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22--min intromin intro

�� Lead of TIF Formal Verification groupLead of TIF Formal Verification group

�� 4+1 full4+1 full--time expert FV engineerstime expert FV engineers

�� FV of OMAP / Modem FV of OMAP / Modem IPsIPs
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�� FV using FV using offoff--thethe--shelfshelf protocol VIPsprotocol VIPs

•• OMAP / Modem architectureOMAP / Modem architecture

•• Cadence OCP VIPCadence OCP VIP

�� key conceptskey concepts

�� verification flowverification flow

�� resultsresults

�� FV using FV using inin--househouse developed VIPsdeveloped VIPs

�� VIPs as a basis for black box FVVIPs as a basis for black box FV

�� ConclusionsConclusions

OutlineOutline



44

FV using FV using offoff--thethe--shelfshelf protocol VIPsprotocol VIPs
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SoC BackSoC Back--Bone == OCP protocol basedBone == OCP protocol based

OMAP / Modem architecture (2)OMAP / Modem architecture (2)

We need an We need an ‘‘easyeasy’’ way to check that allway to check that all

OCP interfaces are clean (compliant)OCP interfaces are clean (compliant)

Answer : FV using an OCP VIPAnswer : FV using an OCP VIP
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�� VIPVIP

•• Verification IPVerification IP

•• = Pre= Pre--coded properties librarycoded properties library

•• Languages : PSL + Languages : PSL + VerilogVerilog

�� OCP VIPOCP VIP

•• OCP 2.0 properties libraryOCP 2.0 properties library

•• Aligned with OCPAligned with OCP--IP FVWG compliance plan IP FVWG compliance plan 

•• Targets : OCP interface compliance using FVTargets : OCP interface compliance using FV

Cadence OCP VIP  :  key conceptsCadence OCP VIP  :  key concepts
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�� fail => fail => cexcex (counter example)(counter example)

•• IFV shows the IFV shows the shortestshortest trace which violates the OCP propertytrace which violates the OCP property

•• Debug & fix the RTLDebug & fix the RTL

•• Add missing constraints, exclude false violationsAdd missing constraints, exclude false violations

�� pass => boundedpass => bounded

•• Up to a certain depth of the stateUp to a certain depth of the state--space, IFV could not space, IFV could not 

violate the propertyviolate the property

•• Apply a higher effort, switch engine, reduce the circuit size Apply a higher effort, switch engine, reduce the circuit size 

(generics), add abstractions, (generics), add abstractions, ……

�� pass => exhaustivepass => exhaustive

•• The property could never be violatedThe property could never be violated

•• WeWe’’re done !!re done !!

Cadence OCP VIP  :  verification flow (2)Cadence OCP VIP  :  verification flow (2)
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�� Run time Run time –– some numberssome numbers

•• A typical slave IP (~1K A typical slave IP (~1K FFsFFs) is proven OCP compliant ) is proven OCP compliant 

(or not!) within ~30 minutes(or not!) within ~30 minutes

•• Most of this time is spent on setting up the Most of this time is spent on setting up the 

environment (automate as much as possible)environment (automate as much as possible)

•• The actual IFV proofThe actual IFV proof--time ~1 to 5 minutestime ~1 to 5 minutes

•• Larger Larger IPsIPs (~10K (~10K FFsFFs) or more complex circuits (OCP ) or more complex circuits (OCP 

masters) require a bit more effort (~hours)masters) require a bit more effort (~hours)

•• If the circuit is too large (subIf the circuit is too large (sub--system), the user must system), the user must 

isolate the OCP circuitry (isolate the OCP circuitry (egeg. bridges) and only prove . bridges) and only prove 

thosethose

•• Hence good Hence good partioningpartioning is a key to is a key to successucces

Cadence OCP VIP  :  results (1)Cadence OCP VIP  :  results (1)
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�� TI flowTI flow

•• The OCP VIP is part of our flowThe OCP VIP is part of our flow

•• OCP formal proof == IP acceptance OCP formal proof == IP acceptance criteriumcriterium

•• An average OMAP/Modem contains ~50 An average OMAP/Modem contains ~50 IPsIPs

�� The majority are simple slaves => goodThe majority are simple slaves => good

�� The rest are huge master subThe rest are huge master sub--systems => more trickysystems => more tricky

�� BugsBugs

•• Several bugs were found on preSeveral bugs were found on pre--verified verified IPsIPs (C & E)(C & E)

•• Most bugs found are hardMost bugs found are hard--toto--find corner casesfind corner cases

�� Pass qualityPass quality

•• Most properties have an exhaustive pass !!Most properties have an exhaustive pass !!

Cadence OCP VIP  :  results (2)Cadence OCP VIP  :  results (2)
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�� FV using FV using offoff--thethe--shelfshelf protocol VIPsprotocol VIPs

•• OMAP / Modem architectureOMAP / Modem architecture

•• Cadence OCP VIPCadence OCP VIP

�� key conceptskey concepts

�� verification flowverification flow

�� resultsresults

�� FV using FV using inin--househouse developed VIPsdeveloped VIPs

�� VIPs as a basis for black box FVVIPs as a basis for black box FV

�� ConclusionsConclusions

OutlineOutline
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�� VIPs maximize the verification ROI & overall TTMVIPs maximize the verification ROI & overall TTM

�� Each IP in our Each IP in our SoCsSoCs hashas

•• 1 or more OCP interfaces (master / slave)1 or more OCP interfaces (master / slave)

•• 1 or more TI proprietary Power Management interfaces1 or more TI proprietary Power Management interfaces

�� Hence the need for aHence the need for a

•• a Power Management VIPa Power Management VIP

•• developed developed inin--househouse

Power Management VIPPower Management VIP

OCP

VIP

Power 

Management

VIP
DUV
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�� FV using FV using offoff--thethe--shelfshelf protocol VIPsprotocol VIPs

•• OMAP / Modem architectureOMAP / Modem architecture

•• Cadence OCP VIPCadence OCP VIP

�� key conceptskey concepts

�� verification flowverification flow

�� resultsresults

�� FV using FV using inin--househouse developed VIPsdeveloped VIPs

�� VIPs as a basis for black box FVVIPs as a basis for black box FV

�� ConclusionsConclusions

OutlineOutline
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�� FirstFirst

•• formally prove OCP complianceformally prove OCP compliance

•• formally prove the Power Management protocolformally prove the Power Management protocol

�� SecondSecond

•• rere--useuse the OCP / Power Management the OCP / Power Management constraintsconstraints

•• extract highextract high--level black box functional propertieslevel black box functional properties

•• prove themprove them

�� Case study : dieCase study : die--22--die interfacedie interface

Main reasoningMain reasoning
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�� FV using FV using offoff--thethe--shelfshelf protocol VIPsprotocol VIPs

•• OMAP / Modem architectureOMAP / Modem architecture

•• Cadence OCP VIPCadence OCP VIP

�� key conceptskey concepts

�� verification flowverification flow

�� resultsresults

�� FV using FV using inin--househouse developed VIPsdeveloped VIPs

�� VIPs as a basis for black box FVVIPs as a basis for black box FV

�� ConclusionsConclusions

OutlineOutline
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�� VIPs enable a fast and exhaustive interface VIPs enable a fast and exhaustive interface 
verification of parallel protocols (OCP, PM)verification of parallel protocols (OCP, PM)

�� VIPs provide (verified) constraints to enable VIPs provide (verified) constraints to enable 
higherhigher--level black box properties developmentlevel black box properties development

�� VIPs can be bought overVIPs can be bought over--thethe--shelf, therefore shelf, therefore 
reducing the development effort to 0reducing the development effort to 0

�� Proprietary protocol VIPs can easily be Proprietary protocol VIPs can easily be 
developed indeveloped in--househouse

�� Overall : VIPs increase ROI & decrease TTMOverall : VIPs increase ROI & decrease TTM

ConclusionsConclusions
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! Thank you !! Thank you !

Q & AQ & A


