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Key Industry Trends

[ SoC requirements continuously increase .....

b Increasing functionality
— Application convergence

b Increasing complexity
— At application, system, HW, & SW level
— More (sub-)systems on one SoC

b Increasing performance

— Multimedia content (comms, HiDef, data, ...

— Functions competing for resources

+ Multiple (programmable) cores

— Multi-core programming environments
& debug
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Key Industry Trends

[ ... but SoC constraints also increase .....

' LeSS power Moore’s Law
— Battery life
— Dissipation
— ‘Green’ products & legislation

b Lower cost

— Maintain margins / profitability
— Development productivity

— Cost on non-quality (re-spins, bugs, ...) /
+ Reduced Time to Market

— 6 month industry heart-beat

— MUST hit market windows to be
industry #1 or #2

Log Scale

Design Productivity

0.35p  0.25p 0.184  0.154 0.12u 0.1

+ Maintain quality
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ESL Strategy - Priorities

[ Focus ESL on critical challenges with high business impact .....

+ Early SW development 120

— (TtM, quality) =
v Functional Verification ] 0

— (productivity, quality) i
r Architecture verification 20

— (power, cost, performance)

20

350 250 180 130 20 65 45 32 22

Architecture M Physical Walidation
M verification [l Software

SOURCE: IBS2009

Embedded software and
verification dominate chip design
cost at 45 nm and beyond
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ESL Strategy - Abstraction

[ Abstraction focuses attention and effort where needed .....

[ Specification capture ]
System ¥ ~ Function
Specification High level executable spec < > lg
-~ & Design .. === ® [ -———-
HW/SW partitioning 2
Architecture selection g
I o3 :
S N 2 I S < | Architecture
/ \ 7 N 7 \ o (TLM)
vpe | HWmodel |! '\ HW model |! ' EalySW | ; | ®
| (AMS) | : (TLM) | | _(owleve) | T 8
|1 1 1 . N ) : q:)
I Manual , 1| Synthesize |, | Compile : >
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ESL Strategy - Deployment

[ Phased technology validation and deployment .....

2005

2006

2007

Use ] | T
Home: Project 1 (pilot) Home: Project 2
Mobile: Project 1 (pilot) Mobile: Project 2 | | |
ID: Project 1 (pilot) |ID: Project 2 ID: Project 3
Car: Project 1 (pilot) Car: Project 2 Car: Project 3 Car: Project 4
Deployment | | | | | | |
Full deployment program
VPE starter kits  [Joint projects | | | | |
Basic model portfolio & Pilot projects Extend model portfolio to support major NXP platforms
People | | [ [ 1 I
Project-based training & consultancy Training program
Expert modelling team (BIr)
A Methodology competence
A |Means
A VPE/model perf. & quality
n High speed VPE & modelling toolkit
Q SystemC Policy |CoReUse modelling standards Extend standards to enable further use cases
(] -
6 SSDE basic methods & tools
> Process
= Embed in WoW IP supplier ownership
S Extend model portfolio, incl. high speed processor models
) =
] Technology and model portfolio
= Methodology validation
Q1 | 2| @3| 4| Q1 |[a2|[@||a1l|[@2|a|[as|[Ql|aq|a@|q]|a |ae| Q| a4

2008

2009
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VPE: Challenges to be Addressed

[ Virtual Prototyping Environments (VPE) address key bottlenecks .....

« SW development and integration starts too late
« Often the critical path to market entry

 Verification platforms late and lack flexibility
« Post RTL, complex setup, long iteration cycle, capacity & debug limitations

 Insufficient architecture exploration & analysis
» Low confidence in architecture supporting complex system use cases
» Architecture problems identified too late (thus costly or no fix)

Example Development Lifecycle:

IC Design Firmware Development

System Study System Integration & Validation

| |
< >
| |
Approx 3 years between IC architecture choices and validated platform.

Market requirement evolves and IC does not address the right level of features when platform is validated

‘ 11
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VPE - Technology Implementation

[ VPE supports a highly concurrent development strategy .....

Available early in
dev. cycle

Enables early HW/SW
co-design & co-verif.

—

HW/SW architecture & Impl.

problems identified early

e

> HW architecture & design >> Fab > System >
> SW development & Integration > Board Validation

Short system
bring-up time

—
R Virtual Prototype
SpeCIflcatIOI‘l Specification Architecture System System System
Validated Validated Pre-Validated Optimised Debug
—

Virtual Prototype supports critical development tasks:

Architecture

Virtual Protot S
'__uf s validation

SW development

HW/SW verification

5 + EEOBEYER

(Hardware Model in Systerc) |
AV 4
4\
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VPE - Supporting Infrastructure

[ Supporting infrastructure significantly enhances VPE productivity ..... ]

Layered modeling approach

GMFL - Generic Modeling Feature Library

* Library of predefined blocks built on top of SCML

» Extend & complement SCML capabilities

* Preserve NXP legacy from proprietary solution
*OSClI, Cadence, ConvergenSC

» Focus on behavior modeling & refinement

SCML - CoWare SystemC modeling Library
* Separation of behavior, communication & timing
* Focus on communication refinement

generic interfaces + specific adaptors

TLM Use-Cases l TLM 2'0 J
SW Application SW Performance Functional Architecture
Development Analysis Verification Analysis

TLM-2.0 Modeling Styles

‘ Loosely Timed ‘

Approximately Timed

Blocking Generic Debug Non-Blocking
Transport Payload Access Transport

TLM-2.0 Mechanisms

IEEE 1666 SystemC

AV 4
ya

SystemC Modeling ToolKit

SystemC Model Library (> 100 models)

IP_3011 PV / PV-T Real Time Clock
IP_3012 PV / PV-T Configurable Timer
IP_3106 PV / PV-T UART

IP_3204 PV / PV-T I2C

IP_3409 PV / PV-T SPI

IP_4004 PV / PV-T GPIO

VPE Design Environment (Methods & Tools)

Virtual Prototype Architecture SW development HW/SW verification
; T § _Mlon = i = % = ]
(Hardware Model in SystemC) 1
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Verification ReUse

VPE - Role in Verification

[ VPE forms an integral part of front-to-back verification methodology ..... ]

| B B

Modelling platforms

Virtual
Prototyping

Stimuli

JEE O RTLSm
= Control
Emulation / - U
Acceleration
Debug
FPGA
Prototyping

AT =i

Observe

Results

* Need ‘accuracy’ in VPE

to ensure SW portability

« Complements the

traditional V-model

|
P q

» Verification re-use across platforms

« Select appropriate platform per project phase
» Availability vs Accuracy vs Performance vs Debuggability

System
validation

HW/SW integr &
co-verif

sSw
development

HW Integration

Hardware IP

Virtual
Proto

Silicon
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VPE: Case Study (1)

[ VPE has been used on multiple SoC projects in NXP ..... ]

PNX85500
Global single-chip HD LCD TV platform

Unparalleled picture quality on mid-range TVs due to NX
Motion Accurate Picture Processing (MAPP2) technology

Combines industry-leading digital TV processing and picture
quality technology into one fully integrated single-chip

TV550 features DVB-T, MPEG4/H.264 decode, HDMI reception
and decoding of digital SD and HD content. Supporting global
digital TV switchovers.

Ethernet and Cl+ security features to for IP TV content, including
emerging on-demand TV services, from service providers
straight to the TV set.

Provides high-end features including LED (2D) sectional
backlight dimming, for optimum contrast with 50% lower power.

y T:
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VPE: Case Study (2)

[ A range of innovative design techniques were required, including VPE ..... ]

« PNX85500

 Industry’s first digital TV processor in 45nm CMOS.
« Most complex SoC ever developed by NXP

« Required aggressive TtM & Right First Time

« PNX847x/8x/9x

« World’s first fully integrated 45nm
Set Top Box SoC platform

e Architectural re-use from PNX85500
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VPE: Case Study (3)

[ VPE focussed on early SW development .....

* Phase 1: SW functionality developed on VPE platform

* Phase 2: SW ported to Emulation to verify SoC implementation
and system performance

* Phase 3: SW ported to system boards for validation and
design-in

VPE modeling platform re-used for STB development

PNX85500 (DTV) PNX847x/8x/9x (STB)

» First VPE platform for TV/STB « > 20 application usecases on VPE
« 11 software usecases on VPE « > 40 IPs in VPE platform

* Approx. 10 users * > 50 VPE users on 8 sites
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VPE: Case Study (4)

[ Combined development strategy delivered unprecedented success .....

 From packaged parts received to System
bring up in less than 10 days

« Very high level of functionality and
performance

- Enabled very early customer
demonstration of full functional

system

* Unprecedented achievement for
this complexity point !
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VPE: NXP User Feedback

[ Anticipated benefits of VPE are being realised in the desigh community ..... ]

NXP User Experience Benchmark NXP User Feedback

“Using SystemC modeling, we were
able to improve the performance of
our e-Passport architecture by a
factor of 6”

“For our system solution, we
estimate 30% overall lead time
reduction”

Value

“We have our test functions being
actively validated on VPE, which |
believe easily gave us a 3 wk head
start”

“Using VPE | estimate we saved

_Flexibility ReUse Exec. Early Debugging 50% i i o [ riguie Liruse

speed availability ability
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VPE: Issues

[ VPE is still a maturing technology .....

Model development too slow
VPE needed early in project lifecycle
Modelling library helps for new IPs
« RTL -> SystemC translation helps for legacy IPs

VPE execution speed too slow

« Aim for equivalence with Emulation
» Scalability poor with increasing number of models

IP suppliers need to take ownership for model availability

* Need to align modelling and implementation views
Need equivalence checking tools (some progress being made here !)

High performance VPE tools use proprietary modeling techniques
Need to balance performance optimisation with re-usability

Modeling requires new skills
Need to understand hardware and object oriented software

A\ 4 20
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VPE for Early Power Analysis

[ Encouraging results, but need industry standards for power modeling ..... ]

characterization power * Systemc mOdeIs instrumented
locku - .
m—— abes with power monitors
simulation
AMM, .
SystemC, RTL - VPE execution capture power
analogue 3
o > events
power and temperature
power (1 | e *H ST w
event processing d

- Power profiles generated from
power look-up tables

atabase
database

thermal
macdel

« QoR very encouraging

* Need industry standard o
for power modeling -y P H
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Modeling for Functional Verification

[ Abstract modeling used to improve integration verification productivity .....

Digital Verification

IP_9312 (sub system)

NxVbus (serving RV calls to DUT) -

ey

AXI/AHB/VPB/DTL

(Signal level)

2

Q
|— [
- - 2

£
o

CREG cloc]

IP

I

Stub
(RTL)

AXI/AHBA/PB/DTL
(Signal level)

NxVbus (serving the calls) -

* Verification re-use from IP
supplier to IP integrator

-
P

Mixed-Signal Verification

i
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|
I

T ‘M |

w”
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« VPFE’s extended to include mixed-
signal IPs using SystemC-AMS
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High Level Synthesis

[ Good results in ‘sweet spot’, but not yet mainstream in NXP .....

( Virtual System Prototype

gt

TLM Verification

]

Technology Synthesis
Library ..

|

|
Constrain _4{ High Level
Rl

J

RTL

Reusable
Testbenc

[ Logic Synthesis

J

1 _[ ] [ RTL
Verification

1

B seamless flow

D From ...
7] Behaviour (TLM)

gis

—

To ...
Implementation

v

« QoR for datapath dominated
designs usually better than
equivalent hand coded design

« Estimate 2x — 4x improvement in
design/verification time

 Significant learning curve

AV 4
ya

« Aim to improve productivity,
quality, and re-usability

 Integrated with HW/SW co-design
& co-verification flow

Functional Architectural
Reference Template

System
Model

Virtuzl Praototype Synthesis

[SystemC LT T+

P Logic T,
Synthesis
| FPGA Prototype |
Product Integration |
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Summary

[ ESL - Work in progress ! .....

ESL is not a ‘cheap option’, thus ....

In NXP, ESL has been targeted for high business impact
Primary focus has been on Virtual Prototyping

Competence and tech infrastructure were important enablers
Industry standards important (SystemC, OSCI sim, TLM)

Compelling results achieved

Substantial TtM improvement through early SW development
Improved productivity & quality through early HW/SW co-verification
Significant performance improvement through architecture optimisation

Other technologies look encouraging, but not embedded in WoW
Technologies need to mature further

Not yet cracked the challenge of early HW/SW co-design
A\ ¥ 4 25
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