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A project schedule, reconstructed

Percentage 30% effort
of Project Effort

Application Software Development

72% time
13% effort
Specification Utility Software Development_
Development | CesuBRoGt : 54% time
RTL
Development
Post Silicon
Validation
| —
Elapsed time

as percentage of time from RTL Development to Tapeo

RTL Development to Tapeout
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Where do HW and SW meet, actually?

For end users,
Embedded large # of developers
Software
Middleware Development Often licensed with OS
Tools

Apps

Run/Real-Timg Licensed IP; sometimes
Kernel Ass_emblgr, developed in-House
Compiler, Linker,

Debugger, ...

Expected to come with
hardware IP, otherwise
be developed internally

Drivers

EDA

Board Integration: PCB Tool Sets

software Enablement: Emulation, Acceleration,
FPGA based prototyping and Virtual Prototyping

Verification: Verification IP, Silicon Virtual Prototype

Design: Design IP, Interconnect, Analysis Tools
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Why Is EDA so excited?

S . http://bitsandpi 1.0l t.in/ - .
ource: http://bitsandpieces1.blogspot.in cidence



Why Iis EDA so excited?

Source: research2guidance

Over 150,000 new unique smartphone apps and 20,000 iPad apps
were added during Q4 2011

Mumber of applications published on market places (2007 - 2011 Q4)

1,949,515

1,729,000

1,561,000
10.2%

1,335,000

959,000 1,169,995
1,088,000
. 293,000
505,000 695,000
555,000
168,000
65,000
— - 153.000
2007 2008 2009 2010 201101 201142 201103 201104

® Total number of apps Number of appsin 1st-tier app stores*

Notes: (*] Number of apps in officlal app stores by major O5%0EMs, Including tablet apps.

Source: research2guidance, 2012, q
research2guidance | March 2013 sSmartphone App Market Monitor
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Who Is doing what in a Changing World?
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Who Develops What? New Industry Dynamics!

Infrastructure,

T Growing
Connectivity, 4 Responsibilities
Complexity N Require Us to
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There Is no “One Size Fits All”
Verification and Software platforms need to interoperate

4 &4 ~alCEVEN
)

SDK OS Virtual Formal HDL Acceleration FPGA Prototyping
Simulation Platform Analysis Simulation Emulation Prototype Board
«Highest speed eAlmost at «Non- *KHz range *MHz Range *10’s of MHz *Real time
«Earliest in the speed scalable «Accurate *RTL accurate *RTL accurate speed

flow eLess accurate «Exhaustive «Excellent HW «After RTL is « After stable *Fully accurate
«Ignore (or slower) «Early RTL debug available RTL is *Post Silicon
hardware «Before RTL «Great for IP «Broadly «Good to debug available «Difficult to
*Great to «No SW available with full detalil *OK to debug debug
debug (but execution o Mixed- *Expensive to *More *Sometimes
less detail) abstractions replicate expensive harq to
*Easy «Limited SW than software replicate
replication execution to replicate
4\ v \_ 4\ 4\ 4\ A
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Timing Is Critical for HW/SW Development

SoC in Svst Time for critical bugs in
0% In System System Environment to be removed
@‘{9 Only
’a,@ small
RTL gate .
Sub-S llElile Becomes level Production Il
ub-System spec Validation
stable changes
and
ECO’s
Spec RTL-Design and IP Integration and Verification
IP Qualification | Netlist to GDSII Fab | Post Si
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Timing Is Critical for Modeling for Software

Applications

(Basic to Angry
Middleware
(Graphics, Audio) ‘ .
o™

OS and Drivers
(Linux, Android)

<t
development

S Al

Bare-metal SW

SoC in Svst Time for critical bugs in

0% In System system environment to be removed
Only
small

b llElile beSJnI;es I%?/teel Production HERRlIEel]
Sl Syelte spec validation
stable changes
and
ECOs
Spec RTL-Design and IP Integration and Verification
IP Qualification | Netlist to GDSII Fab Post Si |
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User Tasks and Requirements

Applications
(Basic to Angry
Bi .
irds) | Software Integration
Middleware | and QA
(Graphics, Audio) | Speed, SW Debug
“ 0
OS and Drivers ° 5
Linux, Android S
( : > 3 Early Software HW-SW Validation:
B Development SoC with Bare-Metal
Bare-metal SW %’. 8_ Time of Availability,, Software and oS SyStem and
== e, S LEEDE SW Debug, HW Debug SI.“CO.n
<35 ’ - Validation
nQ Speed, Turnaround Time
i T Ro Speed
SoC in System o =
23 %
-8 SoC and Sub-System )
o @ Verification o
c O o
4 oa HW Debug, Turnaround s Q
& D Time, SW Debug, Speed ol
D o
Sub-System Q
3 —
IP Selection and 2=
Design Verification a
HW Debug, Turnaround Time Ro
Spec RTL-Design and IP Integration and Verification |
IP Qualification | Netlist to GDSII | Fab | Post Si
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RTL Simulation

(éﬁgfg‘tﬂi IP and Sub-system Verification, Gate-Level Fast Turnaround Time,
Birds) o Engine for Performance Analysis Hardware Debug
Middleware Metric-Driven
(Graphics, Audio) Verification
OS and Drivers D\e/lI)Fl)Jg

(Linux, Android)

Bare-metal SW

SoC in System

Sub-System : : __ )
Metric-Driven Verification

and VIP

RTL-Design & IP Integration & Verification
IP Qualification | Netlist to GDSII | Fab |  PostSi |
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Virtual Prototyping

Applications Earl
) s y, SW Debug and
(Basgi:gs,?ngry Pre RTL SW Development and System Validation HW/SW Debug
Middleware

(Graphics, Audio) RTL Integration

Integrated SW Debug

OS and Drivers
(Linux, Android)
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SoC in System Virtual Prototyping

Sub-System ] : __ )
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and VIP

RTL-Design and IP Integration and Verification
IP Qualification | Netlist to GDSII | Fab |  PostSi |
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Acceleration and Emulation

(QF;?(I:iigtE:sr Early SW, OS and Above SW Bring Up; System Validation on S E;'SS'USVZTS’TL

Bi ary Accurate, Maturing, and Non-stable (RTL) HW P P '
irds) Accuracy, SW

Middleware ICE , Speedbridges,

(Graphics, Audio) Virtualization. Multi-User
Access, Power Analysis,
Debug Efficiency

Acceleration, Gate-Level

OS and Drivers
(Linux, Android)

Bare-metal SW

SoC in System Virtual Prototyping Emulation

@ Acceleration

and AVIP
Sub-System

Metal-Driven Verification
and VIP

RTL-Design and IP Integration and Verification
IP Qualification | Netlist to GDSII | Fab |  PostSi |
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FPGA-Based Prototyping

Applications Low-cost and Faster Pre-silicon SW Development, Regressions, Soaealue avar BrulEien
(Basic to Angry Subsystem Validation on Mature and Stable HW with Real-world P P
. Better Cost, Access
Birds) Interfaces
Middleware

e T :
(Graphics, Audio) Faster Bring-up

Integration

OS and Drivers
(Linux, Android)

Bare-metal SW

SoC in System Virtual Prototyping Emulation FPGA-Based

—_— Prototyping
N Acceleration

and AVIP
Sub-System -

Metric-Driven Verification
and VIP

RTL-Design and IP Integration and Verification
IP Qualification | Netlist to GDSII | Fab |  PostSi |
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Software Development on the Actual Chip

Applications
(Basic to Angry
Birds)

Middleware
(Graphics, Audio)

OS & Drivers
(Linux, Android)

Bare metal SW

SoC in System Virtual Prototyping Emulation FPGA Based

— Prototyping
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HW/SW Development Care Abouts

CONCEPT Software PRODUCT

Chip SW Development

Early Software

Development

FPGA-based

Prototyping HW/SW Validation

Software Debug

Acceleration

Emulation HW/SW Verification
System Speed
RTL o
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cadenee



cadencel



The Challenge of Bug Re-Production

Consistent HW/SW Verification Environment

Applications
(Basic to Angry
Birds)
. ,’— —————————————————————————————————— ~
Middleware 4

(Graphics, Audio)

OS & Drivers
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Software Based Testing and Benchmarking

P

buality Assurance Tests

oC Stress Tests Validate HW/SW with

OS-based Tests

!
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Graphics
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| A | vemoy

Bl oives | power

Android
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Bring-Up and Validate
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|

Win RT

Bring-Up OSs (stock)

Linux

/[Firmware Bare-Metal Tests
Registers, memory, device drivers, sub-system

Verify HW/FW
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SW Development
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Develop SW Modules

Color Key | Production SW
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cadence



Broadcom Example 1/3

EMBEDDED TEST-BENCH ON PALLADI;UM

= Fully Synthesizable Test Bench v | e
= Bus Functional Models (BFMs) for T Embadea | | Mot [[ Moo || ™ [P
standard interfaces such as SPI, I2S, SIM, | | 8 L L &
SDIO, and I2C 1 S— P B [ e [ see [ e
= Firmware-controlled peripheral models
capable of behaving like the actual device Kev Lunj GPIO

Pad

(PID, VID, transfer size, and buffer size) for
_camera, LCD SIM, etc. . B
e

o Capable of injecting errors and faults Ditplay
= Validates data received

MIPI
era <H> BFM

= Virtual Display, Touch, and Keypad on
the Console

= Test Software and ETB Code
Coordinate Tests

<ﬁ>{ Speed Bridge [,

méralrel DBl
FCo ¢D BFM

= Can Be Used for Device Driver lladi
Development Palladium )

©® 2013 Broadcom Corporation. All rights reserved.

Source: Verification Summit, September 2013
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Broadcom Example 2/3

ADVANTAGES OF USE OF EMBEDDED%TEST-BENCH ON PALLADIUM

Full Visibility of Internal Design for Debugglng
= Use SimVision® to visualize

Validate and Verify SoC Design and Performahce
= Software tests are designed to verify SoC on Palladlum during simulation, and then tested in silicon
= Minimize platform-specific code

= Built-in infrastructure to take advantage of Palladium- specn"c support while keeping mobility across simulation,
__emulation, and silicon test platforms

- :l._..ests - not 25 short 2 they Gould be for Pa||ad|um but o portab|e

Debugging

= Aids debugging by having identical order of events Slmpllfylng Palladium replay
= Almost real-time tests when running on Palladium

Very Powerful Pre-Silicon Verification Tool
= Critical issues uncovered and resolved before tape- out
= Numbers are respectable :

©® 2013 Broadcom Corporation. All rights reserved.

Source: Verification Summit, September 2013
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Broadcom Example 3/3

ADVANTAGES OF USE OF EMBEDDED%TEST-BENCH ON PALLADIUM

Connectivity at /0 Pad Level
= |ncluding pin-mux programming

Reconfigurable
= Peripheral arrangement and quantities

Firmware Controllable Peripheral Devices

__» Embedded models can be used to represent the rE?" device (as the firmware allows)
= Possibility of error injection :

= Reusable C-based tests, including stress and negatlve test scenarios

Performance Measurement .
= Complicated and long data transactions can be used
= Test bench and $SoC clocks are representative of actual performance measurements

= SoC internal logic (FIFOs and switches) are stlmulated in the same manner as the actual
performance measurements -

©® 2013 Broadcom Corporation. All rights reserved.

Source: Verification Summit, September 2013
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Hybrids TLM & Accelerated RTL
The Best of Both Worlds

Applications Early SW Development, OS and Above SW Bring Up and SW- e
(Basic to Angry Based System Validation on Accurate Still Maturing, Non-stable =[St [DEtelly Inetighle = (e
Birds) (RTL) HW to SW on OS Faster

7 <
Middleware )

(Graphics, Audio) Smart Synchronization

OS and Drivers
(Linux, Android)

Bare-metal SW

;-:""‘s

4

SoC in System Virtual Prototyping Emulation FPGA-Based

—_— Prototyping
N Acceleration

and AVIP
Sub-System -

Metric-Driven Verification
and VIP

RTL-Design and IP Integration and Verification
IP Qualification | Netlist to GDSII | Fab |  PostSi |
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NVIDIA SW Validation with Palladium/VSP Hybrid

OS-based Test Scenarios
Tests — 2D, 3D
Sanity Checks
Kernel Mode Driver _ D -
it Resource Manager _ RM
Drivers 9 Test &
Memory Manager _ NVMEM Metrics DB
O] Power Manager _ NVPEP
Target : : :
Linux Win RT Android
0S { -
Emulation External Stimulus
Tests Into AXI bus
st Extema Sim Front
Infrastructure Register Access

AX| Interrupts Configration
Commands from
Tol/from DUT DUT

Source: CDNLIve 2014 Hybrid




Performance Results

»

Boot OSes, run real world applications and benchmarks

* Linux kernel boot
* Palladium only = 45 mins
® Hybrid = 2 mins

' Android
¢ Palladium only = Hours*

* Hybrid = 40 - 50 mins
Windows
¢ Palladium only = Days*

* Hybrid = 75 - 90 mins "

Source: CDNLive 2014
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SW Validation Results

* Eliminated reliance on other pre-silicon platforms

SW problems found prior to Silicon return
SW race conditions
Memory management bugs
Code completeness

* After silicon return
Contributed to smoother bring-up
SW Ready to demo product at SOL
® Less bugs resulted in focused effort to tune for power and perf

Source: CDNLive 2014



Summary

* There Is a huge opportunity to optimize development at the
hardware/software interface

* Lower layers of software - up to the OS and base apps -
need to be part of verification prior to chip tape out

* The market of users is constantly changing

« Software developers are increasing distance, and when not
then they need more accuracy, driving needs in ...
— verification re-use and
— hybrid engine combinations
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So what does this mean for EDA?

E i ;
"The Science in Science Fiction" on Talk of the Nation, NPR (30 November 1999, Timecode 11:55), William Gibson
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http://www.npr.org/templates/story/story.php?storyId=1067220
http://www.npr.org/templates/story/story.php?storyId=1067220
http://www.npr.org/templates/story/story.php?storyId=1067220
http://www.npr.org/templates/story/story.php?storyId=1067220
http://www.npr.org/templates/story/story.php?storyId=1067220
http://www.npr.org/templates/story/story.php?storyId=1067220
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