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Introduction
Lowest Total Cost of
Ownership (LTCO)
refers to the lowest
total cost of making,
using, maintaining
and refurbishing a
product through the
end of its useful life.

Virtually all of today’s global
original equipment manufacturers
(OEMs) are facing tremendous
pressures to reduce costs and
shorten their products’ time-tomarket.
Short lead times are critical to the
success of a product. To ensure
that a product successfully enters
the market and captures the
maximum revenue and market
share potential, management
teams focus on minimizing the time
it takes to introduce a new design
concept to customers. If these
teams encounter common pitfalls
associated with bringing a product
to market, they may fail to meet
release schedules, increase costs
and delay the product’s availability.
Lowest Total Cost of Ownership
(LTCO) refers to the lowest total
cost of making, using, maintaining
and refurbishing a product
through the end of its useful
life. By definition, LTCO requires
product innovators, designers and
manufacturers to take the longest,
broadest possible view of costs
incurred over the lifetime of a
product, from cradle to recycling,
so as to capitalize on both revenueproducing and cost-avoiding
opportunities that arise over the
long term. Too often, product
innovators are focused on costper-unit statistics or immediate
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time-to-market pressures without
carefully considering longer range
factors that will affect technological
obsolescence, serviceability and
supply chain issues, to name a few.
Traditional engineering approaches
do not account for the misaligned
incentives between a product’s
design teams and the production
and supply chain teams. Designing
a product for optimal performance
and designing a product for ease
of manufacturability and supply
chain management require very
different processes, and often
these processes hold competing
priorities. When products are
properly designed, the LTCO is
achieved without sacrificing, and
while many times enhancing,
performance or quality.
This paper addresses the value
of collaboration between design,
engineering, manufacturing and
supply chain experts who all focus
on the long-term useful life cycle of
high-tech electronic devices. In an
optimal collaborative environment,
each stage of product
development, henceforth referred
to as the Product Realization Value
Stream, is reevaluated based on
the customer’s top priorities. These
priorities are determined at the
outset, initiated by good questions
and thoughtful consideration,
and based on the product’s
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purpose, market sector and critical
performance benchmarks. Unique
product characteristics drive the
need for customized, experienced
and expert product life cycle
optimization that results in LTCO,
and correspondingly, the highest
possible customer satisfaction.
The Product Realization Value
Stream is a proven system of
product development that
seamlessly integrates product
conceptualization, design,
commercialization, manufacturing,
fulfillment and sustaining services
to deliver comprehensive end-toend solutions to high-tech product
creators and innovators.
Subsequent sections of this paper
provide an in-depth examination
of the tactics to reduce a product’s
total cost of ownership with the
goal of providing a quicker time
to – and longer successful time in –
the market. Key topics include:
•

•

•

The importance of designing
for immediate fit, form and
function, while also accounting
for the longer term costs of
LTCO
Asking the right questions: how
to discover the ideal design of
a product to optimize LTCO
given the environment in which
it will be used
Mastering beneficial
collaboration between
engineering disciplines,
manufacturing, sourcing,
supply chain and multiple
stakeholder groups
throughout the entire product

•

•

development cycle
Discovering the optimal
stage of the design cycle for
addressing a product’s unit
cost, regulatory compliance,
electromagnetic compatibility,
reliability, manufacturability,
fulfillment, serviceability and
sustainability
Assisting product innovators
to negotiate design and
manufacturing contracts based
on LTCO factors with the goal
of complete transparency and
discovered cost avoidance
opportunities

Readers should take note: this
paper covers many but not all
facets of the Product Realization
Value Stream as they relate to
LTCO. Segregated from discussion
are commercialization and
manufacturing. This decision
was made so that attention
may be focused on the multiple
overlapping layers of Design
for Excellence (DFX) that can
significantly influence LTCO
during the design phase. Future
publications will focus on testing,
manufacturing assembly and
fabrication as they relate to LTCO.
Interestingly, the success of these
downstream portions of the
Product Realization Value Stream
is all heavily dependent on the
thoughtful and inclusive nature
of the earliest phases of concept
convergence. Let’s start here.

The Product
Realization Value
Stream is a proven
system of product
development
that seamlessly
integrates product
conceptualization,
design,
commercialization,
manufacturing,
fulfillment and
sustaining services.
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Designing starts with defining
The goal of LTCO
requires product
innovators,
designers and
manufacturers to
take the longest,
broadest possible
view of costs
incurred over
the lifetime of a
product.

Designing for Excellence (DFX) is a
group of best practice guidelines
and skills acquired over decades
of heavy linkage between
engineering and manufacturing.
Product innovators find this
breadth and depth of experience
invaluable because it takes a long,
wide view of product innovation.
DFX begins when seasoned
project managers help product
researchers and innovators to
define their specific version of
success; that is, how they seek to
simultaneously achieve necessary
performance and time-to-market
requirements and LTCO.
The goal of LTCO requires
product innovators, designers
and manufacturers to take the
longest, broadest possible view
of costs incurred over the lifetime
of a product, from cradle to
recycling, so as to capitalize on
both revenue-producing and
cost-avoiding opportunities that
arise over the long term. Cost
reduction, a different term, must
be recognized as a potential subset
of cost avoidance. However, cost
avoidance takes a holistic view of
a project, whereas cost reduction
is specific to only one phase of
product development. Carefully
consider the intention of each
effort at cost reduction to ensure it
results in cost avoidance over the
long term.
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A key element of the Product
Realization Value Stream is concept
convergence based on input
from all stakeholders throughout
the DFX process. Together,
stakeholders come to understand
the true product requirements
over unnecessary enhancements.
They identify the optimal place on
the continuum that balances cost
based on quantity produced. Via
DFX, essential detailed questions
will drive an effective customized
plan that optimizes LTCO. From
the very beginning, consider all
possible:
•
•
•
•
•
•
•
•

Stakeholder goals
Applicable constraints
Human factors
Technology challenges
Aesthetics
Branding
Cost drivers
Business and intellectual
property opportunities
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Practiced project management facilitates
DFX as a non-linear process
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DFX and its vital LTCO component
are not linear processes. The
earliest definition of success
will be revised several times as
new factors arise, priorities are
rearranged to accommodate them
and stakeholders’ comprehension
grows. A well-versed project
manager knows of this complex
mosaic and is trained to maximize
inputs at the most opportune
moments in the design process,
therefore proactively influencing

design and minimizing disruption in
the overall process.
Experienced project managers are
skilled in analyzing trade-offs and
driving difficult issues to closure,
ensuring an optimal path for the
success of your project. They are
your single point of accountability
for all facets of your project
including technical, cost,
schedule, quality and customer
satisfaction.

With a full value stream partner,
the project manager continues
playing a critical role as the
final design transitions into
manufacturing. Working with
all supporting stakeholders, the
project manager remains the vital
link between development and
manufacturing until the customer
and the manufacturing site team
are in agreement that the transition
objectives have been met.

4

Maximizing inputs: The most opportune
moments in DFX to achieve LTCO
Documentation must
tell a coherent story
of the equipment’s
development and
testing. Future
upgrades can be
more efficiently
addressed when
accurate and precise
documentation has
been prepared from
the outset.

Design assurance is regulatory
compliance engineering, including
the documentation of analog,
digital, mechanical and software
systems for the purpose of
efficacious agency testing and
compliance. To ensure reliable,
safe and compliant designs,
design assurance must begin early
in the design phase as the product
is classified, considering issues
such as:
•
•

•
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can compromise functionality
or delay agency approvals.

Opportunities for LTCO in Design
Assurance

What is the product’s intended
use and what are its essential
performance requirements?
Which component selection
and environmental concerns
must be considered, as in
California propositions or
country-specific regulations?
Will your design assurance
team be dedicated
to compliance and
documentation, or is it
an engineer with design
assurance duties? If so,
product innovators are missing
out on a key benefit; that is,
design assurance has a special
role in melding analog, digital,
mechanical and software
engineers and ideas into a
cohesive effort. They spot
gaps and inconsistencies
between these disciplines that

Product documentation must tell a
coherent story of the equipment’s
development and testing. Future
upgrades, and even challenges
to a product’s safety or efficacy,
can be more efficiently addressed
when accurate and precise
documentation has been prepared
from the outset. For example,
adding a wireless component, an
updated display or graphical user
interface will be an add-on, not a
start-over. Secondly, products with
a 15-20 year life cycle will be more
readily sustained with valuable
documentation, as will the brand
of a medical device manufacturer
who may be faced with a U.S.
Food and Drug Administration
(FDA) Form 483 and is in need of
admissible credentials.
Design assurance will play a vital
role in ensuring that the design is
reliable and robust and regulatory
compliance is well defined and
documented. A complete value
stream partner will focus intently
on the following design assurance
factors and the impact they have
on LTCO and time-to-market:
•

Component services
(environmental compliance)
is checked to conform to
applicable laws concerning
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Real World Design Assurance
A large global medical device innovator had warehoused all of its 1990s-era stem cell extraction devices after
the therapies for which they were designed became obsolete. Having recently discovered an innovative new
medical use for the equipment, the devices required a complete technology overhaul while maintaining the
exact same chemistry as the original equipment.
Problems:
• The original design team had disbanded.
• Prior documentation on device design was poor or nonexistent and performance metrics were missing.
• Old machines needed to be reverse engineered, redesigned from scratch and guaranteed to use the
exact same chemistry as the original devices.
Solutions:
• Original units were first refurbished for use in clinical trials, properly characterized as lab equipment.
• Meanwhile, the newly engaged Product Realization Team at Plexus Corp. reverse engineered the original
devices as a “characterization of an existing process” to meet International Electrotechnical Commission
(IEC) 61010 safety standards.
• Obsolete parts were replaced with newly validated parts that performed the exact same chemistry in a
brand new device.
• Other glitches in the original device were mitigated through the re-characterization process.
• Unit costs were tracked throughout the process and kept on target, especially as they pertained to
mechanical tooling.
• The result was a much improved device design that used the initial chemistry and process for stem cell extraction.
• Time-to-market was particularly optimized through the proper characterization of the device and
meticulous documentation that facilitated successful agency compliance testing.

•

•

regulated substances. The
goal is to limit bill of materials
(BOM) changes and the
need for re-testing and recertifications.
Bill of materials (BOM)
optimization focuses on
achieving dependable low
cost alternatives, beneficial
vendor relationships and/or
preferred partnerships.
Compliance services via
Nationally Recognized
Testing Laboratories (NRTLs)
is expertise applied to avoid
last minute changes, retesting, re-certification or

proposing cost effective
mitigations based on
proficient knowledge and
understanding of certification
methods.
Opportunities for LTCO in
Electromagnetic Compatibility
Electromagnetic compatibility
(EMC) is essential in all product
manufacturing and experienced
design and manufacturing firms
have a toolbox from which to
choose solutions. Grounding, metal
shielding, reducing susceptibility
and reducing emissions techniques

can prevent extended product
launch delays. Focus is on
understanding the energy paths
that cause disturbances to the
product and those surrounding
it, and designing circuit-level
mitigations. Prioritize designing
for EMC instead of testing for
EMC. The former ensures a depth
of understanding and lasting
compliance.
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Prioritize designing for
EMC instead of testing
for EMC. The former
ensures a depth of
understanding and
lasting compliance.

The opportune time to address
EMC requirements is at the design
level. Design for EMC is effectively
addressed by functional engineers
with added responsibility for
EMC. Engineers who work across
industry sectors can draw on their
experience and expertise to:
•
•

•

•
•
•
•
•

•
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Treat EMC requirements like
any functional requirement
Define agency test approaches
for all EMC modalities and
apply this knowledge to
product development (i.e. CE
and UL standards)
Identify potential receivers and
transmitters. Minimize emissions
and/or their frequency and
potential interference from
surrounding devices.
Design mitigation into the first
prototype (i.e. space for shields
and enclosures)
Properly route wires in a
complex system to minimize
EMC issues
Utilize enclosures and blocking
to route cabling harnesses
Avoid unwieldy solutions that
add weight, cost or lessen
reliability
Demonstrate cross-sector
innovation, such as tapping
expertise in sensitive
telecommunications systems to
advance the development of
medical devices for home use,
an environment rife with EMC
concerns
Capitalize on established
relationships with regionally
close certified labs by involving
them during design-level
reviews of preliminary electrical

•

architecture design
Learn how tests are interpreted
by certified labs and identify
and exploit these shared
assumptions

Opportunities for LTCO in Design
for Reliability
An electronic device can operate
faultlessly until it finds its way into
the hands of a user. Therefore,
designing for optimum conditions
of use is not enough, and reliability
engineering addresses conditions
of typical use and reasonable
misuse. To be clear, reliability is not
the same as durability, and Mean
Time Between Failure (MTBF) is
not a reflection of reliability. MTBF
statistics only account for early life
random failures, never wear-out.
The value of confidence (reliability)
testing lies in fewer product
recalls, fewer problems in field and
significant savings on service and
repairs far into the future.
Reliability is uniquely defined by
each customer, each project and
their definition of success. The
goal should be to help customers
identify potential and reasonable
misuse conditions so the new device
withstands generally accepted
perils. For example, a cell phone
should be designed to withstand
being dropped and operated across
a wide range of temperatures.
A complete value stream partner
will focus intently on the following
reliability factors and the impact
they have on LTCO and time-tomarket:
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Real World Design for EMC
A global medical equipment innovator developed a renal ablation device that drastically failed FDA
testing for EMC. The company approached Plexus Corp. for help to mitigate EMC issues and meet
regulatory approvals. Plexus engineers analyzed the source of the device failure and proposed two
options:
1.
2.

An expensive but feasible modification to just achieve FDA approval and speed the device to market,
known as the “band-aid approach.”
An in-depth redesign that ensured a wider margin of success at a lower cost, yet required a longer
time-to-market.

The company decided to pursue both options simultaneously, fixing the existing equipment and
speeding it to market while solving more complex design issues for the device’s next generation. Due
to the failure to properly design for EMC at the outset, the customer experienced:
•
•
•
•

•

•

•

Serviceability vulnerabilities in the band-aid approach that had to wait to be addressed in the next
generation device
A five month delay in time-to-market and significant loss of market share
Hundreds of dollars in manual assembly labor costs to implement the band-aid approach
Significant time, costs and expertise expended and redirected to revise the first generation device
while simultaneously redesigning the next generation of the same equipment

Properly designed experiments,
including Highly Accelerated
Lifetime Testing (HALT), that
properly consider variables that
cause or correlate to device
success or failure
How to achieve a reliable and
robust design without added
components, and if this is not
possible, how to best realign
priorities
Identifying industry-specific
definitions of success. For
example, aerospace products
are designed to meet reliability,
Maintainability and Safety

•

guidelines, medical devices
are designed to be safe and
effective in both intended
use and reasonable misuse
conditions, industrial equipment
is designed to withstand harsh
environments, and wireless/
telecommunications projects
typically incorporate layers of
redundancies.
Discovering the opportunities
for mitigating risk and choosing
the most appropriate solution.

The goal should be
to help customers
identify potential and
reasonable misuse
so the new product
withstands generally
accepted perils.
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Unit cost
determinations
should be reviewed
at nearly every stage
of the value stream
so that customers
can make decisions
affecting unit cost
earlier, mitigating
the risk of going
back and starting
over if unit cost is
too high later on.

Opportunities for LTCO in Design
for Unit Cost
Unit cost data is heavily dependent
on Total Landed Cost (TLC), or the
total price of a product once it has
arrived at a buyer’s door, including
the original price of the product,
all transportation fees, customs,
duties, taxes, insurance, currency
conversion, crating, handling and
payment fees.
An expert in reducing landed
cost, and thus unit cost, will quote
TLC from the earliest versions of
the design through the life of the
product based on preliminary
labor, test and materials costs.
These reiterations allow multiple
consultations with the customer
over trade-offs like features,
design elements and tooling
options. Unit cost determinations
should be reviewed at nearly
every stage of the value stream
(conceptualization, design,
commercialization, manufacturing,
fulfillment and sustaining services)
so that customers can make
decisions affecting unit cost earlier,
mitigating the risk of going back
and starting over if unit cost is
too high later on. The result is a
faster product launch with a more
confident and knowledgeable
customer, one who is a true partner
in device design and origination.
There are advantages to working
with a design and manufacturing
firm when it comes to designing
for unit cost, because quotes are
a direct result of their real-time
partnership between engineering
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and manufacturing. Unit cost is
therefore determined based on
actual experience.
Opportunities for LTCO in Design
for Serviceability
LTCO is by definition a transparent
and comprehensive accounting
of a product’s complete life cycle.
The ability (or inability) to efficiently
service a high-tech product is a
critical measure within LTCO. When
the costs of service, repair and
refurbishment are not accurately
and precisely captured, they are
often recorded as a warranty
expense when in fact, they should
be traced to their root design cause.
Numerous serviceability factors
must be addressed in the product
design phase to optimize LTCO,
including:
•

•
•

•
•
•
•

How a product is accessed in
an environment from the point
of view of a service person. Is
this person a direct hire of the
original product manufacturer
or is this person a third party
service provider?
Location and ease of removal
of access door(s)
Defined Field Replacement
Unit (FRU) strategy including
ease of access removal, ease of
replacement and consideration
for hot swapability
Can the device be brought to a
depot for service?
Design/layout of service
manuals
Use of self-locating features
Use of self-fastening features
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Real World Design for Reliability and Serviceability
The Cerner Corporation® RxStation® medication management system, cooperatively realized by Plexus
Corp., securely stores pharmaceuticals and facilitates their efficient, error-free administration. Designed
to track inventory from a hospital’s central pharmacy to the patient, the RxStation simultaneously
prevents incorrect stocking and theft.
Designed for Reliability:
The prescription dispensing system was designed to adapt to a myriad of potential applications of the
product while controlling costs. The complex mechatronics product was created to be equally useful and
reliable to a pharmacist storing bulk medications in a central hospital pharmacy and a nurse tending to
multiple patients in a hospital patient care unit.
Designed for Serviceability:
The modular system appears seamless to the end user. Onboard software and electronics in the header
and storage modules automatically negotiate a controller area network (CAN) address once added to the
tower. No matter what kind of modules or trays are added to the system, the software will automatically
sense this topology and function accordingly. These modules and trays can be added or removed from
any section of a tower with no additional required changes and the scalable distributed object scheme
allows complete software upgradeability either on-site or remotely via Ethernet.

•
•
•
•
•

Placement of cables and
connectors
Power kill points including
Electrostatic Discharge (ESD)
concerns
Board level diagnostics and test
points
Error logging and usage
tracking
Remote software diagnostics
and upgradeability

Full value stream companies
understand the need for
customization of sustaining and
aftermarket services based on

customer preference and end-user
convenience. Device innovators
should seek an aftermarket service
model that best meets these needs
based on three general models:
1.

2.

Region of use repair– when
lower logistical costs outweigh
the labor savings of sending
a product to its point of
manufacture for service. The
product is repaired in the region
in which it is used.
Like product, like repair– a
product is sent to a well-vetted
facility that repairs similar

3.

products, even if that facility
does not actually manufacture
the product in need of repair.
The inherent benefit is a maturity
curve that is achieved through
working with products of similar
operation and components.
Point of manufacture repair–
when a repair house is not
warranted or a regional test
repair line is not economical
and a product can be
inexpensively shipped back to
the manufacturer.
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Product innovators
must be encouraged
to stray from
the script in
commoditizing their
product and find
a partner who will
analyze and get
creative in crafting
fulfillment solutions.

The drain of service issues can
extend beyond current product
offerings to inhibit future
prospects. When resources
must be deployed to address
existing problems, research
and development into new
opportunities is curtailed or halted.
Developers who wish to participate
in new markets should take care to
choose a value stream partner with
experience in global serviceability
standards.

process, where these issues can
be addressed most effectively, be
prepared to discuss the market
sector characteristics with your
fulfillment provider. Topics should
include:
•

•
Working with a full value stream
partner means you will benefit
from their engineers who can help
upgrade or sustain a product’s
useful life in the marketplace with
regional requirements input, while
the manufacturing division has the
ability to knowledgeably refurbish
them.

•

Opportunities for LTCO in
Fulfillment
The process for shipping products
to end-users possesses nearly as
much opportunity for customer
satisfaction as the product
itself. Shipping cost, timing and
responsiveness are all important
factors in the introduction of a
finely crafted invention. Product
innovators must be encouraged
to stray from the script in
commoditizing their product and
find a partner who will analyze and
get creative in crafting fulfillment
solutions. The alternative would be
to ignore real costs associated with
LTCO or ignore the logistical risks, let
them happen and fight it out later.
From the beginning of the design
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The impact of sector-specific
requirements on fulfillment
options. High-volume, low-tech
production varies significantly in
scope from low-volume, hightech products.
Consideration of reshoring,
where the product is
manufactured within 12 hours of
its end-use customer. Shipping
by ground, not air saves costs
and may involve a trade-off for
higher labor costs.
How is your design and
manufacturing value stream
partner configured to produce
your product most efficiently?
Seek out a flexible and agile
partner if you need high-tech
and mid-to-low volumes. Other
companies are configured for
higher volumes of less complex
or variable products.

To achieve the goal of LTCO, seek
out a full value stream partner who
can help realize:
•
•
•
•
•
•
•
•

Quicker time-to-market
Optimized shipping costs
Mitigation of risks through
transparency of duties and taxes
Volume/size/weight implications
Ideal mode of transport
Optimum date of transit
Reduced inventory carrying costs
Importer of Record (IOR)
expertise
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Direct Order Fulfillment (DOF) is
an excellent alternative to thirdparty warehousing and distribution.
Benefits include:
•

Significantly more rapid delivery
and time-to-market. Whereas
a warehousing distribution
method could take up to 16
weeks for delivery, DOF takes

•

an average of five days from
factory to end user.
A third party logistics company
is not predisposed to finding
faster, cheaper and more direct
methods of transport, whereas
a full value stream partner
has a unique perspective
for discovering these
opportunities.
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Strengthening your LTCO
procurement practices
Designing and
manufacturing
for LTCO requires
commitment, deep
thought, a willingness
to accept suggestions
and critique and
confidence in one’s
total value stream
partner.

Be a Good LTCO Customer
Not every product innovator is
prepared to invest in designing and
manufacturing for LTCO. Such effort
requires commitment, deep thought,
a willingness to accept suggestions
and critique and confidence in one’s
total value stream partner. Time
taken in the concept convergence
phase will result in confidence in the
product’s design, performance and
life cycle. You will know the supply
chain is sound, the design is reliable
and robust, regulatory compliance
is well defined and documented
and knowledgeable engineering
support is proactively deployed to
resolve issues that would interrupt
manufacturing. Ask the following
questions of yourself and your
team before pursuing a genuine
LTCO partner for your next product
innovation and consider whether
your organization values these traits.

Prepare to avoid problems that
will harm DFX, and thus LTCO,
including:
•

•

•

•
1.

2.
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Do you possess the philosophy
and commitment to positively
influence your designs? To
achieve success, you must do the
right thing at the right time within
critical time slots. Customers who
display a lack of commitment
miss a finite window of
opportunity to influence design.
Is it within your company culture
to take a thoughtful approach to
each step of the design phase
to achieve LTCO?

•

Decisions made with narrow
view, without a long-term view
of the ripple effect, and their
effect on downstream issues.
Push back, and questions
like “Why do I have to pay
for DFX?” You should seek
to realize the cost avoidance
achieved through genuine
DFX. It is difficult to quantify
cost avoidance because it is
intangible by nature but look at
historical data and extrapolate
your savings potential. Do your
best work.
Skepticism that DFX slows
down the design process, when
in fact it ensures timely and
successful product launch with
fewer performance and life
cycle issues down the road.
Rewarding employee success
only by measuring “now”
costs, not future/total costs,
because an organization only
understands cost reduction,
not cost avoidance.
DFX in the eleventh hour
are changes made only for
show-stoppers. Customers
who understand the value
and cadence of DFX do it
early. Reacting instead of
collaborating on the full
process of DFX.

The long and short of it: Taking the long view of lowest total cost of ownership to avoid costs and shorten time-to-market

Find a Strong LTCO Partner

•

Ask these questions of a full value
stream partner to ensure their DFX
and thus, LTCO competency:
•
•
•

•

Does the company own the
analysis tools for each step of
DFX?
Does the partner have
dedicated experts in DFX,
not just staff with DFX
responsibilities?
Are the functional engineers
working across market sectors
to discover synergies between
product designs?

Are you getting sector-specific
expertise that recognizes
appropriate success indicators
and the predictable useful life
of the product?
Are functional engineers working
in small groups on individual
product components to facilitate
time-to-market? Consider four
teams of 12 engineers, each on
their own product component
versus 50 engineers working
on one large project. Small
teams can generate and vet
cross-pollinated ideas quicker,
decreasing cost and shortening
time-to-market.

•

•

Are you going to receive
regular, frequent updates on
unit cost throughout all design
phases?
Does the company have a
vested interest in getting your
product to market? Full Product
Realization Value Stream
companies have the benefit of
both design and manufacturing
services and value equally both
phases of development.
Plexus Corp. 2014
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