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TheVerification Challenge

- Moore’s Law
Every 18 months:

Gate count doubles

*VVector set grows 10x
*Frequency increases 50%

Benchmark Design

Today:
« 0.18u
e >500 MHz
* 10 million gates
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Jimeto Simulate

B |5|d(}l{/ll tcps: (014°Sec Actualisystem HW

oM cps: 40 sec Logic emulator® (QT Mercury)

200K cps: 7 min Cycle-based gate accelerator! (QT CoBALT)
50K cps: 1h Hybrid emulator/simulator. (Axis)

oK cps: 11 h Event-driven gate accelerator (Ikas NSIM)
50 cps: 46 days CPU and logic in HDL simulator (VCS)

9 CpS: 1.3 years Gate-level simulation (VCS)

Flcl)r ZOOMICYCIES GG aY S Ve ficatian CleICES:

How much simulation is enough?




New:Static VVerification
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Function
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RTL Simulation Checking |
Reqgression

» Ensures correct _
functionality before EqQuivalence

synthesis Checkinq
o Usually very fast
Property « Exhaustive

Checking  Focus on the design,

« Guarantees not the vectors

specified properties

Timing
Statlc
ming
nalize
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STA

*Very fast, large
capacity

* Exhaustive

« Signoff quality
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* Equivalence checking

* Property checking




\Whatls S1A?

I
FEETIrrrre e |
sretermines It a circuit meets timing

constraints by calculating and timing
the critical paths

— Exhaustive
— Not dependent on vector stimulus




\Whatls S1A?

I
FEETIrrrre e |
s'Up tor Leux Taster than dynamic simulation

* Comprehensive timing checks
—Set-up / hold / recovery
—Minimum period / clock pulse width / skew
—Clock gating / glitch detection
—Bus contention / float
—Unconstrained logic paths
—More...




STAINthe ASIC DesignT=ow

HDL Source
1| Core MOdeIS\E Tech Library oL
- sodulgl o=

Hetilsis

Logic
Synthesis

Constraints

Static STA Models =
Timing
Analysis Design
Annotated

P|anning
Delays &

Sign-Off parasitics & _ ~
Route
OPSYS'

Post-layout




How: STAWarks

|
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* STA breaks designs into sets of signal paths
°* Each path has a start point and an end point

SYNOPSYs




Signal Elew BIrection

FEETIrrrrrrr I
sTElimimates false paths
* Used for logic functions

o = s » p2: Ineligible path

pl: Eligible path




Jransistor-lcevelfelay Calculation

I |-~|-rr'.-|--|Gmt:rp-charrne1=connected Lransistors

* Consider additional’elements that may
affect the delay

— Pass transistors
— Detailed RC at output nodes

e Latch_: all
transistors
considered

Pass
Network Transistors

SYNOPSYs




SlackeHIstogram Exampie

Histogram View Data Reports Window Help
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slack histogram shows slack vs.
number of endpoints
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Waveform View Window  Help

Fin (U5/UZ273/B)

'|

21.4555 slew = 012137

f

Fin (U5/U304/B)

22. 1465 slew = 0140608

Fin (U5/U306/B)

'|

22.3743 slew = 0.1213MN

|'

Fin (US/US07/8)

224

Fin (US/U263/8)

'|

335 slew = 0.0703218

231618 slew = 012719

Fin (U1/Ccore/OFERATION[])

CLOCK (U1 /corefOFERATION[])

!
2390684 slew = 0.210529
arrival
setup |
o
reguired 13 L
latenfy
a.5
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JiechnicalilChallenges

|
PSR anneranalyzZe:
— Asynchronous logic
— Analog logic
— Combinational feedback loops

* Must specify detailed timing information of
Internally derived clocks
False paths (some)
Multi-cycle / zero-cycle paths
Functional / test mode info

* Process, voltage, temp variation




Euture Cnallenges for'stA

SNGrosstialkeanalysis /'signal integrity
— Smaller geometries, closer nets
— Can cause signal speed-up or slowdown

* [nductance in delay calculation

* Capacity / performance improvements
— Growing design sizes: >10M gates
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srSstatic tmimgrAnalysis

* Equivalence checkingaaeaSUlaelys

* Property checking




Equivalence Ehecking

I
ARRRRRRRRRREE
*TEqQUIValence checking verifies whether
two designs are functionally equivalent

® Can verity:
— RTL to RTL
— RTL to Gates
— Gates to Gates

* Does not validate RTL or Gates




HoW:Dees It:\Work?

el eYiICICIrCHItSTOKkER INte g Ic COnES

sForresponding end points (compare
points) are matched between the designs

* Equivalence of combinational logic cones

IS mathematically proved or disproved




How:Doees It-"\Wark?

| Referencerbesign ImplemEntationi BESIOn
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Compare Compare
Point Point

>

>

If all logic cones in design
match, designs are equivalent. Compare Function & State Behavior

SYNOPSYs




Performance & Capacity

SIg i
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;antly [Faster\erfication than Gate=level Simulation:

Design Description

Formal Verif.

Run Time*

Simulation
Run Time

100k flat gates
to hierarchical gates

4.5 minutes

hours

440k hierarchical gates
to hierarchical gates

12 minutes

days

1.2M flat gates
to hierarchical gates

37 minutes

days

1.2M RTL
to hierarchical gates

4 hours

days

* Synopsys Formality. Run times vary based on design style.

SYNOPSYs




EqUIvalence Checking Cnallenges

FEETIrrrrrrr I
sTViedules that are'toe complex
— (e.g., large multipliers)

°* Timing dependent functionality
— (e.g., pulse generators)

* Cannot verify added logic is actually correct
— (e.g., scan chains)

* |nitialization
— (I.e., reset sequence)




EUtuUre eriEquivalence Checking
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ethodology
— Clock-gated designs
Ipeline retiming
ock trees
ack boxes
— Asynchronous bypass
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AERNERERARERE |

e Static Timing Analysis

°* Equivalence Checking

* Property Checking ~$0M, ?%




Broperty/:NModel Cnecking

I L]
SSAeriies that 2 design does/doesn't
conform to a specified property
under all possible sets of legal iInput
conditions

* |deal for verifying a high-level spec
with an RTL implementation

* Example: Verify that a bus access
will never be granted to two clients at
the same time (safety)

SYNOPSYs




Eermal Property:\Verfication
=cnols
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srSympolic modelfchecking

— Most popular formal property verification
method

Model of the design

No! And here Is
the error trace

Property
SYNOPSYs




How:Magdel Checking " Works

el
s Viedel checkingralgoerithm
— FIx point computation
— Can the design ever go bad?

INnit
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How:Magdel Checking " Works
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— FIx point computation
— Can the design ever go bad?
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How:Magdel Checking " Works

el
s Viedel checkingralgoerithm
— FIXx point is reached
— The design can never go bad!

INnit

O/O%;o\g
\L\\;\éﬁéj&@ bad




VMieg@el-Checking

rrrrrerPr @I‘
—EXhaustive

°* Con
—EXpensive

» Symbolic computation and representation
of all states that can potentially go bad

* Naive BDD-based symbolic model
checkers can handle around 150 latches

» 250 states! (1078 particles in the universe)
 Not big enough for industrial designs




Eapacily - Proniem

:
oG EIFCeCKING capacity depends on the
techniques used
— Multiple Analysis Engines
. SAT

« BDD
* ATPG

— Abstraction

— Combining Formal techniques with
Simulation




PropertyVeritication Results

|
e |

Proven Violated Unknown| total

User Defined ---“

/l'lllegal state
full & parallel _case

81 2 91
totall_9%6 | 18 | 8 | 12

Replay these traces
to find bugs !!!




Stimulus (Generation:
rpposne Results,

Sane | s contag s et unawan |amime
Name | Nets| Coverage |Reached|Unreachable| Unknown |Runtime
goall | 4 18] 13 3  020m
goal2 | 4 10| 100 6  035H
goald | 16|  246] 18780 0]  46756|70H
goal7 | 17]  6555| 6193 O]  59343]5H

SYNOPSYs




Eormal Reachabllity;Analysis
ASSISISIRanaoem Simulation

States Reached
By FRA

States Reached
By Random Simulation
0 1E+06 2E+06 3E+06 4E+06 5E+06 6E+06 7E+06
Simulation Cycles




stimmary

IIIIII"”fllormal [echnigues;can eliminate many.
pbugs that traditional simulation doesn’t

find

* Static timing analysis and equivalence
checking are mature formal technologies

* Property checking is an emerging formal
verification technology

* Adoption is accelerating
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