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Sub/Full system
Verification and validation

TLM-driven IP/VIP
reuse automation

System-wide
planning and 
management

Cadence system strategy
Delivering 4 Sub Solutions

• 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

Hardware Software

IP/SoC planning

ESL

RTL

Verification

High-level 

synthesis and
IP retargeting

System-level verification planning

Emulation and
acceleration

Metric-driven
TLM/RTL

verification

Reusable TLM
IP and VIP

Virtual platform

© 2009 Cadence Design Systems, Inc.  All rights reserved.
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Cadence TLM driven design and verification
Enabled by standards, high level synthesis & TLM verification

Hardware

IP/SoC planning

Verification

High-level 

synthesis and
IP retargeting

Verif. planning

Metric-driven
TLM/RTL

verification

Reusable TLM
IP and VIP

Solution Benefits
•Faster design creation and bug fixes
•Increased functional verification productivity
•Design and verification IP reuse automation

Solution Offering
�Unified methodology
�High level synthesis
�Multi-level verification
�Deployment services

© 2009 Cadence Design Systems, Inc.  All rights reserved.
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TLM Design and Verification 
Increases Productivity and Quality

4

Implementation

Less code to write

Quickly try many 

microarchitectures

Automates tedious 

task of writing RTL

Optimize area, timing, 

and power together

Implementation

Less code to write

Quickly try many 

microarchitectures

Automates tedious 

task of writing RTL

Optimize area, timing, 

and power together

Verification

Faster models based 

on SystemC standard

Less code to write 
maintain & debug 

Fewer bugs to find 
at slower RTL 

Open Verification 

Methodology (OVM)

Verification

Faster models based 
on SystemC standard

Less code to write 
maintain & debug 

Fewer bugs to find 
at slower RTL 

Open Verification 

Methodology (OVM)

Reuse

Separate function 
from implementation

Target same 

algorithm to multiple 

process nodes

Easy to reuse IP in 

different designs

Reuse

Separate function 

from implementation

Target same 

algorithm to multiple 

process nodes

Easy to reuse IP in 
different designs

© 2009 Cadence Design Systems, Inc.  All rights reserved.
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Get more done with TLM-driven design and verification
Faster design creation and verification, and more IP reuse automation

SystemC � RTL in 10 days

vs. Manual RTL in 3 months

I/F controller IP Motion-detection IP

FPGA  to ASIC retargeting in 

1-2 days vs. 2-3 weeks (manual)

Best manual RTL size (gates)

C
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R
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L
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e
 (

g
a
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s
)

5x-10x faster simulation/debug

10x+ productivity increases

~3x more efficient/compact designs

Equal/better QoR than manual

© 2009 Cadence Design Systems, Inc.  All rights reserved.
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Cadence TLM design and verification environment

Early SW
development

RTL

C-to-Silicon Compiler

SystemC

wrapper

RTL

Scripts

Encounter
RTL���� GDSII

FHM

Design
constraints

Technology
library

Embedded Encounter RTL Compiler

Incisive
Metric-driven verification
Simulation/Acceleration/Emulation

SLEC

IES-XL
Simul / debug / lint

FPGA

6

Chip Planning
Solution

Chip Planning
Solution

TLM

TLM

C/C++, SystemC

RTL

SystemC

wrapper

TLMTestbench

© 2009 Cadence Design Systems, Inc.  All rights reserved.
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Implementation:
C-to-Silicon Compiler
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What CtoS does

•• Reads highReads high--abstraction design description              abstraction design description              
in C, C++ and in C, C++ and SystemCSystemC

–– For control, For control, datapathdatapath, and protocols, and protocols

•• With With embedded RTL logic synthesisembedded RTL logic synthesis, , CtoSCtoS
produces produces optimal RTLoptimal RTL for implementation and for implementation and 
verificationverification

•• Enables easy tradeEnables easy trade--offs for offs for efficient
micromicro--architecture explorationarchitecture exploration

•• Provides Provides full visibilityfull visibility and control at every stepand control at every step
–– Built on a database for easy mappingsBuilt on a database for easy mappings

–– Produce Fast Simulation Models (Produce Fast Simulation Models (FHMFHM) ) 

•• Only systemOnly system--level tool with level tool with incremental synthesisincremental synthesis
–– For efficient engineering change order (ECO)  For efficient engineering change order (ECO)  

implementationimplementation

C-to-SiliconCC--toto--SiliconSilicon

FHMFHMFHM

RTLRTLRTL

C/C++
SystemC

C/C++C/C++
SystemCSystemC ConstraintsConstraintsConstraints

© 2009 Cadence Design Systems, Inc.  All rights reserved.
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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

C-to-SiliconCC--toto--SiliconSilicon

void

MPEG4::sync_signal()
{

if (rst) {
out.write(0);

} else {

int tmp = in1 & in2;
out.write( in3 ? tmp : ~tmp);

}
}

# Cell phone
define clk_p 27
set precision 8
set r_bits 3
set g_bits 3
set b_bits 2

# Laptop
define clk_p 800
set precision 32
set r_bits 11
set g_bits 11
set b_bits 10

#Theatre

define clk_p 3200

set precision 96

set r_bits 32

set g_bits 32

set b_bits 32

Source Directive Files

© 2009 Cadence Design Systems, Inc.  All rights reserved.
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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 
performance, area, and power

• An optimal Micro Architecture typically 
delivers just enough throughput for a given 
minimal area and power

Source: Micro-architecture Power 
Tradeoffs at the Electronic System 
Level, S. Mirchandani, et. al. 2008

(m
W

)

(MB/s)

(µm2)

© 2009 Cadence Design Systems, Inc.  All rights reserved.
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Exploring the Envelope

Delay

Power/Area

Smallest design

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

Fastest design

(most area/power)
- don’t share resources 
- flatten arrays  
- multi-port RAMs
- unroll all loops

“Optimized” design 

(balances tradeoffs)
- pipeline loops (optimize #stages)
- share resources where practical
- single/multi-port RAMs

© 2009 Cadence Design Systems, Inc.  All rights reserved.
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CtoS TLM flow

Simulate the TLM 
design with the TLM 
testbench

TLM 
Testbench
(SystemC)

TLM Design 
(SystemC)

TLM
method

call

Level of abstraction: Original TLM Design

Use transactors to 
refine TLM interfaces 
into signal-level 
interfaces

Transactor
(SystemC)

TLM Design 
(SystemC)

TLM 
Testbench
(SystemC)

TLM
method

call

Mirror 
Transactor
(SystemC)

Signal
protocol

TLM
method

call

TLM simulation wrapper

TLM synthesis wrapper

Level of abstraction: TLM Design with Transactors

Simulate the RTL 
design with the TLM 

testbench

Behavioral 
or RTL 
Design

(Verilog)

TLM 
Testbench
(SystemC)

Mirror 
Transactor
(SystemC)

Level of abstraction: Verilog Design

Verilog simulation wrapper

TLM simulation wrapper

TLM
method

call

Signal
protocol
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TLM Functional Verification
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TLM Design And Verification Vision

Now Future

Verification

RTLRTL

GatesGates

SiliconSilicon

Intent

Synthesis Synthesis

TLMTLM

RTLRTL

GatesGates

Intent

SiliconSilicon

System LevelSystem Level

Intent

Higher Level of Abstraction

More Automation

Intent entered 

twice, manually

Synthesis

Verification

• Too many bugs
• Verifying Arch at RTL – too late 
• Not good fit for SW development
• High cost to retarget
• Low power design – cumbersome
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TLM Functional Verification
TLM Verification Flow

TLM
Functional
Verification

TLM
Functional
Verification

RTL
Micro-arch
Verification

RTL
Micro-arch
Verification

RTL 
Equivalence
Verification

RTL 
Equivalence
Verification

Gates
Equivalence
Verification

Gates
Equivalence
Verification

CtoS

RC

Functional 
Validation 
with SW 

Functional 
Validation 
with SW 

• Expose the registers and memory maps for the SoC

• Validate algorithm in the system context 

• Use as platform for early SW development

• Architecture chosen - thoroughly verify TLM functional 
implementation matches spec requirements

• Verify that RTL functionality matches TLM functionality

• Thoroughly verify delta RTL micro-architecture (signal 
and protocol level) matches spec requirements

• Verify that Gates functionality matches RTL functionality

Verification Requirements
Algorithm
Functional
Verification

Algorithm
Functional
Verification

• Algorithm design - Apply stimulus sequences, define 
checks & coverage to validate the I/O functionality

SoC and SW
Validation

with timing 

SoC and SW
Validation

with timing 

• Validate the performance in the system context

• Use as platform for timing-dependent SW development

© 2009 Cadence Design Systems, Inc.  All rights reserved.
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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

© 2009 Cadence Design Systems, Inc.  All rights reserved.
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Metric-Driven Verification Plan Optimizes Effort

Reuse Architecture to 
Micro-architecture

Verification

vPlan

Environment

HW AccelRTL

Simulation

TDIP Modeling 
Methodology

C to Silicon

Reuse Algorithm to 
Architecture

SystemC TLM 

Simulation

Verification

vPlan

Environment

C/C++,SC, Simulink

Simulation

Verification

vPlan

Environment

High-Level Model

Algorithm DUT

1

2

3

• User planned coverage, checks & assertions, use cases

• User planned coverage, checks & assertions

• User planned & CtoS generated coverage 
& assertions

Verify

Regress

Regress

© 2009 Cadence Design Systems, Inc.  All rights reserved.
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Design Productivity

P.18

Number of Lines Manpower

Design productivity is better than hand-edit!

-76% 1/3

* With verification cycle
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Experimental Results

P.19

Netlist Critical Path Gate Count Avg. Power

Hand-edited 6.25 ns 91,782 12.4 mW

HLS* generated 6.25 ns
79,074

(-13.8%)
11.4 mW
(-8.1%)

* Avg power simulated by gate-level power simulator

Design quality is better than hand-edit!

QoR Comparison

Constrained Random Tests Hand-edited HLS* generated

Avg. Throughput (Kbyte/s) 160,793 160,302 (-0.3%)

Throughput Comparison

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

TLM Design and Verification Increases Productivity and Quality
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and power together
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Verification

Faster models based 

on SystemC standard

Less code to write 
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Open Verification 

Methodology (OVM)

Verification

Faster models based 
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Reuse

Separate function 
from implementation
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process nodes

Easy to reuse IP in 

different designs

Reuse

Separate function 

from implementation
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algorithm to multiple 

process nodes

Easy to reuse IP in 
different designs
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