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Entering System-on-Chip Century
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1. Technology

Technologies have advanced to the point that a highly
complex product, including hardware and software, can be
implemented on one chip. Therefore, we will be able to
manufacture complete systems, such as digital camera, cel-
lular phone or a DVD player on one chip. However, the
complexity of such systems-on-chip (SoCs) suggests that
their design and production can not be accomplished with
present tools and methodologies.  This problem has been
known as productivity gap which is defined as difference
between system complexity and design productivity. It is
well recognized that the complexity of systems requires a
new way of solving problems, new methodologies, new

tools and new business models.
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For the above reasons Toshiba and the Center for Em-
bedded Computer Systems at University of California at
Irvine started a cooperative research and development on
SoC specification and design, in order to investigate new
methodologies for 21st century.

2. SpecGen Project

The first premise of SpecGen project is that SoCs will
be complex and that there will be no distinction between
software and hardware. In other words, what is in hard-
ware today may be in software tomorrow and vice versa.
The second premise of SpecGen project is that the complete
process from product specification to manufacturing should
be seamless, well documented, with every stage represented
by a verifiable model and united in a common framework
distributed over geographically different locations, or in
short, in an e-design environment.

There are three solutions for achieving this goal: ab-
straction, reuse and automation. By abstraction, humans as
well as CAD tools deal with smaller number of objects, thus
speeding the design and verification tasks. Reuse increases
productivity by sharing parts of the design between different
products.  Finally, automation allows designers to perform
their tasks faster.

In SpecGen project we developed a specification lan-
Since C
language is the most popular in the software world we de-

guage to define the behavior of a new product.

veloped a front-end for C, called SpecC, which includes the
three most popular models of computation: Communicating
Sequential Processes (CSP) for software, Finite-state-ma-
chine with Data (FSMD) for hardware and Discrete
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Event(DE) for communicating protocols.  SpecGen project
also includes tools for synthesizing SoC architecture from
available cores, complex components or third party reusable
components, commonly called IPs.  The SoC synthesis
tools help designers select proper processors, memories,
busses, cores, protocols and other complex components
from different core/IP databases and assemble them into an
SoC design.
tioned into software and hardware parts and assigned to dif-

The SpecC executable specification is parti-

ferent components. Communication is also partitioned into
channels and assigned to busses and protocols. The Spec-
Gen includes also VisualSpec tools for fast prototyping so
that a customer can quickly verify his/her specification and
SoC design. The rest of the design can be then accom-
plished by standard SW and HW tools supplied by EDA
vendors.

We expect a 1,000X improvement in productivity: 10X
from higher levels of abstraction, 10X from reuse of previ-
ously defined components, and 10X from automation of the
SoC architecture.  We have already demonstrated 50X gain
without using automation on a selected GSM Vocoder
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benchmark.  (for details see www.ics.uci.edu/~gajski)
3. E-development

Executable specification methods on each level of de-
sign like SpecC in SpecGen simplify the communication be-
tween customers and designers, and geographically distrib-
uted designers and developers. They also make product
evolution easy, since [eatures can be easily introduced or
modified and the impact of any changes in the specification
can be easily verified. These methods lead to product-on-
demand (POD) business model in which every product is
customized for an individual customer.

E-development is necessary for POD model because
manufactures have to develop more complex and higher
quality products in shorter time in order to survive in a glob-
al business competition.  With similar results in other
fields, such as software engineering and mechanical system
design, Toshiba can realistically achieve a 1,000X produc-
tivity gain and continue providing its customers with the
best possible products.
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