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Achieve Product Digital Thread Value

The Business Value of the Product Digital Thread

The product digital thread is an essential component of digital transformation in the manufacturing industries. The digital thread
logically ties product-related information together and provides traceability across the product lifecycle. More importantly, it helps

improve product quality, traceability, speed, and efficiency. Simply put, better data drives better decisions, performance, and
business value.

Digital Thread Value Demands Integration

The product digital thread is simply not possible without integration. Integration is inherent to creating and sustaining the digital
thread. But today's systems ecosystem does not lend itself to this level of integration. The product digital thread in manufacturing
is spread across numerous systems and disconnected business processes inside and outside an organization.

Effectively Implementing, Adopting, and Maintaining Integration

Integrating disparate data, applications, and processes, however, remains difficult. Manufacturers must cross a variety of hurdles
in the integration lifecycle from implementation through operation and maintenance.

How can companies overcome these challenges to efficiently and effectively achieve the business value of an integrated product
digital thread? What advantages do those with the best integration capabilities enjoy? We surveyed 138 manufacturers to find out.
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' _ Importance of the Digital Thread

Information is crucial to running a modern enterprise, and
manufacturers know the power of data from experiences in
their offices and plants. The product digital thread takes
product-related data and puts it into context so people can
quickly find the information they need and gain meaningful
insights.

This is more than a convenience; it's a business need. Two-
thirds of manufacturers report that the product digital
thread is important - or critical - to their company's success
and profitability. Only a fraction, one percent, say it's not

important.

IMPORTANCE OF PRODUCT DIGITAL THREAD
TO SUCCESS AND PROFITABILITY

Important

45%

Critical
21% T

Not Important
1%
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The Product Digital Thread Imperative

The Business Value of the Digital Thread
Why do manufacturers need the digital thread?

The Product Digital Thread ties

product iInformation, decisions, and Manufacturers report a variety of goals for their initiatives.
; ; Most reasons have to do with efficiency and better
N hIStOI’y together na structured, decision-making available from trusted, contextual product
—W integrated way that captures data. Manufacturers' most common goal for their product
product innovation and knowledge throughout digital thread is to drive product quality. Companies also
. . . commonly turn to the product digital thread to improve
the product lifecycle. It establishes traceability efficiency not only within Engineering but also overall
early in the front end of innovation through product development efficiency and resulting time to
] ) market. Some, just over one-third, seek improvements
development, manufacturing, service, and further down the product lifecycle to improve service. It's
field operation. clear that the digital thread offers value to many people in
many ways.

PRODUCT DIGITAL THREAD GOALS

>17% 49% 49%

Product quality Better decision- Faster time to Product Engineering Traceability Improved service
making market development efficiency
efficiency
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Integrate the Produ

Integrate Product Data
and Applications

One could argue that there
would be no digital thread
without integration, and we
would agree. The digital thread
is about creating, managing,
and leveraging crucial product
data and the relationships
between data elements.
Integrating information from
across the product lifecycle is
essential, and this data lies
across an ecosystem of data
sources and applications.

The challenge is that most
manufacturers don't have fully
integrated ERP, PLM, or supply
chain systems, let alone
integration across these and
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others that carry crucial
product information.
Integrating this information
takes commitment and
investment.

Why Invest in
Integration?

Why is it worth it? Because
achieving quality, efficiency,
and better decision-making
depends on it. Over two-thirds
of companies report integrating
data and applications across
the product digital thread as
important or critical to
achieving their product digital
thread objectives. And
although some may say it is
"nice to have," no
manufacturers report that it
was "not important.”

ct Digital Thread
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IMPORTANCE OF INTEGRATION TO ACHIEVING GOALS

Important
51%

*Not Important — 0%0

Critical
18%

Nice to Have
31%

Product Digital Thread Integration is connecting the data and applications required to
support different people, processes, and phases of the product lifecycle to create digital data
continuity across the Product Digital Thread. A cohesive Product Digital Thread requires Digital
Thread Integration to accommodate the reality of today's heterogeneous systems ecosystem
needed to support product innovation, design, development, manufacturing, service, and field
operation with systems including PLM, MES, SCM, and ERP.
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Integration Levels are Lacking
Given the importance of integration to
goals such as quality and time to
market, both of which impact top-line
and bottom-line business results, you
might expect more integration across
data and applications. Today, however,
only about one-quarter claim that they
have significantly integrated their
product digital thread. The vast
mayjority of manufacturers have only
"some" integration, leaving a lot of
opportunity for improvement.

INTEGRATION ACROSS THE
PRODUCT DIGITAL THREAD

Significant

26%

Very Little Not
r‘é% J L Integrated

2%

Integration Scope is Too Narrow

Product digital thread data in today's
manufacturing environment clearly
spans organizations and supply chains.
Gaining contextual information that
connects perspectives across disciplines
and transcends corporate boundaries
can provide valuable insights.
Integration has not kept pace with this.

The state of integration stretches
beyond the departmental level in two-
thirds of companies, but only about
one-quarter are integrated at the
enterprise level. Further, very few have
moved product digital thread data and
application integration to the value
chain level.

Target Greater Integration

Some manufacturers lead the way with
significant integration and a broad
scope. But this is not trivial to achieve.
Broader integration boundaries hold
the opportunity to increase business
value through better quality, efficiency,
and innovation but add additional
complexity to integration efforts that
may already be holding integration
efforts back.

INTEGRATING DATA AND PROCESSES ACROSS THE PRODUCT DIGITAL THREAD

INTEGRATION ACROSS
THE ORGANIZATION

Value Chain Not integrated
4% 1%

Enterprise I
24% | Departmental

37%

Cross-
Departmental
35%
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Three Tangible Signs of
Disconnected Product Data

Conversations about concepts like
the product digital thread must be
grounded in real-world experience.
What are the realities of working in a
company with a poorly integrated
product digital thread? One only has
to look at how frequently
manufacturers face common data
challenges that impact their work.
We investigated how often people in
respondents’ companies experience
various issues that directly impact
goals, such as speed, quality, and
decision-making.

We found that entering, retrieving,
and trusting data commonly face
challenges, specifically:

* One-third of companies report that
individuals enter the same product
data more than once into different
systems across the product
lifecycle on a daily basis

* A slightly larger percentage
indicates that individuals need to
go to multiple systems to find the
product data they need to do their
jobs across the product lifecycle

* 42% report that individuals find

errors in product data or
inconsistencies
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between systems across the product
lifecycle at least once a day, and
two-thirds of companies experience
this at least weekly.

* In addition, 43% report that
product data is not timely.

Data Challenges Make
Business Goals Unattainable

Despite the redundancy and
inefficiency of entering information
more than once and retrieving
product data from multiple sources,
or perhaps because of this,
companies commonly find
information they can't trust. Beyond
this, 43% report that product data is
not timely. These issues undermine
data credibility and erode the ability
to make decisions and work
efficiently. This environment is
typical and insufficient to support
companies’ stated goals, such as
better quality, improved time to
market, better efficiency, and
greater product traceability. The
state of integration stretches beyond
the departmental level in two-thirds
of companies, but only about one-
quarter are integrated at the
enterprise level. Further, very few
have moved product digital thread
data and application integration to
the value chain level.

INTEGRATING DATA AND PROCESSES ACROSS THE PRODUCT DIGITAL THREAD

Living with Poorly Integrted Product Data

DUPLICATE ENTRY

Weekly
37%

Never
(1178

Occasionally
11%

RETRIEVAL FROM MULTIPLE SYSTEMS

Daily Weekly
42% 26%

Occasionally

ERRORS / INCONSISTENCIES

Daily Weekly
37% 32%

o 4

Occasionally
12%
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Causes of Underlying Integration Issues

Challenges Along the Lifecycle
of Integration

Manufacturers obviously don't intend
to have an insufficient integration
scope or data deficiencies.
Integration is challenging. Beyond
that, the bar is raised because
people expect more from their data.
We investigated challenges that are
holding manufacturers back along
the phases of the integration
lifecycle:

* Implementation
* Operation
* Maintenance

Implementation Challenges

Let's start by taking the
implementation of systems
integration between PLM and MES,
as an example. Creating integration
has become easier over the last
decade or so, but it's still complex.
Part of the challenge is functional,
for example, determining business
processes and addressing data
differences between systems, such
as what an "item" or a "part” is.
However, companies still face
technical challenges when
integrating data and applications
along the digital thread.

Some of these challenges are due to
the intricacies and inherent
complexity of underlying systems,
such as CAD or simulation solutions.
For example, manufacturers report
challenges related to engineering
tools and file structures being too
complex and difficulty handling large
file sizes. These file sizes may be
engineering files packed with
valuable product data like geometry
or simulation results but could also
be transactional systems like QMS
with time-series data.

Other challenges reflect the state of
the software industry. Manufacturers
report a lack of predefined
integration capabilities and that
these systems are difficult to
integrate because of a lack of
standards, poor APIs, and
proprietary languages. Although
vendors may offer a variety of
integration tools, they may not work
in any specific use scenario. It’s hard
to follow a “cookie cutter” approach
because every company has unique
integration needs based on their
data, business processes, and what
they are trying to achieve.

INTEGRATING DATA AND PROCESSES ACROSS THE PRODUCT DIGITAL THREAD
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gration Issues

Understand Business Challenges

Manufacturers also report business and project challenges. These
challenges include justifying projects, finding knowledgeable
resources, and investing the time, cost, and risk to implement
integration. Companies can minimize these business challenges by
improving integration capabilities.

IMPLEMENTATION CHALLENGES

System Complexity

Hard to justify / prove ROI

Shortage of knowledgeable
resources

Takes too long

Systems Difficult to Integrate

Large file sizes

Lack of predefined integration
capabilities

Too expensive

Lack of defined process /
workflows

Risk is too high

39%

37%

37%

37%

34%

34%

33%

32%

25%

23%
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Challenges Throughout te Integration Lifecycle

Challenges in Operating Integration 53%, OPERATIONAL CHALLENGES
One might think that once data and applications are integrated, the hard part
is over. However, the challenges only get more complicated in production. For
example, those with experience in integrating systems recognize that
handling exceptions and issues is crucial. Exception handling is the most
commonly reported issue, with just over one-half of survey respondents
reporting it as a top challenge for operating product digital thread integration.
However, there are other complexities, such as how to scale integration
effectively, particularly with a high-volume operational system like MES.
Responding companies also report security as a top concern, which may
explain why many companies have been forced to limit integration Handling  Scalability Security  Losing Data
boundaries. These challenges are a good reflection of the challenges Exceptions

manufacturers face when increasing product digital thread integration. / Issues

42%

27%

24%
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Challenges Throughout he Integration Lifecycle

Challenges Impacting the Maintenance Lifecycle

Implementing integration across data and applications
along the digital thread is only the first step. Integration
requires care and feeding to keep it running. It's important
to acknowledge that, like the products they manufacture,
integration involves many moving parts, at least
metaphorically. Manufacturers report that managing
change is difficult, including both keeping up with releases
for different systems and adjusting as business processes
change.

Manufacturers also point to challenges related to continued
cost and business risk in the maintenance phase.
Additionally, about one-half reported that integration
challenges disrupt operations and that validating
integration consumes about 25% of systems upgrade MAINTENANCE CHALLENGES
efforts. There is clearly room for improvement, and it's no
surprise that manufacturers lack the integration they need.

Point to point integrations

Maintenance Challenges Vary by Approach

Some integration approaches lead to more maintenance System releases
difficulties than others. For example, about two-thirds of
companies report "point to point"” integration as a top
challenge, and about one-quarter report that too much
custom code is an issue. These approaches are more prone
to require manual updates when underlying systems or High risk
processes change. We'll look at manufacturers' approaches
to integrate their product digital threads shortly.

Business process changes

Too expensive

Too much custom code
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Most Companies Struggle with Integration

Manufacturers struggle with product digital thread integration
due to these significant challenges. The resulting integration
status quo, with most companies having only "some"
integration and very few integrating at the enterprise, leaves
considerable room for improvement. We believe that this poor
status quo is due to poor integration effectiveness. It's time for
manufacturers to take a serious look at their effectiveness in
implementing, operating, and maintaining integration.

SOMEWHAT
VERY GOOD oo POOR
IMPLEMENTATION 58906 36%0 620
OPERATION 37%0 54946 990
MAINTENANCE 12%%0 55%%0 33%0

Top Performers:

The 25% of respondents with
the most effective product
digital thread integration.

INTEGRATING DATA AND PROCESSES ACROSS THE PRODUCT DIGITAL THREAD
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View Integration Effectiveness as a Discipline

Assessing Integration Effectiveness

There is clearly no existing metric to measure integration.
However, we asked companies to self-evaluate their integration
performance across the integration lifecycle, and the results
were interesting.

Manufacturers report their integration is more effective from an
implementation perspective than an operational one. Over one-
half feel their implementation effectiveness is "very good" while
only just over one-third say the same for their operational
effectiveness.

Only 12% say their integration maintenance is operating at that
level. This assessment aligns with our experience that
implementing integration is the easiest part, relatively
speaking.

Identifying Those with the Best Integration
Capabilities

We used our standard Performance Banding process to
benchmark companies based on their integration capabilities to
see if we could identify what they do differently and use that
knowledge to help others improve. We benchmarked integration
effectiveness equally across implementation, operation, and
maintenance because each is important for an effective product
digital thread and identified the top 25% "Top Performers.” The
results are interesting.

Tech-Clarity



Better Integration Capabilities Drive Business Value

Top Performers Have Greater Product Digital
Thread Integration Scope

The companies with better integration capabilities have
put their advantage to use. These leading companies
are over four times as likely to have significantly
integrated their product digital threads. These
companies also report that they are almost four times
more commonly integrated at the enterprise level or
value chain level than those who don't have as effective
integration performance.

SCOPE OF INTEGRATION

63% 63%

Significant Integration Enterprise or Value
Chain
B Top Performers H Others
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Top Performers Less Frequently Face Data
Challenges

In addition to broader integration, or perhaps as a result
of it, companies with better integration capabilities less
frequently face the data issues identified earlier in the
study. Specifically, Top Performers are less likely to:

* Enter data more than once

* Have to go to multiple systems to find data

* Find errors or inconsistencies in their data

* Report that data is not timely

* Lose data

* Have to manually gather data for other people

Better Integration Allows Better Business
Performance

Strong integration capabilities allow more integration and
a better experience for the business. We believe that the
Top Performers' better ability to implement, operate, and
maintain integration makes these operational advantages
possible, setting the stage for greater business
performance from higher efficiency, faster development,
more timely data, better decisions, and more.

INTEGRATING DATA AND PROCESSES ACROSS THE PRODUCT DIGITAL THREAD
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Better Integration Capalitis Drive Business Value

FACE DISCONNECTED DATA ISSUES DAILY

Enter Data More Than
Once

Multiple Systems to Find
Data

Errors or Inconsistencies
Between Systems

Top Performers Others

OPERATIONAL CHALLENGES

Data not timely

Losing data

Have to manually gather data
for other people | 249,

Top Performers Others

Tech-Clarity



Better Integration Capabilities Enable More Efficient
Integration

We looked further into the companies that report better integration
capabilities, the Top Performers, to see what other advantages they
might enjoy. One interesting discovery is that Others are three
times as likely as Top Performers to report that implementing
integration is too expensive, twice as likely to say it takes too long,
and more likely to find it hard to justify or prove ROI for integration
efforts.

We believe this is because the Top Performers have gained
experience and invested in their ability to integrate, makes it easier
for them to integrate and gain business value.

This advantage also carries over to the maintenance phase. Top
Performers are less likely to report that maintaining integration is
too expensive, too high risk, or that it's hard to adjust when
processes change.

Why it Matters

We believe that better integration capabilities enable more effective
integration at lower perceived investment because the Top
Performers are getting value and becoming more proficient.
Investing in better integration capabilities enables them to
effectively maintain their digital product thread integration and
adapt it as necessary to accommodate change. These combined
capabilities allow them to better overcome challenges and reach
their product digital thread objectives.

INTEGRATING DATA AND PROCESSES ACROSS THE PRODUCT DIGITAL THREAD
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IMPLEMENTATION CHALLENGES

43%

Too expensive Takes too long Hard to justify /

® Top Performers

prove ROI

¥ Others
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Identify Further Advantages of the Top Performers

Recognize the Business Impacts

The ability to adapt is incredibly valuable in today's dynamic environment. As manufacturers digitally transform, they must be
able to keep moving forward without being held back by integration challenges. Top Performers are less likely to prevent or delay
software upgrades or integration efforts because of integration challenges. This means they can take advantage of new solutions

as they become available. The result is that they have fewer roadblocks preventing them from continuously improving.

Further, and perhaps more importantly to the business, the Top Performers are also about one-third as likely to say the
challenges result in an inability to make timely, informed decisions. That's a clear business benefit.

MAINTENANCE CHALLENGES

_ 19%
Too much custom code .
— 280/0

_ 19%
— 340/0

Hard to adjust to business
process changes

16%
High risk
32%

e
Too expensive
— 329,

Top Performers Others
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IMPACTS OF CHALLENGES

Delays or prevents software

upgrades 49%

Delays or prevents integration

efforts 55%
Inability to make timely,
informed decisions
52%

Top Performers m Others
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Identifying What Top Performers Do Differently

What “Secret Sauce” Allows Better Integration? available. They often take less ideal approaches like creating
How do the Top Performers achieve more effective product point-to-point integration and writing custom code. These

digital thread integration? Unfortunately, there is no single
"silver bullet” to success. We would love to report that the Top

approaches are inefficient, not scalable, and hard to maintain.

Performers have adopted a unique process or technology that However, they exhibit some best practices that help foster
allowed them to overcome all of their integration challenges. reuse, repeatab”ity, and reduced imp|ementation, operation,
The reality is that integration is complicated for everyone as and maintenance challenges. Top Performers are:
they face an array of integration scenarios depgnding on the - 18% more likely to take a platform approach
data, applications, and processes they want to integrate. : .
* Twice as likely to use adapters / connectors
Following Best Practices « About 50% more likely to use event triggers
Even those with better integration take a variety of approaches + 38% more likely to have bidirectional integration
and are not consistently following "best" integration practices. + 35% more likely to integrate in real-time

Instead, we find that they develop a collection of capabilities,
evaluate each situation, and apply the most effective approach

MOST DIFFERENTIATED 66%
INTEGRATED PRACTICES
47% 47%
38% 42%
0 (1]
31% 54% 32%
20%
16%
“

Adapters / Event triggers Bidirectional data Real-time Integration Standard APIs
connectors flow integration platform

HTop Performers ®Others
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Identifying What Top Performers Do Differently

Top Performers Rely on a Variety of Methods

Despite their understanding of best practice approaches, even
Top Performers have to take a variety of different approaches
to get the job done. They recognize that each approach has
positives and negatives that depend on each unique situation.
They must take the best approach feasible depending on the
scenario and choose the right solutions to make it as easy as
possible.

Top Performers Focus More on Integration

Top Performers did not achieve their better integration status
all at once. These companies have invested in multiple
integration efforts. For example, Top Performers have had four
to five integration projects on average, compared to Others
who have only had two or three integration projects. They have
put the effort in and are reaping the rewards, and are now
likely continuing their product digital thread integration efforts
to further pull away from the competition.
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NUMBER OF INTEGRATION PROJECTS
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Top Performers Others
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Key Takeaways

The Product Digital Thread
Drives Business Value

The product digital thread is very
important or critical to business
success and profitability.
Manufacturers are turning to the
digital thread for a variety of
significant business benefits, including
product quality, better decision-
making, engineering efficiency,
product development speed, and
product traceability.

The Product Digital Thread
Requires Assembly

The product digital thread doesn’'t
come in a single system. It lies across
an ecosystem of applications and data
sources. Manufacturers recognize the
importance of integration to achieve
their business goals.

Integration is Challenging

Product data is complex and requires
technical and business expertise to
interpret its meaning and the
contextual relationships that make up
the product digital thread. The current
state of integration leads to data
problems and challenges in
implementation, operation, and
maintenance. These challenges make
it harder for manufacturers to achieve

their product digital thread goals.

Develop Top Performing
Integration Capabilities

The Top Performers, those with better
integration capabilities, have
accomplished more significant and
more enterprise-wide integration. At
the same time, they face fewer
challenges in all phases of the
integration lifecycle, including:

* Implementation

» Operation

 Maintenance

The Top Performers have fewer data
issues, resulting in fewer negative
business impacts.

Adopt a Variety of Strategies

However, integration is still not easy,
even for these leading companies. The
Top Performers follow some best
practices, but they choose from a
wide collection of integration
techniques to find the optimal
approach for each situation. We
believe this is simply the state of the
industry where companies strive for
best practices but must take whatever
approach they can. In this
environment, we recommend adopting
a wide variety of integration
techniques and a platform approach
that supports multiple methods.

INTEGRATING DATA AND PROCESSES ACROSS THE PRODUCT DIGITAL THREAD
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The key lesson learned from the
Top Performers isn't that they do
integration in one particular best

way. They get the job done,

recognizing that there is no single

right way to do it and leveraging a

variety of integration techniques.
To succeed, manufacturers must
have diverse capabilities and a
broad toolkit to address each

integration scenario.




Data Gathering

Tech-Clarity gathered and
analyzed responses to a
web-based survey from
138 companies that
manufacture products or
provide engineering
services. Survey responses
were collected by direct e-
mail, social media, and
online postings by Tech-
Clarity and Razorleaf.

Industries

The respondents represent
a broad cross-section of
industries. 23% were from
Industrial Equipment /
Machinery, 21%
Automotive, 19%
Electronics / High Tech,
15% Consumer Products,
12% Life Sciences /
Medical Devices, 9%
Aerospace / Defense, and
others including Products /
Fabrication and Energy /
Utilities.*

About the Researc

Company Size

The respondents represent
a mix of company sizes,
including 25% from up to
$250 million, 23%
between $251 million and
$500 million, 26%
between $501 million and
$1 billion, $17% between
$1.1 billion to $5 billion,
and 8% greater than $5
billion. Company sizes
were reported in US dollar
equivalent.

Geographies

Responding companies
report doing business in
North America (48%),
Western Europe (23%),
Asia (23%), Australia
(9%), Eastern Europe
(6%0), Latin American
(4%), Middle East (2%),
and Africa (1%0).*

Title

The respondents were
comprised of 8% Executive
/ C-level, 10% VP level,
32% Director Level, 40%
Manager level, and 10%
individual contributors.

Organizational
Function

Of the respondents, 22%
were in Mechanical Design/
Engineering, 15%
Industrial / Manufacturing
Engineering, 10%
Electrical Design /
Engineering, 10% Product
Design / Engineering, 10%
Industrial Design, 9%
Analyst / Simulation Expert
roles, 9% Information
Technology, and the
remainder were from a
variety of other roles
including Product
Management, General
Management,
Manufacturing and Project/
Program Management.

* Note that the values may total greater than 100% because companies reported doing
business in multiple industries and geographies.
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The respondents
represented a mix of
industries, company sizes,
and geographies.

HExecutive / VP
HDirector

EHManager

HIndividual Contributor
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