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Disclaimer 
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Tampere University of Technology, (Finland), Gustavo Bouzon from University of Santa 

ï Catharina (Brazil) whose contribution and collaboration is greatly acknowledged and 

appreciated. 
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Structure of the text 

First part (Chapters 1-5) introduces the framework and modelling language of Net 

Condition/Event Systems (NCES) as follows. Chapter 1 introduces the formal 

verification framework. Chapter 2 starts with providing informal introduction into the 

formalism of Signal/Event nets. Chapter 3 introduces modular Signal/Event nets called 

Net Condition/Event Systems. Chapter 4 discusses some challenges to the S/E net 

semantics brought by the modularity of NCES, and Chapter 5 adds time to the 

Signal/Event nets.  

Second part (Chapters 6-12) presents basics of modelling automation systems and 

technique of their formal verification in the Visual Verification Framework as follows. 

Chapter 6 introduces the framework of closed-loop modelling and verification, Chapter 7 

presents some basic techniques for modelling objects and physical processes (plant) using 

NCES, Chapter 8 introduces basic NCES elements to be used in controller models, such 

as models of variables and operations over them. Chapter 9 discuses some challenges 

arising from the need to combine purely deterministic and synchronous objects 

(controller) with asynchronous and non-deterministic processes (plant). Chapter 10 

presents an example of a simple automation system modelled and verified in the 

presented framework. Chapter 11 considers the use of the Visual Verifier  tool in more 

detail, and Chapter 12 presents more details on the properties to be verified.  

The third part (Chapters 13-15) presents some additional techniques and facts and is 

structured as follows: Chapter 13 discusses specifics of distributed controller modelling. 

Modelling of Programmable Logic Controllers is exemplified in Chapter 14. Chapter 15 

is devoted to systematic modelling of plants. Chapter 16 introduces the ideas of 

hierarchical model composition in NCES.  

 

Annex 1 provides examples of XML representation of NCES models.  

Annex 2 contains more rigorous definitions of NCES.  
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1 Introduction:  modelling and verification of 

cyber-physical systems 

In computer science formal verification is an act of proving the correctness of programs 

by using mathematical methods and models. It can be used as an automatic alternative to 

the simulation-based testing and debugging, improving dependability and reliability of 

automation systems. Unlike testing via simulation, the formal verification can explore the 

complete set of systemôs state space and prove mathematically that no undesirable or 

dangerous behaviour occurs. This can reduce the effort spent on validation the same time 

increasing its quality which especially important in safety critical applications. Formal 

verification be also very helpful in proving the compliance with various certification 

requirements. 

Cyber-physical systems is a novel view on embedded systems that takes into account 

the dynamics and the structure of the environment where the embedded device works. In 

many control and monitoring applications this view has proven to be beneficial as 

compared to a more narrow focus only on the computing hardware and software. 

In particular, in control systems, usually the control software is the target of 

verification. This software is further referred to as controller, and it is the essential part of 

the embedded control device connected to the plant under control. Plant and controller 

form the interconnected closed-loop control system. For example, in industrial 

automation, the controller code usually is a variable part of the system, while the 

hardware remains unchanged. The controller can be programmed in one of general-

purpose or specialized programming languages, e.g. following the IEC61131-3 standard 

[38].  

1. The closed-loop system is modeled using an appropriate finite-state or hybrid 

formalism, e.g. finite state machines, Petri nets, etc. In closed-loop modeling the 

model of the plant needs to be present explicitly. It has to be designed manually by 

control engineers, while the model of the controller can be built automatically given 

the code. In open-loop modeling only the controller part is verified under some 

assumptions about its inputs.  

2. The desired or forbidden behavior of the plant-controller system needs to be 

described in form of specifications, i.e. the properties to hold or to avoid. The 

specifications have to be formalized using a formal language compatible with the 

description of the model.  
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3. Given the model and a number of formal specifications, it can be formally checked 

whether the specifications hold with respect to the model. This process is called 

model-checking.  

4. The results of the model-checking have to be interpreted in terms understandable by 

the engineers. For this purpose, a bi-directional mapping from the original system to 

its model and back has to be provided.  

This text presents a framework for modelling and verification which is based on the 

formalism of Net Condition/Event Systems (NCES). 

1.1 Supporting Tool Framework 

To facilitate the use of NCES by engineers, the formalism is supported by tools and 

methodologies. The framework is presented in Figure 1.  

 

Figure 1. Tool framework for modelling and verification 

 

The functions of the tools are as follows:  

¶ Visual NCES editor (ViEd ) providing full graphical authoring and editing of the 

models. Its manual is provided in a separate document; 
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¶ Visual Verifier (ViVe) ï an integrated tool that contains a model builder (assembler), 

a translator to the flat format for subsequent model-checking, interfaces to several 

model-checkers, and the means for analysis of scenarios (e.g. their visualization in 

form of state/time diagrams), or even system simulation along the selected scenarios. 

¶ The model checker SESA allows for efficient model-checking of fairly complex 

systems (millions of discrete states); 

¶ The application methodologies are represented as libraries of standard model 

elements and by the web-based documentation; 

The NCES modelling language is open ï an XML based data format allows the 

development of add-ons to the existing tools, for example model-generators for particular 

programming languages in which the controllers are programmed. 

The graphical editor provides full graphical authoring and editing of the models. The 

editor uses an open XML-based data format for basic and composite NCES models. The 

data format of composite model blocks intentionally was made identical with that of 

IEC61499 function blocks, supported by tool (FBDK).  

The integrated environment Visual Verifier inputs the model type files given in XML and 

is capable of: 

¶ Assembling a composite, hierarchically organized model from modules contained in 

different libraries. The component model types are instantiated into NCES modules.  

¶ Translating the model into a ñflatò NCES with the through numbering of places and 

transitions. The inter-module connections are converted into event and condition arcs 

between places and transitions. Thus the module boundaries are removed and the 

model-checking tools can be applied. In particular, the translator generates files in the 

input format of SESA model checker.  

To enjoy the benefits of graphical formalisms the model authoring and maintenance have 

to be supported in a visual intuitive way. The evolution of graphical tools is described in 

the following section.  

 

1.2 History of NCES developments 

The first version of the tool for editing Timed NCES (TNCES) for was implemented 

at the University of Halle, (Germany) as a template to Visio universal graphic editor. The 

editor supported only the non-typed approach which did not allow for convenient re-use 

of previously developed model components. The whole model needed to be developed 
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from scratch and the re-use was possible only by ñcut and pasteò of some model 

elements.   

 

 

Figure 2. Visio TNCES Template. 

The need to re-use models pushed the development of an open XML-based data format 

for basic and composite NCES models. The data format of composite blocks was 

intentionally made identical with that of IEC61499 function blocks, supported by tools 

[17, 18]. Then the export to the XML format was added to the editor in order to create a 

model type out of a single NCES module. This way the former Visio-based editor could 

be used for populating the library of basic model types, while FBDK could be used for 

creating complex model types.  

However, FBDK is lacking convenience in dealing with module connections. Besides 

the use of three software tools just for editing models is too complicated. For this reason 

another editor (ViEd) was conceived that integrates editing of basic and composite 

models in fully intuitive visual way.   

The model of a controller can be generated by the MOVIDA NCES Generator (Fig. 

10). The generator takes as an input source code of controllers in several PLC 

programming languages (for example Omron
TM

) LD project represented as a textual file), 

converts it into TNCES, and saves the data in XML based format. The openness and self -

explanatory XML representation simplifies the development of the tools that may work 

with TNCES. 
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Figure 3. MOVIDA NCES Generator. 
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2 Signal/Event Nets 

2.1 Introduction  

In this chapter we give informal definition of Signal/Event nets (S/E nets). A more 

formal definition is presented in Annex 1 and in the document ñAnalyzing Signal / Event 

Netsò [21]. 

The formalism of Condition/Event systems, suggested by Sreenivasan and Krogh in 

(1990), provides a convenient framework for modular modelling of discrete-event 

systems. Internal content of modules can be different: so far finite state and hybrid 

automata [3, 4], as well as Petri net-like formalisms [7] have been studied in this role.  

The Condition/Event model can serve to represent systemsô interface abstractions, 

internal structure and behaviour of single elements. This model can be easily mapped 

then onto IEC61499 function blocks [23], thanks to many similarities, namely event and 

data interfaces and State Chart definition of functionality of single modules.  

2.2 Syntax 

A Signal/Event net is a place/transition model similar to Petri nets [4-11]. Basic 

artefacts of the place/transition models are: places, which can bear tokens; (net) 

transitions, and arcs connecting places with transitions and transitions with places, 

known as token flow arcs. S/E nets in addition have two types of arcs: event arcs from 

transitions to transitions (e.g. (t2, t4)), and condition arcs from places to transitions e.g. 

(p2, t5). The model in Figure 1 is an S/E net.  

A state of a place/transition model is determined by marking of its places, i.e. 

allocation of tokens across the places. Tokens can ñflowò from state to state in some 

discrete moments according to the set of rules, known as ñmodel semanticsò. Such a 

ñjumpò of tokens leads to a new state of the model, and is called a state transition.  

It is said that net transitions can fire and transfer hereby tokens from a place to place. 
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Figure 4.  A Signal/Event Net (book/example1).  

 

2.3 Semantics 

The semantics of Signal/Event nets is defined by the firing rules of net transitions. There 

are several conditions to be fulfilled to enable a net transition to fire.  

First, as in the ordinary Petri nets, an enabled transition has to have a token 

concession. That means that all pre-places have to be marked with at least one token as 

shown in Figure 5 (or, in case of weighted arcs, with as many tokens as the weight of the 

corresponding arc from the pre-place to the transition.) 

a)                b)  

Figure 5. Token concession of transition: a) transition t has token concession; b) there is no token 

concession. 

In addition to the flow arcs from places, a transition in S/E net may have incoming 

condition arcs from places and event arcs from other transitions. A transition is enabled 

by condition signals if all source places of the condition signals are marked by at least 

one token (more rigorously ï as many tokens as the capacity of the flow arc), i.e. if more 

than one condition arc is connected to a place, the overall influence of the condition arcs 

is decided by the ñANDò of each single arc enableness, as shown in Figure 5. 
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Figure 6. If more than one condition arc is connected to a place, the overall influence of the condition arcs 

is decided by the ñANDò of the each single arc óenablenessô. 

 

Another type of influence on the firing can be described by event signals which come 

to the transition from some other transitions in the net. With respect to incoming event 

arcs a transition can have either OR or AND mode (event signal sensitivity mode). The 

default event signal sensitivity mode of transition is OR, as shown in Figure 7. 

 

 

Figure 7. The default event signal sensitivity function of forced transition is OR.  

Transitions having no incoming event arcs are called independent, otherwise forced. 

A forced transition is enabled if it has token concession and it is enabled by condition and 

event signals.  

 

Figure 8. Firing mode of transition. 
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Several S/E net transitions can fire simultaneously. A set of such simultaneously 

firing net transitions is called step.  

A step is formed by first picking up a nonempty subset of enabled spontaneous 

transitions, and then by adding as many as possible of enabled transitions which are 

forced to fire by event signals produced by the transitions already included in the step. 

Such a step is called maximal with respect to its forced transitions. 

2.4 Conflicts and non-determinism 

A conflict in classic Petri nets occurs when the number of tokens in some places is ñnot 

sufficientò to fire all transitions connected to them by flow arcs. This situation is 

exemplified in Figure 9, a.  

 

a)                    b)  

Figure 9. Conflict (a) and reachability graph (b) (book/simple_conflict). 

 

In case of a conflict, not all transitions can fire simultaneously. The reachability graph 

in Figure 9,b shows that there are two steps ófirebleô in this state of the model: {t1} and 

{t2}. Since both these steps can happen, it is said that the choice is non-deterministic. In 

case if such a model is used for simulation either of this transition steps can happen. In 

the reachability graph, however, both options are included. 
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2.5 Condition arcs 

Tokens do not flow through condition arcs, so one place with a single token in it can 

enable many transitions and no conflict will arise, as illustrated in Figure 10 for the place 

p3. 

 

 

Figure 10.  Single token in p3 is sufficient to enable transitions t1,t2 and t3, so no conflict is observed in 

this situation.  

 

2.6 Arcs with capacities (weights) 

The token flow and condition arcs can have capacities determining the number of 

tokens that will flow through the arc (for token flow arcs), or needed to enable the 

corresponding destination transition (for condition arcs). If a source place has less tokens 

than is required then the transition would not get the concession. A net with arc capacities 

is illustrated in Figure 11. 

 

Figure 11. S/E Net with arc capacities. 
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For example, the flow arc from p1 to t1 has capacity 2, and the condition arc from p3 to 

t1 has capacity 1. Both places p1 and p3 have 2 tokens, so the transition t1 is enabled. 

The transition t2 is enabled because it has only one flow arc from p3 and there are enough 

tokens in p3. The transition t3 is enabled because p5 has as many tokens as required (1) 

and p3 has as many tokens as required (2). Note, that only one token moved from p1 to 

p2 and one got lost since the capacity of the arc (t1, p2) is only 1.  

Also note, that in the next state transition t3 would not be enabled although p3 still has 

one token. This is due to insufficient number of tokens in p3 to óactivateô the condition 

arc (p3,t3) which has capacity 2.  

 

2.7 State and reachability 

A state of an S/E net is defined by marking of all places. A tuple M=<Z,R,s0> denotes 

the reachability structure of a S/E net, where Z is a finite set of reachable states, R is a 

finite set of state transitions
1
, and s0 is an initial state.  

A state trajectory is a sequence of states (si)= s0, s1, é, si, é , such that for each pair  

sj, sj+1 Í Z  there is t Í R such that sj+1 is reachable from sj by the transition t (in 

mathematical terms denoted as sj [t> sj+1) . Figure 12 presents the reachability graph for 

the S/E net from Figure 4. 

 

                                                           

1 Note the fundamental difference between net transition and state transition.  
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Figure 12. Reachability graph of the model from Figure 4. 

 

Nodes of the graph correspond to the states while the arcs correspond to the state 

transitions. The arcs are marked with their respective steps of net transitions.   

2.8 State transition modes 

There are three ways to generate the transition step w.r.t. spontaneous transitions: 

1. Include all possible combinations of spontaneous transitions (this was illustrated in the 

previous section in Figure 12); 

2. Include only one spontaneous in a step (The corresponding reachability graph is shown 

in Figure 13, a); 

3. Include maximum number of spontaneous transitions (the reachability graph is shown 

in Figure 13, b); 

 



V. Vyatkin © 2007-2011 

 21 

 

 

a) b)  

Figure 13. Reachability graphs of the model corresponding to a) single spontaneous transition; b) maximal 

set of spontaneous transitions. 

In all cases forced transitions are included in steps according to the principle of 

maximal set of forced as discussed in the previous section. 

2.9 Synchronous transitions 

There are special means provided for description of both asynchronous and 

synchronous behaviour in the same net, which are especially useful for modelling of 

interconnected plant/controller systems. This is achieved either by introduction of 

synchronous transitions, firing whenever they are enabled, or by timing.  

If a transition is marked with the synchronous (or greedy) attribute, it fires always 

when enabled. Synchronous transitions should not have incoming event arcs. When a 

firing step is formed, these are treated as spontaneous, with exception of that all enabled 

greedy transitions are always included in the step. Let us illustrate the work of greedy 

transitions on the example in Figure 14.  
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Figure 14. Reachability graph of the model with all spontaneous transitions. 

 

As one sees, the modelôs behaviour includes all possible combinations of t1 and t2 

with t3 and t4. 

This example is provided in the Visual Verifier set of samples as 

TestSimple2Spont.xml. Check it with the options: Maximal set of greedy transitions and 

Combinations of spontaneous transitions as illustrated in Figure 15. The selected firing 

mode implies that all greedy transitions will be included in the step and all possible 

combinations of enabled spontaneous transitions will be added. If the set of Greedy is not 

empty, then the combination with empty spontaneous set will be also considered.  
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Figure 15. Selection of the firing modes in the Visual Verifier. 

In the next example (Figure 15, TestSimple1Spont1Greedy.xml) two transitions are 

left spontaneous, while two others are made greedy. As a result, some trajectories have 

disappeared from the reachability graph.  

 

Figure 8. In case if two transitions are spontaneous and two others are greedy, the possible step 

combinations are limited to those where a greedy transition is always included in the step. 

If there is more than one greedy transitions enabled in the moment, they are included into 

step similarly to spontaneous transitions, i.e. steps are formed from all possible 

combinations of greedy, as shown in Figure 16, where all four transitions are greedy.  
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Figure 16. All transitions are greedy. 

Note: The ñgreedinessò of transitions can be only used in non-timed models. A 

similar concept can be achieved in timed models by using synchro sets introduced later in 

Chapter 14.2. 

2.10 Transitions without incoming arcs 

A transition without any incoming arcs is always enabled.  

2.11 Priorities  

In place-transition modelling formalisms a priority is an integer attribute of a transition 

determining preference of its firing with respect to other enable transitions. Only the 

transitions with the highest priority (from the set of currently enabled transitions) are 

included in the executable step. To avoid ambiguities, in S/E Nets priorities can be 

assigned only to spontaneous transitions. 

2.12 Firing rules 

Visual Verifier supports several firing rules. The set of firing rules of SESA is a bit 

different. The reasons for having different firing rules are in the history of these tools. 

However, having several firing rules available may better fit to particular details of 

different models.  

The firing rules of the Visual Verifier are as follows: 

- single spontaneous can fire ; 

- all combinations of spontaneous transitions will be considered;  

- only the maximal combination of spontaneous can fire. 
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Certainly for each set of spontaneous transitions as many as possible forced 

transitions are added to form a step. This is called ñmaximum stepò.  

 

In SESA two firing rules are supported: 

- single spontaneous can fire ; 

- all combinations of spontaneous transitions will be considered to form the 

maximum steps on their base;  

 

In addition, the ñgreedyò transitions are treated in the VisualVerifier a bit 

differently from SESA.  

 

In ViVe two options are provided:  

- fire all enabled greedy transitions together or 

- consider all combinations of the greedy; 

This is applied óon topô of the spontaneous firing rule. 

In SESA greedy transitions are treated as normal spontaneous transitions. 
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3 Modular S/E Nets = Net Condition/Event 

Systems 

The formalism of Net Condition/Event Systems (NCES) was introduced by Rausch 

and Hanisch in (Rausch and Hanisch, 1995) and further developed through the last years, 

in particular in (Hanisch and Lüder, 1999). 

3.1 Encapsulation of models into modules 

The general idea of Net Condition/Event systems supports the way of thinking of and 

modelling a system as a set of modules with a particular dynamic behaviour and their 

interconnection via signals. An illustrative example of the graphical notation of a module 

is provided in Figure 17.  

 

 

Figure 17. Graphical notation of a module. 

 

Once designed, the modules can be re-used over and over again. Each module has 

inputs and outputs of two types:  

1. Condition inputs/outputs carrying information on marking of places in other 

modules, and  

2. Event inputs/outputs carrying information on firing transitions in other modules.  

Condition and event inputs are connected with some transitions inside the module by 

condition and event arcs. Places of the module can be connected to the condition outputs 

by condition arcs, and transitions can be connected to the event outputs by event arcs. 
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This concept provides a basis for a compositional approach to build larger models 

from smaller components. The "composition" is performed by "gluing" inputs of one 

module with outputs of another module as shown in Figure 18.  

 

 

Figure 18. Modular composition. 

The result of the composition of two NCES N1 and N2 is an NCES Nc obtained as a 

union of the components and which can be represented as a new module. Inputs and 

outputs of the "composition" are unions of the components' inputs and outputs, except for 

those which are interconnected to each other, and hereby "glued", i.e. substituted by the 

corresponding condition and event arcs, as shown in Figure 19. By the way, the resulting 

module is equivalent to the S/E from Figure 4. 

 

 

Figure 19. Result of the modular composition. 

3.2 Model type definition 

In the version of NCES implemented in Visual Verifier a model must be encapsulated 

in a module. A module is defined by its interface and content. The interface contains a 

model name and names of event and condition inputs and outputs. The content can be 

either a place-transition model, i.e. consist of places, transitions and arcs as described in 

the previous section (such model types are called basic), or be a network of modules 

interconnected via event and condition arcs (such models are called complex).  
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Once defined and placed in the library, a module defines a model type. The module 

name serves as the type identifier. Type instances can be used over and over again in the 

complex models (strictly speaking, the modules forming the complex models have to be 

instances of other modules). 

As a consequence of the above definition a model can have a hierarchical structure as 

the one presented in Figure 20. The hierarchical structure can be transformed into a plain 

S/E Net by instantiation of a model types. 

 

 

Figure 20. A hierarchical NCES model. 

 

Dynamic models of complex objects usually consist of models of their constituent 

components interconnected by event and condition signals. They may also include an 

additional model that integrates and coordinates them. Such a ñmaster supervisor modelò 

can also take care about input-output behaviour of the composite model. 

3.3 Typed NCES 

Further in this text we are using only the typed NCES modelling. This approach is based 

on the following postulates:  

1. All NCES models are encapsulated into modules. A module has interface that is 

defined by event and condition inputs and outputs. A modular model, stored in a 

separate file, defines a model type that can be later instantiated.  
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2. NCES models can be basic or composite. 

3. A basic NCES model type consists of places, transitions and arcs. It cannot 

have any nested modules.  

4. A composite NCES model type consists of module instances and arcs 

connecting I/Os of the modules to each other and to the interface elements of the 

model. The instances are obtained by instantiation of the model types, basic or 

composite, existing in a storage media (library).  

The process of model development can follow both top-down and bottom-up 

approach. In the former case you may create new module interfaces and as needed 

specify them and store as model types in the library. After that you can reuse the models 

over and over again. 

In the latter case you start with development of most basic model elements and save 

them as basic model types in the library. More complex models can be created as 

composite types using instances of the basic ones. This way you can create hierarchical 

models of arbitrary complexity always remaining flexible and reusing the repetitive sub-

models.  

3.4 Capacities of condition arcs 

Condition arcs between NCES modules, or between a module and inputs/outputs of 

another module where its instance is included, can have capacities, that are integer 

numbers >= 1. 

The capacities between modules can differ from the capacities of arcs within 

modules. When the modules are ñgluedò into a single S/E net, the capacities of resulting 

condition arcs are calculated as the minimum capacity of the segments forming them.  
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Figure 21. The capacity 2 of the condition arc (p2, t5) is obtained as the minimum of capacities of the arcs 

forming its segments within modules and between modules. 

3.5 Benefits of NCES 

There are two main reasons to prefer place-transition formalisms to many others 

formalisms, e.g. finite automata. The first is their non-interleaving semantics (i.e. 

possibility of firing several transitions simultaneously), which better fits to modelling of 

distributed processes and of their interaction. 

 

Figure 22. Model of two processes as parallel composition of state machines or NCES. 
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The second reason is the more compact reachability space, explained as follows. 

Modelling of complex distributed systems with automata usually ends up in many 

concurrent automata models communicating via common variables, as illustrated in Figure 

23, left, where two state machines A and B are combined under ñasynchronous parallel 

operatorò. Thus, the overall system model is a cross-product of the component automata, 

and to do model analysis it is necessary to build the cross-product consisting in this case 

of 9 states, as one sees in the right part of the Figure.  

 

 

Figure 23. Modelling of two communicating processes by means of concurrent state machines and their cross-product 

automaton. 

 

Alternatively, in Signal/Event Nets a state of a model is determined by the marking of 

model places, so any global state of a distributed system is just one state of the model. 

This is shown in Figure 24 where the same model is implemented in Signal/Event Nets 

with places (p1-p6) corresponding to states of the automata A or B (in the obvious 

manner)  (Find it in the concurrent.xml file).  
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Figure 24. The same model implemented using placeïtransition nets (S/E Net) and its reachability graph.  

In the given initial state the reachability space of the model consists of only 4 states. 

The same behaviour obviously will be shown by the automata model in Figure 23 (the 

outlined path A1B2Ÿ A1B2Ÿ A2B2Ÿ A2B3Ÿ A3B1Ÿ A3B2), but to get it the whole 

cross-product automata needs to be built. 
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4 Semantics of Modular Models 

The modularity of NCES does not bring any extra semantic issues if compared to S/E 

nets since the module boundaries are removed during the flattening process. However, 

some ñtrickyò issues in S/E nets and NCES semantics need to be discussed. 

4.1 A condition/event input of a module is not assigned 

When an input is not assigned as shown in Figure 25 there are several possible 

interpretations. 

 

 

Figure 25. Not assigned input of a module. 

 

The one shown in Figure 26 removes the event arc (ei1, t2) making the transition t2 

spontaneous.  

 

Figure 26. First interpretation: the event arc is removed, transition t2 in  

the Module 2 becomes spontaneous. 

However, this interpretation might not always reflect the intentions of the developer 

of the module 2, as the presence of the incoming event arc might indicate the forced 

nature of the transition t2. Thus, the absence of any input arcs to the input ei1 may mean 

that t2 should not fire at all. This can be implemented as shown in Figure 27 by adding a 

module (Module 3) with a transition (t1) that never fires, connected to t2 of Module 2.   
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Figure 27. Second interpretation: an always dead transition 

4.2 Multiple arc assignments to a moduleôs input/output 

Multiple arc connections to inputs and outputs of modules as those shown in Figure 

28 were not allowed in the previous versions of NCES due to ambiguities in 

interpretation. 

 

 

Figure 28. Multiple assignments of arcs to I/Os. 

 

However, since the signal arcs eventually influence the firing of transitions, we can 

shift the semantic load to the definition of the firing function of transitions, and interpret 

the concentration of arcs at inputs and outputs by connecting places/transitions in the 

resulting S/EN with an arc if a connected path exists from the corresponding source 

place/transition to the target transition in the original NCES. This is illustrated in Figure 

29. 
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Figure 29. Signal arcs in S/E N as a result of multiple arc resolution in NCES. 

4.2.1 Condition arc weights between modules  

ViVe provides two options for resolving the weight of the condition arc appeared as a 

result of structural composition (Options/NCES tab). 

 

Thus, if the first option is selected, the arc with the minimum weight determines the 

weight of the resulting arc after the assembly.  

 

Figure 30. Multiplicity of the resulting condition arc. 

4.2.2 Several condition arcs originating in the same place 

In process of assembly there could be a situation of several condition arcs ending in the 

same transition and originating in the same place.  
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Figure 31. Two condition arcs originating in p2 end in t5.  

 

There are two options to resolve this situation. The first option is to take the 

maximum capacity across all paths leading from p2 to t5. The result in this case would be 

as shown in Figure 32. 

 

Figure 32. Maximum path capacity is taken (1 in this case). 

Another option is to assign the cumulative capacity to the resulting arc.  

 

Figure 33. Sum of capacities is taken. 

4.2.3 Visual Verifier support of non-assigned module inputs  

Ambiguous issue Support in 

ViVe 

Interpretation  

Non assigned event input Supported The destination transitions are connected 

to the ñalways dead transitionò  

Non assigned condition 

input 

Supported The destination transitions are connected 

to the ñalways empty placeò 

Multiple arcs to an event 

input or output 

Supported The destination transition is connected to 

the transitions where the arcs are 
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originating from. 

Multiple arcs to a condition 

input/ output 

Not supported  

 

 

 

 

Figure 34. Prohibited condition connections. 
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5 Timed models 

5.1 Discrete timing 

The concept of discrete timing is applied to the S/E nets as follows: to every pre-arc [p, t] 

of the transition t we attach an interval [l, h] of natural numbers with 0 < l < h <¤. The 

interval is also referred to as permeability interval. If a pre-arc has no explicitly 

designated permeability interval, it is assumed to be [0, ¤]. The interpretation is as 

follows. Every place p bears a clock u(p) which is running iff  (if and only if) the place is 

marked (m(p)>0), and is switched off otherwise. All running clocks run at the same speed 

measuring the time the token status of its place has not been changed. If a firing transition 

t removes a token from the place p or adds a token to p, the clock of p is turned back to 0. 

A (marking-enabled) transition t is time-enabled only if for any pre-place p of t the clock 

at place p shows a time u(p) such that l(p,t) < u(p) < h(p,t).  

An example is given in Figure 35.  

 

 

Figure 35. Timed S/E net and firing of its transitions.  

 

Thus, in timed NCES a state is characterized by the marking of places plus the values 

of local clocks at the places.  

A state is called dead if no transition is time-enabled and no transition would become 

able to fire after any increments of the clocks.  

There are two slightly different interpretations of time in different NCES 

implementations. Let us consider illustration in Figure 36, a.  
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In one interpretation (implemented in SESA model checker), time delay is an attribute 

of the state where the transition originates. If in state Si there is such a minimum 

increment ȹ that some of the transitions become enabled after elapsing it, then it is said 

that the state transition Ű:SiŸSj has a ñdelayò ȹ. Conversely, it can be interpreted as the 

state Si has a ñdurationò ȹ that specifies the time increment of the clocks of this state 

required to make the transition enabled. So, first the time elapses, and then a state 

transition occurs. This is illustrated in Figure 36,b.  

 

 

  

a) b) c) 

Figure 36 An example of timed S/E net and reachability graphs for two time interpretations.  

 

Another interpretation (implemented in Visual Verifier) uses the concept of time 

increment. This attribute belongs to the state where the state transition leads to. The 

reachability graph generated along with this interpretation is in Figure 36,c. This 

interpretation allows interpret the elapsed time as an (implicit) attribute of the state 

transition.  

Although in this example, the number of states in both reachability graphs is the 

same, in general it can be different.  

5.2 Firing rules in TNCES 

At a given state all (time-) enabled steps have to be computed and placed into the list 

of enabled steps. Firing of each step brings one more state successor to the current state. 

Repetitive application of this procedure to every subsequent state forms the reachability 

space of the model. Time-enableness is a required but not sufficient condition to include 

transition to the firing step. The interpretation of the timing intervals is defined by the 

timing firing rule. 
























































































































































































































































































