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approach are demonstrated through its application to a real-time system example. 
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1. INTRODUCTION 
 
The design of a time-dependent system (e.g., an 
embedded real-time system, a communication 
protocol etc.) must fulfil a set of functional and non-
functional requirements. Non functional 
requirements include timeliness, that is the ability of 
the software system to provide responses to events 
(e.g., originated in an external controlled 
environment) which must be functionally correct 
and furnished within precise and predictable timing 
constraints (e.g., deadlines). To ensure a system 
development compliant with timing requirements, 
the use of formal tools is mandatory. A formal 
language can favour unambiguous specification of 
system behaviour and, most importantly, can allow 
reasoning on and assessment of system properties. 
In the work described in this paper, Merlin and 
Farber’s Time Petri Nets −TimePNs− [Merlin and 
Farber, 1976] are chosen as the modelling language. 
TimePNs permit rigorous specification of a time-
dependent system by associating time intervals to 
transitions (activities) which constrain transition 
firing. 
TimePNs were recently added to a Java toolbox 
−TPN/DESIGNER [Carullo et al., 2003]− which 
supports modelling and discrete-event simulation of 
complex and modular GSPN-like systems [Marsan 
et al., 1984; Marsan et al., 1987]. TPN/DESIGNER 
features an extensive set of mechanisms for building 
paged and hierarchically structured models, a 
scripting language which makes it possible to 
automate model configuration and parameter set-up, 
and a flexible watching system for collecting 
simulation output. 

TPN/DESIGNER permits also to compile a TimePN 
model in terms of timed automata (TA) [Alur & 
Dill, 1994] in the context of UPPAAL [Behrmann et 
al., 2004], using a template process corresponding to 
basic TimePN transition. In this way, a TimePN 
model can be analyzed using simulation and 
(possibly) model checking [Clarke et al., 2000], i.e., 
exhaustive verification of system properties against 
the whole state space of the model. UPPAAL was 
chosen because of its compact data structures and 
efficient model checker.  
This paper proposes an original approach to 
modeling and analysis of time-critical systems 
specified by TimePNs, which is based on 
TPN/DESIGNER and UPPAAL. The paper argues that 
simulation can help model checking by suggesting 
estimates of response time bounds which can then be 
refined by using a few queries in the context of the 
verifier. Very often, in fact, the modeller has to 
tentatively issue many times a given query to the 
verifier, each time with a different parameter value, 
in order to determine a worst case response time. All 
of this can be highly expensive in the wallclock time 
for complex models. On the other hand, for a large 
system model, exhaustive verification can be 
practically prohibitive. In these cases discrete-event 
simulation, although it can never replace model 
checking, can anyway furnish important indications 
about quantitative temporal behaviour of the system. 
The paper is structured as follows. Section 2 
provides basic definitions and concepts of TimePNs. 
Major features of TPN/DESIGNER are described in 
section 3. After that a TPN/DESIGNER model for a 
robot control system is presented in section 4 and 
simulated in section 5. Section 6 proposes a 
translation of TimePNs into UPPAAL/TA which is 
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used for model checking the robot control system in 
section 7. Robot system modelling and analysis 
activities are further explored according to different 
configuration scenarios in section 8. Finally, 
conclusions are presented along with directions of 
future work. 
 
2. CONCEPTS OF TIME PETRI NETS 
 
A Time Petri Net is a tuple 
TimePN=(P,T,B,F,Inh,M0,I

s) where  
 
• P and T are non empty and disjoint sets 

respectively of places and transitions of the 
underlying Petri net [Murata, 1989] 

• B is the backward incidence function: 
B:T×P→N, with N the set of natural numbers 

• F is the forward incidence function: F:T×P→N 
• Inh is a set of inhibitor arcs: Inh⊆P×T 
• M0 is the initial marking: M0:P→N in the usual 

sense of Petri nets 
• Is is the static firing interval function, 

Is:T→N×(N∪{∞}). 
 
A place p∈P is an input place for transition t if there 
is an arc with positive weight w from p to t, i.e. 
B(t,p)=w>0. Place p is an inhibitor place for 
transition t if (p,t)∈Inh, i.e. there exists an inhibitor 
arc connecting p to t. Graphically, an inhibitor arc is 
represented by a dot terminated line (see figure 16). 
It is assumed that B(t,p)=0 for a non existing input 
or inhibitor arc (p,t). Similarly, p is an output place 
for t if there exists an arc from t to p with positive 
weight w, i.e. F(t,p)=w>0. F(t,p)=0 for a non 
existing output arc (t,p). The set of input and 
inhibitor places of t is said its preset. The set of 
output places constitutes the transition postset. In a 
similar way can be defined the preset and postset of 
a place. 
Is associates to each transition t a dense firing 
interval whose bounds are assumed to be specified 
by non negative integers: Is(t)=[a,b] with 0≤a≤b, b 
can be ∞. Bound a is said the (static) earliest firing 
time (EFTs) of t, b the (static) latest firing time of t 
(LFTs).  
 
2.1 Transition Enabling 
Transition enabling obeys to the same precondition 
on the preset places’ tokens as in classical Petri nets. 
Let M be a marking. Transition t is enabled in M, 
denoted by M[t> , as stated in the following: 
 
 M(p)≥B(t,p) if (p,t)∉Inh 

M(p)==0 if  (p,t)∈Inh  
 
 
2.2 Transition Firing 
Transition firing semantics can be characterized by 
thinking about a timer (or clock) associated with a 
transition which is reset as soon as the transition gets 
enabled.  

Let τ be an instant in time when transition t is 
enabled. Provided t is continuously enabled, t cannot 
fire before τ+a but must fire (strong firing model) 
before or at τ+b, unless it is disabled by the firing of 
another transition (race firing policy). Let θ be the 
elapsed time since τ as measured by the transition 
timer. The time to fire of t is τ+θ with a≤θ≤b. At 
transition firing, tokens are removed from the input 
places and new tokens are generated to output places 
as in usual Petri nets. Let Mbefore be the net marking 
when t fires. The firing of t transforms Mbefore in 
Mafter, denoted by Mbefore[t>M after, by an 
instantaneous and atomic process in two phases: 
 
(phase 1-token withdrawal)  
∀p∈P if p∈preset(t) then M’(p)=M before(p)-B(t,p)  

else M’(p)=M before(p) endif 
 
(phase 2-token deposit)  
∀p∈P if p∈postset(t) then Mafter(p)=M’(p)+F(t,p)  

else Mafter(p)=M’(p) endif 
 
where M’  represents the intermediate marking 
generated after token withdrawal. 
A transition tp is said to be persistent to the firing of 
transition t if Mbefore[t p>  and M’[t p> and Mafter[t p> . 
After the token deposit phase one or more transitions 
tnew can become enabled, i.e. Mafter[t new>.They are 
said newly enabled transitions. The token deposit 
phase, though, because of the existence of inhibitor 
arcs, can also reveal non persistent transitions like tnp 
which lose their enabling in Mafter, i.e. Mbefore[t np>  
and M’[t np> and not Mafter[t np> . A subtle case 
concerns non persistent transitions characterized by 
Mbefore[t np>  and not M’[t np> and Mafter[t np> . These 
transitions too are newly enabled transitions. 
 
2.3 Race With/Without Memory 
For a non persistent transition tnp which loses, 
because of a conflict, its enabling at absolute time τ*  
with τ’  being its enabling time, one of two polices 
can be adopted at its next enabling. The first one, 
called race−without−memory (or race−with− 
resampling), implies that the static firing interval 
Is(tnp) is always used. The second one, called 
race−with−memory, uses instead the dynamic firing 
interval characterized by dynamic EFT and LFT 
defined as:  
 

EFT(tnp)=max( 0, (τ’+EFT(tnp))−τ* ) 
LFT(tnp)=max( 0, (τ’+LFT(tnp))−τ* ) 

 
where EFT/LFT bounds at the right side of “=” 
denote previous defined values. EFT/LFT relative 
dynamic bounds are evaluated and stored at the 
disabling time.  
 
2.4 Multiple Enabledness 
As in [Berthomieu and Diaz, 1991; Vicario, 2001] to 
avoid associating to a same transition multiple firing 
intervals (or equivalently multiple timers), TPN 

M[t> ⇔∀p∈preset(t) 
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transitions are assumed to be regulated by single 
server policy. In other words, a transition which is 
multiple enabled will fire its enablings one at a time. 
As a consequence, after its own firing, a still enabled 
transition is always regarded as a newly enabled one. 
 
3. AN OVERVIEW OF TPN/DESIGNER 
 
TPN/DESIGNER [Carullo et al., 2003] is a toolbox 
completely implemented in Java. It consists of two 
integrated sub environments: CAD and ENGINE. 
CAD is concerned with model editing and project 
management. A model is externalized using XML. 
ENGINE supports compilation, debugging, 
simulation and statistical data collection.  
A large system can be split and step-wise refined 
into modular units called pages. A page has an 
interface of input/output ports and hides an internal 
behaviour expressed by a GSPN-like [Marsan et al., 
1984; Marsan et al., 1987] sub net which in turn can 
be organized in sub pages and so forth recursively to 
an arbitrary depth. Pages can be spatially replicated 
to create linear (pipeline) or bi-dimensional (grid) 
topologies.  
Model configuration requires port interconnections 
and net parameters (marking of places, attributes of 
transitions, replication factor of pages etc.) to be 
established. Ports can be linked to one another in 
CAD through the mouse. Net parameters and 
annotations (labels) can be entered by using the 
property window which CAD associates with each 
model element (place, transition, arc, page, port).  
A simple but powerful scripting language can be 
used to “program” port interconnections. Scripting 
can occur at page level or at model (or root) level. 
Page level scripting can be exploited to establish 
port bindings among instances (siblings) of a same 
page model. Root level scripting can be used to 
define connections between arbitrary but compatible 
net subjects (places or transitions) possibly 
belonging to different pages, and to furnish values 
for model parameters.  
Root level scripting is essential for model 
scalability. A properly configured model can be 
scaled (e.g. page multiplicities changed and model 
parameters redefined) simply by modifying a few 
lines in the root level script.  
A modular and hierarchical model is flattened into a 
representation made up of concrete subjects (places, 
transitions and arcs), which is then managed by 
ENGINE. Meta data like ports are eliminated and 
port inter-connections and links introduced by 
scripts are replaced by effective arcs. 
For statistics data collection a flexible watching 
system [Cicirelli et al., 2004] can be used. Common 
statistics like gathering minimum, maximum and 
average number of tokens/firings for selected 
places/transitions can be achieved by adding one or 
more watches to selected net subjects in the 
graphical ENGINE sub-environment. To cope with 
general statistics calculations, aspect-oriented 
monitors, i.e. external Java classes, can be prepared 
and transparently weaved into TPN/DESIGNER 

control engine. A monitor is event-driven. Specific 
event occurrences can be observed and application-
dependent actions correspondingly executed. 
Multiple monitors can be jointly used to observe 
model execution. 
The following summarizes some common options of 
ENGINE: choosing race (with/without memory) or 
preselection [Ramchandani, 1974] semantics for 
transition firing, adopting single server vs. infinite 
server transition firing policy [Ferscha, 1994], 
setting-up the simulation time limit, selecting step-
by-step or run-to-completion mode of execution, 
loading/unloading monitor classes, controlling the 
watching system. 
 
4. A ROBOT CONTROL SYSTEM 
 
The following considers a distributed robot control 
system [Gerber and Lee, 1992] whose purpose is to 
periodically collect positional data from four tactile 
sensors, to convert the data into real world 
coordinates, to integrate the data, to determine the 
robot next position and to send the new position to 
the robot. The system consists of four tactile sensors, 
four conversion processes, four single buffered 
channels, an integrator and the robot itself. 
Communications between interacting components 
are assumed to be synchronous (rendezvous). Each 
communication and every internal action is 
supposed to consume 1 time unit (e.g., 1 ms).  
Each sensor has a period of 6 time units within 
which it takes a sample reading from the 
environment and then attempts to communicate the 
result to the corresponding converter. Since the 
environment is supposed to be subject to very rapid 
changes, the communication between a sensor and 
its converter must be made within a hard deadline of 
4 time units, able to ensure that each sensor 
terminates its internal and i/o activities before the 
next period is commenced. Another deadline of 1 
time unit exists between a converter which is ready 
to transmit its converted data and its associated 
buffered channel. The integrator must first receive, 
in any order, the four communications from the 
buffered channels and then prepares the next 
positional data for the robot. Since the robot is ready 
to accept its next command, it must do so within 11 
time units (hard deadline).  
Figure 1 shows a TPN/DESIGNER modular model for 
the system, under the hypothesis of maximal 
parallelism, i.e. that each component (sensor, 
converter, etc.) is mapped on to a distinct physical 
processor. The Input page encapsulates Sensor, 
Converter and BChannel sub pages. To obtain the 
required system topology, the Integrator and Robot 
pages are instantiated only once (default), whereas 
the Input page (and implicitly its contained sub 
pages) has a mono-dimensional 4-multiplicity.  
Interacting page instances within Input have 
input/output ports directly linked by the mouse. 
Connections between the four instances of the 
BChannel page and the single instance of the  
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Figure 1: A modular TPN/DESIGNER model for the robot control system 

 
Integrator are accomplished by the root level script 
shown in Figure 2. Line (1) declares the multiplicity 
of the Input page, i.e. 4x1 (4 rows and 1 column). 
Lines (2) to (5) specify that the send place in the 
various BChannel instances (see figure 5) has to be 
linked with the recj, j=0,…,3 transition of the 
Integrator (figure 6). Lines form (6) to (9) serve to 
connect the recj transitions of the Integrator with the 
reply place of the corresponding BChannel instance. 
Line (10) states that the receive transition of the 
Robot page (figure 7) must be linked to the synch 
place of the Integrator. All the arcs corresponding to 
the link instructions have unitary weight (clause with 
1). 
 
 
 
 
 

 
 
 
 
 

Figure 2: Root-level script for the Robot model 
 
Figg. from 3 to 7 depict the internal sub net of each 
model page together with its initial marking. As a 
rule, a communication is followed by an ack event 
sent back to the sender at the end of the 
synchronization. In addition, the communication 
delay is spent in the receiver so that the ack event is 
instantaneous (time interval [0,0]).  
In the Sensor sub net, one token in the ready place 
indicates that the sensor is ready to sample the 
environment. However, reading the sample 
effectively requires one token in the next place too, 

which mirrors the fact, in general, that previous data 
has already been communicated to the converter. 
Satisfaction of sensor deadline can easily be related 
to having at all times no more than one token in the 
ready place.  
Converter sub net ensures that first a data is 
received from a sensor (transition receive), then the 
conversion process is accomplished (transition 
compute) after that a communication is attempted 
with the corresponding buffered channel, whose 
completion is witnessed by the firing of the ack 
transition. BChannel sub net first receives a 
converted data from a converter then tries to 
transmit it to the integrator. The ack message is 
generated as soon as the send place empties.  
 
 
 
 
 
 
 
 
 
 
 

Figure 3:  Sensor sub net 
 
The Integrator sub net is able to receive data from 
the four buffered channels through the recj 
transitions.  
However, due to the select place, only one 
communication can take place at each time. When 
all the four data have been achieved, the integrator 

(1) set Input={4,1}; 
(2) link /Input[0,0]/BChannel[0,0]/send to /Integrator[0,0]/rec0 with 1; 
(3) link /Input[1,0]/BChannel[0,0]/send to /Integrator[0,0]/rec1 with 1; 
(4) link /Input[2,0]/BChannel[0,0]/send to /Integrator[0,0]/rec2 with 1; 
(5) link /Input[3,0]/BChannel[0,0]/send to /Integrator[0,0]/rec3 with 1; 
(6) link /Integrator[0,0]/rec0 to /Input[0,0]/BChannel[0,0]/reply with 1; 

(7) link /Integrator[0,0]/rec1 to /Input[1,0]/BChannel[0,0]/reply with 1; 
(8) link /Integrator[0,0]/rec2 to /Input[2,0]/BChannel[0,0]/reply with 1; 

(9) link /Integrator[0,0]/rec3 to /Input[3,0]/BChannel[0,0]/reply with 1; 
(10) link /Robot[0,0]/receive to /Integrator[0,0]/synch with 1; 
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computes the next robot position (compute 
transition) and, finally, tries to communicate it to the 
robot. At the end of this communication, a token is 
generated in the synch place and then the integrator 

repeats its behaviour. The Robot sub net simply 
receives next positional information from the 
integrator (receive transition in figure 7) and then is 
again available for the next communication. At each 
firing of the receive transition of the robot, a token 

is generated in the synch place of the integrator 
through the link established by the root level script 
(see line (6) in figure 2).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: Converter sub net 
 
 
 
 
 
 
 
 
 
 

Figure5: BChannel sub net 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6: Integrator sub net 

 
 
 
 
 
 
 
 

Figure 7: Robot sub net 
 
5. SIMULATION EXPERIMENTS 
 
The ENGINE sub environment of TPN/DESIGNER 
simulates a TimePN model by generating the 
occurrence time of a transition as uniformly 
distributed in the transition time interval. Toward 
this, an unbounded interval like [a,∞] is actually 
managed as [a,Tend+1] where Tend is the 
simulation time limit. Moreover, according to 
TimePN semantics of transition firing, the race 
policy is adopted.  
All the enabled transitions at a given time are 
scheduled to occur to their proposed firing time. 
Firing of a transition, though, due to conflicts, can 
disable some pending scheduled transitions which 
are then removed from the event list. At each 
enabling, and also after its own firing, a transition is 
always scheduled by re-sampling its occurrence time 
from the associated time interval. Transition firing is 
regulated by single-server policy, meaning that a 
multiple enabled transition will fire its enablings one 
at a time sequentially. 
The robot system model was simulated for 106 time 
units and simulation data were collected to test 
“satisfaction” of timing constraints (deadlines). For 
demonstration purposes, both the watching system 
and the monitor facility were used. In particular, the 
between-watch (see figure 8) was employed for 
estimating the maximum and minimum temporal 
distance existing between two causally connected 
events, one of which acts as cause (or source) and 
the other as effect (or destination). 
A distinct between-watch was associated to the 
sample  (cause) and ack (effect) pair of events 
within each Sensor page instance, and to the 
compute (cause) and ack (effect) pair of events 
within each Converter page instance. 
The hard deadline of robot was instead estimated by 
programming a RobotMonitor Java class which is 
dynamically loaded in the context of ENGINE. A 
monitor class extends the Monitor base class, 
introduces suitable variables for collecting 
simulation output and redefines the three basic 
methods: actionPerformed(), calculateStatistics() and 
showResults().  
actionPerformed() is launched at each transition 
firing, calculateStatistics() extracts simulation results 
at the end of a simulation run and accumulates them 
during a simulation batch, and showResults() displays 
simulation outputs at the end of a simulation batch.  
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Figure 8: Screenshot of ENGINE showing between-watches in action 
 
Figure 9 portrays an excerpt of the actionPerformed() 
method of the RobotMonitor class. The variable 
lastFire (initialized to zero) remembers the 
occurrence time of latest firing of the receive 
transition of the Robot. Other details should be self-
explanatory. 
 
 
 
 
 
 
 
 
 

Figure 9: An excerpt of actionPerformed method of 
RobotMonitor 

 
In addition, the inter-receive time window for the 
robot was estimated to be [6,10], that is two 
consecutive occurrences of the receive transition of 

the Robot occur in the best case after 6 time units, 
and in the worst case after 10 time units. As a 
consequence, from the perspective of simulation, the 
system “fulfils” all its deadlines. 
 
 
6. UPPAAL TRANSLATION 
 
6.1 Basic Concepts of UPPAAL and TA 
The UPPAAL toolbox [Behrmann et al., 2004; 
UPPAAL on-line] allows to verify systems modelled 
as networks of timed automata (TA) [Alur and Dill, 
1994], i.e. timed finite state machine.  
TA synchronize to one another (rendezvous) by 
CSP-like channels which do not carry data values. 

States (locations) of an automaton are linked by a set 
of edges (transitions).  
 
Time is handled by means of clock variables. Clocks 
have only a reset operation of the form x=v where v 
is a non negative integer value. In addition a clock x 
can be compared against a non negative integer 
constant. Clocks of a system are automatically 
increased following the rate of advancement of the 
(hidden and dense) system time. UPPAAL extends 
basic TA with integer (and boolean) variables and 
arrays of integers, clocks and channels. TA 
processes are parameterized template processes. 
Global data variables can be used for process 
synchronization.  
State transitions admit three (optional) components: 
(i) a guard, (ii) a synchronization operation (? for 
input and ! for output) on a channel, and (iii) an 
action-part consisting of a set of clock resets and 
variable assignments. The action part of an output 
command is executed before that of the matching 
input command. A guard (true if omitted) is a 
boolean expression built over data variables and 
clock constraints. It defines the transition enabling 
condition. For bounded delay in a location s, a clock 
invariant can be attached to s (see location Firing in 
figure 10) as a progress condition. UPPAAL supports 
also committed locations which must be exited 
immediately (without passage of time), and urgent 
channels whose synchronizations must be fired as 
soon as possible. 
UPPAAL consists of a graphical editor, a simulator 
and a verifier. The simulator executes a specification 
and visually documents the reached execution state 
by traversing the model state graph. When branches 
are encountered (multiple transitions which can fire 
starting from current state) one choice can be made 

public void actionPerformed( Event e ){ 
if( e is Robot receive event ){ 
double delay=e.timestamp-lastFire; 
if( delay<minDelay ) minDelay=delay; 
if( delay>maxDelay ) maxDelay=delay; 
lastFire=e.timestamp; 

   } 
}//actionPerformed 
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interactively by the user or the simulator can be 
instructed to proceed randomly. The simulator is 
useful for model debugging and for examining a 
diagnostic trace built by the verifier. For systematic 
property assessment, though, the verifier must be 
used which tries to build the reachability graph of 
the model, where execution states are organized into 
equivalence classes (zones). 
Safety (e.g., absence of deadlock) and bounded 
liveness (e.g. an end-to-end time constraint) 
properties can be verified by reachability analysis 
using a subset of TCTL formula [Alur et al., 1993; 
Beherman et al., 2004] for networks of timed 
automata. Admitted formulas refer to local state 
properties, i.e. boolean expressions over predicates 
on locations and integer variables and clock 
constraints. 
E<>φ means Possibly φ (a state  can  be  reached  in 
which φ holds). A[]φ means Invariantly (in all states) 
φ holds. E[]φ means Potentially Always φ (a path 
exists where φ holds in all reached states). A<>φ 

means Always Eventually φ (equivalent to: not E[] 
not φ). φ−−> ψ means φ always leads to ψ 
(equivalent to: A[](φ implyA <> ψ). 
 
6.2 Mapping TimePNs onto UPPAAL 
To permit model checking activities, TPN/DESIGNER 
is able to translate a TimePN model into UPPAAL by 
using the template automaton shown in figure 10 
which reproduces the semantics of general TimePN 
transition [Cicirelli et al., 2006]. The Transition 
template in figure 10 exploits features of the UPPAAL 
4.0.6 version which supports C syntax and in 
particular C function declarations and loop 
constructs. Transition admits two parameters: 

transition unique identifier ID and transition clock 

x. Clock x is reset as soon as the transition gets 
enabled and serves to measure the transition time to 
fire. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                      Figure 10: Transition automaton      Figure 11: Starter automaton 

 
Let T and P (see section 2) denote respectively the 
set of transitions and the set of places in a model, 
PRE and POST the (maximal) set of input places and 
output places of any transition. The translation 
generates the backward B|T|x|PRE| and forward 
F|T|x|POST| compact incidence matrices of a TimePN 
model, its marking vector M|P| and the time interval 

vector I|T|x2.  
An Info struct is defined which contains an index in 
M which selects a place, and the weight of an arc 
linking the place to a transition or vice versa. Each 
element of B or F is an Info value. A smaller preset 
(respectively postset) than PRE (respectively POST) 

for transition t is mirrored by a value of -1 in the 
index field after the last true arc of t. The weight 

field of inhibitor arcs is 0. An unrestricted time 
interval like [a,∞] is stored in I as [a,−1].  
Functions enabled(), withdraw() and deposit() 
which respectively check transition enabling, 
withdraw tokens from input places and generate 
tokens to output places, are declared locally to the 
Transition template and refer to the particular 
transition through its ID. Function details are shown 
in the Figg. from 12 to 14. 
A disabled transition stays in the Disabled location. 
An enabled transition starts firing by resetting its 

Deposit

Withdraw

U_Firing

Firing

x<=I[ID][1]

Disabled

enabled() && 

I[ID][1]<0
end_fire!
x=0

enabled() && 

I[ID][1]>=0
end_fire!
x=0

!enabled()

end_fire!

end_fire!

deposit()

!enabled()
end_fire?
x=0

!enabled()
end_fire?
x=0

x>=I[ID][0]
x=0,withdraw()

x>=I[ID][0]
x=0,withdraw()

enabled() && 
I[ID][1]<0
end_fire?
x=0

enabled() && 
I[ID][1]>=0
end_fire?
x=0

end_fire!
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clock x and moving to Firing if its time interval is 
strict, or to U_Firing if its latest firing time is ∞. An 
enabled transition can complete its firing as soon as 
its clock goes beyond its earliest firing time. A time 
strict transition is obliged to complete its firing at its 
latest firing time, provided it is still enabled, by the 
invariant x<=I[ID][1] attached to Firing. Transition 
firing, though, is non deterministic among 
transitions which can complete their firing at a given 
time.  
Firing completion follows the instantaneous and 
atomic process in two steps described in section 2.2, 
which involves the committed locations Withdraw 
and Deposit in which time is not allowed to pass. 
The transition first removes tokens from its input 
places, then moves to the Withdraw location where 
it sends (first step) a broadcast synchronization 
signal over the end_fire urgent and broadcast 
channel. This signal forces all the remaining 
transitions, disabled or under firing, to re-evaluate 
their enabling status. This is crucial for proper 
management of conflicts. A no longer enabled 
transition moves from Firing/U_Firing to Disabled 
and resets its clock. The firing process continues by 
generating tokens in the output places and then by 
sending (see Deposit outgoing edges in figure 10) a 
second broadcast synchronization through end_fire 
(second step) which permits detection of newly 
enabled transitions and non persistent transitions 
which lose their enabling due to inhibitor arcs.  
 
bool enabled(){ 
  int p; 
  for( p=0;p<PRE && B[ID][p].index!=-1;p++ ) 
    if( B[ID][p].weight>0 &&  
        M[B[ID][p].index]<B[ID][p].weight || 
        B[ID][p].weight==0 && M[B[ID][p].index]>0 ) 
      return false; 
  return true; 
}//enabled 

Figure 12: The enabled() function 
void withdraw(){ 
  int p; 
  for( p=0;p<PRE && B[ID][p].index!=-1;p++ ){ 
     M[B[ID][p].index]=M[B[ID][p].index]-B[ID][p].weight; 
  } 
}//withdraw  

Figure 13: The withdraw() function 
void deposit(){ 
  int p; 
  for( p=0;p<POST && F[ID][p].index!=-1;p++ ){ 
    M[F[ID][p].index]=M[B[ID][p].index]+F[ID][p].weight; 
  } 
}//deposit 

Figure 14: The deposit() function 
 
Transition automaton follows the single server 
firing policy. After its own firing, a still enabled 
transition is always regarded as a newly enabled one 
and its clock reset.  

Correctness of the Transition template follows 
intuitively from its construction. A TimePN model 
translates into a collection of |T| instances of the 
automaton in figure 10, i.e. the corresponding 
UPPAAL model is the product of |T| automata 
corresponding to the |T| transitions of the TimePN 
model, and the Starter automaton.  
Translation correctness can be formally proved by 
showing that the semantics of the achieved UPPAAL 
model is timed bisimilar to the original TimePN 
model. An example of such a formal proof was 
described in [Cassez & Roux, 2006] which 
suggested a translation from TimePNs to timed 
automata based on a transition automaton very close 
to the automaton in figure 10. Cassez and Roux used 
a separate supervisor automaton to ensure the two 
broadcast synchronization steps used during the 
firing completion process.  
The equivalence of a TimePN model and its 
corresponding UPPAAL model enables TCTL model 
checking activities. In particular safety and bounded-
liveness properties verified on the UPPAAL model 
can directly be interpreted on the original TimePN 
model.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 15:  A screenshot of ENGINE during UPPAAL 

translation of the robot system 
 
A final remark concerns model bootstrapping. A 
transition starts in its Disabled location. An initial 
broadcast synchronization ensured by the Starter 
automaton shown in figure 11 allows transitions 
enabled in the initial marking of the TimePN model 
to reach Firing/U_Firing location. After that, 
Starter will take no part in the subsequent 
evolution of the model.  
 
Actually, bounded TimePN models can be 
efficiently model checked using the translation 
proposed in this paper. A screenshot of 
TPN/DESIGNER/ENGINE during UPPAAL translation 
of the robot system is shown in figure 15. 
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6.3 A Translation Example 
The following summarizes details of the translation 
in UPPAAL carried out by TPN/DESIGNER by 
considering the simple TimePN model illustrated in 
figure 16 where two processes P1 (p0-t1-p1-t0) and 
P2 (p2-t2-p3-t3) access a shared resource (token in 
place p4) in mutual exclusion, but with priority 
being given to process P2 (see the inhibitor arc from 
p2 to t1) in case of simultaneous access. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 16:  A simple TimePN model 
 
The translation associates symbolic and unique 
identifiers to places and transitions, patterned 
according to the names introduced in the source 
TimePN model. The naming schema exploits in 
general the coordinates <i,j> of the page instances to 
avoid name clashes. 
Figure 17 portrays global declarations of the 
achieved UPPAAL model and in particular place and 
transition IDs and the B, F, I and M generated data 
structures. Figure 18 depicts the process assignment 
section which specifies the required instances of the 
Transition template with associated parameters. 
Instance names add prefix t to transition IDs. Figure 
19 shows the composition of the resultant TA 
system. The Starter automaton is implicitly 
instantiated by reporting its name in the system 
section. 
 
urgent broadcast chan end_fire; 
//model constants 
const int T = 4; 
const int P = 5; 
const int PRE = 3; 
const int POST = 2; 
//place IDs 
const int p0 = 0; 
const int p1 = 1; 
const int p2 = 2; 
const int p3 = 3; 
const int p4 = 4; 
//transition IDs 
const int t0 = 0; 
const int t1 = 1; 
const int t2 = 2; 
const int t3 = 3; 
 
typedef struct{ 
  int index; 
  int weight; 
} Info;  

const Info B[T][PRE]={ 
{{1,1},{-1,0},{-1,0}}, 
{{0,1},{2,0},{4,1}}, 
{{2,1},{4,1},{-1,0}}, 
{{3,1},{-1,0},{-1,0}} 
}; 
 
const Info F[T][POST]={ 
{{0,1},{-1,0}}, 
{{1,1},{4,1}}, 
{{3,1},{4,1}}, 
{{2,1},{-1,0}} 
}; 
 
const int I[T][2]={ 
{1,2}, 
{1,3}, 
{1,1}, 
{3,4} 
}; 
 
int [0,1] M[P]={ 1,0,1,0,1 }; 
 
clock x[T]; 

Figure 17: Global declarations 
 
tt0:=Transition(t0,x[0]); 
tt1:=Transition(t1,x[1]); 
tt2:=Transition(t2,x[2]); 
tt3:=Transition(t3,x[3]); 

Figure 18: Process assignment section 
 
system Starter,tt0,tt1,tt2,tt3; 

Figure 19: System declaration section 
 
 
7. MODEL CHECKING THE ROBOT SYSTEM 
 
The number of clocks in an UPPAAL model 
significantly affects the space/time complexity of the 
analysis process of the verifier, and should be 
minimized. As shown in figure 17, the translation 
process associates by default a distinct clock to each 
transition of a TimePN model. However, different 
clocks are effectively required by concurrent or 
conflicting transitions. TPN/DESIGNER permits the 
modeler to state that a group of transitions shares a 
clock. The UPPAAL version of the robot model was 
verified by using 21 clocks: 2 clocks for each 
Sensor instance (see figure 3) (one clock is needed 

by the period transition, the other clock is shared by 

sample and ack transitions which operates 
sequentially), 1 clock for each Converter instance, 1 
clock for each BChannel instance, 4 clocks (one for 
each recj conflicting transitions) for the Integrator, 
1 clock for the Robot.  
A first concern in model checking the achieved 
UPPAAL model of the robot system, was verification 
of basic safety property, i.e. that the system is live or 
free of deadlocks. The property, which cannot be 

1

p4

[3,4]t3[1,1]t2[1,3]t1[1,2]t0

0

p3

1

p2

0

p1

1

p0
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demonstrated in simulation, was verified by 
launching the following query to the model checker: 
 
A[] !deadlock 
 
The query asks if in all the states of the model state 
graph there is no deadlock. It is worth noting that a 
deadlock at the TimePN level, i.e. a marking where 
no transition is enabled, is identically reflected by a 
deadlock in the state graph of UPPAAL verifier where 
all the transition automata stay in the Disabled 
location (figure 10). All of this can be observed by 
asking the verifier to generate a diagnostic trace 
which leads to the deadlock situation.  
Another cause which blocks the generation of the 
state graph is related to the model being unbounded, 
a property which cannot be known in advance and 
which has been shown to be undecidable for 
TimePNs in the general case [Berthomieu and Diaz, 
1991]. The translation process proposed in this paper 
uses knowledge arising from preliminary simulation 
to estimate the boundedness degree k of the model. 
Accordingly, the translator generates a bounded 
declaration for the marking vector (see also figure 
17) like this:  
 
int [0,k] M={…}; 
 
When a limited integer variable is in the position of 
being assigned a value out of its admitted range, the 
UPPAAL model checker stops creation of the state 
graph and reports an error. The modeller can 
understand the cause of wrong behaviour by 
consulting a diagnostic trace. It should be noted that 
the robot model is effectively 4-bounded, due to the 
marking of the place data_ok in figure 6.  
Temporal properties (bounded liveness) of each 
sensor instance was separately checked by the 
queries: 
 
A[] M[Input_ i_j_Sensor_ready]<=1 
 
i=0,…,3, j=0, which asks if the marking of the ready 
place of each Sensor instance is always less than or 
equal to 1, meaning that never a new period is 
commenced before the activities of latest period are 
completed. All these queries were found satisfied. 
Verification of converters and robot deadlines was 
accomplished by model decoration [Lindhal et al., 
2000]. Model decoration amounts, in general, to 
adding a few global data and extra locations and 
edges to an UPPAAL model for the purposes of 
easying property assessment.  
An important side benefit of the translation approach 
proposed in this paper concerns a minimization of 
the effort required by model decoration. For 
example, to check a converter deadline, a global 
clock z was introduced which is reset at each firing 
of the compute transition (see figure 4) and 
analyzed at subsequent firing of the ack transition. 
Model decoration (see figure 20) was simply 

achieved by adapting the deposit() function so that 
when the transition ID corresponds to that of the 
compute transition, clock z is reset. Changes to the 
deposit() function instead of the withdraw() 
function (see figure 10) permits to check transition 
firing through the Withdraw location where clock z 
still maintains its value. 
 
void deposit(){ 
  int p; 
  for( p=0;p<POST && F[ID][p].index!=-1;p++ ){ 
    M[F[ID][p].index]=M[B[ID][p].index]+F[ID][p].weight; 
  } 
  if( ID==Init_i_j_Converter_compute ) z=0; 
}//deposit 

Figure 20: Adjusting the deposit() function for 
model decoration 

 
The following queries were separately launched: 
 
A[] tInit_i_j_Converter_ack.Withdraw imply z<=1 
 
i=0,…,3, j=0. Each query verifies if at each 
complete firing of Converter ack transition, clock z 
is always found less than or equal to 1 (as suggested 
by preliminary simulation study). The queries were 
found satisfied.  
Similarly, for the robot deadline the deposit() 
function was adjusted so as to reset clock z each 
time the Robot receive transition completes its 
firing, and the following query was issued: 
 
A[] tRobot_receive.Withdraw imply (z<=10 && 
z>=6) 
 
This query verifies that at each firing of Robot 
receive, clock z is always in the interval [6,10] 
proposed by simulation. The query was found 
satisfied. However, the query was found not satisfied 
in the cases (z<=9 && z>=6) and (z<=10 && z>=7). In 
other terms, effectively 6 is the upper bound of best 
case inter-receive time of robot, and 10 is the lower 
bound of worst case inter-receive time of robot. 
Model checking the robot model demonstrated that 
the system is temporally correct. In addition, 
verification exactly confirmed the indications 
provided by the simulation study. Model checking 
activities were carried out on a Windows XP 
platform (Pentium IV, 3.4GHz). 
 

8. ANALYSIS OF OTHER MODEL 
SCENARIOS 

The robot system was also analysed according to 
other configurations, when the hypothesis of 
allocating components to distinct physical 
processors no longer holds. Alternative system 
configurations, though, were found temporally 
unfeasible except for the case the four converters are 
split into two pairs (i.e., using two processors) with 



18 

F. CICIRELLI, A. FURFARO, L. NIGRO: USING TPN/DESIGNER AND UPPAAL 
 

 I.J. of SIMULATION Vol. 8 No 4                                                      ISSN 1473-804x online, 1473-8031 print 

each converter within a same pair which runs to 
completion before the partner converter can engage 
in synchronization with its corresponding sensor.  
Figure 21 depicts a new robot model corresponding 
to this scenario.  
 
 
 
 
 
 
 
 
 
 
 

Figure 21:  New robot model 
 
As one can see from figure 21, the Input page of 
figure 1 was eliminated and new pages for Sensor, 
Converter and BChannel were directly introduced at 
the model top level. These pages, due to their 
different multiplicity (4 is the replication factor for 
Sensor, 2 for Converter and 4 for BChannel) are 
assumed to be interconnected by root-level scripting. 
The internal sub nets of Sensor, BChannel, 
Integrator and Robot are the same as in the 
previous model.  
Figure 22 shows the new root-level script. For 
simplicity, model parameters (e.g., page 
multiplicities, place markings and timing attributes 
of transitions) are assumed to be directly entered 
through CAD separately for the various subjects. 
Figure 23 portrays the sub net of the new Converter 
page. The free choice place in figure 23, marked 
with one token, allows non deterministically to 
choice only one communication at a time with a 
sensor. At the end of the processing of the left/right 
sub-path of figure 23, the token is re-established in 
choice and the other (possibly pending) sensor 
communication accepted. 
The new robot model was simulated and then model 
checked according to the same guidelines explained 
respectively in section 5 and section 7. Estimation of 
the robot deadline in simulation was based on the 
same RobotMonitor class employed for the analysis 
of the previous model. 
It was found, both in simulation and verification, 
that the new model scenario still satisfies the system 
specification by having that: 
 
• the worst case time a sensor waits for a 

communication with its converter is 4 time 
units 

• the worst case time a converter waits for a 
communication with its associated buffered 
channel remains 1 time unit, and  

• the time window of the inter-receive time of the 
robot changes from [6,10] to [6,11]. 

 

link /Sensor[0,0]/send to /Converter[0,0]/accept0 with 1; 
link /Sensor[1,0]/send to /Converter[0,0]/accept1 with 1; 
link /Sensor[2,0]/send to /Converter[1,0]/accept0 with 1; 
link /Sensor[3,0]/send to /Converter[1,0]/accept1 with 1; 
link /Converter[0,0]/receive0 to /Sensor[0,0]/reply with 1; 
link /Converter[0,0]/receive1 to /Sensor[1,0]/reply with 1; 
link /Converter[1,0]/receive0 to /Sensor[2,0]/reply with 1; 
link /Converter[1,0]/receive1 to /Sensor[3,0]/reply with 1; 
link /Converter[0,0]/send0 to /BChannel[0,0]/receive with 1; 
link /Converter[0,0]/send1 to /BChannel[1,0]/receive with 1; 
link /Converter[1,0]/send0 to /BChannel[2,0]/receive with 1; 
link /Converter[1,0]/send1 to /BChannel[3,0]/receive with 1; 
link /BChannel[0,0]/receive to /Converter[0,0]/reply0 with 1; 
link /BChannel[1,0]/receive to /Converter[0,0]/reply1 with 1; 
link /BChannel[2,0]/receive to /Converter[1,0]/reply0 with 1; 
link /BChannel[3,0]/receive to /Converter[1,0]/reply1 with 1; 
link /BChannel[0,0]/send to /Integrator[0,0]/rec0 with 1; 
link /BChannel[1,0]/send to /Integrator[0,0]/rec1 with 1; 
link /BChannel[2,0]/send to /Integrator[0,0]/rec2 with 1; 
link /BChannel[3,0]/send to /Integrator[0,0]/rec3 with 1;  
link /Integrator[0,0]/rec0 to /BChannel[0,0]/reply with 1; 
link /Integrator[0,0]/rec1 to /BChannel[1,0]/reply with 1; 
link /Integrator[0,0]/rec2 to /BChannel[2,0]/reply with 1; 
link /Integrator[0,0]/rec3 to /BChannel[3,0]/reply with 1; 
link /Robot[0,0]/receive to /Integrator[0,0]/synch with 1; 
Figure 22: Root-level script for the model in figure 21 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 23:  New Converter sub net 
 
9. CONCLUSIONS 
 
The approach described in this paper is currently 
being extended in the following directions: 
• experimenting with timed Petri nets 

[Ramchandani, 1974] and the preselection 
policy. Under pre-selection, conflicts are 
resolved earlier during the enabling process by a 
non deterministic choice of the transition to fire. 
A chosen transition fires in three stages: in the 
first one (start-firing) tokens are immediately 
withdrawn from input places; in the second step 
(firing-in-progress) tokens are “frozen” and 
made unavailable to other transitions; in the 
third step (end-firing) new tokens are generated 
in the output places. TPN/DESIGNER already 
supports the preselection policy for simulation 
of TimePN models. Model checking activities 
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rest on an adaptation of the Transition 
template in figure 10 

• extending TPN/DESIGNER so as to act as a 
graphical front-end to UPPAAL verifier. All of 
this would hide the UPPAAL query language and 
allow the modeler to directly express timing 
properties in terms of the TimePN model 

• enabling the analysis of very large systems by 
distributed simulation techniques [Beraldi et al., 
2003]. A major goal is a systematic exploitation 
of the temporal uncertainty which comes with a 
TimePN model through transition time 
intervals, so as to speed-up the simulator 
performance [Cicirelli et al., 2007] 

• enhancing TPN/DESIGNER and the translation 
into UPPAAL by supporting also Pre-emptive 
Time Petri Nets [Bucci et al., 2004][Furfaro et 
al., 2004][Furfaro and Nigro, 2005] which 
permit modelling and analysis of real-time 
tasking sets under application dependent control 
structures (mutual exclusion on shared data, 
message passing and so forth) and common 
practiced priority-based scheduling strategies. 
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