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KNICS Project

® Development of software for nuclear

power plant reactor protection system
(2000 ~ 2007)

® Jo be deployed in Shin-Uljin NPP in Korea
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Goals

® Use proven-effective formal techniques
when feasible to demonstrate high
reliability

B s Domaln experts should NOT be Ieft alone in
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KNICS and VIS

® |n implementation, code optimization is unavoidable

- Demonstration of behavioral equivalence is critical
- Tlesting is not sufficient

VIS behavior equivalence
is provided when targets are inequivalent
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KNICS and VIS

® KNICS uses FBD as implementation language
® VIS can accept Verilog code as an input

® FBD and Verilog have similar semantics

% Synthesis of Verilog from FBD is straightforward*

i St - . > aindle v - rd == o = PR Rt ey - J e ) ol W5 Thiet ARed S S LY £ or N i
. - Y / " L S SN CRENA I e L B o ) e Jagh=43 F | g Y rh e Y %% g A
e 'P‘s AT A N TS o ] N T SR W ) hr“‘ e WYY @ LT [T . . ) } - P "."". O ( Ve "% R ip g '
3 o fet e i \ v . . y . b b > | " . . >y _ 2 g ’ 4 ) g . eIt . b ‘

o 1aa

Thursday, May 6,



Practical Limitations on VIS

® Unfamiliar user interface

® Overly detailed verification process

vis> read_blif _mv ../../../example/mc/RPS/test.mv
Warning: Some variables are unused in model SEL.
Warning: Some variables are unused in model MUX_INT.
vis> model_check ../../../example/mc/RPS/property.ctl
There is no network. Use flatten_hierarchy.

vis> flatten_hierarchy
is> model_check ../../../example/mc/RPS/property.ctl
etwork has no partition. Cannot create FSHM.
is?> build_partition_mdds
he MDD variables have not bheen ordered. Use static_order.
is> static_order

is> build_partition_mdds
is> model _check ../../../example/mc/RPS/property.ctl

# MC: formula failed —— AG(({((BB.BB.AAA.timer<B>=1 » BB.BB.AAA.timer<1>=0)> = B
-BB.AAA.timer<2>=1> —> ARX(BB.DD.th_Prev_X_Pretrip=08>>)
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® |nformation partialities in counterexamples
decrease readability

- Unchanged input & state values are not shown

- Output values are not shown in equivalence checking

--Goes to state |0:
BB.BB.AAA.timer<0>:0
--Goes to state 8: BB.BB.AAA.timer<|>:0
[BBBBAAAtmer<0>0  |BBBBAAAtimer<2>:l
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® [extual display is not adequate for counterexample
representation

vis release 2.0 --Goes to state 2: --Goes to state 6:
vis> read_blif mv a.mv timer$NTK2:T2 state$NTK2:S0
vis> flatten_hierarchy timer:T2 state:S2
vis> seq_verify b.mv --On input: th_Prev_X_ Pretrip$NTK2:0
--State O: <Unchanged> th_Prev_X_ Pretrip:0
state$NTK2:S| --On input:
state:SO --Goes to state 3: <Unchanged>
th_Prev_X_ Pretrip$NTK2:| timer$NTK2:T3
th_Prev_X_ Pretrip:| timer:T3 --Goes to state 7:
timer$NTK2:TO --On input: timer$NTK2:TO
timer:TO <Unchanged> timer:TO

[--On input:
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VIS Analyzer 3.0

® Graphic user interface

® Automation of VIS verification features
- Equivalence checking
- Model checking
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Side-by-side code comparing
with syntax highlightin,

! VIS Anaklyzer 3.0

[I_-IIC Run Help

:
:

‘ Veliﬁcation %Mudel(‘.hm:kinu Result Result Table Result Charts  Model Checking Result

‘ ey Verilog 1
SN

Pretripn Setnoint
Er WIS configuration
First Verilog source code path
CAcygwinthomelSehun Jeongexamplel2ith / Open
iSecond Verilog source code path

Pl Chcyawinthome\Sehun Jeongexample\Zith_ X Pretrip_Mech v Open

Accept Cancel

i
Werification and model check Ready
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Intuitive counterexample
visualization

VIS Analyzer 3.0

File Run Help

g\leriﬁcaﬁon al‘.‘lodel Checking Result Result Table Result Charts ‘jodel Checking Result

v Scroll Lock

% Verilog 1 Verilog 2

CleygwimhomelSehun Jeongiexamplei2ith _X_Pretrin_Mzanualy ClcygwinthomelSehunJeonglexamplel2ith_X_Pretrip_Mech.v

brxﬁn
Lrtgx-

T >
JUTPUT: 1 - ¥ QUTPUT: 1

» »
OUTPUT 1 - | QUTPUT 1

S E— fr—
OUTPUT: 1 ' QUTPUT: 1

— TR
OUTPUT: O — Y OUTPUT: O

—_— SEEE——
OUTPUT: 0 ! QUTPUT: C

» >
QUTPUT: 1 I OUTPUT- 0

Verification and model check Ready

Thursday, May 6,



Flexible display of verification result

VIS Analyzer 3.0
File Run Help

e Integer format

state input
Initial

Binary format

File1 Output
Initial

Veriﬁcation %Model Checking Result

File20utput
Initial

Result Table Qeg

File1State FileZ2State

1TO S0 1 T0
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Verification and model check Ready
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aw data for reference

VIS Analyzer 3.0

File Run Help

'o‘eriﬁcation @Model Checking | Result Resuylt Table ‘Result Charts ‘Model Checking Result

--0On input:

<Unchanged>

—-—Goes T«

BEE.BBE. A2,
EE.EBBE. A2,
EE.EBE. A2,
--0On input:

<Unchanged>

--0On input:

<Unchanged>

Counter example

# MC: formula passe AG((({(BB.BB.A2AA .  timer<0>

BE.BB.AAA.timer<1>=0) * BB.BB.AAA.timer<2>=1) ->

EX(BE.DD.th Prev E_Pretripzﬂ})}

# MC: formula passe - AG(({((BB.BB.AAA. timer<0>=1 *

BE.BBE.AAA . timer<l> : * BB.BB.AAA.timer<2Z2>=1) -> E(((BB.BB.AAA.timer<0>=
* BB.BB.AAA.timer<1>=0) * BB.BB.AAA.timer<2>=1) U

BEE.DD.th Prev H_Pretrlp=0)}}

Verification and model check Ready
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3-in-1 Model checking window

VIS Analyzer 3.0

File Run Help
Veriﬁcation gh‘lodel Checking <Qesult Result Table Result Charts Model Checking Result

ey Verilog Specification & Fairness
JuUuw -

CAcygwinthomelSahun. JeongiexampleimciRPSitest v ClcygwinthomelSahun JaonglexamplaimcRPS\propeny.ctl
BE.AAA  Timer (U:2]—0 —-= AX
function [0:1] MUX INT 1; 5. DD. Prev X Pretraip=0);

’

input [0:1] inl; AG(BBE.BEB.AAA . tamer [0:2]=3

' - 1 ' -~ M 2 1—C
input J:l] a1ng; .

input :1) in3:

1nput :1] iné4;

VIS configuration
Verilog source code path
I cAcygwinthome\Sehun JeonglexamplelneiRPStesty Open
Model check specification file path

Open
Model check fairness property file path

S . Clicygwinmhomelsehun.Jeongwis- 2 Dexamplesictip3wctip3.1air Open
endiftunction W J ‘ ' ¢ I

Accept Cancel

endmodule

Verification and model check Ready
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VIS Analyzer 3.0
File Run Help

el \sorification 0”5 M Model Checking ‘Result 'Result Table Result Charts A Model Checking Result

gfn Property & Result table Flow chart

F'rn:upemf
AG((((BB.BB.AMAtimer=0==1 * BB.BB.AAAtimer=1==0) * BE.BB.A...
AG((({(BB.BB.AAALIMmer=0==1 * BB.BB.AAAtimer=1==0) * BB.BE. A...
AG((((BB.B .H»&'&tnnur 0==1*BB.BE.AAALIMer<1==0) * BB.BE.A...

Result th_Prev_»_ Pretrip:1

aile | status:00
zaled /_status:00
Failed = e

Passed

SAEATIET. U J

WM =0

my BRI ) DR O

Q0 =~J

Yy gy e
- O

N
[

13
14

Inputs

f_X_Raw:
f X _Raw:
f X_Raw
f_X_Raw:
f X _Raw:
f X_Raw
f_X_Raw:
f X _Raw:
f_X_Raw:
f X _Raw:
f_X_Raw:
f_X_Raw:
f X _Raw:
. 1 000 1 1 |

f_X_Raw:
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1011011 ;
1011011 ;
1011011 ;
1011011 ;
1011011 ;
1011011
1011011 ;
1000111 ;
1000111 ;
1000111 ;
1000111 ;

1n1||||nr|

Verification and model check Ready

AG((((BEB.BEBE.AAALIMer=0==1 * BE.BBE.AAAtIMer=1==0) *

States
ev: 0110010 ;
v: 0110101

. 0111011
Ry IJ1 1 111L|

v: 1000100
ev: 1000111
ey 1000111
. 1000111
. 1000111
ey 1000111
ey 1000100 ;
ey 1000111
1000111

AL A A

"BE.EB.A...

BB.BEB.AAALIM...
,EE-.EE- AAALIM...
ey: 0111000 ; BB.BB.AAALIM...
- BB.BB.AAALIM...
BB.BEB.AAALIM...
' BB.BB.AAALIM...
' BB.BB.AAALIM...
. BB.BB.AAALIM... |8
'BB.BB.AAALIM... |9
. BB.BB.AAALIM... |
'BB.BB.AAALIM... |
BB.BB.AAALIM... |12

Passed

M| &= WM ==

o

=-J

BBE.BE.AAALIM... |13

- BB.BB.AAALIM... |14
. BB.BB.AAA

L Y

tnn... 15

f X _Raw:1010000

Prey:1000111

timer:001
 th Prev }( _Pretrip:1
tétus ]
_status:01

f_¥_Raw: 1000111

t er:010
D.th Prev X _Pretrip:1
status:07
ev_ status:01

f_X_Raw: 1000111

1 X Prev:1000111
BEAAATIMer:011
ED th Prev >( _Pretrip:1
P

E.status:07
Prev_status:01

f_X_Raw: 1000111

f)( Prev1000111

er:100
 th Prev X _Pretrip:1
status:07
ev_status:01

f_¥_Raw: 1000111
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Comparison |

® Equivalence checking process

c:\>vI2myv th_X Pretrip_Manual.v
c:\>vI2myv th_X Pretrip_Mach.v

a 1 >
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Comparison |

® Equivalence checking process

C:\>VI2mv th—X—PretriP_ManuaI'v VIS configur ation 5
C:\>V|2mv th_X_PretriP_M ach.v First Vernlog source code path

Upen
Second Verdog source code path

Open

vis release 2.0 (compiled Sat Jun 14 12:...)
vis> read_blif mv th X Pretrip_Manual.myv
vis> flatten_hierarchy

vis> seq_verify th_ X Pretrip_Mech.myv

"State O: Run VIS combinational equivalence check

St&tG$NTK2:S | E Run V1S model check » With fairness property
Without fairness property

CleygwinthomelSehun.JeonglexampleimciRP Site Sy

VIS Analyzer 3.0
File | Run Help

Result Table '‘Result Charts

E Run VIS sequential equivalence check
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® Equivalence checking result

--Goes to state 6:
state$NTK?2:S0

state:S2

th Prev_X Pretrip$NTK2:0
th_Prev_X Pretrip:0

--On input:

<Unchanged>
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® Equivalence checking result

--Goes to state 6: T |{_X<0>0 |[<State 6>

state$NTK2:S0 f X<1>:] |stateNTK2:S0
f X<2>:1 |state:S2

state:S2 f_X<3>:1 |th_Prev_X_Pretrip$NTK2:0

th_P I"eV_X_P retri P$ NTK?2:0 f X<4>:| [th_Prev_X Pretrip:0

TN f X<5>:0 [timer$NTK2:T5
th_Prev_X Pretrip:0 X<e>:1 |timerTs

--On Input: th_X_ Pretrip: 0

[

e e e T
A e >

<Unchanged>

- - . . . B *®
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® Equivalence checking result representation

f X<0>:0 |<State 6>

f X<I>:] |state$NTK2:S0
f X<2>:| |state:S2

f X<3>:1 |th_Prev_X Pretrip$NTK2:0
f X<4>:1 |th_Prev_X Pretrip:0

f X<5>:0 [timer$NTK2:T5
f X<6>:1 |timer:T5

th_X Pretrip: 0
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® Equivalence checking result representation

IN: T K61
—
Y OUTPUT: 0
llN:f_}(ZSQ
—
© QUTPUT: O
IN: BT
f X<I>:] |state$NTK2:S0 |
f X<2>:| |state:S2 .. )—,,"
f X<3>:0 |[th_Prev_X Pretrip$NTK2:0 2ol I
f X<4>:] |th_Prev_X Pretrip:0 IN: f 52
f X<5>:0 [timer$NTK2:TO
f X<6>:0 |timer:TO »
EeIB SRR OUTPUT:
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Comparison |l

® Model checking result representation
- Similar with equivalence checking

VIS configur ation

Verkog source code path

c:\>vI2my test.v

PModel check specdication file path

vis release 2.0 (compiled Sat Jun 14 12:...) e

vis> read blif mv test.myv
vis> flatten_hierarchy
vis> static_order
vis> build_partition_mdds
vis> model check -d 2 -i property.ctl
# MC: formula failed --- AG _
. 1. E_Run'o‘ls model check P With fairness property
((((BB.BB.AAA.tlmer<O>— I & Without fairness property

CleygwinthomelSehun.JeonglexampleimciRP Site Sy

VIS Analyzer 3.0
File | Run Help

Run V1S sequential equivalence check
E seq 1 Result Table Result Charts

Run VIS combinational equivalence check
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® Model checking result representation
- Similar with equivalence checking

--Goes to state /:
AAf X Prev<(0>:]
AAf X Prev<|>:]
BB.BB.AAA.timer<0>:|
BB.EE.status<0>:|
BB.Prev_status<0>:|
--On input:
<Unchanged>

--Goes to state 8:
BB.BB.AAA.timer<0>:0
BB.BB.AAA . timer<|>:|
--On input:

f X Raw<4>:0

f X Raw<5>:0

X _Raw 1110111

AAT X Prev:1000111
BE.B timer:001 |
BE.DD.th_Prev »_ Pretrip:1
BB.EE.status:07

BB.Prev_status:01 J

lf_x_Rawﬂ 000111

A&f # Prev:1000111
timer:010 |
th_Prey ¥ Pretrip:1
status:07

ev_status:01 F
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VIS Analyzer really
works well?

® Did not apply on a real project

- The KNICS project is ended before the
completion of the VIS Analyzer development
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Conclusions &
Future Work

® Assistant tool for domain experts

® VIS Analyzer enhances usability of the VIS with;
- GUI
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