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Abstract Special-purpose microcontrollers PLCs have been widely used in the area of industrial
automation. For the research of analysis and verification for PLC programs, first of all we have to
specify formal sematics of PLC programming languages. This paper defines formally the operational
semantics of LD language. After we transform the graphical language LD into its textual repre-
sentation Symbolic LD, we give semantics of Symbolic LD since LD language is a graphical language.
This paper defines the natural sematics of Symbolic LD and formalizes it in Coq proof assistant.
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3. Symbolic LD
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TUNGS :: = TuUng TUNGs | rung

rung :: = label : front > rear

front :: = front & front | front || front | input

rear:: = rear || rear | front & rear | output
input :: = contact(var) | contactn(var)
output :: = coil(var) | coiln(var)

| jumpto(label) | jumpton(label)
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j1 rungs, 1) =< . .
Jump(rungs, 1) {jmnp('rungs’ 1) otherwise

where rungs = label : front arear rungs’

AulrE [rungld shite] do] Add o g3 2
o] EAFE Aersh Foned wy Ay el S 9
& 77t o4 Wk Lo} 1L g 99 Azt o
e Be Qe

front € Front

s 14 g st rear € Rear
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ol j’
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(fronti. v, b j e} = (. Lje) (fronta,v,lje) = (v".0 ) [front — and)
(fronty & fronta, v, 1,4, ¢) ES (' A" 1 e)
{front1,v, 1. j.€) EX (', Lj.e) (fronta, vl j.¢) ER "1 g.e)
[front — or]
(promty | fronts, v,tj,e) L (' v 2", L je)
{contact]
(contact{ver).v,l, j,€) EA (evar,l,j.e)

n {contact — negated)
{contactn(var),v,l.j.e) = (=(e var).,j,¢)
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Fixpoint LDjump (s:Rungs)(I:LabeD{struct s} :
Rungs = match s with
[ nil => nil
| a, (£, r)
if (label_eq dec 11") then s
else LDjump rungs’ 1

rungs’ =>

end.

Lemma jumpforward : forall (s: list Rung) (l:Label),

(length (LDjump s 1)) <= (length s).

wahx #olE labelo] L @AM jumpto(l)o] A
B2 ), label = [0171% FPH Z2IP] FIE R
g 5 Qi

et £ oo Ao AxE AEolA [ j, e o WIE
Ao gkt AM A *% ol WEEA e <

F350 g o] A3 mde] A

AsHA s 93 RolA gk o] =RolA
HA gty AABE o) Al Tg-o
A EZ FPgH1 FHHUH

Fixpoint fronteval’ (f:Front)(c:ldconfig){struct f} :
Idconfig := match f with

| Contact var => ((Ids ¢) var, Idl ¢, Idj ¢, Ids ¢)

| Contactn var => (negv ((Ids ¢) var), Idl ¢, 1dj ¢, Ids ¢)
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(front,v,Lj.e) &5 (v, L 4,e) (reart’.L j.e) S ("1, ' €") ( "
rear — ana
(front&rear, v, j,e) = (v",0. 7. ¢')
(rears,v,Lje) = (@0, tt,¢)) [ )
rear — or — jumyp)
(reary | rears, v,1,j,¢) = (¢, 1, tt, ') e

-

U ,€) (rears,v,l ¢’
K

(W
")

(reary,v,1,5,6)

{rear — or — nojump|

(reary || reara, v,1,j.0) 5 (v

- [eoi]
= (v.dyj,€)
e = e[var v ] if v=tt
¢ = e[var — f] otherwise

(coil(var), v, L, j. ¢)

where {

[voil ~ negated)
(coiln(var),v,1.4,6) 5 (v,1,j,¢')
¢ = e[var — fF] if v=tt
where s y
€ = efvar > tt] otherwise

T (jumpta]

' = label and §' = tt if v =tt
V=landj =f otherwise

(jumpto(label), v, L, j, )

where {

jumpto — negate:
(umpton(label), v,1,4.¢) = (v.0', 5, ¢) b 4
U'=label and j' =tt if v=1ff

where {l’ —land=f  otherwise
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| Fand fl f2 => fronteval' f2 (fronteval’ f1 c)
| For f1 £2 => Idorv (fronteval’ f1 c) (fronteval’ f2 ¢)
end.

forall (f:Front)(c:ldconfig),
Idl (fronteval’ f ¢) = 1dl c.
forall (f:Front)(c:ldconfig),
1dj (fronteval’ f ¢) = 1dj c.
forall (f:Front){c:ldconfig),
Ids (fronteval’ f ¢) = Ids c.

Lemma no_ch_label :
Lemma no_ch_jump

Lemma no_ch_state :

7|4 fronteval’e i, B @&z 7 Aol Coq
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