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Model-Based Development for I&C Software

MB D(ModeI-Based Development)

. Software development approaches in which abstract models of software systems are
created and systematically transformed to concrete implementations
» Reducing the gap between problem and software implementation domain
» Using technologies that support systematic transformation of problem-level abstractions to
software implementations
» Using models that describe complex systems at multiple levels of abstraction through automated
support for transforming and analyzing models

o Problems

Systematic
Transformation

Software Implementations
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MBD for I&Cs

Highly recommended to systematically cope with standards and regulations on software safety

Formal Model Modeling Tools

Model Transformation Tools

Effectively
Specific . linked
Domains Model through Analysis Tools forwardly

& backwardly
Testing Tools

Code Verification Tools
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The Platform Change of Digital I&Cs from PLC to FPGA

In order to reduce the maintenance cost of PLCs and use more computation power than PLCs

However, it is too risky!

It is not the change of SW development methods, but that of development paradigms.
PLC — FPGA = CPU-based Software — Net-based Hardware

SW-Centric HW-Centric
e Development =~ o3 Development N
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Typical Software Development Process for PLC-based I&Cs

Requirements Analysis Implementation

4 i i
o) | |
< | :
Q ! ]
5 FTA, FMEA, HAZOP | FTA, HAZOP
B, A | A |
@ | |
by PLC SW Engineering Tools
S s e
< ! |
2 i FBD/LD C Executable
'§ SRS | Program | ; Program cogfcfor
L) i
=4 Pro';,'i;rr'rl:rar:ing Automati{l: Translator COTS Compiler
=, v : \4 | \4 v
S Inspection Inspection Testing Simulation
- | ! / Testing
S I |

EPENDABLE SOFTWARE 5
LABORATORY



K KONKUK

TUNTVERSITY

Typical Software Development Process for FPGA

Requirements Analysis FPGA Implementation

HDL
SRS | Proaram 4 > Netlist > JEDEC
Manual‘: (Verilog VHDL) Synthesis e eeif
Programming

Optimization
Placement & Routing
Design Verification
Configuration

by FPGA SW Engineering Tools

The parallel processes for safety analysis and verification as the PLC
have not yet been defined for safe-level I&C Applications!!!

No commercial FPGA implementation for RPS or ESF-CCS, yet.
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An Overlap of Two SW Development Processes

Requirements Analysis Implementation

» | i
2 : l
; e
Q ! : 72 Y
= FTA, FMEA, HAZOP i FTA, HAZOP ! ! \
S | | I I
a. A ! A | : Executable :
: i H : C : Cogfcfor :
: ! Program | !
: : \ !
9 | FBD/LD i " TT77777COTS SW Engineering Tools
3 ' Program .
_§ SRS E i
':," i Ver::l,sogg/ra\::lDL E FPGA Implementation
i E VHDL 'I E:GL :
| | : Synthesis
£ | : | ]| Netlist Tool
= ! ! ! Tool
Y Inspection : Inspection : A
= | | COTS SW Engineering Tools
5 | |
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The Scope of NuDE 2.0

Requirements Analysis Implementation
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An Overview of NuDE 2.0

4 NuDE (Nuclear Development Environment) 2.0
An formal methods-based MBD for Digital I&C software

» Target platforms: PLC & FPGA

Starting from a formal SRS in NuSCR

Supporting various V&V methods
* Model Checking
» Equivalence Checking

Considering safety demonstration of
commercial SW synthesis tools

From an SRS in NuscrR or SDS in FBD,
the PLC and FPGA implementations
can be generated simultaneously.
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Quick’

FBD Tester
FBD Simulator
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Safety amolysis
H /’), Fault Tree Analysis
NuFTA H
NUSCRECSMY verification
+sm
i Model checking

NuSCRtoFBD

Safety analysis

FBD Editor Fault Tree Analysis

FED_FTA

' Verificati
FBOtoVerilog 1.8 REEEaEen
FALE A .i X ~—3 Equivalence checking

Medel checking

LS VIS Analyzer

FBOtoC

_ ImplLementation

C Program

Executable
Code

PLC

in Commercial
PLC Software Engineering Tools |

FBDtoVerilog
2.8/2.1

o

FPGA

Implementation

Y

Verilog

‘_\h—____‘} Safety & Correctness

Demonstration

_::f Equivalence Checking
EDIFteBLIF-My |  Co-Simulation
o i HW/SW Co-Simulation

Synthesize

in Commercial .9
FPFA Software Synthesis Tools

FPGA
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The NuDE Components

NuSCR Editor
NuSCRtoFBD
FBDtoC PLC SW Development
FBD Tester

FBD Editor _ I
FBDtoVerilog 2.0/2.1 | FPGA SW Development
FBDtoVHDL i

Development

+ + + + + + +

' + Quick Checker

o + NuSCRtoSMV + SMV
Verification | + FBDtoVerilog 1.0 + VIS & SMV
VIS Analyzer

-+
+ FBDtoVerilog 1.2 + HW-CBMC )
+ EDIFtoBLIF-MV + VIS | FPG

PLC SW Verification

N C\AI \nwif:mn ks on
G OVyY Criricallivii

<

+

NuSCR_FTA

Safety Analysis FBD FTA

PLC SW Safety Analysis

+

Scenario Generator

FBD Simulator

FBD-Verilog Comparator The scope of this paper!
C Simulator

FBD-C Comparator

FBD-Verilog-Netlist-JEDEC Comparator

Supplementary
Tools

TR

+ + + + + +
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NuSCR Editor (nusrs 2.0)

4 15 Mew_Nude
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4 [ NUSES
& (NUSCR) RPS B (20130716)3ml

0 items selected

= Hiersrchy Window 1 - |

=L
v EloBF

& 9§ LO_SG1_LEVEL
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[ Cutgt
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) Duagram Window = n
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[x] I
[m}
Q
o]
(=]
(=]
Fimm ) B
[ Type Windew = =n
1_Mod_ErT : bovtean 4]
1_VAR_OVER_PYWR_Chan_Err : bookean
1_VAR_OVER_PWH_MT_Guery : bookean
1_VAR_OVER_PWR_Manu_Tes! : 030000
1_VAR_OVER_PWR_Op_Byp_bnit : boolean
1_VAR_OVER_PWR_PV: 0.30000
1_VAR_OVER_PWR_PV_Em : boolean
I_VAK_OVER_PWR_PUrp_Oul - bodlean
1_VAR_OVER_IWR_Pp_SH 1 030000
o The NuSCR Formal Requirements Specific
e i i + Tailored SCR to model the nuclear 1&C sy
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The NuSCR Elements

+ FOD (Function Overview Diagram)
+ SDT (Structured Decision Table)
+ FSM (Finite State Machine)

+ TTS (Timed Transition System)

ation
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NuSCRtoFBD (ver. 3.0)
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The NuSCR Formal SRS
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+ Transforms the NuSCR formal SRS ‘

+ into behaviorally-equivalent FBD programs
+ mechanically

+ Store into an XML file of PLCopen Std.
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FBDtoC (ver. 1.0)

FBD Program

The FBDtoC Mechanical Transformation
+ Transforms FBD programs

+ into behaviorally-equivalent ANSI-C programs

+ mechanically

+ System/Component/Function units
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FBD Tester (of prof. Gee in KAIST)

FBD Test Execution

T
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An Unit Testing Tool for FBD Programs
+ Data-Flow Testing
+ Provides 3 Data-Flow based Coverage Criteria

+ Automatic generation of test cases e
+ Test execution (Model-based Test/Simulation) S
+ Calculation of testing coverage

p Coverage @&, TestCase 4 Generated TestCaseData 52 [E Console

. . plected project name : UserGuide

+ Reads an FBD program in an XML file of PLCopen Std.
Test case information
PV_OUT PSP TSP PTRIP_LOG.. TRIP.LOGIC PTRIP.CNT TRIP.CNT  ALE MDL_E
=301 300 -300 true true 301 303 false false
29400 28400 29400 false false 0 -2 false false
29400 28401 29401 false false 29402 29404 false false

]}Epsm:ﬁgwm Test Case Generation



FBD Editor

Pl Edt - Navigate: Search  Project @ FBD_Editor Run  Window - Help
e — - P - . | s
o T Dt),|H[ﬂ|=ﬂ[é)1.‘|%|.‘ wriE ST ek - Quick Accen | B | 2 Rescurce [ FRD Editar )
1 Mavigetor 22 [ Duta_Type =0 | CFDCRSING =0 B outline 1 R - |
4 = In hand L Select ] WO ¢+ X0+ 300 v A0+ 500 ¢ 600+ 700 ¢+ BOO s 900 ¢ 1000 ¢ 1100 ¢ 120 ¢ 130 1800 W& PTRP_LOGIC B
DataTypes Y L & TRUE
(& Function i Marquee ~ & T
4 [ Function_Black — Connuclion,... @ FTER
> [0 FX_RISING b= ® Lo
FIX_FALLING 0 viatle |8 4@ PTRIP_LOGIC
MANUAL VSF_FALLING ) viiatie @ FIRF_LOGIC
::Eﬁ'ﬂﬁa O pthenstic > frraeron ] : ms:
ragram ‘[ apD & {FTiE o o] & HYs
i e ) sue @ Hrs
- @ HYs
MuL
= B TP CNT
O i D TRPLOGIC
i @ e @& T
[_jr:r:p - @ FIRIF_LOGIC
@ FTRF_LOGIC
Cien § @ e
L . & T CNT :
[ vore_2ofs T B TRIPCNT_CONT
- [} [ w & TRP_LOGIC_ CONT
[_-\]F&mzmu 8 ’ @ TseconT
Comparison o & PTSP CON
Cyar . = B PTAP_CNT_CON
A TRIPCNT_CONT
19):; § il e & TSP_CONT -
- R e Tl
Cime N i
[T — G
O comenion | M
[ oo _Tont iR,
Ovou =] 5 s
[« & inutvars -] Y =
b [ ot I Cise 8
+ (= cutputvars Ces
o L TRIPLONT . _—
| TP OGE ) Timer = S
=P D vor g
i :I:‘;’J-UWC Cimen ==}
b [ PTRP.CNT O selection <
# (= Iocalvars (constant) sk g
. [ TRUE Oy mux
[ -
B2 ) user Defined < =) [
: f DrsinG (8 I _‘|_' [ =
— Cymcraune |7 =} I LIE
[ FaLse ) MANLAL VS
i HYS ) vPs_RIsING 8
L PHYS < L L
MBS EALLING

The FBD Program Editor
+ Programming FBD programs of IEC 61131-1 Std.
+ Reads and stores an XML file of PLCopen Std.
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FBDtoVerilog 2.0/2.1

FBD Program

The FBDtoVerilog Mechanical Transformation
+ Transforms FBD programs

+ into behaviorally-equivalent Verilog programs
+ mechanically

+ Used for the FPGA Synthesis

module f£ix rising (rst, clk, PV_OUT, TRIP CNT, TRIP_LOGIC, TSP}

»
e

a “r o

XTI

s Microsemi - Libero
EPENDABLE SOFTWARE . .
LABORATORY Netlist View

input eclk;

input rst;

input [21:0]1 DV_OUT;

output [31:0] TRIP_CNI: req [31:0] TRIE_CHWI;
output TRIP_LOGIC; reg TRIP LOGIC;
output [31:0] TSE; reg [21:0] TSE;
parameter TRUE =

parameter false =

parameter  [31:0] MAXCNT =

reg [21:0] HYS =

wire GE_INT Z wire_ 1 OUT;

wire AND BOOL 2 wire_2_OUT;

wire [21:0] SEL INT Z wire 3 OUT;

wire [21:0] ADD_INT_2_wire_4_OUT;

wire ADD INT Z_wire_4_E;

wire GE_INT Z wire_14 OUT;

wire SEL_BOOL Z_wire 15_OUT;

wire [21:0] SEL_INT_Z wire_ 1&_OUT;

wire [21:0] SUB_INT_2_wire_17_OUT;

wire SUB_INT Z_wire_ 17

wire LT _INT Z_wire_27_OUT;

GE_INT 2 GE_INT Z_1(rst, clk, DV_OUT, TSP, GE_INT 2_wire 1 OUT);
AND _BOOL_Z AND BOOL Z_2Z({rst, clk, GE_INT_2 wire_1_OUT, ~TRIP_LOGIC, AND BOOL_Z_wire_Z_|

SEL INT_2 SEL_INT_2_3(rst, clk, AND BOOL 2_wire 2 _OUT, 0, ADD INT_2_wire_4_OUT, SEL_IN
BRDD INT 2 RDD INT Z 4(rst, clk, TRIE CNT, 1, ADD INT 2 wire 4 OUT, ADD INT 2 wire 4 E)
GE_INT_2 INT_Z_14(rst, elk, TRIP_CNT_CONT, MAXCNT, GE_INT 2 _wire 14_OUT);

SEL BOOL . BOOL_Z_15(rst, clk, INT_2_wire_14_OUT, TRIP_LOGIC, TRUE, SEL_BOOL_Z |
SEL_INT_2 SEL_INT_2_16(rst, clk, GE_INT_2_wire_ 14 OUT, TSP, SUB_INT_2_wire_l17_OUT, SEI
SUB_INT_2 7(rst, clk, TSP, HYS, SUB_INT Z_wire_17 OUT, SUB_INT 2_wire_17_E)

SUB_INT_z_1

LT_INT 2 LT_INT 2_27(rst, clk, PV_QUT, TSP_CONT, LT INT 2 wire 27_OUT);
AND BOOL_Z AND BOOL Z_28 (rst, clk, LT_INT % _wire 27 _OUT, TRIP_LOGIC_CONT, AND BOOL %_w
SEL INT_z SEL_INT_2_29(rst, clk, AND_BOOL_2_wire_28_OUT, TSP_CONT, ADD_INT Z_wire_31_|
SEL BOOL_2 SEL_BOCL_Z_30(rst, clk, AND_BOOL_2_wire_28_OUT, TRIP_LOGIC_CONT, FALSE, SEI
ADD_INT 2 ADD_INT 2Z_31(rst, clk, TSP CCNT, HYS, ADD INT_Z_wire_31_OUT, ADD_INT Z_wire |

N~

assign TRIP_CNT_CONT = SEL_INT Z_wire 3_OUT;:
assign TRIP_LOGIC_CONT = SEL_BOOL_Z_wire_15_OUT;
assign TSP_CONT = SEL_INT_Z_wire_16_COUT;

always E(posedge rst or posedge clk)

begin
if(rst) begin
TRIP CNT <=
TRIP LOGIC <=
ISP <=

end else if (clk) begin
TRIF CNT <= SEL INT 2 _wire 3_OUT;
TRIP_LOGIC <= SEL BOOL Z_wire_ 30_OUT;
TSP <= SEL INT_Z_wire 23 _OUT;
end
end

Verilog Program



FBDtoVHDL

EL TR Y S

ADD_INT_

A ADD_INT_2_1

ck

faoZ —E i

1 ¥ mmamdreset
R_n—| ADD_INT_2_2_OUT
A i ADD_INT_2_2

E_ofamam

i [ oan_caw dk

= Rt

¥

R
Ro SUB_INT_2_3_OUT m

ALiSUB_INT_2 3

dk

Bi A

T
[
LOCAL_CLK_ARRAY nn SR —— |

E_ofwmws

- 27 e : ‘
‘\
— A 1 | entity bar is
FBD =2 ||"_gl'| 2| part {
-_ 3 < 1 in std_logic; r : in std_logic; scan : in std_logic;
4 fool : in integer range INT_LO to INT_HI;
5 foo3 : out integer range INT_LO to INT_HI
(AR H
7 | end bar;
8
. . 9 | architecture Behavioral of sample is
The FBDtoVHDL Mechanical Transformation 10 | signal LOCAL_CLI_ARRAY ; std_logic_vector(0 o 3);
11 | signal foo2 : integer range INT_LO to INT_HI;
+ Transforms FBD programs £3 | Sanal ADDCINT 520U | iniger ranae INT-LG to INTIT
. . . 14 | signal ADD_INT_2_3_OUT : integer range INT_LO to INT_HI;
+ into behaviorally-equivalent VHDL programs is
. 16 | begin
17 |ADD_INT_2_1: ADD_INT 2 port map (dk => LOCAL CLK_ARRAY(1), reset =>r,
+ mechanically At 2 foot, 5.1 =7 fao2, R_{ =5 ADD. INT_2_1_ouT)

18 | ADD_INT_2_2; ADD_INT_2 port map (clk => LOCAL_CLK_ARRAY(2), reset == r,

A_i=> ADD_INT_2_1_OUT, B_i => foo2, R_i => ADD_INT_2_2_OUT);
19 | ADD_INT_2_3: ADD_INT_2 port map (clk => LOCAL_CLK_ARRAY(3), reset => r,
20 A_i=> ADD_INT_2_1_OUT, B_i => foo2, R_i => ADD_INT_2_3_OUT);
21 | process(c, r) begin

+ Used for the FPGA Synthesis = =) e cux amaay <= 1000

24 fool <= ; --Initial value should be presented manually.
25 foo2 <= ; ~Initial value should be presented manually.
26 elsif risig_edge(c) then

27 LOCAL_CLK_ARRAY <= '0' & LOCAL_CLK_ARRAY(0 to 2);

23 if (scan = "1") then

29 fooz <= ADD_INT_2_2_QUT;

30 foo3 <= SUB_INT_2_3_OUT:

31 LOCAL_CLK_ARRAY <= "1000";

3z end if;

33 end if;

34 | end process;
35 | end Behavioral;

VHDL program
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Quick Checker

The NuSCR Formal SRS Static Analysis (Rule Checking) on the NuSCR formal SRS
¢ J‘ + Checking for the C&C(Completeness & Consistency) requirements
\\:\?o 6\:\\ .
% o

| % Type Window |l Console Window | [%] Quick Check of Root x (o
%Error At Root, Node {_VAR_OVER_PWR_Val_Out_i has no transition. |a]
[Error Atg_BP, Node h_VAR_OVER_PWR_Int_SP has no transition.

iError At g_TEST_SEL, Node f_PT_Gen has no transition. J
|Error At g_TEST_SEL, Node f_BS01_MT_Query has no transition.

lError Atq TEST SEL,Node! OB MT Query has no transition. ] _ f;f
&) Il 1L

A result of Quick Checker

EPENDABLE SOFTWARE
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NuSCRtoSMV + SMV

SMV Model Checker

File Prop Yiew Goto History Abstraction Help

|— BroRuar | Properties | Resuits | Cone | Using | Groups ;

_.‘ Name | Layer | j
o —oEr e

= g | source | Trace | Log |

File Show
- SNV Input for g_VAR_OVER PUR

- SHV Inpuc for £ VAR OVER PUR Val Ouc

MODULE m £ VAR OVER_FVR_Val Out (z_VAR_OVER PVE_PV, T VAR OVER PVR_Na
705 s ku_Test, f_VAR_OVER_PUR_NT_Quary, cyele, see)

/ S VAR

F, S~ £_VAR_OVER_PUR_Val _Out : 0..100;

The NuSCR Formal SRS L Mg T esearc s om0 2008 0 detoaomy B 1
\\~?’7~Tf '9/7/\ A Sh ——
Ny o'_ ~J

- S MV Input for {_VAR_OVER_FWR_Val_Out - init (STATE) := _imit_;
= maye (STATE) = case

= FROM-_init_-TO-sO-caken : s
\ | [MODULE m_f_VAR_OVER_PWR_Val_Dulil_VAR_OVER_PWR_PV, {_VAR_OVER_PWR_Manu_Test, {_VA TROM-30-TO-30-taken :
- FROM-21-TO-20-taken :
VAR FROM-_inst_-TO-s1-tak
£== {_WAR_OVER_PWR_Val_Out-0.100, FROM-20-TO-21-taken : =1:

The NuSCRtoSMV Mechanical Transformation ~inputs T

esac;

+ Transforms NuSCR a formal specification forate: Lint_ s0.011 -

inicif VAR OVER PUR Wal Outl := O: =
+ into a behaviorally-equivalent SMV program hssion epe e
y-€q prog Formal Verification

+ mechanically ETATE) = i e
W{STATE) = case e
FROM-_init_-To-s0-takan - 50, | 7 ss

+ Requires to input verification properties

+ Executes the SMV model checker seamlessly

Save Close | Execution

= Wirite CTL propedties hare I8

LABORATORY

]}EPENDABLE SOFTWARE SMV Input Prog ram



FBDtoVerilog 1.0 + VIS & SMV

Bie Brop Yws Gom Katory Mbatraction
| Brawear | mrgpamas | gosne | Gans | ey | goase |

. [ Ly | =
e EL s ol J
% FBDtoVerilog - Eclipse Platform e . G ¥ — - -— Ay 2 o
\ S=o v &
File Edit Mavigate Search Project F,RUEDVEMQG NuDE Run  Window Help //* ‘7 E—;ﬁﬁ %E_m“: '2"'
i i e / ! o_Teut B
FREE bl 28K | Wite i@ wie e e o e YA
; LT ARIE) / Fiy Shey
@ Common Navi.. 7% 5. Navigator \ﬂ_—"‘ Verilog &2 //, N\QC\\ “(\a‘:\/,/\\ llll e orw T w070 TR =
Sl =S File D\qu opened successfully. ‘\: “5‘0’/—/ v Tox £_TAR_IWER_PVD_Vai_u
4 1= New_Nude o \ 1‘@ -
. -
> [ FBDMOC o . . \ \ -
\iag
4 (= FBDioVerilog Please presslﬁé%anslate. ()ptlon seIECtIon e
& (FBD) RPS BP (20130716)xml \\ -
<.
> (= NuSCRtoFBD oo &) [o@] =
> & NUSRS File was opened successfuTl?.\
S
=\ () VIS & FPGAICPLD (& SMV “ E
Please press the Translate.
ucpase
File was opened successfully. < iatx [T TAR OVIR FUS Val Ont] oo Oc =
Please press the Translate [&] e o R
. File B Helo
AT :
Y Sy R versoa sources oo Ros Toble [a]

An FBD Program in the FBD Editor &

' Tr Mo
oy /79 s A
RN (/A
\\@I‘ elce/ Ny \‘\
“\\{IO/; y

The FBDtoVerilog Mechanical Transformation f
+ Transforms an FBD program
+ into a behaviorally-equivalent Verilog program

+ mechanically

+ Options for VIS and SMV

+ SMV : Model Checking
+ VIS : Equivalence Checking

EPENDABLE SOFTWARE
LABORATORY

el Checking

B versoa s

(MG 2DOTIT WAl oS53 Chswarispdes\RF 5 BD_Verieniih__Fraiip_Manue | G100

£ x, th_x_Pretrip);

mire th_3_Pretripi

tate rag state;
- _Pratrip:

th_x_Pretr

timer_state reg timer;

initisl state = 81; inieial
initinl th_Pre

initisl timer = TO;

=1; initial

initial t

szzign th_X_Pratrip =
k_Pretrip_Setpoint - mire cond_s_1;
mire Cond_b_1;

Setpoint - wire Cond_s_1;

Cond_s_1 = (£X
n_1 = ((F.
tpoint)

rerrip_serpaine -

timer 1= T3)71: & (timer

T

b Peetrin Satmaint)ils

ety

VIS Equivalence Checking

VIS Analyzer



—
CiMshmabzer30
File Run Help

Verification E Model Checking A Table Result Charts | Model Checking Resutt
¢ { \

H Property & Result table |

Property

VIS Analyzer (ver 3.0

OET AR A
AG (8888 ARALimer=0>=1
£

wis release 20 (compiled Thu Jun 26 11:08:16  2008)
wigz read_blif_mv h_X_Pretrip_Manual v

Vot A Model Checking Rés
Vi a4 epectort 2t (Table + Chart)

#vis release 2.0 (compiled This Jun 26 11:08:16  2008) #State Inputs.
# Network: main A |

# Input Vectors File: inpatVector Lot

LX_Raw:1000111

N,

?

1 Raw: 1011017, [RAT) 7

1X_Raw. 1011017, BA{_X_Prev 0111000, BEBEAAATIM... |3
X Raw. 10110171, [BATX_Prev. 0111011, BEBEAAATIM. |4
Linpuss. 1_X_Raws=0 {_X_Raws1>{_X_Raws2>{_X_Raws3>[_X_Raw=d> X _Raw 1011011, MAT_X_Prev.0111110; BEBBAATM._ |
— == i == == 6

7

O

g

1 Prev. 0110101 ; BBBE AAATIM _ 2
2
3
O

X _Raw<s> {_X_Raw<6> temp g 1_Raw. 1011011, SATX_Prev. 1000001 , BE.BEAAATIm
7
8

- . 1OCRaw. 1011011, [RAT_X_Prev. 1000100, BB BEAAATIM
latehes AA Prev_th_Reset_Ini AAstate AA timer BB Prev_Pk_Seate

- - 13 Raw: 1011011 ] |AAT X _Prev: 1000111 ; BB BB AAALIM.
BE.L_X_Prev_PTSP<> BE.[_X_Prev_PTSP<I> BE.L_X_Prev_PTSP<2> TOCRaw: 1000111, |BATX_Prav. 1000111 ; BEBBAATM

BB X_Prev_PTSP<3> BE.{_X_Prev_PTSP<d> BE.I_X_Prev_PTSP<5> B TX_Raw: 1000111, [AAT X Prev. 1000111, BB BB AAALm... [10
BBf X Prev PTSP<6>BB.f X <> BB X 10=<I>BBf X <> 10 1 _Raw; 1000111, |AAT X _Prev 1000111, BB BB AAALImM... |11
BR{_X_i0<3v BE.L X_theds BR.{ X_ths= BEE X t0e6= OC1_X_Provel> 1" X_Raw. 1000111, MALX Prev: 1000111, BE.BBAMIm... 112
T X Prevel> OO X Proveds COT X Prewcis CC.F X Prevcis 12 |)CRaw:0010000; [AAT)_Prev 1000100; 8888 AATm... [13 | | =

13 T_X_Raw: 1010000 ;

CC1_X_Preves CC{_X_Prevet- DD.state DD.th_Prev_X_Pretrip DDtimer LA B 1 AR AT 1

iE T_X_Raw: 1000111

outpusth, X_Preerip X _Prev 1000111, BEBBAMTImM . [15 | 1| 4] I i ||
initial 0 AD TES1001001110 1111110111 11S117T0 T R D
~siar_vectors ' Scroll Lock 2
#1_X_Rawsll> {_X_Raw<l> £ X_Raw<2> {_X_Raw<d> [ X_Rawd> . Verilog 1 E Vertog 2
%:}t“_ﬁiﬁl;_xfe_;;wszmﬁ'AE&P:;‘_BI:}iﬁ_rI;‘_%’:{T:Aum CreygwinthomeiSehun Jeanglecample\ith_%_Pretrip_Manual v Croigwininome\Sehun JeongierampleiZih I Fretn_Wechv M
BE.f_X_Prev_PTSP<2> BBE.f_X_Prev_PTSP<3> BB.{_X_Prev_PTSPd> T = O =l
BB.L_X_Prev_PTSP<S> BB.L_X_Prev_PTSP<6> BB.{_X_t0<0t- BB.{_N_t0<1> pr— l'" e
BE.{_X_=2> BE.{_X_tir¥> BE.{_X_td> BB.{_X_10<5> BB.{_X_ti=t> 4 o
CC.L_X_Prevel CC.{_X_Prevels CC.{_X_Preve2> CC.o_X_Prev<d> RN o
CCL_X_Preved= CC.1_X_Prevess CC.{_X_Prev<é> DD.stake oureuT T ouTRUT
Dth_Prev_X_Prewap DDutimer ; th_X_Pretrip lw 181 lIN 101 |
1O111100;0A0TS SI001001 1101111110111 i | s g SELE v
0TI I01;0A0TS SI0010011010111101011 1 lwr_xm imhxm
0TI I01;1AITOSOI 10001 1111011111101 il L -
10111101;0A0TL S4 001011100101 I N
10 01:0A0T2 84 100011110001 i l,,”m
10111101;0A0T3 S4 011101101110 L0 i
TOLLIE01;0A0T4S4110001111010111101011500TS 20 i —
10111 100;0A0TS S4 0001011000101 1S00TS ;0 AR
TOLI1100;0A0TS S4 10100111010011500T5 ;0 l'““‘“
TOTI1100;0A0TS S41100011010001101000118007T0 ;0 KB - 1 B
10 11101011101 01S00T0 ;0 QUTPUT: 1 | OUTPUT 0
A1 100;0A0TS S41100011001110100111018007T0 ;1 = =l
# Final State 0 ADTS S41 1000110011 1010011101 500T0 FIOWChart feification and model check Raady
g I:;;ocsss oft .Execl:{utlnlgi VIS ® Integer format ) Binary format
€ Execution Resu #statel input | FilelOutput | File20utput | FilelState | File2State
0 Initial Initial Initial S117T0 S01T0 |
[1 61 1 1 S11T1 811 T1
2 <61 1 1 S11T2 S11T2
VIS Analyzer . 3 161 1 1 51173 81173 |
+ To use/execute the VIS efficiently T el | T 51114 5114 |
5 B 1 1 51175 S117T5
+ The VIS has no GUI N 0 0 50075 52075
+ Display the verification results in various forms T Joz b : o000 Ba0To
[ u u
Table \erification and model check Ready

EPENDABLE SOFTWARE
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FB

Verification and Validation

Model Checking Test Field
A
Desian Implementation
Executable
FBOs ANSI-C !
Code Machine Code
FrDQer Generator FFIJEIFHH'I EDITI[I!EI' fﬂr PLES

KU v

DtoVerilog + HW-CBMC

Existing Software Development Process

—————— SE--————-——-=-"-"""-""“"-“"-"--——--‘®B- B -~~~ -~~~
22 E
58 = Equivalence Checking
S5
Design & Implementation
Checking
Program Input 1 . Design & Implementation
V[l = [ ot Satisfied ] are not equivalent

+ Counterexample

& 22 % Visual Studio 23 =82 =(2010) =1ET)

r, ion 11->12

Proposed Equivalence Checking Technique

S DEPENDABLE SOFTWARE D : DS LABRCBMCHCBME namualfexample >
LABORATORY

Equivalence Checking between FBD(-> Verilog) and ANSI-C i
+ for demonstrating safety of the FBDtoC translator ans it i 0

ional reduction

ithout zimplifier
32913 variables. 9 clauses

+ Provides the checking process AT checker: negated claim is UNSATISFIABLE, i.e., holds
Runtime decisi rocedure: B.6658
+ Not fU”y automated ERIFICATION & SEPUL




EDIFtoBLIF-MV + VIS

Verified RTL Design
(Verilog) -

Equivalence

Logic Synthesis Checking

| o

Gate-level Design €
(netlist)

Equivalence

Place & Route Checking

-

Physical
Implementation

EPENDABLE SOFTWARE
LABORATORY

The VerilogtoBLIF-MV Mechanical Transformation
+ For the equivalence checking between Verilog and Netlist
+ For the safety demonstration of FPGA Synthesis tools

+ Transforms a Netlist (in EDIF format) into a program of BLIF-MV format
+ Then performs the VIS Equivalence Checking

EIDF File Ve

(edif th_LO_SG1_LEVEL Trip_Logic -
(edifVersion 2 0 0) R\
{edifLevel 0) e
(keywordMap (keywordLewvel 0)) e

(written N\ “
(timeStamp 2012 3 1 20 11 53) \ »‘(3’,/’
(author "Syncpsys, Inc.") N

(program "Synplify Pro” (version "E-2010.08k%1, mapper
)
]
(library PA3
{edifLevel 0)
{technoleogy (numberDefinition ))
{cell XAlA (cellType GENERIC)
{property dont_touch (string "false"))
{view prim (viewType NETLIST)
(interface
(pors ¥ (diractian onmenm)
(property function (string "!{& ~ B) & C"))

(port A (direction INPUT)
(port B (direction INPUT)
(port C (direction INPUT)

)
(property is_combinational (integer 1))
)
)
{cell vVCC (cellType GENERIC)
(property dont_touch (string "false"))
{view prim (viewType NETLIST)

{intezface

(port ¥ (direction OUTPUT)

(status (/'/ @e ‘o"‘i\/"’

[f cell th_Lo_SGl_LEVEL Trip_Logic

.model th_LO_SG1_LEVEL Trip_Logic

[# interface - I/0 ports

.inputs reset £_LO_SGl_LEVEL Val oOut<0> f_LO_SGl_LEVEL_Val_Out<l>
.outputs th_LO 8G1_LEVEL Trip_Logic

.names N_16§ME N_10$ME reset_pad prev_status_RNO_0

.def 0

p ool

P 101

1 001

[ latches

[ init

«r prev_status_0

«def 0

.latch prev_status_RNO 0 prev_status_0

.names N_5$M5 th_LO SG1_LEVEL Trip Logic_pad

.def 0

1

.names £_LO_SG1_LEVEL Val Out<15> f LO SG1_LEVEL Val Out_pad 15
.def 0

L1

.names £ LO SGl_LEVEL Val Cut<14> f£_LO SGl_LEVEL Val_Out_pad_14
.def 0

L 1

.names £ LO SG1_LEVEL_Val_Cut<13> £_LO SG1_LEVEL Val_Cut_pad_13
.def 0

1

.names £ LO SG1_LEVEL Val CQut<12> £ LO 3G1_LEVEL Val Cut_pad 12
.def O

11

.nameg £ LC 3Gl_LEVEL Val_ Cut<ll> f LO SGl1_LEVEL Val_Cut_pad 11
.def 0

L1

.names £ _LO SG1_LEVEL_val_Out<l0> f LO SG1_LEVEL val_out_pad 10
.det 0

L1

BLIF-MV File
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NuSCR FTA

+ We need to define the value of an output variable
LR=TT M-I T B
X m S e g

e .'_{,m,.-. - [f’..,._, rmen) N f_VAR_OVER_PWR_Trip_Out

-~ . LN |

- Cene, Moy
The NuSCR Formal SRS Sty '

—
O msa 1
Vw Hiokp

|
The NuSCRtoFT Mechanical Generation SR :
+ Generates a fault tree
+ from an NuSCR formal SRS )
+ for a specific (important) output variable '

I
;
L L]
; . =
f 3 k1
L L] L Jp— |
+ Calculates (minimal) cut-sets - :
1 ; .
& & [} L]
? K] =
z o & 4o
£ [] ] [] [ [] [] # % L L]
f £ £ £ i i . 3415 B
= [ L) = = = o L] L] . . SEE B8 @D0 B8
[] ] ] (] o [] [] [ ] T B @ B @ B @ B =
P i P s P s e Ty PR oay R &%
PP PP EREY TR IIETIY ioh ik ek i iihe
Deeeleeelseslesess Dessloeseslssslass -§-§ [N NN [N N 1NN
san =Eaa L8N L BN aesa -3 -] BN ] a8

FT (Fault Tree)
]}E“E'ii’;i‘;ii?n?w"“‘



FBD FTA

= ] _
| o
| $
|
. | [T
i 2
|
e g
: LA
S 3
~~~~~ Ne,. gy
An FBD Program \Sfe"bbc
~32n i

The FBDtoFT Mechnical Generation

+ Generates a fault tree

+ from an FBD program

+ for a specific (important) output variable
+ Calculates (minimal) cut-sets

+ Uses the Temporal Fault Tree semantics

+ Under developing the minimal cut-set optimization

EPENDABLE SOFTWARE
LABORATORY

-
& FBDFTA - Eclipse Platform

— e ——— = N
- - = a - E—
Eile Edit MNavigate Search Project Run Window Help
e eSS - e Quick Access || E¥| 5 Resource @ FBD.Editor (] FBDFTA
@ Hierach View 52 =g @ FTAView 32 =g
il < ¥ =
4 (= project
> = confent Header
b (= file Header
4 (= types
b £ dataTypes =
4 (= pous \
4 = pou |
b & body 'iﬂ; |
> [ interface I
name=BP_for Test / ) N
pouType=functionslo =1 4
I — L
110 SETEVEL P DY = N2 OUTT
’ e o
-
-
iy
L
—
T
; -
@ Analysis View 52 = d
cutset : {( k LO_SG1_LEVEL Ptrp Dly == 1) O (IM2 == ( ( {_LO_SG1_LEVEL Val Out > k_LO_SG1_LEVEL Ptrp_Set) | ( f.LO_SG1_Lt
l m ] »

FT (Fault Tree)



SUPPLEMENTARY TOOLS



C Simulator

Scenarios
form Scenario Generator

p il

EPENDABLE SOFTWARE

Internal process

/

Scenarios

C files — —> .exe —>
G Execute  fjle /

—>Text

|£] Simulation = B %
* C Simulator *
FBD input \console

Input File : |C\uaers\sub\DesHup\Origma\EX\FBDIUC\F\K—RISING\FI}QRISINGxm\ ‘

Scenario input

Input File : |C \Users\Sub\Desktop\Original EXAFBDtoC\FIX-RISING\Scenario2 bt

C files input

Software_FBD: |C \Users\Sub\Deskiop\Original EX\FEIDWC\F\X—RISING\SEIT\A{

System_FBD: |C \Users\Sub\Deskiop\Original EX\FEDmC\F\X—RISING\SysIs{

Component_FBD : |C \Users\Sub\Deskiop\Original EX\FEDmC\F\X—RISING\Cuml

Function_Block : |C \Users\Sub\Deskiop\Original EX\FEDmC\F\X—RISING\FuﬂL‘i

Header_FBD: |C \Users\Sub\Deskiop\Original EX\FE!DmC\F\X—RISING\Head

Simulation : |C \Users\Sub\Desktop\Original EX\FEIDmC\F\X—RISING\S\mul

C Simulator

+ Compiles an inputted C program from FBDtoC translator

C Simulator

+ with GCC compiler into executable file

+ Simulates an executable file from GCC compiler
+ with a inputted Scenarios from Scenario Generator

+ Saves a result of simulation into text file

Mamz begin
Scenario_1_@
end

Outputs begin
PRIP_(NT TSP FTRIP  TRIP PTSP
end

Feedvack begin
PTRIP_CNT TSP TSP TRIP_CNT TRIP_LOGIC PTRIP_LOGIC
end
Result begin
1 26885 8 8 22429 1 @ @
2 85 B B 24M 2 8 @
3 xEsS B B MM 3 8 @
4 26885 B8 B 242 4 8 @
e 8 B 4@ 5 9 @
6 26EBS B B 24X 6 9 @
] et 8 0 240 7 8 @
B GBS B B 24420 E @ @
9 J6ERS B B 240 9 8 @
16 2835 @ @8 2440 10 8 @
1 26885 8 8 24409 1N 6 @
12 JXEES B OB J4M 12 8 @
13 ME5 @ @ 2440 13 8 @
4 26885 B B M4 W e @
15 26885 @ @ 24420 15 & @
16 26885 B B 2423 6 8 @
17 26885 B8 B 2429 17 8 @
18 26885 B B 2429 1B 8 @
19 26885 8 0 24420 19 80 @
28 26585 1 1 241 X 11
@ 2oes 1 1 X @ 1

TRIF(NT  TRIP_LOGIC PTRIP_LOGIC

C Simulation Result (text)
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FBD-C Comparator
& simulation o6
!. = : . * 1 s *
C Simulator FBD & C Simulation Comparator
Tt i
inpurt il - [T it aen St Ongmnal EXFBORCHLL RIS Open Simulation Result (FBD) console
i s——— Input File iC:‘.Users\Sub\Desldop\Origina\ EXIFIX-RISING-TRIP\IFBD-ResultResult bd | Open NOT OKMI -
nput File ;[ WUsara SutDasttopOngnal ECFRCICH 15 » Open scenario_name = | __i
sy AN Simulation Result (C) output_name =TS
Soffwaes_FBD: [ LineriSes Open Vi S, cycle=0
ol =— {dy oA Input File : |C:\USers\Sub\.DesKlop\Drlglna\ EXFIX-RISING-TRIP\C-file\Result td | Open | | [NOT OKII
Compossst 110 proees RNy p(,, ) ‘\ scenario_name =: _
Functon Block: = \\7 ’:\‘ Comparator Cancel purut_name — Tf
Heater_FBO: (1 Open L=
preo Seaeaes [] TsP M TRIP M TRIP_CNT [ TRIP_LOGIC
FBD Graph C Graph
C Simulator 10 10
[ | |
. o ¢ | . ! If both result are
= Simulation | e .
* Massive Simulation * o 7 8 ? 8 ’ not equwalent
e 1
Moded inget- consoie 7 ] | | 1 r
Wt File - [CaUserswsDEsHopOnginal ECFBDICEI_FALLING ol | Cpdn "f:";"::":_l;"liii‘l}' ‘/"\(\Q /a\\'ll i I. 7 |. 9 counter example
oot . . with graphical chart
e 6 * 6 *
&) FEC_FALLING | |
| |
Simulaion 5 » 5 'y
Massl Fils © SWsaussnDesnopOngingl EXFROOCFI_FALLING xmi|  Open | |
Sanario Flg - | eEuperDy RIS ta| Open 4 .‘ 4 .l
Simdation II II
3 L] 3 [ ]
. | |
FBD Simulator o | o
| |
| | |
1 L] 1 [
| |
| |
0 0
- Cycle- - Cycle -
|--- TRIP -# TRIP_CNT -+ TRIP_LOGIC |-| TRIP -& TRIP_CNT TRIP_LOGIC|
FBD-C Comparator

EPENDABLE SOFTWARE
LABORATORY

B

BD-C Comparator
+ Compares between simulation result from C simulator and FBD simulator

+ If both result are equivalent, it produce the 'True’
+ Otherwise, it produce a counter example with graphical chart

31



FBD Scenario Generator

:';','Slmulalion Sy ] W —
* Scenario Generator *
Model input console
oo = 'y Y 7 r 1 onen | |[Model iInput: FIX-RISING-TRIP xmi
Input File : |\Desklap\0ng|nal EXFIX-RISING-TRIPFIX-RISING-TRIP xml | Open ‘ Selection - FIX_RISING
: Generation Start
POU List Generation OK
Generation Start
© FIX_RISING Generation OK
Input Variable List
. Scenario name type Initial Value Rate
Setting table 1 PV_OUT INT 27800 100
1 RNG_E BOOL 0 0
- Initial value : :‘ID;-E :ﬁt E z
- Rate._Of_Change 1 OB_INIT_STA BOOL 0 0
- Maximum Cycle
- The number Cycle 100 R
of scenarios Num 1
ADD b Generaon | o
E = ;"‘:II Eegan
Scenario Generator -
‘/\ G T OB INTT STA AT E  MDLE RN E
Automatic Generation of Scenarios Dooomn -
+ Receiving values of setting table from user - I I Dl
+ Setting table reflect a domain feature
+ Generates Random Scenarios based on the table values set I R D Do mno

32
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FBD Simulator

Type A

B Sevwntion (XX ]
* FBD SIMULATOR *
npud Lst Operaton Graph
N"'"V _ . _ (e} Currem Cycle© 37 (| Next | ( Prev Selecton . [ PV_OUT W TRIP.CNT W TRIP_LOGC W TSP [ PTRIP_LOGIC [ PTSP [ PTRIP_CNT
Pv_our 24000 i - -
Oupa st
bins s 27,8001
v 5 o 205w Mz |1
0 3 o [2eacs o auz o 27,000
7 = o e B b RN Sttt 1~
2 0 g [2sacs o e W 265001 / {
[ 0 o [2ea0s o bz 1 / |
u 0 o 005 0 ] 26.000 H |
0 m o fm0s s |0 25 500 / |
0 e o w05 o Tam |1 / |
W u o fmos o w5 25.000] ’ |
% 0 o 6050 2wz | /
0 5 o 2005 o oz v 24500
n ® o s o um  |u [
B fw o ewes o bum |w 2u0mf w4 -
B W o 2605 0 ]
k : 23500
Bl w o 2605 0 2wz
B = o [eea0s o ) 23000
= 2] o 205 0 s ;
= 2] o 20008 o 228 4 22500
£l a o 205 s s
| o | 7] o [essos o oz 22,000
N N am|l@ = o [essos o w7t 21500
) = o ) ]
3 3 o~ ;i ! f
. . omlE 7 o 2605 ] 21.000]
) ] o 2005 1 2z 0
! ! ONT 5 = o w05 1 e o
il x OND |5 = i assos |1 n o G123436760 o
s s N -oen-
ms e om| e e s [SPY_0UT = TR G = To" P = TRP_GNT - TP Louc — PP i50c]
FALSE 0 o || |37 o o amos o quz o - || 4 — »

Scenario Generator with graphical chart

The Scenario Generator with graphical chart

+ Receives value from user in one cycle

+ Simulates one by one cycle

+ Results in graphical chart = It can verify function of an FBD

EPENDABLE SOFTWARE
LABORATORY

Type B

KU
TNIVERSITY

& simulation

* Massive Simulation *

Model input
Input File : |C:\Users\user\Desktop\OriginaI EX\FBDtoCIFIX_FALLING xml Open

console

=

1l

x|

POU List

(®) FIX_FALLING

Simulation
Model File : |::\Users\usenDesmop\DriginalEmFEIDtoC\FIX_FALLING_me| Open

Senario File : |ers\user\Deskt0p\0rigina\ EX\FEIDtoC\FIX—RIS\NG\scnario_bd| Open

Simulation

Model Input : FIX_FALI
Selection : FIX_FALLI

Scenario Generator for massive scenario

The Scenario Generator for massive scenario
+ Receives scenarios from Scenario Generator and FBD
+ Simulates massive scenarios

+ Results in a text file
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FBD-Verilog Comparator

2 Simulation | e e
* FBD & Verilog Simulation Comparator *
i Simulation Result (FBD) console = |
Input File : C:\Users\Sub\Desktop\Original EX\FIX-RISING-TRIP\FBD-Result\Result_txt Open ECUmPE’iE‘D” Start
= ;Scenan9_1_ﬂ 1s OK
Simulation Result (Verilog) |Comparision OK
Input File : |C:\Users\Sub\Desktop\Original EX\FIX-RISING-TRIP\Werilog-Result Open
A Comparator| Cancel
\\,)p -y TSP« TRIP « TRIP_ CNT |« TRIP_LOGIC |
<J (/’ \ _— T~
A / FBD Graph C Graph | \
L= |
- / 10 @ 10 » ! \
ModelSim c ; \
Veriloa Simulat 9 . 9 o If both result are |
enlog >simulator 8 " 8 " not equivalent ;
. ) a4 - 'Counter examplﬂa’
e, | with graphical chart |
5 smiston x| e / 6 [ 6 [
* Massive Simulation * //' Q ',' |
Usdel ingut eonacls e N 5 " 5 e
It | [ Uastv Ut opOngnal EFIGIOCEI_FALUINGaml | pen :::c;”:‘ﬁ‘:if' \\ \(E// v |
FouT { A gl 4 ] 4 u
&) FI_FALLING {
Semsion 3 r 3 » |
Model File© > UsecyiessrDeskdopiOnginal EXFROLRCFICFALLING xmi| Open
Sonario Fibe- |wreseDeskopnignal EXFROLCFICRIINGScana ] Open 2 [ ] 2 [ ] |
Smuaen
= = 1 ] 1 ]
. b I.
FBD Simulator 0 0 !
\ - Cycle - - Cycle - ' ,/"
\ = TRIP_CNT # TRIF_LOGIC | = TRIP_CNT TRIP_LOGIC| /
o

FBD-Verilog Comparator

The FBD-Verilog Comparator
+ Compare between simulation results from ModelSim and the FBD simulator

+ If both result are equivalent, it produce the 'True’
+ Otherwise, it produces a counter example with graphical chart
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FBD-Verilog-Netlist-JEDEC Comparator

Future Work !!

FBD Design FBDtoVeriIog HDL Coding Synthesis FPGA Implementation Place & Router Physical Implementation
(Development) ; (Vendor dependent) Netlist (Vendor dependent)
FRD  )}-.. Dovclopmem . o ‘Veillag Jeaeniierenceensnens N ]- -------------------- -ﬁ JEDEC

; FREY ModelSim ModelSim ModelSim
Simulator

e ~

Integrated | £
Comparator
AN\
True False
h"
\ Counter Example/

The Integrated Comparator for (FBD-Verilog-Netlist-JEDEC) synthesis process

+ Receives variable simulation results from FBD, Verilog, Netlist and JEDEC simulations
+ It will provide user more efficient verification environment for developing FPGA software
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The Case Study in the Paper

Goal : Validate the correctness of two transformations (FBDtoC and FBDtoVerilog 2.0)

FBDEditor
FBDSimulator i i

FBD Simulation
T Scenario |
FBDtoVerilog 2.0| Generator |} : !
FBDto cl g FBD & Verilog |
l omparator |
|
_ ModelSim Simulation !
C Program Verilog | - Result :
|
GCC I
compiler FPGA Implementation FBD & C |
Comparator |

Simulation
Result

Executable Code I \ C Simulator

PLC Implementation
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The FBDtoC Transformation

Function_Block.c — | #include "Header_FBD.h"
int SUB_INT(int INO® , int IN1)

. {
} C files return IN® - IN1;

€] Component_FBD.c

=] FIX-RISING-TRIP.xml

€] Function_Block.c «e—|
8] Header_FBD.h

o softwareFBDCo—

<] System_FBD.c ?001 AND_BOOL(bool INO® , bool INT)

v o =%
Y S [ T e e e

O @ iy

int INT)

.

}
bool GE_INT(int INO
{

return (ING@ >= IN1)? true : false;

return INO & INT;

| System_FBD.c

#include "Header_FBD.h"

extern Struct_FIX_RISING struct_FIX_RISING:

[0 e o

Struct_FIX_RISING FIX_RISING(int PV_OUT, bool RNG_E, bool MDL_E, bool AI_E, bool OB_INIT_STA)
{

. . y, /* declear Local variables */
FBDs in the FBD Editor L p Moy int HYS = 300, PHYS = 300, RNG_MIN = 600, RNG_MAX = 20400, MAXCNT = 10;
~~~~~ GO /73,,;\\ A bool TRUE = 1, FALSE = 0;
Hop,, Heay
~~~~ o /* declear Temp variables */
Yy int t0.63=0, t0.58 =0, t0_38 =0, t0_42 = 0, to_40 = 0;
V gl bool t0. 9 =10, to_12 =10, t0_57 =0, to_10 = 0, t0_79 = 0;
bool to 64 = 0, t0_31 =0, t0_39 =10, to_61 =10, t0_28 =0, t0_29 = 0;
by FBDtoC /* Backward franslaton */

t0_9 = GE_INT(PV_OUT, struct_FIX_RISING.TSP);

t0_31 = AND_BOOL(t0_9, !struct_FIX_RISING,TRIP_LOGIC);

t0_79 = AND_BOOL(to_28, t0_29);

to_64 = SEL_BOOL(t0_39, to_57, FALSE);

t0_61 = OR_BOOL(!t0_79, MDL_E, AIE, to_64);
struct_FIX_RISING.TRIP = AND_BOOL(to_61, !0B_INIT_STA);
struct_FIX_RISING,TRIP_LOGIC = AND_BOOL(to_61, !0B_INIT_STA):
struct_FIX_RISING,TRIP_CNT = SEL_INT(to_31, 0, to_42);

return struct_FIX_RISING;

}
]}EPENBABLE SOFTWARE .j 6
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The FBDtoVerilog Transformation

(Y IS AR 1R =i e e | [~ - T )
=8 | @ ol %o

. st P om0 W w W W e we o uw
e

s conmetion,
O vraoe §

0 armmanc

Do

FBDs in the FBD Editor Ly e

by FBDtoVerilog 2.0
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parameter [152

module FIX RISING (rst, clk, pulse, FV_OUT, RNG E, MDL E, AIE,

OB_INIT_STA, TSP, TRIP_CNT, TRIP_LOGIC, TRIP):

inpat clk:
input rsc;

input OB_INIT_STA:
output [15:0] TISP: reg [15:0] TSE:
output [15:0] TRIP_CNI: reg [15:0] TRIP_CNT:

] MAXCNT = 10:

wire GE_INT_2 wire_9 OUT:

wire GE_INT_2 wire 10 OUTI:

wire LT_INT_2 wire_12 OUI:

wire LT_INT_2_ wire_28_OUTI:

wire LT_INT_2 wire_29 OUTI:

wire [15:0] SEL_INT_2 wire_ 63_OUT:

wire SEL_BOOL_2_wire_64_OUT:

wire [15:0] SEL_INT_2_ wire_ 65_OUT:

wire AND BOOL_2 wire 71 OUT;

wire AND BOOL_2 wire_79_OUT;

GE_INT_2 GE_INT_2_ 9(rst, clk, PV_OUT, TSP, GE_INI_2 wire_ 9 OQUT):

GE_INT_2 GE_INT_2_10(rst, clk, SEL_INT 2 wire 63_QUT, MAXCNT, GE_INT_2 wire_ 10 OQUT):
LT_INT 2 LT_INT_2_12(rst, clk, PV_OUT, SEL_INT 2 wire 58 _OUT, LT_INT_2 wire 12 OUT):
LT_INT_2 LT_INT_2 28(rst, clk, RNG_MIN, PV_OUT, LT_INT 2 wire_ 28_OUT):

LT_INT_2 LT_INT_2 29(rst, clk, PV_OUT, RNG_MAX, LT_INT 2 wire 29 OUT):

assign TRIF = AND BOOL_2_wire_71_OUT:

always @ (posedge rst or posedge clk or posedge pulse)
begin
if(rst) begin
TSP <= 27870;
TRIP_CNT <= 0;
TRIP_LOGIC <= 0;
end else if (clk) begin
end
if (pulse) begin
ISP <= SEL_INT 2 wire 65_OUT:
TRIP_LOGIC <= AND_BOOL_2_wire_71_OUT:
TRIP_CNT <= SEL_INT_2 wire_63_OUT:
end
end
endmodule

Verilog programs generated




Scenario Generator

Simulation
* 1 *
Scenario Generator
Model input console S i
ile i i g g - [ | ||Model Input : FIX-RISING-TRIP xml
Input File : [\Desktop\Original EXFIX-RISING-TRIPFIX-RISING-TRIP.xml| | Open | Eatacion: EIX FISNG
- —| Generation Start
~POU List Generation OK
Generation Start
© FIX_RISING Generation OK
Input Variable List
Scenario name type Initial Value  Rate
1 PV_OUT INT 27800 100
2| RNG_E BOOL 0 0
;| MDL_E BOOL 0 0 Name begin
1 AL_E BOOL 0 0 Soenemie t 0
1 OB_INIT_STA BOOL 0 0
Pou begin
FIX_RISINE
Cycle [100 | e
Num | Cycle begin
100
h ADD end
Inputs begin
PV_OUT OB_INIT_STA

EPENDABLE SOFTWARE
LABORATORY

end

Simulation begin
27800 ] o

27997
27920
28003
28091
28080
28091
28227
28206
28061
27834
27932
27976
27960
27905
28012
28245

0000000000000 00000O0
0000000000000 00000O0
00 0000000000000 0000O0

AL_]

5000000000000 00000O0O0

E

MDL_E

27751
27975
27998
28038
2817%
28178
28184
28183
28181
27970
27920
27963
28018
28007
27976
28055
28237
28218
28358
28365

0000000000000 000000O0

RNG_E

0000000000000 000000o0
0000000000000 000000o0

0000000000000 000000o0

27706
27975
28010
28085
28107
28101
28183
28262
28133
27908
27889
28003
28051
27950
27948
28108
2g291
28310
28345
28429

0000 0000000000000 00o0

0000 0000000000000 00o0

00 0000000000000 000O0o0

00 0000000000000 000O00

27803
27958
28025
28111
28088
28155
28238
28276
28037
27884
27828
27988
28029
28048
27938
28138
28256
28262
28290
28525

00 0000000000000 00O0O0oO0

0000000000000 00000O0O0

0000000000000 00000O0O0

0000000000000 00000O0O0

27898
27960
27978
28043
28118
28069
28267
2823¢
27963
27849
27836
27926
28013
27992
27940
28169
282863
28199
28293
28483

0000000000000 0000O0O0O0

C0O00000O0000000000O0O0O0

C0O000O00O0000000000O0O0O0

C0O000O00O0000000000O0O0O0




Verilog Simulation with ModelSim

ps /Scenario_1 0/SYSCLK /Scenario 1 O/MDL_E /Scenario_1 O0/TRIP_CNT
delta /Scenario_ 1 O0/NSYSRESET /Scenario 1 0/AI E /Scenario_1_ 0/IRIP
/Scenario_1 O/pulse /Scenario_1_0/0B_INIT_STA
/Scenario_1_0/FV_OUT /Scenario_1_0/ISP
/Scenario_1 O0/RNG_E /Scenario_1 O0/TRIP_LOGIC
0 +0 000 278000 00 0 x X X X
50000 +0 -1 00 278000 oo ] x X X X
100000 +0 000 278000 00 0 x X X X
150000 +0 -100 278000 00 0 x X X X
200000 +0 000 278000 00 0 x X X X
250000 +0 -100 278000 00 0 x X X X
300000 +0 000 278000 00 0 x X X X
350000 +0 -100 278000 o0 o x X X X
400000 +0 000 278000 00 0 x X X X
450000 +0 -100 278000 00 0 x X X X
450000 +2 -100 278000 oo ] x x x 1
500000 +0 000 278000 00 0 x ®* x 1
550000 +0 -100 278000 00 0 x ®* x 1
600000 +0 000 278000 oo o x x x 1
650000 +0 -100 278000 00 0 x ®* x 1
P 700000 +0 000 278000 00 0 x ®* x 1
Cursar 1 254265997 ps 750000 +0 -100 278000 ] ] X xx1
. . 800000 +0 000 278000 00 0 x ®* x 1
In wave torm 850000 +0 -1 00 278000 00 0 x x x 1
900000 +0 000 278000 oo o x xx 1
950000 +0 -100 278000 00 0 x ®* x 1
1000000 +0 -1 0 278000 00 0 x ®* x 1
1000000 +2 0*0 278000 00 0 x x*xx0
1000000 +3 0*0 278000 00 0 27870 000
1050000 +0 -1 =0 278000 oo 0 27870 o000
1100000 +0 0*0 278000 00 0 27870 000
1150000 +0 -1 0 278000 00 0 27870 000
1200000 +0 0*0 278000 00 0 27870 000
1250000 +0 -1 0 278000 00 0 27870 000
1300000 +0 0*0 278000 00 0 27870 000
1350000 +0 -1 ~0 278000 oo 0 27870 co0o0
1400000 +0 0*0 278000 00 0 27870 000
1450000 +0 -1 0 278000 00 0 27870 000
1500000 +0 0*0 278000 00 0 27870 000
1550000 +0 -1 0 278000 00 0 27870 000
1600000 +0 0*0 278000 00 0 27870 000
1650000 +0 -1 0 278000 00 0 27870 000
1700000 +0 0*0 278000 00 0 27870 000
DEPENDABLE SOFTWARE . 1750000 +0 -1 % 0 27800 0 00 0 27870 000
LABORATORY in text 1800000 +0 0 * 0 278000 00 027870 000




FBD & Verilog Comparator

£ Simulation
* ~ : 2 *
FBD & Verilog Simulation Comparator
Simulation Result (FBD) console
Input File - |C:\Users\Sub\Desktop\Original EX\FIX-RISING-TRIP\FBD-Result\Result txt Open | ||Comparision Start
Scenario_1_0is OK
Simulation Result (Verilog) Comparision OK
Input File : C:\Users\Sub\Desktop\Original EX\FIX-RISING-TRIPWerilog-Result Open
Comparator | Cancel
| | TSP v TRIP |v| TRIP.CNT |v| TRIP_LOGIC
FBD Graph C Graph
10 10 T
9 | *E [ |
B ] B [ ]
7 = 7 =
e u 6] =
5 [ ] 5 ]
4 [ ] 4 [ ]
3 L] 3 [
2 [ ] 21 [ ]
1 ) 1 B
| |
I |
0 0
- Cycle - - Cycle -
= TRIP_CNT -# TRIP_LOGIC |--- TRIP_CNT - TRIP_LOGIC|
i

> The FBDtoVerilog 2.0 transformation worked well!
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FBD & C Comparator

& Simulation AAB
* FBD & C Simulation Comparator *
Simulation Result (FBD) console
Input File - |C:1.Users\SubLDesklop‘.Driginal EXFIX-RISING-TRIPIFBD-ResultiResult bt | Open | [NOT OKIl | =
SCenario_name = _|
Simulation Result (C) output_name =T3
Input File : |C:IUsers\SumDesklop\Driginal EXFE-RISING-TRIPAC-file\Result bd | Open HS[I?[:]}E!!!
scenario_name =:
Comparator Cancel = 'T‘-'—'-*rf-”"“ = T:: N

TSP W TRIP ™ TRIP_CNT [ TRIP_LOGIC

O
FBD Graph C Graph
10 10
| |
9 9
| |
I |
8 |0 8 L4
|
| |
N ] 8 T
| |
1 7 & 1
| |
5 @ 5 I.
|
| |
& [ ] 4 L ]
|
| |
=T 3 ]
| |
2 * 21 [ ]
| |
| |
| ‘ |
0 0
- Cycle - - Cycle -
TRIP_LOGIC |-I-TFEIP+TRIP_CNT TRIP_LOGIC|

|--- TRIP - TRIP_CNT

- The FBDtoC transformation worked well!
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In Summary

NuDE 2.0 can

Provide a systematic MBD-based software development framework for the PLC &
FPGA implementations of digital 1&Cs, simultaneously

Cope with various standards and regulations in regarding to software safety

Reuse the PLC-based knowledge and experience accumulated for decades

Reduce the risk of the sudden change of SW development paradigm from PLC to
FPGA, through starting from the existing FBD programs not HDLs

Be used as a medium of software design diversity to avoid CCF

Consider also the safety demonstration of the commercial SW synthesis tools
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THANK YOU

http://dslab.konkuk.ac.kr
jbyoo@konkuk.ac.kr
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