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What is a System-on-Chip?

I de nition

(nearly) complete embedded system
on a single chip

I usually includes

programmable processors
memory

accelerating function units
I/0

software
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Technology Integration
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SoC Examples

I Canon Digic processor family

I image processor

I improved quality, power consumption, speed, cost
I STI Cell

I Sony+Toshiba+IBM

I aim at several TFlops at 65nm integration

I one PowerPC + 8 SIMD units
I TI OMAP

I platform
I dedicated to 2.5G and 3G mobile phones / PDA
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Technology Challenges for SoC Design

I design productivitincrease

I main challenge
I need >100% increase per technology node

I management of power

1 especially for low-power, wireless, multimedia
applications

I system-level integration of heterogeneous technologies
I development of SoC test methodology
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Design Productivity Gap
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Target Design Freedom

100% of Design Productivity Improvement
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SoC Design Cost Model
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Design Cost Problem

I economy will limit the semiconductor industry
I before the technological end of Moore's law
I design cost is the limiting factor today
I not anymore manufacturing cost
I time to market constraints puts hard pressure on design
team
I management issues and cost limits design team size
I today design time

1 30% design
1 70% veri cation/test



Complexity Challenge

I silicon complexity
I impact of process scaling and new materials and
architectures
I previously ignorable phenomena now have impact
I system complexity
reuse
veri cation and test
cost-driven design optimization
embedded software design
reliable implementation platforms
design process management

I together: superexponentially increasing complenitythe
design process



LIP

Reuse

IP = Intellectual Property
HW or SW block
designed for reuse

need of standard{VSIA)

I platform based SoC design

organized method
to reduce cost and risk
by heavy reuse of HW and SW IPs

I steps in reuse

block! IP! integration architecture



Raising the Abstraction Level

I ESL(Electronic System Level)

from RTL to TLM or higher
from VHDL to SystemC to UML

I HW/SW co-design

need new tools

consider the whole system

large optimization potential

combination of formal, semi-formal and non formal
techniques



Separation of concerns

I by metamodeling
I metamodel = domain speci ¢ language
I one metamodel for one goal
I hide the unneeded details for the task at hand
I allowsreuse
I unavoidable considering the required productivity
I at the heart of platform based design
I design teammanagement
I each team member has its own view
I on shared models
I rely on a common language to ease communication



I handling thecomplexity
I habit of the semiconductor industry
I capitalize the knowledge in the tool
I throughmodel transformations

I separation of buisness logic from technology
I automatic veri cation

I tool integration

I simulation / test / analysis

I automatic code generation
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Pro les for SoC Modeling

I System level

I SysML

I MARTE

I see Sébastien Gérard's talk

I Electronic System Level

I UML for SoC

I UML for SystemC

i others (YAML, UMLSC, ..)



SysML

I system engineerirmodeling language
I domain speci c (SysML) vs general purpose (UML)
I remove the software bias from UML

I remove part of UML

I add system speci ¢ constructs
I asaUML prole



SysML Diagrams (
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SysML Diagrams (2/2)
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UML for SoC

I concepts very close toystemC
i allow automatic SystemC skeleton code generation
| abstraction level

i from transactional level modelin¢TLM)
I to register transfer leve(RTL)

I mainly uses the composite structure diagram



Example: Communication by FIFO

Structure Diagram

port name : i name : out
inlerfane_direclioﬂ < input o initialization parameter : 0 mace direclim - output
protocol interface name : sc fifo_in if<datal> protocol interface name : sc fifo out if<data>
N S~ \ - /
N ~ N -
. M N
\
class name : parent N\ Al
process function : fifo:sc_fifo<data2>
>~
~

class name : childl
instance name : funcl
process function : entry

i / ~
<
port name : out class name : child2 port name : in B
interface direction : out instance name : func2 interface direction : in
protocol interface name : s fifo_out if<data2> process function : entry protocol interface name : sc fifo_in if<data2>




Example: Clock and Reset

Structure Diagram

parentModule

<<SoCClock>> aClock : sc_in_clk aModule

<<SoCClockChannel>> clockDomain = “Clock™
clkChan : sc_clock —
<

{clockDomain = “Clock}  _.goCReset>> aRst : sc_in< bool >
{resetSpec = “Synch”}

<<SoCResetChannel>>
oData : sc_out<bool>

rstChan : sc_signal<bool

iData : sc_in<bool> =
<

Class namel laModule ]

{resetSpec = “Synch”}

Process functionlaProc




Example: Shift Register

Structure Diagram

C : sc fifo<int>[N- 1] ©)

®) 7
/

inv: N>1

inv: M[0].I.sc_fifo_in if<int>- >exists(l) - - (a)

inv: Sequence{ 1.N- 1 } >forAll(n | M[n].l.sc_fifo<int>- >exists(C[n])) - - (b)
inv: Sequence{ 0..N- 2 } >forAll(n | M[n].O.sc_fifo<int>- >exists(C[n]) - - (c)
inv: M[N- 1] .O.sc_fifo_out_if<int>- >exists(O) - - (d)




UML for SystemC

I allow togenerate complete SystemC code

I expose all SystemC concepts in the UML pro le
I structure (similar to UML for SoC pro le)
I behaviour(actions in state machines)

I tool speci cimplementation
I takes advantage of the tool's code generation capacity



SoC Comodeling: Gaspard?2
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I usemetamodels

i from abstract metamodels
I to technology speci ¢ metamodels

I SW/HW code
I simulation
I veri cation

| separate concerns to enhaneelse

I application / hardware architecture / association
I IP reuse

I automatemodel transformations
I focus on dimited application domain
I intensive signal processing



Gaspard2 Metamodels
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Gaspard2 Development Environment

I choice of a framework
I desireable properties: portability, open source, graphic
capabilities, large di usion
I Java andEclipse
I (meta)model handling
I Eclipse Modeling Framework
I transformation engine
1 Java / EMFT / Kermeta / ModTransf



Gaspard2 Design Flow
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Concept Transformation Example

I high-level concept

I pattern accesses in arrays
I matrix based notation

I TLM concept
I loop repetition domain as a parameterized polyhedron
I SystemC code

I loopsgenerated by a polyhedron scanning code
generator tool (CLo0G)



Conclusion

I SoC design teams face a hygeductivity challenge
I superexponential complexity
I economy pressure
I MDE can helthrough
I abstraction, reuse, automation, organization
I prototype for intensive signal processingispard?
input pro les and most metamodels de ned
integration in Eclipse nearly done

ongoing work on transformations
demo planned for early 2007
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