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1. Introduction

- Strategy and Case Study
— A specific translator : FBDtoVerilog

— Case Study : BP (Bistable Process) of RPS (Reactor Protection system) in
Nuclear Power Plants

It produce the _'Shutdown’ signal to protect a NPP from unwanted situation.

Containment Structure

Scope

An overview of Nuclear Power Plants.
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1. Introduction

 Software Development Process based on PLC

PLC Development

Manual Cng Translation | .. ediate Compile . Pl.ct ’
Translation o°79 __ (Vendor-dependent) (by Certified Tool) !MPlementation

Executable
2 o o g e

Loading

Recently, there are trend
to replace the platform from PLC to FPGA
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« PLCvs. FPGA

— There have differences in stage of software development process

PLC Development

Manual FBD Translation Compile PLC

2 : Intermediate C . i
Translation Coding (Vendor-dependent) (by Certified Tool) _!Mmplementation Loading

Executable
T = e

FPGA Development

HDL

- FPGA Physical
Manual Coding Synthe5|s Implementation Place & Route Implementation Loading

Translation (Vendor-dependent N |' (Vendor-dependent =
T e () e Y e Yoo
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1. Introduction

- We developed the FBDtoVerilog translator

— It automatically translates an FBD to a Verilog program

PLC Development

Manual FBD Translation et Compile PLC :
Translation Coding (Vendor-dependent), BLEnmEG e (by Certified Tool) _/mPlementation Loading
Executable
SRS ----------- ----------- -----------
PLC
FBDtoVerilog
FPGA Development

HDL - FPGA Physical
Coding Synthe5|s Implementation Place & Route Implementation

(Vendor-dependent) Netli (Vendor-dependent
etlist
e e




1. Introduction

- We developed the FBDtoVerilog translator

— It automatically translates an FBD to a Verilog program

A8 SWBMET : pSET - (R)EHY

Manual FBD Translation
Translation Coding (Vendor-dependent)

Intermediate C

(by Certified Tool)

e
d

PLC Development

Compile PLC .
p Implementation Loadmg

Executable s | & n
"""""" file a al 1P
! =2 .?- ¥

T T s
. -

PLC

| FBDtoVerilog (D
\

C;’,';';,g Synthesis

FPGA
Implementation

(Vendor-dependent)
m ----------- i

Place & Route |,

Netli (Vendor-dependent
etlist
(EDIF) I """ (D f  JEDEC

FPGA Development

Physical
lementation

(M We must prove that the translator will work out correctly and safely
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2. Correctness Demonstration Strategy

2. A DEMONSTRATION STRATEGY



2. A Demonstration Strategy

c4
The safety is defined in
terms of translators

Claim The translator
FBDtoVerilog should translate
an inputted FBD program inta
a Verilog program safely

~,

Gl
Claim The translator 'FBDtoVerilog
should always translate source
programs into target programs

safely and correctly

Performing indirect demonstration
it assures that only the inputted

1

51

source program is translated into 4
arget program safely and correctl

Perfarming direct der
- it assures that all source
programs are translated into targej
rograms safely and correctly

A

t By

52
A t By
the translator translates every the trans|ator translates a
possible sources into targets specific source to a target
safely and correctly

safely and correctly

c3
Inputted source program Is FBD

e o o

JAN

Translated target program is Verilog

c3
Claim The translator
FBDtaVerilog should translate
an inputted FBD program into
a Verilog program, safely

G4
Claim The translator

FEDtoVerilog should translate
an inputted FBD program into
a Verilog program, correctly h

Argument By demonstrating
an FBD program and a Verilog
program satisfy the same

safety properties

[
Claim The safety properties
are appropriate

Al
Use the model

checking technique

G6

properties

Claim An inputted FED
program satisfies the safety

G7

Claim A translated Verilog
program satisfies the same
properties, too

S4

Argument By showing safety
properties are exactly
reflecting the safety of an

s5

inputted FBD program

Argument By showing safety
properties are written in
temporal logic precisely

N

v]
Safety properties are
developed through safety
analysis or by domain
Xperts

c8
Claim Confirm whether the
properties reflect the safety
of target system and are well
defined with formalism or not

Safety properties are
witten in temporal
logic for the model
ecker to use

gh 1
Inspection by
experts about

56

Argument By satisfying the

safety properties

a4

As

An FBD program can
be checked by model
checking toals

A Verilog program can
be checked by model
checking tools

Use random scenario
generation technique

Scenarios are generated
automatically

JEPENDABLE SOFTWARE
LASORATORY
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G4

Claim The translator
FBDIoVeritog should translate
an inputted FBD program into
a Verilog program correctly

(%3
The correctness is
defined in terms of
translatars

57
Argument By demonstrating
that the behavior of a Verilog
program Exactly corresponds
to an FED Program

Use co-simulation
technique

G12

Claim Simulation scenarios
are sufficient to cover many
cases and reflect domain
specific features

Al
AVerilog program
can be simulared

A9
Input variables are
continues in NPPs

Ao
An FBD program
can be simulated

G13
Claim The behaviors of both
programs are correct
regarding with the generated
scenarios

AT2

Externally observable
outputs of both programs,
n be identified

Argument By showing that
scenarios can be generated as
many as possible

yd

Argument By showing that
the generated scenarios
reflect the real domain

[}
Claim There is a technigue to
enable model checking FBD
programs

G1o

Claim FBD programs satisfy

the same safety

with Verilog programs

Gl

properties

Claim Verilog pragrams
satisfy the same safety
properties with FBD programs,

sn2
Develop the

‘FBDtoCadences
MV translator

10

scenarios

Argument By performing the
simulation of the bath
programs with generated

s11
Argument By comparing both
simulation results with

externally observable outputs

Claim We can generate a
sufficient number of
simulation scenarios

confirm that the generated
scenarios reflect domain
features well

simulate FBD
programs reasonably

the result of the
Verilog simulation
through ModelSim

features
Gl4 Gis G16 18 Gl
Claim Domain experts can I s Claim We can Obrain Claim We can compare

the simulation results
of FBD and Verilog,
simultaneous|y

ns
Develop an Sn6
automatic
‘Scenario

Inspection by
domain experts

G17

Sn7
'FBD Simulator”

Develop the
'FBD Simulator’

Sn 8

Claim We can obtain
the result of FBD
simulation through

FBD simulation
results from the
‘FBD Simulator,

Sn9
Verilog
simulation
result
From ModeiSi

Sn 10
Develop the
FBD-Verilog
Comparator’
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. emonstration Strategy
- - - - - - - __ __ —_ - - - - - - --
Gl |
Claim The translator “‘FEDtoVerilog
should always translate source B N
programs inte target programs /(‘5 )
safely and correctly { Performing indirect demonsrrntlon\ i
| - it assures that only the inputted |
é Top goal | source program is translated into a /
VA rget program safely and cnrrecﬂy/
o Y ; - -
AT /s [ sz / /” ™~ '
{ Performing direct demonstration / Argument By demonstrating [/ Argument By demonstrating .-’f {C3 y
| =it assures that all source pmgmmsh—;’ the translator translates every .-’J ,.*f the translator translates a F :-: Inputted source program is FED |
\, are translated into targel programs/ I possible sources into targets I ! specific source 1o a target Il.-" \ Trans|ated targst program is Verilog)/
afely and correctly / ll.-" safely and correctly II.-" J.." safely and correctly / \ _/ |
- - = —— - -
o3 G4
Claim The trans|atar Claim The trans|atar !
FBDtoVerilog should translate FBDtoVerilog should translate !
an inputted FED program into an inputted FRD program into
a Verilog program, safely a Verilog program, correctly
M M
AN A .
A A 1

- Top goal: The translator 'FBDtoVerilog® should always
translate source programs into target programs safely and
correctly.

2014-11-05
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2. A Demonstration Strategy

—-

Gl
Claim The translator “‘FEDtoVerilog
should always translate source
programs inte target fgograms
safely and carrect

Performing indirect demonsrratlm i

| - it assures that only the inputted |
saurce program is translated into a /
rget program safely and cnrrecy

_—— — ‘I‘—-— - - 1
/Cf 51 z f— \\ '
{ Parforming direct demonstration Argument By demonstrating Argument By demonstrating C3 )
| =it assures that all source programsf=—/ ; the translator translates every the translator translates a e+ |nputted source pragram is FBD |
are translated into target programs possible sources into targets specific source 1o a target Translatec target program is Verilog
afely and correctly safely and correctly safely and correctly H
- - - ——— 4
Direct demonstration VAN - —_| Indirect demonstration
o3 G4
Claim The trans|atar Claim The trans|atar !
FBDtoVerilog should translate FBDtoVerilog should translate !
an inputted FED program into an inputted FRD program into
a Verilog program, safely a Verilog program, correctly

A JAN :

- Direct demonstration approach
- Indirect demonstration approach

2014-11-05



2. A Demonstration Strategy

[RDerennanLe SorTwaRe
MY Cascaaronr
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Input Target
program program

Safety/Correctness
demonstration /

) —a—
N\

BltoVerilog
B SOUrCe

%gr‘lms

S|

./gzrfo rming indirect demonsrrntlon\

& =

| - it assures that only the inputted |
\ source program is translated into a /
rget program safely and cnrrect_ly/
— -

:ﬁ.rgument By demonstrating [ C3 \

the translator translates a
LpEt_Irll'_ source 1o a large'l

safely and correctly

\
el Inputted source pragram is FBD |
.\;rranqlatac target program is 'lu"pri-ln/g!.'

PN

True False

Indirect demonstration

Direct demonstration approach

e

----____lpdireci' demonstration

nslatar
ihould translate
D program into

G4

Claim The trans|atar
FBDtoVerilog should translate
an inputted FRD program into

ram, safely a Verilog program, correctly
A o

™ A

— A

KONKUK
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Indirect demonstration approach

2014-11-05
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2. A Demonstration Strategy

—-

Gl H
Claim The translator “‘FEDtoVerilog
should always translate source B N
prugrarns into '|.r.'l.rgﬂ|. prugrams /(‘5 )
safely and correctly { Performing indirect demonsrrntlon\ i
| - it assures that only the inputted |
source program is translated into a /
VA rget program safely and cnrrecﬂy/
o — - - -
AT /s [ sz / /” ™~ '
{ Performing direct demonstration / Argument By demonstrating [/ Argument By demonstrating .-’f {C3 y
| =it assures that all source pmgmmsh—;’ the translator translates every .-’J ,.*f the translator translates a F :-: Inputted source program is FED |
\, are translated into targel programs/ I possible sources into targets I ! specific source 1o a target Il.-" \ Trans|ated targst program is Verilog)/
afely and correctly ll.-" safely and correctly II.-" J.." safely and correctly / \ _/ |
- - va ——— -
o3 G4
Claim The trans|ator Claim The trans|ator !
FBDtoVerilog should translate FBDtoVerilog should translate !
an inputted FED program into an inputted FRD program into
a Verilog program, safely a Verilog program, correctly
F P
Y,
Safety A /%, Correctness !

- Safety

— Definition : A translator is safe, if safety properties are satisfied with the input
and output programs simultaneously.

« Correctness

— Definition : A translator is correct, if the behavior of a translated program is
the same with its source program for all possible input scenarios.

2014-11-05



2.1 The Safety Demonstration Strategy

r 54

(e N\

'I The safety is defined in jo——— an FBD program and a Verilog

G3

Claim The translator
FBDtaVerilog should translate
an inputted FBD pregram into
a Verilog program safely

Safety

:

Argurnent By demonstrating
—

T

B

n-: Use the mode| |
' checking technigue
M
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' terms of translators /,t /' pregram satisfy the same /
S - / safety properties f—

— —

GE

G5
Claim The safety properties
are appropriate

Z

Argument By showing safety
properties are exact|y
reflecting the safety of an
inputted FBD program

~

" ss

properties are written in
temporal legic precisely

,»A’z

Safety properties are
| developed through safety |
'\ analysis or by domain

“experts

™,

G3 AT
Claim Confirm whether the

properties reflect the safety | written in temporal | -~
’,-' of target system and are we|| logic for the mode| J' /
A | defined with formalism or not ecker Lo use -

I

1]

1
fInspection by %,
l' experts about |
\ each domain |
\systemand  /

‘fQ{nallsm /

.

properties

Claim An inputted FBD
program satisfies the safety

G7

Claim A translated Verilog
program satisfies the same
properties, too

Argument By showing safety

/

!

[ Safety properties are

— "

Ad
An FBD program can

/
-]

Argument By satisfying the
safety properties

— /A

, be checked by maodel
~{heck|ng tools S

! - o

\

- ! A

T A Verilog program can |

\ be checked by model |

\Ehccking toals S
e -~

G
Claim There is a technique to
enahle mode| checking FED

Gla

Claim FED programs satisfy
the same safety properties
with Verilog programs

Gl

Claim Verilog programs
satisfy the same safety
properties with FBD programs

programs

e

-,

\.\\

/sn 2 kY
[ Develop the 1
| 'FEDtoCadences |

MV translator [/

NS

2014-11-05

Fompare the
/ ompare the ™,
{ mode| checking ',
| result of FED |
| programs with |
Verilog ;"
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! model checking |
|
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2.1 The Safety Demonstration Strategy

/54
Argument By showing safety

.I'/’. )
[ c4

| The safety is definad in
' terms of translators

"

63

Claim The translator
FBDtaVerilog should translate
an inputted FBD pregram into
a Verilog program safely

]

53
Argument By demonstrating

program satisfy the same

~ safety properties

an FBD program and a Verilog

G5
Claim The safety properties
are appropriate

p Y

.'sl;

properties are exact|y
reflecting the safety of an
inputted FBD program

Model Checking

" Argument By showing safety
properties are written in
temporal logic precisely

b
| ——
LASORATORY
Safety
[ A1
Use the mode|
\, checking technigue
Model Checking
~y
GE ™ G7
Claim An inputted FBD Claim A translated Verilog
program satisfies the safety program satisfies the same
properties properties, too
9 ,’{' - -
\.\‘\ ;'f / ,'5“4 \\‘\
\k ’;' [ An FBD program can |
| be checked by mode|
System Model | System Property ]
Model ‘_,/
Checker

Given a model of a system, exhaustively and

automatically check whether this model meets a

given specification.

We used a model checking tool CadenceSMV

2014-11-05
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Counter
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A typical model checking work-flow
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(e

™

G3

Claim The translator
FBDtaVerilog should translate
an inputted FBD pregram into
a Verilog program safely

l

/53
| { Argument By demonstrating

[/

JEPENDABLE SOFTWARE
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T

B

.: The safety is defined in o an FBD program and a Verilog f— L-: Use the mode| |
\ terms of translators / / program satisfy the same I ' checking technigue
A - / safety properties f.-‘--. . N
GE G7

G5
Claim The safety properties
are appropriate

,_ p
/54

/ Argument By showing safety
! properties are exactly

/ reflecting the safety of an

! inputted FBD program

A2 ", |G
[ Safety properties are v | Claim Canfirm whether the
| developed through safety | properties reflect the safety
' analysis or by domain of target system and are we||
“experts defined with formalism or not

1]

1
fInspection by %,
l' experts about |
| each domain |
Y systemand

‘fQ‘r\rrtﬂ is rn-’._//'

Safety Property

Y

I

" ss

| W
! \
/

V4

I

.

Claim An inputted FBD
program satisfies the safety
properties

Claim A translated Verilog
program satisfies the same
properties, too

logic for the mode|

Model Checking

Argument By showing safety
properties are written in
temporal legic precisely

!
Y /
% !

[/ Safety properties are

ritten in temporal |

necker Lo use -

-

A4 ™,
{ An FBD program can |

ki
-]

Argument By satisfying the
safety properties

, be checked by maodel .-'I

F—"" checking tools /
J e S
b /As ™

- b
o A Verilog program can |
\ be checked by model |
checking toals J
Nchec /

-~

G
Claim There is a technique to
enahle mode| checking FED

Gla

Claim FED programs satisfy
the same safety properties
with Verilog programs

Gl

programs

e

-,

\.\\

/sn 2 kY
[ Develop the 1
| 'FEDtoCadences |

MV translator [/

NS
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Fompare the
/ ompare the ™,
{ mode| checking ',
| result of FED |
| programs with |
Verilog ;"
o _[’-:I.I"I'IS____/'/

Claim Verilog programs
satisfy the same safety
S
I."r(_'clmpare the %
\ result of Verilog |
', programs with /

properties with FBD programs
"_,.--- B
5h 4 ™,
| model checking |
D pregram
FED pr _9___/5/



2.1 The Safety Demonstration Strategy

o

G3 1
Claim The tra
FBOtaVerilog ¢
an inputted FE
a Verilog prog

N

fSS
{ Argument By

| The safety is defined in I- — anFBD progra

Y terms of translators

— / .'lllll.l

program satis
safety propert

G5
Claim The safety properties
are appropriate

Safety Property

Y

/34 [ /55

ﬁw'

) A
;-" Argumgn?' Iﬁ safety / / Argument By showing safety
/ propertiegre ex ¥ {f . R .

{ reflectig the gty of an I
ogram ff

LN

/F"J L ﬁi‘ ™,
Safety properties are

| developed through safety |

'\ analysis or by domain

“experts

Ga /

Claim Confirm whether the
properties reflect the safety |
of target system and are we||
defined with formalism or not

1
fInspection by %,
l' experts about |
\ each domain
\systemand  /

TQ{nallsm /

/

vy

I

T

properties are written in
temporal legic precisely

i
i
\\
N
AT
[ Safety properties are
written in temporal |
logic for the mode| y
necker to use -
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Goal 5

— Claim the safety properties are
appreciate

Assumption 2

— Safety properties are reflecting
important safety features of the
target input/output programs
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2.1 The Safety Demonstration Strategy

G3
Claim The tra

Goal 5
FBOtaVerilog ¢

an nputed — Claim the safety properties are
- appreciate

™, /53
//C4 Y /! Argument By

| The safety is defined in I- — anFBD progra
\ terms of translators / /' program satis)

/' safety propert

s

Assumption 2

— Safety properties are reflecting
important safety features of the
target input/output programs

G5
Claim The safety properties
are appropriate

Safety Property

/54 (
{ Argument howjgg safety

f,.*'ll properti )Hx
r:; F_gl}es qq;;r * w temporal legic ‘Ism ﬂ
P La—_* Assumption 3

/ .-"Il
i Argumem hohg safery f
/}  properties areQyritte !

f

{ Safety properties are | Claim Confirm whether the Sar ety properties are .
| developed through safety | properties reflect the safety || written in temporal | - They We” fo rmed Wlth the
nalysis or by domain /| of target system and are wel \ logic for the model J_."
\qxperts /| defined with formalism or net| “checker to use A formalism Wthh the mOdeI

'.""L'\ checking technique requires

fInspection by %,
L prperte sboyt |

Natural requirement
"If PV_OUT (An input sensor value) is more than the TSP (Trip Set-Point) for a
predefined time, then the trip signal should be fired (TRIP_LOGIC = 1) immediately."

CTL formula
- AG((PV_OUT > TSP) & (TRIP_CNT >= (MAXCNT - 1)) — AX(TRIP_LOGIC = 1))
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2.1 The Safety Demonstration Strategy

e e Goal 5

Claim The tra
FBDtaVerilog

an inputted F — Claim the safety properties are

a Verilog prog .
N - appreciate
/:4 /53

.f Argument By
| The safety is defined in I-a —,‘ an FBD progra

terms of translators / program satls
\__ __/ / safety propert
e

T

Assumption 2

Claim The safety properties — Safety properties are reflecting

i important safety features of the
/ \ .f target input/output programs
/54 I

/ 2:3::;?:?4% e ;fl “‘“""’"'}% i

Safety Property

e B

/ reflectigy the sagry of an Jf ;:f:;;ﬁ:;i m—ss /
—l—_g. L g : Z ;.l Assumption 3
- & ° u |
/ngely properties are \ E?aum Cunll ther the [ Safety properties ar_:\‘», p .
| developed trough saery | | propertes iecchre saer |{ writen ntemporl — They well formed with the
\Q{.Eerts / definedﬂfﬁr Wlbrr;ot \cngckerm use -____/: formalism Wthh the model
_f{-;'wl ~ checking technique requires
fnspection by
| exehdoman |
I\:{S\tenﬂ and /,
« Evidence

— Inspection by experts about
S each domain system and
formalism
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2.1 The Safety Demonstration Strategy

Goal 6, 7

— AnInputted FBD and a translated Verilogspous wansiate

satisfy the same porpoises

Assumption 4, 5

— Are there model checker for FBD and
Verilog?

translator

BD pregram into
rogram safely

T

By demonstrating
gram and a Verilog —
tisfy the same ."'
erties (—

.,.f"f /A

n-: Use the mode|
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~

' checking rechnigue
.

GE
Claim An inputted FBD
program satisfies the safety

G7
Claim A translated Verilog
program satisfies the same

properties

properties, too

Model Checking

/

I
.-/‘
/

N/

- -,

ki
-1

/

Argument By sagisfying the
safety prnuerueal

A4 ™
( FBD program can "I
l = - -b ecked by model J

chec tools /
S %‘9 S
." - -‘"\

b
rilog program can |

e E@ checked by mode| ..I
e hcckmg toals J
_-"/

G
Claim There is a technique to
enahle model checking FED

Gia

Claim FBD programs satisfy
the same safety properties
with Verilog programs

Gl

Claim Verilog programs
satisfy the same safety
properties with FBD programs

programs

TN

/snz kY
[ Develop the 1
| 'FEOtoCadences |

MV translator [/

NS
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2.1 The Safety Demonstration Strategy iy

Goal 6, 7 P s —.—-—-

translator

— AnInputted FBD and a translated Veriloggsaoa ransiate
H H rogram safely
satisfy the same porpoises R

7 —
.'

By demonstrating ..-“' ’/A] \-

gram and a Verilog — n-l Use the mode| |

Lisfy the same i '-.\Eheckmg technigque

Assumption 4, 5 ries e

— Are there model checker for FBD and - -
Ver||og7 Claim An inputted FBD Claim A translated Verilog
: program satisfies the safety program satisfies the same .
properties properties, oo Model Ch:eck|ng

i

- -

Evidence 2 \_ / ‘A@”

. / l —— - _'-:hec et;eti;:ﬁ; model /

— Claim that there are model checkers to / s6 JEA /
heck both programs i et il ey ™

¢ p g / W —— ‘ilng program can 3

9 We d eveloped the \‘. £ ~/}/ T I..E checked by model .-"I

checking toaols

'FBDtoCadenceSMV ) 2°? \ = !

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
Glo GI1 :
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

oo
Claim There is a tcclquc Claim FBD programs satisfy || Claim Verilog programs

enahle model -:he’ng Fv the same safety properties satisfy the same safety
programs with Verilog programs properties with FBD programs
4\’” =< T
l;/ 5 gmpare the fﬁ 4 \\'
/8n 2 \ | rnodel checkin Campare the
[ Develop the 1 ( g I' model checking |

|I 'FEDraCadenczEln I ;tr;ul:a?i:fﬁm ..I
Y MV translator J 4 ! \‘programs with ;'

A “Werilog
\__ / \rqgrams e s FEE_?_rogfny

| result of Verilog |
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EPENDABLE SOFTWARE

2.1 The Safety Demonstration Strategy -—
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Goal 6, 7 e
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|
I
|
I
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I
|
I
|
/ ~ \ '
|
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|
I
I
I
I
|
I
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I
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. ~ I
I ' ha )
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2.1 The Safety Demonstration Strategy |

The translator work Sfey

a Verilog program safely
P . ' R

” 53 / ’
./54 \x / / [ N

{ Argument By demonstrating ! \
| The safety is defined in | — anFBD program and a Verilog f—— Use the mode| |

' terms of translators program satisfy the same ! ' checking technigue !
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i

/ -
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/54 f / \ 7 /A4 N
/ Argument By showing safety / “ ! i ! An FBD program can i
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N pragrams FED programs/
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2.2 The Correctness Demonstration Strategy B
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2.2 The Correctness Demonstration Strategy B
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2.2 The Correctness Demonstration Strategy B
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In summary

- In summary, we constructed our purpose and strategy with the

GSN.

—  We first set up the top-level goal (G1) and divided it into two parts, safety
(G3) and correctness (G4), then presented sub-goals, arguments and
evidences to accomplish upper goals.

(G1) ‘FBDtoVe?g’ does work

safely and correctly

All evidences are founded

Evidence

Evidence

Evidence

Verilog
FBDtoCad Evidence simulation

enceSMV ~ reSUIterilo Automatic
. v o
Scenario 9 comparisio

Generator simulation .
result

Inspection

Evidence
by experts

FBD / Verilog

Model Checking
result




3. THE DEVELOPMENT OF SUPPORTING
TOOLS



3.1 FBDtoCadenceSMV B S

- FBD program - input program of Cadence SMV (Model checker)
(Translate)

= Simulation e ] o
* Generate Cadence SMV Model *

Model input console
Input File :  C:\Users\Sub\Desktop\FBD SimulatorBP xml Open_ Model Input : BP.xm

Generation =
Generation : C:\User

®) FIX_RISING FIX_FALLING MANUAL_VSP_FALLING VPS_RISING VPS_FALLING MANUAL_FALLING vps-rising BP

Max Cycle
Max Cycle : 100

1
1
|
1
|
|
|
|
‘ POU List
|
1
|
|
|
|
| Generation  Cancel

module example (in, clk, reset, out);
input in, clk, reset;
I output out;
T} 6 ot
= [, e wire in, clk, reset
T
reg mid1, mid2, out;
always @ (posedge clk or negedge reset) begin
if(freset) begin
ST i1 <= D-
oty mid1 <=0
[RIP_toere 1 1o mid2 <= 0;
[ }——t__J out <= 0
STz end
6 o [FeF o] -
[T L v else begin
= 1 = mid1 <= in;
mid2 <= mid1;
’—‘n_mr_z Imm woL_2 SELOLT
FooT [FRIP_teeic ifin==1 && mid1==1 && mid2==1) begin
<i [ S — ot <= 1
[ o ] e end :
ST 2
. o else begin
FBO_IHT 2 ) out <= 0;
n Ef
end
end
endmedule




3.2 Scenario Generator B

- The 'Scenario Generator randomly generates a number of
scenarios within predefined constraints on input values.

& simulation =
* : *
Scenario Generator
Model input console
InputFile : C\Users\Sub\Desktop\FBD SimulatorBP xml Open | | |Model Input: BP.xml
- 1 Selection : FIX_RISING
ADD:2
POU List ADD: 3

Generation Start
© FIX_RISING @ FIX_FALLING @ MANUAL_VSP_FALLING @ VPS_RISING @ VPS_FALLING @ MANUAL_FALLING @ vps-rising @ BP | |Generation OK

Input Variable List

Scenario name type Initial Value Rate
1 PV_OUT INT 15000 10
2 PV_OUT INT 16000 20
3 PV_OUT INT [17000 30
Cycle 100
Num 100
ADD J |

Name begin

P initial -
pexea 1.0 FBD | |coin Verilog
#(SYSCLK_PERIOD * )
npucs pegin NSYSRESET =
Pv_ouT #(SYSCLK_PERIOD # 10 )
E."l; NSYSRESET =
#(SYSCLK_PERIOD * ) pulse = 1; PV_OUT = ; #(SYSCLK_PERIOD / ) pulse =
ssmuravion pegin # (SYSCLK_PERIOD * ) pulse BV_OUT = PERIOD / ) pulse =
14998 14997 15001 14996 15000 15000 14995 14997 14992 # (SYSCLK_FERIOD * 50 ) pulse Ev_ouT = PERIOD / ) puise =
14986 14977 14975 14969 14967 14963 14968 14961 14964 # (SYSCLK_PERTOD * S0 )  pulse FV_ouT = PERIOD / ) puise =
14954 14953 14961 14958 14954 14956 14953 14946 14952 :;g:giz—siiigi : ; E:i:: :—gE - isgigﬁ ; ; E:l‘:: -
14355 14962 14956 14962 14966 14965 14963 14962 14971 §(YacLi bERTOD = o ) butee o - tERtoD 7 ) el
15963 14959 14953 14950 14941 14932 14929  1492¢ 14929 K - .
# (SYSCLK_PERICD * ) pulse BV_OUT = : #(SYSCLK_PERIOD / ) pulse =

14934 14927 14924 14918 14917 14917 1492¢ 14927 14922




KONKUK |

« The 'FBD Simulator works intwo modes.

— This FBD Simulator executes one scenario and visualizes the results in a form
of graphical chart.

— It support a verification of functionality of FBD.

& Samalation [XsX ]
*FBD SIMULATOR *
Input Lt . Operaon | ¢ Graph
fiame gt (el ComentCyce: X2 Ned | e seeceen. B PouT [ ase e O wowe [ sk [ coonn_sia B rse B erse [ e [ ee [ piee_ose [ moroes [ Proe_ont [ TRiF_GNT
P_ouT [F200 onmy || |
Output List |
1 oo [arwe |o o o o o o
] Zrer0_ 2130 [0 0 0 o 0 0 320001
E L e N N N TR 31,500 |
a 2810 [171%0 [0 o o o 1 1
5 2870 (2730 [0 o 0 o i3 : 10001
6 21870 (27300 [0 o o o 3 3
7 27870 (37300 [0 o o o 4 “ 30,500 1
8 27870 (27300 [0 o o o 5 5
5 zeT0 |zEe 0 o o o 5 5 30,600 {
W [zEm (2o o o o o 7 7
1 27570 (27300 0 o o o 3 3 28,5001
RHG_E fo mooLy |12 amere (gramo |0 o o o 0 0
13 |amsm jgmowe |1 1 1 1 0 0 2H.0001
W g (mmow 1 1 1 1 o o
28,500 |
B gm0 [ame o 0 0 0 0 0 23,500
W [ amee o o o o o o
W [ amee o o o o o o 28,0007
W o |aee |0 o o o 0 o 27500
W [ jamee v v 1 v o 0
w e [arew |1 1 1 1 0 0 27,000
B [mav [zree |1 1 1 1 0 0
T [ [mmae 1 1 1 1 o o 26,500 {
T [mom [ams0 |1 1 1 1 o o
2 29370 msoe |1 1 1 1 o o 26,000
o (296 (29100 1 1 1 1 o 0
o g 1 ooy || 26 [20870_|2ason | i i n o o 25,5001
T o [mmes 1 1 1 1 o o
aEp BooLy ! } ! ! ! ] J ! 250001
W 30570 (30000 1 1 1 1 o o 23,000
.mnrsml-n—l.m).” eTe 3030 1 1 1 1 0 0 s
Locaitst W e [aose 1 1 1 1 o o 24,500
3T [a0we 1 1 1 1 o o
I + + + ' B . 240001
G |3t 1 1 1 1 o o
23,5001
230001
01 2 % 4 5 6 7 B 9 16111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 25 30 31
- Cycle -
FY_OUT & TSP & BTSP
| —— ,




3.4 FBD-Verilog Comparator 2 g—

- Automatic comparison between FBD simulation and Verilog
simulation results.

e Simul;ninn
* FBD & Verilog Simulation Comparator *
Simulation Result (FBD) console
Input File - |C:\Users\Sub\Desktop\Original EX\FIX-RISING-TRIP\FBD-ResultiResult txt Open ||Comparision Start
|Scenario_1_01is OK
Simulation Result (Verilog) |Comparision OK
Input File : |C:\Users\Sub\Desktop\Criginal EX\FIX-RISING-TRIPWVerilog-Result Open
Comparator| | Cancel ‘

Selection : TSP |v| TRIP v| TRIP_CNT |v| TRIP_LOGIC
FBD Graph C Graph

10 ] 10 ]

] [ ] 9 "

8 [ 8 »

7 " 7 '

6 [ 6 L

5 [ ] 5 .

4 [ 4 [ ]

3 L ] 3 ]

2 1 2 |

1 [ ] 1 ']
0 0
............................................... Cycle Cycle
# TRIP_CNT - TRIP_LOGIC # TRIP_CNT -& TRIP_LOGIC
pe—---———————— === ——— == ———— == ———————— = - ————— = === ————1




1. The Safety Demonstration
2. The Correctness Demonstration

4. CASE STUDY



4 - c ase St U d y e

«  KNIC project RPS (Reactor Protection System) BP (Bistable
rocess)

[eodule fix_riming (zat, cix, PV_OUT, TRID_CNI, TAIP_LGGIC, IS9):

—
e S 131201 Tars_car;
cetpas Ta1o zontc; s sosec,
e it
s
i

° = 0

wire AND BOOL_2_wire_3_OUT;

FBDtoVerilog

2 SEL_INT_2_16(rst, elk, GE_TNT 2 1
elx, TSP, HYS,

assign TRIP_CNT_CONT = SEL_INI_2 wire 3_OUT:
assign TRIP_LOGIC_CONT = SEL BOOL 2_wirs 15_OUT;

Verilog program for FPGA

FBD program for PLC



4.1 The Safety Demonstration (G3) [T

«  We performed model checking with the Cadence SMV

« We developed 28 safety properties with assistant from domain
exports and referable papers.

* EX)

—  "If PV _OUT (An input sensor value) is more than the TSP (Trip Set-Point) for

a predefined time, then the trip signal should be fired (TRIP_LOGIC = 1)
immediately."

— AG((PV_OUT > TSP) & (TRIP_CNT >= (MAXCNT - 1)) = AX(TRIP_LOGIC = 1))

i



* Generate Cadence SMV Model *

Mot input

Ingut Fila© C \WUsers\SubiDesMopB0 SimutatonP xmi

POU List
 FICRISNG

Max Cycle

FICFALLING

MANUAL_VSP_FALLING ~ VPS_RISING  VPSFALUNG  MANUAL FALLNG

Max Cyele

Generation | Cancel

vps-rising

100

74 AN

File Prop View Gota itary Abstmaction
Browser | Properties | Results | gone | Using | Qroups |
T —]

Property

1A% ([PV_OUT>TSPJ{TRIP_LOGIC=0{TRIP_CHT=D]) »(A% (TRP_GHT=1))
)
SP=15)

e MonMayZs
e

Mon May 25
Mon May 25

ay 2
Mon May 25
Man May 25

| source | Trace | Log |

Fila snow

b ) > o 32 s
e s0sic) 37 (reae_cur

) 2 (PIRIEGHT +3) 1 01 3 Wi

)7 (PTsE - e

search

Cadence SM\/

FBDtoVerilog

Verilog program for FPGA

Safety Properties

-9

True

False

Counter Example

4 RN sy

Eie Prop view Goto Hiswry absraction
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4.2 The Correctness Demonstration (G4) B

- We performed co-simulation with co-simulation environment.
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4.2 The Correctness Demonstration (G4)

Name Scenarios Initial Rate Cveles

of Logic CEHAHOS Values of Change yeles
FIX- 27,000 - 28,000 10 - 100

RISING 10,000 (Stepwise: 100) | (Stepwise: 10) 100
FIX- 12,000 - 13,000 10 - 100

FALLING 10,000 (Stepwise: 100) | (Stepwise: 10) 100




5. CONCLUSION AND FUTURE WORK
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This paper proposed an indirect strategy for demonstrating the
safety and correctness of the 'FBDtoVerilog translator.

We used the safety case technique and GSN to explain the
proposed strategy more precisely and systematically.

We also developed several CASE tools to support for deriving
evidences.

—  'FBDtoCadenceSMV' ‘Scenario Generator, 'FBD Simulator and
'FBD-Verilog Comparator.

We then performed a case study with an FBD program of the
KNICS APR-1400 RPS BP in order to demonstrate the safety and
correctness of the 'FBDtolerilog, indirectly, according to the
demonstration strategy proposed.



Fu t u r e Wo r k |

- We are now trying to increase the confidence and
thoroughness of the ‘Scenario Generator .

« We are also planning to apply to other translators which we
developed, such as 'FBDtoC and 'NuSCRtoFBD.

«  We expect to extend the proposed techniques into a safety and
correctness demonstration framework for general translators
and compilers.
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