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Introduction

» Safety critical systems are using FBD(Function Block Diagram) to design

software

— It used PLC(Programmable Logic Controller) programming language in plant
automation industry
— These systems requires rigorous quality demonstration

* Formal verification techniques
— E.g.) Model Checking, Equivalence Checking

* Formal verification techniques have their own input format

— E.g.) VIS: Verilog Program, SMV: SMV input or Verilog program
— Requires translation from FBDs into tool specific input format



Introduction (Cont’d)

* KNICS project (Korea Nuclear Instrumentation & Control System)

— Developed a new RPS(Reactor Protection System) for Korean nuclear power
plants and implemented its software in FBDs

— Our former researches: FBD Verifier, PLC Verifier
* |t used FBD format specific to POSCO ICT, which generated from pSET

* |If some changes in the format of front-end,

— Itis difficult to keep consistency and correctness of the translator and
verification tool

Translate



Introduction (Cont’d)

e CASE tool: FBDtoVerilog

— It translates FBDs into a semantically equivalent Verilog Programs
* Many verification techniques uses Verilog language

— It uses standard input front-end format of FBD
» Standard XML format of FBD (PLCopen)

e (Case Study of FBDtoVerilog

— Example: FBD of ‘th_X Pretrip’ logic in KNICS project
* Translate from FBD into Verilog program
* Performed the formal verification techniques

INDerenoasLE SOFTwaRE
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Background — Function Block Diagram

* FBD consists of an arbitrary number of function blocks

— It visually expresses behavior of system
— Blocks are wired together and execute sequentially

 Function blocks are defined in IEC 61131-3 standard

— Defined all function blocks and 10 categories

TR_X_Prateip_Hys [t

_X_Pretiip [>—o &
- L] —
. 213(14) o INt R . N
212(13) LE_INT FBIL2 15(1%8) 218(17)
SUB_INT TOF SEL
X r—-vi
"
N1

R |~ —

Prev_X_Puetiip

Function Block Diagram
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Background — PLCopen

PLCopen is a vendor- and product-independent association

PLCopen has defined an open interface between all different kinds of
software tools

— TC6 define the XML specification for IEC 61131-3 standard
— Includes IL, ST, LD, FBD, SFC programming languages and other information
— We used the XML specification of FBD programming language

—|PLCopen |
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Background — Verilog Programming

* Verilog program language
— Hardware Description Languages used in Integrated Circuit design
— Many verification and analysis techniques and tools use Verilog as an input
language
— We defined translation rules from FBD into Verilog

module GATE Example(clk, X0, X1, X2, Y0, Y1, Y2, ¥3):
'#* wvariable declaration */

input clk:;

input X0, X1, X2; // input variables
output Y0, Y1, Y2, ¥3; // output variables
/* assign statements ¥%/

assign Y0 = ~ (X0 & X1 & X2):

assign Y1 = ~(X0 | X1 | X2):

assign Y2 X0 A X1 ~ X2):
assign Y3 = ~ (X0 ~ X1 ~ X2):;

ﬁ] always @ (posedge clk) begin

A simple example bf Verilog program

l—41
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FBDtoVerilog

CASE tool: FBDtoVerilog

— Uses standard input format of FBD
* Standard XML format of FBD (PLCopen)

— Translate FBDs into a semantically equivalent Verilog Programs

EPENDASLE SOFTWARE
LABORATORY

] NuSCRtoFBD
File View Information Help

o' E X

variable part FBD | Total FBD '

__[a]

+ 10,401 v T Leak

wat

_.,...o_m._.m»_‘_.

> [@ - -
TN ENEIE
Hierachy Window ', (o | 2cTable 5 S v i é
¢ [ Root -
File Hel
¢ JoBP 4
¢ Clg_LO_SG1_LE “define k_X_Pretrin_Setpoint = 30; [«]
Lo so1 “define k_Trip_Delay = 20;
T e “define k_X_Pretrip_Hys = 10;
D LL0_S61.| module th_X_Pretrip_Processingiclk, 1 out);
D _LO_SG1_| input clk; =
[y 7_Lo_so1_i inpute_;
[y th_Lo_so1 output out;
A wire TOF_13; L
D 1h_L0_SG1 wire LE_INT_S;
¢ (51 0_VAR_OVER| wire SEL_11;
o g HLLOG_PO! wire NOT_4;
o~ [Jg_LO_PZR_PR wire GE_INT_3;
o [J0_561_LO_FL wire SEL_16;
o[ g_HI_LOCAL_F wire SUB_INT_7;
TECS B e th_prev__Pretrip;
o [ y_TEST_SEL el req th_prev_X | ;
) °T initial th_prev_X_Pretrip=1;
& 9_HEART_BEA assign GE_INT_3 = GE_INT(_X, 5%11110);
oo | A5SIGN NOT_4 = NOT(GE_INT_3);
assign SUB_INT_7 = SUB_INT(5%11110, 41010);
assign LE_INT_ E_INT(_}, SUB_INT_7);
<] I I D assign SEL_11 = SEL{th_prev_¥_Pretrip, LE_INT_9, NOT_4);
= + | TOF M1(clk, SEL_11, §'010100, TOF_13);
Description Window . (| assign SEL_16=SEL(TOF_13, 10, 1'b1);
10 always @(posedge clk) begin
¢ CIth_LO_SG1_LEVEL |~ th_prev_3_Pretrip = out;
o~ [ Description end
[} Template Numb assign out= MOVE(SEL_16); <
o 3 Input —
o [ Output —
o [ Constant wa
o [ Lacal Clock Varijv | e
K T 1
Ready
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FBDtoVerilog (Cont’d)

* FBDtoVerilog uses standard XML format of FBD proposed by PLCopen
— We used XML specification of FBD

— In addition, we used an addData element of the XML specification
* |t stores name of output that every single function block belongs to

- <FBD>
+ <inVariable localld="1" height="16" width="32">
- «inVariable localld="2" height="16" width="32">
<position x="0" y="0" />
- <connectionPointOut>
<relPosition x="32" y="8" />
</connectionPointOut>
<expression=k_X_Pretrip_Setpoint</expression>
</inVariable>
- «<block instanceName="GE_INT" localld="3" typeName="GE_INT" executionOrderld="12" height="64" width="80">

- <addData>
- <data name="th_X_Pretrip" handleUnknown="discard">
<BOOL /=
</data=

</addData>
</block> addData element

Part of FBD(XML) and addData element

' ‘Dtl'l‘.':;«\:::;;‘:;:;wu-rl
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FBDtoVerilog (Cont’d)

 FBDtoVerilog Translates from FBDs into Verilog programs

— We defined translation rules from FBDs to Verilog Programs

e 13 rules for translation
— 4 rules for Function Block
— Others for block diagram

Category Nlljr%lger Constructs of FBD Constructs of Verilog
function [type of OP] name_of function;
1 FB = <Name, IP, OP, BD> ]
Function block endfunction
2 Ip,€IP input [type of IP] ip,
module name_of Component_FBD(list of I, list of O);
5 Component_FBD =<FBs, T, I, O>
Component_FBD endmodule
v, el ; .
6 “Provided v; € Vo rapo input [type_of_v] vy;

A part of translation rules

l—l
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Case Study

Case Study for FBDtoVerilog

— Applied to real case: th_X_ Pretrip’ logic
* Logicin KNICS project

— Process of Case Study
* Translate the FBD ‘th_X _Pretrip’ into Verilog program
* Performed the formal verification techniques by using tools

Translate

SEKE 2011 Conference
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Case Study (Cont’d)

 ‘th X Pretrip’
— Logic in KNICS project
* Consists of 8 function blocks
* One input, one output and one internal output variables
— f_X, th_X_Pretrip, th_Prev_X_Pretrip
* 3 constant variables
— k_X_Pretrip_Setpoint, k_X_Pretrip_Hys, k_Trip_Delay

214(1%)
SEL

th_Prev_X_Pretiip o &

213(14) INO
2
2.12(13) LE_INT OLINt FBL2 15(18) ‘ 2.48(17)
SUB_INT TOF SEL
1_X i
K X _Pratrip_Setpoint S i1 Q o
WX _Pratep_Mys ey _Trp_Delay[red PT ET j O [rd IO X _Pretnp
-~ - 15— 1
211(012)
GE_INT
»
XD 2147(18)
K_X_Pretrip_Setpoint — MOVE
——{>th_Prev_X_Pretrip

‘th_X_Pretrip’ logic

IEPENDASLE SOFTWARE
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Case Study (Cont’d)

* Translate into Verilog program by FBDtoVerilog

Translate
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Case Study (Cont’d)

* Translated into Verilog program by FBDtoVerilog

_ 98 Iines Verilog program : *define k_X_Pretrip_Setl?oint = 30;

2 ‘define k Trip Delay = 5;
. 3 ‘define k X Pretrip Hys = 10;
— It covers 12 translation rules of the 4 module th X Pretrip Processing(clk, £ X, out);
5 // input, output variables
13 rules &  input clk;
7 input £ X;
<FBD> . -
+ <inVariable localld="1" height="16" width="32"> - output out;
<inVariable localld="2" height="16" width="32"> 9 // wire wvariables for functions
<position x="0" y="0" /> . )
- <connectionPointOut> Y wire LE_INT_Q;
<relPosition x="32" y="8" /> 11 wire SEL 11;
</connectionPointOut> - ) -
<expression>k_X_Pretrip_Setpoint</expression s 000 NuSCRtoFBD - wire NOT_4;
</inVariable> File View Information Help " n wire GE INT 3:
- <block instanceName="GE_INT" localld="3" typeName="C ‘\f\ ‘ H‘ ‘\‘—’\@ a{\ E{\ ‘o| Il 14 wire SEE 167
Hierachy... \ (@] - EEDtoVerilog part FBD SStati «»s0O 15 3 SUB_INT T
File Help 19 wire _ _iz
" define k_X_Pretrip_Setpoint = 30; = 16 » *3i
* define k_Trip_Delay = 5 [ 16 // reg variables
“define k_X_Pretrip_Hys = 10; a - - .
module th_X_Pretrip_Processing(clk, f_X, out); < reg th prev_X Pretrip;
PP variables 18 initial th_prev_X Pretrip = 1;
X - , . .
g‘u‘::in_ou[; 19 [/ wire assign statements
/1 wi bles for functions ; i
i lEINT 0 1 20 assign GE_INT 3 = GE INT(f X, 11110 ):
wire SEL_11 . . - - - =
wire NOT_4; 21 assign NOT 4 = NOT(GE INT 3):
wire GE_INT_3; - A . — ) o
wire SEL_16; 22 assign SUB INT 7 = SUB INT(.111C , 1010):;
wire SUB_INT_7; A - - —
/1 reg variables 23 assign LE_INT 9 = LE_INT(f X, SUB_INT 7):

reg th_prev_X_Pretrip;
initial th_prev_X_Pretrip = 1;

it assign SEL_11 = SEL(th _prev X Pretrip, LE_INT 9,
e T o e e L1110 NOT_4) ;
assign SUB_INT_7 = SUB_INT(11110, 1010); TOF M1 (Clk, SEL_ll , 1 01 , IOF_13) :

assign SEL_16 = SEL(TOF_13, 0, 1):

assign LE_INT_9 = LE_INT(f_X, SUB_INT_7);
[T always @ (posedge clk) begin

(%]
NS

(]

on

(%]

J

always @(posedge clk) begin
th_prev_X_Pretrip = out;
end
// output assign statements
assign out = MOVE(SEL_16);
( )

-

assign SEL_11 = SEL(th_prev_X_Pretrip, LE_INT_9, NOT_4);
Descriptio... u: TOF M1(clk, SEL_11, 101, TOF_13);
assign SEL_16 = SEL(TOF_13, 0, 1);

th prev X Pretrip = out;

end

o

<>
NN

0

N

Ready 4
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Case Study (Cont’d)

 Performed the formal verification techniques

Translate
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Case Study (Cont’d)

* Planned to apply two verification techniques

— SMV model checking is not performed

* SMV model checker cannot read the Verilog code which translated by FBDtoVerilog
— E.g.) Reuse of functions are not allowed

— VIS equivalence checking
 Two Verilog programs have same behavior
— “Sequentially equivalent”
— Between manually- and automatically-translated code
» Validation of FBDtoVerilog
— It shows correctness of FBDtoVerilog indirectly

Translated by
Domain Experts
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FBDtoVerilog: A Vendor-Independent Translation from FBDs
into Verilog Programs

CONCLUSION & FUTURE WORK

PENDASLE SOFTWARE
LABORATORY

SEKE 2011 Conference

22



Conclusion & Future Work

A CASE Tool: FBDtoVerilog

— It uses standard XML format of FBD as a front-end
— It translates from FBDs into Verilog programs

— Case Study: VIS equivalence checking
* |t validates correctness of FBDtoVerilog indirectly

— Some issues to be improved
* Translated code requires adaptation(Additional work for verification)
* Translated code can be optimized

Future Work
— Implement the improved FBDtoVerilog

— Perform the Case study about other logics in KNICS project
* Bigger and more complicate cases

KU
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Issues to be improved

Adaptation Optimization
* Requires additional works * Code can be optimized
— Variable size set-up — Code for Function Blocks
Translated Code Post-processed Code Func Translated Code Optimized Code
input a; input [0:6] a; . ] . ]
(o Mineut 0515 nput nput
var = ADD(a, b); var = ADD(a, b) ﬁ:ADD(a b); \ var=a+b;
functior] [0:6]JADD_INT; . )
inputinl; ot [0:6]fin1; ADD funi::]tlpz: iﬁli_D—lNT'
inputin2; input[0:6]fin2; input inzt
begin begin ,
ADD_INT = (inl + in2); ADD_INT = (inl + in2); ADD_INT = (in1 + in2):
end end end - ’
endfunction endfunction

endfunction

Hg\}’ Sacmaron SEKE 2011 Conference =
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Translation Rules(1

* Rules fo_r Function block

Junction (type _of OP]| name of function;
/ FB = < Name, IP, OP, BD >

endfunction

o

ip € IP input [type of OP)ip;

begin
Function block 3 BD (logical or arithmetic) name_of function = ip, @ip, @ - @ip,;
end

begin
name_of function=(k==0)?2ip,:
BD (selection) (k==1)%ip;:
- provided IP = { k, ip; , ip2, ***, ip, }
(k==n)?ip,: default,
end

IEPENDASLE SOFTWARE
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Translation Rules(2)

* Rules for Component FBD

module name of Component FBD ( list of 1, list of O);
5 Component FBD = < FBs, T, I, O >
endmodule
viE ]
6 ! input [type_of v;| v
- provided v; € Vo rap.1 P [’ pe_ f— il vi
output [type of v,] v,:
7 Vo e O Wir (4 [ope_o,f _vinlcrnu'tliulu] vinlcnm'diulu;
- provided v, € V. omp rsp-0 o
Component_FBD assign v, = assignment for v, using Verilog function calls;
reg [type_of v,] v,;
initial v, =initial value of v,;
V" E 0 e B - ‘/‘%
8 - vided Iv; E1& i == . .
° proviaec e always (@(posedge clk) begin
- v, precedes v, i X
assignment_for v,;
end
JSunction ...
9 Jfunction block & FBs definition of function block
endfunction

EPENDASLE SOFTWARE
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Translation Rules(3)

* Rules for System FBD

module name of System FBD ( list of 1, list of O);
10 System FBD = < FBDs, T, I, O >

endmodule
viE ] - .
11 ' - - input [type of v;| vy
- [)I'()VIIIL’(I V; € svs FBD-I -
output [type_of v,| v,;
sys(em FBD I) Vo e O w‘.’"’ [’_"I)(’ ()/ vim«rm«'(liulrl villlc'rnu'tliulr:
- - 'I’r("'id(.’d v, e ,’\r\ FRD-O o
assign v, = assignment_for v, using Verilog moudle instantiations;
reg [ype_of v,] vo;
B initial v, =initial value of v,;
v €0 -
13 - provided Fv; € [ & i 0

always @(posedge clk) begin
assignment_for v,,
end

- v; precedes v,
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