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Design Flows: Design Flows: Digital versus AnalogDigital versus Analog

Design Concept

Design Entry

Behavioral Simulation

Synthesis

Place & Route

Post-Layout Simulation

Full Chip Assembly

Full Chip DRC

Full Chip Simulation

Tape Out

Schematic Entry

Spice Simulation

Custom Layout

DRC

Post-Layout Simulation

Extract netlist

Verilog / VHDL SDL

DRC: Design Rule CheckingDRC: Design Rule Checking
SDL: Schematic Driven LayoutSDL: Schematic Driven Layout
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Design Cycle: Design Cycle: Intent CreationIntent Creation

Architectural
Specification

Executable
Specs (CSpec)

Is the intent correct?Is the intent correct?

EnglishEnglish

Design intent creationDesign intent creation

Component
Specs DocumentEnglishEnglish

C, C, SystemCSystemC, , EsterelEsterel
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Design Cycle: Design Cycle: ImplementationImplementation

Component
Specs Document

RTL implementation

Gate Level Netlist

Verilog, VHDLVerilog, VHDL

English documentsEnglish documents

Transistor Level
(Schematic)

Design integration

SynthesisSynthesis

Technology mappingTechnology mapping

Mask

Layout

Equivalence Equivalence 
checkingchecking

ImplementationImplementation
validationvalidation

(Spec(Spec
vsvs RTL)RTL)



5© Pallab © Pallab DasguptaDasgupta, Dept. of Computer Sc & , Dept. of Computer Sc & EnggEngg, IIT Kharagpur, IIT Kharagpur

Verification Dominates DesignVerification Dominates Design

Simulation
46%

Design
27%

Structural
12%

Emulation
15%

• Synthesis
• Timing analysis
• Equivalence checking
• DFT

• Behavioral modeling
• Architecture level simulation
• System level simulation

• High-level design
• RTL coding
• Block-level simulation

Source: 0-In Design Automation
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Pieces of the verification puzzlePieces of the verification puzzle

Picture Picture source:skulladay.comsource:skulladay.com

ArchitectureArchitecture
validationvalidation

MicrocodeMicrocode
validationvalidation

TimingTiming
validationvalidation

PowerPower
validationvalidation

ProtocolProtocol
validationvalidation

FullFull--chipchip
validationvalidation

UnitUnit
validationvalidation

ClusterCluster
validationvalidation

DebuggingDebugging
validationvalidation
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Design and VerificationDesign and Verification

specificationsspecifications

micromicro--architecturearchitecture

RTLRTL

gate gate netlistnetlist

layoutlayout

designdesign

does it meet the specs?does it meet the specs?

does it implement the does it implement the μμ--arch?arch?

are they equivalent?are they equivalent?

are they equivalent?are they equivalent?

propertyproperty
checkingchecking

equivalenceequivalence
checkingchecking

verificationverification
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Functional Verification ChallengeFunctional Verification Challenge

Is the implementation correct?Is the implementation correct?

■■ How do we define How do we define correctcorrect??

●● Classical: Classical: Simulation result matches with golden Simulation result matches with golden 
outputoutput

●● Formal: Formal: Equivalence with respect to a golden modelEquivalence with respect to a golden model

●● Property verification: Property verification: Correctness properties Correctness properties 
(assertions) expressed in a formal language(assertions) expressed in a formal language

Formal:Formal: Model checkingModel checking
SemiSemi--formal:formal: AssertionAssertion--based verificationbased verification

■■ TradeTrade--off between computational complexity and off between computational complexity and 
exhaustivenessexhaustiveness
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Simulation Simulation 

DesignDesignDesign

Test PlanTest Plan Test BenchTest Bench

Stimulus GenerationStimulus Generation SimulationSimulation

Coverage MetricsCoverage Metrics DebugDebug Bug TrackingBug Tracking

AdvancesAdvances::
•• Test bench languages are richer (such as Test bench languages are richer (such as SystemVerilogSystemVerilog))
•• Coverage monitors and assertionsCoverage monitors and assertions
•• Layered test benches and Transaction Level Layered test benches and Transaction Level ModellingModelling
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Advent of Formal Methods in EDAAdvent of Formal Methods in EDA

always @( posedge clk )
begin
if (!rst) begin a1 <= a2;

a2 <=  ~a1; end;
end

Register Transfer Register Transfer 
LevelLevel

Gate LevelGate Level

Transistor LevelTransistor Level

Formal PropertiesFormal PropertiesFormal Properties

LogicalLogical
EquivalenceEquivalence
CheckingChecking

Design IntentDesign Intent

ModelModel
CheckingChecking

Goal:Goal: Exhaustive verification of the design intent within feasible timExhaustive verification of the design intent within feasible time limitse limits

Philosophy:Philosophy: Extraction of formal models of the design intent and the implemeExtraction of formal models of the design intent and the implementationntation
and comparing them using mathematical / logical methods and comparing them using mathematical / logical methods 

•• Temporal LogicsTemporal Logics
((Turing Award: Turing Award: AmirAmir PnueliPnueli))

•• Adopted by Adopted by AcceleraAccelera / IEEE/ IEEE
•• Integrated into Integrated into SystemVerilogSystemVerilog
•• Tools: Tools: 

Academia: Academia: NuSMVNuSMV, VIS, VIS
Industry:  Magellan (Synopsys)Industry:  Magellan (Synopsys)

IFV (Cadence)IFV (Cadence)
•• 2008: Clarke & Emerson get2008: Clarke & Emerson get

Turing AwardTuring Award
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Toy example: Priority ArbiterToy example: Priority Arbiter

r1

r2

g1

g2

•• Either g1 or g2 is alwaysEither g1 or g2 is always
false (mutual exclusion)false (mutual exclusion)

G[G[¬¬g1 g1 ∨∨ ¬¬g2]g2]

•• Whenever r1 is asserted, g1 is given in the next cycleWhenever r1 is asserted, g1 is given in the next cycle

G[ r1 G[ r1 ⇒⇒ Xg1 ]Xg1 ]
•• When r2 is the sole request, g2 comes in the next cycleWhen r2 is the sole request, g2 comes in the next cycle

G[ (G[ (¬¬r1 r1 ∧∧ r2) r2) ⇒⇒ Xg2 ]Xg2 ]

•• When none are requesting, the arbiter parks the grant on g2 When none are requesting, the arbiter parks the grant on g2 
G[ (G[ (¬¬r1 r1 ∧∧ ¬¬r2) r2) ⇒⇒ Xg2 ]Xg2 ]

Violation!!
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Dynamic Property Verification (DPV)Dynamic Property Verification (DPV)

[Source: A Roadmap for Formal Property Verification, Springer, 2006]
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Formal Property Verification (FPV)Formal Property Verification (FPV)

always !g1 || !g2

always r2 && !r1 next g2

Formal PropertiesFormal Properties

Temporal Logics (Timed / Temporal Logics (Timed / UntimedUntimed, Linear Time / Branching Time): , Linear Time / Branching Time): LTL, CTLLTL, CTL

Early Languages: Early Languages: ForspecForspec (Intel), Sugar (IBM), Open Vera Assertions (Synopsys)(Intel), Sugar (IBM), Open Vera Assertions (Synopsys)

Current IEEE Standards: Current IEEE Standards: SystemVerilogSystemVerilog Assertions (SVA), Assertions (SVA), 
Property Specification Language (PSL)Property Specification Language (PSL)
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Assertion Based Verification FlowAssertion Based Verification Flow

Model Checker

Model +
Properties

NO

YES
Indeterminate 

Results
Indeterminate 

Results

Decom
pose, Abstract, 

Over Constrain

YES

PASSPASS
NO

Spurious Spurious 
cex

YES

NO

Refine the m
odel or assertions

Modify assum
ptions Stuck ? None of the 

Abstractions working

Bug Hunting 
(Directed 

Simulation 
assisted MC)

Closure ?

[Source: [Source: RajRaj MitraMitra, TI], TI]
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Course Agenda: Course Agenda: Verification TrackVerification Track

Design Entry: Design Entry: Brief overview of Brief overview of VerilogVerilog

Simulators: Simulators: How they workHow they work

Test Scenarios and CoverageTest Scenarios and Coverage

Static ChecksStatic Checks

Symbolic Representation of Logic and State Spaces: Symbolic Representation of Logic and State Spaces: BDDsBDDs, SAT, SAT

Equivalence CheckingEquivalence Checking

AssertionsAssertions

Formal Property Verification: Formal Property Verification: Model CheckingModel Checking

Formal Verification CoverageFormal Verification Coverage
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Verification Group ProfileVerification Group Profile

The verification research group focuses on providing The verification research group focuses on providing 
industrially relevant methods for the verification of various industrially relevant methods for the verification of various 
designs designs –– ranging from digital and mixedranging from digital and mixed--signal chip designs to signal chip designs to 
complex software and embedded systems such as automotive complex software and embedded systems such as automotive 
control systems. Areas of strength include:control systems. Areas of strength include:
■■ Design Intent VerificationDesign Intent Verification
■■ Formal Verification CoverageFormal Verification Coverage
■■ MixedMixed--signal Design Verificationsignal Design Verification
■■ CoverageCoverage--driven Semidriven Semi--Formal Formal VerifVerif..
■■ Verification of Automotive SystemsVerification of Automotive Systems
■■ Verification of Web InterfacesVerification of Web Interfaces

DST Govt. of India

Research Partners / Sponsors:Research Partners / Sponsors:
Home: Home: http://http://www.facweb.iitkgp.ernet.in/~pallab/forverif.htmlwww.facweb.iitkgp.ernet.in/~pallab/forverif.html
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The FamilyThe Family
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PrasenjitPrasenjit BasuBasu (Submitted)(Submitted)
SayantanSayantan Das (Completed)Das (Completed)
AnsumanAnsuman BanerjeeBanerjee (Submitted)(Submitted)
SuchismitaSuchismita Roy (Submitted)Roy (Submitted)
BhaskarBhaskar Pal (Submitted)Pal (Submitted)
ArijitArijit MondalMondal (Ongoing)(Ongoing)
P.V. P.V. RajkumarRajkumar (Ongoing)(Ongoing)
ManojManoj Dixit (Ongoing)Dixit (Ongoing)
SrobonaSrobona MitraMitra (Ongoing)(Ongoing)
PriyankarPriyankar GhoshGhosh (Ongoing)(Ongoing)
ChandanChandan KarfaKarfa (Ongoing)(Ongoing)
SubratSubrat Panda (Ongoing)Panda (Ongoing)
Dipankar Das (Ongoing)Dipankar Das (Ongoing)

MS StudentsMS Students::
AnsumanAnsuman BanerjeeBanerjee (Completed)(Completed)
BhaskarBhaskar Pal (Completed)Pal (Completed)
PritamPritam Ray (Completed)Ray (Completed)
ArijitArijit MondalMondal (Completed)(Completed)
SayakSayak Ray (Submitted)Ray (Submitted)
AnindyasundarAnindyasundar NandiNandi (Submitted)(Submitted)
RajdeepRajdeep MukhopadhyayMukhopadhyay (Ongoing)(Ongoing)
Aritra Hazra (Ongoing)Aritra Hazra (Ongoing)
SourashisSourashis Das (Ongoing)Das (Ongoing)
KamaleshKamalesh GhoshGhosh (Ongoing)(Ongoing)
AntaraAntara AinAin (Ongoing)(Ongoing)

Some Alumni:Some Alumni:
ShuvenduShuvendu LahiriLahiri (CMU), (CMU), PankajPankaj ChauhanChauhan (CMU)(CMU)
SagarSagar ChakiChaki (CMU), (CMU), ArindamArindam ChakrabortyChakraborty (UC Berkeley),(UC Berkeley),
KrishnenduKrishnendu ChakrabortyChakraborty (UC Berkeley), S (UC Berkeley), S SriramSriram (Stanford),(Stanford),
JayantaJayanta BhadraBhadra (U Texas, Austin) (U Texas, Austin) 

Home: Home: http://http://www.facweb.iitkgp.ernet.in/~pallab/forverif.htmlwww.facweb.iitkgp.ernet.in/~pallab/forverif.html
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