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Software Models

Structured Text (ST) Model 1

> imperative sequential programming language
described in [EC 61131-3

> used to implement Program Organization Units
(POUs) of real-time systems such as
Programmable Logic Controllers (PLCs)

> classical imperative sequential paradigm
following periodic execution approach
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{ IEC61131-3 IDE }

t

FUNCTION_ BLOCK pou
VAR _OUTPUT
y @ INT;
END VAR
VAR
X ¢ INT := 1;
i : INT;
i@ : INT :
il : INT :
END_ VAR

i:=ie;
REPEAT
y :=1;
i = i+1;
UNTIL i>il END_REPEAT;
y = X;
END_FUNCTION_ BLOCK

St
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Software Models

Synchronous Models

> most statements executed in zero time (micro steps)
» synchronized in each reaction step (macro step)

> a pause statement denotes the end and the
beginning of a macro step
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X = 3;
pause;
X = 5;
y = X;
pause;
X = 3;
pause;
y = X5
X = 5;
pause;
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Software Models
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Quartz 11
12

» classic synchronous model of computation 13
(shared data, unique value per tick) (2] 1‘5‘
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{ Averest ]

t

module pou(int !y){

int x;
int i;
int i0;
int i1;
x=1;
i0=0;
il=10;
i=ie;

do{

y = 1i;

next(i) = i+1;
[pause; ]
Ywhile( !(i>il) );
y = X%;

.qrz
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Software Models

Sequentially Constructive Language/Statecharts

> sequentially constructive model of computation
(sequential scheduling) (3]
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module pouq{
output int y;
int x = 1;

int i;
int ie
int il
i=ie;

do:

= i;
pause;
i = i+1;

0;
10;

TF( T(1>11) ){

goto do;
}telse{

y = X;

}
}

.scl
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Software Models { KIELER ]—-:

region0

|

i1 =10;
li0=0;
1 xX=1;
1 =100
U

L ]

state5
-~ "-.\
1
:I y=i
v

state6

1
1

[i=i+1 11> i)
/"

Sequentially Constructive Language/Statecharts state9

> sequentially constructive model of computation 12: 1y =x

(sequential scheduling) (3]

.Sctx
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1. Introduction

Challenges in ST Models

[ IEC 61131-3 IDE ]

4

@1 | FUNCTION BLOCK pou
02 | ...
@3 | END_FUNCTION BLOCK
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1. Introduction

Challenges in ST Models

What if we could translate ST
models into synchronous models?

12

[ IEC 61131-3 IDE ]

4

@1 | FUNCTION BLOCK pou
02 | ...
@3 | END_FUNCTION BLOCK

4 4

[ KIELER ] [Averest]
| |

\ 4 \ 4
Formal Verification

Simulation

Synthesis
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ST-to-Quartz/SCL/SCCharts Translation

13

» Declarations

ST

Quartz

SCL

POU

FUNCTION_BLOCK
<name>

<idcl>

<vdcl>

<stats>
END_FUNCTION_BLOCK

import <module>

module <name>(<idcl>){
<vdcl>

<stats>

}

module <name>{
<idcl>
<vdcl>

<stats>

}
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ST-to-Quartz/SCL/SCCharts Translation st

14

Quartz SCL
» Declarations
Interfaces
VAR_OUTPUT (ag %q, a X 1 Qg X
Xo:®o; X,=W; a; X=W;
X0 = W; }
END_VAR
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ST-to-Quartz/SCL/SCCharts Translation

» Declarations

15

ST Quartz SCL

Variables

VAR g Xo; Qg Xo;
Xo:Qg; ay Xq; Ay X;=W;
X0 = W; X;=W;

END_VAR
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ST-to-Quartz/SCL/SCCharts Translation
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» Data Types

ST Quartz SCL

x: BOOL bool x bool x
x: INT int{32768} x int x

x: REAL real x float x
x: TIME nat x int x

x: ARRAY [0..n] OF [n+1]a x a x[n+1]
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ST-to-Quartz/SCL/SCCharts Translation
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> Atomic Statements

ST Quartz SCL
Constants and Variables

TRUE true true
FALSE false false
T T T
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ST-to-Quartz/SCL/SCCharts Translation
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> Atomic Statements

ST

Quartz

SCL

Equality and Inequality

177

T,<>T,

L1751

T, !1=1,

L1221,

T, =1,

Arithmetic Relations, &, = {<,<=,>,>=}

7,07,

7, 0.7,

7,071,
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ST Quartz SCL

ST-to-Quartz/SCL/SCCharts Translation

> Atomic Statements

Arithmetic Operators, ®, = {*, /,+,~}

7,8, 7, ®,1, 7,®, 1,
EXPT (7,,75) exp (7,,75) extern
-T -T -T

7, MOD 1, T, %71, T, %71,

Boolean operators

o, AND o, 0, and o, 0, && o,
o,0R 0, 0,0r0o, o, || o,
o, XOR o, 0, Xor g, o,No,
NOT o lo lo

19
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ST-to-Quartz/SCL/SCCharts Translation
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» Conditional Statements

ST Quartz SCL

Condition

IF ¢ THEN if(c){ if(c){
Yi=Xp; Y=Xo; Y=Xg5

ELSE Yelse{ }else{
yi=Xyg;5 y=X1; Y=X15

END_IF; } }

Condition (short)

y:= SEL(C,Xg,X;); Y=C?Xy:Xy; y=C?Xy:Xy;

region0

finalStated4
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ST-to-Quartz/SCL/SCCharts Translation

21

> Bounded Loops

ST Quartz SCL
Head-controlled
i:=ie; i=ie; i=j-93
WHILE i<=i, DO  while(i<=1i,){ while(i<=1i,){

Y:i=Xp;5 Y=Xp5 Y=Xop5

i:=i+41; next(i)=i+1; pause;
END_WHILE; pause; i=i+1;
y:i=Xg5 } }

y=Xy5 y=Xy5
region0

state8

1

Hit=10; |li=i+1

1io=0;

1 x1=1;

: x0=0;

: i=i0
state10

1

1
1221y =x1
[
finalState11

.Sctx
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ST-to-Quartz/SCL/SCCharts Translation

22

> Bounded Loops

ST Quartz SCL
Foot-controlled
i:=i,; i=i,; i=iy;
REPEAT do{ do:
Y:i=Xg;5 Y=Xg5 Y=Xg;pause;
i:=i+1; next(i)=i+1; i=i+1;
UNTIL i>i, pause; if(l(i>i))){
END_REPEAT; Ywhile(!(i>i;)); goto do;
y:=Xq15 y=X15 yelse{
y=Xy;}

region0

1
:J' i1=10;i0=0; x1=...

U
Y

state6
’r' V'-\
] 1
:I y=x0 1|
v i
1

]

]

1

state7

]
li=i+1 M:1i>i1)
’/

state10
1

1

12: 1y =x1

U
finalState11

.Sctx
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ST-to-Quartz/SCL/SCCharts Translation

ST Quartz SCL
Y y=Xs y=%s (1)
Yo:=Xp; Yo=Xo5 Yo=Xo5 (2)
YT YaThs YaT%
=X
Yo:=Xos5 §0=Xej Yo=Xo5
Y1 _Xl—i p;usle, Y1=X15 (3)
Yo:=Xy5 _ Yo=X3;
o yG_XZJ
- Sequentlal Statements .............................. T
Vi=Xg; Y=Xo5 =X
ol pause; el (a)
Yyi=X15 y=X,; Y=X1,
next(y)=y+x,; _
Y=y +Xe; pause:s y=y+Xe;  (5)
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Formal Semantics

24

Structural Operational Semantics (SOS) rules

|

|

|
|
|

y

&: environment of a current PLC cycle or macro step
[T]¢ : evaluation of Tin €

@1 .. ¢n :assumptions

S': statement to execute

S': residual statement for the next micro step or
macro step (depending on t)

‘D : actions that are executed in the current step or
PLC cycle

t: instantaneous flag; micro step or current PLC cycle
if true, macro step otherwise

g01...g0n

(E,5)—»(s"D,t)

lr
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Evaluation

Semantic Correctness

= compare data types
(including range and default value)

= compare SOS rules

25

YN

Pl
(E,5)—>(s

gOl...gpn

{<5,3

)—>(s'.Dt)

/7D7t>} ST

901...907»&

{(5,8}—»(8 ''D,t)

} Quartz

Jser
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Evaluation

26

Syntactic Correctness

= apply transformations to real ST models
(20 POUs / 225 source lines of code)

» check syntactic correctness of resulting models using
built-in compilers of the Averest and KIELER

frameworks

Beremiz

ST Models

(implemented manually)

Lompied

(PLCrex

(KIELER

111 SCL Models
: 1 1 (implemented manually)
i

1
1
@—TEVieW
1

SCL Models

(generated
automatically)

Averest

[

Ly '
[ il )
o Quartz Models g—review
11, (implemented manually)

U 00 ]

-

Lcompile} )

Quartz Models

(generated
automatically)

Lcompile} )
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4. Conclusions

Conclusions
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