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The potential ABVThe potential ABV Answer Answer ……
AssertionAssertion--based Verification (ABV)based Verification (ABV) offersoffers the the 
opportunity to opportunity to unify the functional verification

Assertions are standard (PSL, SVA)
Assertions are reusable all along the design cycle
Assertions can be verified dynamically during 
simulation and statically with Formal Verification

ABVABV introduction introduction eases debug tasks
Functional verification can start sooner
Controllability is enhanced
Observability is high
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…… and Formal Verification and Formal Verification ……
Enhances functional verificationEnhances functional verification

Static vs. dynamic - No test vectors needed

Allows detection of bugs that are difficult to find with a simulator

Exhaustive formal computation - 100% functional coverage

Usable with assertions all along the design flowUsable with assertions all along the design flow
During the RTL design phase by design engineersdesign engineers to compute 
expected behaviors and to catch bugs quickly and easily

During the verification phase by verification engineersverification engineers to exhibit 
complex behaviors and  to find remaining difficult bugs

During the integration phase by systemsystem--level engineerslevel engineers to isolate 
interaction problems and detect functional performance issues
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…… lead to ABV Problemslead to ABV Problems
Assertions are Assertions are not so easy to writenot so easy to write

High-value assertions are at block-interface level
Extract from the spec (how many ?)
Code, debug and package them

Assertions are Assertions are not so easy to measurenot so easy to measure
Link to the specification, to the design, to the test-plan
Measure the quality of the verification achieved

Formal Verification Formal Verification needs additional workneeds additional work
Create a sound and complete formal environment

Takes usually 80% of the effort
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The Need for Protocol CheckingThe Need for Protocol Checking
Protocols are commonly used today to Protocols are commonly used today to 
connect connect IP blocks on structured on structured SoCs..

The Protocol is the The Protocol is the back-bone of the SoCof the SoC
A protocol failure usually leads to a non-functional chip
IP blocks functional bugs often lead to protocol failures
Functional integration problems are well monitored at 
protocol level 

Exhaustive simulation of the protocol interface of Exhaustive simulation of the protocol interface of 
an IP block is an IP block is difficult and time-consuming
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The ChallengeThe Challenge
Enhance the functional verification flow

Using Assertions advantages
Using Formal Verification advantages
Focusing on global functionalities at block’s interface
Measuring the achieved functional verification

Enable non-expert users to take advantage of 
ABV and Formal Verification

With a high level of automation
With a straightforward verification flow
With strong support and maintenance
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What is a FormalWhat is a Formal--VIP ?VIP ?
ItIt’’s a s a Verification IPVerification IP working seamlessly with working seamlessly with 
Formal Verification toolsFormal Verification tools

Automatic usage
Complete documentation, scripts and report generation
Easy setting via GUI or CLI interface

Provides Provides automationautomation to Formal Verificationto Formal Verification
Builds the formal environment
Instanciates all assertions on the design
Creates regression scripts and coverage analysis
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Who uses FormalWho uses Formal--VIPs ?VIPs ?
FormalFormal--VIPs are targetted at VIPs are targetted at designersdesigners and and nonnon--
expertexpert verification engineersverification engineers

No knowledge in assertions
No knowledge in formal verification
Possibly limited knowledge in protocols
No time to learn a new tool/methodology
Possibly no knowledge of the DUT internal details

They also help They also help expert usersexpert users
Provide regression results quickly 
Reduce the assertion development effort
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Necessary features of a FormalNecessary features of a Formal--VIPVIP
1.1. Ease of UseEase of Use

Same use-flow for all protocols
GUI, inline help, automatic fill-in, user-doc linked to protocol spec

2.2. AutomationAutomation
Wrapper, formal environment, properties, coverage scenarios, regression 
script, report

3.3. FlexibilityFlexibility
Adapt to user’s protocol usage and specific requests
Work automatically on several formal tools of the market

4.4. QualityQuality
Support 100% of protocol
Have protocol experts, follow the working groups, formally verify the 
Formal-VIP on many designs with many configurations

5.5. EvolutionEvolution
Follow quickly the protocol evolutions
Enhance with other automatic properties
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FormalFormal--VIP for OCP 2.x (1)VIP for OCP 2.x (1)
For IP blocks based on the OCP 2.2/2.1/2.0/Sonics2.4/1.0 protocoFor IP blocks based on the OCP 2.2/2.1/2.0/Sonics2.4/1.0 protocolsls

Automatic instanciation of assertions and formal environment
Automatic formal verification of properties and coverage scenarios
Formal Proof, or automatic VCD and testbench in case of violation

Provides Provides 100% compliance100% compliance against the OCP protocol specificationagainst the OCP protocol specification
Fully aligned on the OCP-IP Compliance document
including multi-threading, tagging, datahandshake, …
More than 110 properties and hundreds of coverage scenarios

Provides Provides 100% functional performance100% functional performance analysisanalysis
For detection of dead-locks, loss of data, back-pressure, …
Ex: A thread will be busy at most N consecutive cycles
More than 15 properties dedicated to performance analysis
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FormalFormal--VIP for OCP 2.x (2)VIP for OCP 2.x (2)
OCP compliance and performance results are OCP compliance and performance results are precisely measured  precisely measured  

with functional metrics against the OCP protocol specification and the 
OCP-IP compliance documentation

FormalFormal--VIP for OCP 2.x is VIP for OCP 2.x is easy to use and to deployeasy to use and to deploy
No knowledge in assertions or formal verification needed
User sets the design’s specific parameters via GUI wizards or a simple 
configuration file
Choice to check the full protocol or select from available properties to 
create an automatic script

QualificationQualification of the Formalof the Formal--VIP for OCP 2.x solutionVIP for OCP 2.x solution
We participate to the OCP-IP Functional Verification Working Group

Co-author of the OCP-IP Protocol Compliance document
We worked with MIPS, Sonics, Texas-Instruments and Toshiba

Was formally verified on more than 60 industrial blocks
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Ease of Use of a FormalEase of Use of a Formal--VIP (1)VIP (1)
Reload/Save configurations 

Create <rtl.conf> for OCP

Reload/Save configurations 
Create <rtl.conf> for OCP

syntax and semantic checkssyntax and semantic checks

inline helpinline help

Multi-interfaces support
Straightforward to use

Multi-interfaces support
Straightforward to use
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Ease of Use of a FormalEase of Use of a Formal--VIP (2)VIP (2)
Export of multi-interfaces

designs

Export of multi-interfaces
designs

Log resultsLog results

Select which assertions 
to export

Select which assertions 
to export

Select the target tool Select the target tool 
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Formal-VIP wrapper

AHBAHB--OCP Bridge VerificationOCP Bridge Verification

DUT

Arbiter + 
Decoder

AHB created environt

Master 1

Master M

Slave 1

Slave N

Automatic
Compliance
Properties

AHB          OCP

AHB           OCP
Automatic

Performance
Properties

OCP created environt

Entity 1

Entity N

Multithreading
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FormalFormal--VIP SuccessVIP Success--StoryStory
BackgroundBackground

38 on-the-shelf protocol-based IPs
Had been heavily simulated with simulation VIPs

2 people part-time during 3 months
World-wide semi-conductor company

Results of FResults of F--VIP with Formal VerificationVIP with Formal Verification
9 functional bugs automatically found 
Tens of wrong protocol documentations
2 hours of work per IP on average
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ConclusionConclusion
Providing FormalProviding Formal--VIPs is key to VIPs is key to broaden the broaden the 
usage of formal verificationusage of formal verification

Designers and non-experts need automated solutions

Providing enough automation for Providing enough automation for nonnon--expert users expert users 
is tediousis tedious

It needs a full-time support team or company

AerieLogic provides a AerieLogic provides a robust Formalrobust Formal--VIP solutionVIP solution
Products already used in the industry for years
Formal-VIP work automatically with several formal 
verification tools of the market


