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INTRODUCTION

There has been a fundamental shift in product innovation. Not merely a
revolution in materials or design, but a revolution of possibilities. Advanced
software technologies such as artificial intelligence have given us a peek
of what could be, enabled by methods to deliver the speed that turn world-
changing ideas into reality. We've now reached an event horizon — one
where semiconductors and software actually have the ability to bring
about the most uplifting advances in the history of humankind. Thanks

to this leap forward, chip technology and a new era of product

transformation are poised to take us places previously unimaginable.
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TRANSFORMATION /

Throughout history, major social, technical, and economic shifts
have created a substantial force on the world around us. We call

these effects techonomic disruptors.

Their confluence led to the first industrial revolution that occurred near
the end of the 18th century when hand production methods gave way to
machine technology fueled by steam power.

The second industrial revolution occurred at the end of the 19th century
with new energy sources — electricity, gas, and oil. World-changing
inventions like the automobile and the airplane transformed societies and
ushered in an entirely new way of life.
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In the second half of the 20th century, a third industrial revolution was
born — a technology revolution. Electronics, telecommunications,

and computers were invented and improved upon. Space exploration
became almost commonplace. And new forms of energy, from nuclear to
renewable, came to market.

Today, we find ourselves at the nexus of the fourth industrial revolution —
an era dominated by Smart Everything'. The internet, artificial intelligence,
and the use of software are helping to create things that couldn't even

be imagined just a decade or two ago. The opportunities seem limitless,
and the potential for more world-changing technologies are bound only
by our dreams.

What makes this revolution different from the first, second, and third
industrial revolutions is that it's not happening over decades. It's evolving
over years — even months. Innovations are occurring exponentially faster,
and in order to take advantage of this fourth revolution, understanding the
macrotrends driving change is critical.

' Smart Everything refers to the integration of intelligent processing in a wide range of consumer and industrial
products. The trend is enabled by the ability to add sophisticated software running on specially designed chips
to a product design, along with access to sensor data and use of high-speed wireless networks to interconnect
smart devices with edge and cloud processing to augment capabilities. Securing these devices from tampering
is also a part of the design paradigm.
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THREE MACROTRENDS DRIVING
A NEW WORLD OF INNOVATION /

At the heart of the fourth industrial revolution lie three significant
macrotrends that are powering product innovation:
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Software Drives Chips Make Optimizing Software
Differentiation This Possible and Chips is Key to

Amazing Products

1 Software Drives Differentiation /

The rapid deployment of semiconductor and software technology during
this fourth industrial revolution has set the stage for a new model of
innovation and product delivery. In the past, product innovation was driven

l the balancesmall business

How Starbucks Changed Their

by a wide range of factors like new materials, mechanical design, and even Supply Management
branding and reputation. But now, new forces have come to the forefront READ ARTICLE

that allow world-changing product development, in a fraction of the time,

with superior results — and at the root of this new paradigm is software. CATERPILLAR

Software has become a strategic technology for differentiation across Building a Better Tomorrow With
many disciplines and markets. Thanks to this ongoing revolution, even Digital Solutions
non-software companies have begun differentiating themselves through
technology. Industry giants like Starbucks, Johnson & Johnson and
Caterpillar have all built major internal software development teams with

the need to handle the intricacies of security vulnerabilities, high-pressure meqgoﬂvmm
delivery timelines, software quality/reliability, and safety.

READ ARTICLE

4 Ways Johnson & Johnson Is Leading

This strategy of turning possibilities into realities, necessitated by the The Fight Against Cyberattacker

need to differentiate, requires constant innovation and reinvention. READ ARTICLE
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https://www.caterpillar.com/en/careers/careersnews/better-tomorrow-digital-solutions.html
https://www.jnj.com/innovation/johnson-and-johnson-leading-fight-to-prevent-cyberattacks
https://www.thebalancesmb.com/how-starbucks-changed-supply-chain-management-4156894#:~:text=First%2C%20it%20would%20reorganize%20and,chain%20capabilities%20into%20the%20future.

2 Chips Make This Possible /

Software is leading the change for companies. But what is leading the
change for the software? Thanks to improvements in semiconductor design
and manufacturing technology, we can now create special-purpose chips
that run unimaginably complex software in real time. This leap forward has
unlocked the massive deployment of artificial intelligence in almost every
product and system available today, creating a new world of innovation.

Ironically, many of the core algorithms deployed in these new products
have been around since the second and third industrial revolutions, but
there was simply no hardware that could run them at real-world speeds
with human-like latency. Today's chip technology has changed all that.

Speech recognition products like Amazon Echo and many of the advanced
capabilities offered by Google were impossible just a few short years

ago without chips to power the technology. Now, custom-designed chips
like the Tensor Processing Unit (TPU) are not only possible, but nearly
commonplace among both tech and traditional companies.

Optimizing Software and Chips
is Key to Amazing Products /

The third trend fueling this new product innovation paradigm is a blending
of the first two. The ability to co-optimize software and chips in one
product development process has become a strategic differentiator for
many forward-looking enterprises. Bringing design in house and owning
the process have born a new breed of chip consumers and chip designers.
Many of today’s major chip consumers were not on anyone’s radar as
recently as a decade ago.

Take Apple, for example. Prior to 2008, the company outsourced all of

its chips. But that year it began building an internal chip design capability
targeted for the iPhone®. The success of the iPhone is now legendary and
by 2011, Apple surpassed ExxonMobil as the most valuable company in the
world — a position it still holds today.

Another success story is Tesla. A relatively new manufacturer of
automobiles, Tesla has built custom chips, like its Full Self-Driving (FSD)
chip to enable its product innovation from Day 1. Their strategy has also
paid off, making Tesla the most valuable car company in the world.
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Top Cloud Providers In 2021
AWS outlines custom processor
roadmap...

READ ARTICLE

& THENEXTPLATFORM

Designing Custom Chips In-House Is
the New Normal

READ ARTICLE

REUTERS

Volkswagen To Design Chips for
Autonomous Vehicles Says CEO

READ ARTICLE

ARK

INVEST

Tesla’s Self Driving Computer Is Four
Years Ahead of the Competition

READ ARTICLE

PC

What Is the Apple M1 Chip?

READ ARTICLE

engadget

Facebook is Reportedly Developing
Custom Server Chips

READ ARTICLE
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https://www.zdnet.com/article/the-top-cloud-providers-of-2021-aws-microsoft-azure-google-cloud-hybrid-saas/#listicle-7a2410f9-314e-4244-8789-d84e900818cf
https://www.nextplatform.com/2018/08/08/designing-custom-chips-in-house-for-specific-tasks-is-the-new-normal/
https://www.reuters.com/article/us-volkswagen-chips/volkswagen-to-design-chips-for-autonomous-vehicles-says-ceo-idUSKBN2CH1IC
https://ark-invest.com/articles/analyst-research/tesla-fsd/
https://www.pcmag.com/news/what-is-the-apple-m1-chip
https://www.engadget.com/facebook-custom-server-chip-report-231501934.html#:~:text=According%20to%20The%20Information%2C%20the,chips%20for%20its%20data%20centers.&text=The%20new%20chips%20would%20work,replace%20what%20it%20already%20has.
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MARKET DYNAMICS AND
TECHONOMIC DISRUPTION /

Enabling a fundamentally new product innovation process comes
with many challenges. The market will not slow down, and
consumer demand for Smart Everything continues to grow at an
exponential pace. Seemingly impossible problems must be solved.

This situation is not new for the technology sector, however. It's hard to
discuss the chip market without mentioning Moore’s law, a profound
observation by Gordon Moore in 1965 while he was working at Fairchild
Semiconductor: The number of transistors on a microchip (as they were
called in 1965) doubled about every year.

For decades, Moore's law was able to meet the typical innovation
requirements for new products — improved performance, lower power,
and reduced cost. Thanks to scale complexity offered by Moore’s law,
semiconductor technology was able to deliver on innovation demands,
over and over.

Recently however, things have changed. Driven in part by the massive
deployment of differentiating software in new products, the demand
for new technology has exploded, overwhelming the capabilities of
Moore's law.

Simply moving to the newest process node to exploit scale complexity is
no longer enough. Innovation now has to be addressed through a multi-
pronged approach. Parallel processing, application-specific architectures,
deployment of Al, and integration of multiple chip technologies into

one highly sophisticated package are all examples of how demands for
technology are being met in a new world of innovation.

Moore's law scale complexity is now being enhanced with a series of
architectural approaches that exploit systemic complexity. As in any
revolution, there are moments of great significance.
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At Synopsys, we see the confluence of scale complexity and systemic
complexity as one of these markers. We call it the SysMoore Era, giving a
nod to the historical enablement of scale complexity by Moore’s law and
the newly added systemic complexity driven by the demands of Smart
Everything. Because product development must continue at an exponential
pace, we believe the tenants of the SysMoore Era are the way forward.

The SysMoore Era ushers in a fundamental disruption in the dynamics of
the market. Customers will require a revolution in product development
and this creates the opportunity to rethink approaches and address the
fundamental disruptions occurring now.
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https://www.synopsys.com/glossary/what-is-sysmoore.html
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THE OPPORTUNITY TO RETHINK /

Synopsys sees three major strategies to help our customers
achieve their product ambitions in the new world of innovation:
1000x productivity, Al and analytics for optimality, and managing
risk in pursuit of velocity.

o e

01 100
1 AR

00010110 \

1000x Al & Analytics Managing Risk in
Productivity for Optimality Pursuit of Velocity

Automotive, Al, HPC, Mobile...

1000x Productivity /

With speed as a fundamental requirement of new product innovation, we
believe our customers must find a path to 1000x productivity improvement
within the next ten years. As company after company shoots for this
benchmark, the exponential curve that 1000x productivity delivers is
crucial to keep pace. 1000x productivity focuses mostly on optimizing

cost of results.
PHYS {$0RG EE Times P vuccrtech
Skyscraper-Style Chip Design Boosts Can IBM Ecosystem Advance Al Chip Intel, Micron Unveil 3D XPoint Memory,
Performance 1,000-Fold Performance 1000x? 1000X Faster Than NAND Flash
(Stanford University)
READ ARTICLE READ ARTICLE
READ ARTICLE
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https://phys.org/news/2015-12-skyscraper-style-chip-boosts-fold.html
https://www.eetimes.com/can-ibm-ecosystem-advance-ai-chip-performance-1000x/
https://wccftech.com/intel-micron-unveil-3d-xpoint-1000x-faster-nand-flash-current-ssds/
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Al and Analytics for Optimality /

Finding the optimal configuration of design, process, and architecture

for a highly integrated system is an incredibly complex problem. Subtle
interactions between process technology and operating conditions create
an almost infinite number of possibilities. Add to that the need for robust
software that interacts with the chip in predictable and secure ways, and
the possibilities multiply exponentially. And yet, we all still need an optimal
design configuration to address market needs.

Luckily, the power of artificial intelligence can cut this problem down to
size. Using techniques like reinforcement learning, an incredible number
of solutions can be explored, landing on the optimal one that unlocks

a product’s full potential. Al finds better solutions in less time than
experienced designers can, and focuses primarily on quality of results.

Forbes WE4R}AD J2 CNBC
Chips Designed by Al Are the Future Samsung Has Its Own Al-Designed Google Claims It Is Using A.l. to Design
Of Semiconductor Evolution Beyond Chip. Soon, Others Will Too Chips Faster Than Humans
Moore's Law
READ ARTICLE READ ARTICLE

READ ARTICLE
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https://www.forbes.com/sites/marcochiappetta/2021/05/25/chips-designed-by-ai-are-the-future-of-semiconductor-evolution-beyond-moores-law/?sh=1c0ff265430f
https://www.wired.com/story/samsung-ai-designed-chip-soon-others-too/
https://www.cnbc.com/2021/06/10/google-is-using-ai-to-design-chip-floorplans-faster-than-humans.html#:~:text=Google%20claims%20that%20it%20has,in%20less%20than%20six%20hours.
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Managing Risk in Pursuit of Velocity /

Velocity is a term familiar to the software community. This industry faces
the constant pressure to deliver software faster and the exponential

pace of innovation demands rapid market deployment. Being late means
far lower market share, often ending in failure. In the chip community, it

is referred to as time-to-market. The stakes are the same. It's all about
delivering products faster, with higher quality and robustness.

Of course, rushing a product to market has its own pitfalls. Security,

and the associated risks of a vulnerable solution haunt every development
project. Operational shifts in performance caused by chip aging can be
devastating for mission-critical applications. Chip-level intrusion is another
form of risk, as is software hacking. All of these issues must be addressed
and, at the same time, the complex software that drives the entire

system must be delivered faster and with higher robustness, reliability,

and security. It's a tall order, but velocity and risk management focuses
predominantly on time to results.

s ign
EE|Times THE VERGE &Reuse
Approaches to Accelerated HW/SW The Top 10 New Reasons to Be Afraid Risk Versus Reward: Where Do Your IP
Co-verification of Hackers Reuse Practices Fall?
READ ARTICLE READ ARTICLE READ ARTICLE
WHITE PAPER SYNOPSYS A New World of Innovation



https://www.eetimes.com/approaches-to-accelerated-hw-sw-co-verification/#

https://www.theverge.com/2013/7/31/4568992/top-10-new-reasons-to-be-afraid-of-hackers-def-con-black-hat

https://www.design-reuse.com/articles/12674/risk-versus-reward-where-do-your-ip-reuse-practices-fall.html
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TECHONOMIC DISRUPTORS Y

As we work hand-in-hand with our customers to understand their
unique challenges, we see ten primary techonomic disruptors that
are at the heart of most of those challenges.
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@ Moore’s law is alive and well. It still drives important technology
delivered by semiconductor manufacturing advances. What is
different from the historical application of Moore’s law is that there
are now many other factors to balance and integrate for a complete
product development process.

Energy-efficient design is the natural extension of low-power
design. While low power is important for things like operating cost
and battery life, energy efficiency takes center stage to address
the substantial challenges of cooling for the new class of highly
integrated designs.
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@ Silicon health refers to the requirement to monitor and optimize a chip
after it leaves silicon fabrication and is deployed in its end system.
Many applications demand consistent, reliable performance over many
years. Chip performance will naturally degrade over time and silicon
health technigues facilitate in-field monitoring and optimization to
counteract these aging effects. Changes in the field can also create
security vulnerabilities. In-field monitoring also facilitates detection of
intrusion or hacking, another critical item for many new designs.

@ Multi-die design integrates multiple chip technologies into one
sophisticated package. Mixing designs from optimized digital, analog,
or high-frequency processes is one example. Adding highly dense,
three-dimensional memory arrays is another. Decomposing a very large
die into multiple smaller dies to increase yield and reduce cost is yet
another example. There are significant design challenges here, including
signal and power integrity across chip/package/system boundaries as
well as heat dissipation and mechanical stress considerations.

@ Aleverywhere is the ubiquitous deployment of artificial intelligence
algorithms in all products. How to build and integrate dedicated Al
accelerator chips is one challenge. How to facilitate learning and
adaptive behavior from a system perspective is another.

@ Cloud refers to harnessing the vast computing power offered by the
cloud to optimize the design of chips and optimize the analysis of the
massive amounts of data those chips produce.

@ Increasing software content treats the challenges of integrating large
software stacks with chips. Subtle bugs in chip/software interfaces
are difficult to isolate and modeling all the interactions of software and
chips, including impact on timing and power, can be daunting.

@ Security is a multi-dimensional problem that spans software,
chips, and the networks that connect them. Every system contains
multiple attack surfaces and all of them must be considered during
product design.

@ Ssafety is addressed with a combination of robust design practices,
extensive scenario testing, and adherence to functional safety
standards such as ISO 26262 for automotive applications.

SW development risk and velocity reflects on the challenges of
delivering larger, more complex software systems in less time and with
higher robustness. These challenges are motivated by the widespread
digital transformation occurring in virtually every business.
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BREAKTHROUGH INNOVATION
REQUIRED TO ADDRESS DISRUPTORS /

These techonomic disruptors span a wide range of technologies
and challenges. To unlock the possibilities offered by the new
product development paradigm, we need breakthrough innovation
to address all of them.

One important aspect to remember about the ten techonomic disruptors
is that they all interact with each other and are highly interdependent.
Process technology affects silicon health, software affects power, and
safety and security affect everything. Only through an integrated, holistic
approach to product development can all these challenges be addressed.

Of course, this requires substantial technology depth and breadth —
everything from subtle effects at silicon’s atomic level to data-dependent
impacts at the software level must be analyzed, correlated, and resolved.
Our close collaborations with customers and deep technical understanding
of their challenges gets us through to the finish line time and time again.

Beyond the challenge of integration, there is also a need for robust
infrastructure to support deployment of Al, data analytics, and coherent
cloud access across the various disciplines to facilitate efficiency at scale.
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All this comes together to unlock the possibilities of a new world of
innovation. Our role in shaping the future brings great opportunities and

important responsibilities with a focus also on sustainability and to ensure
the future is safe and secure.

In collaboration with our customers, Synopsys has addressed, and

continues to address, these substantial challenges across everything
from silicon to software.
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THE FUTURE IS FULL
OF POSSIBILITIES /

The fourth industrial revolution and a new world of innovation
present an entire universe of exciting possibilities and
daunting challenges.

To realize the vision that our customers have for their products, a new
view of development is required. Everything from the fundamental
physics of semiconductor technology to the dynamics of the software
in a deployed system must be considered in an integrated way. The
complicated interactions between all elements of a system demand this
exhaustive approach.

Our belief is that integrated solutions, with a focus on the unique
challenges of each product development process, will offer the margin
of victory for our customers.

We're here, at the point we've all dreamed about, where nothing is off the
table. No idea is too big to tackle. More than the steam engine, or the car,
or the airplane, semiconductors and software are catalyzing the most
uplifting phenomena in the history of humankind. The moment to take
product innovation to new heights is here.
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