplines that may also have their own descriptors. Descriptors



are also made to be human-readable and often contain encoded breakdown structure information.
Such descriptors are used across various systems and diagrams, such as Piping and Instrumen-
tation Diagrams (P&ID), Master Equipment Lists (MEL), or process flow diagrams (PFD).

The data of the engineering applications used by SMEs is stored in databases, which are often
tailored to these systems. Data import and export usually happen through application program-
ming interfaces (APIs) or specialized data pipelines. The data from the expert systems lies in the
databases and other ancillary IT systems. That data typically uses other types of identification,
which we refer to as identifiers. The data engineers and IT experts working on creating and
maintaining the IT applications, databases, data integrations, and data pipelines usually use
identifiers as a primary object identification method. These identifiers are often technical and de-
signed to be unique within their context and focus less on human readability. Typical examples
include GUIDs, UUIDs, auto-incremented numbers, or serial numbers for the equipment.

The challenge is that the mapping between descriptors and identifiers across applications
needs to be explicit. In addition, SMEs and data engineers often only stick to either of the
distinct categories of identificators – descriptors or identifiers. Both types are specialized for the
workflows in which they are used and, therefore, are not optimal for use by other workflows.
These challenges underline the importance of supporting both types of identification.

In addition to the two user groups already mentioned, we would also like to introduce the
digital multi-discipline experts that work in the cross-section of one or several domains and IT,
who map the information and help the two other user groups to move forward. This group would
often need to have a good understanding of both domain knowledge and the IT applications, as
well as types and mapping of the identificators.

3.3. Requirements

To summarize the needs described above, we will need to create a solution that will be able to
solve the following challenge:

Create tailored data "views" to show relevant data to a specific actor. Views will be
based on which task and at what stage of the project lifecycle it needs to be performed,
consolidating all the available data from various applications.

Furthermore, we have identified the following requirements to address the challenge:

1. Data about an asset should be presented based on the actor’s context, need, and specific
task the actor needs to perform. The tasks are defined by factors like domain, project and
product lifecycles, and value chain.

2. There should be non-manual ways of mapping descriptors and identifiers across domains,
applications, and value chains to facilitate seamless data integration.

3.4. Digital Transformation

The proposed approach will build further on the model-oriented way of working through
better digitalization initiatives, like Industrie 4.0, Asset Administration Shell [7] and digital
twins [8], to name a few. The idea is to facilitate the creation of various "views" for the



Figure 2: Various dimensions for the identification systems that are represented by a simplified
visualization of different identification systems that can be applied to an asset. Each axis represents an
example data flow between three dimensions: value chain, product lifecycle, and project lifecycle.

system’s actors based on all the available information and aspects mentioned above. The
variation and complexity of identification methods that will need to be mapped are illustrated
as a multidimensional plane in Fig. 2. It should also be noted that this figure simplifies the
real-world situation, where more than three dimensions are needed to map between different
identification models. Identifiers for the same object will also not necessarily map one-to-one
between identification models. However, they would often rather have one-to-many mappings
that need to be addressed in the new approach of identificator mapping. Such identification
mapping and support for multiple dimensions is an important step to support the Industrie
4.0 approach, specifically the Reference Architecture Model for Industrie 4.0 (RAMI 4.0) [9].

3.5. The Proposed Systematic Model

To satisfy the abovementioned needs, we propose classifying the user groups into three distinct
categories and introducing systematic knowledge or models.



Figure 3: A conceptual view of the proposed model integrated data views.

1. Project execution steps (facility lifecycle) – a piece of information about steps in the
lifecycle of a facility;

2. Asset representation according to the aspect1, including the domain and asset lifecycle;
3. Software applications including the data they represent and store – information

about what data is stored where and how it can be retrieved and updated;
4. Relationships and mappings of identifier and descriptor types – information about

how the descriptors and identifiers are composed for each type to be able to create
mappings

As we can see from Fig. 3, the context plays a central role in all those models. Context can
vary from model to model but can typically be something that helps uniquely identify the

1The aspect is defined by ISO/IEC 81346-1:2022[6, 10] as views to sort out and monitor the technical information of
objects. The 81346-1 part defines four fundamental aspects that can be used in the ISO/IEC 81346 standard series
and can be extended with other aspects.



information elements queried to the models. For instance, for a software applications model,
that can be information about which application is requesting the information about a specific
identifier or the current facility lifecycle stage.

Context is meant to add necessary information to a query or identificator to uniquely identify
an object with a model’s scope. We need this information since identificators are often only
unique with a specific scope. If we refer to those identificators outside their scope, we need to
add more information to ensure their uniqueness within the larger scope.

From the Fig. 3, we can also see that the different models will have different kinds of pre-
dominant identificators used to refer to the object – some models will be using various types
of descriptors, and some will be using multiple types of identifiers. To be able to extract the
necessary data for the particular actor on a specific stage in the project lifecycle, we would have
to be able to query all those models. This further underlines the need for a model mapping the
identificators in use.

More about the parts of the technical implementation for such a system has been drafted in
work by Mehmandarov R. et al. previously [11].

4. Conclusion

This paper introduced a classification of identifiers, their types, and actors in the industrial
context. Furthermore, we have defined a need and the requirements for identifying industrial
assets posed by digital transformation.

We propose to address this problem by introducing several models in a machine-readable
way. This approach will help us to automate the data integration between various endpoints
and domains, as opposed to the time- and resource-consuming manual processes that exist in
today’s practice. This approach aligns well with the industry’s current move to a model-driven
approach and data exchange and distribution trends, such as data mesh architecture.

We are implementing our approach using an example of Equinor and other prominent actors
in the Norwegian energy sector. In the future, we plan to validate our approach with more data
and industrial users and implement it in an industrial evaluation environment. We also aim to
develop a semantic theory of the approach in formal semantics and reasoning.
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