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1. Behavior Simulation

—  Code Coverage®t Functional Coverage 0|-&
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4. Static Timing Analysis
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5. FPGA Verification
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6. Functional Hardware Verification (Validation)

—  Board 90 221 7|5 =l
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«  Glitch (clk skew)
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Source Pin Sink Pin E}?_II:T fl_ll':k AE;‘:‘]&I HE ?::]ed 5:’::;} I:qalrrilulzrrgltlﬂ] 5::_:;"
(1 |reg10}CLK regi[1D 7. 0.539 5001 0.000
2 regq 1[0 CLK reg1[2].0r 4462 | -0.001 TA27 7126 0.539 5.001 0.000
3 regq1[2l.CLK reg1[15:c 4200 0.261 G.865 7126 0.539 4739 0.000
4 regq1[2.CLK reg1[2].0r 4200 0.261 G.865 7126 0.539 4739 0.000
5 regi[1]:CLK regi1[2]:D 4081 0.380 G.746 7126 0.539 4 620 0.000
[ regi[1l.CLK reg1[1}:D 4074 0.387 G.739 7126 0.539 4 613 0.000
f regi[1l.CLK regi[3LD 3.834 | 08627 6.499 7126 0.538 4 373 0.000
8 reg1[0}.CLK reg1[3pC 3.791 0.670 G.456 7126 0.539 4 330 0.000
g regq1[2.CLK reg1[35cr 3728 0.733 G.393 7126 0.539 4 267 0.000
10 regq1[3lCLK reg1[2].0r 3.345 1.116 6.010 7126 0.539 3.8584 0.000
11 regq1[3lCLK reg1[15:c 3.345 1.116 G6.010 7126 0.539 3.8584 0.000
12 reg 1[0 CLK reg1[05:Cr 3.035 1.426 5700 7126 0.539 3574 0.000
13 regi[3].CLK regi1[3}:D 2767 1.694 5432 7126 0.539 3.306 0.000

HOIE{ 7} clkECh £ £

2.127ns

2.126ns 5ns+2.126ns
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« RegQ| U2 =AOZ HH Jts (Boolean ¢4ih
— Yt+1) =x &y & ~z & t & input[0] & & input[1]
— Xt+1) = ~x|y|z]|t]| & input[1]
— Zt+1) =x & ~y | z & t | & input[2]
— T+ =x &y |~z |t
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— Tt+1) =x &y |~z |t
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Classification

Paper: Coverage Analysis Techniques for HDL Design

Code Coverage

Statement Coverage
Block Coverage
Decision Coverage
Path Coverage
Expression Coverage

Event Coverage

FSM Coverage

Conventional FSM Coverage

SFSM Coverage

Other Coverage Metrics

Observability-Based Code Coverage
Toggle Coverage

Variable Coverage

Validation

Syntactic Coverage Metrics

Code Coverage
+ Statement coverage
* Branch coverage
Circuit Coverage
» Latch coverage

+ Toggle coverage

Semantic Coverage Metrics

FSM Coverage
* Limited-path coverage

« Transition coverage
Assertion Coverage (functional coverage)

Mutation Coverage

Paper: Coverage Metrics for Formal Verification
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Others

« Post-silicon code coverage

«  Observability-Based Code Coverage

*  Observability-Enhanced Statement Coverage
- Data Flow Fault Coverage

*  Dumpfile-Based Coverage

« Validation Vector Grade (VVG): A New Coverage Metric for Validation and Test
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— EPRI TR-1019181
* Guidelines on the Use of Field Programmable Gate Arrays in Nuclear Power Plant I&C Systems

— EPRI TR-109390

» Design Description of a Prototype Implementation of Three Reactor Protection System Channel Using Field-

Programmable Gate Arrays

— EPRI TR-1022983

+ Recommended Approaches and Design Criteria for Application of Field Programmable Gate Arrays in Nuclear Power

Plant Instrumentation and Control Systems

— NUREG/CR-7006

+ Review Guidelines for Field-Programmable Gate Arrays in Nuclear Power Plant Safety Systems

— Coverage0f oAM= 2=0] AH2|..

- DO-254

» Design Assurance Guidance For Airborne Electronic Hardware

« Code Coverage= 100% TIE2 2412
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Code Coveraget AFE? (+Functional Coverage)

Q MM =
—  (OFOtE?.)

Do-254 - code coverage 100%
Commercial Tools (ISE Simulator, Incisive Enterprise Simulator, ModelSim &) — code coverage S
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ASIC Bt A 2 M= 3H & M7=

coverage
ol ZAetS HALSLZ| 2Bt coverage
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100% Code coverage £ TPI=E St= testbench M AT

100% 7t O2{=2 O|&

« Simulation2| 8% reg?t H&H 0|0 &£ £&2S simulation 17| {3 =

—=
O MR 9| AR 0l [e] _7.:_6#% Xtojof @t (_75_6+o| _7.:_6#% xroroﬁ:})

== reg

« BFH Testing?| A2 olile B2 7| 2% input X rego| =3 &

Random simulation + Model checking € 0|8% 7 =
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DUT input
(Optional) 1.
Mo =5 ALCHS) : ; Sh
Random SEo A= ?|- oS Random SLr._ngJaRO& E xﬂ -
Simulation coverage & 75 coverageE =%
Cover E|X| & ,
TE NS List 44 2 22 3 (A2t RO
& B[ ~E5 Model Checking %2 : - =(x| 8Ho|
odel Checking =& simulation 7ts%HA| 20l
220l Property 2t AX (Regs)
2| AEOA e 222 simulation & Model Checking
StLHE A EY U= Z8(input + reg) A& (Reachability &9l)
YES ol
Testbench /g True ¥ 2| trace
E o2 5 At
NO
LC HH O
2| AEO ) SfE F22
LS QA 3l sw&uiahon 7fodOPII
UE Aoz 48
YES
NO
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DUT input
(Optional) 1
MO 24 5 AMCHS} - s
Random SEC = ?|- oS Random sg__ngllaﬂogl E xﬂ -
Simulation coverage EtE2 715  coverages =& T
Cover E|X| 2 ,
N List A8 2 el AlZH & ot
&ElAESll' oo X & 3 N ( — E—I)
—— Model Checking —T—L%'i simulation 7ts%tX| 2ol
220l Property 2t AX (Regs)
2| AEOA e 222 simulation & Model Checking
SHLHE A Ed A= Ze(input + reg) A48 (Reachability 2+91)

Testbench Si reg 2 I3 O|F 3to| [ YES NO o e
MM RILS SILIM AHS ;rtcl:oaA = trace
°° == e S @S + gl

2| AEQ o $%_%+
LIS QA 3}0| simulation 7}s5HX|
_ -]
== HE AT PE o= ZE
YES
NO o
Sy

O Z SimulatorE 7i&st= A0

HDLO| %0t OtL|2t Gate-level X layout HEHT X[ &l
EX Uncover® £&9| Al

UncoverEl B2




Fault Coverage

Q CHE Coveragel| E=X|?

—  7|Ef AFHOM FESt= CHYSt coverage (HIFR)

—  Fault Coverage (7% 0| ¢1=k[= Coverage)
« ASIC/HY S8 & A& LT coverage
— ASICHIEXN A R HZE I3E T 47= 22HQ 2S AASH7| fI8t coverage
« ATPG(Automatic Test Patten Generation) 0Of At2
Fault Coverage
—  FOIT I 20 Fault & & YUSHA test case?t O| & +=HSIRE=XE =22l
- RE[XY 322 faultE M UTH 220 S LD test casers ALE,
Zut7t CtECHH faultE HSHACH O (RQUXCHD) T
Defect-free Generate a vector that
Inputs can produce a logic 1
———
- /
Outputs )}
-
Defective
N X
X : Defect

Concept view of ATPG
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ATPG

«  ATPG (Automatic Test pattern Generation)

- ASIC HHEM 272 M= &F g0 =2[H el g 2dE 7HE

chipO| 2&0| 2&0| 03
o

P2l AL O| RO XIX| B S BF Edt=

g °
ZIHO HALE YSHME chipl ZEHS &2

- ZFOZ 320 CHSIA Fault model2 7}HH3}0] Fault

—  Original design I} fault model 2 4430 &

—  ojj ctE ANE L= |ZHO| Test pattern

. Fault model
—  The Stuck-at fault model

Transistor faults

—  Bridging faults

Opens faults
—  Delay faults

Fault collapsing

oI} o
2ok 9y

Q& 9| test pattern O] 22

e -
= 4ol Y8 IE 44
= FO| Z1L0| SLOHX| Ho ™
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© & nZEPE (stuck-at fault model)

@A 27 Ec A= deo R elsl 15 0] Vss s Vdd of| gRdEl 2AXE SESH
& 7HEst A

st 3t 0s J‘P‘“ — stuck-at-0(s-a-0) &

- A2 410| Vss 2} M| BEE
™ St gt 18 7HE — stuck-at-1{s-a-1) 2%

8
£12440] Vdd 2t HESH 2E
- gief 2| AH 0| E, FoRID| S3t 22 =el B 4Ek| 2] g™ ot S| A= EloE ciE 23R 0|

7 2 EE

-HIAE0|A 0fa/3t DRBW| HSE s-a-0F 95| ZHEHOZ 415 M 19| o=
SlE D s-a-1S Slsl-AE MS 022 ohso 3129| 2Et0| EA Sof

Faulty circuit value
Good circuit value

J
=l

h

Test vector for h s-a-0 fault
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HDL TtA 0 M= Code Coverage
Gate level == Layout EHAOM =
Coverage & 0| &

Fault

— ATPG - Automatic Test Patten Generation

«  Fault model2 0|23}l Fault Simulation® 335}
Coverage &9l

=H|

—  Zt level OC} 2|O] AU+ Coverage 7t CHELE (?)

+  Ex) HDLO| A 2| Code Coverage?} Gate-leveld|A| &

ofnj7} U H& 81 +& ULk

ol 74
off 2
—  Testbench Al Zt level0| ZEtst coverage £
o 8g Hazt U=

Contribution

—  Z} levelZt coverage O GIAE S BN 7
Code CoverageTto 2 ZEHX| E7t

—  Zt level2 HES| PEESH= testbench 4

— IST-FPGAO] o|O] /YA HME 7ts
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Development Process

HDL Programs Code
(Verilog & VHDL) > Coverage ) Testbench
Synthesis
\ 4
, - Gate level
Co-Simulation . Data flow 7|t}
(IST-FPGA) e I\::[t)ll::t Coverage ——)p Testbench e—p Testbench
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?
Fault
Coverage —pp Testbench
ZHel =
= 0=
- Gate-level
+  Netlist0] data flow coverage M-8 %7 (new?)
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- STA
— Stability Analysis

- Coverage
— 100% Code Coverage

— Multi level Coverage



Universal Verification Methodology

« UVM register model2 2T EQ|0 A S2H0] SIE O | X|AEE S AL DUTS| register contents(register,
memory location)g &, W26t YRE AHSTH L=

© UVM HIZEHIX[Of|M 2X 2| DUTL| SIERO] &&= =3l mirrored & 4fE frontdoor, backdoor &4lS &3l
AN 2 5HY register model H|O[E{H| O] A0 KIH[O] E SHCE O[2{3t register model2 DUTH| stilmulusg& X3
7L} register model HIO|E{H|O| A5 RHO|E St= HACE HAEMX Fd2 715

DYA UVM 20| E 22| S ALE3HOF &

rl

The Register Model mirrors
TEST the content of the hardware

Register Model m\m :n: uw:m DUT

Sequence ¢

rog.write()
reg.read()

seq_item “a
The Register Model provides .
.nm'; pr . A?;puon | e
st e yer Camponent

<18 1> UVM REGISTER MODELZ2| #=
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Verification Verification
O h Analog Design Planning Plan
— ther coverage
.-Dssign
. . Verification -
« Observability-based statement coverage metric Managemer
— Base= statement coverage croaion cotn robseing
— N\
o) M eal number Generation
— Bz = 8lL}7} correct @1X| incorrect Q1X| Netist i
r:;daé?i, Assertons ) ‘

netlist

O £ XIHO0IM monitor StHLE A&

— PLI (Programming Language Interface) At& 11 [ (ovs))
5= ?e API

« Verilog Ol M C/C++ 1t &2 Q10{2t2|
— UVM (Universal Verification Methodology)
« Functional Simulation & ?Ig+ 7|
A

« Testbench@| H|AHZXQl 41} usability == + M|AH X 2l testbench 28



