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Outline

Pictures speak louder than words
_ What is ESL?

_ Abstraction Trends

_ Verification Trends

_ EDA Industry Trends

What are we doing?
_ Heterogeneity and MoCs
_ Behavioral Hierarchy
_ Meta Modeling Support
_ Service Oriented Validation Framework
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Electronic System Level?

Product Specification

Virtual Platform
Architecture spec.

Driver
and
. Application
Detailed Software
RTL model Development

Full system wvalidation/prototype




FERMAT @ V“gi&mlm

Abstraction Trends
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Hardware Resources and Computer
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A Tale of Two ESLs?

Core abstration level

Architectural design

Events and messages

System-level hardware view
and SW programmer’s view

Logic states and transitions

HW implementation view,;
DPl link to CC++/SystemC

Architectural verification
and HW/SW co-verification

RTL-to-gates design

Cycle accurate
TLM@E =10,000 cps

No gate-level modeling

Logic synthesis

Timing accurate RTL &
1-10 ¢ps; TLM capability,;
C-like extensions for
algorithmic descriptions

RTL-to-gates verification

TLM/RTL co-stimulation

Implementation testbench,
including ABV and

functional coverage
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HW/SW Cost Breakdown Trends
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Verification Trends
!

Simulation B Mixed-signal
acceleration simulation

Emulation and
prototyping
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Hybrid and AMS
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1 year
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Verification Trends

Formal and

10 cycles
VCS™ Engine | | :l |
Orchestration

req
BlockA ——— - BlockB

Assert ﬁssuma
Back-to-back req2 10 clks  Back-to-back req 2 10 clks
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ESL Industry Space
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Our Work at FERMAT and ESPRESSO

Introduce Heterogeneity in SystemC with Models of
Computation (MoC) extensions

Raise the Modeling Fidelity

Step towards Behavioral Hierarchy with Heterogeneity
EWD: Meta-Modeling Frameworks

CARH: Service Oriented Validation Framework
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SystemC’s Discrete-Event Kernel

Evaluate-Update Paradigm iaizaor
Dynamic scheduling incurs T

/l immediate

unnecessary delta cycles Sesitorn orocenes

Statically schedulable MoCs E\L/ ”\

. . Stage
ShOUId aVOId dynamIC - Progress

scheduli ng Update Events .| Deta Events Tﬁ{e\

Update

|_-Sfage notify(n};

/ timed
notification

notify(SC_ZERO
_TIMEY,
Il delayed
notification
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An Example MoC Extension:
Synchronous Data Flow in SystemC

SDF models are:
Amenable to static scheduling

Require blocks to have predefined production and
consumption rates

Construct repetition vector
Construct firing order

Executable schedule achieved with valid repetition vector
and firing order
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An Example MoC Extension:
Synchronous Data Flow in SystemC

SC_MODULE( toplevel )
{
sc_in_clk CLK:
SC_THREAD( topentry ) {
sensitive << CLK.pos();
|
SC_CITOR ( toplevel ) {
// Instantiate SDF blocks and connect
// the ports
}
void topentry() {
sdf_trigger();

}
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An Example MoC Extension:
Synchronous Data Flow in SystemC

During initialization all executable schedules are computed

DE kernel continues executes without intervention until
sdf_trigger() is invoked

SDF kernel takes over and executes the SDF-specific
blocks according to the computed schedule
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Heterogeneous Extensions
Communicating Sequential Processes

- Rendez-vous communication -

Footman

I




Heterogeneous Extensions
Finite State Machine

- Control machines
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Heterogeneous Extensions
DE, FSM, SDF & CSP

DE: Solves RSA -

Encryption

Algorithm '« SDF: Sobel Edge
Detection
‘ “ Algorithm
| oS

SDF: Producer/Consumer

ducer I consumer
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Simulation Efficiency
A brief look

Pure SDF models ~ 65% gains
Pure FSM models ~ 10% degradation
Pure CSP models ~ 1% gains
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Behavioral Hierarchy with Heterogeneity

- Decompose design into small behaviors
- Behaviors expressed by different MoCs

BEE  WH

[ | SDF
DE

DE |
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Behavioral Hierarchy with Heterogeneity

Semantics define interactions within MoC and across
MoCs

Hierarchical composition preserves behavioral hierarchy
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Why you want GreenSocs
SystemCXML.:

/‘

Source

XML

Analysis, Transformation, Testing, Optimization, ...




What we do with SystemC?
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SERVICES SCV based

Automated
Heflection Test Gegeration

Coverage
Monitor

Naming
Service

Event
Service Structural L Runtime

]

ry
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ORB (Object Request Broker)

Dynamic
VCD
&

Run List Display

Client

TCP/P or

-

—_—

Required Bidirectional Communication B ORE Interface
Required Unidirectional Communication

& D-YCD Interface
& Client Interface

hModel
i |
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Reference

- Website for SystemC-H: niip:/iermat.ece.vi.edu/systeme-h/
Book

SystemC Kernel
Extensions for
Heterogeneous

System Modeling

A Framewaork for Multi-MoC Modeling & Simulation




