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Abstract

The article presents a novel approach to rule-beggd controller specifi-
cation and its verification. Proposed abstract rhaglesuited for formal
verification (using model checking technique) adlae for logic synthe-
sis (using hardware description language VHDL).cBdédocus is put on
Interpreted Petri Nets with inhibitor and enablengs, their realization in
rule-based model and their interpretation in anolibgic controller speci-
fication technique, namely UML Activity Diagram (version 2.x).

Keywords: logic controller specification, formal verificati, Petri Nets
inhibitor and enabling arcs, UML Activity Diagrams.

Luki zakazuj ace i zezwalaj gce w projektowa-
niu sterownikéw logicznych

Streszczenie

Artykut przedstawia nowatorskie podeile do regutowej specyfikacji
sterownika logicznego oraz jej weryfikacji (waligixc Proponowany
abstrakcyjny model logiczny jest dogodny zaréwnofatonalnej weryfi-
kacji modelowej, jak réwniedo syntezy logicznej €eyk opisu spratu
VHDL). Szczegoéla uwag: paswiecono tukom zakazagym i zezwalag-
cym interpretowanych sieci Petriego, ich realizagji abstrakcyjnym
modelu logicznym i interpretacji w innej postacesgfikacji zachowania
sterownika logicznego — diagramach aktyd$eigezyka UML (w wersji
2.X).

Stowa kluczowe specyfikacja sterownika logicznego, formalna Vii&ey
cja, tuki zakazujce i zezwalajce sieci Petriego, diagramy aktyvéod
jezyka UML.

ign
1. Introduction

The process of logic controllers design [1] usualigrts with
specification. In this phase system propertiesraath functional-
ity goals are specified. It is important, that theecification is
verified (validated) [2] before implementation,igallows to early
discovering possible errors. Subtle errors in thecgication may
influence oncoming phases or even the whole venagpgecially
by dependable embedded logic controllers where irements
address beside high quality also reliability, sadaiility, safety and
secureness.

Behavior (functionality of designed system) mayfdrenalized
using various techniques [3], one of them are P\gts [4] [5] or
UML Activity Diagrams [6].

Model checking technique [7] can be used to vemifydel de-
scription and check whether it satisfies some aefimequire-
ments.

The novel approach proposes to use a rule-baséhlagodel
presented at RTL-level, suitable both for formalrifigation
(model checking) and for logical synthesis.

The article is structured as follows. Section 2prgs some ba-
sic information about specification of logic corleos, focusing
especially on Petri Nets and UML Activity Diagran®ection 3
illustrates proposed design system for (reconfigiejalogic con-
trollers and introduces a rule-based logical mo8ektion 4 pro-
poses interpretation of inhibitor and enabling ancEML Activ-
ity Diagrams. Section 5 presents novel approadoertmal verifi-
cation of logic controller programs with computegddction in
temporal logic and describes synthesis methodoiim fof rapid
prototyping. The paper concludes with a short surgma

2. Specification of logic controller behaviour

In this section some background on logic controdipecifica-
tion techniques is provided, focusing especially P#tri Nets,
Control Interpreted Petri Nets (Signal InterpreRetri Nets) and
UML Activity Diagrams (in version 2.x).

An example of Signal Interpreted Petri Net [8] witthibitor
and enabling arcs is presented in Fig. 1.

Fig. 1.
Rys. 1.

A sample Signal Interpreted Petri Net [8]
Przyktadowa siePetriego typu SIPN [8]
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3. System for logic controllers design and
rule-based logical model

In this section schema of proposed system for logittrollers
design is presented and described (Fig. 2).
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Fig. 2. Schema of proposed system
Rys. 2. Schemat proponowanego systemu

Rule-based logical model is introduced, focusingeeglly on
Petri net inhibitor and enabling arcs interpretatio

4. Interpretation in UML Activity Diagrams

In this section interpretation of Petri net inhibbiand enabling
arcs in UML Activity Diagrams is provided.

5. Formal verification and synthesis

In this section formal verification method of rilesed abstract
logical model using model checking technique [9Jpresented,
together with its synthesis method (in form of caprototyping)
[10].

6. Conclusions

Proposed novel approach to verification of embeddgid con-
troller specification allows to detect some suleti®rs on an early
stage of system development. Rule-based representattempo-
ral logic is presented on RTL- level and is easfotmally verify
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using model checking technique and to synthesizegusgardware
description languages into reconfigurable logictoater.

The approach differs from the one presented invi8gre logic
controller specification is verified in SPIN modehecker [11].
Although the referred approach allows to verifyriiginterpreted
Petri Nets, it does not guarantee that the reguitiplementation
will be valid according to primary specificationn tthe novel
approach presented in the paper, an additionablesttad rule-
based logical model makes the specification abistad more
general, enabling as well formal verification agitosynthesis.

Results of the work include the assurance thafigdrbehav-
ioral specification in temporal logic will be ansdtact program of
matrix reconfigurable logic controller. Hence, logecontroller
program (its implementation) will be valid accorgito its pri-
mary specification. This may shorten the durationetof logic
controllers development process (as early discavereors are
faster corrected) and, consequently, save monepr@sct budg-
ets will not be exceeded).

7. References

[1] Adamski M., Karatkevich A., Wegrzyn M. (ed.): Desigf em-
bedded control systems. Springer 2005 (USA).

[2] Kropf T.: Introduction to Formal Hardware Verifitat. Berlin
Heidelberg: Springer-Verlag, 1999.

[3] Gomes L., Barros J.P., Costa A.: Modeling formatisor em-
bedded system design. Embedded Systems Handboglor Ta
& Francis Group, 2006.

[4] David R., Alla H.: Discrete, Continuous, and HybRdtri Nets.
Berlin Heidelberg: Springer-Verlag, 2010.

[5] Girault C., Valk R.: Petri Nets for Systems Engirireg, A Gu-
ide to Modelling, Verification and Applications. Bie Heidel-
berg: Springer-Verlag, 2003.

[6] Unified Modelling Language homepagexw.uml.org

[7] Clarke E. M., Grumberg O., Peled D. A.: Model chirgk
Cambridge, The MIT Press, 1999.

[8] Ribeiro O. R., Fernades J.M.: Translating synchusn®etri
Nets into PROMELA for verifying behavioural proges. In-
ternational Symposium on Industrial Embedded Syst@007,
S. 266-273.

[9] Grobelna I, Adamski M.: Model checking of contioterpre-
ted Petri nets. Mixed Design of Integrated Circaitsl Systems
- MIXDES 2011 : proceedings of the 18th internagiboonfe-
rence, 2011, s. 621-626.

[10] Grobelna I.: Formal verification of embedded logntroller
specification with computer deduction in temporit. Elec-
trical Review, 2011, nr 12a, s. 47-50.

[11] SPIN model checker homepadpp://spinroot.com



