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BACKGROUND OF THE INVENTION
[0004] Validation is generally a key aspect of developing and utilizing a computer

20 model. Validation typically refers to a process of establishing a certain level of confidence
that a computer model will behave as expected when compared to actual, predicted, or
desired data for a modeled system. Once the computer model has been validated, additional
analysis to gain further understanding of the modeled system is a logical next step.

[0005] Previous attempts for validating a computer model typically involved a

25 manual process of specifying various conditions for the computer model and evaluating
behavior of the computer model for the various conditions. Particularly when validating
complex computer models, such manual process can be tedious, time-consuming, and prone
to errors or inconsistencies. At the same time, some of the previous attempts are not
sensitive to different configurations of a computer model and, therefore, cannot provide full

30 validation capabilities.

[0006] In addition, validation of computer models for certain modeled systems can
pose significant challenges. In particular, the behavior of certain modeled systems may be
understood at a higher or aggregate level but may be poorly understood at a lower level.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] For a better understanding of the nature and objects of the present invention,

20 reference should be made to the following detailed description taken in conjunction with the
accompanying drawings, in which:
[0010] FIG. 1 illustrates a system block diagram of a computer that can be operated
in accordance with some embodiments of the invention.
[0011] FIG. 2 illustrates a flow chart to validate a computer model in accordance
25 with an embodiment of the invention.
[0012] FIG. 3 illustrates the architecture of a computer model that can be validated
in accordance with an embodiment of the invention.
[0013] FIG. 4 illustrates an example of a user-interface screen that indicates various
virtual patients that can be created based on a baseline virtual patient.
30 [0014] FIG. 5 illustrates an example of a user-interface screen indicating a virtual

patient that is created based on a baseline virtual patient.



val i date a conputer nodel in accordance with an enbodi nent of the
invention. [0016] FIG 7 illustrates a flow chart to create a
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and response types of a validation structure in accordance with an embodiment of the

invention.

[0023] FIG.14 illustrates an example of a user-interface screen indicating virtual
20 patients that can be selected and associated with a given patient response type.
[0024] FIG. 15 illustrates an example of a user-interface screen indicating patient
response types that can be selected and associated with a given virtual patient.
[0025] FIG.16 illustrates an example of a user-interface screen that displays

simulated responses for various virtual patients associated with a patient response type.

25
DETAILED DESCRIPTION OF THE INVENTION
Overview
[0026] FIG. 1 illustrates a system block diagram of a computer 100 that can be
operated in accordance with some embodiments of the invention. The computer 100
30 includes a processor 102, a main memory 103, and a static memory 104, which are coupled

by bus 106. The computer 100 can also include a video display unit 108 (e.g., 2 liquid
crystal display (LCD) or a cathode ray tube (CRT)) display) on which a user-interface can
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be di splayed. The conputer 100 can further include an al pha-nuneric input
device 110 (e.g., a keyboard), a cursor control device 112 (e.g., a
nouse), awoiogkoxed ve unit 114, a signal generation devi cePCTAISH1o4 a
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system By way of exanple, the nodel ed systemcan be a biological system
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stock market), or a mechanical system (e.g., 2 motor).

[0028] The first stef) shown in FIG. 2 is to define a validation structure to validate
the computer model (step 202). In the present embodiment of the invention, the validation
structure includes a set (i.e., one or more) of stimulus-response tests. A stimulus-response

25 test can be defined to simulate a stimulus or perturbation that can be applied to the modeled
system. In particular, the stimulus-response test can define a modification to the computer
model to simulate the stimulus. The validation structure can also include a set of expected
responses associated with the set of stimulus-response tests. In particular, each stimulus-
response test can be associated with one or more expected responses to the stimulus-

30 response test. An expected response to a stimulus-response test can be based on actual,

predicted, or desired behavior of the modeled system when subjected to a stimulus

simulated by the stimulus-response test.



WO 02/ 093320 PCT/ US02/ 15764 [0029] The second step shown in FIG 2 is to
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Pat ent No.. 6@)78, 739, is? ed . on %une 20, 2000; the patent to Fink et al.,
entitled SPRFSTERORSFS ST TYICAPINHRIE a1ie9 MOsy SXRSTICHAEPOBESod”, U. S,

Pat ent No. 5,657,255, issued on August 12, 1997; and the co- owned and

co- pendi ng patent application to Brazhnik et al., entitled "Mthod and
Apparatus for Conputer Mdeling [Xeioutes'ModelS Application Serial No.

ncor por at ed. HIPEPEISS 2 BREHERIN iR e o8 b OB o1 i

conjsinct i Midatel & SQBRLENEE withAglendddim@it BE tidahvdeidn A3 sidiscusLAPRiviGialy, Yhe
avai |l abl e conputer nodels such as, for exanple, Entelos(r) Asthma

Physi oLalfompuisyspedel 30%panaicpessent ay o6 p vorigships modalsd systems thahmay haef

Ent el os(r: i ho CytoLab(r) systens. 30 [0032] In the present
enbodi rrenl%lteg%{ﬁhzgxglegventi on, the conputer nodel 302 can be a mathenmati cal

nmodel that repi063HTise congiterahodtl BoDhybealzEa6Ess, &ssaamplegdesotibéd m thedel ed
system usi ng a set of thematjcal relations. A nmathematical relation
typi cal | >pa¢eﬁ](5 fqQ,Patersan et al., entitled “Method of Managing Objects and Parameter Values
20 Associated with the Objects Within a Simulation Model”, U.S. Patent No. 6,078,739, issued
on June 20, 2000; the patent to Fink et al., entitled “Hierarchical Biological Modelling
System and Method”, U.S. Patent No. 5,657,255, issued on August 12, 1997; and the co-
owned and co-pending patent application to Brazhnik et al., entitled “Method and Apparatus
for Computer Modeling Diabetes”, U.S. Application Serial No. 10/040,373, filed on
25 January 9, 2002; the disclosures of which are incorporated herein by reference in their
entirety. Alternatively, or in conjunction, the computer model 302 may be defined as in
commerically available computer models such as, for example, Entelos® Asthma
PhysioLab® systems, Entelos® Obesity PhysioLab® systems, and Entelos® Adipocyte
CytoLab® systems.
30 [0032] In the present embodiment of the invention, the computer model 302 can be

a mathematical model that represents a set of dynamic processes associated with a modeled

system using a set of mathematical relations. A mathematical relation typically includes



WO 02/ 093320 PCT/ USO02/ 15764 one or nore variables, each of which represents
a quantity for which the behavior (e.g., time evolution) can be simulated
by the cowpuwemessemdel 302. The behavior of variables may PeT/Usat/iTenced by
a set of paraneters included in the conputer nodel 302. For exanpl e,
paranmeters can include initial values of variables, half-lives of
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certain appfll cations, the mathematical relations used in the conputer

model 302 1mled@1r1d|t1nmmythdmfaﬁeﬁle¢iaﬁl<ms oéqlmqmertm%é 1382 take the form dx/dt
=f(x, p, t), N d| dx/ dt
is the rate of medéleﬁﬁgemﬁnﬁa rel"i*:? w&%ﬁlgh:é%#@ﬁgeg?n 051%1 ?f)(gzrﬁéhgeer

and f 1S gndiig ihixakipdd, ofcﬁ@errszaefmrsnﬁamte@xmhs (plaﬁlaadﬂfagentiahequnaonabl es.
[ 0034] For certain appl i cati ons, nput er. node| can be confl gur ed

02
to all ow stichastic diffipientia eanations, @ffelteﬁ'ﬁalr?égfﬂ?é%ﬁ?‘il‘}?é‘Pn%@Ffé?r%“r?seq&% Bt I as

interrel at] t TRb&k
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rmdel ed system [0035] In th nt odi nen venti.on, the
conput er rfsgaLtesgrodeh30h@e o Hﬁ“‘ly %ramt‘aggg}l?ﬂﬂné% g'ﬁ‘elif tB g "ariabl es by,
for exanple, nunerical or analytical integration of one or nore

mat hemat i cal rel ati of&dt KK Bythnpl e, nunerical integration of 25 the
ordinary differential equations defined above can be performnmed to _obtain
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associ at edpwihhadible bi ol ogi cal system using one or nore mat hemati cal

rel ations. 30 For instance, the conputer nodel 302 can re‘g nt a fi 1rst
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bi ol ogi ca: Vlg?agg%z%gﬁ tlgﬁ of thig 1 é%aﬁlacta{‘ ThRiohS Qéb wh h&ft@Pblati iSRip S ¥ EHRES

bi ol ogi ca nclu i'ges |on sorption, storage, and
oxi dat i on varjables, parameters, and processes. This visual representation can include multiple

20 modules or functional areas that, when grouped together, represent a large complex model
of the modeled system.

[0035] In the present embodiment of the invention, the computer model 302 can be
configured to simulate behavior of variables by, for example, numerical or analytical
integration of one or more mathematical relations. For example, numerical integration of

25 the ordinary differential equations defined above can be performed to obtain values for the
variables at various times.

[0036] By way of example, if the modeled system is a biolo gical system, the
computer model 302 can represent one or more processes (e.8., one or more biological
processes) associated with the biological system using one or more mathematical relations.

30 For instance, the computer model 302 can represent a first biological process using a first
mathematical relation and a second biological process using a second mathematical relation.
For example, biological processes can include digestion, absorption, storage, and oxidation
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6 WO 02/093320 PCT/US02/ 15764 of carbohydrate, fat, and protein, as well
as the endocrine control of these processes. The mathenatical relations
can defi nwoiesact i ons anong vari ables (e.g., biological peanisabi®s) ,
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inter-cellular constituents, cellular constituents, intra-cellular
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pr ot ei ns mashenyatisel relagionbeansdefinglinteractenseamongt vasisbles (e pobiolagival vhriabigs),s,

e Bl P I AR e RloRE Gt AR A TRy "2

conbi nat icongit@ntsd 6QBGToRstiBENE TRMA-0E 0N oaEItLERS BT 2CORbiatiBe Micteof,[hat
bi ol ogi cal variables can represent, for exanple, levels or concentrations

10 of comakerpdhg Biolngias! avstem aSapstEratbed inglpde forexampde Megaholitesc PAA; and

so forth. e Vi i on : . i ol.ogi cal varj ically wll

be af fecr oty s itk BBl ooBY Srplel) AHETportBRL SRS, dRCEL Y S0
One or norEnpatboEudr Srempllee charidallprapied hiyleciles ko H GsuperopRlet;i 5P €. g. ,
genetic factors or sus%epti bilities) as well as external 1nf|luences (e.g.,
envi r onmEHEG ACIERIPETSJIDRRIN; @R & ol 35 IcaRbERfoRs A aggregpie TaPReE B AopART B15FY el at e
to, for lg,&¥aam the'Hi‘élB%i%Bl Mﬁle&‘%b&#&%res%s?dr_e gll(e,el QLIPS H&ﬁhﬁﬁr ate,
| evel of physical activity, nutrient Conposition gl et, food I ntake,

| evidl of of neressituentslsush gralhsma gluceseeinsolin,ifresufbitynacide and safioth, Erdbehavibort h.

0037] In.th t. enbodi t  of. 1 i t he conputer npdel 302
i[ ncl u!jesggﬂ’éee &esﬁg(’leg‘r‘ff‘ffi’:ﬁggfeﬁ 6’%§9aﬁ{$§‘¥@%%1g?‘%ﬁc’?éf Otng OFF%EG BarafRlE T onput er
nodel 302ndh§ded_39t}§%m}‘>uité?%dﬂéi B02.CORE bOMbAL A Rinete3Qan b6 Md BWpatifPn Y 308,

and configuration Z 310. The various configurations of the conput'er nodel
302 can Awphsis propedict {@ge aenasdadtors e sagcepishilitiey) f1f wcB s extoriel indlueneesi os can

correlate to, f.or ex I diff.erent variatio of the nodel.e system

navi ng. dfF Permitonpive P Risfors ok B Easte Ry len e Sk Bl R o R deritEs. o
bot1s. [ 0@R&hpIByinitaY bedy WighR basal itiRcleplabsshuyisd 0, ISR 65RREREH RYivithe
comput er nodel 25 302 can be a biol ogical system The observabl e condition
(e.g., aRuBlenteanepastioniadslicls jood intales, leviebobintsistrpl stanaking devel ebinswin r ef err ed
to as it t il e the underlying conditions of the biological
systemtae?as %{eg’e%fai%ggx% t he phenotypg cgn be based on genetic factors,

envi ronnment al [0637] & the peesehpémibodiennst thé inventiorathe @iguteriniodehsoart wi | |
under st and phenot ypes of_ a bi ol ogi.cal systemcan be defined with varying

degr ees SFcludss ons prLimpLe copfgursiionss Wathdeference ol - tie(computer mogel 302 1s
e . _ : typs ot A
phejot yp@ﬂoﬁﬁcﬁsl x :ﬁ'rf]iggxlaﬁoﬂ% 508 goe %}ﬂg’u&l\’? Ry G congglgl?g%ﬁ ?glgr Tﬂg% €

nore specific as a sever overwei ght con
various configurations of the computer model 302 can represent different model scenarios.

Different model scenarios can correlate to, for example, different variations of the modeled
system having different intrinsic properties, different external influences, or both.
[0038] By way of example, the modeled system represented by the computer model
25 302 can be a biological system. The observable condition (e.g., an outward manifestation)
of the biological system can be referred to as its phenotype, while the underlying conditions
of the biological system that give rise to the phenotype can be based on genetic factors,
environmental factors, or both. As one of ordinary skill in the art will understand,
phenotypes of a biological system can be defined with varying degrees of specificity. For
30 instance, a phenotype (e.g., a disease phenotype) may be generally defined as an overweight
condition or may be more specifically defined as a severely overweight condition (e.g., 90

kg or more for a human patient). A given phenotype typically can be reproduced by



kg or nore for a human patient). A given phenotype typically can be
reproduced by 7 WD 02/093320 PCT/ US02/ 15764 different underlying

condi t i orwo(0e/0ga320 di f ferent conbi nati on of genetic and enecrarsoeni7ed
factors). For exanple, two individuals nay appear to be simlarly

overwei ght, but one could be overwei ght because of genetic factors, while

t he ot her | d b vermel enyi ronnent al .factors such

t hose rel at ﬁu %ﬁf F?E%B@$e&%¢ﬁmiﬂﬂnBW%%%%? %ﬂlﬂ%%%%ﬂ%WanﬁWP er ent
confi gur atﬂa@tﬂfs) OFOIt &@nﬁﬂérw% endiviad ek n¥Zppedt tdBe diedilangbvetvei SRPhETRBt
different underlying conditions giving rise to a given Fhenot ype of a

bi ol ogi calcoulska aerwaighthesarseadispnetisr faptarss Bilatha qtber cogld pecguehweight

confi gur atﬁegﬁse ok eﬁJlFo %Eéitf%crto dal 33 #9& r%ﬁ'ﬁng Fcbg%g?ﬂﬁgst&f% eSPsrg&ht

di fferent enotypes o oglca system r-cer

appligati mcdmntoﬁffemntomg@iﬁ@mfﬂfe dolgpucsp mpdet s 0 exbede c&(ﬁaedﬂcﬁ may be
referred to as virtual patients, virtual organs, virtual tissues,
virtual cerpssentgifereniainderdung sonditigsrayingise so agyen phamgypenia tzolsg@ahay

corres pondsa/b%m d&# : neg%?% o ébniﬂmc}(lon cﬁﬁgreﬁt an?%BFacfltohy &t the cém h of Hidkel

patient ca represent a patient , a real d patient)
havi ng a giOZesan pbdafitgdie repregent difalers phswotppusndtlpaplogaabslstm. a part| cul ar

conbi nati on of r condj.tions. \ari ou Vi rt ual .patients ca be
defined to reprlﬁg:gﬁtﬁ%ﬁ’e %‘PlaQH{“éa UORY RHOTHEP %H@lﬁH% ’gﬁﬁemﬁﬁﬁerﬁ‘& P Bn

di ffegent Yndes fylng t@%@qi&da@ﬁaientﬁkzirﬁfanaitglaw h¥rtuaPFisduls, R RiHDBELAIRN Foyar i ous
virtual patients can be defined to represent patients having different

phenot ypestnstmstea«m)ﬂgeratmam% Yc3ﬁﬂ‘ agiuZa'}ﬂDm coregEndyo I8yal paiten® 1, nay

correspond t virt specti vel ere each v

ol | Somn e % dospretfyent b ot paierd B PR eprils  RRRECET Stk
gi ven phe%ftﬂéﬂgh %d 28Rendhehothps {d.€UA aise£s0 phénvaype) Bagd dﬂfw@ﬁ*&lc\/ﬂlm

condi tions 40 n the present enﬁo di rent of the invention,

confi gur atd nqaélog of unﬁ@lwngamndgm@t iVsmios sl ptienisecap bagafiead tﬁﬁa@‘ﬁsesmz

can assQci ers of the
corrpg er Oa? ﬁtts glg‘?%}l% b &gﬁ %boa(r%é%%g%é‘fég%ﬁ}hgéerhg&s%gﬁdg@ wth a
first set @ﬁerﬁ@th&tsebein MﬁijmmnamOQ@mfmgupmemmaf{ b3 @8finalytoleprasmopitinged 25
with a second set of paraneter values that differs in some fashion fromthe
first set wmgpsiaf ariat RenglpgR sAs pesther rxaminles confipairalions nd UetY 1S, pad 4idler

I I
val ues nay, zﬁﬂ&parg ot to xﬁ&ée%l cgfiex W@Z%@H%quﬁéé&#iﬁ@hér@%Ed}f‘\ﬂrtﬁél%al%an be

correspon neter value inelad st set of ar amet er

val ues. | rt&ﬁseatrtd @presartaare]l (egn falrgalr\mﬂcbcellz h3ifg rregyem ;ﬂ)snmypabadd whiah a

thirg(\)_J set of ara ter. val ue hat dlffers in sone fashion fromthe first
c

and ondPa&H %fco mgtien of Fader{ying gandition
[0040] In the present embodiment of the invention, a configuration (e.g., the

configuration X 306) of the computer model 302 can be associated with a distinct set of
values for the parameters of the computer model 302. Thus, configuration X 306 may be
associated with a first set of parameter values, and configuration Y 308 may be associated
25 with a second set of parameter values that differs in some fashion from the first set of
parameter values. For instance, the second set of parameter values may include at least one
parameter value differing from a corresponding parameter value included in the first set of
parameter values. In a similar manner, configuration Z 310 may be associated with a third
set of parameter values that differs in some fashion from the first and second set of
30 parameter values.
[0041] For certain applications, one or more configurations of the computer model

302 can be created based on a baseline configuration that is associated with baseline



[ 0041] For certain applications, one or nore configurations of the conputer
nodel 302 can be created based on a baseline configuration that is

associ at esowewds3basel i ne 8 WO 02/ 093320 PCT/ US02/ 15764 pacansiyis7eal ues. A
different configuration can be created based on the baseline configuration
by introducing a nodification to the baseline configuration. Such

nodi fi catjeanéanvdig. Udiffd@ft cBx@diRhifon AnRRIAEERId baied hAMIDEQi® . al tering
or specifying one or nore baseline paraneter values), altering or

speci fyi rgnfighratipo by dtitrasiveingra modiicgiondpitlbasslinegandigirgonr Ssgeci fyi ng one

or nore funetians repr nt.ing _interactions anon vard ables, or.a

conbi nat i HACERET R HhaREL ol Shalrdte B Rita¥ide QREP (o 7 WieGT suttithy e

defi ned, @&trh&e basyline Paraidt@ABBY ahe iy Gapedrasbehadidrbfiendasmabiene _
configuration by starting wth the baseline paranmeter values and altering
one dr noYaEablestAHETIE SEFREEYINEORAET BI0Te {artiens repjesdng iRigECens ARG val ues
can be deJa!ri'&ﬁl‘és,ao%a] Joﬂ{qﬁﬁif%mhfrgoﬁ' ?!ir%?a%ge 'o%céJ{h%-baéafrﬁac%ﬁﬁguJéﬁon R 078, 739
di scussed previously. ese alternative pdramneter values can be grouped
into diffdfiasd, dledrsonfigpatiasahey by akated bidedlonathabfelinsashfigtraiohibyatarting

different . configurations of the c uter nodel 302. For certain
appl i cat im?heth%éelwgéérmer%iﬁmg@ gﬁ%mtﬁpr}et%@mre ehthaheselmeparndielsed on

anot her Gy QSQWIt%{ﬂé@i@gg\%rg%eter fgiga %?fﬁé‘&efﬁ%&%%,if&ee)&ﬁfﬂ é,%gc%sh@mu!dsg 2,

1
manner as di scussed a 15 By way of exanpl'e,” 1t the np
sysi@m r efatas &t 64078y 30 hiéscosse previoustyp déies@@ikernative parahaeyi ahlessgsbem t he

conmput er nodel,.302.can | nclude paranmeters that, correlate tq.level of
Cnsuli n e Rt TRR R RAGHBYE Ao ot AR be St . dehna it Rbosi ¢ on of
diet), | exakigfhtibheohs e6MbhtsEmdUATAL! T8y cértiShp HcaOR! RbasIRE! Ve
signaling, and | evel of adipose signaling. Various configurations (e.g.,

virtual penfigaetyn gself pan hearpate@based dolandbor aafigaxatibe (elgf p difteretidasaling

associ at ec%nﬁ/i t Qt‘gi St iann(it see';dssdlofusva({ yes for these paranmeters. [0043] FIG 4
%Wféfgﬁﬁle TSP B M %ce screen that indicates various

illustrates

vi rtsial  pati eroe42jBy wagoflegarspleair ab hedest 8Rtem h:gse@éﬁte@by tHel doipupst | ent
402. Here, the baseline virtual patient 402 can be defined to represent a
basel i ne pedql 82 iy abiglogical pesirarije computenmpdel 3§2ican ingdwsieipataseetol thetbasel i ne
par anet er t : 25 i ' i St gnce
P ot rsoHRIER, g ARG oo bSO R ML 9

si gnal i ngliety lexal ofiprd-sbsetptiot sipasling hsel e pogealssogitiveisighaliagidngd 16vel 6Bl | evel
of adi pose. signaljng. Various_virtual atlenﬁs are created based on_the

basel i ne A%RASEHENRRS: e\%%ﬂ%fomjgwa‘mfér(ﬁ-gg vl BriisntD f e qomputrs sradehdl2
par 8iret erm}ahLigsi-a thARFEASHialRY KiliRdisticr 8 6 &M RN EMD M iEseNt

under | yi ng "condi t1 ons.
[0043] FIG. 4 illustrates an example of a user-interface screen that indicates various

virtual patients that can be created based on a baseline virtual patient 402. Here, the
baseline virtual patient 402 can be defined to represent a baseline patient (e.g., a healthy
patient) and is associated with baseline parameter values that account for a normal level of

25 insulin resistance (i.e., non-diabetic), a normal diet, a normal level of pre-absorptive
signaling, a normal level of post-absorptive signaling, and a normal level of adipose
signaling. Various virtual patients are created based on the baseline virtual patient 402 by
altering one or inore of the baseline parameter values to represent overweight patients
having different underlying conditions.

30 [0044] As illustrated in FIG. 4, three virtual patients 404, 406, and 408 are created
based on the baseline virtual patient 402 by altering one or more of the baseline parameter

values to account for a decreased level of pre-absorptive signaling, a decreased level of



30 [0044] As illustrated in FIG 4, three virtual patients 404, 406, and
408 are created based on the baseline virtual patient 402 by altering one
or nore oWotlkeIsasel i ne paraneter values to account for &cCudasorswed | evel
of pre-absorptive signaling, a decreased |evel of 9 WD 02/093320

PCT/ US02/ 15764 post-absorptive signaling, and a decreased | evel of adipose
signalin g [V 1 I, b : | 4 d
308, t ho SRRt Foking g SARSyeall 1bT of WG, o BB Ve Spct ety B o8 oy
gi ves ri s& thevirtual patenwedighd06 andH08,ale dASedstd lestlraftsaghaling Edreespdndsan a
additional virtual patient. 410 is created based on._the baseline virtual
pati ent W639%§quéﬁqtr%"e_§ rﬁﬁ@@feoﬁﬁ?’@lgﬁ cp “B%sgf iﬂﬁi'@trﬁfﬁaélﬁrg{%r“sﬁl ues to
account fofighdil Gi?mﬁﬁé]atflhﬁél-o iEQfeaEeﬁ%a%’édrc;rHﬁle bt SHuaf bidient ) ﬁ*}a@é&@t

di et corresponds to an environnental factor that gives rtise to the

over fiei ghsnecwmaoreiod the bagelitfeyratanesterwaltes ad agauiniefor 8 high?fagdatt. 4Aet the eirmpkat ed
based on the i rtual. tient 410 by altering one or nore paraneter. val ues
associ at e‘?f‘t’\ﬂ“i#(l; h’é@%gﬁ%ﬂé}ﬂe@ ng?quﬂ%{s B8 %lrg%?)‘ﬁﬁ]t fra?tBF that glé( &% ’é%f’s@dh‘_? evel
of pre- ahseiwéiMecHaaiRl ITeb ARGePviasIRASRd 419 ah@Y 8] alcrRRsi 5RES 6N Bl Ve
signaling, respectively. For each of the virtual patients 412 and 414, a
conbi nat i GriudfpasiantethPiyoatiesing ahe bmmprerpasadeter Yrdwastassociatet with gheveguali se to
the overweight.condition. [0045] FlG also illustrates that two or nore
virtual R AR bR Ry e ol o B Sl i e 4 St or
val ues. Tl & ofpBstidsaptosBichslliRdreshvtivedyamol 8achyf thdvighualHtiasts a1d afld oppi ng
sel ected virtual patients, individuall ééor collectively, into the "Val ue

Set Conpatlids 8 gompngtienof asenvijpnimeatahfastos and @ egngiicdactongiveaged torfke vi r t ual
patient 4 wvirtual patient 412 are selected. As shown in FIG 4,
t he basel%&‘%\}gﬁ‘%ﬁ’gﬁmﬁg’tient 402 and the virtual patient 412 differ in

t hei r par anmet ej0043] PE: 4r ddcaillastrites thaxadoi ortnadee vt patienadiabetcormpadgmal i ng.
I f desired, various parapeter values for_qne aor nore of the selected 20
virtual pAeiadnther bassd 08 PEpEamEit FAuEh s e agepmplishsdr f05 SFPIRIE oW 416
or 5 a SERASAL &nd W 'selelf P ' | ‘
configurati Hé‘é of tﬁggglgﬁgut e?g%rrg%e at?e%s%ﬂigg‘ﬁa%gwccﬁgg%lgﬁﬁ’g%ggog%e ‘;P,ﬂ@e
basel i ne St Contparia¢n” omindswrid 6/ Imkedreientdxatripde) tlopeaselincovigualpatiefitci02exdnpl e,

di scl osed, i n.the co- in nd . cqQ- owned. t .appli.cation.to.Paterson et
ol oo 55 ° che Mol A PR aRa SHEE B FlSh e e T R PSR AL RS
Qper at i ongie Wirtdal Batiteht 412 GRPUE BEir BamatbtPahREiTdheeto foolimak Rl Areat i on
Serial No. 09/814,536, filed March 21, 2001, the disclosure of which is

i ncor por sabserphEe signaling. riéflesitsdoearions paremeter ivaluey for he st mapptf thaséleried
glnsg(l) 0sS esvir%uﬂ%taﬁgrﬂs ]:::91{ b® Elrdgc%{e i} %ead\ga{htlé §erﬁ:l‘on§ﬂa%cl)r? ! wiidooH éﬁ%%tr e %ep%aﬁg d on

window.

[0046] For certain applications, one or more configurations of the computer model

302 can be created based on a baseline configuration using linked simulation operations as,
for example, disclosed in the co-pending and co-owned patent application to Paterson et al.,

25 entitled “Method and Apparatus for Conducting Linked Simulation Operations Utilizing A
Computer-Based System Model”, U.S. Application Serial No. 09/814,536, filed March 21,
2001, the disclosure of which is incorporated herein by reference in its entirety. This
application discloses a method for performing additional simulation operations based on an
initial simulation operation where, for example, a modification to the initial simulation

30 operation at one or more times is introduced. In the present embodiment of the invention,
such additional simulation operations can be used to create additional configurations of the

computer model 302 based on a baseline configuration that is created using the initial

10



initial simulation operation where, for exanple, a nodification to the
initial sinulation 30 operation at one or nore tines is introduced. In the
present ewbadiopasad of the invention, such additional simecattisoniperations
can be used to create additional configurations of the conputer nodel 302
based on a baseline configuration that is created using the initial 10 WO

02/ 093320 PCT/ US02/ 15764 i mulati on _oper.ation. 1f I ; e

si mul at i oﬁm%%qoéltqp&ﬁagl_oﬂmﬁ %eélra efute § %Flr%ﬂﬁfolnr%) ersagﬁ)?l |L {él%grll)ts %?%ugérde%?é one
or nore " shRuciGRAN bdbfedine @ sndé “ithislc CemmguRition®ofihe 30Rputel oideld 02y, a
"stable" configuration is characterized by one or nore varjables under or

subst ant i lypigaly pr steable”egnigurtionisi diaiasterizedbyguaeranarcagHables Bader st [ 0047)

FIG 5 illustrat zf?{g) -af . ) f .screen indicating a

vi rt ual 8%&#@%?ﬁ§6§ﬂ}?%a és él?[;erélﬁlég?%%%dfdét%% cgﬁcgtéélgl ine virtual patient

502. sln this exgo#7| FIG! hdlusithtes i bxdample onh usd4nicefhed teemsindi9ftingop vicinaldi ab;
x 4

decreased pre-absorptive signalling” i.s ¢reated fr he. basel | ne virtual
patient 502lqHBE4 that icreatesbased an g basedine Vl“@gpkﬁqtégg'&twpi% ®asel i ne
virtual pati fed ) 41.E0 L LibesiRatiigatis(e. 9., a
10" hoal t hyBEF pals SEERAPRATE S0 R pbR o ARl e s e SRR i

basel i ne icataddatonp éte testlireOArtua patite 502 flabetad d4séBasginegpetientarYOdngdeandi ght

Pt esent o bt e basmanesagambov: ToBuah bp de o ey Seeah s DR PR iR G o
dropped i AtaukNRtieReWE Dot bhtdht PoPLRERA Trom e BasdHe virdd phtigit 802 t ual

patient 504 c be’cr eat ed base on this baseline virtual ﬁlpatl ent 502 in
accor danceamb¢ Hefirted torseineintl® eijeswrightpptient avag aggsireased layal dare-absorpiive

09/ 814, 536. indicated in the "Patient Definiti rofocol " w ndow 506,
par anet er S@éﬁ‘& n[i‘q‘éﬁ%]?r?am[t SX‘I’IB?E/I& tﬁS#’aiﬁllg-e X@&?B%t%evgsgf%%a‘ﬁ G%ag%e\aglna%ge

speci fi ed dicgpea irfth B ‘Glakion TOSRIIRGNA ProtécdI Cwidb® J06eand the wirtuad pitiedn 50564  As
shown in FI 5, a nane and description for the virtual patient 504 can be
ent ered byesraatadrbas¢daytis haselineovirtyalipatipricdg in aecerdanse withehemehods

descyd bed ve, . Qo t , . « cation
Seri 1 o TOBYE ST AeBlodton oL R AP AP0, R iR PR bt DRRNIGR, 2
are provi gestobol” wayddf 560 papinsteranthes a¢lhed o leoelf dfgue-absonptiveaiignalihg carobput er

del 302 can_b ated b ariety of oth t hods that may. d
Al tor nat | PBRYCOIT ATEBATRILeRER (ot He HBEhBULT0: (D EREDEAC: Pobas)
For inst | OUS.-cORELaUrat L Ons: t different
or 1 nstaGfe Taié@ﬁ%&#@ggﬁ?EJJ'tﬂé‘(r%ﬁ%wﬁﬂﬂ%ﬁ%gﬁ{e%@%eﬁ%ﬁ?a L€hr esent difteren

25 portions o system® suc avi or of different
portions of thqoous]dt sohuldstysteergrnizad that the methatie descAbpbatidvenbastd vh&l.$rodel ed

Sy T RETL DS LAl Lk Rnchl O DOLe e
of the computer model 302 are provided by way of example, and various configurations of
the computer model 302 can be created by a variety of other methods that may be used
alternatively, or in conjunction, with the methods described above.

[0049] For instance, various configurations can be created to represent different
25 portions of the modeled system, such that the behavior of different portions of the modeled
system can be simulated. A portion of the modeled system may be defined structurally,
functionally, or both. By way of example, a portion of a biological system may be defined
structurally as including an inter-cellular constituent, cellular constituent, or intra-cellular
constituent that make up the biological system. Alternatively, or in conjunction, a portion
30 may be defined functionally as including one or more biological processes associated with
the biological system. For certain applications, one or more mathematical relations of the

computer model 302 can be identified as being associated with a given portion of the

11



structurally as including an inter-cellular constituent, cellular
constituent, or intra-cellular constituent that nake up the biol ogical
system AwDerngi32ivel y, or in conjunction, a portion 30 maychasdeiizned
functionally as including one or nore biological processes associated with
t he bi ol ogi cal system For certain applications, one or nore nmat hemati cal

W th o o PeHeGORR B ¢ ettt SE0s SRR R ISR B B S oy
and a contikgupialdpesifEas ohe ofebidieshntiary@pdsisas for theog oranopandthanation] f or

exanpl e, specifying one or npre boundary conditions for the Pne or nore

mat hemat i eelptionse The oap T nprebmEapr corgitions giay gaaRle tiRbayishe! FRAPLTERASI e t he
behavi or of .qne o yar | ' L b opr e

mat nemt | A AhoRe pithiht B nBRREhER Rl o BOGHRINER F,

ot hers var isght@sially afdep@rideatiy ef otheboatindissy Foohdiancgn boandarg pendifign tdre

behavi or of one or nore of the other variables in a tine-invariant nner
(e.g., aspesifydhebehavioref oge oF mersefthe ﬁ@%‘éﬁ%ﬁg}es(“é agime-nvanant MatpeT e Zrer or
a peri odi Vaki g3k HG (MBS A M RQE ket 6 o Beriddidiiahab®s t he
architect (é?g%g&gg%%&%ﬂggg% @ ?f&%#ﬁrr(eg&%z tphat can ebe aggedlto valr?date a
conputer nodel (e.g., the conputer nodel 302) in accordance with an

enbodi nrent of the invention. The X/a-i dati p structure 602 includes one or
more stinulus- response tests. As—éh\‘gﬂﬁ—'?—g—lﬂﬁé—o THCRICS  the validation structure
602 jicl udes aA@(ﬁOt] ISk Mtk thesBaReaird 654 $alflifiod Bu@wR02@hat can be
stinul us-response tests 612. Wile two sets of stinulus 15 response tests

are shown used Iv@lid&e aicompntanimpdst (e ctbgnpmputer meeld2d inaccpulspcawith apf

stinmulus-respqonse tests can be.used.dependi t. ecifl ] ion.
o051] A coipgme: pEBsmeapBe e S SR Y AR o P BB
per t ur bat irgpohdtabsts.ans BRovP Rl FEH 6, thedvalivgitinegrusiusé 600 indhidbes esttof stimulus-
stinmulus-response tests can simulate stinuli that_differ in ashi on

one
from one aespohesrtestBgOfiand aetof stipnbis-rpspogseigsts Ghputtleyasetsd sHaulst i dat ed

t bi al qgi Sh . L ol at
it us. arpitelR R aFtah PG, G BlEI LRI i of B e P “cn e

appl i ed tsamallieipBke flstseys be msabdependihg de thef specificappli@tionest s (e. g. ,

medi cal tests) such as _pancreatic clanps; gasiric enptying; hypothal mc
tests; infusi o804 Ayptimslie-resneuss tepf cag| Eéﬁg’é‘?ﬂto GHEE %F&'H‘}S nd FFA;

| nt r avenols, ghuges fal OhPIANESH ESL ndlER sEHEOBRALRLLHHAE: kapbisc itk oS
insulin secretron experinents denonstratihg acute and steady state insulin
response tsimulpteasimulighatodiffer inAddiet fagnial fremamelassthef. By waylof ekanpladéat est s
relating to envi nt al

behatl or (c@m@_wger rgfpgi'e t_othg,\mliggtga ?%@?éﬁ%%dﬁ%]@tgﬁgfs%s{e%, aatsitirr}glh}sgregpeo%g(ia {13 can

simulate a stimulus that can be applied to the biological system. Stimuli that can be applied

to a biological system can include, for example, tests (e.g., medical tests) such as pancreatic
clamps; gastric emptying; hypothalmic tests; infusions of glucose, insulin, glucagon,
somatostatin, and FFA; intravenous glucose tolerance test; oral glucose tolerance test; and

25 insulin secretion experiments demonstrating acute and steady state insulin response to
plasma glucose. Additional examples of stimuli include tests relating to environmental
changes such as those relating to feeding behavior (e.g., short-term fasting, long-term
fasting, single meal per day, multiple meals per day, caloric preload prior to a meal, self-
feeding until equilibrium weight is established, and diets with varying nutrient

30 compositions) as well as those relating to changes in levels of physical activity or exercise.

Further examples of stimuli that can be applied to a biological system include existing or

12



fasting, single nmeal per day, nultiple neals per day, caloric preload prior
to a neal, self- feeding until equilibriumweight is established, and diets
wi t h var ywog2ne33e6 ent 30 conpositions) as well as those relcatisoyi1i7e4 changes
in levels of physical activity or exercise. Further exanples of stimuli
that can be applied to a biol ogi cal system i nclude existing or 12 WO

02/ 093320, PCT/ LSO/ 48764 i d
xposur o PPAURERET SEPanoh b RueT JeaT oyt ARL8HoSRe ARGY STfpelfaeRE e, "

i1l ustrat ggesefphqproart to create a stimulus-response test in accor dance
wi th an enbodi nent of the invention. The first step shown is tp define a

nodi fi cation t 00525 FEGpiltustraten a Slow derdo pr58ie.2 muleerqsa?weéeﬁbm gPidgnes
the stimulu %@%ﬁﬁrﬁeﬁt%ﬁ% 121?6:19{%%6 lr’ﬁ';te?irst | dhb&atid metfﬁe%%d‘?ﬁcmh% a

conflgurafN € Cco 0 sinulate a stinmulus applied with

respgct t Qo@ﬁ@teﬂihoﬂﬂr(ﬁeﬁﬂdﬂ Eoresrtin applidyions yheodtinexasvpsponse ¢ast cguﬂefme@ns
of the conputer nodel nmay mchde various virtual 8‘?‘%' ents, .and.t
1

sti mul us- MedHsatian feere @FRorefepgwatonsithg copupwer Iﬁ‘éswa}t%%t“@iuﬁ’lsual
pati ents ta?;ﬁ?e'd%ltﬂe%t)@ct ?‘rféﬁde $m5re teﬁ ScepRRd. &y Way of Bxanilt, %ﬁﬁ@ﬁﬁh&ﬂ;’[cﬁ"

[0053] In e presen e 1nvention,” the stimulus-response
test can ke com;ﬁxﬁreﬁbdwndlghndudrngmmrfuabmuems amdﬂnnetlmmlmcwomfot@ets@es
represent ed_by th i cu

sti mul us- F‘@@i&fo?h%’é? b erhﬁé( a’a?‘ésa‘fl’é thg‘ﬁi‘ Eon?’ﬁ’é‘?aée XF?S%&‘P fnoegRPEE Bne or

nor e grat h%%dsﬁgﬁwﬁt@' at| ons included in the conputer nodel, which 15 one or
nore mat hemat | rel ations can represent one or nore processes af fected by
a stimulus. A[Oﬁﬁ]ﬂnﬂmprmntembbdimenﬂ@fth‘f We@mﬁ?%s‘ilf@l PareapaRse test %’a%

Spoci fyi g Bl simbRe SRatR ST ot o Ry BEIBGR: RprofndF o inifnd 00

or more f el oNSrd SRtQIRNY, thestintlas-fahbescsdoninbe ct‘éatredapldeﬁmngta a
conbi nati on thereof. The stinul us-response test can define a nod k@ﬁtl on

20 that i and@ﬁqaélonm pRRioCEgresnahrmalioa) relafnna Acdudadyn the compuliia
ther LS ng ﬁ] eglingﬁllle:}rﬂacaltrglgf;for%f caﬁtr%ﬂ}w g§?ﬁé SthateGodses Affected by a

sti ication‘can be int roduced

stati cal | xéubmwsem aRdifEatoe car 1ntmﬂe, foee:amilern pasdmesic ehirgeag., oltering @
nodi fied paraneter values that correlate to a sti Al ternatively, or

| :
in conj un@PeHYINGONERIANITE PATARHEI RS alt?ﬂqgoﬁﬁé’@‘é} ug?ha(‘,’]aﬂrlo RPN ate a
stiml us tﬂﬂﬁbléss a %ﬁ&dsr?'eea)fﬁné'oﬂgo%ofé%ﬁét%s %}Q&htlﬁguﬁeractﬁ)ﬁ Taﬁllé‘ﬂ’gse

manner or a perr 0 Instance, a nodification can
i ntroduce dradylﬂasmoc a chmbmatmh tleeréafg The stmpehlsfryspngsqja$tm ﬂeﬁnwmée”lcatlon
cer tZad nt Iﬂrlrae[ ?s tct))rbeflgtrroguceg ta?icerlh};, Idyrrr?an%légl?y, of 2 combination thereof, depending on the
type of stimulus simulated by the stimulus-response test. For example, a modification can
be introduced statically by replacing one or more parameter values with one or more
modified parameter values that correlate to a stimulus. Alternatively, or in conjunction, a
modification can be introduced dynamically to simulate a stimulus that is applied in a time-
25 varying manner (e.g., a stepwise manner or a periodic manner). For instance, a
modification can be introduced dynamically by altering or specifying parameter values at
certain times or for a certain time duration.
[0054] FIG. 8 illustrates an example of a user-interface screen indicating various
stimulus-response tests that can be created. As shown in FIG. 8, various stimulus-response
30 tests are indicated as being grouped under folders 802, 804, and 806 labeled as “Metabolism

tests”, “Feeding behavior tests”, and “Component tests”, respectively. In the present

example, a stimulus-response test 808 labeled as “Short-term fasting” is created and can

13



[0054] FIG 8 illustrates an exanple of a user-interface screen indicating
various stinmulus-response tests that can be created. As shown in FIG 8,
vari ous sworelogss20 esponse 30 tests are indicated as bei ngCgrusopedeander
fol ders 802, 804, and 806 | abel ed as "Metabolism tests", "Feeding behavior
tests”, and "Conponent tests", respectively. In the present exanple, a

stinulus-response test 808 | abeled as "Short-term.fasting’ | >r eafed and
can 13 V\Q)‘«‘ﬂ@/msé@@aWYWWBXIWEPQWQE%O ﬁﬁﬁ?lfiﬁ%éhﬂi%%m% %asﬁ)ljrié %? nor e
virtual pati - ' SOt whiloM & 185 tHeGimuss-resputise adse808 deflRea
"Stimul usﬁﬁrlcga?%d(szlglttﬁe {\fmﬁt%g@sgio, th‘éV stoi mul us-response IEtgeﬂst_ 808 defines a
modi fi cat kpdifidatibn méthpestect © mpamastetalues atlated to &odiintake & sipwints shoakiemo
sinmul ate short-term fasting. 5 [0055] Turning back to FIG 7, the next
step showd®sti82t o define one or nmore neasurenents associated with the

modi fsi cat i on (i@)(?g] Ahing bAcK BEFION 2588 hearERPAhERAts @f definB@nt bympdte on, a
nmeasur enent ca e defined such that a sinulated response can b pr oduced

when the eooamurteentasecitte] witk thetmellifieation (stap dP4). nthpispeas @ﬁ‘@%‘%%ﬁenf

dification. If. multipl [ j
St mul ue. fpALisT £t Gelta P I AP A TR AR L AR BB e o o

the neas U?%%@&&wh&@fhe%&ﬂ@itéi gl iserbiaebbased oreaiuthe pessencear thee def i ned
to correlate to a real -world neasurenent. for. a stinulus. B

\ Yy wa f
exanpl e, infodifieativonpimskiploaersurapiisan dstinedyop Pc&@‘ieéa?ﬁfr%’}l?ffémonée test, a
measyr enent_can ., be defin I j jlidhtEas,
Toastlr onodimiapd palfe (ld fr8a kR i caliPof e AkaEuOREhEDEL A erin &Pl [ Gosel
Typi cal | y,3 héRuReidnntdn wndeiined toremsdlate tenreai-svopldsnchsoremenefopa sipyudus. By

vari ables of the conputer nodel or based on .a functiop of on [
vari abl es vy afisgamplepifithe compiie] mogs] f?ﬂ%@“ﬁﬁ&‘&ﬂi"%ﬁﬁ?’&%ﬁ% r?tm%agm% eem?El

i nvent i on tcf%ﬁngcﬂoib&)inteiljﬁg tin %@@Hﬁ%ﬂﬁaﬁmfni&@ﬁleﬁﬁnerﬂé&%r Ptesmahiie applicdne or

. 'he L
nore vari elﬂ)l €s or based on value of a function of one or nore vari abl es.
For exanpltethetdakgicah®ystesn.can i ncl ude a value at one or nore tinmes; an 20

or THative dedpbberymin P dsEnol Pt A Eenpb T PR I e BT €

m ni mum Vadf'l‘%é d?gﬁltm&élloyﬁéseﬁioﬁ% fahctiol dTioe B; widhr¢learidblesmf die computerm
val ue; area e?o a curve when values are plotted along_ a given axis
(e.g.. tinmydelairethegerent embadimentofdie inseniws, hedefniionof 2 MISYemep; FePeaxi s
(e.g., tine); patterp or trend _associ 1 : ar e

pl otted altﬁﬁ%ﬁ ‘?fplj‘i‘l}}%ﬂpﬁ %”E%fe("émga?s ?riaﬁr?g%%X‘f}g{llgégfh'@%f;cﬁégﬁg?ﬂiéﬂﬁ?ﬁe;

aver age I a}giapfes.CRaNS@nHle, dnssdhrd@ients el Biclide a bttt ioat edmard times; wal ue;

nunber of iInstances a val ue exceeds, reaches, or lf al ll;S {)?I OW 1 ative decrease

20 absolute or relative increase in a value over a time 1nterval; an absolute or
in a value over a time interval; average value; minimum value; maximum value; time at
minimum value; time at maximum value; area below a curve when values are plotted along
a given axis (e.g., time); area above a curve when values are plotted along a given axis (e.g.,
time); pattern or trend associated with a curve when values are plotted along a given axis

25 (e.g., time); rate of change of a value; average rate of change of a value; curvature
associated with a value; number of instances a value exceeds, reaches, or falls below
another value (e.g., a predefined value) over a time interval; minimum difference between a
value and another value (e.g., a predefined value) over a time interval; maximum difference
between a value and another value (e.g., a predefined value) over a time interval; a scaled

30 value; a statistical measure associated with a Va;lue; as well as measurements based on

combinations, aggregate representations, or relationships of two or more values (e.g., values

of two or more different variables).
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anot her value (e.g., a predefined value) over a tine interval; mninm

di fference between a value and another value (e.g., a predefined val ue)
over a tiweomu9seval ; maxi mum di fference between a val uerPamdsanai7her val ue
(e.g., a predefined value) over a tinme interval; a scaled 30 value; a
statistical nmeasure associated with a value; as well as measurenents based
on conbinatio e r

mor e val oy (oS oAb A AR ERLH OO e Al BRI B G

02/ 093320mP¥sStt dliiéhi? c 1D FH defirled For7d stEhﬂus—Qespbhmést 802 s linthe xesetll exadiple] the
user-interface screen thaézl ndi cat es how a rreasy,rerrent can be defined for a
sti mul us-fESHBHESPERsEtesy§92 lappled g %ﬁ‘%@ﬁ@ fastigp can be aEsignediore PLBFesponse

test 902 h@&%&&n@i ASBR 1&12'1@ §%oﬂgmegﬂﬂeﬂ&tgﬁe%gﬂﬁ?s&g}ﬁﬂ% o{®Ple% 2
neasur enent s own I n , varil ous neasure . 9., nmeasur ehrent s
910, 5912, arfl Hrdalslel asitpbisers ghacospVisloe agl Lbass)” s msulﬂxﬂ(\hﬂmar )12,

"pl asma |nsul Val .at 1 ours)', a porta |ns n at 12
hour s) " b%%i)e»c'ﬂmﬁv Pyl By B 12aorS] - rosae i s@%&?fgg ést 902.
A nane f Oftinful HEAIPSREREE 902NARBHRTLES ﬁﬁaw}e@&ﬁ%ranﬁoe ehteﬂ%a hRBder 15 AL RITENT

to one or nore variables of a conputer nodel. In the present exanple, the
measur emeneasgiedngng td pmekardnere varighles aiiﬂ@)mMGr me@leiremes)reshet dxample, dife pl asma

gl ucose. As 10 sh v tion al ue 904 ni mum
S0, e ettt gl ikl ¢ ksl BRprePR AR el Bl of mlidind et Ah.
resppnse ¢hawnif AIGOYULESudaRRMs g avilas 9@Jp|rﬁmhﬁum\/¢@'60ﬁa§qnﬁﬁﬁ908 QBRL 1S

| i nked. One_or nore of these options_ can be establi shed by def ault or

sel ect ed fohheredndisated siuph thaha eigélrlatgcbée@p@nse §an bP étqdiuwd baspd pha veriehein
exanpl e, Mﬁ*;h Qﬁéa%e%%ﬁ 1s§111,§§d €5hE8r m3Rd fttF Se ev aﬁ‘i%%t stibHstled &ec{efau?d as

t he val ue he va representin P asna gl ucose bt 12
hours. ASor$hIewadlum addotilanBe withtal uer- sp&:ﬁl’e‘d&blecﬁ@ﬂ Mth%@@é:defu @Gnipld, tige

measur enment. Far ﬁtance a neasurenent nay efined as the _maximum of

a vari abI‘%Pt’(‘:PHr9|0ﬂ@S ered pad, themeasprement %quﬂmde@@e(bas the valye of Hgariale
houis) . Bx%géntlflgrthéﬁ%ladf’f)la% e Sgh?cﬁa%é S héhr N fm@sgtlh‘esihte%ﬁ' be

defined to simulate a |sap|edtoaport|6n a nodel ed
syst em t ccag\balspedified forr almadzawicorentf Fax 1ﬁﬂarmepa measwémmtammm (mﬁnmb dethe
representing the porti As di scus revi o rtion nodel ed
syst em mdy? '@%‘Pfﬁéﬂ“@’?ﬁr%{n&‘%wu i }né‘?’fé{?l(ﬁ g;ongg o%'h%?%t ain

appl i cations, [BOSS|OFor RSN IBhGHBhE, GaintBhStdshtRe Mt éeﬁpoé:&ém!e&% SIHRﬂ’a% acan

be identified as bei ng associ at ed ‘with a given portion of the nodel ed
system atiehidussthpig lapplidee paosteont efsa modeled bystatefa enathatothe bebd vaoreofa stl mul us

D0 o0 e X R s ORATBIG SRR AP o
a modeled system may be defined structurally, functionally, or both. For certain
applications, one or more mathematical relations of the computer model can be identified as
being associated with a given portion of the modeled system, and a stimulus-response test
can be defined to simulate a stimulus applied to the given portion by, for example, defining

25 a modification and a measurement based on the one or more mathematical relations.
Typically, the stimulus-response test will also specify one or more boundary conditions for
the one or more mathematical relations, such that the behavior of one or more variables
associated with the one or more mathematical relations can be simulated substantially
independently of other vgriables. As discussed previously, a boundary condition can

30 specify, for example, the behavior of one or more of the other variables in a time-invariant
manner (e.g., as a constant) or a time-varying manner (e.g., a stepwise manner or a periodic

manner).
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Typically, the stimulus-response test will also specify one or nore
boundary conditions for the one or nore mathenmatical relations, such that
t he behawvorozo93zene or nore variables associated with thecernsopiseore

mat hemati cal relations can be sinulated substantially independently of

ot her variables. As discussed previously, a boundary condition can 30
specify, for exanple, the behavior of one or nore of the other variables in
a time-invari antO0SFhARgmyles-gpsponss test eanalsadeiinedy prafersnee fordestundatingn Messt
(e.g., as i r r.Lodh G : 3 93

beTT Usoa) 18508 EBART fof b tE sk ine BRRGus e Bl Bt model
pr ef er enceifftior stinedtis-madadsenegt ishedéfingddalki, by chamgieg b aiddifidation ex aFpdv@ement
reappl ying the séi | Us-response test to a conmputer_nodel if the

sti mul us- r ESRYAEL Wil sumplugaesprEse teeh gne ohinos sonfigwgationsetiibeicempriss or
measugenen ' j t ' = g re

confi gur at %1’18%?%%%&;6 ﬁ{é&gg\r@gﬁ’u@eérﬂgn%gg}& %hsz gagg%@%ggalggg ags.s?&%gd g’ﬁt%l e@ i ng one
or nore pasarigustion) threenassaonaded dself tshredefinedfé.gg by atterdmg one dren@enput er

nodel itself .is redefinped.(e.q.,. alterin e or nore .mathematical
rel ations W@F{?&éﬁaqirﬂaﬁ% lé‘glﬁ‘g?ﬁ '@_BM%HBP‘?? rg‘_Pg‘“g)’(% R f}}?éﬁofr?‘e The
pr ef er encepkfirerdce For teRdpkibtite: GAMMEINGS Vafou¥ %bti&‘r'sssu@HTa&,%lsex?ﬁél?tl‘e, AftondaBically

exanpl e, autonmatically reapplying the stinulus-response. to one or
nore conf i GaPRlyingike gtimelus-respomsedest ¢o prssor morenodfigimadns(pd., petapyptiviasy t he

sti us-r e t.e one or re confi ations upon .receipt of a
userﬂ-rlépeci frfdéﬁﬂ@oa%ﬁ%pﬁﬁp%ﬂ{e Sﬁ&hﬁﬁ"ref%%r{se El%g i 17y e ﬁ°8]bf{‘%ﬁ1°fnc§rup8ngi ven
sti mul us- resgpne isesspaticdmnatind(ies ieguiited @batids). OAnTPLSS R difen
accordance with a user- specjfied selection. Because certain )

sti mul us- r SUPYRsEesPse dest gaybe esiablished by defpals povplestadds taccastiange atithrajuser-

sel f-feedi wntf | I 14 b | 1 S. ' 2 ure a long 15
S Ul at 1 ort ey e s SR cehid Rl B RHARE AGRTEE , TRt (0

sti mul us- resphitisg setlétedinpaumts euiliprifrweipltus bstalsshed)paaf feq@ire Otorighe ot her
hand, .ot her. sti.nul us-response tests (e.g., a _stinmulus-response test

si mulf &t i ngﬂ@HiaSPalﬁnb% He%fg’ebet %qsgﬁ‘aﬁc@(tﬂl@ refuiged, that gushy timpilpssresponse tpts behor t
simulatio i t ) i 0], Wth
refer encer\bstef)h ICI?H %llﬁ?%thg)glﬁlﬁ%ga?(? %fﬁlg{s?trﬁtiic}%gra ’eétge Z%Aﬁbg%g%d@%}:ﬁs%gggé e or
20 nore exyisotletraspeso tesesintudatingenaralnginess tolenahestest spynsquiteaschtivély shown
in FIG 6, ,the. val.idation,structuyre 602 includes set of expected
responses sélf% Sé{gg]%h?%ﬁ@&antc?flEﬁ%e%él_gtfoﬁ?uw’g?ﬁl‘?ﬁ?ﬁ}g’%f‘%%onse tests 608 and a
set of expect edopegPWitasfebkite aSBIG] AR atdhilord fRucBRE 603 cardiisdicHR: bRSBPNSE

tests 612. If rrulticgle measurenments are defined for a given stinmulus-
respdhse tBale experedIasparisestoranss meare shnlusapspossatssioc Aatshavmint RIGars, the

expect ed rﬁ?iﬁ&@(ﬁlestltu%{ure 602 includes a set of expected responses 610 associated with the set of

stimulus-response tests 608 and a set of expected responses 614 associated with the set of

stimulus-response tests 612. If multiple measurements are defined for a given stimulus-

response test, the stimulus-response test can be associated with an expected response for
25 each of the measurements.

[0061] An expected response to a stimulus-response test can be based on actual,
predicted, or desired behavior of a modeled system when subjected to a stimulus simulated
by the stimulus-response test. The behavior of the modeled system can be, for example, an
aggregate behavior of the modeled system or a portion of the modeled system when

30 subjected to the stimulus. By way of example, if a computer model represents a biological
system, an expected response to a stimulus-response test can be based on experimental or

clinical behavior of the biological system when subjected to a test simulated by the
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25 each of the measurenments. [0061] An expected response to a

stinul us-response test can be based on actual, predicted, or desired
behavi or wbD oogsael ed syst em when subjected to a stinul uspsrrushzimedd by t he
stinmul us-response test. The behavior of the nodel ed system can be, for
exanpl e, an aggregate behavior of the nodel ed systemor a portion of the
nodel ed system when 30 subjected to the stinmulus. By way of exanple, if a
conput er miidellurespesetsss Rorlvedhingipphdations; sneppecierd wrpuse tua plgspltse to a

stimul us-response test can be based on e ri mental . or inic b Vi or
of the bi JFEGREA ests%ﬂ%ﬁ’r@wéhe’?ﬁ%ﬁe‘gl%% Ofge V%Oéffs"&aﬁ%ﬂ ‘?ﬁé& I%%/‘%l e&'i}

02/ 093320 Pl dulbRéfed 3d B 4timSlisMSbS rdn@6 BPBSRvVIoR $hn affey, fGkh@ble, appidsalabf ons,
an expected response to a stinulus- response test can include an expected

range of behatpwyofsbesmoileleddysigm hasngdifésrent intyinsie prongass, dikisreaé exgmab a
sti m;}]us. .Sﬂch ranﬂﬁ @I behavi or can arise, for exanple, as a result of
vari at i ong™oFRa °h38et ed system having different intrinsic properties,
di fferent exterpeas2]oAs SHIWERNTES. 60the batdT stiQfdbspdissteat0B andtHe sebof t he
set of stinulus-response tests 608 and the set of ected res ofnses 610

ex
can be usexpefedEspensendtGegndisuscd jhdelineguaspoRse PR et 5% agg the set o

stimul us-rest ¢ be
used to. der ARG eopdEt terleototnd iy BPbyRhicBHRRERRE CIETROBS Bkt Aeily T
in FI G 6,reigonstpk @ 665, IWhile cogrispatbetyms anshewarin[F6s6 riespoiblee t ypes can

be defined depending on the specific appljcation., Morgover, whil.e response
typek0 A GG&"Weﬂé@%&&% Of {52 ISP S tﬁ?eégg%bﬁgeé'ﬁg\mpf 78,08 Sae%lﬁ‘f of P
expect ed [ HRRCARGS ’Mblteo§%}%hﬂe lib%g&%%@% 26604 i}ﬁfre%icﬂl'sé’%e@ma% @acH ype

need not | e a set of expected responses in all applications. [0063]

Sel ect i on showngndugingg sef ofexpedtediesparisay, it shondponergnizsd teat argiven responsd 15
expect ed responses . to.cyreat i ven response . can be gui ded by vari ous
consi derat%‘gg?ed 194 i1l 31%’8?’? © thf?fHBIFﬁeﬁﬁé?ﬁ é?pgﬁﬁﬁ?{ﬁ’s of sets of

stimul us-r esponpes3|t SAt&ioAnd 2edupird of £3ePBEHRANINSSRBPERIekAMmdesiBe t O
create various response types that can be used to validate,  a conputer

nodel5 Forexpeetediaspeipssh tcerbito agiven resopemiype egiplee sdifdedbby HEiqussantideraiioisuat e

the simlagrity.in hehavior between o r i ' e
conput er rg%q%m%ﬁﬁﬁwo%t%%u;{%gsa&gg OSER Iéﬁ }u(rér%P{Pso gégesgé%ér)l%gi si%{ess():fg and a
nodel ed sygipesrediRPoissdbcarbeshalOtorcredt varifusstdpousd typeshhiataadeliged foevatidate of
stinulus-response tests. Provided sufficient simlari tytdiégn%fﬁehav' 0

;
exi sts, onecarpyerBodil FRece st MMplicalionsnd TN AYREAP HS ¢ valatsdheised
for furt hﬁ&il@ﬂ@ ¥ lefavibt Bhtwed Sl FhNHE c@ﬂ?éu\féﬁcﬁ])s of the computer model when

20 subjected to a set of stimulus-response tests and a modeled system when subjected to a set

of stimuli simulated by the set of stimulus-response tests. Provided sufficient similarity in
behavior exists, one or more of the configurations can be validated and can be used for
further analysis (e.g., predictive analysis).
[0064] If desired, various response types can be defined with respect to different
25 variations of a modeled system having different intrinsic properties, different external
influences, or both. For instance, response type A 604 can be defined with respect to a first
variation of the modeled system, such that response type A 604 can be used to evaluate the
similarity in behavior between one or more configurations of a computer model and the first
variation of the modeled system. Also, response type B 606 can be defined with respect to a
30 second variation of the modeled system, such that response type B 606 can be used to
evaluate the similarity in behavior between one or more configurations of the computer

model and the second variation of the modeled system.
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[0064] If desired, various response types can be defined with respect to
different 25 variations of a nodel ed system having different intrinsic
properti e8p odiodF3er ent external influences, or both. For PoItBNTE764 esponse
type A 604 can be defined with respect to a first variation of the nodel ed
system such that response type A 604 can be used to evaluate the

simlarity inb i bet ween,one or nore conf.igurations of conput er
model and the fﬁ':ﬁgg]‘ %@pis ]?JF‘Hﬁdg’ft%Fﬁ@n%@B}l@‘& ‘Ltﬁgﬁe_&%’%u%‘? oﬁtggﬁlﬁﬁg]@dt ype B
606 can besdbd B8k Hbitthe SHRE 6ApcbRd3eshBnSEG U el &kt r&Qbodsae nodel ed
system such that response type B 606 can be used to evaluate the

si m | ari t yAteordiabhy b siimbluswespongsiestdhat soneates afidhgfimatliioees befereatesl adrgaot er
nodel and t he c vard atjion of the eled system, 17 02/ 093320
per Usen; 1655 %5 Bha AlRH! Shahie b FRE hEe R R Bl i B e rRpani
vari a§ i onsrefiorksé 6r AR EINE Bx Sy RHBRPOALse F0I Ristantd) @epBAR: (9pPRAG0AGNH BS&PBAKE Of
different expected responses. Accordingly, a stinul us-resgonse test that

si nul at es e R &6iasninpdudeanelss negre simalugriespease tegfe inuewamon bulefanvecledd f er ent
response t ' | | @t ' he xpest S.lesponse or
it or ont S8ERnlBlpefielThag A R A, Mihlhul SRR PEG P UBs-ERER
response dxapmlEotfitnidasiresparist td3tsamd e@pedid @sdnsedthbScan@eRRed® de@imks i n
comon but can include different exglgct ed responses to each such

st i mul us- r' B8loYREBsPeRss types (egre, Iosnonse Pe A @4 a4 regoagg fype & 606). In the present

Stimyhus-r Fes 8&&%@3 @%%ﬁﬁ&&ﬂoﬁ&%@%ﬂé%@%%@ﬁf gﬁlgﬁﬁe BSrithiRd L 89%1 | ne

vari ous responsé types response t response ty 606) .
I n the pressnt 1002 aadasphmlusesposs est § pe0dA BepoasedypeApdddncltdgpexBedd@b bot h

include a stinul us-re est. a, 1002 and a inul us-re nse test 0O
1004 Res fETRSESES U6 AGQHOS ok JEILRSEBOBEF topiak S Uhe BBt dRr eBBoReEt he
sti mul us- r@%@ﬁﬁ&&%lﬁ%ﬂ%@ﬂ%& B%M&&és%%ﬁ&?&?re%}ﬁﬁfses 10304884012

respectively, while response type B 606 includes expected responses 1010
and 1012 tpdhe stenglus-msposertest pdife2 and e sind@respanse test B i D0, respectesponse

t est 10 respectively. T ected responses 1006 1010 to the
T ueer e GRRRES HBSiots 1305 0 FTERS RSl iRPERSGRe FOP 8 1P0L mpR b e
expect ed raRUrHRFeréMO AN 186)dhel&décled résPonset i1 008 bkt 1EI2ASASSstiTlis-rdSpdifiedestiBY
be the sane or different. Wiile response type A 604 and response type B 606

are shown f Hed4mmpenbe thesameiordifipsente Iitesiespanse yper 6dhenshrespanse oaiBd6dse

i j 4 e Q6 . ngl ud
o000 <k Uiy LERRBIES BRI R TR MO SRR AT

appl i cat i asspdnS®6pp ABFOANEM refpodxatypk B 60d caprificlade MBreLoMedststaiulBakipmts are
to be validated, a response type may be referred to as a patient response
t ype0 For PHSEheRIEmoR dgisafve Owg%smmﬁc application.

[0066] By way of example, if one or more virtual patients are to be validated, a

response type may be referred to as a patient response type. For instance, response type A
604 and response type B 606 may correspond to patient response type A and patient
response type B, respectively. A patient response type can be defined with respect to a

25 patient or group of patients of a particular type, such that the patient response type can be
used to evaluate similarity in behavior between one or more virtual patients and the patient
or group of patients of the particular type. In general, a patient or group of patients of a
particular type can be any patient or any group of patients that responds to a set of stimuli
simulated by a set of stimulus-response tests to exhibit a set of expected responses to the set

30 of stimulus-response tests. For instance, patient response type A can be defined to evaluate
the similarity in behavior between one or more virtual patients and a patient or group of

patients that responds to a set of tests simulated by the set of stimulus-response tests 608 to
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604 and response type B 606 may correspond to patient response type A and
patient response type B, respectively. A patient response type can be

defi ned vwoOh2nespect to a 25 patient or group of patientsPofi/isopai7ed cul ar
type, such that the patient response type can be used to evaluate
simlarity in behavior between one or nore virtual patients and the patient

of pat | one¥hBH the sohaf pineciearEpypies B4 B ByiapBeiart ok fybaiGopedf cat o
pati ents 4,BaLef&SBUWIRatethsinflariff inHehIHbi betWb&HbH Qb it batnts and a

stinul us-response tests to exhibi't a set of expected responses to the set
30 of sti patien or gsppnrdpatiets that Esponds s assof teste simniataddypbase of yp@uiscan be

defined to eval yate e sibmlarity in avi or between one or nore virtual
patients 5‘??’80%5633?? @’ré{z’o‘?"?’&q{)th}ﬁs‘_?}f%eﬁ% oltt) PP esponds to a set of
tests simul at e%ém]] tHAE c&@lin BpplichiioRY, H patids BP Bffp o phiFer®OS, 4 FarfiSu¥Oype can
02/ 093320 PCT/ US02/ 15764 exhibit the set of expected responses 610. |na

simlar menmespongg & patient esgions ef pytipatseicapartidarnbeneizpe (s ey/partietlar t he

simlarity.in behavior, befween one or re _virt t] pal i ent
or group gfseﬁsa?tq?’gﬁ?t@ ?)hﬁl?&?gagt?gﬁﬁgp quse pean be dt'églé?(g%sel%%%%ttgéd]gg@apﬁg}ns et
of sti mul BehaviQHRENER SrRIr $nd?d Firfual patlentyi dndtthepstiint 6f growp 6 paiEntsafplnses
614. 5 [0067] For certain applications, a patient or group of patients of a

parti cul apaxtigplar phenotynsr ies mskace.@alienfdesnonse pe gr G eslelipad ngtrgspggt tga
ticul ' i i ent
¢ ecpithoe PyRaTBERABE drplens B £REL bR, MERERE, SHRROL ISR Ik, Gaied’ 0

bet ween oRdthoespet © apaticnbdr granp efpaicandasecqudtphendtype. Tjsbadd bé revapniged s
of the particular phenotype. For#s ance, patient resFonse tfge A can be
def i ned withah 2Pakient aespoBseYRe caLhg dafined Wit Igepschio LEPTR At Ratishts pihe gme

phenot ype F)hgrgg{/}%arg]ft ‘ﬁ%m? RRPRBR MRS c6RNi8%s éie&{'l't}f‘f'e?% ecttd 4 Pgﬁg REPAtidrs a

patient o patients of a second phenotype. It should be recn(;g.nl zed
that a pathaeng diffspotmhenotypes, pridsd pdtiéntn efisushtgnoupesybatnt sufficigntgropupomsity

pati ents of. the.sa enotype but. having different underlying conditions
or v&e{h r€§B§1&V1qr3VT§eng§B Btea¥§§§$i°éhﬁ?8§' havi ng different phenotypes,

provi ded pati enpgesyirisueDilfisRbRs 8XBiddhile 59k Lb&LigRifacOsmamahdititinkba Sdtient
behavi or when subjected to a set of tests. [0068] FIG 11 illustrates an

exanpl e ofresponsseypé ht@) thateanderceesited ysinend orgnerepiimullistrespoaspispise n thse 1102

h b d, usi ng... iyl s - | ,
brasent et angis bR eRosfRbBe 11 DM B RPN A Jonghekle, o
non- di abetang'is deFmed iwathdekieae A dbsd aRinetdibbetRpatibase geoup sfpatictitab®hisc

patient or group of patients. This 20 patient or group of patients may, for
exardfl e, mepentoEaTouR ofipgHets Bdkt fofaxataRles IgPregery @wiznglieaat markeh B 3HEW AS

shown i n Gty ldheraf§" hQYRowA IS 1! GARRE SEmbAREsdhSe RSR A RL&Hat¥h Whth
the patient response type 1102 by, for example, dragging and dropping the stimulus-

response tests, individually or collectively, into the “Stimulus/Response Tests defined for
this Patient Response Type” window 1104. In the present example, six stimulus-response
25 tests 1106, 1108, 1110, 1112, 1114, and 1116 labeled as “Short-term fasting”, “Long-term
fasting”, “Oral glucose tolerance test”, “Single meal”, “3 meals/day”, and “500 cal preload,
15 min before meal”, respectively, can be selected from the “Stimulus/Response Tests”
folder 1118 and are associated with the patient response type 1102. The stimulus-response
tests 1106, 1108, 1110, 1112, 1114, and 1116 can simulate tests that can be applied to the
30 obese and non-diabetic patient or group of patients, and actual or predicted behavior for this
patient or group of patients when subjected to these tests may be available. By associating

the various stimulus-response tests 1106, 1108, 1110, 1112, 1114, and 1116 with the patient
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the patient response type 1102 by, for exanple, dragging and dropping the
stinulus- response tests, individually or collectively, into the

"Stimul uswBaegpmize Tests defined for this Patient Respon®eTSpE15764 ndow
1104. In the present exanple, six stinulus-response 25 tests 1106, 1108,
1110, 1112, 1114, and 1116 | abel ed as "Short - tern1fasting", "Long-term

fastin "Oral glucose t rance.test I """ 3 al s/ day", and
1200 031 ' HBPBSASP K Bnits DeBRGPLOh RO more Bisel YT oy ETGEH S r om
the " Sti mylus/{ -RespP ﬁlciréﬁsﬁeﬁavmf Ghdehe dlhBreNtualgatiass eam 8L oidmdanw e

patient response type . The’stimulus-response tests 1106, 1108, 1110,
1112, 111#$pamd3ﬂmkﬁneanﬁgmnmiapelﬁﬁéts that can be applied to the 30 obese
and non-di abetic patient or group of patients, and actual or predicted
behavior for this patient or group of patients when subjected to these

tests may be avail abigin almmsmaqreidwanmbm te Vit I esponse tests
1106, 1108, 1110, 11 pati1en 02/ 093320
PCT/ US02/ 15764 [0069% ﬁbnse my@@mmswcmm d@ﬁh@m |1fcnan<ble ugerkfos themyrposgiaft ual
patients ¢ e eval ua ed r r i.C r,
and one o?’glffkl?gg\? PrPY erﬁlé(fd%iéﬁ]%fdﬁ%ﬁﬁ%%raye I |t§° g%ﬂvﬁ%tvﬁﬁd%eé cég}% %? ﬁfqr%feP

patient rasip@ASAlidstRM skliBthre, acddrding td/ah baidbdiaientbf e intfeatib® Val i dat e
Comput er Model [0069] Once a validation structure is defined, it can be

used for the pldQy@Edhefirststapishawnig FEG clonis e assorigieame orpgre eonfigurfions 8f es a
fl h
QA5 ind AT & BURY Rl TR RIB Rk AR L oS che,

FIG 12 i presentaatodimdée of i inveriongthe vafidgionatricinse intluddlore e noaapespense
nodel with one qr nore sets of st us-response tests (step,1202)..1n the
pr esent eRR§HidREFECHTeSPOfISE tYR?ét‘?Pl“é‘ﬂuéet"r\%@t\?gF Rulis-esPeRse Eﬁ%r%"‘?%@’ﬁb’e one

nor e r?i?s?@ﬂz?ﬁste]% Y PEH) caft RFtaR A6 I LRB RS Br InbREc At Mohy 8LHA csRbuf
stlnulus respo ests.

Accordingly, "the first step (step 1202) can
entail as smdehmthgnonenmre ITBPaNSE LHpieE. gExaanemsf @Bomatmmdvnmeerconﬂgd@ﬂlom th

one .Qr nore response types. i ations b twee rations
15 a cOhpbed utr‘?f)’a’é? 1((ﬁ8‘iﬁ(a%étcﬁgl f? aff(#éﬁg ress@%‘}se ﬁéaé‘%[“ypes of
a val i dat k@fiu® éhé&%t fhe %aﬁéfﬁfo%stﬁ&@ré’@l&%é IQ5traed BRI, 83 6%)'511@@@ in FIG.
illustrated in shown in Fl configuration X 306 is

associ at ed3ydonfigneation As20G lypéSOAla&ﬁMIth\mSp@n&%mﬁ 6041 White qomsraﬁiog Y 308
eso0ct 2t e ML ERMRISE LG RO FRTSHEIRARRE B R . 200, (00511 00, 7L,
sel ection, and[§0T] DR FmdTOLEn %Jr@tﬁdrﬁdn@aﬂéf delHetadiih @bcordaite dthasweei at ed
:N: |t E@tar a'? lgge%g‘ﬁerdg‘;%s . ype S]r];eecgr n?os(/easlellegt%a Icgllr’llﬁ;}rgtlljo%ts %tar? be Eés%cla&;cll with a
given response type of the validation structure. FIG. 14 illustrates an example of a user-
interface screen indicating various virtual patients that can be selected and associated with a
patient response type 1402. Various virtual patients can be selected by, for example,
dragging and dropping the virtual patients, individually or collectively, into the “Virtual
25 Patients” window 1404 for the patient response type 1402. In the present example, three
virtual patients 1406, 1408, and 1410 labeled as “90 kg obese, non-diabetic”, “90 kg non-
diab; decreased post-absorptive signalling”, and “90 kg non-diab; decreased adipose
signaling”, respectively, can be selected from the “Virtual Patients” folder 1412 and are
associated with the patient response type 1402 labeled as “90 kg obese, non-diabetic”. By
30 associating the various virtual patients 1406, 1408, and 1410 with the patient response type

1402, the behavior of the various virtual patients 1406, 1408, and 1410 can be evaluated
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interface screen indicating various virtual patients that can be sel ected
and associated with a patient response type 1402. Various virtual patients
can be sewewmtmeus3by, for exanple, dragging and dropping tReTSOY/ LETb4
patients, individually or collectively, into the "Virtual 25 Patients”

wi ndow 1404 for the patient response type 1402. In the present exarrpl e,

three wvirt patients 1 4 and 1

non- di abeft Lat% Oﬁ&“ﬁf)ﬂé%ﬂ éf%“? gté%%&%oé g%ééﬁa ‘ﬁ%]r‘g?*}‘\}’ee Vs*ﬁlﬁgﬁtg Mhg”, and
"90 kg nOfbsgé@l@OﬂQ% @ﬁsfgq,oﬁggt@,ggm();m gnal i ng", respectively, can be
selected fromthe "Virtual Patients" folder 1412 and are associated with

the patient re$(ya}&lteypsivelapor ma:pg]uggths one Or MGretsaRAIse Hiss Bl hesplseted By

30 i at | he th
oat hent - r Bupsatcins Yb o3 Pepid paRGitno Mt g op BEE e b gl
14065 1408an Be1sksd4ded am Deivey adm@mmnw R ARG IBAEL. P@’[GUB@am&ateaan such

that one or nore of the virtual patients 1406, 1408, and 1410 can g
val i dat edeydmpie of agpadnterfges srecqpdndieating wsioyn patiqn Frepeusg yPes st e

Al ter nat i yaloted g hoA80H WA ARuaYAREA1 SFBI §of BROBRR: HtpGRe TR 060

sel ected “Tn accordance with a user-speci e one or

nore sel e@él@@tedB§ﬁbﬂ@&ﬁﬂ@&ﬁa@nﬁgﬁ@d&&op@ﬂgdieqiaadnwne!;p‘onae tipes individbalijuerat i on
of the conputer nodel. FIG, 15 illustrates | e of a yser-in ace
screen i n@pRestively, ke theSatient Response 4 Pﬂ%‘?’@é‘dag}]%ﬁ“i FPORSH T g V%‘@ﬂ%‘@tlgél and
ass%' at e?o \c'}h%t}lrﬁll]aﬂlgd:tfeﬂﬁbdiat]hgl{ga et exYRP1E PhBieRabigibe PSP HIBANKYBOS Ccan

sel ec exanpl e ggl ng an d’ropp| ng the patient response
types [ ndhbe:ledwal“PQkgpbesceohd)redtabvtm”w,ndl“ﬁﬁkgtObese' Piabpteatt reReespivplyecaRlises and

Sti mul us/ Res st dow 1504 10 vi,rtual t

the pr eseﬁ‘?e1 Et;iﬁrﬁ%t% pg"[‘t?eé’ﬁ CTROLEH HERESt %@g fﬁé@gngm Tgﬂg% (;13’% Iﬂi gtgal. 90
kg obese; nogr d5ePabbkd 2890 kgﬁoﬂf-ﬁla%b@&@easéu pheedbis6rptive SigAstibyveBy, can be
sel ected 1Promt he "Patient ResSponse zl'ypes folder 1510 and are associ at ed

with the ‘assopuahg thetairions patBORrdspense éypead S0@andchS HRowitl fhetyirterd ppidepd 402

pre-absor t| v nal | i i

Pypdd” 1e0BeTodR e oyt aifony 1307 Sl pleE 2 b BBl A BB SBOReE
virtual pagh B@{/alild'a% Wil rddpect Yabupdratdoewlihd fratent feeponise typas 15Ed arelnit508502
can be validated with respect to one or nore of the patlg éll§response tXPes

1506 and 1508. [00T30 75y shAgfngh@“J\ﬁ 15 epghopatient regpauge Beies] etesEt
i ncl udes RIEe ﬁl%prgép%&lggtgﬁgﬁ g% oP i 5 1rliu J,_T.Egl(s?t?o}? g@g 2 15¢5 tl§ 1 §-5311% 1(390)1&37 %I'OVIded

| ndi cat i oRs ovi de to represent
preferenc @(Srép@éseﬁtq&éfetmﬂed fon gesaﬁlﬂmnmughmcmtddhmltlhme$t1nmlumspoaasq:)tmise In thet s.
In the 20 present exanmp preferences for test updati ng%}l ncl Udil nanual

t est2dy pdatpif%@nta%‘am@i% pg‘gfergmea et tegt updating igalude mpmue! sl ppdaineas well #6e g, |
i medi at e aﬁfon%q t&ft uﬂ@aﬁ)hg at various times (e.g., immediate or end of day).

[0074] Turning back to FIG. 12, the second step shown is to apply one or more sets

of stimulus-response tests to one or more configurations of the computer model (step 1204).
In the present embodiment of the invention, once an association between a configuration

25 and a response type is made, a number of calculations can be made automatically to
evaluate the behavior of the configuration when subjected to a set of stimulus-response tests
associated with the response type. In particular, the configuration can be automatically
executed based on the set of stimulus-response tests to produce a set of simulated responses
for the configuration.

30 [0075] As discussed previously, a stimulus-response test can define a modification
that can include, for example, a parametric change, altering or specifying behavior of one or

more variables, altering or specifying one or more functions representing interactions
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[0074] Turning back to FIG 12, the second step shown is to apply one or
nore sets of stinulus-response tests to one or nore configurations of the
conput er wodelox3si ep 1204). In the present enbodi nent of PCrASONYEM i on,
once an associ ation between a configuration 25 and a response type i s made,
a nunber of cal cul ations can be nade automatically to evaluate the

behavior of the canfiguration en. subjected to a set..of sti.nul us-response
tests as m;véﬂ%st’ %r?ﬁgmgg@ﬁh%ﬂgreto 'pg". tthF RTSSPL ST uqdé@?ntt%éﬂgégﬁ%tl&ﬁf ation
can be auty@fBtd SathbMatil e oPassbnutdrito ket lal@fe with Melbsdifiespanse tests
to produce a set of sinulated responses for the configuration. 30 [0075]
As di scus deitodneed by thel sfimudussterpanse tes, 68 ba selvedrumenigally &y arempuigs¥FiEcat i on
that can ipcl.ude, for ex | G/ , teri . i fying
benavi or Srigia tgorifysf 46T GrapPie MGERd by ilAAAE PRy Bl MinithicaREEint

f uncty ons i epmas ert sfBLidnitfRICuhpuing, 2dd sHRiS2(JeARBR 0993 UAfisd RIfivi Pressdng
vari abl es, or a conbination thereof. In the present enbqdi t of the

i nvent i on,For gxamplasnurenricahintageaion afithy o1dHeo lfﬂeFF@tléb?ﬂslatl%t%S%a%q? pregioRly
with the ToALEHGRLAA 1ol BlaiPHERbAVAibNE AVaABLYinEEHRASA theifbaiftATble

sol ved nunericallTy by a conputer using standard algorithnms as, for

exanpl e, @ush valsedof the Witidblanoahl, inRoss be atedab prddmee phe at mReciipektdd i n C. The

Art of Scientific Conputing, 2nd editiop (Janyary. 1993) Canbridge Univ.
Press. FdPSPQR%%ﬁPTe?nerﬂEI%QTP SfASYIRShS élFﬁ’EﬁI]‘%F H’Pn%‘“&&%ﬁ' SPQPSg e 'gr enti al
equafd ons def i ngehd) TRy Catah Y %lg%ﬂo 2 0RE b REFEF Nt uLRiAdMRe Yk A blapplied

vari abl es at vari 0635 Limes ba on the nodification.” Such values of the
vari abl es teampnfiguretiomof the coaspaet wogelodingdinkné simulatinneopstaniohs eedescrikssiions es

for one or re measure S i for the stimulus-response test. .1
10076] - ForUSehPRierian SEPUaTs SO 4ot Gurms arSio JLrSRRRE bt be
applied tfayEhQRENBY iPAdcBRafte Wi af HTRMISHURTOR bpétaiidr] ahd MsBewingmul at i on
operations as described in U plication Serial No. 09/814, 536

] . in US Ap !
di scussed iptredriction b§a modifidatien defired by agimylusresponss toshele penfignetion sy ke
accoydance wth.an initial sinulati I af . ' :
"t rbact rreor el LG B8R SRR B oplRlioR e inked o
conf i gur atth@hitid ¥irdeatidboprativnt &l wiy afeenis) oae bt tdorostanwlns-nspensadesid i onal
sinmul ation operations that are linked to the_initjal sipulation gperation.
By way of assagifstdewitha@atient Fespense typeiranse appheh i yEpLPaSE I EPe T b a
patient r . . i to a virtual patient using the |inked
si mul at i o?‘gg@'?g‘% ?%eﬁgtl(g‘%srag?%ggag %e. [0077] If multiple configurations
are associ at ed [T I&nniltyee corefgnoations tygpassoddatedvithfa giPdh epamsé types esppofise

tests associated with the response, e may be appli
20 stimulus-response tests assocPatted'S w1t1t1 ¥1‘Pe respo¥1se type may b%dapg)ﬁe& Q)ethe

configurations simultaneously, sequentially, or a combination thereof. For instance, the set
of stimulus-response tests can be initially applied to a first configuration to produce a set of
simulated responses for the first configuration. Subsequently, the set of stimulus-response
tests can be applied to a second configuration to produce a set of simulated responses for the
25 second configuration. The set of stimulus-response tests can be sequentially applied to the
configurations in accordance with an order that may be established by default or selected in
accordance with a user-specified selection.
[0078] If multiple response types are associated with a given configuration, sets of
stimulus-response tests associated with the response types may be applied to the
30 configuration simultaneously, sequentially, or a combination thereof. For instance, a first
set of stimulus-response tests associated with a first response type can be initially applied to

the configuration to produce a first set of simulated responses for the configuration.
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configurations sinmultaneously, sequentially, or a conbination thereof. For

i nstance, the set of stinulus-response tests can be initially applied to a
first comvogamgdseon to produce a set of sinulated respon®es/ufsor/idhe first
configuration. Subsequently, the set of stinmulus-response tests can be
applied to a second configuration to produce a set of sinulated responses

for the 25,second configu ation. The set of %tinuLu - response &ests can be
sequent i al FYPEBSRIIEC 15Tt of SRS RPPRTeTh A Seu AR I theow! ERP IS er
that may bgpesiabd ipphed tcbﬁle@%ﬁﬁ%urhﬁ&{ toSRb@sk@tebdhd REELIHAANER] MbFdhsés for
user-specified seleCtion. [0078] If nultiple response types are associ ated

with a gi vile cenfigurgfinmatThersetsadstimulus-response igsts car po sesmenteallysappbiedis theed

e o

firsts setabrdahddWHils uk&Spesisied kgsdtionassoci ated with a first response type
can be initial l%@%@]pl ied to the confi %rati on to produce a first set of

si mul ated respo Yath refeeence e Florla fhsrihirg stepehopn 698 30 layoneusgmre st 4
Sub t - t i - j 1
S e RSy ORI Sl SR 0

second setInahe piestlt airdddingsp onNtrInfedtiontdwet 6 Dsifnuditedicsponsesitud tealisplafed
stinmul us-response tests _can be sequentially applied to thg, configuration
i n accor dai9E 8ack @W%l%rh?we@ﬁaqon%gk}raﬁ@né% apgspemedyrs, Befisplayingongor ect ed

i n §9Lac c Olﬁxgﬁ{‘kﬁlﬁrcﬁ’isﬁﬂulgtﬂ?mﬁ%g%gbg&gﬁl JFohk Bpmoké)%ﬁi]gu}%ﬁ)ﬁs tgld ence to

FIG 12, the step sh ay one or nore sets of sinulated
responses éwaiuatreswwh thatrone oo nforg vorigumtene tant bevalslatedtveth respiet to eitesy A@E6) .

In the present enbodi gent of the invention, set of .sinulated.responses
can be i SEFBREHPRY  F GoH AR B L PSP R e SR R 4 P S5Ri0a
response typitatBYndbrfPABYE PPa@8&, or 10 nore sets of simulated responses,

t he behavi or of one or nore configurations can be evaluated, such that one

or nore confi guil8Ploisndtiplelseniiguratiensade adso¢iated syitica given tsponse tynsy sets of

or ovitiea tdmapsd it G B BPhER g RE G BRERYS pub By Al pRiRRE” °" P

confi gur at ¢msaralve 2281566l TG GNllubtrReDiVE&ANTES PONGR - intPaceSeiesn @at displays
simul ated responses for two or nore of the conflgunatlons can be di spl ayed
to all ow %@n‘%é@cbnemp@smr yaiaps viteal patgents assedinted gthapatieatisronge type

user-inter e e i .. Sl e e i
vi rtual paI| ehthz ﬁgesrg g%elﬁlggfeagﬂ%aﬁ a%brgﬁl g%ke%rrtsefs%%hz(g&?%(zlé% %‘%‘? %yﬁ?ekg
present exgonpliab; deébreasedviretabsdrptied digmilBngl’6 090 kd Hi6Y6 diabndeciBél pasbabsptinge " 90
kg non-diab; decreased pre-absorptive signalljng’, "90 kg.non-diab; .

decr é8sed %E‘&Ih%ﬁ’s @ﬂdp‘fS]O\}g non-diab; decreased adipose signalling”, respectively, are associated

with the patient response type 1602 labeled as “90 kg obese, non-diabetic”. As shown in
FIG. 16, various simulated responses (e.g., 1612) to a stimulus-response test 1610 labeled as
“Short-term fasting” are displayed for each virtual patient. The simulated responses include
values of various variables (e.g., variables representing levels of plasma glucose, plasma
25 insulin, portal insulin, and so forth) for each virtual patient at 12 hours. While simulated
responses for one stimulus-response test is displayed in FIG. 16, it should be recognized
that simulated responses for one or more additional stimulus-response tests associated with
the patient response type 1602 can be displayed as well.
[0081] If multiple response types are associated with a given configuration, sets of
30 simulated responses for the configuration with respect to two or more of the response types
can be displayed to allow comparative analysis. By way of example, a virtual patient can be

associated with multiple patient response types, and sets of simulated responses for the
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20 signalling”, and "90 kg non-di ab; decreased adi pose signalling",
respectively, are associated wth the patient response type 1602 | abel ed
as "90 kgwolemesszmon-di abetic". As shown in FIG 16, varipcwaissr/mrbat ed
responses (e.g., 1612) to a stinulus-response test 1610 | abel ed as
"Short-termfasting" are displayed for each virtual patient. The sinul ated
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sti mul us-fegsRPR el Picte 38 ARGafibAdedohle tyhBe patient response type 1602 can
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a gi¥en confi gil@pP82] lorihe prasentembodimeit i thetinvention penresw andrg sets k€ expected
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one or no of  the patient response types. 5 [Q08 In the present .
embodi mento0gt %Yrﬁsnlmgﬁfhwpeﬁﬁ TespomGH 40 b fe S etnagsesfgs g yaEgus
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FIG 16, e‘user-interface screen a ays expected responses 1614
to the stiah) ush tied poasemorest the Girtial Fatentxitdd; baD6; e biSemn be4lidated ude

expected | evel s of plas | ucose i.nsulin, portal insulin, and so
Forth at 13t frsored oy Tl e mRecumB B0 Wit Sineslia Bipordys hbotpaiuEa; a
for1s patieg§ivnsdfestds Aisplaybd BAFICG NS it 3RSAE bB &S gizbd tHah Sk fedtel @8 poh &I RONS €
type 1602. By displaying the expected responses 1614, 'the simul ated

r esponsesPieer mdie agditippal stimplystngspongeiteists associpgalwith 8@datianides®ds: yan be
eval uat edléroglcgﬁ'g?istp t@e expect ed responses 1614, such that one or nore
of the virtda %a IBiYEY 1684, 1606, and 1608 can be validated with respect

to the pati ent[0083PDiahgBeRR tdBIR. 12\ el R xestBe sHoveh i @S PANFAS ohO®br ABL: sets
stinmulus 15 response test is displayed in FIG 16, it should be recognized

that expedfiseaulpied peseasesifel onegianese capfiguralivnstighene gumersisals of exprstase tests
"S53 i g 906 R SRRORSR ke 0 50 Nty
nor e set shetween a configuration and a response type, a set of simulated responses for the
configuration can be compared with a set of expected responses associated with the
response type.
[0084] For certain applications, comparing a set of simulated responses for a
25 configuration with a set of expected responses associated with a response type can entail
determining if a simulated response of the set of simulated responses is substantially
consistent with an expected response of the set of expected responses. If a certain number
(e.g., a majority or all) of the simulated responses of the set of simulated responses is
substantially consistent with the set of expected responses, the configuration can be deemed
30 to be validated with respect to the response type. It should be recognized that a simulated

response can be substantially consistent with an expected response without being identical

to the expected response. For instance, a simulated response can be substantially consistent
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of sinul ated responses for one or nore configurations wth one or nore sets
of expected 20 responses (step 1208). In the present enbodi nent of the

i nvent i orwofoe9aach associ ati on between a configurati on 20W/tS02/€FpbONSE
type, a set of sinulated responses for the configuration can be conpared
with a set of expected responses associated with the response type. [0084]
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indications (e.d., 1616, 1618, and 1620) are provided that indicate how
si mi | ar | ytheexpiictedliraspoasdsyl 6 A @sspataiadmwitly thetpatientpespoust type 1604 and 6 g6lidignd

160§O co m%gli%attlgn c?an%%tpirgx'}ltde(? basdl 3t %vh%{he? %ts}n%ﬁ%t%d %éssigﬁsie or g V},I\jcuta pe%tlrc]a%t 16‘?15t ent

within the one or more ranges. A range for an expected response may be automatically
defined based on the expected response or may be specified by a user. In the present
example, an outer range and an inner range can be defined for each of the expected
responses 1614, where the outer range includes the inner range. For example, an outer

25 range and an inner range can be defined for the expected level of plasma glucose as 70
mg/dl to 110 mg/dl and 80 mg/dl to 100 mg/dl, respectively. As shown in FIG. 16, a first
validity indication (e.g., 1618) of a first color or brightness level is provided to indicate that
a simulated response for a virtual patient lies within or at boundaries of an inner range
defined for an expected response. The first validity indication can be used to indicate that

30 the simulated response is substantially consistent with the expected response. A second
validity indication (e.g., 1616) of a second color or brightness level is provided to indicate

that a simulated response for a virtual patient lies within or at boundaries of an outer range
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response type 1602. In the present exanple, one or nore ranges can be
defined for each of the expected responses 1614 associated wth the

pati ent rwopenss2i ype 1602, and a validity 20 indication ean/use2/pi7evi ded
based on whether a sinulated response for a virtual patient lies wthin
the one or nore ranges. A range for an expected response may be
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specific application. [0087] For certain applications, a determ nation of
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be nmade bﬁv? nore v
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set of sinulated responses for the conflguratl on with a set of expected
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e vali accor dance wi t present
e rrbodl e ndespadct tofwgllvewmslbcbml typeian ibe $éc&lﬁﬁed by for example, altering one or more

parameter values associated with the configuration. Once redefined, the configuration can
be reprocessed with respect to the given response type in accordance with, for example, one
or more of the steps shown in FIG. 12. If desired, the configuration can be further redefined
25 and further reprocessed with respect to the given response type until a set of simulated
responses for the configuration is substantially consistent with a set of expected responses

associated with the given response type.

Using Validated Computer Model

30 [0089] Once a computer model has been validated, it can be used for a variety of

applications. For instance, the validated computer model can be further evaluated to
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configuration that is not validated with respect to a given response type
can be associated wth one or nore additional response types and processed
as, for ewemplegssa2eshown in FIG 12 to eval uate the behavi @cTafSor/iges
configuration with respect to the one or nore additional 20 response types.
Alternatively, or in conjunction, a configuration that is not validated

wWith respect to a given response_.type.can be redefined for .ex | e,
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By way of Ip%ﬁé’ﬂ’f%ﬁdifﬁré?ﬁ%fo% Eofﬁﬁ%&%séﬁ’d@@d R e gifehnRebaist fpegspect to a

patient or group of patients of a particular té}pe! and a virtual patient
that has been \8092]dtozdertdin applidations padtual stimhbis sanilating # siipelus eant hpe can

be used to predi ct behavi or.of the. patient. or Q of i ept s t

par t ff ul arapig{}?fﬂt.o a\)f%lf’ﬁﬁtﬁ%{ o gAY W%attﬁmgpo%g@]mglgw 85%2‘3"%{&[ ﬁ%lug{atlaesn ngt to
di fferent {patiipAted’ BERLNERoA WOER r6ddnB o teatintudus) e dins embeliaiena viftual
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pati ent r etipuhitsecanypgsteatqdioeananmer siguler i habisst e ateplsrsstimulysteprpase &8t nul us
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stimulus. In addition, the virtual stimulus can define one or more measurements associated
with the modification.
[0093] By way of example, once one or more virtual patients have been validated
with respect to one or more patient response types, a variety of virtual stimuli can be
25 defined to simulate existing or hypothesized therapies or treatment regimens or to simulate
exposure to new disease precursors. A virtual stimulus can be applied to a validated virtual
patient to produce a simulated response to the virtual stimulus, and the simulated response
to the virtual stimulus can be used to predict behavior of a real-world equivalent of the
virtual patient when subjected to a real-world equivalent of the virtual stimulus. For

30 example, a virtual stimulus can be a virtual therapy that simulates the application of a new

drug to predict its effectiveness on various patients. As another example, a virtual stimulus
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Thus, a virtual stinmulus can be created by, for exanple, defining a

nodi fication to one or nore mathematical relations included in a conputer
nodel . Thwom®9se0 nore mat hemati cal 20 rel ati ons can repr @eSEMUSODNT6Hr NOr e
processes affected by a stinulus sinmulated by the virtual stinulus. In
addition, the virtual stinulus can define one or nore measurenents

associated with the nodificatiop. 093] B of exanpl. Qnce ome or
ror o vir ¢ G S ST GRDRY PPt oy Ph Ry ety pdfias R
patient regspaiseiolihPeRercRe YétimehY Of virtual stimuli can be 25 defined to
simul ate existing or hypothesized therapies or treatnent reginens or to
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can Be usegité entREtgdiotihe bahaukient Rfif éachaalividanl ghteyupplidation, pafent, pablisdtionyal
pati ent when subjected to a real-world equivalent of the virtual stinmulus.

For 30 exanppiher publishedidocusangives spesfivaly and individuallyrindicalsg tq beincaineiated es
t he appli %itgéf%n?% a new drug to predict its effectiveness on various

pati ents. anot fier exanple, a virtual stimlus 27 WO 02/093320

PCT/ US02/ 15764 [0093) Whilditcatain anbakgicnisaad erghpenhive pee destibedbpomswitf

vari ous overwei ght patjents when ectgd toili)he exercjlse reﬁié.]il n. [0094]
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docypent s ﬂ{esg@ bOBGERRY of E ﬁ'{g'%ﬁ@oﬂ SenBt filitSd &PEE I §AddcehaLR, BRI ShRifically,

i ncor por at y reference Inits entirety, to the sane extent as if each
i ndi vi dualarepadt éintitedpp thecatilityrto vplidatnvirtuplysitientst i on, and ot her publ i shed

B
descri bed sl Mchiidy a ERhRIS0REd4H Re@ufthfRlg SxtshREfcodt thetdtdUbel be
understood by one of ordinary skill in the art 10 that enbodi nents of the

i nvent i on parfernriog vhtiots cotputertimpléméntedsepestitans. fThe mediaang cosputar cpdampay

are t limted to.the,ability .to yalidate, vir i . n
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i ncl udi ng tiReyGASKPHY 6f the RAMEVEIL kNG bid HaNTLbIg 16 diseheving sidh ik Herceaiputar
perform ng various conputer-inplenmented operations. The nedi.a and conputer

code may Befiwarcrates Exemplssalf compeist-gradeblamedivnshidedubaremsr ipwed ir poses of
e B g PP S ke 8 A VBb ST s 201 o
conput er - (EEARINI€ andEhologtaphicutdeicedy uhagew-opaical mpdinadcht . floptical disks; and
20 hardware devices that are specially configured to store and execute program code, such as
application-specific integrated circuits (“ASICs”), programmable logic devices (“PLDs”),
read only memories (“ROMs”), random access memories (“RAMs”), erasable
programmable read only memories (“EPROMs”), and electrically erasable programmable
read only memories (“EEPROMSs”). Examples of computer code include machine code,
25 such as produced by a compiler, and files containing higher level code that are executed by
a computer using an interpreter. For example, an embodiment of the invention may be
implemented using Java , C++, or other object-oriented programming language and
development tools.
[0097] Moreover, an embodiment of the invention may be downloaded as a
30 computer program product, where the program may be transferred from a remote computer
(e.g., a server) to a requesting computer (e.g., a client) by way of data signals embodied in a

carrier wave or other propagation medium via a communication link (e.g., a modem or
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magneti c nedia such as hard di sks, floppy disks, and nagnetic tape; optical
medi a such as CD-ROMs and hol ographi c devi ces; nagneto-optical nedia such
as floptiwelo2ddskes; and 20 hardware devices that are specipalrlusoraated gur ed
to store and execute program code, such as applicati on-speci fic integrated
circuits ("ASICs"), pr ogr amabl e |1 ogi c devices ("PLDs"), read only
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25 such as produced by a conpiler, and files containing higher |evel code
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program product where t he 1gram may be transferred froma renote

&

conput er e(ﬂéijhmelﬁs shaready i Sl@ be Bedrageohly Hosptliibied ndhe art that YpiQl ) by way

f dat
of 022 S1HIALS PO S bt s ALK B YRUG ML S RBATRE KO, B V1 2
net wor k ccnpnﬂcnhd@m)pe dfcthond'lemgdryas defined byl theeappemiedaladmsr ireaddithoe nany be
ded uter - da d 98] Angth
Do mentmef BEHETSRHB RS BTG PIBe: 4 BN G819 1Ak SO POBPT SRS
pl ac £ of, Vxﬁétpb&‘ 0883k 5 'o?E‘te , iheBIIiNE BARGHA SRR T Old fBdeRt indeltdiLtARNS.

5 [0099] e the pres i nventi on has been described with reference to
t he speci fsuch nmqlﬂr‘n@ltlnnmm mﬂaﬂd@dﬁ bemﬂmhdulsdopmﬁmdehasnomeb@edthm@e $Kki | | ed

in the art tha 0 deandeuv

Sbst 1t ot GO S B e PR FR R et B G PR And N EB Bl B

i nvention Rstidedd s'f@é pR¥foEh&d ar@rdér{TR will e agldérkiodd thalBidye steps may be
nodi fi cations de to adapt a articul ar situation, nmateri al

conposi ti mmiﬂna%smtedmclqd ererrdere i fsmsansaquiyalant stediod without fepastinefemy e,
spir an entli I e
I g S s SR
parti cul arordmnﬂ%rbllqﬁngfefﬁﬁdt‘epdﬁ§1§dt@3ﬂi@itd‘ﬂ©h@fﬁheﬁﬁd@nbﬁﬁﬂntdﬁﬁCr i bed with
reference to particular steps performed in a particular order, it will be
understood that these steps may be conbi ned, sub-divided, or re-ordered to
forman equival ent nmethod wi thout departing from 15 the teachings of the
present invention. Accordingly, unless specifically indicated herein, the
order and grouping of the steps is not a limtation of the present
i nvention.
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29 WO 02/093320 PCT/ US02/ 15764 What is claimed is: 1. A conputer-readable
medi um conpri sing: instructions to associate a plurality of configurations
of a conpwDer/ov3del with a 5 stinulus-response test, eachpconfSoyus7ed i on of
the plurality of configurations representing a different nodel scenario,
the stinulus-response test defining a nodification to each configuration
of the pl li.ty, of configurations; instructions to apply the
stinulus-gg@ﬁd%égu?%§¥‘to the plurality of configurations to produce a

si mul at ed response for each configuration of the plurality of
configurations; and 10 instructions to conpare the simnulated responses for
the plurallity dfceopiteginedatilomsdivg edmpiisiesipect ed response to the
stinmulus-response test.. 2. The ¢ I I I J . urt her
corpri 51 ng: i erERs2sh s CRIRHphr (A BaTRE (Bl pEped ot U
conput er - seadalresgoRek 660, edchoafipurition of the lurglyIf icenf@iraticis répredenting at o

di splay the sinulated responses for the plurality of cgnfiguratiogons. 4. A
conput er - diatanirodab geanarie.ghe piimplyg-responseristt dgaping agnediipation;tg gach

user - specicgﬁ%r%tgrpggthggﬂl?&iﬁr(%jé[gerﬁ{gugﬂf&&g.gur ation of a plurality of

configuratro a co e each configuration of the plurality of
confi gur at i ons insteptieseontapply the stithiiles-esponwedest tethepdurhiity dfivenfigurstions to
configuration representing a first nodgl scenario; instructions.to

associ at e Prafyos A PURUISH R PaRse PEFAChicOR BUTBRE & t?lf Plogglity of ﬁ?ﬂfltsy-r%t@ém@e 25
testgy each st 'iﬁ@t&luﬁﬁ?ﬁs%%ﬂﬁﬁrettﬁé Linfflatb ' RsPoraESfor ke Qfirafity moﬂﬁgﬁﬁﬁeﬂgﬂse
tests defining a different nodification to the first configuration, the

pl ur al i t y vafh &t ¢xpatted respeprers thetstistudus-tesponge éssboci ated with a plurality of
expected responses to the plurality of stinmulus-response tests;
instructions to apply the plurality of stinulus-response tests to the first

confi gurabi on 13 chpbtPFeiabR nddiid lof tMiRfl, firthet adgghidigsponses for the
first configuration; and instructions to display the plurality of sinmulated

responses for tsirp¢tions te eiepiedhe stitngns-responspdesd2/ 093320 PCT/ US02/ 15764 5.
The Gonput er - readabl e nedi um of claim4, further conprising:

3. The computer-readable medium of claim 1, further comprising:

instructions to display the simulated responses for the plurality of configurations.

4. A computer-readable medium comprising:

20 instructions to receive a user-specified selection of a first configuration of a plurality
of configurations of a computer model, each configuration of the plurality of configurations
representing a different model scenario, the first configuration representing a first model
scenario;

instructions to associate the first configuration with a plurality of stimulus-response

25 tests, each stimulus-response test of the plurality of stimulus-response tests defining a
different modification to the first configuration, the plurality of stimulus-response tests
being associated with a plurality of expected responses to the plurality of stimulus-response
tests;

instructions to apply the plurality of stimulus-response tests to the first configuration
30 to produce a plurality of simulated responses for the first configuration; and

instructions to display the plurality of simulated responses for the first configuration.
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instructions to create the plurality of stinmulus-response tests. 6. The
conput er -readabl e nedium of claim4, further conprising: 5 instructions to
conpare tweopleasal ity of sinulated responses for the firs®PcCTasnt/igy ati on
with the plurality of expected responses to the plurality of
stinmulus-response tests. 7. The conputer-readabl e nmedi um of claim4,

further conprising:; [ ' [ i - cified selection
of a secoﬁ'd con lfeg%rpéﬁe%gesag%ﬁg#ee%ﬂ%?tgfg ﬁ’?g %]?thg%n I rlljsﬁlg ‘ions, the second
confi guration fgpuesaiitoBgat thephmslitpodsimsiuenesponse testast ructi ons to

associ ate the second configuration with the plurality of stinulus response
tests, each stinmulus-response test of the plurality of stimnulus-response

tests furgher L0l a. di 3 i f i gra{:‘irm' 3 econd
confi gur at%i on; T?lgfc{nﬁ% rﬂg?a?gilg%ée?ﬂg%g?gh%e’ p u?%{:(?ltiéﬁgg?gsti mul us-r esponse
test$ to the sastnctiomsdotcoppamtthoplutdityodbanatatal phpommes foy thef first nul at ed

responses for the second conf.i ation: and instructi.ons.to display the
i ural s y corbaHaY A thea ae r s BBeeHd e birsIgy par oS BePinsea
conput er - ggadabl e medi um conprising: instructions to define a plurality of
stimulus-response tests, a first stinulus-response test of the plurality
of stinulus-response tests defining a nodification to a first bi ol ogical
process of a pluyrality of hial ogical processes,represented by a conputer
nodel of & 25 bi PW%@F’“?@@@&?%%“@@ES@H“% ﬁﬁ?ﬁﬁgqm%%%%se test of the
plurgl ity of sStidmbiisns't6sRRAZGR: iseBbecifibdfdeltcign 6f aBstohd 6aifigfation oFtthd east
one fromthe first biological process and a second  biol ogical process of

t he pl ur aplurglityiof perfigatians, the second senfigwiation repTeseings woeshnedel seeuarigpp| v
the plurality of . stimul.us-r 0, t g . . or oduce
sinmul ated res pg sggétl?nos t# %%SOE ?d?estgg g?\c}?%gé%%gri\%l ré‘?‘ﬁh‘ﬁﬁﬁs r lg%gﬁggfs't%ﬂ?ist S;
and 31 WOrd}36RR3eE) cREhlétldnilds-tésporke tesnof theqllinalisy dfatiomiysaespdnketesisifuttdred
responses to the first and second stimulus response tests with expected

r esponses deininge different medifiseiania the sesond confiediiv8e tests, respectively. 5

9. The conput ek eadahl§ B bRty 8F ArfudhRpEiLR (LieIRIRILRE Model

représents
configuration to produce a plurality of simulated responses for the second configuration;

and
instructions to display the plurality of simulated responses for the second
configuration.
20
8. A computer-readable medium comprising:
instructions to define a plurality of stimulus-response tests, a first stimulus-response
test of the plurality of stimulus-response tests defining a modification to a first biological
process of a plurality of biological processes represented by a computer model of a
25 biological system, a second stimulus-response test of the plurality of stimulus-response tests
defining a modification to at least one from the first biological process and a second
biological process of the plurality of biological processes;
instructions to automatically apply the plurality of stimulus-response tests to the
computer model to produce simulated responses to the first and second stimulus-response

30 tests; and

31



the first biological process using a first mathematical relation and the
second biol ogical process using a second mathematical relation, and the
i nstruct iwo92em3defi ne the plurality of stimnulus-responsecrasoyiizec! ude:
instructions to define the first stinulus-response test as a paranetric

change in the 10 first mathematical relation; and instructions to define

the second stimul us-response test .as aranmetrijc,change,in at ..l east one
fromthe first "‘f‘?&?ﬁté‘?f’étﬁgc‘f%ﬂp?rgﬁg? f‘lgwlagﬁ(gmeﬁ%oélsgseggﬁhﬁE%gﬂ%?ﬁsﬁ;f) P‘i §*me§‘Fat i on.
10. The P%ﬁ&ﬁs‘%%sﬁse@'ﬁﬁl&fecmebﬁﬂn@és t6ltBd MsBand s8cbh®EtiBOINEEEspoikd tests
instructions to display the sinulated responses to the first and second

sti mul us- respeghivalye tests and the expected responses to the first and second
stinmul us-response tests. 11. The conputer-readabl e medi um of claim 8,
further conprising: instructions to provide an indication if the sinulated

respgnse 9o t hahé computet-rdndhble medfurh 08 plalIA 8, Wlstein the SolphitdNiriodtll rypresents
consistent with the expected response to the first stinmulus- respaonse test.

12. The chwdirsidriologirahplosessaging fst matipmatcal relptierendcibepeqoad piplogical

| nstructi ?ﬂ)%gésousﬂgeé &%?ﬁde Mlia{l'fefi%gifzﬁlt}ﬁléﬁg%yahg é: d Ao ed NaiRRYe lgfalittQGtt‘

bi ol ogi ca system VIT Ining a nodification to a
| east onestinoluegepahsepeasadudet the plurality of biological processes; and
instructions to apply the vyi rtug{r ther&py to the conmput pdel ta produce

er nod
a sinmulated r 8sHYpEsits defee (e At stmulisyigRense frst &y %Etﬂlcrcg?tﬁ?ﬁgéhet o the
virtal t | Chdeng. ectiveness of the therapy for the biological
systlgm 331%&%?%%%%%{1%}3#{6?%%{ abl e nmedi um conprising: 32 WO 02/093320
PCT/ US02/ 15764 instmstionsdb idefise the seemidstimalusercppanee taybabed partrattricepangeantas a

plurality, of biaql ogica rocesses af .a biplogical, syste jnstructions to
define a bqaﬁtr%eié%"gg?e ’J%rrgf ﬁﬂﬁﬁ&aﬁgﬂiﬁ%‘ﬁwﬁféﬁ g,gecé’nflil?%ﬁer’%ﬁcﬁhefél—op'esponse
test of the plurality of stinulus-response tests defining a nodification to
a first biological 5 process of the plurali tl{tOf bi ol ogi cal processes, a
second st ilful uThe esppnisereadablepfiedivm of plaim &) furthepeormprisig:us- r esponse tests
defining a nodification to at |.east fro ' ' ' )r 0Cess
and 1§ second bi lélﬁttglé(ft{‘?gf topﬁlgﬁlg&heoﬁam%l%ge%& St})roggls %S{} § ﬂI(‘)% ﬁ%I{ %q&;%ﬁgélg(?ét%@gggsses;

instructi eapohd? teke§ AEtheXREEARTcERIPE 1B ale fifdt hltbsdeblics ¢tirailds-3epomse tests.
stinmul us-response

11.  The computer-readable medium of claim 8, further comprising:
instructions to provide an indication if the simulated response to the first stimulus-
20 response test is substantially consistent with the expected response to the first stimulus-

response test.

12.  The computer-readable medium of claim 8, further comprising:
instructions to define a virtual therapy to simulate a therapy for the biological
25 system, the virtual therapy defining a modification to at least one biological process of the
plurality of biological processes; and
instructions to apply the virtual therapy to the computer model to produce a
simulated response to the virtual therapy, the simulated response to the virtual therapy
predicting effectiveness of the therapy for the biological system.
30

13. A computer-readable medium comprising:
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tests; 10 instructions to automatically execute the conputer nodel based on
the plurality of stinmulus-response tests to produce sinulated responses to
t he firstwandosseond stinmul us- response tests; and i nstru@Crans2/Ag6£onpare
the sinul ated responses to the first and second stinul us- response tests

wi th the expected responses to the first and second stinul us-response
tests, 15 respectiyvel ._The. conput er:readabl i f i 3,
wherein the i nslpf‘t%cﬁog%go %eginagfﬁoﬂl e g%t%ﬁﬁ]ie rres%ggg%i#%ﬁ%t&gégio%& &
instructi qﬂgcgsgbsq)qfaim@o%iagl dykfesd; bi ol ogi cal process using a first

mat hemati cal relation 0 _and the second biol ogi cal process using a second
mat hemat i cal r éngitucgians tosdefmga Rhwabiv o stipaliseironse iesting Bfst simplysresponse
wherein t [ r b ' j : -l Us -

fests 1 nol gt TP S i iidfokd St d o eI W LI SORIIEE
par anet r i qretesngLtheplirbkty oIDidlogisil prodesenpd secahd stihalis-oesponasedestogtheuct i ons

to define the second stinmulus-response test _as a paranetric change.in at
| east one F@H Hetimuylesregpanse frsts qeAnine @Pﬂ’%ﬁa%ﬁhtotaﬁ?aétéﬁﬁrfﬂmﬁaﬁ@ﬁtat i cal

rel ation. : - nadj [ , LSi ng:
30 | nst rudE O e e B o B s e
bi ol ogi cal sysihgmectiohetosdeafingzkpediet mgpondes torihefrshambstichnd stirnwins-respansel east
one bi ol og[i cal process of the plurality of biological processes; and 33 WO
02/ 093320 P¥¥/ US02/ 15764 instructions to execute the conput er nodel based
on the virtual HBeIRRYSs IPaRbRSEEy 3xSdufdHha L8RpHLRS BRAEELAsEd b the\pltith B of

t herapy, the sinulated response to the virtual therapy predicting

ef f ect i vermtizgiles-respense estseipprodice sivaulifed resgpesses tosthsfiashang sgcond Atimulus-

conput er - i npl enent ed thod of validating a conputer nodel of a biological
syst em cor%pflg?%&s’ﬂ’gfi ning a plurality of configurations of the computer
nodel , each conhigubtidht codhpard the sihuleb irédypondes €0 tHel i Aldi sebshdrstipfugssnt | ng
a different combination of genetic and environnental factors for the

bi ol ogi calresppaseiests vothnde sepestedigspansesgp teafist gndotecershstigupsisspoRseiFsth a

sti n}% us- rr%%%gﬁ%q test, the stimulus-response test defining a nodification
to each con |gura¥'i on of the plurality of

14.  The computer-readable medium of claim 13, wherein the instructions to define the
computer model include:
instructions to define the first biological process using a first mathematical relation

20 and the second biological process using a second mathematical relation.

15.  The computer-readable medium of claim 14, wherein the instructions to define the
plurality of stimulus-response tests include:
instructions to define the first stimulus-response test as a parametric change in the
25 first mathematical relation; and
instructions to define the second stimulus-response test as a parametric change in at

least one from the first mathematical relation and the second mathematical relation.

16.  The computer-readable medium of claim 13, further comprising:
30 instructions to define a virtual therapy to simulate a therapy for the biological
system, the virtual therapy defining a modification to at least one biological process of the

plurality of biological processes; and
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configurations; associating the stinulus-response test wth an expected
response for a given phenotype of the biological system 15 automatically
appl yi ng wbe2s93i3pul us-response test to the plurality of cecffitsaratrsons to
produce a sinmul ated response for each configuration of the plurality of
configurations; and conparing the sinulated responses for the plurality of

configurations with the expected response for {he_given phenotype (o
produce a val i &iSEyCHORSite XY %Eg%l"é Bpo lt]%ﬁ‘s%(itor?%‘%é’b‘ﬁlﬂl aé’tﬂté%r?f#uc? fre

plural ity 111&9@;452@%{) ﬁgzm\g@gﬁlgrgﬁmfésiﬁlma&éa?reg&o\ﬁ@@tooeﬁe RAh¥P@erah§. The

conput er -1 npl enent alm 17, wherein conparing the similated
r esponses pfedictingeffpttiveakbsstof thd thempy ifoputhabiobogicalisysiemhe expect ed response
for the given phenotype includes: 25 identifying the sinulated response
for the validated configuration as being substantially consistent with the

expeat ed 1[@SpONSEhftediifhlGhMRE ﬂl@%efoymidali%{; a BRgpaeFRtdRl of SHbRERAL ed
met hod of claim17,” wherein automatically applying the stinulus-response

test to tkpstghuroainrisyngof configurations includes: 30 sequentially applying

the stinulus-respanse test tq each configuration.of . of
configurati ons%eg%n%p&fﬁgﬁfﬁ%fmf? %Bﬁﬁg’fl%?r %&;e?’ceggrﬁpgéngi - %érfrlﬁ Sfent ed
met hod of titd FinMlidy/of WABERIafoR depiBBértig!al diffefepl donitinitlim ofpehstidl 8- r esponse

test to the plurality of configurations includes: sinultaneously applying
t he sti nmulensronaagnis Secters der the bdogies systeMio confi gurations of the plurality

f fi [ . . - ] pm 17,
ahern The st Phapipng e 860 h Ao IR Sitn RIS Ree 108, o

bi ol ogi caktismykisasspohsd et dghiviag qhedifitytig tb@agh cuhfiperdtion of ¢hepdutality sfesponse
for the given phenotype. 10 22. For a conputer nodel that represents a
pl ural ity cOMiBIreH®S cal processes of a biological system a

corput er - i npl er{?&ﬂ:ﬁﬂn? Bl PithBs-RE .SQEésf'Qitﬁfafl%ﬁélé-cY&i \@8§5oneE i aldimapy for
t he bi ol ogi cal syste conprising. validating the conputer nodel by:
associ at i pherddtgpecafithebieiogimdieystamnt h a plurality of stimulus-response tests,
15 automatically applying the stimulus-response test to the plurality of configurations
to produce a simulated response for each configuration of the plurality of configurations;
and
comparing the simulated responses for the plurality of configurations with the
expected response for the given phenotype to produce a validity indication associated with a

20 configuration of the plurality of configurations with respect to the given phenotype.

18.  The computer-implemented method of claim 17, wherein comparing the simulated
responses for the plurality of configurations with the expected response for the given
phenotype includes:

25 identifying the simulated response for the validated configuration as being

substantially consistent with the expected response for the given phenotype.

19.  The computer-implemented method of claim 17, wherein automatically applying the
stimulus-response test to the plurality of configurations includes:

30 sequentially applying the stimulus-response test to each configuration of the
plurality of configurations.
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15 each stinulus response test of the plurality of stimulus-response tests
defining a nodification to at | east one biological process of the

pl ur al i t ywofo2hpask@gi cal processes; automatically applyi ngpChaspt/ia7ed i ty of
stinmulus-response tests to the conputer nodel to produce a simulated
response tzp,. eacthesdonitetSinftGhansemesst odtlairhd 7, wheres automatically applying the
stimulus-response tests; and 20 for each_stimul us-response test of the
plural ity Smdes-raspense tess foths dluraldy of confagmsatiqngdnglydessi nul at ed response to
the stinulus-re t, Wy :
stimul us-respo n%%a{eégﬁo?laggp %’.ﬁ l{rkgtﬁg S@?@ggﬁﬁto Egerstg%;é t(a E)Iegﬁrrt‘ltjvpg? %ﬁ%%u%nﬁé)rf apy,
t he vi rt uathe pheslapyf dedfiguratgprma. nodi fication to at | east one biol ogi cal
process of the plurality of biological processes; and 25 applying the

Vi rtudl therapy to the validated conputer nodel to produce a simulated
response tg th j Ogjgﬂ t i r _rMd

t her apy pr%di cﬁ %!gé t%%?ﬁ%%ﬂ%rggé %%tl;{%ﬁ?ﬂ %: %E@ggy%?g@ﬁftﬁgkﬁ?g%g@&pg#?ﬁtt em
23. The cosimutates-ai tegilappiert edherbiobugicab ysténaiohitiRgiverphesptype tmpaducethe he

sinmulated 30 rgs onse to.the stinmulus-response test with the expected
response tBPPHE E%PW%FJ@E?@§$%W§%BHW¥%? i ncl udes: identifying the simulated
response to the stinmulus-response test as being substantially consistent

w th the expected response to the stinulus-response test. 35 WO 02/093320
PCT/ U302/ 15764 Fa4. compmperpnedsl thatripeesents edlurelityod biglogighlipeedssrg o aconput er

nodel , conprj sSing: receiving. a.user-s i fi i . I

confi gur aﬁ)l8 gg?p%'s Péioﬁf@t%flmpg%lh@i egf r %t;hlgg R g S%fﬁ ?Cthﬁg %gg%ﬁla‘ﬁep égrs Oztgélé?r?p}é ach
confi guratfogﬂleqjiolbgﬁapgy@feﬁ{,icbmpﬁgingpnfi gurations representing a different
nodel scenario, the first configuration representing a first nodel 5

scenari o; assocYaidpigg thecomputer madst PXjuration with a plurality of

stinul us-response te . I - : 3 I of
stiiul us-response te%sisgm?itzr?ﬁr%ie ﬁg&g%g‘?fl ?lgg@?g?ﬁ{rglﬁioﬁgﬁ?lﬁﬁgtr@p%@ tebi
conf ilgur at ¢aeh stifnkis peapoated teyt adfthespluralityisf stmsyiosismpores ttestdddfmingas soci at ed
with a plurality of expected.responses to_the pluyraljty of )

sti mul us- reefiisaton tegt icastionehiplogicalprpesss gf meéﬂl‘grtaﬁty&fjbé‘ﬁf’%‘ﬁ?lﬁg“rsé?ﬁo nse
tests to the first cgpfi [ ; UiRlrbdpbneS testh WB4nAt ed
responses for the fi@g{)ﬁlgg%?&gag?%@oﬂﬁ;é9gir1:§ilﬁ(}:’oo@rrsgllrni ng rt r%mpl Sr ality of

si mul at ed cesmoersesdd ¢ ptodecd a sistulapehfesgansate eavhwtintulysaespapiseiteal ¢fithe of

expected responses to.the pluralit f stinmulus-response tests to produce a
P glu&?lty 0 stlmulus-resgonse%estS' %m? P P

20 for each stimulus-response test of the plurality of stimulus-response tests,
comparing the simulated response to the stimulus-response test with an expected response
to the stimulus-response test; ‘

defining a virtual therapy to simulate the therapy, the virtual therapy defining a
modification to at least one biological process of the plurality of biological processes; and

25 applying the virtual therapy to the validated computer model to produce a simulated
response to the virtual therapy, the simulated response to the virtual therapy predicting

effectiveness of the therapy for the biological system.

23.  The computer-implemented method of claim 22, wherein comparing the simulated
30 response to the stimulus-response test with the expected response to the stimulus-response
test includes:
identifying the simulated response to the stimulus-response test as being

substantially consistent with the expected response to the stimulus-response test.
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validity indication associated with the first configuration. 15 25. The
conput er-i npl enented net hod of claim24, further conprising: receiving a
user - specwbioedosed ecti on of a second configuration of thePplrarsat/i17¢4 of
configurations, the second configuration representing a second nodel
scenar i o; 24assectabputer-inhysierneted thedwidfdfyuliddtingra cvniputdritodel, woalprisingof
stinul us-response, tests, each s&iﬂﬁgul,us-res onse test of the q] urality of
sti mul us- r espoReEitRg ¢ esqripedilipd srRdestion od adirstzonfiguiatior af 2 BRraldy phe second

confi gur a%%%%}f%mﬂsﬂf'ﬂﬂa édﬂﬁ)lﬁér%@deil,te?écﬂé?rﬁiéu%#oﬂsﬁf rtﬁe?;ﬂ?fehgﬁy B%ﬁg&%ﬁ%@f the

second con ration to produce a plurality of sinula respon

second comndprepenting o diffeaent ncatep soehago,tthefipt ol gurationfrepriesantiag e dirstespdahs es
for the second configuration with the plurality of expected responses to
the pluraff$18% stimul us-response tests to produce a 25 validity

i ndi cation assqgdoafafg Md first MRPRLABH vadY HIAHNRY bPRimuldLresponse tests, each
stimulus-response test of the plurality of stimulus-response tests defining a modification to
the first configuration, the plurality of stimulus-response tests being associated with a
plurality of expected responses to the plurality of stimulus-response tests;

10 applying the plurality of stimulus-response tests to the first configuration to produce
a plurality of simulated responses for the first configuration; and
comparing the plurality of simulated responses for the first configuration with the

plurality of expected responses to the plurality of stimulus-response tests to produce a

Validity indication associated with the first configuration.

15 25.  The computer-implemented method of claim 24, further comprising:
receiving a user-specified selection of a second configuration of the plurality of
configurations, the second configuration representing a second model scenario;
associating the second configuration with the plurality of stimulus—respbnse tests,
each stimulus-response test of the plurality of stimulus-response tests further defining a
20 modification to the second configuration;
applying the plurality of stimulus-response tests to the second configuration to
produce a plurality of simulated responses for the second configuration; and
comparing the plurality of simulated responses for the second configuration with the
plurality of expected responses to the plurality of stimulus-response tests to produce a

25 validity indication associated with the second configuration.
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