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wher eby each operation in that sequence may enpl oy varying inputs (e.g.,
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' 3 , ARt at i on operations automatically
ction with a subset of the out put
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simulation operations over a specified time interval, each simulation operation utilizing
specified inputs (e.g., rate constants and initial conditions) to generate specific outputs
over the time interval for the operation. However, prior art simulation models, and
interfaces for specifying simulations operations performed by such simulation models,
do not provide a convenient mechanism for specifying a sequence of simulation

operations whereby each operation in that sequence may employ varying inputs (e.g.,
rate constants) or a resetting of the state (initial conditions) of the modeled system.

SUMMARY QF THE INVENTION

According to the invention, there is provided a method of conducting a sequence
of linked simulation operations utilizing a computer-based model. A first simulation
operation is performed utilizing the model to generate an output condition for the
model. A plurality of further simulation operations are performed utilizing the model.
Each such further simulation operation at least partially and automatically inherits the
output condition, generated by the first simulation operation, as an input condition.

In one embodiment, at least one of the plurality of further simulation operations
automatically utilizes a delta cdndition, in conjunction with a subset of the output
condition of the first simulation operation, as the input condition.
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Figure 2 is an inheritance diagram illustrating structure of an exemplary
experiment class.

Figure 3 is a diagrammatic representation of the performance of an exemplary
simulation operation, in the form of an experiment, over a predetermined time period.

Figure 4 is a block diagram plotting a value for a time-variant parameter of the
system model shown in Figure 1.

Figure 5 is a flowchart illustrating a method, according to an exemplary
‘embodiment of the present invention, of conducting sequential simulation operations
utilizing the system model.

Figure 6 is a diagrammatic representation of an exemplary modification
operation that may be performed to apply a set of delta simulation inputs to the results
of a preceding simulation operation.

Figure 7 is a block diagram illustrating the input and output of parameter values
with respect to the system model.



Figure 9 illustrates a further view of the exenplary user interface shown
in Figure 8, where the protocol of a sequence of experinents has bedh(QCT 2003
partially expanded by user selection of an expansion button to provide
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DETAILED DESCRIPTION

A method and apparatus for conducting a sequence of linked simulation
oiJeraﬁons utilizing a computer-based model are described. In the following
description, for purposes of explanation, numerous specific details are set forth in order
to provide a thorough understanding of the present invention. It will be evident,
however, to one skilled in the art that the present invention may be practiced without
these specific details.

For the purposes of the present specification, the term "parameter” shall be taken
to include, but not be limited to, a variable or an arbitrary constant that may appear ina
mathematical eﬁcpre;sion (e.g., an equation).

Figure 1 is a block diagram showing an exemplary computer-based system
model 10 that executes on a computer system 12 to perform simulation operations. The
system model 10 may be constructed utilizing any one of number of commercially
available modeling tools to model a wide variety of systems. Such modeling tools may
incdlude tools provided by Entelos, Inc. of Menlo Park, California. Other commerdally
available modeling tools include the Process Charter of Scitor Corporation of Menlo
Park, California, PowerSim developed by Modell Data AS of Bergen, Norway, the



| ncor porated of San Jose, California. The bel ow description shall describe
an exenpl ary embodi nent where the system nodel 10 conprises a physi d &igy2003
nodel that sinulates the physiology of diseases (e.g., asthma, obesity,
H V- AIDS or diabetes). Nonetheless, it will be appreciated that the system
nmodel 10 WWOAHEEI any nunber of systens, including but nRET/UBMIEY t o
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various P& stME-he system nodel 10. In the exenplary enbodi ment,
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condi ti 0114(¥6 and 18 pry shiowr to prowids ingut tortite $ystendhodel a0p dvhilette inpdtsitgpose
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both experinent 16 and any nunber of éxperinments 18 may inheri't an out put

condi t i omhastiment pherethe system sodel 40 comprrises 8 physiolagyt medelithe i nherit a
partial Oexpgnmﬂ\m 4t C?snfii,alﬁoa?ldfslsoco%sgtu%g %%ﬁnct sets of conditions (e.g., environment or

system conditions) that are imposed upon the system model 10 to determine

performance of the system model 10 under these conditions. A first experiment 14, for
example, includes a full set of initial values (or conditions) that define a first
experimental condition, the second experiment 16 constitutes a subset of delta values
and any number of further experiments 18 may constitute further subsets of deita
values for various parameters of the system model 10. In the exemplary embodiment,
the experiments 14, 16 and 18 are a linked, sequence of experiments that, as will be
described in further detail below, may partially inherit an output condition (e.g.,
parameter values) from a preceding experiment and impose delta values on other
parameters to thereby define a new experimental condition {or configuration} that has
some dependencies upon the output of a previous experiment. It is further envisaged
that any of the experiments 14, 16 and 18 may utilize, or at least partiaily inherit, an
output condition, or parameters, from any of the other experiments. For example, both
experiment 16 and any number of experiments 18 may inherit an output condition from
experiment 14. Alternatively, experiment 16 may inherit a partial output condition
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' oper at i oget 36U For asathple, axaxpirplary paraatetercset 36 avparticulpr exerimeritmaly be ne
period. At a first tine instance (e.g., T = 0), jhe system nodel 10 i
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with 30% body fat" value set 50.
An experiment 40, related to the experiment class 30, is accordingly shown to
own one or more protocols 42 and a set of experiment results 44 that constitute the
output of the system model 10, where the protocol 42 has specified a particular
parameter set 36 having one or more value sets 38 attributed thereto. If an experiment
30 has an initial experiment 40, then the parameter INITFROMTIME contains the time
to get values for time-varying parameters for experiment 30 from the experiment
results 44 in experiment 40.
Figure 3 is a diagrammatic representation of the performance of a simulation
operation, such as for example an experiment, over a predetermined time period. Ata
first time instance (e.g., T = 0), the system model 10 is shown to be initialized with the
experiment 14. The experiment 14 embodies a configuration 60. The configuration 60
includes time-invariant parameter values 62 that remain unchanged over the simulation
operation and a set of time-varying parameter initial values 64 that are modified as a
result of the simulation operation. For example, the time-varying parameter initial
values 64 may be integrated over the time interval of the simulation operation.
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(eg,asa conﬁgurabon 60). Further, the experiment 16 may, in addition to the

 inherited values for various parameters, specify a set of delta values for a subset of
parameters that represent a delta condition. For example, experiment 16 may, as a delta
condition, introduce a specific drug treatment that was not present in experiment 14, so
that the effect of this drug treatment on the patient condition parameter 70 may be
monitored over time. A number of experiments 16, each introducing a different delta
condition (e.g., a different drug treatment), may at least partially utilize the output
condition of the experiment 14 as an input condition (or configuration).

While in one embodiment, a plot diagram, such as that shown in Figure 4, may
be generated as a result of a sequence of linked experiments, or as results of a single
experiment to which multipie protocols are applied, such a plot diagram may also be
generated for discrete experiments that are not defined as being linked or sequenced.
For example, a plot diagram such as that shown in Figure 4 may be generated where
the experiment results for experiment 14 are manually saved, and then copied or at
least partially introduced as a configuration 60 for experiment 16. Accordingly, the plot
diagram shown in Figure 4 is not dependent upon a continuous, seamless and pre-
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one or nhfiRed experiment 16 (or protocol). In this way, a modeler may conveniently be
presented with a visual comparison of the effect of various experiment and protocol
conditions on a particular experiment parameter (or parameters) for a common initial
condition or configuration.

The present invention contemplates linking experiment 14 and one or more
further experiments 16, so that the further experiments 16 seamiessly and automatically
inherit an output condition of a first experiment 14 as an input condition. In this way,
by linking a sequence of experiments, it is possible to create a history for a modeled
system (é.g., a physiology system). Input conditions that constitute the output of a first
experiment do thus not have to be restated for each of the further experiments 16, and
outputs of the experiment 14 are automatically and seamlessly considered in linked,
dependent experiments 16. A single experiment sequence, for example including
experiment 14 and experiment 16, may be defined in a single experiment through the
use of multiple protocols per experiment. Specifically, experiments 14 and 16, in one
embodiment, need not be regarded or defined as separate or distinct experiments. In
this case, a protocol variation may be introduced at time N 74. The multiple protocols
may, in one example, be defined to each become active at varying times throughout the

relevant experiment.
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automati cally be
particular parameter condition to a modeler for each of the multiple experiments 16.

Figure 5 is a flow chart illustrating a method 80, according an exemplary

embodiment of the present invention, of conducting sequential simulation operations
utilizing the system model 10. The method 80 commences at block 82 with the
definition of an initial simulation operation (e.g., the experiment 14). The definition of
the initial simulation operation may include defining one or more parameter sets 36 for
the expeﬁn@t 14, and also selecting, inputting or defining one or more value sets 38
for each parameter set 36. As described above, each parameter set 36 may include both
time-invariant and time-varying parameters.

At block 84, a first simulation operation (e.g., experiment 14) is performed
utilizing an initial simulation input (e.g., the configuration 60) to generate a first set of
results for the time-varying parameters over time 65 (e.g., the experiment results 44).

At block 86, a modeler defines a delta simulation input, or inputs. E;ch delta
simulation input may, for example, comprise a subset of a configuration 60 for a further
experiment 16, while specifying the retention or inheritance of a further subset of a
configuration 60 from the output of a preceding experiment 14 and a time N for




di spl ayed on a display device associated with a conputer systemto

communi cate a particular paranmeter condition to a nodeler for each of (Cne()
mul tiple experinents 16. Figure 5 is a flow chart illustrating a method 80,
according an exenplary enbodi nent of the present invention, of conducting
sequent | WO 89/631¥3at i on operations utilizing the system nodlTAiS/1d3182 net hod
80 commences at block 82 with the definition of an initial sinulation

oper at i oretfievigig, the heswudwsiiesmeprecdding eXperideht 04! Each dlta ifputiadkdriddlgly

sinmul ati on gperation may include defining one or nore paraneter sets 36 for
t he expeF¥eRelude a dglta valuesetdpra subiet of Mplwes ofig rarametersehef ohether nor e

bar aner P Retinen e, WA AT Beaflihe Row OGNS REle: AEutRR G ey
par anet eexperdhett 18) nffbe aef_ﬁxilé_tﬂvillii bawkgdiden LRRAAVhER &is&xstsﬁgﬁiﬂ%i nment 14)

is performed wutilizing an initial simlation input (e.g.,
conf i gur exeroplagppxperimentingeréace 22is prowdedof results for the time-varying

" paraneters ov i 65 (e.g., th er j.nment sults 44), At block 86, a
P tol or det | mBtblockBe, thesyafhin mae! iﬁSHPi}e%a‘e. érgtﬂ wputbyhiogexamplesi nul at i on
I nput m{.‘%cﬁﬁd‘rmfg‘ Wﬁhﬁ i ' | I

fulrot hepwoexperi t ,e l'e spég??g’lgﬁ‘g&{‘ﬁlé”’%e’fgﬁ% Pg#egéﬂé)%?ggﬁ;e%ﬁ%@ of a

further Theappliaftion oftheideltasahulatiofGnpupmayeonepiiseautomaticpll e 6£ tHagdally

experiment 14 and a time N for 8 OCT 2003 WD 00163793 PCTNS00110373 -9
retri evi FRPYIRG thetimerinvariant pargmeteriyaiyesirpn # peeteding experiment Mathenput

par amet P omATIY OF il e g B e N el nd eRBHIRE P B AFR £ Mo
such a dptdcedingnikpetiendnt, 143 ahdrfiriely utilicheg keasitd Oxlussét kegdriieede Wirld be

provi ded bel ow whére a discussion 0f an exenplary experinent interface 22
i s provi BWariapt patagaeteggalues 62 gnditimne-aridng parameterdnitial yalies 64 in theut by,

for exa (o30) t iyn further experipent 16.upon concl usi o f a

br ced nyLpaReRRID. 13 dtfer otdle IrehR s ohSuBRR CRARHHRR RA L. ey
conpri seﬁgmé}ra?gﬁﬁ{ﬂlg_r manual |y copying the tinme-invariant paraneter
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copyi ng at t i Figuixe 6isdidgrasupati¢ repmesendation of an ewémplary modification
operation that may be performed at block 88 discussed with reference to Figure 5.
Figure 6 diagrammatically illustrates various settings of parameters in the system
model 10, and the modification of these parameters. Each setting is shown to include
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both time-invariant parameters and time-varying parameters. A configuration
(experiment A) 92 comprise the configuration 60 for an initial experiment 14, and a first
set of parameter values in the form of experiment results (experiment A} 94 comprise
the experiment results 44 of the initial experiment 14. As illustrated, the values for the
time-invariant parameters remain unchanged, whereas the values for the time-varying
parameters vary over time (e.g., are integrated over time).

A set of delta values 96 are combined with the experiment results (experiment A)
94 to create a second value set of parameter values in the form of a configuration
(experiment B) 98 that constitutes the configuration for a subsequent experiment 16.
The manner by which the experiment results (experiment A) 94 and the delta values 96
may be combined may vary. In one embodiment, the time-invariant parameters and
timesvarying parameters are set to the experiment results (experiment A) 94. The deita
values 96 are then ﬁppl.ied, overwriting the corresponding values from the experiment

results (experiment A) 94 to create the configuration (experiment B) 98. In this example,



precedi ng experinent 14, and finally utilizing the delta value set to
generate the tinme- invariant paraneter values 62 and tine-varying par &€l )
initial values 64 in the systemnodel 10. In other words, the new val ues
constitute a configuration 60 for a further experinment 16. Figure 6 is a
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ways by tpgnideleta values 96 to generate the configuration (experinment B)
98. Returnl ng to Fi gure 5, at block 90, the system nodel 10 perforns one or
nor e Figure 7 is a block diagram xllusuatmg the input and output of the various

parameter values with respect to system model 10. Specifically, Figure 7 illustrates that
the experiment results (experiment A) 94, outputted as a result of a first experiment 14
may be utilized to contribute to the configuration of any number of further
experiments.

Figure 8 shows an exemplary user interface 110 that may be presented by the
experiment interface 22 of the system model 10. The user interface 110 includes a
directory panel 112 and input panel 114. The directory panel 112 provides a directory
listing of various simulation operations in the form of experiments that may be
transferred to the input panel 114 by a "drag-and-drop” or any other user-selection
operation. The exemplary experiments shown in the directory panel 112 each specify a
distinct physiological experiment and are appropriately categorizing into a number of
“folders". The experiments that will be discussed in the following examples are
experiments specified as relating to "Overweight Individuals with SSRI remedy”
contained within the folder 116, and within the sub-folder “Free Eating Experiments”
118.

The input panel 114 includes an experiment protocol window 120 within which
an experiment sequence designer may identify a group of experiments to be performed,



sinmul ati on operations (e.g., subsequent experinents 16), the further
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designer may identify a group of experinents to be perforned, 8 2003 WO
00/ 63793 sixtiplingo ourt 63712 months to equilibrate™ experiment 144 is shown to include a to

of two parameter sets 36, each parameter set 36 having a value set 38 specifying
predetermined conditions. One of these parameter sets 36 is the "weight related
parameters (initial conditions)" parameter set 142 having a "80 kg individual with 27.5%
body fat" value set 145 attributed thereto.

User-selection (e.g., by double-clicking) on the listed parameter set 142 within the
experiment protocol window 120 may, in one embodiment, generate the parameter set
user interface 150 illustrated in Figure 10. The parameter set user interface 150 lists
both the parameter set and the value set associated with the parameter set for the
relevant experiment. A parameter window 152 provides a listing of parameters
included within the relevant parameter set 142, as well as values within the value set
144 attributed to the parameter set 142. The exemplary parameter window 152 is
shown to include a parameter column 154, a location column 156, a type column 158, a
baseline value column 160 and an alternative value set column 162. For each parameter,
an entry within the parameter column 154 in the location column 156 provide an
identifier, or designator, for the relevant parameter.

For example, the designator "So” identifies the relevant parameter as being the
initial value for a "state” variable for which the value is determined by a cumulative
effect of its inputs over time. A state variable may be defined by a differential equation,
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actions to be taken by that machine. o
The computer system 200 includes a processor 202, a main memory 204 and a

o

static memory 206, which communicate with each other via a bus 208. The computer
system 200 may further include a video display unit 210 (e.g., a liquid crystal display
(LCD) or a cathode ray tube (CRT)). The computer system 200 also includes an
alphanumeric input device 212 (e.g-, a keyboard), a cursor control device 214 (e.g., a
mouse), a disk drive unit 216, a signal generation device 218 (e.g., a speaker) and a
network interface device 220.

The disk drive unit 216 includes a machine-readable medium 222 on which is
stored a set of instructions (i.e., software) 224 embodying any one, or all, of the
methodologies described above. The software 224 is also shown to reside, completely
or at least partially, within the main memory 204 and/or within the processor 202. The
software 224 may further be transmitted or received via the network interface device
220. For the purposes of this spedification, the term “machine-readable medium" shall
be taken to include any medium that is capable of storing or encoding a sequence of
instructions for execution by the machine and that cause the machine to perform any



initial value for a "state" variable for which the value is determ ned by a
cunul ative effect of its inputs over tine. A state variable may be debfhHi
by a differential equation, 80CT2003 WD 00163793 PCTI USOQ' 10373 -12 and is
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set col uWO o#€G90r the alternate value set colum 162. Thep¢ppssaeiymm 158

provides a visual icon, or other inditd-a, indicating the type (i.e., state
or f unct i 6 ofthe hth8@bRZiesTMhE bPisksit mnﬁaﬁaﬁgeémT&gd%F_qgaqa%ie set user
interface 150 further all'ows an experinent designer to 1nc e

vari abl esmgfiusn’ nslfallraetlcatdmslydm@#enéw irphyde’l buTinios be dintestetor kolidqgghte f or

exanple, dra ng fromth yst em m)del 10 ont o the paraneter
wi ndow 15'% m%%et"’e?é)%‘lt’g él s‘ﬁch? may be sel ected by

clicking on t1RuYalHetrsRt HEE g‘ @1)4 IB y
clicking on theu'éa/tI%tﬁé\r nat ear\l/d]al e set pgg‘é%%m@ I gf‘ﬁ eée%?ﬁ%@s
di agr ammiinked sigpuletien operatiorsthavediebn desditiede Aeobgiethe p rfeﬁér’mlﬂxier&oﬁq{mm er

"system 2 0 th| E é\lm ch set of instructions, for causi ng the machine to
perform ﬁ’éﬁélt% aeemplasy embodimentsyitivallbesvident. | n

ﬁ'eiﬁé?i‘t S {‘* Tt aé@n%ﬁa%% R ieReT SR Ao,

cel lul ar dbpm@mme\wbadampmms&pe@mmﬁancmehﬁn ecutl ng a
sequence of instructions that specify actions to be taken by’fhat machine.

The conpépedificionanddawings atkto be regatdecsiprarpitinstrativa rathee thanya @6iictivg a
static ry 206, which communicate wth each other via a bus 208. The
conput er stem 200 may further include a video display unit 210 (e.g., a
liquid crystal display (LCD) or a cathode ray tube (CRT)). The conputer
system 200 al so includes an al phanumeric input device 212 (e.g., a
keyboard), a cursor control device 214 (e.g., a nouse), a disk drive unit
216, a signal generation device 218 (e.g., a speaker) and a network
interface device 220. The disk drive unit 216 includes a machi ne-readabl e
medi um 222 on which is



|

stored a set of instructions (i.e., software) 224 enbodyi ng any one, or

all, of the nethodol ogies described above. The software 224 is al so BS[E'P'V%%
to reside, conpletely or at least partially, within the main nmenory 204
and / or within the processor 202. The software 224 may further be
transmitted or received via the netwol4 interface device 220. For the
purposes of this specification, the term "machi ne-readabl e nmedi uni shall

be taken_to include any nediumthat is capable of storing or encoding a
sequenceClgims] nstructions for execution by the machine and that cause the
machine to performany 8 OCT 2003 WO 00/ 63193 PCT/ USOCQO' J0373 13 one of the
nmet hodol ogi es of the present invention. The term "machi ne-readable nedi unt
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simul ation operations, at least ™ partially and automatically, inherits the
out put condi tfirshsigawiation egetafiontas an input condition,

wherein at least one of the plurality of further simulation operations utilizes
a delta condition in conjunction with the output condition of the first simulation

operation as the input condition.

2. The method of claim 1 including presenting a model operator with a choice
of performing at least one of the plurality of further simulation operations utilizing
the delta condition in conjunction with a subset of the output condition as the
input condition, and performing the at least one of the plurality of further
simulation operations utilizing only the output condition as the input condition.

3. A method of conducting sequential simulation operations utilizing a
computer-based system model, the method including:

performing a first simulation operation utilizing the system model to

generate a first set of values for a set of model parameters;

attributing a delta value to at least a first model parameter of the set of

model parameters, and maintaining at least an inherited value from the



first sinulation operation as an input condition, wherein at |east one of
the plurality of further sinulation operations utilizes a delta condi({la0)
in conjunction with the output condition of the first sinulation operation
as the input condition. 2. The nmethod of claim11 including presenting a
model operator with a choice of perfd®ning at |east one of the plurality
of further simulation operations utilizing the delta condition in

conj unction th a subset of the out ut condition as the input condition,
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time- invariant paraneter for which a value remains constant during a
S|nula1|@mﬁﬁm96rat|on 5. The nmethod of claim 3 wherein the first node
variable is a time-varying variable for which a value varies during a
sinmul ati on operation in accordance with specifications of the system

nmodel . 65. TheThehhstbodof elaimm® whereth tel figt Aiddel batiallg isb tine@shndng urt her
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6. The method of claim 3 including attributing at least a further delta value to
at least the first model parameter of the set of model parameters and maintaining
the inherited value from the first set of values for the second model parameter to
thereby generate a third set of values for the set of model parameters, and
performing a third simulation operation utilizing the system model and the third
set of values as a further input condition.

7. The method of claim 3 including attributing a first group of delta values to
a first group of model parameters, and maintaining a first group of inherited
values for a second group of model parameters to thereby generate the second
set of parameters values for the set of model parameters.

8. The method of claim 7 including attributing a second group of delta values
to a third group of model parameters and maintaining a second group of inherited
values for a fourth group of model parameters to thereby generate a third set of
parameter values for the set of model parameters.



t hereby generate a third set of values for the set of nodel paraneters, and
performng a third sinmulation operation utilizing the system nodel aqf tﬂﬁ
third set of values as a further input condition. 7. The method of C g @
including attributing a first group of delta values to a first group of
nodel paraneters, and maintaining a fi8st group of inherited values for a
second group of nodel paraneters to thereby generate the second set of
paraneters val ues for the set of nodel Paraneters. 8. The method of claim?7
i ncl udi iy at tThemetmed of slainoPawhersimpths firgband seepndbsimuiation epenadoss oup of

nodel paraneters and nmaintaining a.se . qr f_Jlnherited values for a
fourth QQTSLH?T@F"}?@Q%QQ%QF@@@?%PgC({”(B'?‘{-‘§§$g@'é@‘ﬁ‘eg’é‘?ﬁg%%'thi rd set of
par anet er values for the set of nodel paraneters. 8 OCT 2003 16 9. The

met hod of claim3 wherein the first and second sinul ation operatigons are
per f or meth.seqUeamethoy ohslaim Sowberginthe deltruyalve havegiaticaly aitgbutele net hod

of claim erein the I i j Iy i he
first mﬁihgﬁ'é‘?‘a{ﬁa‘i’%'rpadgﬁle@ (gfgb H%P & ?r%@épgggérﬂgne t%erésgfg rttfelg\é%(ﬁgatg(rgﬁ ation
of a spgepétifed timEpsesd aad detbreejopekrisiomef theicontimioushsimudatidmuous

sinmul ation exercise. 11. The nethod of claim3 wherein the first

si nmul at ief€reier ati on sinul ates operation of a systemrepresented by the
system nodel for a specified time period. 12. The nethod of claim 11
including facilitating specification by a nodel operator of the specified
ti me poin, atThéendhdd of cldirnchwhbeeif ithesfirss simuétiorabperatibosimulaéesset  of

nodel paraneters are generated t he system nodel , where.t specified
time poi®RepYon &fa S8 J?Pr@aea{jeydt@’ﬁ%g ipods] fer ﬂgpsg'ﬂ?@‘i"}eor the first
si mul ati B&i&per ation. 13. The nethod of claim3 wherein the first

simul ati'on operation sinulates operation of a systemrepresented by the
system nodel for a specified event sequence.

12.  The method of claim 11 including facilitating specification by a model
operator of the specified time point at the end of which the first set of values for
the set of model parameters are generated by the system model, where the
specified time point is less than or equal to the specified time period for the first

simulation operation.

13.  The method of claim 3 wherein the first simulation operation simulates
operation of a system represented by the system model for a specified event

sequence.

14. The method of claim 3 wherein respective model conditions vary between

the first and second simulation operations.

15.  The method of claim 14 wherein a leve! of influence of a first model

condition is varied between the first and second simulation operations.

16. The method of claim 14 wherein the first model condition is present within
the first simulation operation and is absent within the second simulation

operation.



14. The method of claim3 wherein respective nodel conditions vary between
the first and second sinulation operations. 15. The nethod of clai m 1g0(CT 200
wherein a level of influence of a first nodel <condition is varied between
the first and second sinulation operations. 16. The nethod of claim 14
wherein the first model condition is pfesent within the first sinulation
operation and is absent within the second sinulation operation. BOCT
2003 17 17. The nethod of claim 15 wherein the first nodel condition is
absent within the first sinulation operation and is present within the

second. s}l athethelRBE LR LA 15herieEERPHARE e & Mhfiipe mdel

conditions are determ ne alues attributed to the set of nobdel

par anet ethe. firdOsimilaticer operation acd i$ presspéwithin the seceoadsénokation | i nked
sinmul ati on operations performed by a conputer-based nodel, the user

i nterfac%p%@ﬁﬁ?i sing: a first interface portion to present a plurality of
sinmul ati on operations; and a second interface portion to allow

user-specification of a sequence for conducting of the plurality of
si mul at i 6 op&hamethed pf elaimt dawhetin theambidekeonditipns: argcetganinedy wher ei n

at |east _gne sinmul ation operatio the, sequence, at least partially and
aut omat | P??/,ahﬁﬁﬂ i@ghﬁﬁeﬁﬂﬁﬁﬁaeﬁéﬁ{amﬁt‘aﬁ- generated by a preceding

simul ati on operation within the sequence as an input condition. 20. The
user interface of claim19 wherein the second interface portion_  identifies
par anet 8. and yser inerface {of1spesifving acsagusicaiof Hnkeg Rinyilation opgratignat i on

whr oi n ORISR AT Al boEed FUERARe s eer il R ™ oy 1 he

paraneters and paraneter val ues associated with each sinmulation operation

oo uones ot atitivierads pbrin (o preSent S PilirSfy B SRLIANSH SRelationg 2854 ' " 2

a second interface portion to allow user-specification of a sequence for
conducting of the plurality of simulation operations presented within a first
interface portion, wherein at least one simulation operation of the
sequence, at least partially and automatically, inherits an output condition
generated by a preceding simulation operation within the sequence as an

input condition.

20. The user interface of claim 19 wherein the second interface portion
identifies parameters and parameter values associated with each of the

simulation operations included within the sequence.

21.  The user interface of claim 20 wherein the second interface portion allows
a model operator to modify the parameters and parameter values associated with

each simulation operation included within the sequence.

22. A computer-based system for conducting a sequence of linked simulation

operations, the system including:




operations, the systemincluding: 8 OCT 2003 18 a sinulation engine to
performfirst and second simnul ation operations; and a sequence gemm‘tqr%mﬁ
identify the first and second sinulation operations as being sequence
automatically to generate an input condition for the second sinulation
operation that at least partially inh8its an output condition of the
first sinulation operation, wherein the second simnmulation operation
specifies a delta condition and wherein the sequence generator generates
the input cordsitiutatidroengihe te pedoom fiestpand seoandiimulationpnssetionshiéndel t a
condition and the output condition of the first experinent. 23. A

machi ne-readabl e nmedi um storing a sequence of instructions that, when

execut ed by g@@m@ eifr@féfbrtt@mémi fHeSfirsCamesé€sria siriatigps of :
per form ng aaé}lr t si% ation operar)ihon utilizing the nodel to generate an

out put condi tdpematiensdag beingrsaqugnaep landautepaticalyiptgesneratedn iBPPbn
operations utilizing the nodel, . wherein e t j +further
si mul ati on pﬁé’r“gf |°6’% d n:‘ﬁ seeRnd S'%ﬁqna?qug%%ﬁtagﬁea%t g’?ﬁ"”’&‘w’? n rg%i ts the
out put condi tdpHBanesRdifen Y tHefrst Sinidsticr opértioan operation as an i nput
condition, wherein at |east one of the plurality of further sinulation
operations utilizes a delta condition in conjunction with the output

condition of the first simulation. o : | - ' iddgqon. 24. A
met hod of gen‘%rt]%{fefm@easegdoﬁgh%éﬁh&no@%éé@g?%’Zféé%g dé?ngg? ggr@ta grédg? a
conput enyhaeafthEosRjuencBgenerited genetatel the: inBulcdhditic0RB the seeoridr ni ng a
first sinmulation operation utilizing the nodel t enerat e frrst set of
val ues fexperimeniatiigagdoth the ﬂ@'ﬁﬂrpﬂ'@d'ﬁo'ééggﬁ'ae QP?HLR&PP{%@OB&EF'&% f'r ?1

utilizi n&ptepﬁnémdel to generate a

23. A machine-readable medium storing a sequence of instructions that, when

executed by a machine, cause the machine to perform the steps of:

performing a first simulation operation utilizing the model to generate an

output condition; and

performing a plurality of further simulation operations utilizing the model,
wherein each of the plurality of further simulation operations, at least
partially and automatically, inherits the output condition generated by the

first simulation operation as an input condition,

wherein at least one of the plurality of further simulation operations utilizes
a delta condition in conjunction with the output condition of the first simulation

operation as the input condition.

24. A method of generating a graphical plot for values of a parameter of a

computer-based model, the method including:



second set of values for the paraneter, wherein the second sinulation
operation at least partially inherits an output condition of the firsggg 2003
simul ati on operation as an input condition; and generating a graphi caq p] ot
on a display device associated with a conmputer system the graphical plot
plotting the first and second sets of1%alues for "the paraneter as an

i ntegrated plot. 25. The nethod of claim 24 including performng a third

si mul ati on operati i]lizing th | 0. t third f I
For the. par alRRTIR &St SO pheT Gl T e oel (A irafcasy o
partially inhggj %ét&h/%hﬁé%ﬂ%ﬂhé@é‘l%!n‘iét@ﬂ of the first sinulation operation

as an input condition, and generating the graphical plot to plot the

f: rst, second and third sets of values for the paraneter. 26. The nethod of
claim25 wherein the first, seco and third sets of values for e

par ameter ar ep‘ﬂ'mfm'ﬁﬂ aa%eé’iohgts"i“f’ P”é’rﬂ’&r{'}m@ %tﬂ'tzﬂﬁt%@dﬂﬂg?lﬁ&ge&%r?thgfi rst
simul ation opgdindodbtidtFhides faf theSairhniRAér WhereinitR@ektomd siyulbtien t hi rd
simul ation operation as an input condition is determ ned at a different

ti me from wheoparation atiigast padiadly inherits Batoutpid coadiion afithelfisati on operati on

at | east rti.ally. i i t. ' . it i '
pa ts:?nulé’tlo'nnggér'ahcs)n R anaiﬂpbpgouﬁdit?oor{?%'nt(j' on i's determ ned.

generating a graphical plot on a display device associated with a computer
system, the graphical plot plotting the first and second sets of values for

the parameter as an integrated plot.

25.  The method of claim 24 including performing a third simulation operation
utilizing the model to generate a third set of values for the parameter, wherein the
third simulation operation at least partially inherits the output condition of the first
simulation operation as an input condition, and generating the graphical plot to
plot the first, second and third sets of values for the parameter.

26. The method of claim 25 wherein the first, second and third sets of values
for the parameter are plotted against time, and the output condition of the first
simulation operation that is at least partially inherited by the third simulation
operation as an input condition is determined at a different time from when the
output condition that the second simulation operation at least partially inherits as

an input condition is determined.



