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Abstract. Legal systems are complex and difficult te understand, Up to now, much of the effort on the part of
information scientists to develop improved understanding of legal systems has been directed towards
understanding and interpreting the static logicat structure of these systems. But, like almost all complex systems
that exist and participate in the world we live in, legal systems frequently also have a complex behaviour that is
not immediately evident from observations of their statie, logical structure. In order to deal effectively with these
systems, it is necessary to have an understanding not only of their structure, but alse of their behaviour, In this
study, we describe how such behavioural understanding can be obtained by presenting a dynamic behavioural
model associated with the process of handiing a resource consent request as it has been specified in the Resource
Management Act (RMA) of New Zealand. Coloured Petri net formalism have been used in representing these
models. The models are executable and can be run for different experimental situations to examine the various
“what if” scenarios. In particular, the goal of this paper is to take advantage of the formal properties of Coloured
Petri nets and analyse the models for some properties, such as reachability and deadlock, without the need to
perform exhaustive simulation studies.

i. INTRODUCTION 2. MODELLING RESOURCE CONSENTS
We have constructed a legal process model of The activities associated with the resource consent
significant components of the RMA by using process were mapped to the Coloured Petri net
high-level Coloured Petrl npets to specify the formalism by representing various sub-processes
relationships between interacting processes specified (activities) as Petri net transitions. Petri net tokens
in the Act. Even though modelling high-level, are used to represent vartous conditions, artefacts
human-oriented domains, such as legal systems, is (such as resource consent applications), and
difficult, we argue that a suitable dynamic model can resources such as government officials. Ordinarily,
potentialty provide a qualitative description of an applicant submits an application requesting for a
system behaviour that can assist in agtempts to avoid  resource consent. The application is evaluated by a
undesirable outcomes [Purvis ef af. 1994], governing authority, first to see if the application
form is adequate, and then to see if the consent
Once the resource consent process was constructed, should be granted. The evaluation process may
it was executed for various “‘what if” scenarios where involve reports written: by -technical consultants or
different model parameters were varied, and the domain experts, and there may be a necessity of
benefits of examining the simulation results with publicly notified hearings. The minimal
regard to better understanding of the problem domain requirements and legal time-Hmits for these activities
and fine tuning of the model itself was discussed in are specified in the Act [New Zealand Government
previous papers [Purvis 1998,99). In the present 1991]. A hierarchical model of these activities have
paper, after a brief discussion of the RMA model been developed and published in previous papers
representation. the dynamic behaviour of the model [Purvis 1998,99]. Due to space limitations, only a
has been examined by means of formal analysis. In portion of this model has been shown in Figure 1.
addition to their use for behavioural modelling by The Petri net model in Figure | represents the
means of computer stmufations, Coloured Petri net process that corresponds with the initial evaloation of
{Jensen 1992] models can also be used for formai a resource consent application to see whether the
analysis. ‘Thisis a feature of Caloured Petri nets that information submitted for a proposed activity is
is not otfered by other simulation languages. The adequate or not. I a given resource consent
formal analysis properties that will be considered in application is going to require public notificaticn,
this study are boundedness, reachability, liveness, then, in addition to the regular requirements, the
and deadiock. applicaticn  will need o be examined by

environmental experts. These processes are depicted
on the right-hand portion of Figure I.



Initial tokens for the Applications place

1'{id = 1,comp = tfrug,notify = true,accepted = frus, was_evaluated = faiss,
heard = delegation,appeal = false,s_time = 50,

e_req = {0,1,0,2,2},n_reg = (0,1,0,16,3),d_req = (0,1,0,3,4},

h_req = ({0,1,0,3,2).(1,1,1,15,3),(1.21,15,5)}}

+ 1'{id = 2,comp = trug,notify = frus,accepted = true,was_evaluatad = faise,
heard = sub_com,appeal = false,s_time = 50,

e_req = (0,1,6,2,2,n_reqg = (0,1,0,10,3),d_req = (6,1,0,3,4},

i_req = ((0,1,0,3,2},(1,1,7,15,3},(1,2,1,15,8}j}

+ 1'{id = 3,comp = true,nofify = false,aceapied = frus,was_avaluated = false,
heard = delegation,appeai = faise,s_{ime = 136,

e_reg = (0,1,0,2,2},n_req = (0,1,0,10,3},d_reg = {0,1,0,3,4},

h_reg = {(0,1,0,3,2).(1,1,1,15,3),(1,2,1,15,5}}}
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Figure 1. Petri net model for evaluating whether an application requires more information.
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If the consent application does not require public
notification, then only the processes on the lefi-hand
side of Figure 1 are involved.

3. SIMULATION AND ANALYSIS

What makes the precise behaviour of such a model
difficult to predict is that mode] performance {in
terms of number of applications processed per unit
time) is significantly affected by

{a) the number of government resources and
administrative personnel avatlable,

(b) by the number of applicants that are
submutted in & given time,

{cY the number of applications that are already in
the system at the beginning of a given time
period {the “backicg™), and

{d) the percentage of submitted applications that
need to be passed before a subcommittee
hearing (a time-consuming component of the
resource consent granting process).

In order to predict the performance for a particular
government authority, it 1s necessary to supply the
model with appropriate figures for these parameters
and then run experimental simulations, During this
study a number of simulation experiments were
designed and the medel was calibrated according to
the simulation results that were obtained. The result
of these experiments have been previcusly published
[Purvis 1998, 19991,

. Jtshould be noted. that even with this Jimited number..... ...

of model parameters, there are many possible
configurations of the model for the purpose of
simulation. Moreover for each specific configuration
of the model (the initial marking of the Petri net
model), there may be many possibie paths (or
'trajectories’} which start with the initial state (the
initial marking) and end with some terminal state
{terminal marking). This is due to the non-
determinism that is inherent in most concurrent,
dynamic models of this sort. During a simulation
run, normally one of these paths is randomly selectad
and evaluated. Given the complexity of large
models, the number of such paths through the
system, and hence the number of possible different
simulation runs, may be very large. In the analysis
approach, however, all possible paths through the
state-space are considered.  Therefore when a
statement is made about some basic property of the
model, such as boundedness, that staterent holds for
all possible paths (all. possible states} that the Petri
net can take starting from a particular initial state.
Due to the large number of possible paths, it is

normally not practicat to cover all-these paths during -

simulation. Consequently itis often hughly desirable
to carry out a formal analysis and explore the entire
state space in this fashion.

The focus of this paper is to anaiyse the dynamic
model of the resource consent process with respectto
the formal analysis capability of Coloured Petri nets,
such as boundedness, reachability, liveness, and
deadlock. The examination of these properties,
provide additional information concerning the
dynamic behaviour of the moedel over what is
obtained from simalation experiments by themselves
[Keiller et al. 1994, Rasmussen and Singh 1996].
Other (non-Petri-net) modelling representations do
not ordinarily  yield this type of additional
information.

3.1 Occurrence Graph Analysis

There are several different approaches for formal
analysis of Petri net models, including occurrence
graphs, coverability trees, and place invariant
anatysis. Occurrence graphs, or reachability graphs,
are graphs whose nodes indicate different states that
the system can be in and whose ares indicate a
transformation from the current state to possibly
another state. An cccurrence graph indicates all the
possible sequences of transitions that can take place
from a particular initial state. The use of occurrence
graphs can be of practical value, since the process of
constructing occurrence graphs can be more easily
automated than some of the other analytical
techniques. Once a graph is constructed, the

verification of _all_the dynamic properties noted... ...

earlier can be automated as well, The disadvantage
of this method is the rapid explosion of the state
space as the size of the model increases. The size of
an occurrence graph grows rapidly for Targe colour
sets (large number of tokens). However if a correct
behavior is obtained for a small colour set, one can
gain confidence that the basic logic of the model
would be satisfactory for a larger colour set as well
[Tensen 1994, pp. 20}, As will be discussed in the
next Section, it was possible to construct a full
occurrence graph for the resource consent process
model, but with a limited nuwmber of tokens. Once an
occurrence  graph s constructed, the  desired
behavioural properties noted earhier such as
reachability and boundedness can be identified.

3.2 The boundedness property
A number of full occurrence graphs were generated

for a limited number of tokens (applications and
sovernment officials). Table | shows the values of



Table 1. Occurrence graph analyser with rescurce consent model.

Experiment Gov. Offs. Applications Occurrence Graph
#A, #P, #0) {Nodes/Arcs)

i 13,1 3 {E,N,DelD)+ 14371/52450
(E.-.DelD) +
(E.N,Pub,I3)

2 1,21 3 (ENDelD)+ 11582/38976
{(E,N,Sub,D) +
(E.-.Del.D)

3 1.3.1 3 (ENDelD)+ 15025/55962
(ENSubD) +
(E,-,Del, 1)
@(5,5,13)

Table 2. The boundedness property for selected nodes in the resource consent model.

Experiment Upper/Lower Gov. Offs, Applications in sub-processes

Bounds #HAAP RO {BEval, Notify, Hearing, Decision)

i Upper: 1,3.1 (3,2.2,3)
Lower: 0,0,0 {0,0,6,0)

2 Upper: 1,2,1 {(2,2,2,2)
Lower: 0,00 (0,00,

............... E SUpper L T AT T

Lower: 0.0,0 (0,0,0,0)

some of the input parameters to the model and the
size of the constructed occurrence graphs in terms of
the number of arcs and nodes that were generated.
The column in Table 1 labelled "Applications"
shows the number of applications that were analysed
and the configuration of each one. Here "E"
indicates that the application must be evaluated for
more information, "N" indicates that a public
notification will be required, “- indicates that a
public notification will not be required, "Del”
indicates that a "hearing by delegation" is required,
"Sub" indicates that a "hearing by subcommittee" is
required, "Pub” indicates that a public hearing is
required, and "D" indicates that a decision must be
made for it. Thus the first application of experiment

~ T3 -

#1 had to be evaluated, notitied, heard by delegation,
and a decision had to be made for it. This
information is indicated by (E,N,Del,.[D} in the first
row of Table 1.

Table 2 shows the maximum and minimum number
of tokens that can be present in various places in the
model, For example in experiment 1 where we had
I administrative person, 3 planners, and 1 consultant,
the lower bound associated with the number of
applications that could be processed at various
phases of evaluation was zerc, where as the upper
bound associated with these places were (3, 2,2, 3)
which corresponds to the maximum number of
applications that could be evaluated for more
information, notification, hearing, and decision
making activities. In experiment 3, the applications
had time stamps. The submission time is shown in
the table by means of the @-sign. 1t can be observed . .



that the number of nodes and arcs generated for the
timed madels are considerably fess than the untimed
model, This arises from the fact that, in the timed
case, fewer tokens are availabie at a given point in
the execution due to the different time stamps that
they have.

Note that the upper bounds associated with the
number of applications that were processed at the
same time are generally higher for experiment #]
than they are for experiment #2 (due to higher
number of officials available in experiment #1).
Also the upper bound for applications that are being
processed at the same time is higher for experiment
#1 than for experiment #3, in which the applications
were timed and conseguently not available at the

same thme.

3.3 The reachability property
,

To investigate how the occurrence graph could be
used to identify whether a particular marking could
be reached, the following experiment was performed.
1t should be noted that in the overall model of the
Tesource consent process, various sub-processes are
competing for the limited number of resources such
as the government officials and environmental
experts (consultants), since both the process of
evaluating the application for "more information”
and the “hearing” process may require the use of
environmental experts. This experiment sought to
answer the question: whether, in the current model
with the configurations used for occurrence graph
analysisy i-was possible-to-encounter @ marking in
whicl the “hearing” process was delayed due to the
fact that there were no available environmental
experts {f.e. the environmental experts were busy
with the evaluation process for "more information').
It was found in experiment #3 that there were a
number of markings in which this situation did, in
fact, oceur {see Figure 1), Inexperiment #3 there are
two applications that reguire public notification, and
the situation occurred that when one of the notified
applications was about to enter the process of being
heard, another application requiring notification was
being evaluated for “more information™ and had
already secured the use of the environmental experts.
Thus the “hearing” had 0 be held up uatii the needed
officials were released.

Once it 1s known that such a state is reachable, it may
be advantageous to change the process being
moedelled so that this kind of situation is avoided,
For example, it may be useful to increase the number
of available environmental experts. Or it may be
decided to impose a condition such that it is oaly

permissible to use environmental experts in the
evaluation process for “more information™ when
there is an adequate supply of environmental experts
available such that the public hearing process will
not be put on hold.

3.4 The liveness property

The three occurrence graph experiments listed
previously were all checked for dead markings. In
all the experiments other than experiment #2, the
only dead marks found were the terminal nodes that
indicate that the applications have completed
processing. Inexperiment #2, however, there was an
additional, non-terminai node dead marking.

For experiment #2, the number of available officials
of type 2 (planners) is 2. The dead marking here
corresponds to the case when two applications that
are to require public notification concurrently enable
the transition Start Eval for More Info{see Figure [).
Since both of these applications require notification,
they both require an environmental expert in
connection with another official of type 2. When the
Start Eval for More Info transition fires concurrently
for the two applications, it will consume two officials
of type 2 {one for each of the applications) and
deposit two applications in the ExpReq/ place (in the
upper right-hand corner of Figure ). The
applications are now waiting for the GetExp
transition to be enabled, but this transition also
requires the availability of officials of type 2 (none
of which are, at the moment, available}. Thus there
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During the time when the RMA model was under
development, checking for dead markings provided
assistance in the process of debugging the model by
identifying possible problems in the model that may
have been overlooked by visual inspection or
simulation. (Note that it is also possible to encounter
dead transitions. For example if no applications in
the modei are to require public notification, then the
transitions corresponding to the notificaticn process
will be identified as dead transitions.)

4. CONCLUSION

Overall, the simulation and analysis process lead to
an increased understanding of the model. The
analysis helps one explore aill possible states that the
system can be in. In particular the user can examine
if it is posstble to reach certain undesirable states and
try to examine the execution paths that lead to those
nodes (states) and perhaps avoid them if possible.

‘It is true that for large nets; the state space explodes



rapidly. For large nets where it is not possible to
generate a full occurrence graph, one may try to
analyse the critical parts of the model. At times
some of the problems may be revealed when smaller
components of a bigger model are analysed.
However there is still the problem of behaviour that
involves interacting elements of the model that lie
outside the boundaries of these smaller components.
Recent research in this area by Christensen and
Petrucci {19951 has attempted to address this
difficulty. Their approach seeks, as above, to
decompose a model into smaller modutes and then to
analyse the individual modules separately. Then
they attempt to construct a state space of the
interactions between modules in order to atterpt to
analyse the whole model. This is a manual activity,
and, as far as the authors know, there have been no
tools developed up to aow that provide assistance
with this process.
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