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Abstract—The agile manifesto and the resulting change of
software project management towards agile approaches did
not only change the software world. Branches such as the
service or financial sector took over agile approaches and
tools. Usage of a “minimum viable product” (MVP) is one
approach to accelerate time to market. While software
products can be brought to a new version by a recompila-
tion the hardware production has limiting boundary condi-
tions, that cannot be neglected. However, the mindset of an
MVP could also help hardware projects like the ones in the
chip industry to optimize the development in respect to time
to market and address the design gap. The results show how
to use MVP in hardware development and the balancing
between features and time to market is discussed.

Index Terms—agile, MVP, minimum viable product, chip
development, semiconductor industry, design gap, strategic
management.

I.  INTRODUCTION

For about two decades the term agile development
generates the impression to have conquered the software
industry. Agile development approaches exist in several
shapes. Each of them, in its expression, still pursues the
same goal: focusing the customer and providing the de-
velopment team with the means to focus on the custom-
er’s needs [1]. This needs to be fulfilled even in the case
those needs are changing while the product matures.

Some of the approaches like e.g. Scrum, Kanban, Ex-
treme Programming (XP) or Crystal are now the equiva-
lent of Agile Development. To fulfill the customer needs,
a fast and close exchange with the customer is in focus to
iterate to the desired product [2].

Due to numerous success stories in the software indus-
try, other areas, like the service or the financial sector,
have also started to integrate the available approaches
into their processes [3], [4]. However, for hardware in-
dustry the different conditions have to be considered.
Between concept phase and shipping a production phase
exists. That phase consumes a not neglectable time.

An iterative exchange with the customer is limited,
when each delivery of an interim product version needs
many weeks for production. This time is added to concept
and development efforts to implement the dedicated cus-
tomer feedback.

In semiconductor industry additional particularities are
present that have to be considered. The production of a

Manuscript received February 28, 2021; revised May 20, 2021.

©2021 Journal of Advanced Management Science
doi: 10.18178/joams.9.4.83-87

83

semiconductor product can last several weeks or even
months due to the manufacturing processes. Additionally
product specific lithography masks are needed for the
production that could cost up to 20 million Dollars [5] for
products using state of the art semiconductor technologies.
Agile approaches have to be adapted to fit to semicon-
ductor industry’s needs. Agile development methodolo-
gies cannot be transferred unchanged from software
world into the development of semiconductor products.

Il. ADDRESSING THE DESIGN GAP

One key issue that started the introduction of agile pro-
ject management has been the inability to cover the high
demand of software in the 1990’s. The requirements for
the software or the industries that use that software
changed faster than it could be created. A high amount of
software projects has been canceled or did not meet their
goals [6]. In the semiconductor industry a similar phe-
nomenon can be observed called the “design gap”[7]. The
design gap describes the inability of the product devel-
opment to use the possibilities that are provided by tech-
nological progress.
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Figure 1. Design gap

The relation of technology and design capabilities in-
cluding the design gap is shown in Fig. 1. The technolog-
ical progress is the ability to place more components on
the same area of silicon. A new technology node shrinks
the components size.

The technological progress regularly doubles the struc-
ture on the same area in a constant time span (e.g. 24
month). This technological shrink started in 1960 with a
minimal structure size of 50pm [8] and is actually in
2021 below 5nm. It is still following Moore’s law, that
states that it is an exponential behavior as many other
topics in the semiconductor industry [9].
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The possibility of more structures on the same silicon
die size has evolved first in the sector memory applica-
tions. Memories are regular structures that can easily be
doubled with the only need of an adapted control logic to
address all available memory cells.

Doubling the size of products which consists of irregu-
lar structures like microcontroller or other logic chips
would mean much more than a doubling of the complexi-
ty. Approaches from information technology show the
connection of different kinds of complexity and their
connection to the “design gap”[7].

The number of applications based on semiconductor
products heavily increased in the last decades. The reve-
nues in the semiconductor market increased from 4 bil-
lion US-Dollar per month to nearly ten times as much in
2019 [10]. The need for more performance is considered
to increase also in the near futures with the seemingly rise
of new technologies like autonomous and electrified car.

Similar behavior is visible at the smartphone market.
The strive for small gadgets with long battery endurance
and high performance depicts an incessant competition.

Nevertheless continuously adding features leads to ad-
ditional verification effort. That might be a bottle neck
for many developments. The effect of increasing com-
plexity can be illustrated using a simple example. Assum-
ing to have 9 binary settings (9 bits) 512 combinations of
that 9 settings are possible (2°=512). The development
has to implement 9 settings. If those settings can be com-
bined unrestrictedly 512 combinations have to be verified
(2°). By adding a tenth option, the amount of possible
verification cases doubles to 1024 (219).

Verification effort constantly increases compared to
the implementation [11]. The verification methodologies
at the chip development have been developed to self-
testing regression simulations. Otherwise it might be
already challenging for verification to handle the actual
efforts at all.

The verification effort could be addressed by restrict-
ing the use cases. Even with the same amount of feature
settings but restrictions in the use cases, that allows the
possible combinations of the settings, the complexity
could be made manageable. A proper definition of limited
use cases according settings leads to a reduction of un-
necessary complexity.
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Figure 2. Time to market - revenue within product life cycle.
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IV. Focus “TIME TO MARKET”

Higher development effort results in a longer time until
the market can be entered. In a highly competitive envi-
ronment time to market is essential for economic success.

Biren Prasad discussed a possible model how to quan-
tify time to market in his article “Analysis of pricing
strategies for new product introduction” [12]. In this
article he as well assesses the cost of missing the right
point in time.

The model consists of several assumptions e.g. all
products are fulfilling the needs and no competitor at-
tacks the market by pricing strategies. Further the model
is based on the assumption of a market window that
shows the maximum possible revenue for all competitors
at the same point of time. The point is called Tw. and is
located in the middle of the product life cycle (Tiire).
Each competitor shows the same growth rate o. There-
fore, the maximal possible revenue is aTw.

Fig. 2 shows the revenue curve for the competitor with
the on-time market entry together with the curve of a
competitor with delayed market entry. The delay when
the late competitor enters the market is named Tq. As-
suming that the growth S-curve is symmetrical it can be
narrowed by straight lines that combine to triangles. The
overall revenue is the integrated area beneath the lines.

Assuming the same growth rate the first noticeable
point is, that the competitor with the later market entry
cannot reach maximum peak revenue anymore until the
downturn starts.
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Figure 3. Ries in relation to delayed market entry.

The resulting loss of revenue in percentage can be
quantified by the difference between the areas of the
triangles divided by the area of the on-time triangle.

_ Rearly - Rdelayed — [(3Tw - Td)Td]

1)
RlOSS - 2 (Tw)z

Rearly

This is the formula delivered by Brian Prasad [12].
Through replacing Tq by dwTw formula 1 can be simpli-
fied to formula 3 by using formula 2.

Td = 6WTW
3 1

Rioss = ESW - E

O]

5 ©)

The factor 8w has a range from 0 to 1 where 0 means
that there is no delay in the market entry by the competi-
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tor the loss of revenue is 0%. At dw=1 the competitor
entry is on the market window peak.

As visible in Fig. 3, it is a relation containing a quad-
ratic component. The loss of revenue at a market entry at
the peak is 100%. This means, no revenue earnings are
expected anymore, when the time window of the growing
market is missed.

It is even more severe, since it a nonlinear function and
thus the loss caused by the delay is higher than one would

assume. Missing 50% of Tw does not lead to only miss 50%

of total revenue but even 62.5%. Missing 25% of the
growing market leads to revenue loss of already 34%.

A possible explanation for the complete loss of any
expected revenue when entering the market at the end of
the growing market is that at in the declining market no
new sales contracts are concluded anymore. The already
existing contracts are fulfilled till up to the end of the
product life. At the declining market, the customers al-
ready choose the next generation of that type of product.

V. MINIMUM VIABLE PRODUCT

One of the methods connected to agile development is
the usage of a “minimal viable product” (MVP) [13]. It is
known for example at mentions by Eric Ries [14] that
especially focuses startups to speeding up the market
entry.

The MVP approach questions if products are filled
with a lot of functions and features right from the begin-
ning. Especially start-up companies might not have the
financial capabilities to do a long development until they
can enter the market [14].

Ries’ assumption is that it does not make sense to de-
lay the market entry by adding functionality the customer
might not need.

The focus of an MVP is to enter the market as soon as
possible with a version that contains just enough func-
tionality that the customer can use it. This starts the learn-
ing cycles to get feedback from the market and the cus-
tomer.

By entering the market, the build-measure-learn cycle
is started with the expectation that fast deliverance and
also fast customer feedback will lead to an optimized
product. It targets to contain exactly what the customer
needs. There may be several iterations until the final
product is figured out.

The build-measure-learn cycle is not only important
for the developers. Also, the customer itself might not
know all requirements right from the beginning. Early
deliverables also help him to understand his own needs.

The MVP approach does not mean that only products
with reduced features are developed but a reduced feature
set is the base for the further development cycles. They
are used to reach the optimized mature product. By con-
sidering inputs from the learning cycles the product is
improved according to the customer feedback until it
contains the desired functionality.

This approach shows advantages like:

e Fast market entry

o Fast customer feedback
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e Avoiding cost and delay by developing unused
features

Especially, avoiding the development of unused fea-
tures is speeding up the development process. An exami-
nation of the Standish Group implies, that up to 50% of a
feature set of today’s software products are rarely or not
used at all [15]. In the expression of agile manifesto, this
is “waste”[16].

It may be that some features are implemented at the
beginning of the development iteration that are not need-
ed by the customer. The early feedback will stop that
development in an early phase. The customer feedback
prevents that the unused feature is more detailed, final-
ized and verified.

VI. MVP IN SEMICONDUCTOR PROJECTS

Before going into the explanation of how an MVP
could look like in the semiconductor hardware industry,
assumptions regarding the development setups are done.

The developments are executed within projects having
a project owner, project manager and a project team. The
team is set up with experts from different technical disci-
plines out of a combined pool. By project and pipeline
planning the team members are allocated to the projects
accordingly.

According to the desired functionality different experts
might be needed from application-, concept-, design-,
layout-, verification- and test engineering. To create a
system on chip (SoC) that should provide a solution for
the customers wishes different blocks and modules are
combined into one big circuit. This circuit is transferred
to a layout that is the basis for the mask set that is needed
for production. The mask set is unique for each design
and each design step. Single modules may be tested in
extra test chips separated from the SoC to verify them
separate in silicon.

At a first view it does not seem be economically to
create several iterations of a circuit to find out the cus-
tomer needs. Having several iterations with development
and following production this approach might last years
until the final requirements are collected and the final
product is created. In the software world a new version
“only” consists of a recompilation of adapted source code.

Additionally, the cost of a mask set for several produc-
tions will sum up to an expensive amount.

Neither from time perspective nor from cost perspec-
tive chip production of intermediate versions to derive the
final customer requirements is a reasonable way in this
context.

Intermediate versions could be delivered with help of
software models. The customer can use that model to
implement the module into his software environment for
system evaluations. Basic requirements can be checked
and approved or changed by the customer in quick itera-
tions.

To check a new product in an already existing system,
hardware solutions like FPGA (Field Programmable Gate
Array) boards can help. With this a functional description
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can be synthesized into a programmable board like firm-
ware on a microcontroller. The board behaves like the
final hardware that is targeted to be produced. The
planned circuit can be emulated with that boards directly
in the customers system. Adaptions can be done with new
synthesis of code.

Therefore, the creation of FPGA-Solution might be an
adequate way of close interaction with the customer for a
learning phase for both partners. The developer as well as
the customer can check very fast the characteristics of the
planned product. Nevertheless, also this is only a first
step within the product development to focus the final
product requirements.

The requirements definition of the product will now
indirectly define everything that is also relevant for time
to market. The number of features defines the amount of
effort for concept engineering, design engineering, the
teams for pre-silicon (before production) and post-silicon
(after production) verification.

Increasing number of features within the products will
extend the duration of the single project within the prod-
uct pipeline. The project owner of the following project
has to wait until his project can start. To get the most
revenue the number of features of the planned product
might be increased to address several applications.

This again leads to longer development time and the
next project owner has to wait for his project. He or she
might increase the functionality of his project, too.

This feedback loop leads to steadily increasing features
and therefore also increasing development efforts like
resources and time. In that scenario, the maximized num-
ber of features is in focus instead of time to market. Such
approaches can be seen more as unfounded assumptions
than realistic planning. Features might be included with
the expectation that it might be beneficial in future.

The result of that feature focused projects is shown at
the left side of Fig. 4. The target application should be
covered, since it was basis of the development project.
Some near applications might also be usable. Other appli-
cations cannot be addressed, because certain sub features
have not been implemented despite additional effort.

4»

Figure 4. Full feature product vs. MVP
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In addition, there is an amount of effort that had been
spent for the implementation of features, that are not
usable at any of the target applications. Since the target
application is delayed till the whole project is implement-
ed, the loss of revenue due to the delayed market entry
has to be added to the cost of this type of development
approach.
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At the right side of Fig. 4 the approach with “MVP” is
shown as it could be used in the hardware development.
The approach is to focus on what is really needed and not
on features that might be useful. The development of the
tailored product with minimal extensions has to be fo-
cused first. It can be a development with optimized effort
in respect to time to market.

As in software development, this does not have to be
the end of the development. The existing product can be a
basis for the next targeted applications that can be created
with minimized additional effort. A development team to
create a derivative can be minimized and is less effort
than starting a completely new product.

The first product can be used to collect the require-
ments for other neighboring applications. As stated, the
learning phases are needed by the developer as well as
the potential customer. By delivering a product that is
already close to a dedicated version, the customer can
identify the needed changes. However, he already has a
close experience of the final product.

Comparing the usage of MVP in software and hard-
ware development would lead to following statements:

MVP-Software: Don’t waste time to develop features
you don’t know whether they are needed or not.
MVP-Hardware: Don’t waste time to develop features
you know that they are not needed.

In software development an MVP is used to find out
the final customer requirements. In hardware develop-
ment MVP could be used to focus only the already
known customer requirements.

VII. FACE THE RISK

In many product definitions the cost of delayed market
entry might not be considered systematically enough. It is
compared with the risk of losing opportunities by addi-
tional features. In such an environment for business
decisions, using the MVP approach may not be straight
forward. Decisions of what will be a required feature of
the product are of high importance. The same importance
applies for the decision-making process of what will be
implemented.

Limiting the feature set is a challenging task. Applica-
tions might only differ in small parts of features or even
only in sub features. The line between a feature that is
worth to be implemented and a feature that endangers the
time to market is thin. The cost of mask sets for an extra
derivative might be an additional argument to simply take
an additional feature to the actual development.

Finally, there is no guarantee to make the product fit to
the market requirements of the next decades by adding a
lot of features. Attempts might endanger time to market
for todays needed features.

To conduct an MVP project a clear risk assessment has
to be done in order to make clear decisions between miss-
ing opportunities by missing features or by missing time
to market.

In case of a decision towards an MVP approach, the
platform approach should be considered right from the
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beginning to ensure, a product design and its team is
already prepared for new derivatives.

VIIL.

The paper presents a possible way of applying the ap-
proach of a minimum viable product coming from the
software industry to the semiconductor industry. The
transfer of the learning cycles has to be considered in
different approaches like software models or FPGA solu-
tions since the particularities of the chip production or
hardware development in general in respect to time and
cost are limiting factors for repeating iterations.

Focusing target applications saves development re-
sources that are already limited in respect to the design
gap. Additionally, the shortened development time is an
important step towards a fast market entry. The potential
revenue loss of late market entry is severe as the shown
model shows.

Fast development of the target application to optimize
the time to market followed by derivatives in a platform
approach is the basic principle of MVP in hardware de-
velopment.

Finally, the price for the fast market entry is a thor-
oughly executed risk assessments that decides between
missing opportunities and securing the market entry.

Therefore, it is crucial to limit the product develop-
ment to the features that are already needed and are
backed with real market opportunities. Securing and
improving market positions depends on the ability to
deliver the needed product in time.
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