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Abstract PLCs are special purpose microcontrollers used in most automatic control systems such
as plants, embedded systems, and intelligent buildings. LD is one of the most popular languages
among PLC languages. For now LD programs are mainly verified by simulation and testing which has
a lot of limitation. This paper describes how to translate a given LD program into an input of a model
checker so that LD program is verified by model checking. We define formal semantics of LD
programs and SMV models and specify a formal definition of the translation function which preserves
semantics between LD programs and SMV models.
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rungs = label : front # rear rungs
| 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(/abel)
| jumpton(iabel)
var = id | memory_id

a9 11Dy $47E

Aate oz BEH o UE Hrung)Te AH
g+ oz AR

3.2 LD AM¥H on|7x

LD FAH 437 quiTzE YT 4A Z
7HA) B8 Hes A%

Ao 1. [LDZVA LD7]AE (p, a, inst, E)E 74
Ho © pe LD ZE1%, a= F{F7](accumulator),
inst& ©o] YPFH Fo] FHF wyoloj zZlm E
&, LD7IA9] vjEalg “3F 9l wieEgs Xgsh,

A9 12 LD7|AE 183} 44 PLCE d=€Ad
I 298 JRUEEE BF /AT AT EE v
H YRz AYP gk o]RAL ¥ PLCY 7ZiAC)
A AL SHADY] g2 PLCXFAAN 23l
z2 Y A3 Ao WReEe2 BANEY, PLC =2
adA [JEY AHRE SEEEC] ohd o] yHur
2|9] ARE A7) W&otk &3 EAdA ‘A" W
FEU Ros AL UF FHAHE ATt

LD Z=2o] H¥ge vy go] LD7AY A
El(p, a, inst, E)7} 7°)EL <3}

(p, g inst, E) — (a, inst’, E")

Ho|FA(=)e 2¥ 2, 3% o] Rk FE3,
inst2 jumpto® L Y3 1 inst> sh
9] &9 rearollA jumptoZe] Yehtes ZAfdwt @3
(0] olFolXH, jumptor} VeI HAZA T4t
719] A7t wd e S 2718 @ 2718 9
g Z2IWFEl(po)gle]l dellizl A8 o 2o
subgle & =YU3AH

sub : rungs x label —~> rungs

o] FFE rungsst EISIEE labelg Y¥oz W
o} rungs & labelo]l X3t XBE Z2ad E71X)9
F& Z2O38 JoFe Ffolnh xd, 18 3494
front$} rear?] HeoldA AAE A3 frontBo|BA (—)
9} rearAO|BA()E =PSFE. 28 3904 real-
and, coil Z¥]X jumpto E(rule)®} 42z FL(dua)<!
rear-or® coiln, jumptone ABIAL Aeksch



ID Z2ade) 2d AL A3 ATHE 203

(label : front # rear, a, inst, E) — (&', inst’, E') (rungs’, @', inst, E") — (@”, inst”, E”)
(label : front # rear rungs, a, inst, E) — {a”, inst”’, E"")

lrungs-jump]

((inst” = jumptoUabel’)) A (a’=tt) V((inst’ = jumpton(abel’)) A (a’=ff)
where , ,
rungs’ < sub(rungs, label’)
(label : front # rear, a, inst, E) — (a’, inst’, E") ({rungs’, &', inst, E') — (@”, inst”, E”)
(label : front # rear rungs, a, inst, E) — (a”, inst”, E")

[rungs-none]

where Gnst’ = jumptollabel’)) A (a’=tt) V "{(inst’ = jumpton(abel)) A (a’=ff)

(front, a, inst, E) -> (a’, inst, E) (rear, a’, inst, E) > {a”, inst’, E')
(label : front # rear, a, inst, E) — (a”, inst’, E’)

[rung]

2% 2 Natural Semantics for LD 1/2

(front;, a, inst, E) -> (a@’, inst, E) (fronts, a, inst, E) -> (a”, inst, E)
(front; & fronts, a, inst, E) -> (a’”, inst, E)

17

where a’ =a ANa”’

{front-and}

- - - - [contact-not]
(contact(var), a, inst, E) -> (a’, inst, E) [contact] (contactn(var), a, inst, E) - {a’, inst, E)

a < tt if var € E a <« ft ifvar € E
where , . where .
a’ < ff otherwise a’ < tt otherwise

(front, a, inst, E) > (@', inst, E) (rear, a’, inst, E) ~> (@”, inst’, E')
(front & rear, g, inst, E) > {a’”, inst’, E")
where a’” =a ANa”

[rear-and]

(reary, a, inst, E) > (&, inst’, E") (rears a, inst’, E"} ~» (a”, inst”, E”)
(rear; || reary, a, inst, E) -> (@, inst’, E”)
where ((inst’ = jumpto(label)) A (a’=tt) V ((inst’ = jumpton(label’)) A (a’=ff)

[rear-or-jump]

(rear), a, inst, E) > (a’, inst’, E") (rears a, inst’, E) ~» (a”, inst”, E”)
(rear) || rears, g, inst, E) > (@”, inst”, E’')
where (inst’ = jumptollabel) A (@’=tt) V T(inst’ = jumpton(label’)) A (a’=ff)

[rear-or-nonel

(coillvar), g, inst, E) > (a, inst, E") Leoil (jumpto(label), a, inst, E} > (a, inst’, E} Uumptol
where E—FE U {var} ifa=tt
E’ « E \ {var} otherwise where inst’ < jumpto(label)

2% 3 Natural Semantics for LD 2/2

4. NuSMV 2=H 7 smy o= MODULE id
VAR vars
LD Zga3e AZ3r] 98 LD Zzaxde ASSIGN assigns
N ~ vars = id: type vars | id t type
el dojrd g Hlgol st} o] HolME 7} @E assigns = init(id) = basic_exp assigns
&L= A d = oo o
galele B0 RuRARIcle] FEFRe ou) | assiims
TZE Aot I next(id) = exp
= basic_ex; u= gexp | bexp
41 EQEAI‘O'_.'O-IQI $g?5_?3:' lcaZi u= n|id | aexp mod aexp
NuSMVe mduigdols Aese AoaAZE U | aexp + aexp | aexp - aexp
- ~ bexp = 04111blid} 'bexp
A} I QJ\E% B ES= NuSMV ¢ E]@H}\]‘ﬁﬂg A | bexp & bexp | bexp | bexp
2 L=l N BN Folsl 2~ o]o o) | bexp = bexp | aexp = aexp
Xﬂ ‘_er::[L_x.‘_ [6]01])‘1 Q’J%} T )‘)w*——‘r]s —,—E] = LD exp = basic_exp | case cases esac
Eij—%ﬂ Eﬁgoﬂ *‘] /N}%E]X] %E‘ \%Lﬂg ’E“tx'j% *ﬂ cases = bexp ' basic_exp cases
- - | bexp : basic_
Sgh skl RAEARIlE 2" 49 2o SRl type = booelZZn | n.lrf -

RAREE 29 4 25t RARARI)S F4TE



204 CEEEEEE

4.2 DEQAIAH0{2| Alztoln|

o] 2. [ FHT]A] FejEol 14 M=(S,=,L)
& Y S FojAA = (S i3t o]FgEA) Z
EE se€SE o/H 'S0 29 Ho]E sIXE FAe,
glo]Eg S+ L - S — P(V) 2 74HG.

EdEAIole] oJuje Ao 29 A AIAE B
Aldhe Aoz FAg £ ok o AulHMol7A M=
(S=,Le Z2HARIOZ AHod mdziyg 38 £
Atk

e vehvte RE AIES vEn & o, 4
Hol7|Ale AaAY St Pz Hodlch w3 A
ol#A =& Ede TE next 72 uid Y 59
2o] geojg F54E Tl I o] e FAE
Aol#A &A% (uple)e] Aoz, T £M%L Holr}
o]F0]A|7] A e} Aolr}t o]Fo)R Fol AEHE 1}
BTt o] E5old AHEEE CE, S x S2 AHAE
S9] FlElAet F(cartesian product) .2 7FEg mE
Aol#Aloltt. =¥ skexp= o1 expst AE] solA
TR, & AH 57t expE Foz vinEAE 8
gete 7]Zolth

mzty 2 RARIele] ofuje AeEE Ssb Aoln
A =& Aosh= Aoz AT 4+ Qi

5. LD Z=2g9o| WMat

5.1 H# g+ FHof

HEgrR e 44 LD Zzadue BE &y
w4 JAFE Var'dtm Fostn v A4S nolgt
7133, ZdEAKClE 28 68 71EFE(form)E
37 W& [vars/FEL olnl €3 e Var Ao
2 He 29 79 HEZ8(template)S o] &3t WS
Aol 748 4 Stk o] W& eoclend of cycle)
LD Z2a%9 3 270 BYeAE Adsy] 9
HEZ wxg @o] o)zl dolgd W trueZ
o] gttt

Lok

TR 24 2 HE A 16 A 2 3(20102)

MODULE main
VAR

[vars]

ASSIGN
[assigns]

T 6 ZARARIS] F1EFY

[V varisbleevar + variable:boolean;]
eoc'boolean;
Ic0.n + 1

1Y 7 variable ®E8

£33 Ie(location)® @Al 335U @9 AE 71
e H4E 2l oA Alej@olsl LDZIA A
o] o] A3 £X49} FUA wAHLE olFRRE
E Aojde 98L& It

[assigns] & Zt £¥d) U3 Ho|AAE
o8 MIEAFF TE A&t 78 + Ak

o9 89 A

T (label:fronthrear rungs, n) 1= Tg L (EXP(front),rear,n) 1
T (rungs, n+1)1
T Ulabel'fronthrear,ny ¥ = Tr L(EXP{front),rear,n) 1
Tr L (exp,rear; || rearsn) 1= TrU(exp,rear,n) 1
Tr Ulexp,rearsn) 1
Tr [ (expfront&rear,n) 1 = Ty [ (exp&EXP(front),rear,n) 1
Tr (exp,coil(var),n) 1 = initlvar) = 0;
next(var) = case
Ic = n & exp : TRUE;
Ic = n & !(exp) : FALSE;
1: var;
esac;
Tr I (exp,coiln(var),n) 1 = init{var) = 1;
next(var) = case
Ic = n & exp : FALSE;
Ic = n & !(exp) : TRUE;
1 var
esac,
Tr [ (expjumpto(label),n) 1= ¢
Tr [ (expjumpton(labed,n) 1= ¢

29 8 ARgsE T 39

N Inext(id) = exp assigns 1= N Lnext(id) := exp I N Lassigns 1

Nlel=C

Nnext(id) := bexpl={ (st) | s,) €E CAidC ¢t}

where C=

if skFexp
otherwise

{2

N[ next(id) := case aases esac1=Nc¢ [ (cases, id, @)1
N¢' U(bexprbexps cases, id, 0) 1= N¢l (bexprbexps, id, 0) 1 U N¢ [ (cases, id, cUbexpy) 1

N lie, id 0)1=@

Ncl (bexprbexps, id, 0)1={ (s;t) | (s,t) € C A sEbexpr N YepeoSFexp N id T ¢}

where C=

if skexp
otherwise

{z
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