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INTRODUCTION
In Part I, we examined how developing a complimentary approach that capitalizes on the
specific strengths of both Systems Engineering and Product Lifecycle Management systems
can be the key to addressing the entire product development lifecycle. If you haven’t already
read Part I, it is recommended that you do so before continuing on with Part II.
This second part focuses on how the holistic management of engineering information
and processes, across the entire engineering lifecycle, can bring immediate benefits and
also provide a foundation for continuous improvement—perhaps even transformation—of
engineering. However, the traditional, or at least common, ways of handling engineering
information and processes also need to be re-visited. This paper proposes a new combined
SE and PLM approach for engineering information and processes, examines the need
to transform organizational structure to enable new processes, and provides a set of
requirements and guideposts to help achieve the vision.

A VISION FOR ENGINEERING INFORMATION AND PROCESS
A comprehensive vision for
engineering information
and process throughout the
lifecycle is simple to conceive,
but challenging to implement.
Anyone can imagine, and many
organizations have articulated,
the vision of providing all of the
information an engineer needs to
carry out needed work processes
in a convenient and usable form
and format, without the need to search for the information, or worry about having the current
or correct version. The vision includes the capability to analyze, integrate, recombine, and
use with total flexibility, ease and speed, even across engineering disciplines and functions.
Several observations can be made about this vision.
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First, if the scope is sufficiently restricted, the vision is relatively easy to achieve. If an
engineer works with only one kind of information, and that information is conveniently
managed in a single tool or database, that engineer should have everything at his or her
fingertips. Of course this is not usually the case and even this hypothetical lone engineer
may need to work with others, connecting and exchanging information. There have always
been attempts by one functional group of engineers to consider themselves the “center of
the universe,” set up a “central” hub of information, and expect all other engineers to connect
to it as mere satellites. A comprehensive vision, however, must recognize the needs and
working patterns of all engineers and provide a more universal and democratic solution. One
might well argue that restricting this vision to engineers falls into the same “center of the
universe” trap and that the information and process needs of the entire enterprise should be
considered in formulating a truly universal information and process vision.
Second, relying on a single suite of tools (often branded to appear as a single system) to
provide both the approach and the implementation of an engineering information vision is
unlikely to be successful over the long term. There are both technical and market reasons
for this caution. A vendor-supplied solution, especially a proprietary one, may not have the
openness and breadth to consider all kinds of information and so may focus on one kind
of information as primary, relegating others to a less-integrated, storage-only approach.
No vendor can be an expert in all kinds of information. New vendors will always arise,
particularly in specialized niche areas offering either new functionality or attractive reimaginings of traditional capabilities. Understandably, vendors also want to keep customers
in their own camp, at least loyal, if not locked-in—and this desire can lead to more closed,
proprietary systems. Since no vendor can supply all aspects of a comprehensive solution,
single-vendor solutions won’t accomplish the vision. Most organizations can’t simply remove
a large platform, whether for SE or PLM anyway, so they will be faced with a multi-vendor
solution in any case.
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CHALLENGES TO ACHIEVING THE VISION
There are several challenges to achieving this vision and, as is often the case, the challenges
may be organizational as well as technological. The first challenge is that the structure and
architecture of the engineering information system(s) in an organization will tend to mirror
the structure and communication pathways of the organization itself. This can be thought of
as an application of Conway’s Law (Conway, 1968) which states that products and systems
produced by the organization will mirror its structure. Several instances of correspondence
are apparent in most organizations.
If the systems engineering and PLM organizations are separate,
then it is likely that the systems supporting them are also quite
separate, communicating only at arms-length. This may account for

“organizations
which design
systems...are
constrained
to produce
designs
which are
copies of the
communication
structures
of these
organizations.”
— M. Conway

the tendency of most traditional PLM systems to focus mainly, or even
solely, on managing mechanical design-related information. In many
cases, the PLM groups grew out of the mechanical design areas and
retained this priority.
Systems engineering groups, on the other hand, focused traditionally on
requirements, later expanding to architectural and behavioral models,
allowing this focus to drive solutions that manage that information.
With these two groups and their separate information systems, it is no
surprise that information is often exchanged using the lowest common
denominator—a document.
The same isolation may exist between engineering disciplines.
Mechanical, electrical and software engineering groups can exist in their
own organizational silos, and each with their own systems, designed
around their specific needs. These groups may even have the freedom to
choose their own systems and products, further increasing the chances
that the systems won’t integrate well. Eventually, interchange standards
may help, but standards lag, as they should, behind established practice
and clear need.

5

Part II - Systems Engineering and PLM: Time to Converge 20 Years of Product Development Processes and Learnings

THE MYTH OF TOTAL INTEGRATION
The vision of a fully integrated engineering information and process environment may seem
to imply a totally integrated environment, with all information, from all sources, somehow
brought together in a data warehouse or in a database with a grand all-encompassing data
schema. Not only is this probably impractical (though it has been tried) it may not be at all
necessary to fulfill the vision discussed above. There is a big difference between integrating
certain elements of previously siloed engineering information, and integrating every element.
As a systems engineer would emphasize, it is vital to start with stakeholder needs and
requirements before proceeding to the design of any system.

A VISION TAKES SHAPE
While each organization’s goals and requirements
for an integrated engineering environment will vary,
the following principles are offered as guidance for
developing a comprehensive organizational vision
for an integrated engineering environment that
can support information and process management
throughout the engineering lifecycle. Forward-looking
engineering organizations, solution providers and tool
vendors in both systems engineering and PLM will
need to collaborate to fulfill a complete vision, while
organizations that cling to decades-old tools and
processes may risk becoming uncompetitive in the
expanding digital age.
1. Engineering organizations must continue to press for a full lifecycle and multidisciplinary perspective, not limited or biased to a particular part of the lifecycle, a
particular tool, or a particular engineering discipline.
Putting this principle into practice is likely to require some “United Nations” style
diplomacy as previously separate functions must work together toward a common
vision for how processes should be supported. Allegiances may need to be shifted
from “our group,” “our function,” and “our tool,” to “our enterprise needs across the
engineering lifecycle.”
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2. Systems Engineering and PLM are aspects
of the larger engineering lifecycle and have
much territory in common, and therefore should
be supported by common information and
process approaches.
SE and PLM are both active throughout much of
the engineering lifecycle and both seek to take
a full lifecycle view of engineering information.
Building on this synergy can provide a foundation
for the integration of engineering information in
these two areas, and other engineering disciplines
as well. There are also opportunities for process
synergy by designing processes that consider
systems engineering and discipline-specific
design together as aspects of a single process.
3. Engineering information must connect like the
elements in a model, with meaningful richness,
not just loose association or linkage.
Like the words in a sentence, elements of
engineering information are related to each other
by more than just a loose association. Elements
in a model are connected in meaningful
(semantic) ways, including dependency,
aggregation, linkage, n-to-n, and even custom
relationships such as implements or derived
from. This same notion of meaningful linkage
should be extended to all engineering information,
even across tools and platforms.
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4. Engineering information must be connected at the element level (e.g.
architectural block, use case, process flow, requirement, test, defect,
etc.), not merely at the file and document level.
To accomplish the vision of flexible engineering information
integration, elements must be stored and managed individually and in
related collections, allowing data-oriented operations such as search,
reporting, tracing and versioning. In the absence of real integration,
information from an engineering tool is likely to be reduced to
an output document (such as PDF or HTML) in a form not usable
downstream as data. The document may be stored in a document
repository, even in a PLM system, but becomes a dead end for that
information since it cannot be manipulated, edited or recombined
with other data. Documents and files are snapshots of data, and
cease to be current the moment they are created.
5. Existing and new engineering tools must be connected at the
information set level, not limited by file and document boundaries.
Organizations should take a holistic view when selecting engineering
tools whenever possible. A tool’s ability to integrate and interchange
information may be more important than the tool’s functional
advantages. When engineering disciplines or functions select tools
in isolation, an organization can end up with a collection of tools
that do not play well together. Tools should have open application
programming interfaces (APIs) and should conform to applicable
standards for the type of tool such as REQIF, XMI, OSLC, and others,
allowing organizations to knit together an environment that is
effective and flexible.
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6. Engineering information must allow for new kinds of relationships and new kinds of
information to be added to existing information.
Engineering groups can be guilty of working in isolation, but so can those who make
engineering tools. Tool vendors should build flexibility into their systems so that new
kinds of information relationships can be created as needs arise. As evidence for
this need, is the often heard saying that “the most used engineering tool today is the
spreadsheet”— due to its nearly unlimited flexibility and ability to “integrate” data from
multiple sources. Spreadsheets also circumvent the intended engineering processes
and officially sanctioned tools, creating a confusion of copied data, but their popularity
underscores the need for a new kind of flexibility.
7. Engineering information must allow for new process functionality, with additional
business logic and analysis, to enable current and future digital processes.
The vision here is not simply a database or data warehouse, nor simple linking of
information. Information serves processes and a complete vision includes enablers
for new ways of working. The goal is an engineering environment that enables new
company-specific processes and new methods to be set up and integrated with a
minimum of effort and ideally little or no actual programming. Large-scale engineering
projects may develop new methods and process as they go, leaving no time for
expensive, lengthy, custom development projects to implement them. Without easy,
fast reconfiguration and process flexibility, engineers will resort to old tools such as
spreadsheets, documents and quick, home grown private databases.
Enabling process flexibility also requires open APIs with the ability to both read and
write safely into the engineering information set, as well as a way to update tools without
destroying or obsoleting custom processes and engineering information.
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8. Importing and exporting engineering information from one tool or system to another has
limitations when compared to a comprehensive vision for engineering information.
It may seem that the key to tool integration is the
ability to get information out of one tool and bring
it into another. When this is done, however, it
creates information dead-ends, where the exported
information, frozen at the time the snapshot is made,
does not keep up with further revisions to the source
data, often resulting in missed updates or the need to
repeat the process frequently.
A fully integrated environment would allow for live access to the current version of the
information and live downstream processing by other systems. When fully implemented,
short cycle times are possible—a key goal of effective agile processes. For example, a
change to a requirement could result in an immediate change to a model of the system,
which triggers a simulation of the system and quick feedback to the engineer who made
the requirements change. It is easy to imagine how such an integrated capability could
reduce a change process from days or weeks to just minutes.
9. An integrated vision should include consideration of those outside the engineering
organization’s four walls, including customers, suppliers and users.
Many outside an engineering organization have vested interests in the engineering
work. Making them wait for infrequent status reports and milestone briefings, slows the
process and risks later rework. Allowing access to the right engineering information
from outside the project or organization requires addressing a range of concerns from
network/VPN access to data formats and tool licensing. Easy exports and reports are
helpful but, ideally, systems should allow live, secure, read-only access, with the ability
to participate in the engineering process through feedback and comment, even across
disconnected networks.
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CONCLUSIONS
Ray Kurzweil (2004) puts it well—”Technology goes beyond mere tool making; it is a process
of creating ever more powerful technology using the tools from the previous round of
innovation, and is, thereby, an evolutionary process.” In other words, it’s an exciting time to
be involved in the creation of complex products and systems! The evolution of complexity
in the systems we develop must be matched by evolution in our approaches to managing
engineering information and processes. Holding onto previous generations of tools and
methods can render companies out-competed or even disrupted by those who take
advantage of new technologies to create the next generation of systems.
Visit aras.com for more.
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