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INTRODUCTION
The ever-increasing complexities of today’s and tomorrow’s intelligent and connected
products are already well beyond the ability of an individual or even a team to understand
and manage them. This often leads to increased costs, missed market opportunities and
resources that are unable to scale. In extreme cases it leads to catastrophic failures and
loss of life. The culprit is often referred to as “emergent properties” or “emergent behaviors”
of complex products which are impossible to identify and mitigate using the existing tools
and process.
Digital Transformation is widely recognized as key to successfully managing these everincreasing complexities by transforming non-digital data to digital data models and
non-digital processes to digital processes. The transformation enables use of new, fast,
and frequently changing, digital technologies to solve very complex problems. However,
transformations of the data and of the process present a significant risk of not achieving the
goal—which is difficult to see until expanding the cost and the effort—if they are executed
without understanding the full impact of that transformation.
Transformation to digital models is accomplished by using new and emerging tools, such
as Model Based Systems Engineering (MBSE), creating new tool and data silos—further
aggravating the problem of the existing tool and data silos—such as simulation. Additionally,
failure of capturing design intent along with design data in digital models prevents effective
traceability and mitigation of complex system-level issues including resolution of field
problem reports, introduction of new features in an existing product, or extraction of
actionable data from an IoT feedback stream.
Transformation to digital processes risks replication of the existing processes without
recognizing that the very nature of them is not scalable to match the challenge of exploding
complexity. For example, overreliance on Reductionism—breaking a complex problem to a set
of simpler and isolated components—prevents effective mitigation of emergent properties
and behaviors between systems and sub-systems.
This paper discusses why Systems Thinking is essential to managing the ever-increasing
complexity and why that approach is critical to the success of Digital Transformation.
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EXPLOSION OF COMPLEXITY
Product design has historically focused on the product itself, with only a small range of
issues arising from the interaction of that product with other products. In addition, the focus
was typically on a single implementation domain at a time within that design—mechanical
structures, electronic schematics, software code—but not all domains together. Functional
customization or product variability was also not a typical characteristic of a product. As
the complexity of functionality, customization, and cross-domain interaction started to
increase, so did the need for better tool data tracking within a domain. This gave rise to
domain-specific data management solutions such as Product Lifecycle Management (PLM)
and Product Design Management (PDM) for mechanical CAD files, component libraries
and constraints and rules management for electronic CAD, and software development and
versioning environments. This helped to manage the increasing amounts of design data
within each discipline or group. However, the focus remained largely on each domain itself
within the product.
Mechatronic
Single Domain

As products became more
intelligent—with more functions,
more software, more electronics,
more customizations—design
complexity started to increase

TIME

due to the interdependencies
and interactions between

Figure 1: Explosion of complexity

the previously isolated
implementation domains within the product: mechanical, electronic, software, along with
integrated services. Co-design and cross-discipline optimization of the domains became
important enough to warrant a name, “Mechatronics.” Although, as the term implies, the
focus was on the mechanical ‘and’ the electronics. Software continued to be in its own silo
as the number of embedded software lines started to expand significantly. In the mechanical
and electronic domains, legacy PLM/PDM systems started to shift from file management to
management of data structures. However, they remained mechanically-focused, with limited
ability to truly manage electronic assemblies other than their Bill of Materials (BOM), and no
real ability to manage software development.

Systems
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Today’s products—called system-of-interest—are a complex system (e.g., a self-driving car)
that functions within a broader system (e.g., other self-driving cars, the city infrastructure,
the weather, the traffic patterns, etc.) and interacts with many other related systems (e.g.,
maintainability, upgradeability, sustainability). This all represents a system-of-systems with
permutations of interactions and outcomes that surpasses individual comprehension.
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Figure 2: System-of-interest in the context of a system-of-systems

To optimize performance and cost, the system-of-interest lifecycle—from the conception
to the retirement of the asset—should be managed in the context of the overall system-ofsystems behavior. Traditional engineering IT systems, particularly legacy PLM/PDM tools,
were never designed to manage such complexity.
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THE RISKS OF EXPLODING COMPLEXITY
The rise in product complexity and the shift from a product-centric to a system-centric
environment creates new risks that are related to the enterprise’s business and product
strategies. These types of risk often create significant threats to the company’s overall
business strategy, as well as, the firm’s customers. These same risks can be mitigated if the
potential is well understood and dealt with early enough in the process.

Catastrophic Failure
Risk of a catastrophic failure is one of the most difficult areas to manage in a
system-of-systems scenario because of the emergent properties which arise
at the boundaries of these systems when systems interact with other
systems. This holds true for every lifecycle stage starting with the
conceptual design and all the way through the retirement
of the asset. It also holds true for any feedback loops
from the asset during operation back to the
engineering (e.g., maintenance, usage, etc.) and
from the engineering back to the asset (e.g., fixes,
upgrades, etc.).
These emergent properties may not manifest
themselves until the asset is manufactured and
tested or, even worse, until specific conditions
arise in the field. Without a proper understanding
of the entire system-of-systems space—intent, design,
manufacturing, operations and history that is traceable
from each lifecycle stage—the business may not be able
to grasp the potential for the wide range of emergent
properties. Being able to identify catastrophic failure risks that
can arise from system interactions is ever more important to
mitigate safety issues, regulatory failures, and liability.
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Near Miss
At-Risk Behavior
Emergent Properties
Figure 3: Hidden risks of emergent properties
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Original source: http://productdesignmanagement.com/over-engineering

Overdesign
System-of-systems pose a significant challenge to creating an optimized solution since
individually optimized systems—developed in a “silo”—rarely result in a well optimized
system-of-systems. Inevitably, these conditions arise from an overreliance on Reductionism
which is an approach to studying complex systems by reducing the overall system to a
set of simpler stand-alone components without the context of the larger system.
Reductionism “reduces” complexity, making it easier to study a component of the system,
at the cost of creating a silo around that component of the system that is often disconnected
from the larger system. The approach also results in managing each implementation domain
as a separate silo such as mechanical vs embedded software. The net result is sub-system
overdesign and usability problems which adversely impact the competitiveness of the
offering—making them more expensive to build—and lead to reduced market share and
lower profitability.
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Overcomplexity
Organizations with a long history of existing products often rely on the perceived
advantages of that legacy such as deep know-how, time savings via reuse, manufacturability,
established supply-chain, or brand leadership. The result is in an opening for new
competitors that come with a product and business strategy that reimagines everything—
often by reducing, if not eliminating, the complexity by looking at the target system from a
different, holistic perspective.
Source: https://www.businessinsider.com/what-are-the-different-levels-of-driverless-cars-2016-10

Figure 5: Winning with the complexity

A good example of this phenomenon is Tesla’s Electronic Control Unit (ECU) redesign.
Conventional automakers’ reliance on an ever-growing combination of separate ECUs—over
100 per car in some models—has been difficult to change due to a reliance on multiple
supply chain partners for sub-systems and the associated part revenue. In contrast, Tesla
designed a single water-cooled super ECU, named Hardware 3, as an integrated alternative.
As a result, Tesla has significantly reduced the complexity of the embedded software in each
vehicle as far as multi-ECU integration is concerned. Tesla is now extending its competitive
advantage by focusing on the specific complexities of optimizing electric vehicle battery
usage, as well as, self-driving autonomy, without the complexities of a multi-ECU network
and the inherent interactions between ECUs. This situation represents both a missed
opportunity for the legacy players, and a challenge that will be difficult to match until a
fundamental redesign is undertaken.
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SYSTEMS THINKING
Systems Thinking, together with Digital Transformation, is central to managing the everincreasing complexities of today’s and tomorrow’s intelligent and connected products. Unlike
Reductionism, it is a holistic approach to analyzing and understanding how the system’s
constituent behaviors and elements interrelate, how they change over time, and how they fit
in the context of a larger system. It is not a tool, it is a way one thinks about understanding
and solving complex problems and it is complementary to Reductionism. Systems Thinking is
applicable to all design abstractions and all lifecycle stages of a product—from early design
space exploration—all the way through its manufacture and use in the field.
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Figure 6: Systems Thinking

Original source: http://www.thwink.org/sustain/glossary/EventOrientedThinking.htm

Systems Thinking and Digital Transformation strategies need to be implemented together
because Systems Thinking is critical to a successful Digital Transformation. Systems
Thinking is a continuous way of thinking about products and systems—once instituted it is
meant to be a permanent characteristic of the enterprise’s approach to product conception,
design, manufacturing, asset operation, maintenance, and disposal.
Systems Thinking is used in many areas that are studied as systems—such as climate change
or organizational behavior. The modern approach to Systems Thinking in design of complex
products was formulated in 1956 by MIT professor, Jay Forrester, while the basic Systems
Thinking principles have been traced back over two thousand years.
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KEY BENEFITS OF SYSTEMS THINKING
The benefits of Systems Thinking are many, however they may not be obvious and may not
be immediately realizable. The effectiveness of Systems Thinking is driven by the degree of
synergy between the key underlying enablers and the degree of complexity that needs to be
managed. It is a combination of how people think, methodologies they select, tools they use,
and platforms on which they manage the overall product lifecycle.
The level of the organizational
commitment and scope of the
overall vision also determine the
effectiveness of Systems Thinking.
For optimal results, Systems
Thinking will be an integral part of
the overall Digital Transformation
initiative. Without inclusion, the
enterprise may waste energy
focusing on inappropriate areas
of the business. Should systems
engineering processes be
transformed to MBSE first? How
will this impact Digital Thread
efforts? Should activity focus on
the ability to create Digital Twins
that accurately reflect assets in
the field? Should the organization
re-evaluate data and process
management solutions to ensure
that the resulting digital models
get managed in a system-ofsystems manner?
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If the above processes are architected correctly and reflect the company’s Digital
Transformation business objectives and product strategies, one can expect to realize multiple
benefits over time including:

Key Benefit

Additional Details

Identifying and mitigating risks that

▪

Mitigation earlier in the design process saving cost and time

lead to catastrophic failures

▪

Minimizing the likelihood of emergent properties and behaviors within and
between the systems and the underlying sub-systems by leveraging system
models as a “connective tissue” of interdependence

▪

Expanding the scope and reach of the Digital Thread to include design intent
(requirements, system modeling, simulation and collaboration)—key to preserving
and leveraging institutional knowledge and the elimination of silos

▪

Closed-loop maintenance feedback for better Failure Mode and Effects Analysis
(FMEA)

Increased value and effectiveness of

▪

Digital Transformation

Instituting uniform, tool-agnostic and connected process and data models across
the enterprise for consistent methodologies and collaboration

▪

Better capture of design intent

▪

Realizing new design representations (e.g., architecture and variability models) for
better value delivery

▪

Managing appropriate system views for the appropriate tasks using enterprise
specific ontology

Minimizing the overdesign effects of the

▪

Creating more competitive solutions

Reductionist approach

▪

Minimizing the risk of missed opportunities

Better process for managing new

▪

Internet of Things

technology insertions

▪

Generative Designs

▪

Artificial Intelligence

▪

Instituting simulation across all system abstractions and lifecycle stages as a

Saving time, resources, and costs

reusable, traceable, and version-controlled capability—the same resources can
handle a higher volume of simulation due to the system-of-systems complexities
▪

Managing system variability across all lifecycle stages to optimize reuse—what is
unique to a variant vs. what is common to all variants within a family and across
related families of products

▪

Reducing the Cost of Quality (COQ) through less re-design, re-work, scrap—with a
Digital Thread that connects intent and data across all lifecycle stages

▪

Providing the Total Quality Management (TQM) and Statistical Process Control
(SPC) initiatives with traceability to product lifecycle
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KEY ENABLERS OF SYSTEMS THINKING
The holistic approach of Systems
Thinking—seeing the product
as a system—is key to effective

PRODUCT
AS A
SYSTEM

PRODUCT
AS A BOM

management of product complexity
and risk. The key therefore is
to understand what system
representations and processes are

Figure 7: Crossing the BOM to Systems chasm

vital to enabling effective use of
Systems Thinking.

Digital Thread and Traceability Across all Design and Lifecycle States
All Digital Transformation initiatives—going from paper documents to well-connected digital
models across the entire product lifecycle—recognize the importance of a Digital Thread
which is only amplified when put in the context of Systems Thinking. Digital Thread is key to
Systems Thinking since it enables traceability of the design intent, design data, and design
history across all lifecycle stages. While design intent and history are critical to Systems
Thinking, they are often omitted from the vision and implementation of an enterprise specific
Digital Thread. They are critical since, if one can see details of the design but can’t see the
intent of that data or the history of its evolution at a particular lifecycle stage—the “why”
vs the “what”—then one can’t make any informed system-of-system conclusions about
it or about the field data generated by its Digital Twin in the field. At best, one can draw
conclusions about the sub-system in isolation but that exposes the dangers of over-reliance
on Reductionism, thus increasing the risk in this approach—you can’t see the forest for the
trees. Digital Thread that includes traceability between intent, data, and history, in the context
of a specific lifecycle stage, is a key enabler of Systems Thinking.
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Figure 8:
Digital Thread and lifecycle stages
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Systems Architecture as a Connective Tissue
While Systems Thinking applies to every lifecycle stage of a product, it also creates a
foundation for the rest of the process during the initial conceptual phase of a design.
This is the domain of systems engineers who use Systems Thinking and MBSE to understand
the system-of-systems context to explore the optimum architecture of the system-ofinterests. At this stage, the focus is on functional breakdown, functional variability, high-level
requirements, and the overall architecture. This process relies very heavily on simulation
to explore what’s possible and to verify what’s feasible. There is no focus on the
implementation domains unless there is a business objective to reuse already designed
sub-systems. The resulting systems architecture is expressed on a conceptual level, a
high abstraction level, and is meant to be a connective tissue for all simulation studies,
implementation domains, cross-team collaborations, interpretation of feedback data from
the field, etc. High-level systems architecture is one aspect of expressing design intent,
plus it enables systems engineers to express Systems Thinking when interacting with the
rest of the enterprise. Therefore, management of systems architecture must be part of the
Digital Transformation vision and definition of a Digital Twin. Systems architecture is a key
enabler of Systems Thinking.

Figure 9:
Systems architecture
and the RFLP system
model representation

Source: Eigner, M.; Dickopf, T.; Apostolov, H.: Interdisziplinäre Konstruktionsmethoden und -prozesse
zur Entwicklung cybertronischer Produkte
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Pervasive Simulation Across all Design and Lifecycle States
Simulation is the best way to predict and mitigate the potential for emergent properties
via continuous exploration and verification of multiple “what-if” scenarios. For this reason,
simulation should be accessible in every representation of the system and sub-system and
at every lifecycle stage of these systems and sub-systems. This includes access during
design, manufacturing, integration, field modifications, and interpretation of inputs from the
field. Every one of these provides a new insight and a new pitfall. The agility of this process
depends on the ability to continuously and rapidly answer the question, “How good is my
system design?” This process is always agile and iterative. It’s like a tornado funnel that
keeps looping but eventually settles down on a desired result. Of course, this “tornado” is
not random—it is “creative” and “investigative” and is guided by the principles of Systems
Thinking. This requires the right tools, proper level of automation, access to the right set of
design data at any level of system abstraction and at any intersection of the sub-systems.
And of course, an ability to retain a system of record: what was done, when, by whom, with
what tools, with what data, with what results. This also requires validated simulation models
that are automated—highlighting the need for good simulation governance practices across
the enterprise. This can’t be achieved when simulation is a silo and when the design data
is not easily traceable. In other words, this can’t be achieved without simulation being part
of the Digital Thread. Simulation is part of the continuous exploration and validation and, as
such, is a key enabler of Systems Thinking.
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Digital Models of all Implementation Disciplines
Without Systems Thinking, the focus is on individual implementation domains (e.g.,
mechanical, electronic, software), one at a time. This is a classic Reductionist approach that
encourages teams to work in silos. Systems Thinking requires a system-centric approach
where the systems architecture model is the central expression of design intent and serves
as the connective tissue between the individual implementation domains. This allows crossoptimization of the individual domains according to the overall system needs, as opposed to
domain-specific optimizations without the context of the overall system needs.
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Figure 11:
Implementation disciplines
in the system context

Multi-discipline representation is a significant challenge to the legacy PLM/PDM systems
that are architected solely around the mechanical view of a design. That centrality of the
mechanical view is the core limitation that prevents these systems from fully representing
non-mechanical design disciplines such as the intelligence of an electronic schematic or
a branch-merge-build representation of the software development stages and feature/
functions. Lack of that intelligence makes it impossible to represent all domains in a
single and complete Digital Thread of a system. Multi-discipline representation of all
implementation domains connected through a single central systems architecture model is a
key enabler of Systems Thinking.
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Unified Variability Model Across all Design and Lifecycle States
Design efficiency can be significantly improved by architecting the product as a family of
unique variants that share a common set of capabilities/functions. This is particularly true
when the variability helps to manage the complexity of functional breakdowns in the early
stages of system analysis and is then refined against subsequent design representations.
The process for identifying strategic variants starts with the analysis of target capabilities
as defined through user need, use cases, and business objectives. Common sub-systems—
representing common functionalities—are designed only once and can be reused over and
over. Central management of systems variability also provides down-stream benefits for
build-to-order scenarios, optimization of supply chain, optimizing manufacturing resources
and processes, and the accurate representation of assets via a Digital Twin. The goal is a
unified variability model that is arrived at over time and contributed to by many teams based
on objectives, technologies, manufacturing, etc. That unified model can then be applied to
various configurations of the same product variant at all stages of lifecycle—from systems
model to the Digital Twin. As with everything else, variability needs to be reflected in the
Digital Thread since it is key to traceability of design intent, data, and history across the
lifecycle. Variability is a key enabler of Systems Thinking.

Figure 12: Pervasive variability management across many data structures
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Digital Twin as a Model of an Asset in the Field
Since the core function of a Digital Thread is traceability of “anything” to “anything” about a
product throughout the entire lifecycle—as opposed to during design only—it should include
the configuration, current state, current performance, and all maintenance/update history
of an asset in the field. In other words, the vision of traceability enabled by a Digital Thread
needs to include the vision of a Digital Twin as related to a specific asset serial number. In
fact, for some enterprises, Digital Twin is the essential and primary goal for establishing
Digital Thread since that is key to offering and managing Product-as-a-Service (PaaS).
Digital Thread connects Digital Twin to the specific configuration of the design data including
design intent, requirements, systems architecture, variability resolution, as-designed BOM,
simulation studies, etc. At that point, the same capabilities can be applied to Digital Twin
as those used during design (e.g., simulation studies) combining data obtained in the field
with the specific design configuration and its history. This supports planning of proactive
maintenance, analysis and mitigation of emergent properties that manifested themselves
during asset operation, diagnosis of actual failures, or design exploration for new capabilities
for the existing asset, etc. Same can be done for the specific asset or a class of assets
with similar characteristics. Connecting physical assets to an accurate and current digital
representation of it via a Digital Twin is a key enabler of Systems Thinking.

Figure 13:
A unique Digital Twin of a
specific asset in the field
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BENEFITS OF ARAS INNOVATOR PLATFORM
As companies shift their focus to Systems Thinking, they need a PLM platform that is resilient enough to keep
evolving as the complexity of the systems evolves and is one that the company can live with for a long time.
This is because enablement and implementation of Systems Thinking will take time, will go through many
maturity levels, will be affected by integrations with the moving target of best-in-class tools and will have
to accommodate latest technology insertions (e.g., Internet of Things (IoT) or Artificial Intelligence (AI)). The
platform must be adaptable and extendable to represent ever-evolving and company-specific needs. It simply
can’t be a legacy PLM/PDM system rooted in management of mechanical structures.
The Aras Platform is an enterprise low-code platform—open, flexible, scalable, upgradeable— that provides
long-term benefits for implementation of the Systems Thinking strategy for lifecycle management of a system-ofinterest and a system-of-systems. While this paper is not meant to discuss the core benefits and features of the
Aras Platform it does focus on areas where the platform provides key enablers for Systems Thinking.

YOUR Digital Thread
While the need for a Digital Thread is well understood as a key part of Digital Transformation, what is
often glossed-over is the fact that there is no such thing as a standard Digital Thread out-of-the-box. Every
organization has a need to trace different types of lifecycle stages for different data structures that represent
different design abstractions and implementation domains, and with different relationships to the assets in
the field. For example, many suppliers of sub-systems for the auto industry including infotainment, navigation,
engine controls, braking system, etc. have a very strong business need to manage the embedded software and
electronic differentiators per customer. At the same time, they depend on a common mechanical platform that,
at its core, is identical across all OEMs. That’s a good example of why it is important to understand that this is
YOUR Digital Thread—OEMs and suppliers have a quite different context for it.
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Figure 14: Partial Digital Threads
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that do not need to be connected initially. The key is to ensure that there is “something
common” across all disconnected Digital Thread segments that allows you to connect them
later. For example, one of the major automotive organizations is currently using the Aras
Platform to build two partial Digital Threads simultaneously in 2 divisions, for 2 different
purposes: Model Based Development is doing Engineering Data Management while a
different group is doing Vehicle Performance Management. These Digital Thread segments
are still disconnected but both use the same exact tool agnostic systems architecture
model structure within the platform which will allow the threads to be connected when the
organization is ready for it. In that sense they are “joined at the hip” through that common
representation of the systems architecture even if they are not yet used together. This is also
a very good example of using the platform to develop a series of maturity stages towards the
ultimate Systems Thinking implementation.
The Aras Platform allows you to
start with a very narrow definition
of the Digital Thread, with a small
traceability of data, and grow that
with time without any disruption
to the teams that already use
it. This is possible because the
platform allows evolution and
Figure 15: Interactive custom view of a Digital Thread

modeling of new and expanded
Digital Thread while users use the

existing implementation of it. This is because the platform provides individual task specific
and access-controlled views of the Digital Thread that expose only the content that is needed,
even if the thread itself includes more data and more lifecycle states over time. These views
are dynamically rendered using the current configuration and state of the underlying data
and therefore show the actual state of the requested data at the specified lifecycle stage—
these views are not static diagrams like PDF documents or SysML diagrams. The additional
information in the Digital Thread that is added over time can be exposed to the users by
changing the configuration of these views at the appropriate time.
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Figure 16:
Design intent and design data—enablers of
continuous design exploration and validation

YOUR Design Intent
Legacy PLM/PDM systems focus on design data without enabling traceability to design
intent. Design intent represented through requirements, systems architecture, simulation,
variability, and even design collaboration is authored and managed in separate tools with
disconnected data models—silos. And yet without traceability to design intent throughout
system’s entire lifecycle—which includes design, manufacturing, operation and maintenance—
it is not possible to enable Systems Thinking by modeling an accurate Digital Thread or a
meaningful Digital Twin.
The Aras Platform includes a family of applications for capturing design intent at various
levels of abstractions and representations. These applications allow you to continuously
explore, navigate and optimize all design intent and design data representations as a single
interdependent system of elements and relationships. This includes traceability to all
physical design details managed by the Aras Platform.
The Aras Platform applications related to Systems Thinking enablement include:
▪

Requirements Engineering (with numerical modeling of parameters)

▪

Systems Architecture (MBSE related, descriptive models)

▪

Variant Management (from systems architecture to manufacturing-centric PLE)

▪

Product Engineering (core product development functionality)

▪

Simulation Management (design context, process, data and results, analytical models)

▪

Digital Twin Core (configuration and management of Digital Twin)

▪

Visual Collaboration (managed and preserved in the context of the related data)

While each of these applications and data models can function as individual solutions, the
enablement of Systems Thinking comes from their synergistic integration across the entire
system lifecycle including management of post manufacturing Digital Twins.
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YOUR Data Sources
The Aras Platform does not function in a vacuum and provides multiple options for
integrating data that resides in other systems and tools. Utilizing the right approach to meet
specific business requirements is vital. These needs range from authoring tools, federating
data from various and dissimilar databases, and triggering processes and workflows. This
ensures that the right data is available to the right people. The options include:
▪

Open schema and API

▪

Data federation

▪

Dedicated connectors
▪

Requirements management, MBSE and systems modeling, simulation,
PDM vaults (mechanical, electronic, software), legacy PLM/PDM systems,
enterprise business systems

A good example of the advantages of the Aras Platform is the case of MBSE systems
modeling tools. These tools create a rich and complex model of elements, relationships,
behaviors, representations and diagrams with details that go way beyond what the Digital
Thread needs. Since Systems Thinking relies on a normalized and tool agnostic model of
the systems architecture as a single source of truth, the Aras Platform uses a tool and
methodology specific “Anchor Item Type” dictionary to map between the external model (a
variable) and the model in the platform.
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Figure 17: Anchor Items and a normalized systems architecture in a Digital Thread
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CONCLUSIONS
The rising complexities of the systems being designed, operated, and maintained create
significant business risks for enterprises. Systems Thinking is an approach that allows
organizations to manage these complexities in an effective, sustainable, and scalable fashion.
Successful application of Systems Thinking during Digital Transformation and throughout
design, manufacturing, operation, and maintenance lifecycle stages depends on how it is
applied to the underlying methodologies (how organizations think) and to the environments
in which these processes are realized (how tools function). To be effective, these processes
and environments must include the following set of core capabilities:
▪

High level design abstractions
Engineers manage complexity by creating ever-higher levels of abstraction models
that reflect intent, spanning all implementation domains, instead of focusing on design
details within a domain. This is the essence of MBSE: capturing design intent within the
systems model without worrying about implementation details and then partitioning
and realizing these models in various implementation domains as design data.

▪

Context for interdisciplinary collaboration
The design of complex products requires multiple teams to collaborate and make
trade-offs and optimizations within and between sub-systems—resulting in optimum
behavior of the entire system. The key to such collaboration is an ability to present
an appropriate design view for the specific collaboration, the context, and to preserve
traceability of the collaboration details to that view of the design. This allows teams to
understand why decisions were made—which is part of design intent.
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▪

Interdisciplinary behavior analysis and simulation
Design space exploration and optimization across the multiplicity of design
abstractions, system models, and implementation domains require constant use of
simulation across all of these representations to ensure convergence of the design
around the original design intent. To be effective these simulations must be accessible
to any user in any domain. They also must be traceable to, and associated with, design
revision, specific design state, simulation models extracted, inputs used, results
obtained, and the underlying simulation process and simulation engines.

▪

Connectivity between data elements and abstractions
Traceability between all design data models and cross-model elements at an
appropriate granularity is critical to managing the design intent and the design
data of complex designs. Since the evolution of design abstractions, data models,
technology insertions, tools, and methodologies is continuously challenging established
solutions—a resilient and adaptable PLM platform is critical in order to remain relevant
today and tomorrow. This platform must maintain and manage traceability between
data models and design decisions across all implementation domains and lifecycles;
from conception, through detailed design and to operation and maintenance of the
assets in the field.

While Aras can’t teach organizations how to practice Systems Thinking, it does offer an
enterprise low-code Aras Innovator Platform (open, flexible, scalable and upgradeable)
that enables all the key Systems Thinking processes as an integral part of the Digital
Transformation and beyond.

Aras provides a resilient platform for digital industrial applications. Only Aras offers
open, low-code technology that enables the rapid delivery of flexible, upgradeable
solutions for the engineering, manufacturing, and maintenance of complex products.
Aras’ platform and product lifecycle management applications connect users in
all disciplines and functions to critical product data and processes across the
lifecycle and throughout the extended supply chain. Headquartered in Andover,
MA with major offices throughout the world, Aras supports more than 350 global
multinational customers and over 250,000 users. The Aras Innovator platform is
freely downloadable. All applications are available at a single subscription rate,
which includes all upgrades performed by Aras. Aras customers include Airbus,
Audi, Denso, GE, GM, Honda, Kawasaki, Microsoft, and Nissan.
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