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ASIC Verification Tools

m Event Based Simulators
— 1000 Cycles/Sec
— VCS, NC-SIM, ModelSIim
— $5000 to $50,000

m Cycle Based Simulators
— 5000 Cycles/Sec
— Scirocco, SpeedSim
— $50,000 to $100,000
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ASIC Verification tools

m Hardware Accelerators
— 100,000 Cycles/Sec
— Hammer, CoBalt Plus
—> $250,000

m Hardware Emulation
— 1,000,000 Cycles/Sec

— VN-Cover
—>$250,000

m FPGA Prototyping
}3{SOPC
hd
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Emulators and Accelerators

m V-Station
m Co-modelling
m Celaro

m ARES RTL Acceleration

m Mercury Plus
m Palladium
m SpeedBridge
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What i1s Formal Verification?

m Formal Verification is Equivalence Checking:
— Very fast replacement of gate-level simulation for
regression testing
—100% verification of all functionality without vectors
m Formal Verification proves mathematically that two
designs have the same functionality:

— RTL-to-gates A B

- GateS'tO'gateS 8_)Transform

— RTL-to-RTL (€.9., IPO)
m Verifies that design function

has not changed
oesA=B?

}‘4 SOPC “Verified” or “Failed”
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Equivalence Checking Using
Conformal LEC
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Problems with Simulation
Approach

277

7

Designs continue to

(7))

é grow in accordance
O 10B with Moore’s law

S

T 100M Effort required to

= verify these new
1M designs doubles

every 6 to 9 months

100k 1M 10M 100M
Gate Count

Simulation simply cannot fill the verification gap

Ofzas ATERAN
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What are the Components of

Verification ?

Engineers need to catch functional bugs associated with

Functional Inconsistency

Unintended and unexpected design behavior

Semantic Inconsistency

Introduced by unsafe RTL code

Logical Inconsistency

Introduced by design implementation process

Structural Inconsistency

Bus contention, bus floating, tri-state stuck-at

Initialization

Start-up state problems

Test Logic

Boundary scan, internal scan, test logic

Clock Synchronization

Signals cross clock domains w/o proper synch.

Today, most engineers still depend on simulation to catch these bugs .

)a{SOPC
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Growing Need for
Equivalence Checking in FPGA

m FPGA devices approaching ASIC complexity

— Speed, Capacity, SOPC style (embedded memories, Intellectual
Property, DSPs, CPU)

m  ASIC-like design verification challenges in FPGA'’s
— Implementation process involves many netlist changes

Stratix Device Architecture

Logic Array |- DSP Blocks
Blocks
MegaRAM™
- Blocks
Phase-Locked
Loops \.
b 1

_~ /0 Elements

M512 RAM
Blocks
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Equivalence Checking Advantages

m Very high capacity and performance:
—Orders of magnitude faster than simulation

m Best assurance of design correctness:

—100% complete functional verification without
using test vectors

m Easy to adopt and use:
—Integrates smoothly in existing flows
—Effective debugging capabillities

34 SOPC
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Equivalence Checking — Altera Supported

Design Netlist

(.v .vhd)
\/
\

Future

Design Netlist

Synthesized or Golden FV Library
netlist

Support [*
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Design Netlist

(.vam)

\/

Post-fit or modified
netlist
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m How to use Conformal LEC
— Libraries
— Environment Variables
— Quartus Il settings
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Formal Verification Library

m <quartus_install>/eda/fv_lib

Supported families

. apex20ke_atoms.v apex20ke_bbox.v

. apexii_atoms.v apexii_bbox.v

. cyclone_atoms.v cyclone bbox.v

. Stratix_atoms.v stratix_bbox.v

. Stratixgx_atoms.v stratixgx_bbox.v
mfs_hssi_bbox.v

O~ wDNPkF

)a{SOPC
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lpms.v
prims.v
lpms_bbox.v
mfs_bbox.v
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Platforms &Tools

m Platforms
— Solaris, HP Unix and Linux

m Tools
— Synplify, Conformal LEC & Quartus Il

ya{(SOPC
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Quartus Il Settings

m Assignment -> EDA

€

21

Tools Settings

SOPC

WORLD
2004

Category:

- Gereral

- Files

- Usger Libraries
- Device

- Timing Requirements & Optiong
= EDA Toal Settings

Deszign Entry & Synthesis
Simulation

Tirning Analysis

Board] sve

Formal Werification

7~ Default Parameters
Synthesiz Metlizt Optimizations
- Fitter Settings

- Timing Analyzer

- Design Asgistant

- SignalT ap || Logic Analyzer

- SignalProbe Settings

- Sirmulatar

[ Software Build Settings

- Stratix G Registration

- HardCopy Settings

© 2004 Altera Corporation

Specify optionz for generating output files for uze with other EDA tools.

x|

Tool name:

I~ R

1z tool automatically atter compilation

Formal Verification




Quartus Il settings

Categony:

- General
- Files
- Usger Libraries
- Device
- Timing Requirements & O ptions
[+ EDy Tool Settings
- Compilation Process
- &nalysis & Spnthesis Settings
- VHDL Input
Werilog HOL Input
Default Parameters
g :I|:

|
(i)

- Fitter Settings

- Timing Analyzer

- Diezigh Azsiztant

- SignalT ap |l Logic Analyzer
- SignalProbe Settings

- Simulatar

- Software Build Settings

- Stratix G Registration

- HardCopy Settings

)
(£}
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. Physical Synthesis Optimizations

Synthesiz Netlist Optimizations

Specify options for performing netlist optimizations during synthesiz.  Mote: The availability of these

1ons depends on the current device family.

[ Paiform WYSIWYG primitive respnthesis [using
Sinthesiz settings]

™ Pgiform gatelevel register retiming

llove register refiming ba trade off Tsu/Th

optimization technique specified in Analpsis &

Categary:
- General Physzical Synthesis Opti ng
- Files
- Uger Libraries
... Device i options depends on the curent device Family.

Specify options for performing physical synthesis optimizations during fitting.  Mote: The availability of

- Timing Requirements & Options
- EDA Tool Settings
- Compilation Process

fral
(Ed}

[~ Perpim physical synthesis for combinational logic

- Analpsis & Spnthesis Settings Physicpl synthesis for register

L WHDL Irput \ [ Peftomm register duplication

-Werilog HOL Input [~ Pprforn register retiming

- Default Parameters
- Synthesziz Metlist Optimizations S
[=- FittenS ettings

- SighalProbe Settings
- Simulator

- Software Build Setp
- Stratiz G Registrd
- HardCopy Settings

fral
(3}
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IP and Megafunction Support

m SOPC Design Elements

Nios Dzl Custom
Ported ‘
Processor| gam Logic

Memory IP CPU
Controller | Block Perlpheral

| Memory Block
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IP and Megafunction Support

m Encrypted IP and

#, Quartus II - C;/altera/qdesigns/fir_filtercsc - csc - [Assignment Editor™]
@File Edit Wiew Project Assignments Processing Tools Window  Help

=[oix|
=81

Mega functions are 228 = w9 /98 0vaink ke SakcAR0
2 7 ﬂ Catequry, | A1 j| g me| & Timingl » LogicOptionsl
Entity Logic Cells ||
tre ate d aS b I aC k Conpilation Hieraichy o y 11| ¥ Shaw assignments For specfic nodes:
: 03 g z @ cer_altricsc_altr_inst Check Al |
b O e S Settings. O 0 Uncheck Al |
X Cornpiler Settings Wizard... Deets Al
Simulabor Settings Wizard,., _l
-<| | 9et &5 Tap-Level Entity Xy |Firm |
Hieralchy SR Assigment Edior
rom To Assignment Name Yalue
latie fn Totig Clofurg Flocrplan & osc_akrisc_altr_ ., |Preserve Hisrarchical,,
W ‘ Progiess % Locate in Last Compilation Floorplan @oscaress gl
L~ Locate in Chip Editor
Locate in Design File
Create Hew LogicLock Region
Expart LogicLack Regions. .
———————  Eqpanddl
= &} Infa: set_instance Pt CAL_BOUNDARY FIRM 40 "csc_alircac_alt_ingt”
Properties

v Enable Docking
Close

Processing Mystem{

Open the Assignment Editor on the selected name

SOPC
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IP and Megafunction Support

m Assignment Editor -> preserve hierarchy
property -> Firm

Uncheck. all |
Delete Al |

4, Quartus II - C:/altera/qdesigns/fir_filter/csc - csc - [Assignment Editor*] - |EI|5|
@ File Edit “iew Project Assignments Processing Tools  Window Help _|ﬁ||i|
|DER|E[sBR|[0(REB | s7SHF (TR r (L2 a 82 NARY
2l TXJI Category: ||.0.II j| o oAl D Pinl & Timingl * Logic Optionsl

Enitity Lagic Cells |1

Compilation Higrarchy A = | ¥ Show assignments For specific nodes:

E----g&g cac 30 = A csc_alricsc_altr_inst Check all I

----3E§ cec_alncsc_altr_inst (313 (0) i g ] 6
T

]| [

1 i e || [Firm |
Hierarchyl Filesl @ Design Units]
b From To Assignment Mame Yalue
& csc_altricsc_altr ... |Preserve Hierarchicale
Module | Progress % [ Time & | 2 & csc_altricsc_alr ..

ol
[x
sl RENE D Uy

e=signment -name PRESERVE_HIERARCHICAL_BOUMDARY FIRM -to "csc_altrcec_alt_inst"

Processing

System

SOPC For Help, press F1 lirmlTl—Wl_ v
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Agenda

m Why Equivalence Checking?
m Equivalence Checking Flow

m How to use Conformal LEC
— Libraries
— Environment Variables
— Quartus Il settings
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POP Quiz

m  Formal Verification Is performed to verify
1. Equivalence between RTL to Gate
2. Functional equivalence between two netlists
3. Real timing simulation

rAa4SOPC
H %&RLD © 2004 Altera Corporation AE“E%A ®
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Quiz Answer

m Formal Verification is performed to verify
— Functional equivalence between two netlists
— Gate level timing
— Functional RTL Verification
— Synthesis results

}‘4 SOPC
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Summary
m Advances In Verification Technology Make
The Entire Design Cycle Time Shorter

» Effectively Reducing The Time To Market

Before After

Advancement In
Verification Technology

sHardware Emulation/Acceleration

*HDL Simulation
rAa4 SOPC *Formal Verification
%&RLD © 2004 Altera Corporation AE“E%A ®
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