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NuDE (Nuclear Development Environment

Integration of Existing Tools

IDE for Nuclear-Domain Software
Requirement Analysis

Design Synthesis

Implementation
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Requirements Analysis — NUSRS
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File Edit MNavigate Search Project MNuSCRtoFBD NuDE Diagram Services Samples Run Window Help

¢ [ Description
[ 71 k== EE (RHEHI

. i : > i . N I Sy
srmee e POHE +BEE0SCARAEEFE 5 00 a-
=3 View_hierarchyTabwi SSVE iew_di i
¢ [ Root Root (0 u._BP | O y_VAR_OVER_PWR x
o [Ju_BP
N |
TVA (MAR_OVER_PWR_V3l_Out
O ;Il }
1V
O
° ap_oven.pu_1]
_OVER_PWR_Tr|p_SP
o
View_descriptionTabwi 53 = 0| th_vA
¢ [ u_VAR_OVER_PWR -
M hR_OVER_PWR_Ptrp_Logic
v

9 [ TemplateNumber

¢ ] Input
[ f_vAR_OVER_PWR_PV | £
[0 1_vAR_OVER_PWR_Mal
[ f_vAR_OVER_PWR_MT)
[ f_vAR_OVER_PWR_Trig
[ f_vAR_OVER_PWR_Ptr}
[ f_Mod_Er : boolean
[ f_vAR_OVER_PWR_Ch:
[ f_vAR_OVER_PWR_Op.

9 ] Output
[ f_vAR_OVER_PWR_val,
[ f_vAR_OVER_PWR_Ptr}
[ f_vAR_OVER_PWR_Trix ~

Ll F—— ,

_OVER_PWR_Pv—Er-

‘-,{ "_OVER_PWR_P]/_EH

[«1 Il

(D View_typewindow 2 @ \/iew_ccnsole] & Problerns]

"_Mod_Err : boolean
_VAR_OVER_PWR_Chan_Err : boolean
_VAR_OVER_PWR_MT_Query: boolean

" VAR_OVER_PWR_Manu_Test : boolean
_VAR_OVER_PWR_Op_Byp_Init : boolean
_VAR_OVER_PWR_PV : boolean
_VAR_OVER_PWR_PV_Err : hoolean
 VAR_OVER_PWR_Ptrp_Out : boolean
_VAR_OVER_PWR_Ptrp_SP : boolean
_VAR_OVER_PWR_Ptrp_Status : hoolean
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Requirements Verification — NuSCRto

= NuSRS - Eclipse SDK o|[3] =
File Edit MNavigate Search Project MNuSCRtoFBD MNuDE Diagram Services Samples Run  Window Help

r1- e NEOHE eBEE PP TTIT- - ED SR PO
| @& view_hierarchyTabwi 83 = B[O View.diagramTabbedwindow 82 lésalmltwacllpse-SDK-3.7.2-mn32-x86_64wedlpsewdsfault.smv be-o-fe 5_
¢ O Root O Root () 9_BP | O u_VAR_OVER_PWR X ', ( ‘ I
- [JubP | |- SMV Input for g_VAR_OVER_PWR T

\ VAR_OVER_PWR_PV

- - - SMY Input for _VAR_OVER_PWR_Val_Out

O VA MODULE m_f_VAR_OVER_PWR_Val_Out{l_VAR_OVER_PWR_PYV, {_VAR_OVER_PWR_Manu_Test, f_!

£V AR

- f_VAR_OVER_PWR_Val_Out: 0.100;
(@] - inputs

STATE : {_init_, s0, s1};

(@)

f_VAR_OVER_PWR_Trip[-Sta ASSIGN
(L]

init(STATE) = _init_;
next(STATE) = case

® f_VAR_{ S FROM-_init_-TO-s0-taken : s0;
FROM-50-TO-s0-taken : s0;
FROM-51-TO-s0-taken : s0;
FROM-_init_-TO-s1-taken : s1;
FROM-50-TO-s1-taken : s1;
FROM-51-TO-s1-taken : s1;

View_descriptionTabwi 82 . T O

9 ] y_VAR_OVER_PWR -~ 1:STATE;
¢ 7 Description B esac;
[ 71 Dbz ER (RhSHI
9 [ TemplateNumber - Outputs
init(f_vAR_OVER_PWR_val_out) = 0; -
9 3 Input o ‘r s0n, \r-‘r[?n-nmlh on
[ LvAR_OVER_PWR_PY = = Save ‘ | Close ‘ | Execution ‘ =
[} _VAR_OVER_PWR_Mal ‘ [ view_typewindow 22 [ View_console| &R Problers| BROBERTR jﬁ
D f_VAR_OVER’_PWR_MT_ "_Mod_Err : boolean ( ‘ j
D {LVAR_OVER_PWR_Trig _VAR_OVER_PWR_Chan_Err : hoolean
D f_VAR_OVFR_PWR_Ptr; _VAR_OVER_PWR_MT_Query : boolean
D {_Mod_Err: boolean ~||f_VAR_OVER_PWR_Manu_Test : boolean
D {LVAR_OVER_PWR_Ch: _VAR_OVER_PWR_Op_Byp_Init : boolean
I OD;“:_”\:AR_OVER_PWR_Op_ _VAR_OVER_PWR_PV : hoolean I
D f VAR_OVER_PWR_Val, _VAR_OVER_PWR_PV_Err : hoolean
D f VAR_OVER_PWR_Pl1} _VAR_OVER_PWR_Ptrp_Out : hoolean "
D f VAR_OVER_PWR_Trif ~ _VAR_OVER_PWR_Ptrp_SP : boolean pply
P T— D _VAR_OVER_PWR_Ptrp_Status : boolean J
L
Di;
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File Edit MNavigate Search Project MNuSCRtoFBD NuDE Diagram Services Samples Run  Window Help

P B : : . >
H-EEe  nWE SHAABOED - v ia-drerero-r &
il = O R i . =5
¢ (] Root ~ ||| 2cTanle (f‘ ined 2CTabhle QPreprocessinu part FBD \Ollpll part FBD \State variable part FBD ] Total FBD =
¢ Ju_BP -
o 9 u_LO_SG1_LEVEL 5
9 [ u_VAR_OVER_PWR ) @
[ f_vAR_OVER_PWR_
[ _VAR_OVER_PWR_ f_VAR_OVER_PWR_Trip_sp-{BOOL_TO_INTY f_VAR_OVER_PWR_Val_out{ LT-INT cond_A
[ f_vAR_OVER_PWR_
[ f_vAR_OVER_PWR_
D T_VAR_OVER_PWR_ = @) @
[ f_vAR_OVER_PWR_ ||
[} h_vAR_OVER_PWR, _VAR_OVER_PWR_Trip_sP—{BO0L_TO_INTY f_VAR_OVER_PWR_Val_Out{ ®E_INT oond B
[y th_vaR_OVER_PWF -
[ th_vAR_OVER_PWHR
o [ u_HI_LOG_POWER & ®) @
o~ [Jy_LO_PZR_PRESS
g m 9—801—L0_FL0W BOOL_TO_IN LT_INT TOF,
f_VAR_OVER_PWR_Trip_SP— -_TO_| f_VAR_OVER_PWR_Val_Out{ | cond_C
o= ] g_HI_LOCAL_POWER | | L K_VAR_OVER_PWR_Trip_Dly—|
o~ [ y_TEST_SEL i
< = : e (4 O
®) @) (10)
@ DescriptionWindow 52 =g
¢ [C] th_VAR_OVER_PWR_Trip_Loaic f_VAR_OVER_PWR_Trip_sp-{BOOL_TO_IN - SUBINT f_VAR_OVER_PWR_Val_0ut{ E_INT cond D
o [ Description K_VAR_OVER_PWR_Trip_Hyst— I
[ Template Number
o [ Input a1 12) T
o= (3 Output
o~ [ Constant cond_A —|
; i—|BOOL_TO_IN - SEL_INT
o 9 Local Clock Variable th_prev_VAR_OVER_PWR_Trip_Logic _TOINL, |
[ Previous State Variable K_FALSE —
[ Memoriazable Variable Of Exter
14) (15)
13)
cond_C —| cond_B —|
th_prev_VAR_OVER_PWR_Trip_Logic— BOOL_TO_INT, SEL_INT SEL_INT
K_TRUE k_FALSE |
(18) an
cond_D —|
th_prev_VAR_OVER_PWR_Trip_Logic— BOOLTO_INL, SEL_INT
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File Edit MNavigate Search Project FBDtoverlog NuDE Diagram Services Samples Run Window Help

in-EHBRS H|ﬁ #| ) NuDE o S ST [ (%] FeDtoverilog | '@ FEDtoC 78] NUSCRFBD ) NUSRS 1 NUDEQ.S

5. Navigator &2 =8 M ==

@ | G:D - module cond_A(clk, T_VAR_OVER_PWR_MT_Query, out); i
flinput, output variables D
input clk;
input {_VAR_OVER_PWR_MT_Query;
output out;

I output assign statements

assign out= EQ__def3(1'h1, _VAR_OVER_PWR_MT_Queny),
function EQ__def3;

inputint |

inputinz;

hegin

EQ__def3=(in1==in2),

end

endfunction

endmodule

module f_YAR_OVER_PWR_Val_Out_Processing(clk, cond_A, f_YAR_OVER_PWR_PV, {_VAR_OVER_PWR_Manu_Test, ouf);

flinput, output variables

input clk;

input {_VAR_OVER_PWR_Manu_Test,

input f_VAR_OVER_PWR_PV;

input cond_A;

output out;

i output assign statements

assign out= SEL__def3({f_VAR_OVER_PWR_Manu_Test, {_VAR_OVER_PWR_PYV, cond_A);

function SEL__def8;

inputini;

inputin2;

inputin3;

hegin

SEL__def8=(in1==1)7in3:in2;

enr

< | m ] »
[2! Problems 52 v =8
0 items
Description Resource Path Location  Type
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Design Verification — FBDtoVerilog (Con'td)

NuSCRtoFBD

| | FBDtoC I
i NuSRS
FBDtoVerilog
a ) L

Formal Verification via SMV,
VIS and HW-CBMC
1) SMV

Model Checking

Verification:
HW-CBMC

2) VIS
Equivalence Checking

between FBDs Verification:
' SMV. VIS

3) HW-CBMC
E.C. between FBD and
translated C program
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Implementation — FBDtoC

File Edit N

e OEED I NE @ ierinH e ey

avigate Search Project FBDtoC NuDE Diagram Services Samples Run  Window Help

5. Navigator 53 = O|(® open_fBD | @ Function_FED | @ Component_FBD W =8
: SN -Shd| I -
+ ==fileHeader == =
+ CompanyMName = KONKUKUNIV_DSLAB
= Productame = nonamenow
= ProductVersion = 1
+ CreationDate Time = 2012-04-30T03:31:47
+ == contentHeader ==
= Name = bl
= ModificationDate Time = 2012-04-30T03:31:47
+ Author = bhback
+/
#include "“Component_FBD.c"
¥uid BP _for_Test( bool INO . bool INT , bool IN2, bool IN3 . bool IN4 . bool INS , bool ING , bool INT . bool INS . bool INS , bool IN10 ) L
étexternal inputs,
ool {_VAR_OVER_PWR_Trip_Status , f_Mod_Err , {_Mod_Err , {_VAR_OVER_PWR_PV , {_VAR_OVER_PWR_MT_Query , {_VAR_OVER_PWR_Ptrp_Status , f_VAF
/internal output=,
int th_prev_VAR_OVER_PWR_Trip_Logic . th_prev_VAR_OVER_PWR_Ptrp_Logic , h_prev_VAR_OVER_PWR_Int_SP , h_VAR_OVER_PWR_Int_SP , status;
é*exlernal outputs/
ool {_VAR_OVER_PWR_Trip_SP , {_VAR_OVER_PWR_Ptrp_SP . f_VAR_OVER_PWR_PV_Err . th_VAR_OVER_PWR_Ptrp_Logic . {_VAR_OVER_PWR_Ptrp_Out , tl
f_VAR_OVER_PWR_Trip_Status = INO;
f-Mod_Err = IN1;
f_Mod_Err = IN2;
f_VAR_OVER_PWR_PY = IN3;
{_VAR_OVER_PWR_MT_Query = IN4;
f_VAR_OVER_PWR_Ptrp_Status = INS; =
f_VAR_OVER_PWR_Op_Byp_Init = ING;
f_VAR_OVER_PWR_Op_Byp_Init = IN7;
f_VAR_OVER_PWR _N&n ﬁ'est = ING;
_VAR_OVER_PWR_Chan_Err = INSﬂ
f_VAR_OVER_PWR_Chan_Err = IN10;
f_VAR_OVER_PWR_Val_Out = BP_for_Test_f_VAR_OVER_PWR_Val_Out( {_VAR_OVER_PWR_PY , {_VAR_OVER_PWR_MT_Query , {_VAR_OVER_PWR_Manu_Te
f_VAR_OVER_PWR_Ptrp_SP = BP for_Testf_VAR_OVER_PWR_Ptrp_SP( {_prev_VAR_OVER_PWR_Ptrp_SP . {_VAR_OVER_PWR _Ptrp_Status );
f_VAR_OVER_PWR_Trip_SP = BP for_Test_{_YAR_OVER_PWR_Trip_SP{ {_VAR_OVER_PWR_Trip_Status . f_prev_VAR_OVER_PWR_Trip_SP ); 2
<[ m ] »
[2 problems 52 ¥ =0
Qitems
Description . Resource Path Location  Type
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Considerations for FPGA/CPLD

NPP Software based on PLC
Implementation: FBD or C Code

U

NPP Software based on FPGA/CPLD
Implementation: Verilog HDL
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Considerations for FPGA/CPLD (Cont'd)

NuSCRtoFBD

| | FBDtoC
i NuSRS

! FBDtoVerilog

Verification:
HW-CBMC

FPGA/CPLD

Verification:
' VIS, SMV
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Improvements of NuDE
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Not Yet Integrated

* FTA for Requirements * Automated VIS » Generate Test Cases
Specification Equivalence Checking for FBDs Automatically

View iy
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Not Yet Integrated (Cont'd)

Verification &
Validation

oW < NUFTA

Model (FTA for Requirements)
Checking

E:ESS Automalic

Specification Translation

___/
NusCRiasMY /| NUFTA |

Requirement

FBD Tester
from Dr. Jee

Automatic Verilog
Translation Program

FBDtoVerilog

(
III

>
g5 VIS Analyzer
g3
= -
S (
© Model Equivalence.
@ Checking Checking
5 \_
? Program
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Not Yet Developed

Verification &
Validation

p SMV \ Simulation for

= NuSCR . Model Requirements & Design
o Formal Automatic Checking
= Specification Translation
& NuSCRioSMy ~ , NUFTA
FTA
NuScrtoFBD
2 — FBDFTA
FTA for Design
Automatic Verilog
Program Translation Program
FBDtoVerilog
=3 :
g5 e Our Own Testing Tool
&2 -
=
c =
c - SMV / VIS Analyzer
S
© Model Equivalence
S Checking Checking
§ c g
ot Program
E — .
Traceability Analyzer
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NuDE: Development Environment for
Safety-Critical Software of Nuclear Power Plant

Future NuDE
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Consideration for Future NuDE

FBD Programming
A Guide for Safe FBD Programming

IDE for NPP Software based on FPGA/CPLD
Seamless Transition from PLC to FPGA/CPLD

Dependable Development

Verification for FPGA/CPLD

A All-New Formal Requirements Specification Method
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Future NuDE

| NuSCRtoFBD
NuSCR

NuSRS

| FBDtoC
! FBDtoVerilog
"""".""."""

S~

? to Verilog

Verification:
HW-CBMC

FPGA/CPLD

Verification:
VIS, SMV
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NuDE: Development Environment for
Safety-Critical Software of Nuclear Power Plant

Conclusion
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Conclusion
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