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Design, Validation and TestingDesign, Validation and Testing

Specification

Implementation

Prototyping

Manufacturing

Pre-silicon
Post-silicon

Design synthesisDesign synthesis
and validationand validation

ManufacturingManufacturing
and testingand testing
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Design and VerificationDesign and Verification

SpecificationSpecification ImplementationImplementation

DesignDesign

Equivalent?Equivalent?

VerificationVerification
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Design ChallengesDesign Challenges

Suppose we have to designSuppose we have to design
a pacemakera pacemaker

Minimize DelayMinimize Delay Delay optimization during synthesisDelay optimization during synthesis

Minimize AreaMinimize Area Area optimization during synthesisArea optimization during synthesis

Minimize PowerMinimize Power Power optimization during synthesisPower optimization during synthesis

Improve VerifiabilityImprove Verifiability Verification reliabilityVerification reliability
and coverageand coverage

Improve ReliabilityImprove ReliabilityAlgorithms for Algorithms for 
better yieldbetter yield

Improve TestabilityImprove TestabilityTest automation andTest automation and
DesignDesign--forfor--TestTest

Reduce CostReduce CostResource optimizationResource optimization
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Gate LevelGate Level
Boolean LogicBoolean Logic
Finite State MachinesFinite State Machines

Digital Design: Abstraction LevelsDigital Design: Abstraction Levels

Transistor Transistor 
LevelLevel

Formalisms introducedFormalisms introduced
at the Entryat the Entry--LevelLevel

SchematicSchematic

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

a2 <=  ~a1; end;
end

Register Transfer LevelRegister Transfer Level

Restricted semantics ofRestricted semantics of
Programming Languages,Programming Languages,
Communicating Concurrent Communicating Concurrent 
State Machines (CSM)State Machines (CSM)

Exponential growthExponential growth
in circuit sizein circuit size
(Moore’s Law)(Moore’s Law)
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Design Example: 2Design Example: 2--bit Gray Counterbit Gray Counter

Gray CounterGray Counter: Successive values should differ only in one bit. Reset signal: Successive values should differ only in one bit. Reset signal
resets the counter to zero.resets the counter to zero.
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Design Example: 2Design Example: 2--bit Gray Counterbit Gray Counter

rstrst
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clkclk
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Design Example: 2Design Example: 2--bit Gray Counterbit Gray Counter

(s0s1) rst (n0n1)

0000 00 0101

0000 11 0000

0101 00 1111

0101 11 0000

1010 00 0000

1010 11 0000

1111 00 1010

1111 11 0000

State Transition TableState Transition Table State Transition Functions:State Transition Functions:

nn0 0 = s= s00′′ss11rr′′ + s+ s00ss11rr′′
nn11 = = ss00′′ss11′′rr′′ + s+ s00′′ss11rr′′

After Logic Minimization:After Logic Minimization:

nn0 0 = = ss11rr′′
nn11 = s= s00′′rr′′
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module GrayCounter(s0, s1, module GrayCounter(s0, s1, rstrst))
input input rstrst;;
regreg s0, s1;s0, s1;

always @ (always @ (posedgeposedge clkclk))
beginbegin

s0 <= s1 & ~s0 <= s1 & ~rstrst;;
s1 <= ~s0 & ~s1 <= ~s0 & ~rstrst;;

endend
endmoduleendmodule

VerilogVerilog Code (RTL):Code (RTL):

Design Example: 2Design Example: 2--bit Gray Counterbit Gray Counter

rstrst ss00

ss11

clkclk

State Transition Functions:State Transition Functions:

nn0 0 = = ss11rr′′
nn11 = s= s00′′rr′′

SynthesisSynthesis
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Abstractions in Design FlowAbstractions in Design Flow

Functional SpecificationFunctional Specification

Algorithmic DescriptionAlgorithmic Description

RTLRTL

Gate Gate NetlistNetlist

Transistor Transistor NetlistNetlist

Physical LayoutPhysical Layout

higherhigher

lowerlower

abstractionabstraction

lessless

moremore

detailsdetails
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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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