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Operational Semantics for Instruction List with Functions

Seungcheol Shin'

- Sanghoon Rho™

ABSTRACT

IEC61131-3 is the standard of control languages in which special purpose controllers and motion controllers such as PLC can be

programmed. IL(Instruction List), one of the standard languages, is in assembly level but has some high-level features. This paper

describes a formal semantics of IL in operational style. Previous works on IL semantics do not include functions and function blocks,

which is not so practical. We define IL semantics including functions and function blocks.
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callee_id € POU_ID
caller id € POU 1D
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OPERAND = operand 8532 Aol &= 4
INS = ins 7328 Aos s 3§

VAR KIND = { VAR INPUT. VAR OUTPUT,
VAR IN OUT, VAR NORMAL}

ILe] euj g Aoske b E gk
VAL LIST = {< vg...vp > |vg. ...t € VAL}
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instr 1 LOC — INS

- (VAL = ENV)
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- A o) Ao
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vif epomem =2 —1
Aol = mem(l)
) mem(ul) it vl € LOC
T { ol if vl € VAL

to_value(e,, mem,x) =

I"if ep,mem a1
Avl = mem(l)
’ {f if vl € VAL

to deep loc(e,, mem, x) =

Al =
vl if vl € LOC
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[ST Operation]
(v, e. pe. pou) — (v, €', pc+1, pou)
instr(pe) = ST z
where = ((ev, this_id), (csr, mem))
ey, mem = ax— |
¢ = ((ev, this_id), (esp, mem(l — v]))
[LD Operation]
(v. e, pe, pou) — (v', e, pe+ 1, pou)
LD operand

e = ((ey,this id), (s, mem))
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v = to value(e,, mem, operand)
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[ADD Operation]

(vo, e, pe, pow) — (vo + v1, e, pe+ L, pou)
instr(pe) = ADD operand

where ¢ e = ((e,, this id). (e mem))

= ter f'”lfrﬂ'(f't-. mem, Ufﬂ'?'rf”hf_}

(2 7) o AsvisRte] oo TR

[NOT Operation]
(v, e, pe, pou) — (—w,
where instr(pc) = NOT

e, pe+ 1, pou)
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[S Operation tt]

(tt, e, pe, pou) — (tt, €', pc+ 1, pou)
instr(pc) =S x

where { e = ((ev, this_id), (esr, mem))

ey, mem = 1 |

l ¢ = ((ey, this id), (esr[l — tt], mem|[l — tt]))
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[STD Fun Call]
(vo, e, pe, pou) — (J"’, e, pe+ 1, pou)
."u.-sfl'(pt') = t'u”r('_.:f.f {u;u':'umf, }"'-1"”

callee id & STD FUNS

where ¢ ((ew. this_id), (€e, mmem))
Vict.n @ vp = to_value(e,, mem, operand;)
(v'.e") = std_fun_routine(callec_id, < v, ... v, >)
(3 10) EEES =59 2II7E
[Fun Call]
(vo. e pe. (fun, fb)) — (7, €', pe's (fun', fb))
instr(pe) = callee_id {operand,; }'S""
callee id € FUN_ID
e = ((ey, caller_id), (e, mem))
(b, e’ epp)retinfo) = fun callee_id
where ¢ fun' = fun[callec_id — ((e},, pc’, epp), (caller_id, pe + 1))]
‘--ﬂ-l vy = to value(ey, mem, operand; )
Tictm e =epp k
mem’ = mem ([l — vi]|k = 0.n)
e = ((el., callee_id). (eap. mem'))
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caller_id ¢ pc+l ¢ F 7WA7F FolA 1

4L Hdstr] Aol A= WH|9

AAE EAs7] Yotk caller id Wtz HHojo A
H HEg

e £2S @4 £E3 vk Aok gud, ¥4
=

ol W, FFEF J2uAe 3F & o WiuFR A
2 5w gy el aEs Wa o] FS Qlawse A
[FB Call CAL]
(v, e, pe, (fun, fb)) — (7, €', pc, (fun, fb'))
where
instr(pc) = CAL caniee {id; := rJ,rar'r'unr.f,}"__]"”
Eo EM = Togppee = callee_id
e = ({ey. caller_id), (¢u., mem))
(el pc’s (€fop. €ropr ) )s ret_info) = fb callee_id
JU' = fblcallee_id — ((e),, pc' (€ pup. € popic ) ). (caller_id, pe 4+ 1, v))]
Victon vl =
to_decp loc(e,, mem, operand; ) if(e ppp(id;) = VAR IN OUT)
{ to_value(e,. mem, operand, | otherwise
Vict.n : L= epup id;
mem’ = mem{[l; — a'F,]"-]"”'::-
e’ = ((ey, callee_id), (ear, mem'))
(32 12) #+E= 589 ojTx
[RET Operation]
(v, e, pe, (fun, fB)) — (", €', pc’, (fun, fb))
instr(pc) = RET
e = ((cv, callee_id), (€, mem))
(caller_id, pc’,v") =
(ealler id, pe’, v) if callee_id € FUN_ID
Apou_info, (caller_id, pe')) = fun callee_id
(caller_id, pe’, o) if callee_id € FB_INSTANCE_ID
where Apou_info, (caller id, pc’,v')) = fb callee_id
(el pe” epppup) =
pow_info' if caller_id € FUN_ID
Mpou_info' ,ret_info') = fun caller_id
pou_in fo' if caller_id € FB_INSTANCE_ID
Mpow_in fo' ret_info') = fb caller_id
¢’ = ((e},caller_id), (eer, mem))

(32 13) =729 o7z
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[JMP Operation]
(v, e, pe, pou) — (v, e, pe’, pou)
instr(pc) = JMP label
where
pe’ = lab(label)

6. ol A

olFlE w7 3 %o
o2 FAsH EJ% ] 2+
POUE 7148 B
Zg9 JIEEE

o] POUE tet W4 4L (29 15)9 Zo] 7HHE

& (caller) T v H(callee)
FUNCTION Addition:INT
VAR_INPUT

Inl: INT:

In2: INT:

FUNCTION Foo:INT
VAR_INPUT

Some: INT
END VAR

END VAR
1 LD 10
10 LD Inl
2 Addtion 20
11 ADD In2
3 5T Some .
12 RET

END FUNCTION

END FUNCTION

T Atk ey & ep & POUY A Y
ept B ey & AT POUE TE37] 93¢ <

ol EF funpst fhoi= TEE7] S8 BLF BE
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LD operation £
(4, eo. 1. (fung, fbo)) — (10, ep, 2, ( fung. flo))

instr(l) = LD 10

where { ey = ((e.1. Foo), (0,0))

(T.e0, L { fung, fin))

10 = to_value(e.qq, 0. 10)
Fun Call #£&

(10, e, 2, {fung, fho)) — (7. ey
instr(2) = Addition 20
Addition £ FUN_ID

en = ({ee1, Foo), (1.0))

J} = fun Addition

where { funy = fung[Addition — ((e.. 10.€7,2). (Foo. 3))|

10, ( funy, fho))

(10, en, 2. ( fung. fho))
(eea, 0, eppa). (2.7

N = to value(e,, 0, 20)
0 = e50 0
memy = ﬂ:‘j['ﬂ] — 20|

e1 = ((eyn. Addition), (I, memy ))

CE 3 ol == A o (A%

LD operation #

(7 er. 10, (fung, fho)) — (10, e, 11, {funi. fho))
instr(10) = LD Inl

where ¢ e = ((e,2

(10, ey, 10, {fung, fin))

L Addition), (. rmeewmy )}
10 = to_value(ew, W, Inl)
ADD operation 4 &

(10, e1, 11, (Funs, fiv)) (10, ey, 11, (fung, fby)) — (30, e, 12, {funy, fbe))
instr(11) = ADD In2
where € e = ((e.e, Addition), (I, memy )
{ 20 = to value(e,z, 0, In2)
RET 24

(30, ey, 12, (Furg, fly)) — (30,
instr(12) = RET

ea, B, (funy. fby))

e = ((epz. Addition), (I, memy))
(Foo,3) =

(30, ey, 12, {funy, fla))
{ (Foo,3) if Addition  FUN 1D

where ((ee2. 10, £ pp2). (Foo, 3)) = fun; Addition
(eet: liegp) =
(£o1, Legpr) if Foo € FUN_ID
{ ‘leer Loegpr ) (7.7)) = funy Foo

= ((ex1, Foo), (I}, memy ))

ST operation 4 &

(30, ez, 3, (funy, flo)) — (30, e, 4, (funy, flo))
instr(3) = 8T Some
ez = ((ev1. Foo), (1L 0))
ee1. 0 = Some — 100
e3 = ({eer. Foo), (I, mermq [100 — 30]})

(30, ea. &, (funyg. fho))

where
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ey1 = [Some — 100]

epp1 = 0[0 — 100]

ey = ([Inl — 200][In2 — 200]

ep2 = 0[0 — 200][1 — 201]

fung = 0[Foo — ((ev1. L eppr ), (7, 7))][Addition — (en2,10,ep,0), (7,7))]

en = ((ee1, Foo), (0,0))
foo =0
FUN_ID = {Foo, Addition }

IL 7] 7] 2] Z7] Ze):;

(7.e0. 1, (funa, fbo))

(33 15) & 7|AS] Z7| el

=,
>

m
gt
le >
xQ,

o

=

)

K

°

~

2

Ir

=

re

2

2733 249 Aol 9 4 9l

o rlo
fa
42
o
N
2
~
N
lo

Z
k
il
Mo 7
e
re
2
lo
=
+ "
N

ot

(2o
el
> oo

oL L
ot 2 ¥

o,
ol
o

2
o
o
o
o
o 9

o M
ofo
_LL(
rO
[kl
fe
[
&£ o
)
[e]
oot g
&
o,

I O w A TP S = A
N
e
BN
i

o

o
o
e
-
e
o
Xy

i

Sl
e 1o
oy
S i}

2]
_O‘L
rlr
He

o,
o
L
>
Sl

[}
-0,
2
5 oX,
LT o
jsbi)
ofN -
o
&
ol
1
"o,
to
B
il
Mo
_I)r
o

Mr o oo
>
>
o
fo
12
:OIL_"
£
=
o,
o
[of
i
iy
£
B
3
fol
il

>
= AN e
k)

3k
kd
HO
rt

[1] H. Jack, Automating Manufacturing Systems with PLCs,
http://claymore.engineer.gvsu.edu/ jackh/books.html, 2007

[2] IEC, International Standard IEC 61131-3 Programmable
Controllers - Part 3: Programming Languages 2nd Edition,
International Electrotechincal Commission, 2003.

[3] K. H John, M. Tiegelkamp, IEC 61131-3:Programming
Industrial Automation Systems, Springer Verlag Heidelberg,
New York, 2001.

[4] R. Huuck, Software Verification for Programmable Logic
Controllers, Ph.D Discussion, Christian-Albrechts-University
of Kiel, 2003.

St

0

il
ke

- 2ot L 21019 A ool 465

0

[5] R. Huuck, Semantics and Analysis of Instruction List
Programs, Proceedings of the Second Workshop on Semantic
Foundations of Engineering Design Languages, Electronic
Notes in Theoretical Computer Science 115, Elsevier, pp. 3-18,
2005.

[6] K. Slonneger, Executing an SECD machine using logic
Programming, Proceedings of the Twenty-sixth Special
Interest Group on Computer Science Education Technical
Symposium on Computer Science Education, 1995.

wAE AlsE TEC 61131-3 Instruction Liste] & v +%: 3
& Sh=7lEnSgstal PLLAB,  TR-2007-03,
http://pllab.kut.ac.kr/TR/2007/TR-2007-03.pdf, 2007.

[8] H. R. Nielson, F. Nielson, Semantics With Applications: A
Formal Introduction, Wiley Professional Computing, 1992.

[9] G. D. Plotkin, A Structural Approach to Operational
Semantics, Technical Report DAIMI FN-19, Computer

ol

(7]

A

o3

Science Department, Aarhus University, Aarhus, Denmark,
1981.

[10] P. Bertelsen, Dynamic Semantics of Java Bytecode, Workshop
on Principles of Abstract Machines, 1998.

[11] B. C. Pierce, Types and Programming Languages, The MIT
Press, 2002.

[12] The Programming System CONTROL2000,
http://www.prahm-ms.de/English/

[13] Programmable Logic Controllers Product Research, Reed

PRAHM,

Research Group and Control Engineering, 2006.

[14] E. Alonso, P. Kristofferson, J. McCann, Building Ambient
Intelligence into a Ubiquitous Computing Management
system, International Symposium of Santa Caterina on
Challenges in the Internet and Interdisciplinary Research.
SSCCI-2004, Amalfi, Italy, 2004.

Al & H
— o =
e-mail : scshin@kut.ac.kr
19921 ~1996\3 Ql&tdl =} A Abst}

(shh)
19991 ~2000d WAFAFE Y AL
“ 19963 ~2005 TSty 7AFE ok
pas
2006 ~ A YR/ E WAL QB Llo| TR i

Bk Z2 e o]



466 ZEMIE=2X A M14-AT [7=(2007.12)

=y E

e-mail : noulne@kut.ac.kr

20019 ~2005 & o &l
AFATAE (D

20061 ~ @A =] & a5
0] t] o] 3 8k 3H(4 A 4)




