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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1) A method of modelling system behaviour of a phylsgatem, the method including, in one
or more electronic processing devices:

a) obtaining quantified system data measured for liysipal system, the quantified system
data being at least partially indicative of thetegs behaviour for at least a time period;

b) forming at least one population of model units,heatodel unit including model
parameters and at least part of a model, the nataimeters being at least partially
based on the quantified system data, each modelding one or more mathematical
equations for modelling system behaviour;

c) for each model unit:

i) calculating at least one solution trajectory foteatst part of the at least one time
period;

i) determining a fitness value based at least in parthe at least one solution
trajectory; and,

d) selecting a combination of model units using theels values of each model unit, the
combination of model units representing a collectmodel that models the system
behaviour.

2) A method according to claim 1, wherein the methuadudes:
a) forming a plurality of populations; and,
b) at least one of:
i) selecting a combination of model units includingd®lounits from at least two
populations;
i) exchanging, between the populations, at least ine o
(1) model parameters;
(2) at least part of a model,
(3) model units; and,
iii) selectively isolating a number of model units inisolated population; and,
iv) selectively reintroducing model units from the &el population.
3) A method according to claim 1 or claim 2, wherdie tnethod includes, modifying the
model units at least one of:
a) iteratively over a number of generations;
b) by at least one of inheritance, mutation, sele¢tamd crossover;

c) in accordance with the fitness value of each mad#| and,
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d) in accordance with speciation constraints and whehe method optionally includes,
modifying at least one of:

i) atleast part of the model; and,

i) the model parameters.

4) A method according to any one of the claims 1 tal®rein each model unit includes:

a) at least part of the model;

b) a chromosome indicative of the model parameterditrebs value; and,

c) details indicative of behaviour of at least somkitsan trajectories calculated for the
model unit, and wherein the method includes, maagfyhe model units by exchanging
or modifying at least part of the chromosome.

5) A method according to any one of the claims 1 twhkrein the method includes at least one
of:

a) determining the fitness value at least in pamgisi behaviour of the at least one solution
trajectory;

b) determining the fitness of a model unit by compatire at least one solution trajectory
to quantified system data indicative of system beha;

c) determining the fitness value at least in partgisitexture set representing a geometrical
set in state space;

d) determining the fitness value at least in partgisitexture set representing a geometrical
set in state space, wherein at least one of:

i) the properties of the texture sets are initiallffirde independently of the
chromosomes, the chromosomes including model paesse least partially based
on the quantified system data; and,

i) the texture sets are built from mathematical foatiahs of the interactions between
trajectory elements and observed data;

e) in accordance with the behaviour of at least omhatiem trajectory, at least one of:

i) introducing the texture set into state space;

i) deleting the texture set from state space;

iii) moving the texture set through state space;

iv) modifying the texture set by at least one of:

(1) enlarging;

(2) compressing;

(3) deforming; and,
(4) subdividing; and,
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f) determining the fitness value at least in partg$itmess criteria based on:
i) qualitative behaviour of solution trajectories tate space;
i) quantitative behaviour of solution trajectoriestate space;
iii) collision of solution trajectories with sets intstgpace;
iv) capture of solution trajectories by sets in stpgs;
v) avoidance of sets in state space by solution t@jes;
vi) divergence of solution trajectories in state space;
vii) intersection with a geometrical surface in statecsp
g) modifying the fitness criteria for successive gatiens of model units;
h) at least one of selectively activating and deattigafitness criteria for at least one
generation of model units;
i) determining the fitness value at least in partgisaxturing achieved by at least one of:
i) using one or more solution trajectories achieving or more discretely-distributed
gualitative objectives in state space, definedigtréte terms of the trajectories’
collision, capture or avoidance with, by, or of amemore specified sets in state
space;
i) using one or more solution trajectories exhibitspgcified behaviour in respect of
gualitative objectives in state space describeal tyntinuously distributed function;
i) using contours permeating state space and paraspetee that are associated with
one or more Lyapunov functions and/or the derivetiogf Lyapunov functions;
iv) mapping the fitness to a mathematical structurectiyatures geometrical information
with respect of at least one of:
(1) trajectories corresponding with distinct chromossmewhich remain
geometrically close or diverge in state space;, and
]) the value of a pattern over a geometrical surfac@dypersurface, generated by a
patterning algorithm and mapped to the complexebamd inserted or mapped into the
state space, at the point where it is intersecyetié trajectory.
6) A method according to any one of the claims 1 tafterein the method includes:
a) determining control variable values representingti@ inputs; and,
b) determining the solution trajectory in accordandi whe control variable values.
7) A method according to any one of the claims 1 wl&rein the method includes at least one
of:
a) segmenting quantified system data into respedtive period segments; and at least one
of:
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i) determining respective model units for each timgogesegment and,

i) selecting the combination of model units so as¢tude model units for each of the
time period segments and,

subdividing quantified system data into smalleisetb of types of quantified system data

across the same time period segment; and detegiespective model units for each

subset, and then combining these models into @atole model to more accurately

model system behaviour across this same time psegohent, and wherein the method

optionally includes establishing an optimal modeldéach subset.

8) A method according to any one of the claims 1 telterein the method includes:

a)
b)
C)
d)

selecting a number of model units in accordanch thi fitness values;
determining a plurality of candidate combinatiohsn@del units;
determining a combination fitness value for eaaidadate combination; and,

selecting the combination in accordance with thelwoation fitness value.

9) A method according to any one of the claims 1 tel&rein the method includes:

a)

b)

C)

defining a plurality of circuits, each circuit incling a sequence of Blocks, each Block
representing a respective population of model units

transferring at least one of model units and m@aeameters between the Blocks in
accordance with circuit connections; and,

using the circuit to select at least one of the lwoation of model units and model
parameters, wherein the method optionally includedifying the circuits by modifying

model units of the Blocks.

10)A method according to any one of the claims 1 tal®rein the method includes:

a)
b)
c)

d)

generating a network including a number of nodes;

associating parts of a model with a node;

for each node on a path through the network:

i) determining at least one model unit using parsmidel associated with the node;
and,

i) optimising model parameters of the at least oneahaxit; and,

generating a candidate model based on the modslamil model parameters wherein

the method optionally includes at least one of:

i) optimising the path to determine the combination;

i) optimising the path by:
(1) traversing at least one path;

(2) assessing the resulting candidate combination; and,
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(3) traversing modified paths based on the assessrra candidate combination;
and,
iii) optimising the path using a swarm optimisation teghe.
11)A method according to claim 10, wherein the metimatlides:

a) defining a plurality of circuits, each circuit incling a sequence of Blocks;

b) for each node in the network populating each Bleitk parts of models associated with
the node;

c) transferring at least one of model units and mpdeameters between the Blocks in
accordance with circuit connections to therebyrofge model parameters of the model
units.

12)A method according to claim 10 or claim 1, whertti@ method includes:

a) transferring a plurality of circuits along respegetpaths in the network;

b) at each node, calculating a respective circuiefisy and,

c) selecting an optimum path using the circuit fitnebse selected path representing the
combination.

13)A method according to any one of the claims 1 tort#rein the method includes using the
model to at least one of:

a) develop a control program including one or moretadrvariable values indicative of
control input to the system to modify system bebawrin a desirable manner;

b) derive system data that cannot be physical measured

c) determine a scenario or likelihood of system beataviresulting in a failure by
comparing at least one of system data and systeawvhoir to defined limits; and,

d) manipulating or altering the behaviour of the phgbisystem at least partially by
applying the control program.

14)A method according to claim 13, wherein the metimatlides:

a) determining a selected model parameter correspgrdiaystem data that cannot be at
least one of directly manipulated and directly nueeg,;

b) comparing the selected model parameter to a ragpaxerating range; and

c) in response to the selected model parameter fabugide the respective range,
determining a control input to at least one of:

i) prevent the selected model parameter falling oattid respective range; and,
i) restore the selected model parameter to withinrdnge once the excursion has

occurred.
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15)A method according to any one of the claims 1 towll#erein the method includes, using a
modular system including at least one of:

a) a Model Selector module for selecting the at lpast of a model;

b) an Identifier module for identifying the combinatiof model units; and,

c) a Controller module that uses the combination oflehanits to determine a control
program wherein, in use, the Identifier module amaily requests parts of a model from
the Model Selector.

16)A method according to any one of the claims 1 towliterein the method includes:
a) defining meta-model units representing at leastaine
i) different combinations of model units; and,
i) different Blocks, each representing a respectiyaifation of model units; and,
b) optimising the meta-model units to determine asti@ae of:
i) a combination of model units; and,
i) an optimal Block.
17)Apparatus for modelling system behaviour of a ptalssystem, the apparatus including, one
or more electronic processing devices that:

a) obtain quantified system data measured for theipalysystem, the quantified system
data being at least partially indicative of thetegs behaviour for at least a time period;

b) form at least one population of model units, eacdehunit including model parameters
and at least part of a model, the model paramébtarg) at least partially based on the
guantified system data, each model including oneare mathematical equations for
modelling system behaviour;

c) for each model unit:

i) calculate at least one solution trajectory foreatst part of the at least one time
period;

i) determine a fitness value based at least in patieat least one solution trajectory;
and,

d) select a combination of model units using the fithealues of each model unit, the
combination of model units representing a collectmodel that models the system

behaviour.



