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Delivering 4 Sub Solutions

Hardware Verification Software
System-wide S :
planning and System-level verification planning
management .........................

Reusable TLM

. ESL
IP arid VIP >

Virtual platform

---------------------------
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: Emulation and i
acceleration

Metric-driven
TLM/RTL
verification

:  High-level
: synthesis and
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-
.
*
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----------------------------------
------------------------

TLM-driven IP/VIP
reuse automation

Sub/Full system
Verification and validation

Increase predictability through system planning and management

.~ Increase productivity by leading the industry with TLM-driven re-usable D&V flow
- Increase quality by delivering sub/full system verification and validation solution
Deliver unique system power design exploration and optimization capabilities
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Cadence TLM driven design and verification
Enabled by standards, high level synthesis & TLM verification

Hardware Verification

IP/SoC planning Verif. planning

Reusable TLM

/Solution Offering
v'Unified methodology
v'High level synthesis

High-level Metric-driven v'Multi-level verification

synthesis and TLM/RTL \\/ Deployment services
IP retargeting verification . J

IP and VIP

4 : .
Solution Benefits )
*Faster design creation and bug fixes
‘Increased functional verification productivity

\:Design and verification IP reuse automation
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TLM Design and Verification
Increases Productivity and Quality

Implementatio Verification Reuse

Faster models based Separate function
om implementation

Quickly try many

microarchitectures Less code to write

maintain & debug

Automates tedious

task of writing RTL _
Easy to reuse IP in

Optimize area, timing, different designs
and power togethe Open Verification

Methodology (OVM)

cadence
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Get more done with TLM-driven design and verification
Faster design creation and verification, and more IP reuse automation
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[ Equal/better QoR than manual ]
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[ 5x-10x faster simulation/debug ]

SystemC > RTL in 10 days FPGA to ASIC retargeting in
vs. Manual RTL in 3 months 1-2 days vs. 2-3 weeks (manual)

i

Motion-detection IP

I/F controller IP

[ 10x+ productivity increases ]
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Cadence TLM design and verification environment

Chip Planning
Solution

1 '''''''''''''''''''''''''''''''''''''''''''''''''''''''''' i

N C-to-Silicon Compiler L IEsxL
Simul / debug / lint

f Embedded Encounter RTL Compiler )

Early SW
development

T CALYPTO
y SLEC

rapper Scripts

Side by Side Verification
Incisive '”

Metric-driven verification
Simulation/Acceleration/Emulation
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Implementation:
C-to-Silicon Compiler
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What CtoS does

« Reads high-abstraction design description
in C, C++ and SystemC C/C++

— For control, datapath, and protocols SystemC

« With embedded RTL logic synthesis, CtoS
produces optimal RTL for implementation and

verification C-to-Silicon

« Enables easy trade-offs for efficient
micro-architecture exploration

» Provides full visibility and control at every step
— Built on a database for easy mappings
— Produce Fast Simulation Models (FHM)

» Only system-level tool with incremental synthesis

— For efficient engineering change order (ECO)
implementation

cadence
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CtoS automates IP reuse
- Separates functionality from implementation

« Maximizes design reuse/portability
— Keeps source-code golden -No implementation details!
— Directive files govern implementation for each application
— Synthesize IP with different micro-architecture for different products

Source Directive Files
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CtoS automates exploring microarchitectures

« A single algorithm can be implemented by
many different circuits (microarchitectures)
— Each performs the same functionality, but
— Each differs in how it does it
» “Slow-and-small” vs. “big-and-fast”
+ Single-port vs dual-port memories
» Pipelined or not

— Ultimately the how allows us to trade off ; N
performance, area, and power Py
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« An optimal Micro Architecture typically

d el Ive rS IUSt enouqh th ro u g h p Ut fO r a g |Ve n Source: Micro-architectu're Power
. Tradeoffs at the Elect_romc System
minim al area a N d power Level, S. Mirchandani, et. al. 2008
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Exploring the Envelope

Smallest design

4 (longest latency)
- maximize resource-sharing
- break all loops
-single port RAMs only
b

&
= “Optimized” design
(balances tradeoffs) E .
- pipeline loops (optimize #stages) astest deS|gn
- share resources where practical (most area/power)
- single/multi-port RAMs - don’t share resources

E - flatten arrays

- multi-port RAMs
- unroll all loops

o e

Delay

T

v

Power/Area

11 © 2009 Cadence Design Systems, Inc. All rights reserved. I C a d e n C e



CtoS TLM flow

Level of abstraction: Original TLM Design Simulate the TLM
—_y iy design with the TLM
o TLM Design
(System0) et " (systemC) testoench

------------------------ e |

Level of abstraction:  TLM Design with Transactors

Use transactors to
TLM TLM Mi . TLM . refine TLM interfaces
Testbench — method®™ Trar:;r:étor — S'?nalﬁ 'I'Srantsac’g)r — method™ Tls‘M tDesclggn . .
SystemC) call (Systemg) ~ Protocal” (SystemC) call (SystemC) INto S|gna|'|eve|
TLM synthesis wrapper interfaces

TLM simulation wrapper

Level of abstraction: Verilog Design J @

T T Mo Signal sehavioral Simulate the RTL
estbench —— metho ransactor . . .
(SystemC) call (SystemC) protocol (Sgﬁ:gg) d@Slgn with the TLM
Verilog simulation wrapper ’[eS’[benCh
TLM simulation wrapper
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TLM Functional Verification

Y
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ITLM Design And Verification Vision

Now Future
Intentjv Intent
Intent entered
twice, manually
Higher Level of Abstraction

Verification

Synthesis O\
y Too many bugs 1S

« Verifying Arch at RTL — too late

 Not good fit for SW development

ales * High cost to retarget ales
» Low power design — cumbersome
\_ /
lcon lncon
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ITLM Functional Verification

TLM Verification Flow
Verification Requirements

_ « Algorithm design - Apply stimulus sequences, define

Fur_1<_:ti0|_1al checks & coverage to validate the 1/O functionality
Verification <
- » Expose the registers and memory maps for the SoC
................ , Validation « Validate algorithm in the system context
. withSw  _ » Use as platform for early SW development

» Architecture chosen - thoroughly verify TLM functional

Functional implementation matches spec requirements
Verification «
CtoS — - Validate the performance in the system context
--------------- ’ Valldatlon

» Use as platform for timing-dependent SW development

- with timing <

Micro-arch « Thoroughly verify delta RTL micro-architecture (signal
Verification and protocol level) matches spec requirements

Equivalence « Verify that RTL functionality matches TLM functionality

Verification <

» Verify that Gates functionality matches RTL functionality

Equivalence

Verification < - "
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TLM Functional Verification
Metric Driven Verification

« Metric Driven Verification (MDV) provides guidelines & tools
for using coverage metrics and automation to maximize
benefits of TLM testbench

— Maximizing throughput for large parallel simulation regressions
— Merging, analyzing, and correlating large amounts of coverage data
— Efficiently handling larger number of bugs found

« Benefits include:
— Higher Quality: Find more bugs faster
— Better Productivity: Automation for many of the every-day tasks
— Improved Predictability: measure progress based on project milestones
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Metric-Driven Verification Plan Optimizes Effort

* User planned coverage, checks & assertions, use cases

* User planned coverage, checks & assertions

TDIP Modeling

* User planned & CtoS generated coverage
Methodology

& assertions

Verification

C to Silicon

Verification
vPlan

High-Level Model
Algorithm DUT

vPlan Editor

ErREKEO

ﬁm TLM_verif_generic_plan.ep.vplan
=3 1 algorithm Yerificakion
--r:l 1.1 Input Interface %
-- (3 1.2 Output Interface ¥
[ 1.3 Care Behavior - Black Box
=3 2 architecture Yerification
--r_—l 2.1 Input Inkerface Protocol X
-- (3 2.2 Qutput Inkerface Protocal ¥
‘[ 2.3 Care Features - White Bo:
=3 3 Micra-architecture Yerification
--r_—l 3.1 User contrained Features
[0 3.2 Ctos generated Features

Regress

Verify

Verification
V/
Envi
nvironment | RTL HW Accel
Simulation

Environment

Reuse Algorithm to

Architecture

Environment |

Reuse Architecture to
Micro-architecture
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Design Productivity 4"

Number of Lines Manpower

36,845
* With verification cycle

)

1/3

| 4 months

Hand-edit Synthesizable CtoS generated Hand-edit Synthesizable
RTL SystemC RTL RTL SystemC

12 months

Design productivity is better than hand-edit!
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Experimental Results

QoR Comparison

Netlist Critical Path Gate Count Avg. Power
Hand-edited 6.25 ns 91,782 12.4 mW
. 79,074 11.4 mW
HLS* generated 6.25 ns (-13.8%) (-8.1%)

* Avg power simulated by gate-level power simulator

Throughput Comparison

Constrained Random Tests

Hand-edited

HLS* generated

Avg. Throughput (Kbyte/s)

160,793

160,302 (-0.3%)

Design quality is better than hand-edit!

*Using Cadence C-to-Silicon Compiler (CtoS)

0oobooooboooobbooobboooobboobboobooocoooocooooog
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In Summary

TLM Design and Verification Increases Productivity and Quality

Implementation Verification

Less code to write Faster models based
on SystemC standard
Quickly try many
microarchitectures Less code to write
maintain & debug

Automates tedious
task of writing RTL Fewer bugs to find at
slower RTL
Optimize area, timing
and power together Open Verification
Methodology (OVM)
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Reuse

Separate function
from implementation

Target same
algorithm to multiple |
process nodes

Easy to reuse IP in
different designs
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