
FORMAL SPECIFICATION COLUMNPart 19, January 2003Hartmut EhrigON THE RELEVANCE OF HIGH-LEVEL NET PROCESSESHARTMUT EHRIGTehnial University of BerlinFranklinstra�e 28/29, D { 10587 BerlinE-mail: fehrigg�s.tu-berlin.de1 General MotivationThe notion of nondeterministi and deterministi proesses based on our-rene nets is an essential onept to apture the non-sequential truly onur-rent behavior of Petri nets. This onept is well-known for elementary netsand safe plae-transition nets and has been generalized to other low-level netlasses. Let us all a net lass low-level if the �ring is based on blak tokensonly, while a high-level net lass has olored tokens whih are de�ned as dataelements of a suitable data type. The onept of high-level nets is ertainlyvery useful to model more omplex ommuniation based systems, beause itallows to use an adequate balane between data type and net features. Thisavoids to represent even basi data types by nets as it is neessary in thease of low-level nets. For high-level nets, however, the standard tehnique tode�ne proesses is to onsider them as proesses of the low-level net F lat(N)whih is obtained from N via the well-known attening onstrution. Thislow-level notion of proesses for high-level nets, however, is not really ade-quate, beause the high-level struture using data types is ompletely lost.For this reason we have introdued in our paper 1 a new notion of high-levelnet proesses for high-level nets whih aptures the high-level struture. Thekey notion is a high-level ourrene net K, whih generalizes the well-knownnotion of ourrene nets from low-level to high-level nets. It is important tonote that the attening of high-level ourrene nets and proesses in generaldoes not lead to low-level ourrene nets and proesses. This e�et is due toso alled "assignment onits" whih an our in high-level ourrene nets.This means that di�erent assignments for the same transitions may lead toforward or bakward onits in the attening. In 1 we have given a syntati-1



al haraterization of suh assignment onits. In fat, it would be possibleto restrit the notion of high-level proesses to those, where the orrespondinghigh-level ourrene net has no assignment onits. Another important dif-ferene between low-level and high-level ourrene nets and proesses is thefat that there is a unique hoie for the initial marking of a low-level our-rene net: this is the marking of all input plaes with one blak token eah.In the high-level ase it does not make any sense to onsider only one initialmarking of the input plaes, but a set of initial markings. This orrespondsto a set of possible input data for a proedure in a high-level programminglanguage. Similar to a proedure whih in general leads only to a partialfuntion, we annot expet that a high-level proess terminates for all initialmarkings. Even in the ase of a �nite high-level ourrene net we may havedeadloks, i.e. we may have a �ring sequene whih annot be extended to aomplete �ring sequene. Here we all a �ring sequene of an ourrene netomplete if eah transition is �red exatly one.Of ourse, it is an interesting problem to analyse under whih onditionsthere is a omplete �ring sequene s : init �! � for a given initial marking.Similarly it is interesting to know under whih onditions we have deadlok-freeness and uniqueness of the �nal marking on the output plaes.In the ase of low-level ourrene nets all of these problems have an easysolution. In the next setion we summarize these results and give an outlineof how to solve these and related problems in the high-level ase. A moredetailed presentation will be given in our tehnial report 2.In the low-level ase the notion of proesses has been extended alreadyfrom Petri nets to graph transformation system 3. Hene our notion of high-level net proesses is also relevant in view of graph transformations in thehigh-level ase, i.e. attributed graph transformation systems.2 From Low-Level to High-Level Net ProessesFor low-level Petri nets the notion of nondeterministi and deterministi pro-esses is an essential onept to apture their non-sequential truly onur-rent behavior. Espeially in the ase of elementary net systems and safeplae/transition nets this has been worked out in a fully satisfatory way byRozenberg, Winskel, Nielsen, Goltz, Reisig, Degano, Meseguer, Montanariand other authors 4;5;6;7;8;9;10;11 leading to di�erent notions of deterministiand nondeterministi proesses and to a truly onurrent semantis of Petrinets in terms of prime algebrai domains and event strutures.For �nite (deterministi) low-level proesses the following behavior is well-known or at least folklore: Given the initial marking onsisting of all input2



plaes of an ourrene net, there is at least one omplete �ring sequene,where eah transition �res exatly one and the �nal marking onsists exatlyof all output plaes. Moreover, the ourrene net is onurrently enabled.This means that for eah total order of the transitions whih is ompatiblewith the ausal order of the ourrene net, there is exatly one suh omplete�ring sequene. In addition, also eah plae of the ourrene net is visited byeah omplete �ring sequene exatly one and eah inomplete �ring sequenean be extended to a omplete �ring sequene (deadlok-freeness). Similarproperties are valid for in�nite ourrene nets and proesses, provided thatthe set of transitions is ountably in�nite. Of ourse, suh in�nite omplete�ring sequene do not have a �nal marking whih is equal to all output plaes,but the output plaes are approximated by the in�nite sequene of markings.The main hallenge is now to �nd out whih properties for the behaviorof low-level ourrene nets are still valid in the high-level ase, or an beobtained under suitable additional assumptions.In our paper 1 we have de�ned high-level proesses (AHL-proesses) foralgebrai high-level nets (AHL-nets) and the attening of AHL-nets as well asAHL-proesses already. We have pointed out that due to so alled "assignmentonits" the attening of an AHL-proess is in general not a low-level proess.Moreover, there is no anonial initial marking for AHL-ourrene nets,beause in general there are di�erent meaningful markings of the input plaes.For this reason we study marked AHL-ourrene nets (K; INIT ), where Kis an AHL-ourrene net and INIT is a set of markings of the input plaesof K. We say that K is enabled for init 2 INIT if there is a omplete �ringsequene s : init �! �, where ompleteness means that eah transition in Kis �red exatly one. In fat, it is an important problem to analyse underwhih onditions K is enabled for some init 2 INIT , similar to the problemwhether a proedure is well-de�ned for given input data.We are able to show in 2 that K is enabled for init 2 INIT if and onlyif there is an instantiation L of (K; init). An instantiation L of (K; init) is alow-level ourrene net L � F lat(K) where the net strutures of L and Kare equal and init is the set of all input plaes of L. In general, there maybe none, one or several instantiations L for (K; init), but we are able to givesuÆient onditions for existene and uniqueness.The next interesting question is whih properties for the behavior oflow-level ourrene nets are still valid in the high-level ase, provided that(K; init) is at least enabled. In fat we are able to show in this ase that(K; init) is onurrently enabled, eah omplete �ring sequene s : init �! �visits eah plae and eah transition of K exatly one, and terminates for�nite K with a �nal marking on the output plaes of K, while for ountably3



in�nite K the �nal marking of the output plaes is approximated. But ingeneral the �nal marking is not uniquely de�ned for eah init 2 INIT andwe may have deadloks. These problems, however, an be avoided if the AHL-ourrene net K has funtional assignments, i.e. even for di�erent onsistentassignments of the variables for a transition the data on the output plaesof the transition are funtional dependent on the data of the input plaes.Moreover, we an ensure that (K; init) is enabled and deadlok-free if K hasfull assignments, i.e. for eah hoie of data on the input plaes of a transitionthere is at least one onsistent assignment mathing this hoie of data.Finally let us analyse the relationship between the attening F lat(K) ofan AHL-ourrene net and all the instantiations L of (K; init) for init 2INIT . In general F lat(K) may ontain plaes and transitions whih do notbelong to an instantiation. But if (K; INIT ) is at-reahable, i.e. eah itemof F lat(K) is visited by at least one omplete �ring sequene s : init �! �with init 2 INIT , then F lat(K) an be represented by the union of allinstantiations of (K; INIT ) and vie versa. In general, however, di�erentinstantiations are not disjoint, but overlap with eah other. In spite of this, weare able to haraterize under whih onditions F lat(K) an be represented asdisjoint union of all instantiations of (K; INIT ), where for eah init 2 INITthere is a unique instantiation L(init) for (K; init) in 2. We show that theseonditions are satis�ed for the AHL-ourrene net of a high-level proessfor the dining philosophers. On the other hand, there are also meaningfulases of high-level proesses, where the orresponding AHL-ourrene net Khas assignment onits and F lat(K) is not the union of all instantiationsof (K; INIT ). Finally let us point out that several possible extensions ofhigh-level proesses are disussed in setion 4 of our paper 1.Referenes1. H. Ehrig, K. Ho�mann, J. Padberg, P. Baldan, and R. Hekel. High-levelnet proesses. In W. Brauer, H. Ehrig, J. Karhum�aki, and A. Salomaa,editors, Formal and Natural Computing, LNCS 2300, pages 191 { 219.Springer, 2002.2. H. Ehrig. Behaviour and Instantiation of High-Level Net Proesses. FullTehnial Version. Tehnial Report 2003-01, Tehnial University ofBerlin, 2003. To appear.3. A. Corradini, U. Montanari, and F. Rossi. Graph Proesses. SpeialIssue of Fundamenta Informatiae, 26(3,4):241{266, 1996.4. M. Nielsen, G. Plotkin, and G. Winskel. Petri Nets, Event Struturesand Domains, Part 1. Theoretial Computer Siene, 13:85{108, 1981. 4
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