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BACKGROUND OF THE INVENTION
[0004] Validation is generally a key aspect of developing and utilizing a computer
20 model Validation typxcally refers to a process of establishing a certain level of confidence
that a computer model will behave as expected when compared to actual, predlcted 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. Particulariy 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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understood at a higher or aggregate |evel but may be poorly understood at a
| ower level. 1 ........ *  *ACTI ON WO 02/ 093320 PCT/ US02/ 15764 Accordingly,
a "bottomup" framework, as traditionally used, is typically inadequate for
val i dati ng_co nodel s of such nodel ed systens. [0007 ' ai nst
this backgygh%%ﬂ%ﬁgt a need arose to devel op the apparatu%cg%%&ﬁﬁe hod
descri bed herein. 5 SUMVARY OF THE | NVENTI ON , [ 0008] In one innovative
aspect, the present invention relates to a conputer-readable nedium In
one enbodi NRAordih§l9, SUIRMMAT” TRAMGVOLE asBaliitioRallg weed, ietgpicaily inategiate fort o
associate a set of configurations of a conputer nodel with a
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defining a nodi %@éﬁi%ﬁ%@%ﬁ%%‘%ﬁﬁ%ﬁ?&%?oeﬁe of the set "of

confi gur at i @ethod deseribalhpwier - r eadabl e nmedi um al so conprises instructions to
apply the stinulus-response test to the set of configurations to produce a
si mul aed response for each configuration of the set of configurations and
instructions to conpare the FUMMARY OF THISINVENTION the set of
configurations wth an expected response to the stimylus-response test.

BRI EF DESCRI PTI (iQ008] Imqre pavetiveasnesh the|presspt %@Pﬁ%ﬂﬁﬁt&%@g}?&%ﬁﬁea&%&f’he
nature and obiect bt b chiv@BLicaduble RAifRicomprise: idnactishshe made
to the fol |‘g‘§m&ﬁl§'§‘é?§? e ‘@%@g’?@pf?og taken in conj unf:n?i on with the
acconpanyi napsobiateiasetof configukitions of Doongutermegdeh with p stimplsaespansefesh&aeth| ock

di agr of a conputer.that 4 9 Hsfel Wehd¥

errbodiEi nt chyﬁiogln?gloy ﬁ@@ﬁf?@%%‘t%ﬁ%&i{w?‘#gIazl?gft?ér}glgces alﬁeg%}vw(s’:ﬁ{ﬁt .to
val i date a qpnuus-edspinze st definiprnmodification 26each configuratinsodithessst ofof t he

i nvention. [0012] FIG _3 illustrat the. archite re del
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[0013] FI (. gifinithb HSporiat G5t BHheseRBPéoAfighrationsd6 produted finmiatategensd foaeach

i ndi cates vari ous . . . .
configuration of the set of configurations and instructions to compare the simulated

C)
A

15 responses for the set of configurations with an expected response to the stimulus-response

test.

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 ldescription té_ken in conjunction with the
accomfaaﬁyiﬁg 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 accordanc

25 with an embodiment of the invention. o
[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.



virtual patients that can be created based on a baseline virtual patient.
30 [0014] FIG 5 illustrates an exanple of a user-interface screen
indicating a virtual patient that is created based on a baseline virtual
patient. 03320 PCT/ US02/ 15764 [0015] FIG 6 ill e
architect u%@%@gé%val I dation structure that can be used W@?@ﬁg{]e a
conput-er nodel in accordance with an enbodi nent of the invention. [0016]
FIG 7 illustrates a flow chart to create a stinulus-response test in
accordance Wi t ho@s] PG glilEtiitescthe arbkitdctureof 4 validatior] Sotre thpGan de used to

il lustrates an exanpl e of yuser-interface s r(gg‘_g tth f.b&i'nv. GAL es various
sti mul us- r ¥elidate a compyter meggl In-agcordancevath aem A FEPG T ust rat es an
exanpl e of a usgpgl f Cfflow Biadrt foreekatd @Emilasresponsetestiin ecoordancan be
defined for a sg?%ﬁg}??si%(s)%ée t.esﬁ. [0019] FIG 10 ielql’ ustrates an exanple
of sti nul uswitheapomvdimens of thgdaveatipect ed 10 responses that can be used to
define_various r eS, .1 Lihir@se it fRates VatidiR

i nvent? on. [002(‘?‘?@?@&1@(m“?ﬁ%%nge?ggbgﬁgg%ne of %ﬁgggﬁti nterface screen
i ndi cati ng siinfuhisiredponss testpthateantbppesatedat can be created using one or nore

stimul us-response te . 02 FIG 12 idlust.rate

validate a conpdP@sl ,j?&ée? {lﬁléqr%%sagexglp fi2 gﬁ,%"rxgger%(%{eh?%%tﬁ@g%%ers %;?vnvga to an
embodi ment @éasﬁﬂ%ﬁneﬁtrﬁéﬁ%ideﬁned[@pgalmﬂhﬁes?&sé tdstist rat es associ ati ons

bet ween configurations of a conputer nodel ,Land respon etst% es 0

a
val i dation strud0049% RIG. e ¥lysteriesce expmpleof smplygrerapse i¢s ex?ﬁﬁgfgnt i on.
[0023] ,FI G 14 | [ @ﬁgl - A8 tyhédlif héceednéewitiean i ndi cat i ng
Vi rtuit? Zdef?gp%égxﬁatéfﬁiﬁ%t&gﬁ e SVETSe\S:Ste andtygssoci ated with a given
pati ent resqpabtitméng pftheid@ddon.FI G 15 illustrates an exanple of a

user-interface ndj cat i ' I o] tBdatif e B nfent
sel ected and as?@éﬁﬁa}é{?' g\i ﬁﬁstgar%% ﬂ@'ﬁ%‘@ﬁfﬂ&éﬁ%ﬂ?@ﬁﬁ%ﬁ%z5} FI % p16
i |1 ustrat esregidnS@peitat &n ciiénbdd-usinigaomb ac mosxstimalusg-tesponse tepib.ays  si nul at ed
responses for various virtual patigents, associ.at.ed w ' response
type. 25 DETAI LEHB0HEIEG Prillsgr PRATERTRLRRS 58 &8‘%"8@1 uéihg a
15 validation structure, according to an embodiment of the invention.
[0022] FIG. 13 illustrates associations between configurations of a computer model
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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 assogiated 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 ofa 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., a liquid

crystal display (LCD) or a cathode ray tube (CRT)) display) on which a user-interface can
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[0026] FIG 1 illustrates a system block di agram of a conputer 100 that can
be operated in accordance with sone enbodi nents of the invention. The
conput er 100 30 includes a processor 102, a main nenory 103, and a static
menory 104 i re coupled by bus 106. The conputer 1 o]

I nclude a yfdegﬁgygplay unit 108 (e.g., a liquid .crystaPQH?Q%F§§§(LCI» or
a cathode ray tube (CRT)) display) on which a user-interface can 3 WO

02/ 093320 PCT/ US02/ 15764 be di splayed. The conputer 100, can further include

an al pha- ”%Eedigﬂayeap The Boup@er 10DQan Giatl@r inchudk ey bipha-djmeric inpuisisvice 310 r ol
device 112 (e.d., a nouse), a disk dri vi%znit 114,%%9&%152&al ém%iggrat.i 0
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of the i nventi 14 indadessamnipateeircadalln sedivan k{5 Horing olwaredpgiastiensi2dititty can

I ncl ude any, nedi um which is capabl e gy | AeteiCeOf

i nstruéti onErRent BFOCSISHEATCRY "gg? 8%’%%8‘?%%)&‘%@%8??%‘8@ er enP %A%lr?g@ca_n >the

ij“C' ude, DUferrh Scoi@utbri@hdadib heliu@d tircintlude anagedivmwhidsis capableof storing or age
evices, disks, carrier waves si.gnals, qQr a conbinatio f ..

sof t war e i nencediag a@wemwmwe&%f PEPIREH %pﬁoﬁ%ss'ﬁﬁ:aﬁgcﬁes&n@?e);el&gg?cﬁe

pr ocessor 18@1?58 rbupﬁ'ﬂgt 1ified & bpidalstdRRE U6AtdsOMagnetib storage iewiees Adisks,
i nstructions can be transmtted or received via the net\(/ﬁ{)k i nterface

devi ce  118carfiéiRes Figls,2r aicombinationthereof.| The ORMRLS HEUGUIRSH4Y EHEBfput er
el 10 ovihntAs Painthiodd 08 RO RttEbr 2, btk THGeHAR applleB iYL o1

in

model 0o be prese a a variety of nodel ed systens
that may besdHwdréingfredions 02Gcantertransimitted ak regeived vie the netwvork jnieréaee deyice be
based on a real-world system By way of exanple, the nodeled systemcan be
a bi ol ogi caH%yst em(e.g., acell, tissue, organ, nulti-cellular organism

?r popul at ihon_ of qoow]l FltG. 2rill@¥trated htﬂo“ﬁﬂiat'tltb galidateypouingusy mOfieldhamocéﬂncsyst em
e.g., a chemcal reaction), an ecosystem(e.qg. redat or - pr

ecosyst en) , with aplembodiment okipe inventiqn. éﬁge_cgwpéﬁeg%pﬂ;lio g? Y"’g@ﬁeﬁl F&ﬁi‘mﬁ‘ﬂ“

envi rqnment al_ sys : t ' 8F inffrestitd¥Dhser! ' Bypically,a thodwedi al
systeﬁln%(e.gﬂy%ya%a%?&&ﬁ%?%éﬁswglggg{a@g gﬁiglgl esystem’a{.ﬁerf.?sg.i, p not or) .
[0028] The fystent will bpbasad on a ireal-Riogld sgstens. By wryfofigsample maé?l?fﬁ% re
to validate, the conputer del .ep 20 . | r g{%qj of

t he inventi Bﬁ?gﬂ]@%ﬂsﬁﬁ?@%’a %l{fhg#ﬂ&oer@nng.%ggﬁgﬁggéﬁ%ﬁ,e' | o;?gsgﬁfrmre)
of sti mul us L RIROABMI-LEMBar Aghiisnis)) dchembcnd system @fe.aechemesahrepasionhfaned t o
SHTULAte & 8 ooysion (oo, a%%dtat%ﬁ?éy' ey 12Y, SPe e R Bl &, ' eiGrlER el

; 20 an environmental system (e.g., atmdspheric level of a pollutant), a financial system (e.g., a

stock market), or a mechanical system (e.g., a motor).
[0028] The first step 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 modelgd
sjstem. In particular, the stimulus-responée test can define a modification to the computer
model to simulate the stimulus. The validatjon structure can also include a set of expected

i responses associated with the set of stimulu's-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.



system |In particular, the stinmulus-response test can define a nodification
to the conputer nobdel to sinulate the stinmulus. The validation structure
can al so include a set of expected responses associated with the set of

stinmulus-respanse_tests. In particular, each stinulus- relsd),]qm t can be
associ at edw?fotzﬁggﬁ% or nore expected responses to the stinu usglé%ﬁ?esponse
test. An expected response to a stinulus-response test can be based on
actual, predic desiyed hehavi, f. the npdel.ed. syst .

ubj ect ed 1o a 00 Fhesecand drnateany g ik elr aLish ueeld Siong,

02/ 093320 %Q’%H?Qt%é SR st 98H] I iR praemrehbelRRnb SN inventfon(ihe 2oimputed USE

the validation Structure to validate the conputer nodel &_st ep 204). In the
present entnodelieassoeinted vathj ong onmiosrstimulus-Tesnopsa tests oxthe &gt of SUmaLlusEssRENS] wi t h

one or mor es%;zim r%ﬁ’{%&%ﬁmﬁﬁgﬁﬁggﬁsekgﬁ ﬁg%,pé)(ﬁg% ﬁ%ﬂ&ﬂﬁﬁt&ﬁﬁ@&?&? tests,

and the on S us-response tests ed to the conputer
nodel 5t 0 Sprdaciesinmlaédnesprheioreastpinadus tospoast testt Mnre particelatly tleeoneanst .

More particular|ly, the one, o re stimulus-response e

aut omat i cafoye %’5%‘#}‘%'{?5??}’5? Wé{sféﬂngﬁf“&?mﬁbc&ib/ RR ed 8‘% @‘gﬁgéel&gt emgc?erf#gr e

si mul at ed pRIBG G Or nidte SimtlNEdREsbnsss. Ondeiprotiestd sipnlme respoase to 2

stinul us-response test can be displayed for g user. A t,ernaétig% or in

ely,
conj unct i opﬁmdusmsatt@élcﬁvé&pﬁ%@efi TR USEL: rﬁ%?%nf"%]é’pgﬁ% &oyy ?’E%/?n be
compared Wl A0 fexhéifsh s SERAANISocHe fo@ cali B Sérplrkd it &5 BARERA F@bnse The

conput er can one or nore sinmulated responses
suf f i10i ent to/the stisholusaresponsedestr Thecammitesawdeltan de yalidates if oragsmaere Model

[0030] FIG, 3.illustrates the archite e el 302 that can
be 15 val i 85%‘%“4 Ws%%’éﬁsr%‘ﬁ%%m '?#0%%%%30%%%%1{”&%% P%%B?#}%m ion. As
di scussed previously, the conputer nodel 302 can represent any of a

vari ety of nodeled systens that nay, be of : aterest to a user. [0031] The

conmput er nodel 302 nmay be defi ned mpuier | e, described in the patent

to Paterson et fjo3g] Fft&.i#ihlﬁﬁ:&é!&ﬁ&ﬁ@hiﬁﬁmmﬁ%u@i@aﬂsoalmmBmwarret er
Val ues 20 Associated with the Objects Wthin a §

Pat erlt5 No. véljdagl in 3ocordance with 28 smbodizentot t}zm&)entllpggkgtéisgﬁgﬁs %E%Phﬂyéﬁé al .,
oL, ALt a0B B AR NPT ot T G e S
pendi ng pabmérestapphberati on to Brazhni k et ) al., entitled "Method and
167040, 373, 11 1 QPR TBe cormbiienapter 36558y bs fesme e R Srp B FAetRRiE el
i ncor por at ggtehieth Paterddt et &lf, Rh&IEE Méthdd 6F Managing Objects and Parameter Values
20 Associated with the Objects Within a Simulation Model”, U.S. Patent No. 6,078,739, issued
" on June 2@, 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, orin conjunction, the computer model 302 may be defined as in
commerically available computer models such as, for example, Entelos® Asthma
PhysioLab® systems, Entelos® Obesity .PhysioLéb® 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
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entirety. Alternatively, or in conjunction, the conputer nodel 302 nmay be
defined as in commerically avail abl e conputer nodels such as, for exanple,
Entel os(r) Asthma PhysiolLab(r) systens, Entelos(r) Obesity. PhysiolLab(r)
systens, a s(r) Adipocyte CytoLab(r) systenms. 30 %9@ t he
present enggﬁ@r%égﬁof the invention, the conputer nodel 3 cgdrfllgfek“ a

mat héfrat i cal nodel that represents a set of dynamic processes associ at ed
with a nodeled systemusing a set of mathematical relatjons. A |

mat hemat i cagneroe nidré variables; each ofwhiol tepersentsa quantity oo whish thehherdepfesyime one
or nore variables, each. of | represe URRE 1 foPbf Wiiablds be
behavi or (ee_:vg?qtlop} ?‘ﬂg%eé%l‘dﬁt\é\@hi&ecaw‘ gg’%ﬁudﬁg?’egﬂ%‘f/éh?ﬁe corrpSt erHr%?del
302. The befavimed BY 2 ¥étlof pirumsterstyiclded in tifd computedmodel302e Fonexapwlanet er s

i ncluded in the conputer npdel 302. For, exanpl anet.er l.ael ude

initial val pasemetersyan inghyde nitia] yplues ?S’é‘Ea 5, @f‘ﬁé{%{)‘g@’?ﬂ”&b&%e%%%%s%ﬁ 5, 5

conver gi on [l bRfn R8Ghehts, RtflorHd-Hling phiatrdthnd DRI GRS pai@hueteos mep be
€ ude

par aneters may I ncl I'n the mat hermatical rel ations of the conputer
nodel 302. inoMida] inFhematemetical ietations of the peomputerpeds} 302.i n t he conput er nodel
302 may include rrm€X . Of o | q i SRHRbHAND2 ndr ti al
differenti al equ@%ﬁn@eﬁ@‘%’gwggltrlgigaﬁ%ﬁ#gﬁtﬁ?Ig@%gg{ggt ions, differential

al gebr ai ¢ efuRidefBsexatipld, ordimcydifiyrentialcaqsations) pertial differentiat egiefians, coupl ed

maps, equations of .networks of Baol.ean.  f.uzzv |ogi. : a
conbi nat i onStP%FM?fCFBFaIGQM%Q%%ggﬁeﬁ?qq%?lgébﬁéf e@%@fiﬁ%p{% rrgaiﬁ Fé@]‘anro g'{f’at i ons
used ijg t he o1 ORRoRlatTBSPled 30ds AdqRativd iof sty orks bf Boetehn, fhizzy dogical ostworkst
may take the torm dx/dt = f%x, p,.t),..where x is, an Nafjif%nsiongl. tsn%lt of
vari abl es, ora eombinasiondherenf. Far qertainydpplications, thepatherpatical glafions Used Iy,

di mensi onal set ISt ifferd {1 hHHE R0 ndah ddketRPfoaaent s

I nteracti ongotﬁwgrtgmgﬁg%grgng?agggli[eb&gﬁ%or certai 2 applicati.ons, the
conput er nodel 302 ca&w@&&grﬂ it)gured to allow visual representation of the
mat hemati cal relations as I*’ “as interrel ati onshi ps between vari abl es,

paraneters, and proc es. . Thi | I | ikiple
20 nodul es & e@eﬁgﬁ@ﬁ%}m %I{zé‘\sgett#zj#ﬁm?é’ﬁ%%ﬁpe ?%ggﬁg?f%%?gsﬂ a

| ar ge 16onpl ax Mekiensiondl sétiof parantetees] amd/Eis arfunction 8} represerieIniaraciions among
enbodi ment of the invention, the conputer nodel 302 can be configured to
sinul ate beH9wagablgs: vari abl es by, for exanple, nunerical or analytical

[0034] For certain applications, the computer model 302 can be configured to allow

visual representation of the mathematical relations as well as interrelationships between
variables, 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 rr_l_odeled system is a biological system, the
computer model 302 can represent one or more processes (e. g., 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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i ntegration of one or nore mathematical relations. For exanple, nunerical

I ntegration of 25 the ordinary differential equations defined above can be
performed to obtain values for the wvariables at various tinmes. [0036] By
way of ex lﬁhwi t he nodel ed systemis a biol ogi cal Sysi@ﬁhdzﬂ%g conput er
nodel 302 n represent one or nore processes (e.g., one or nor rologrcal
processes) assocrated with the biological system usi ng one or nore

th t I t t 302
Fepr esent ShopbpEka . aitbarbid. ot del A e sy odiriie PRt of MRearoPaRrs. 1Bt i on
and a sec mh@nmcﬂgenﬁbnswaﬁaeﬁﬁe inferdvfions RN Ariabled Q)R] bicRkickEVaiables), For
exanpl e, " bi ol ogi cal cesses can include, di estro bsorptron st orage,
and oxi dat"YIEFFF‘% lb\P% @@%GWWI%WS gsogigted gvifiinigr-selivler | and
protei n. agodfdutedéellull RMARAI BGRBIHE coRlithifS 8r BeBEBARM mlf thIIaef hat

mat hEITB.t I ca ations can define I nteractions arong vari a

bi ol oyi calmak&mpeﬂm luglpglcal/ayehem tGmsmumtegamaﬂu@amaﬂmawlecmtabehmm
quantitie socj ated wi er-ce 0§ tituents | Lul ar

donot | t uemUA REPR ety HoRh et i irplos 30y, RAIRERSoR bl BnBhast | ¢ ha
5 make up otrgms Doubdetiglae aigaﬁqlterseahbnmnymrcﬁwmmeaaes lﬂE&:HtIdﬁperf)ﬁﬁes‘;M'H?' e,
nmet abol i tes; prot ei ns; enzynes,; hornones; cells; organs;

tissues; [SHFE aeﬁspretﬁm&élptﬂgm 25 welljasco nahewg%rr?egressaﬁseerrmnepomgéh@qer es:
cheni cal | Yo fgnisy %B‘Bid?&gléﬂ Yatidbi& dan reptsseRY mflesaﬁﬁpleﬁz%rs oxcdotnfzélﬁraﬁSﬁéj

protein albumn; as well as conbi nations or 1%6 (i:;ate repr esent ati ons of

thest0 comwéconstients sucrms plasolagiicess, insulinfigeds ; Thebehaviorp| e,
I I

meul . SR bR oL AAGod Vb S Rt HERAD 3?1‘3 i Sl

bi ol ogi calinchateddithe comppier miotisgl 302! Onb er aloferamieting cambe usedrtmsmc;fgr aneters
i ncluded i.n th Ut del. 302. On DI t b dt

speci Ty IHENARBTBOES e FBEY OGS OFGUMBPHELRS POVEL B SHEDELREREIR 1 1 s)
as wel | age.gXxE@fifoamehtal fabRRY € thé Biokbgicab&étchd PRathetbrsicas t@tdate th) ot he

bi ol ogi cal system_ Paraneters can correlate to, for_ 15 examl e, rnrtral

bodylfwei giskamplgsinitiahbasyiveeight, basalanygsleglucosauntake ratgelevel ofmhwva! APt | Vit y,
trient I ,
lovel ot TREAPLiddRiEh of ith ol e 1K B nteBl By KVt GRfthOnal 11O

enbodi nentresistanch,end se érthi. on, the corrputer model 302 includes one or nore
configurations ef er he. copgput er deI is 20
shown i ncl udi néﬂoﬁgtﬁ%ﬁpﬁﬁs rergleo pen 98%%??“5 e c?“f?ﬁ'} ﬁi)énf i guration
Z 310. Thénchedes otsoransreicgifigiratuis. With fefer@Re o FIS. 3rrméebm§%r findelr3Rriesent

di fferent de cenari gs. .Different _npdel ari,os can correlate to, for
e;an%)q e, dpe W’éi"é & é‘pi‘l gt}r@,qrgn%fssgﬁ'@nﬁgtg o ‘?%8 anldconﬁgurat?onZBIO The

various configurations of the computer model 302 can represent different model scenanos

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
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system having different intrinsic properties, different external
I nfl uences, or both. [0038] By way of exanple, the nodel ed system
represented by the conputer nodel 25 302 can be a biol ogical system The

obser vabl ewg)q)%g#'&(pn (e.g., an outward nmani festation) of Pk?ﬁjs%gk&gi cal
ere

system can erred to as its phenotype, while the underfyin ondi tions
of the biological systemthat give rise to the phenotype can be based on
genetic factors,  environmental factors, or both. As one of ordinary skill
in the art diffetentunderiyingicanditipusdsgs, differensicombisiabion of gemetie gud envirommensal

Lo e et ERSARHIE 0 BaREH P dnter & B AR RMARIG e i BERC! VP
SO |1 o et e gy e e
Cypi cal |y Ceeeise of EpyiBaEEEt Byior i as Avsstitiss Aiskepteaviss Tufbepsss
under | yi g GREYHithé\diffeRnPeonfigufatiBALY the SoHhiaThede]l 902 St defind @

environnental factors). For exanple, two individuals nmay appear to be
simlarly owepresgnt gifferens yndeshying ennditions sivingdissde agiven sbenpdwedif adiglegiral

fact ., Whj t ' ) ' I
factor s suctysa RehitRen: Bltntoffindd Wit coltBEPURE, 8f ERpRATERIG
enbodi nment , 302 dah &e definedan repyeseat diffarentphenbiypescofiie kiologmdbsys®@R2 can be
defined t t_ diff t.. upder| yi diti i Vi '

o sty BT 5 Sahi BB, oL bR B oL 364308, on
di ffengnt capyberfatddan as ditubhsatiepepHited ofgas, viritd fisrE deirtal ¢amedFbP

represent djfferent phenotypes of the biological system [0039]. For _certain
appl i cat i onkastanegy mﬁu@@ﬁm P08t Y 3RS, apd 2 30 maysasrespondde yirtushpatients X5, be

referred to ' Rrﬁﬂfaﬁz | S repH | rrel
virtual cel ?@?Z’E%S?E&?Jﬁ%g%ce, C ar?f%?{gélj#g’{eidgﬁs X g%r)g{asreﬁ%yggasﬁ,ehgﬁ??, ?r Ow%%(%/
correspond patient) having a given phemotype (8.2., aglingase pheratypa) basediopn a partiquiarual

pati ent can be.defined to. represen t] . I r | ent)
havi ng o gi FapPHTERaE RS AREloRahy 2y BB YR Fosbors nbERorlIAS forpliBh 3,
go;ﬂqi rlgt | ONpatiknts hawing ghéal*sgnﬁgphdﬁdtypvm' " t bied on different tundérlying i:cmgitibnts).an 3e

efined to represent atients having the sanme pheno ut based. on

di f f erent uﬁB%PF‘W"B@ Of H“GH%“.’ Va‘ﬂ\?‘ls_e‘aﬂ%?g paRanls ‘fagg’ei%ﬁk%‘gﬁﬁoﬁmﬁeﬁmat\?aﬁsi ous
virtual pathieSifeRntished6lybae hd MotRPELSEIN, c Hﬁﬁoﬁs X306, YBOR! &ddez 306

phenot ypes. As "anot her” exanpl e, configurations 06, Y 3Qé, and Z 310 nmay
cor r espond may cdrrespend toatittual xellsyX, Yrand Z, respeqbively; whetg caghhdrtualegld panbe ¢ ual

cell can be N I n _ v : aving a

gi ven phen o?leflglgé anrgglgg%rt] ag’g{i gég aé {ela%‘. ﬁ’lglél? cc@nl% |v1r1]1§taal %ﬁéﬂo@ \éﬁ{)\tég? ?%Hnén :

condi 20ons. pdrfiid4ijcombirakien pf ederlyingwonditiomsat of the invention, a

configuration ( e[0940] anhBe 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

i

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 i
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
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configuration X 306) of the conmputer nodel 302 can be associated with a
distinct set of values for the paraneters of the conputer nodel 302. Thus,
configuration X 306 may be associated with a first set of paraneter

val ues, a“@ocoQ}BB:is?(ﬁr ation Y 308 nay be associated 25 vvithpé\,l.lﬁg(&?‘rggk#set of
par anmet er val ues at differs in sone fashion fromthe first set o
paraneter val ues. For instance, the second set of paraneter val ues nmay

i ncl ude at_| east ak. I i fferin om a Lrespondi ng
" paraneter’ %ﬁgteﬁ ﬁarcflﬁe&dgﬁ&?%%nﬁéonﬁg}%%ogﬁn% “e‘gﬁéﬁ?g% &t &\%gﬁf@%’ Ina simlar
manner, Cogunifiguifatibn b1 infrodhéinga yiwlificatios toxhe Haseliidiconfightation. Swh of paranet er
values that differs in io fashion fromthe first and second set, of 30
par amet er WafiEaton ¢gpAng ucggforeémﬂﬁra REsHMetEs change (e-&nalteging op srecitying one

conf i gur at gGhsre Bhseling parafiettr 9a1us dftering BspesityiRe b9k 8o A 3kbren 2
g

basel ine confliguration that is associated wt aseline 8 WO 02/ 093320
PCT/ US02/ 1eirighlepaaltsring er speeifying ongorgnere dimotionsrgnreseniing intenactions atmong r eat ed

based on the. [ 0 ' [ . | nt ' kL i.on to the
basel i ne cORPPEEr Spbabh Hdds PO IR GRE R D WRh-aie  °,

par anet r i cdefinadi@ther eonfiguratidng maybeateatgddasddyontbe baseling comfigaratias By staring

par aneter v eg), ,altering or. specjfyi.ng behavi or .of one, or nore 5

o abl os, Wil e ebeg s paimethr VIR A AUEERE AR S RorR of s 1aosiog PRBEIEF g

i nt eract i OfucAMAMSmaYes paaeter viliesoafi B8 AEMMA 29 Yok BRINGM, distRked iAy.8NCe, once
t he baseline configuration is _defjined, other configurations may be created

basedOon tFriensa¥ne 6iU18,783 disrepsecipieniqusly. Theseelterpativgnappmeater vabisepanhe
paranet er ﬁbﬂ%ﬁ@ff@ﬂeﬁﬁe&%p&%ﬁ&?& vﬂﬁﬁﬁggﬂccgg gu |dbﬁl$‘e ABfERAE! er

val ues. AlTernative paraneter es ca Ined as, for exanple,
di scl osed ¢onfigigtionsOof*h¢ eomputer mejed 3%, 7B9 cditaiv applizdtipnscthe basslipe These

| i | b d j i f . -SE f..
ar arrer er PRRREAHTH e S HESrGoR Pieq HLRAEF coreBrling (Ch R MRt Rt o
t he conput emfighdabn)3A2a mimver sxadiscaksedablel cat i ons, the baseline

-configuration itself can he creat, based on anot her configuration (e.qg.,
2 di fiferent badaMfABLYATP mn?%hftﬂﬁﬁm&elﬁ%ﬁ&mggrﬁﬁ%teﬁ&@g compyiEr 15

[0042] By MaJe18b2 &@BBlogical dystehe ﬂ{%&{pﬁﬁr 6ALICIN2 BR RRRIR pafhmidYerd MGt CONMPUL er
nodel 302 is a biological system the conputer nodel 302 can include

par amet er scortetate todeyel of insulin resistaned, natrientnomposition of dietle e fatrromppeitien of _
conposi ti og Qf, A J al. ey f, ' : |

pr e- absor p@F@’ele‘géll gﬁa‘i(e?ar?gmﬁé%%‘@%‘@g%g‘%° gﬁgsg P B‘ﬁ%@ ssll%l r%gﬁ(g r%a(?{egﬁl(f fI evel of
adi pose si gliydse signalifay. i Viarious corifigyrations (s, isual patierits)tofithe computenmeilel @02t he

compyher rpdel, 302 20T Lo oL O bk o30S RS TAEL ST 1Ot St

of v

[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 ﬁore of the baseline parameter values to represent overweight patienfs
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
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[0043] FIG 4 illustrates an exanple of a user-interface screen that

I ndi cates various virtual patients that can be created based on a baseline
virtual patient 402. Here, the baseline virtual patient 402 can be defi ned
to represqph, ?ngoel ine patient (e.g., a healthy patientacpihise
associated w R seline pararreter vaI ues that account for a normaf | evel
of 25 insulin resistance (i. ., non-di abetic), a normal diet, a nornal
level of pre-absorptive i.ng, a hormal  |evel of post- a,bsor tlve

Sl
si gnal i ng, sk AR MEmaliak 4pd & and s flecyepsprblewel of pdineseisiggaling, rosperiivelyr Fappach
patients agngiirdh bu@&éam%staﬁmstﬁéu&@eaxe&feva'of hEf¥coft@olds 0@l tering

one Oor nore o asellne paraneter val ues to repr sent OV melgh
patients genstinfrctor tab gives rismigdhg giemyeigldreanditiom sAs 1llugigatedindlG. Aan
illustrate created
based on t%g’dx;bgg %a:l pah?:ﬁtqﬁ g JI%EH@& l?dg%f)éf@é %a{é ¥ Vétggl if g@%{rﬁ% %ﬁ&fn

basel ne pateareicze of thelbasedine parametenvaluésao aevcodmfoeahgu-famml Fof the virtual

re-absorptive signali decreased | evel ,of 9 2/093320
DT Usos) gt A0othe igdnan el oeiesgnds fa/m cniarmeniel drelorBet Bs9 e e i pose
si gnal i ng, oveRR@ERdoN8itivn. THo RAKE virfifal pdRnisi4N2 Hﬁ’d 4TPdrk BRthed Bhked o @> and

408, the decreaSed |evel of signaling corresponds to a genetic factor that
gi ves ri sevirtualmiatiensvid f lrialjering-onedir mossparameter Yalues asaogigted vith the vigtualan

addi ti onal 'Bﬁttlyl%lto Q@éoluﬁ ﬁlgcréa%ec‘f fe@@lto?g{%ﬁﬁg%gg?mﬁﬁﬂmg%ﬁgkﬁgﬁ ééE(?t ual

pati ent 40% al'ter orf nore rameter values to
accouat f devel olﬁpgdt-absdrptﬂvmgnaﬁng, rbépectwely(. kol eaghaf| rtlmrmrtdai (patleritﬂaﬂﬁl agti f at

diet corr onds envi ronnen ct or, that.

over wei ght%@ﬁ&?‘?ﬁ@ﬁg WFW@?V?%%H“{&&@%W%‘% rzglgﬁdjsﬁh 3r e created
based on td‘\%rwéig]ﬁttdéﬁﬂltlﬁﬁ,tlent 410 by altering one or nore paraneter val ues
associated with the vi rtu&@ patient 410 to account for a gecreased | evel

of pre-absor pt i 084 K] fHialsg ilprirates that twoarapore yirfual patients cap kg compagidpi ve
si gnal i ng, orfe%?xBﬁEfbdé@&Mnﬂﬁﬂf r%uwgngg EdrH acBHhpIRALS for'eka@PR, byt 14, 2

conbi nati on of an environne factor genetlc factor gives rise to

t he 1Hver wiragging anhdtoppiog sel@@@hﬁltuﬂlpalew, andivdually.es coliactively,into thevValre nor e
vi rtual

»ld t
val uee. it CBibafie WpRTRTS o hPproRRS ANME e MOARE Bl Pl BB AT
sel ected vhe tritaialmienw%are elebted. dAsdhown di FKbI4l, thebaseling virfual patieltsl02 \dad ue
|
oot i ont T 40bS Sl BB 12 diter dhoinmriidls vhues ST B0 AR 1 Fi o 4,
the basel i ggopptivé MFﬁalﬁ%t i[£ddsiréd) 4aRo\} patanfetetivhfub@for BA bﬁﬁére‘bliale%bfe&‘éﬂ in

their pararreter values related to food intake and pre absorptive signaling.
| f déQi r evirtyalipatients eanrheiadiepted in tbes‘wlw @ﬁr@nananm evigflow i g@p@@@@a”ate

window.

[0046] For certain applications, one or more conflguratlons 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
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20 virtual patients can be indicated in the 'Talue Set Conparison!'w ndow

416 or in a separate wi ndow.. [0046] For certain applications, one or nore
configurations of the conput er nodel 302 can be created based on a baseline
confi gur at {“qu l'inked sinulation operations as, forpgxs

di sclosed I'n E’g Co- pendi ng and co-owned pat ent appl [ catloﬁ to Ba%erson et
al . 25 entitled Method and Apparatus for Conducti ng L| nked Si mul ati on
Operatlons Utilizing A Conputer-Based System Mder', plication

Serial No. shgulgtion esation; Iedesived one quore@@n@anqwem@mi BRUPEHTHAALE? | 5
| NCOTPOT At GG IGIEALBut Y cfefleing E fhotd ol 8Bhd fubdtibns SrinS coPitd B4l 302,

di scl oses erform ng simul ati on operations based on
an initi a|Ty@idmyad‘fsmblernﬁgurmbmmehaactéﬁzed bxanq)bmom vmmbles wdet@n to the
initial simu a ion 30 o one, or, s is introduced. In the.
present entHBft yBPPrP %?Pé’ﬂ{ nﬂ)‘m“%ﬁg}ﬁs {? si mul ati on operations
can besused to qoes EFIGdS'ilhisﬁﬁtéé mcmpwmatusmmeeface mendmdmﬁhgavnmel 302
based on a baseline configuration that is created he Imtltﬁ 10 WO

02/ 093320 Fp@mmyé@émasm echbased PRAD @ﬂﬁhﬂ%ﬂﬂ%l’aﬁmg& s exarapley ther e

S il at i on G BhAdR SN YA o M fh A, cRoredsbBrosl bRl CnimeeTPal e One

or nore "stable con |gura I ONS 0 ut er K ically, a
"st abl e" cmnéatgllﬁrmnhnbasshlmhmﬁuaipemanzéﬂﬂla‘yelm‘@asﬂmﬁ@aMr% &beannder or

FIG b i1 it anELsRafe ioihdbate 302 (L goThEr D ealol a Slkafhd bl 0 47

Virtupd paenRiy pdriedt)! while the aignisteteated fronbthedasetine mm;muemoae nt
502. In this exanple, the virtua gglent go4laeed(ﬂ§ g non-.di ab;
decreased faBbgus qﬁtpmrsaeamqv H’b‘y tpatient Baying;a decrepsed leve) 0 8T°|"ﬂ’é°WPV? ual
patient 507 %ﬁhﬁ e@&?%&iﬁiﬂeﬁﬁébﬁ@ﬁnev&&l?%&n@@canﬂd&ﬁ%ge&hﬁ basel i ne
virtual patient 502 ca be defined to represent a baseline patient (e.g., a

10 heal t hy dreppedrintp thwﬂalhenttmﬁﬁmtmﬂtltrmoc@aw $094and the pagisnt 304 cain ”
basel i ne vi,rtual wei ght
pattent - haviaeR bR e asclfR it Balenf o6 ih AcdRRAEE WA (W mEG 29
presens exadiwlmdiﬂlﬁ Soa&p@libznmn\ﬂenahm 09£8t14,63|6 As(fidicated imdhd?EaglgewqﬁmﬂUW

dr opped |ntothe Definitio and t he vi rtual
e Prt 5o Frptol R A0 orsmelar ot THAcag Lovel SRR iiive liplieatis'
accor dance ghdified i‘b? ammaonlépaumlt@mem Vitt Gl phtiak 5041 AOshoSerih FIGN) 2
09/ 814,536. "As indicated in the "Patient Definiti on Prot ocol" w ndow 506,

par anet er vegmseanddescription for thevigpalgratignt 804 pahentered &Y §R8SFi ng can be
specr 11 0,102 B ENAL RIGLIA SR uerEAGs etttk I GHOS01, 1o
ent er 20 by BatemNo 6,078,739 and U.S. Application Senal No. 09/814,536, to create configurations '
of the computer model 302 are provided by way of example, and various conﬁgurauons 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
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[0048] It should be recognized that the nethods descri bed above, based on
U S 20 Patent No. 6,078,739 and U. S. Application Serial No. 09/814,536, to
create configurations of the conputer nodel 302 are provided by way of

exanpl e, ayg jhabsays configurations of the conputer nodepcpBdipdfssde
created by a variety of other nethods that may be used alternatively, or

I n conjunction, with the nethods descri bed above. [0049] For |nstance
.various configurations can be created to re esent dt&lperent i ons of

the nodel edm tomy e ¢ FORHETHEOB EHLRA USfingH (O JPptpssn BhSRPPTIoR B8t foF e
model ed  syg r éﬁeﬁﬁﬁngbﬁvbﬁﬁ%boﬁn&gyg éddaﬁm% frlike 6 nife SiMfepitioRy be

defi ned struc uncti1onal ly, By way of exanple, a portion
of a bi ol ogelations Eeene namomabmdm@qndmnsmlmblp@ed@hm@n @A §r BITE

i nter-cellul ar,.consti.t.u ul ar

const i t uentVAPAYES ?’Fﬁ%%atﬁg % 3‘.5%% {n% }CA?@BS* e.rsf?m y%eldor in

conj ungt i Orbubétarnﬁllymmp&meﬁﬁyobahd&‘anaiﬂeb menIstanmalalbpumb.ry cmidmtmmgnone or
nor e bi ol ogi cal cesses .associ ate t he, bi.ol agi cal tem For
certain aprﬁPP‘éﬁt'gﬁgéhaVHﬁé’fBPe ﬂ‘i)‘P‘érer?g#’r?émFF Vv %lefséﬁlﬁ%ﬁ’c? "IWXE ecg ut er
nodel 302 8 heir G5B OFdt@ivish Mhdrer r OpetidiciAddnes)d of the
11 WO 02/ Og%%fgﬁPG'f%ltS%%nw%?nér?gdel egés%yst?m and arc Q’?l gurati ongcan be

defined to represent the given portion by, for exanple, specifying one or
nore boundary conditions for the oV RiidHo cilenematical relations. The
one or nore boundary conditions ehavi or of one or nore
vari alpes assom[aosoj FIGt 61m1tsaratas1ﬂ:emrchltmtmemﬁaIwa\rchnonmqmaéoz thatcmbebe

simul ated 5 sybs tiall de ntl.y of oher ance a
boundary cdﬁaﬁ&lf ‘bﬁgﬁtﬁﬁ co, @ f‘i})’afnf@ E\\fl 1 eafnogﬁlg.{ogfgﬁa%?ord her
vari abl es i gnkddirhé 'o&‘ meaﬁvembn nmamldé@oxgsnmmoa inclnddsane pr moreesnmulus-
time-varying manner

di J .
Val | dat | on Tommogen eits 86 ShowbiIcs 6 heviidane: stgcuce SRLngiRor A BE PRy
val i dation 1%%?’ {dé&@a@@%?a gg&i of §tiintBs-redSRe 1ets 621 WAL tRo SQFBLdtRIuIERde!

(e.g., the'c I n accordance with an enbodi nent of the
i nventlfon. fEprnweaﬂestdata shnwnumEIﬁlﬁrlisb@deﬁwmddhﬁmﬁ proless sstsioful us-

response tests.. As sho e 602 includes a
set of sti n%‘?}gus"iﬁﬁ%%%geéis c%%t’%u%?géieé%‘gmg%é etgea%’fe Qiﬁ{c iﬁ%‘@s‘% esponse tests
612. Wiile two c]OA sGinuliigrespodse té@&ﬂﬁﬁkﬁh&’ﬁbsmnleteshﬁmlusmr FIG 6, it

I zed t hat. nor sets of mul us-r onse, tests can

hould b | .
Ee > 3 sed ge L&%@ﬁ%&% that gan ‘%ep@@flfcff? 5 Schlegas[yptaw 9@6@&‘1 S‘W‘Q‘fsrﬁ‘?gﬂ"age 88 S¥hse
test can beggiefatd @i Jfﬂtﬁh%oﬁe $4shidH ftétn 6Me another. By way of example, if

20 computer model to be vahdated represents a biological system, a stimulus-response test 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



perturbation that can be applied to a nodel ed system Different
stinulus-response tests can sinulate stinuli that differ in sonme fashion
fromone another. By way of exanple, if a 20 conputer nodel to be validated
represents_a biological system a stinulus-response test can sinulate a
stinulus t MR%93820e applied to the biological system St FPRUYEIYSHY: can be
applied to a biological systemcan include, for exanple, tests (e.g.,

medi cal tests) such as pancreatic clanps; gastric enptying; hypothahnic,
tests; infugpoehesigdd thérapieser, tréatrsert regimerisiand gxposuredoraxisting.en hypothesizedrA;

I ntravenous gl ucose tol erance test; oral glucose tolerance test; and 25

i nsul i n secHERIRITCRYIET i ment s denpnstrating acute and steady state insulin

response to pl 35¢82) FIGCP HRstrAigdd fbwoRdrt 0 £&timilusidspoilse testinlavctadimest s
relating to environmental changes such_as thgse r_equjlfgﬁrﬁg todigedl n

behavi or ( ewith an emendimenrsroftirednyentign. Thest gemshopads | GREgn tCJ°p9er

day, I tipl kG | ~ f din
nt 1 "Saqui [oBRER ripgB el 702), 3B By BipRLARKs e Rt osfBds test M deinGEM 20
conposi t i onagdifisationlit onsothaseonfiguations of the compiyermpdel tesinnistand stishyiys cal

tivit . Furth I St ' ' t
bi ol ogi oal BFLELIR Fperd Lo SRt org Moo otiagh Y oy bE ap s Biche U ' © °
EypOE EeS! Zecge &%}ﬁmw:ﬁédspmayﬁﬁiﬂﬁmmggse@rtwaS ; FF»gﬁagsJ aﬁmsmﬂlwaeﬁfn?sﬂémam{ t
ot hesi ze I sease precursors. i llustrates a.fl ow ghar o]
c)rlgat e a stdefipeasm PR to %é’ﬁnqqqk’&?@g@ﬁ% o s%uhaﬁe ﬁﬁs&ﬁ%hﬁﬁ?ﬁ%‘&? he
invenrl?on. gg%i”{t%hts.step shown is to define a nodification to a 5 conputer
p .

nodel “(ste or certain applications, the stinmulus-response test can
define a nodi fi[0653]dn thepresest embadiment o theiinyention, dhasstispulusresponapiestsan g del

to sinmulate a siimilus applied. w
scenar oo, By drttiine SRS b dnk GRGRprd sl fonheolTBd by MREmEter
i ncl ude varheds. Moré paticulaily, e simuhnserespoasestestvan bs created by defininge can
define a nodification to the varjous. virtyal .patients to sipul at st
that can bemagifirstion tp gne 2@“‘9%’?‘%?“%’&?‘1 rg]ﬁti'gns ‘F%B@e?]ml %%@“ng&%ﬁ‘r Gnlch
ebodigent G dr Bforb 4tdiraBtal rélhons chiliépiéert BOONAGreipROdesBaffiuted Iy £at ed by
defining a nodification to one or nore processes rep_resemé?g%ba/] t he

t

conput er  nssimilus. Mo rwdifinatipreandinslyde, forexamples  RASAEIEE shange (w8 SiRRE IR
ol uded | ritEHO b dar S chtspther Ak, @efng br SR B LUATRL e dr o ons
can repr eseviriables, alteringorspecifiing sresoraidre finetionsyrepresestihgrinteractions ameans i cat i on
can includ e\’/ar{ag es,eo)§ %rggln%ina%og ﬁ{exaerg‘it ﬂecsh%%ﬁ%s;;o%sgfest c% 1166 POmBlification
. 20 that is to be introduced statically, dynamically, or a combination thereof, depending on the
| type of stimulus simulated by the étimulus-respons;e 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
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speci fying one or nore paraneter values), altering or specifying behavior
of one or nore variables, altering or specifying one or nore functions
representing interactions anong variables, or a conbination thereof. The
stinmulus-response test can define a nodification 20 that is to _be

i nt roducedwéf"&f“?:b’%? ly, dynamically, or a conbination therBoFUSEdEHdi ng on
the type of stimulus sinmulated by the stinmulus-response test. For exanple,
a nodification can be introduced statically by replacing one or nore

par anet er ‘ﬁ@hﬂ@%m%fﬂ&a@&ﬁo@ne BPhSre ViReh] phtshttoisanaleshoretemadadtingt Asorrel at e
to a stinulus. ternatively, or in conjunction, a nodifi cgyogﬂeﬁﬂan be

i nt r oduced intlicaderd indhe §Stirulss Riotasel vweindaw A0, the qhﬁa’(l“%@s%?ﬁﬁ? fe $Pme 25
varying ”agﬂ‘oe%%l‘ﬁpg évé&hla%%tea%ﬂpgrguﬁ@%p?% es%lg?bdﬁ@ tddadhiakéMMALAte siidH-term

I nstance, can uced dynamcally by altering or
speci fyi ng fasiihgnet er val ues at certain tinmes or for a certain tine

duration. [0054] FI 8.il]ustr n_ex I : z |

i ndi cali ng[ vari 1591@55 Wh%" rtggkcgﬁs&netn&fsg%%g%égtﬁt%gh%klggaﬁ . ngSngS\E
in FIG 8, dﬂé&#ﬁ!ﬁnﬁh&d&ia&%ﬁ&ﬁﬁ@ﬂﬁﬂiﬁc&ﬁbﬂ(mp J04Y. dn ithecresenieeintbuginhent nf)
grouped under fo

'ders 802, 804, and 8061 abel ed as ."Metabolism, tests",
"Feedi ng bmwmmgmgmmtvm&ﬂ?%éﬁw &aga,smgg%&qs??ﬁg\?g@% t he
present exa e Ll US- anoeef thet erm
Pact g 1 FrReg Sysh PO EaRQI ol é‘%@f{%ﬁ%@%ﬁ% %éﬁgg; mpw 2
modi fi cat i qAodification. Of multipte méasynamentp axei dsfn agivenss 1
fasting. As, indi,cated in the "Sti YY) ; tnat]
ot G-  cispuAed wgRscsin bR BradHe Tt Sh GF Bl Hburolbite CHor Sotain aificatons,
par anet er VahbRerenfhtéache defihedd corrtlatedo baeatwonldaneasuioment forg simylas tBng. 5

[ 0055] Turning back to FIG 7, the next step shown i ' nor e
measur ement®ayefszamalesif the ¢omRutes Iepre s&ﬁg&g}gﬂi %‘IX%’ gﬁ]‘k‘?}g&eﬁ%ﬁ (caé{a nt
embodi nent. ol qefhtd ddtB[Hd fn cpdfRA BfEliioa: atebicrdetiforartost tihitapplioda

si mul at ed response can be produced when the conputer nodel is executed

based on ortoithe biblogigabsysteor of the nodification. If nultiple measurenents
are dgg' ned for @g@ﬂ“@{bﬁl@!ﬁi& Héﬁrrit?o?m%ﬁea:gﬁ%ﬁmnﬂs bked olhebBfloresafablEE Can

be produced for measur ements. For certain applications, a
measur enent ofgadlcdiepi@imhodsl ot basedon & fumttor of aneroe lorgwatiablesofitha campMer f or a

stimulus. By _way of exanple, .,if the. co ter " ' I cal
system a mdadly i‘h&‘ﬁﬂ’rﬁﬁw enﬁ:@d:&éqni ?1@36 n'gﬁtboﬁ, g@%&u@ﬁ%?%}%&%ﬁ%ﬁ%a H%gr
clinical meggul 0%ake bPonctoringsib virlubles bfbapd bh ealue bha filmetidn ofl angorsloresy st em

variables. For example, measurements can include a value at one or more times; an

20 ;  absolute or relative increase in a value over a time interval; an absolute or relative decrease

; in a value over a time interval; average value; muumum 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 interyal; minimum difference between a
valiie 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 vaiue; 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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15 [0056] Typically, the definition of a neasurenent is based on one or
nore variables .of the conputer nodel or based on a function of one or
nore vari abI es of the computer - nodel. In the present enbodi nent of the

i nventi on, efinition of a neasurenent can be based I f one or
nore vari aWP P 2based on value of a function of one or lrgw)‘g{/'isabz}\i§7|‘;?abI es.
For exanpl e, neasurenents can include a value at one or nore tines; an 20

absolute or relative increase in a value over a tinme interval; an abso! ute
or relative decl95ZFIG.9 illusiates en exasple of ¢ nserinterrop sreenthatingjoatosshayea -

m ni num va v

Vel ey oyt e deaiRd roro Mg lus igdu iR B2 rond bl boblG B
(e.g., ti nﬁimulas-mpa’memt 20X ldbelad m&houahne&stamé cph bé dseigned ee@rangge ven axi s
(e.g., tine ttem r trelg&,éagssoclated Wi th a curve when v;l ges are

plotted al E‘ﬁ ariqus pagasurements (5. Measpremsats 210413 -
aver age I ajfi o4 1515@&% ‘ﬂiasﬁa\gﬁicyfb (vaufe\a@w h6urs S PSRNV Aluatvi ue;

nunmber of instances a val ue exceed reaches, or falls bel ow another val ue

(e.qg. ph@t!@ha@éd‘pomlmhaWaluaaﬂmum .éﬁspawvelw aithiadefingd Bor fiece bet ween
a_val Ue a @ﬂﬂ?%&ﬁ& ¥ 8dst6oL eAH e forRd .”Ic\éﬁ‘bpeﬂtcx?&%{oﬂeﬁtbﬁﬁk erval;

maxi nrum di rence etvveen a v ue an anot redefi ned
val ue) ovemessuténmant foereror ahgre wariables of a somputermmpdel. &t the peetsent exampledhe e

ted th b nbi nat
agar cgat o Pepein 10 GoRee b APl SRR RSP gl ot Hee BB APe. o,
vl U39 of ot IATTG varld o (o ahpis0n) minlO063D8ATADBEHG02/ 15764

[0057] FIG, 9 i1l ustrates an exanp of a user-interface screen that

i ndi cat es fosth) are indigated, snehtha t@eﬁ‘mélétedéﬁﬁpﬁéﬁf 0B pe groduced pased anacyasiable to est
902. Int h@h@h%%&&%uﬁﬁﬁmh finkddD Q)ne%g intBsk UPmE&%ﬁBﬂHﬁsecah%ﬁ fest?&l&hé@ﬁ&%

"Short-termtasti ng can € assl gned one or neasur enent s. own in
FIG 9, vaeisslesteddmscrordenen with a ngpr-speqified selaction. s Iiothe pregert ex@lpip,dh@ 14

| abel ed as S VaI ue at
12 hours)w%gﬁgﬂsgl%g% fg}\d(sth{ Iln;égs(‘%&ﬁﬁﬁﬁé}iﬁed q%l respeﬂ'l vel'y) can be
def i néd foreptehmtmgttheﬂct/el&f phsme gheodeatd 112 G6@s. Asshoven hAIGa9 etaneintaredit can
comput or i i B A ISP A RAT BeaE o mrau e i 08 369 % Hced to a
variabl e tﬂﬂf(uﬂtﬁ?éﬁ&@ﬁaﬁlédﬁﬁn&ﬁ‘p&&m@fu e $itBrval (@0 FRm FRouk 3heHE).in FIG
9, various options (e.g., value 904, m ni rum 906, nmaxi mum 908, and so

forth) are indi WQﬁﬂdFOfﬁﬁﬁnﬂpdlca&O@b arsfinaelugrrespense teskcandx detinegdrte sinadete Based
on a vari %}ﬁ” r ese
options cﬁ elﬁéétéa Wg aﬁ@hﬁéggég P%nddglrehsg#ect e n&at%%g% ggﬁ%:%f%]\n th a
user 28peci fectioh eftd enrnpm madel tepr_esgntmgehﬁ partiemphAedis¢ussed previously, a portion of

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 conditio'ns.for
the one or more mathematical relations, such that the behavior of one or more variables

i associated with the one or more mathema{'tical relations can be simulated substantially -

independently of other variables. 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 periodig

manner).

15



option 904 is selected, and the neasurenent 910 is defined as the val ue of
the variable 15 representing the |evel of plasma glucose at 12 hours. As
shown in FIG 9, atine interval can be specified for a nmeasurenent. For

I nstance, ment may be defined as the maxinmum of , @?%l e during
a particulg% I e ﬁnterval (e.g., from1l hour to 2 hours).eT/gg@ Iéor

certain applications, a stinulus-response test can be defined to sinmulate a
stimulus that is applied to a portion of anodeled systemto evaluate, -the
behavi or of a 20 [8059] ifostinmilusaresponse:test camatse Ide fiweps greferdnice forttéstupiating. oTest As

0 Souseed, Dk LS e BRSPS B St

mat hemat i calif thesidiniiS Fespbndeltest ae@sfined (SR8 cHafsing 8 modeivatibn &néSureRdh 0
associated with a given portjon of the nodeled system and a

sti mul us- r e @pweiatedivath the simulys-resppRsgdesty enosormgre cenfigusations p{ibe egmputerd t o
the given p ' AR ol | £J [ a
measur es(rare nt %%%156 ie)ﬁ r%eﬁtn E(S(e(.)%e or{eﬁ%% gﬁ%ﬁéﬂng@g %e??&elix%ét#%ga?& ‘%‘g?cm ly,
t he sti nul useonfigpatins®, thesamputérn madet itsedfiie pédefinadi(e.gg by atteringxme odmoye
conditions for, the one..or .nor hemati cal r.elations,.such tha he
behavi or of T enbﬁ“ﬁ‘(f?@“%@ﬂ&@%%@&ﬂ“ﬁ??& V(0% 2 CREbEE °Ib$he§?‘8£ eF'Ihhe

mat hemat i calprefedends fortestiipdative canfibdladeshrisudsiitions dueh by, for dxdRpR)a\Rokhticallly
ot her vari abl es, ,As_di scussed &%w ously, a boundary  condition can 30

speci fy, forcapRlying tbe stimulugzesonss teshio qrigor gor SERLoNS(1.6, HOMAKEG Y| es i n

ati | NVay AT i i y 086 I ner
(e g.m,?wa st ege\nﬁgleg) manngl?plglrﬁg gze-psg?ﬂ%%i lg%%ﬁﬁéet} Q{elq% I1rlv(\$i!5ér§%/ sdélggsﬁ%ﬁ

PCT/ US02/ 15 T&4int 06&v3erApesified dommanddpormanuabiest updeting).s Andptiomier a giseaf er ence
for test u .hg. ' t Al I ng the
stinmulus-r gggfghis%g'r?%gﬁéettgaggg%énpu b@?ﬂé&ﬁ)&éﬁ faL.\}tTo I' %l’lueé: @Hﬁé&ﬁ%{“ﬁ%ﬁé‘a f est
is [1 edﬁf i nefdpt{oiiﬁegl selebtiort Bevguse@ertainstiiniilus atsporse tests (.S Wstinulus -r?QSﬁsméstt ed
with the stimulus-response tegt),..one or . nore configurations of the
conputer 5 SO eﬁ%ﬁ%‘ﬁ‘%‘é‘ﬁ Fé‘.“B.?"‘%W%ﬂﬁ@FFﬁE}‘% TR3Y TRAWES 9P et er

val ues] 5ass0ginail@tbnMrhé) iBmayFbeddsitbtla iudRot reduted ARATRIHEStintINEHesg onslefts be

redefined (e.g., by altering one or nore mathematjcal relations included
in the conpsetdip fapaanyal test undatingyiom theiother hiand; etbet stimpdus-Tesnomes tests be.8.08 t est
updati ng cag;, I fel ' Lieal ly
reappl yi ng tg‘hulgmsﬁ'% #%Pﬁ%téﬁgﬁjﬂggg%g?{ ﬁ%?&g%eéto%{aﬂg%@gﬁ‘g}ék? ?qgugr?tg igiggrl]‘ée%?i .e.,
aut omat i ¢ t ekart situlgbidn tinrecand &anibe seq pp fori antpntakie test updatings - r esponse test to

one or nore confj L.ONS upon I pt _of. user - s |fied co nd (i.e.,

manual test updatmfwl efPes i #lg'_?'%aa’ﬁiv@fé%%g ftFlH'EHIEg&# @?ﬁgﬁ?ﬁéﬂg@%‘fneﬂn be

est abl2es hed nivye eipedtéd responses oSl niofe SiimdisRgsRselts. AseEdWnin FIG. 6, the
validation structure 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 2 modeled system when subjected to a stimulus simulated
by the stimulus-response test. The behavior of the modeled syste}n 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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specified sel ection. Because certain stinulus-response tests (e.g., a
stinulus-response test sinulating self-feeding until equilibriumweight is
established) may require a long 15 sinmulation tinme, it may be desirabl e,

but not reguired hat such stinul us-response tests be s manual
t est updatﬁ'ﬁg".ﬁa‘?zé he ot her hand, other stinul us-responseﬁ@?"éhg@'g., a

stimulus-response test sinulating an oral glucose tolerance test) may
require a relatively short sinmulation tine and can be set up.for automatic

test updati ﬁgnul{]{lpeggtlns {dsh ﬁo‘?%g{ﬂﬁ@ﬁbéﬁoﬁk% CpectdiGedtdhbd8lal slifmfidst UCt ur e
602 can also inclu one or nore expect eg.?espo,nses to one or nore
sti mul us- r eeggoIse tebecandnclvide areapertédrange@f behavidressopiated rith amodeledsysiene 602

i ncludes a set of.e cted respagnses. 6 i '
St mul us- 1 Y BUSIEIRS » hmuiRG SRRt oY oS RT ol ke tol Bulriie b Blitor
with the sejarlionSéf thtinedeledsypaaskavirgdiffereitantrinbic prdperties,alifferentextmeait s ar e

defined for a given stinmulus- response test, the stinulus-response test can
be assdci at@@queﬁ%PO@xpect ed response for 25 each of the neasurenents.

[0061] An expect @gmegp ihgnxg. & g Bt SR RBGBRndcBits 608 anidghdSRBE ON

actual, predict or desire ehavi or of a nodél ed system when subj ect ed
to a stinul expestedmispomsds 61y cantbe uged tmdefine a isapensesype 4804, aithe saigbi or of the

nodel ed system.can be. fo , ol ' el ed
System or s BBHErBPae 1R o i e eupTeBhep B LA Uit 2k b fenied

sti mul us. BbeSmqu;e@(mﬁ)Iwhjléfwoaeqm_mtypas ansheivnie FI@ S ittshowldbe ol ogi cal
system an expected responsg to a stinulus:response test c be %sed on
exper ilRent arecognized thatiracte o WS%WPTSW@BFE‘F%B? engipsg[o WPRERSubj ect ed
to a test spmy.ab&e Myrebii@, while¥ek RGP0 6 A dISEpdhIHtTPSBLOE axd éach r esponse

test. For céertain applications, an expected response fo a stiulus-
response t eshovarinclngimgaget efiexpseirdreansenibionld bsaecognized thate giver KIPRSEh a

nmodel ed sysbig%%f&ﬁ&pdeeac&p teg(g?@ed\s;%ﬁgg%#g}ls citfpge of behavior can

arise, for , as a resu t he nodel ed system havi ng
di fferent intrinf063pSeleetioniand groupingef @sit ofstimulns:tesporisptasisand eset ofr  bot h.

[0062], As shown in FIG 6, the set of stipulus-yes he
set oft5 expBReslyd FERARATE ggcr%a?@agg nbegp%%g%ﬁ San g ﬁg&}%@;ﬁ%ﬁ%@g@%@g@g&s‘. 604,
and the set vafousTojiehl o Furictio s REcupings bbsefslof stindlusiespondes téstseng ects off
responses 614 can be used to define a response type 2139806' Vi lﬁ tviﬁﬁ
response typEpected sespRvsEs catnbeage tg create vgﬂg&raspsgseltgpqs G bepsed fo.yalidgies o
less FeSPONg G ohpiiermbas. BSr Shpfaln pPLCHEBAY  k&iPorRe typeRak BE@bfied to evaluate the

similarity in behavior between one or more configurations 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 respecf to a first
variation of the modeled system, such that response type A 604 can be usgd to evaluate the
similarity in behavior between one or more .conﬁguiaﬁons ‘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.

17



application. Mreover, while response types A 604 and response type B 606
are each shown including a set of expected responses, it should be
recogni zed that a given response type need not include a set of expected
responses | pplications. [0063] Sel ection and grou'dﬁh et of
sti mul us-r%@ﬂgwgéﬁt ests and a set of 15 expected responsg"s Os%/}%g e a

gi ven response type can be guided by various considerations. Various

| ogi cal or functional, groupings of sets of stinulus-responses tests and
sets of expect €0065 SPhensabjectad tdthe samiestinmlus, diffepent atiations fthp anxleledy pes

t hat b dt .al i.dat t . F t ai | ti ,

Feaponae t yESELam SRS e el R Rpe R G Toten SRR B v or |

bet ween OneA&ro_rdIR??, LtitfuhBUresion s st Fhat kirtrlAeNEadh SfimiTRE 6in M @EatelDarfd dainect ed
nmu

to a set of sti us-response tests and a mpdel ed ;syst em when subj ected to.

a set of sheiused to dafinefifteeant rejpanse tpey While beingiisseaated With taesamesixpected ovi ded
sufficsent aip LAt didferkdt ex %%%g on X! b stffi, RpdiRE %Qh]ﬁdleand rpsponse
e n r

configurations can beée val i dat can be use or er analysis
(e.g., predypsB\6O6 aaminglmdsyne drafGd stithiluskesspornsd testedn commondupemsecligpes can

be defined h respect to different 5 variations of l ed system
havi ngI di 1 et ?’WF‘?‘F‘#@?RP“E&‘#&%&? s %hs?“&‘?"\fi Srese iEste I Wﬂﬁﬁ?%&%%’es, or
both. For iganphcdt stim@REOEHOnse st add @Rbectsdtedponste thab 64h b 1ised tedafet to a

first wvariation of the nodel ed system .such that response fype A 604 can
be used t o HAPLEERONEHYPES(RRE) TEFRADSS TYRS SRR FosBEASAAET BRI o massent

confi gyr at i&aﬁlpﬁa‘, r%%@gsrgigg moz%alresg&s&ett;?p%ﬁ 506 both Yridela sifmls-reonsDdel ed

system Al so, resp U'ype B 606 can be defi nedovmt respect toa 30
second var itestiock{0@ fand & stimwdetesponsg testiivl 004y despanse type fpblifsiocludesexpeded can

be used to eval uat e ol ari .y i [

confi gur at "6 T It% Hég%do%ﬁt%&e s{rlr%'ai é’? 'r%ﬁgast\éﬁ%’t g g ?E(%\%?%rg ?%?ll&fgﬁ' osﬁ)gﬁ'?et est
nmodel ed sys3 8004, fedpddtvély/viaRIesponeTy 806 méhdes Eed YWponsss D) 1@aindd 012 t he
sane 'sti msjﬂl S, pli?fere%{ vari@@toi 2nslhés? t.he m)deléxepg %ﬁiglm can exhibit the
sane ex pecttﬁgh?%?ﬁs@swsﬁe?@_ 0 tan%%ﬁéu s'r‘%?ﬁﬁ??st%‘g @68?138??1'(}}? , a

E ti muhgis- r epRARSEctéPREponbAt1006 BAd RI16%0 S GmuahisFbdpaisedadt o002 hRgiRdhand can
e used to define different response types while being associated with the

same expectsamesr diffspent s Alse; the pxmested mespansee EQASand d 92 Fosthe stimulusrespongedest
t 8 t '
LT i us- r S 008 HRLARE sl fitent, XHCRedHBH 5t AU AE rABGnsB B B0

responses tave stsown incloding tworstirmsus-responss tests s comiabf;, it dduld Herstapaized tiat

| f i | -T n r n h n
te >C<)a ggf ieng r%éploglsje tlfrge A%%B %n3 Fes;t)oenssg ?yp‘?e1 d60%X Jaag (i:x}c?lgde rEoSr %r ?egss stltmu ﬁs—xgegpon%g used

20 tests in common depending on the specific 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 typé can be any patierft or any gfoup 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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vari ous response types (here, response type A 604 and response type B 606).
In the present 10 exanple, response type A 604 and response type B 606 both
i nclude a stinulus-response test a 1002 and a stimul us-response test R
1004. Respgnse t A 604 includes expected responses 10 8 to the
stinmulus-r gbgwgéﬁﬁest a 1002 and the stimulus-response tgggﬁﬁggﬁg
respectively, while response type B 606 includes expected responses 1010
and 1012 to the stinulus-response test a 1002 and the stinulus-response

test (3 100khibitBOss of ¥aeyted 1e%pa'ﬂses 6500 dn hiaihilar spmnar paticdOfesporde hpb® tan t he
stimulus-response test. a 1002

di ff Al
expect ed r eagsishnedtoryakyatethe S_’E@H‘){W P?h?v%ofggﬁhn‘ﬁﬁg%eeérﬂﬁ%g’%%?aé% 31'3@4 may
be the Saffe%aﬁemgi ‘;é&?\;\%g thatiofhd ﬂu& ESOR R setdTRedts §RMIateiby S BRPEStituRS- B 606

are shown stinulus-response tests in common, it should be

recogni zed mmmsewsgbhwmmyéhwﬁeﬂem@wm% WYpe B 606 can i ncI ude
rore of 1 ess Stgggﬁﬁg  GSRy peph%&ang%ﬁag G YR bEHERERLL D cuh Gfol i C

applic Y ey o exanpl e re VII’ ts are
to be val i dairspond to apmmaﬁgbymdeﬁefaPMcmlmbhenotapeéeg)aaparhculalesponse

Correspond BEFAEIEATPRE SHARAAR\PORE R FR fectiiined Bybfiets 1o Bl in
correspon S
respectivel Uehaﬁopl?ét\b@éﬂoﬂe%?ﬂ%@ﬁrﬁxﬂ&ﬁh@ﬁ@mhﬁh@@ﬁﬂld’iﬁdr gdohbof paReasloftie a 25

patient or group of patients of a particular type, such_ t t he patient
res po nse t ypastiadar phenotypse For instapes, patieat Eispeusy FXPF A fagp WF%W“B EESREL 10 Bne

or vir a'ﬁ%}xt &%d“gm@r ﬁ{}ﬁ's éf'heﬁxg?ﬁﬂeﬁ& e, g.ﬁd Eﬁtﬁ'ﬁ re@ﬁoxﬁ@[}{p%'ﬁ &nq;e defifed

partlé Iar ype. a patient at'i en

particul ar w;tbaespa:ntda@,pmmt @ragroupof petienimgf agseoqml phenmw eRtSbOItld\hG recegniesis
to a set of  sti simul ate

exhibit a stftaRelERtIesRons %%ﬁa&ﬁ’\s/ﬂe@ &Wﬁlé‘%é%"%bgg’i" Eg%?ﬁﬁfutss o?Zlge;sglr‘]n%e
tests. For pxpbipeBut Hagingliffertt WpdeDing mdltxéncamwimreipédt tealgtoap of patientse
the simlarity in behavior between &ne o%dgo ‘glwrt )Lan(3 E) ents and a
patient or bgvangsi FTCHWP@WP%S’ po¥ide spch growp exhibi f@?@nwm%ﬁaw by
t he sq? of 312332{51,} jégﬁdrt@ﬂe‘io?\%tsto 18 WO 02/ 093320 PCTI US02/ 15764
exhi bi'T the 'se expect responses 610. Ina simlar manner, patient

response type B [0868] HE. defllustates 2n expmiplecafe uspreintgrisee sgreqwndlﬁatmmtem

bet ween one_or nts
that res pon{fg se é’pgé 6%%2{%ag"g%tgIcgﬁqﬁlug@ggﬂgop@hfe%ﬂs Igséaﬁ Be G&tssp EIr%lgponse
tests 612 t presonbedniplé, hleem”enmspenmypemozashbdséas kg cms@ﬁpn-lambenes'r tain
appl i cations i ent,s, of ticular

t t {
cor r espond %@lédg&ehg’%#‘ ’E%EP'P {ﬁg% gf’se pgﬂ-@gﬂlbgtpc o pg{?rl%?ﬁpaquﬁﬁg‘ﬁ%t ?@3
(e.g. 2gat pagétieﬁ%xag’rouﬁ’éﬁﬁﬁ&ﬁs RiAg Yot mﬁiple, dépilesentRadigifiant BREMASE alnepe . can be
0

define uate the'simlarit
obesity therapy. As shown in FI 11 vanous stimulus-response tests are associated w1th

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 glucosé 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 associéted with the paﬁent 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 stimﬁlus-response tests 1106, 1108, 1110, 1112, 1114, and 1116 with the patient
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behavi or between one or nore virtual patients and the patient or group of
patients of the particular phenotypé. For instance, patient response type
A can be defined with respect to a 10 patient or group of patients of a
first phenota/%? and patient response type B can be defined wth respect
to a pati eNOWBPup of patients of a second phenotype. FCTASGHIN4e
recogni zed that a patient response type can be defined with respect to a
group of patients of the same phenotype but having different underlying
condi tions dsokd fhpé $EI2S tHe HeBavlord P oP moR¥iftdl ipatiereyin ik ¢Valubied eslitive to
phenot ypes, provi ded patients of such group exhibit sufficient commpnality

15 of behawsuch actual or sredicsed hehavier, andene gyrmerg yirgual pasisatsicanpesvalidated withs 1 at es
an exanpl e : = indicating a patient response type
1102 t hat ga%?egtégﬁée%iugéﬁrﬁépﬁ)ﬁgﬁ@ﬁéef@lmre stinmulus-response tests. In the .
present exanple, the patient response type 1102 is | abeled as "90 kg obese,
non-di gbetic" and is -..-,-‘., LeSDeCt <1.a4an 2 Fodipn- di abetic

patient or group of paFEFeRtS—HS—zZo—patt et o ients may, for
exanpl e, represqodcs Cncgivialidfivh stractiuetis tefined, ieam beoied forthé apeseof As

shown in FIG, 11, various stjmul us-léﬁijponse tests are associ ated w tgel t he

patient respdfeingagauppeymadsl. KIG ¥5ptes a oW shrth i vaidate A foBIPHIST Mo

stinmul us- r-:'fn%qpﬁﬁi W aTe IVY aPEm it & o MRl iMventighO t he _
"Stitnul us/'Re ponséla es%sucﬁlgéféiaﬁdgga?%w this Pa???ﬁ?ﬁl%g?ggse Type" w ndow
1104. I n the prd66H] Bedirptistep shown én Fi|134s me@mmomeaortr@@pgorﬁlsy@nonaoé,

rast] e Gy Rfede Wi PR S BtpdRys oMby Gten 200 Tyl

fasti rance al’s/day",
and "500 cajregentimissiiimendif therinteritiondherealidation stspare inchidgs oneor rhare sespenseed

fromthe "Stinul us/ Response Tests', _fol de 18.and are associated wiLh the
pati ent re%s@f?ﬁ%r PoyEe tpeLan Wd%sa_sleé%éﬁﬂgxgm-rfme 1SitEg! °Tf%§,gly1 0,
1112, 1114,%@{%1:1(%? 1289) cah Biat aSsobRERS ohd\GimEr RoRBgRRiInk 0 tHe @oipateB0 Obese

and non-di a etic.gla ient” or group of patients, and actual or predicted
behavi or f onodehmdth gugior mere spagsetypes f Expmnlesaf gsspmatons hetweansqniigiratinns o

R b . Sl . . .
t oot s 106, AR5 pipacthes 2 phibbaEmobB0 kot Shedbiispigpanee

02/ 093320 RFutwifHhedS A atidativastactusei®2) 4@ lustiated i REY.i 13¢  Asfshowr iroFIGror e

i rtual tj.ent . b | uat ed |.at i t I i
behavi or | aleBrEReeRgs 06 Aptsae s one B A e FlP ot SECAGE
to the patijgaisotiaedonittresponse tpOA 602 dodirerxgonéeityseeB 606 Structure to Validate
Comput er Model [0069] Once a validatjon structure |s defined, it can be

used for the puri88Zd Gre onypore gerfiggations B1ay be plectedin accerdence With 4 Ys§& r at es a
flow ghart d,9.i¥ah bélédtion ParfdARP S Sr IBE 8élected configurations can be associated 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
signaliné”, :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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using a validation structure, according to an enbodi nent of the invention.
[0070] The first step shown in FIG 12 is to associate one or nore
configurations of 10 the conputer nodel with one or nore sets of

stinmulus-respaonse.tests (step 1202). In the present enbo?' hﬁ t he
invention,“@ﬁ§m§9WFdation structure includes one or nore ggﬁ@ géﬁ%ypes,
and each response type can include a set of stinulus-response tests.
Accordingly, the first step (step 1202) can entail associating one or nore

conf i gur at isasisthel oneloe noverpfithe virtuabpketientsi 1466,d408,cand 181 @ cancdyvatidaded withs .
Exanpl es of associ ati gns bet ween Cf%figurations 15 of a conmputer nodel
(here, theTespRFLP e nehertirespense rrii4%s ponse types of a validation

structure (her e,[omg Ateehragiobly 06 ifi tonjihdton, GR2r nitrerdshdriss typas iy be séledted 13.
As shown in FIG 13, configuration X 306 is associatege}?v&tg response type .

A 604, whi limacordanesivithiagserspgeified salectionadheone franpre YR504
d [0 . £ ' : ted
and 1 es ponsg%ggm Q§H§aé9%m[a %éﬂ co%g‘,@{elgﬁfgf eE&H,Eﬁ%@%él.O rrﬁenwlutam&l &t e

in accordarf a user - Spec el ection, ‘and the one or nore
sel ect ed cerimplerodtiusersinteafacderarn sudicating i aridusipatientgesponsertypas that ean e  of |

the validation structure. ,FL 14 il us an -
i nt e\r/f al:e. §IE]P@€ﬁia‘? ﬁﬁsg‘ﬁ't‘tf’ﬁ&l &Y I peﬁ'i'ern& Eg@fééa(rogﬁ?@h%getsﬁ)%ng%qﬁgféa&b&? ed
oo b ol S o g D B oo e & Be s o ents
patients, icaeativelyainte the Patisnt Resnopeq [ypes ﬁ%@g%wrus e?H“S‘ﬁ? {J%,%P&%%%M

i nd 140 ' ; ,
Chr eold yi r dosdil viiBL AlenClion! 5 BTk BRnbl SatehresfUsolypieiiocata Thoe

non- di abet ilabeled'®¢9Q kg wbese; ninadiabetis? pnd $Utkgehese; slinbetie)s reppecivelictanibgy” , and

"90 kg non-dj ab; ~decrea ' ' i.0gs | ;

sel coted f ABFRe ORGSR RfenPRpRARE Totel 1P Y510 AERREERONAL wil Bk el

g ge pat i entpaﬁaanﬁoz tabkledas mnghazfadshb;cﬂeamaﬁeﬁ@réedosomm signaltingfl. aﬁget ic". Ey
associ ating,the various vjrtual pajien 14 4 an 4 | t he

pati ent redRS¥IGAENgG (hevaripuppatientrespanse, 8%{@?%1&359/%1”}({@6‘?‘0&#8#%5 ent s

1406, 134081 @Béhatibl O 8kl Satfint PSbad Be YEAIRALDEE Aat BISWINIRN Bétieh £5025 uch

that one or nore of the virtual patients 1406, 1408, and 1410 can .be

val i dat ed wiat be validatescwith respees topene; asmore efthe patient ygsponsa types | i§angd 1508.

Al ternatively, ' oRnj e, : Qg&q :

selected in ac 399@%%%%&8 gf@u'slesg -Q%%g’:?f‘@é%"é‘gﬁée ti gﬂ?dégﬁg a%@%ﬁm%ﬁgfatoorf
nore sel ectstichuhesiespumes teyts @ 51501 4bdndisations Gtgad SWh; 1518, apdusA0)aseproyidedt i on

O e ot o Sbrrk Rl B0 B0 B it bl 2o
20 present example, preferences for test updating include m,:'anual test updating as well as ‘
automatic test updating at various times (e.g., immediate or end of day). Lo
[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 cohﬁguration 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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sel ected and associated with a virtual patient 1502. Various patient
response types can be selected by, for exanple, dragging and dropping t he
pati ent response types, individually or collectively, into the "Patient
Response T, ? Stimul us/ Response Tests" w ndow 1504 1@ R@%%Q? vi rt ual
pati ent 15 %e present exanpl e, patient response types and 1508
| abel ed as 90 kg obese; non-di abetic" and "90 kg obese; diabetic"
respectively, can be selected fromthe "Patient Response Typ f ol der
1510 and aramoengverablesdr acembinhion thereof| In thenresent mwmprﬁpéﬁ@@%ﬁomo kg

non- di ab; decrea he vari ous
pati ent res‘ﬁﬁlﬂg% @5@9&1@8%%%% O}I@G%O%Bﬁ{ﬁl’ anﬁgelval,l%'%gﬁ g%ﬁl ‘g&?&%%{‘)z 15 the
behavi or 10181121&8@10% B&&@sluﬂgﬂusa'gi oiaEéJtEsh tceun Yeaolvedhuatrimilly byla cbinputﬁt tkmlg/i rt ual
patient 15 can _be, val i dated w respect r ) atient
response t y§yaslardaigorithis as; examPi?OqﬂS‘} %ﬁﬂnﬁ ﬁ'Fiimgig Fﬁ PEht
responge type.itgl tedition $ab 1993)Cuttbiid UﬁfvtPrel@lZ or
1514. ?ndl clgt? 32%@?%{?6 fﬁﬂfgg %ﬁd 1538 gﬂrtgt@frjgw ded g?o r epr esent

pref er encestr@Kamn]st nuypesical m@%g@@f&te@adm ﬁlffqli@- eqpgtions defingdnrevionsdy s
In the &B%%g@}foﬁ@m} lof e@ro‘f Qﬁ?@lés%f vérfout tithies Bide Bn 't]ﬁ%d&ilﬁca?iﬁﬂ ual
as test u .g.

t est updatl ng a dating at various tines
i nredi at e Suckivelues oﬂhy)laﬁables[(ﬁﬁ,ﬁd}tuﬁ;,herusn@touamceoanﬂnomzstmulhiedsecond

step shown is to one or nore s stl nsg tests to one
or more coﬁF?W?ggg?%%@?ﬁEeém?ﬁ?gméf B"’.ﬁt%%lpo s?ﬁstt he present
embodygent of ”'[@076]\4%?%% appleBticHa, Gifes? Bhoré Stﬁﬂulbﬁféépmeeestmaﬁbgaﬁpﬁkdon 25
and a respons qoggpe is nade, a number of cal cul ations can be made

aut ormt i cal toy qonfiguretion efithe eoraputerraoded nsing linked staylation opsrations ageseribed i ct ed
to a set OfUﬁhABEf dhioh BSAANGE 05814336 a&a&sed%aq?w Nedrlifstdres ARRARgdRG: | N

particul ar I'guration can be autonatlca execut ed based on the
set of sti nmhjabe exesptod Seaccesingce witlparinitind simudation operstions ead.dellavdngonses  for

t he conflgur on. 3 0 ) se
test can de‘F1 °&°ﬁ8g?h g‘aq%llg?fl d%g@%ﬁ;ﬁum "w%ng&%e%St %é&d :g gm{ér Qtl’l c
changes al t&detited By aoatmﬂﬁmcfem&goﬂb&hmbre)addiﬁonahﬁmlattonbperahmtslthdb hxedmked toer i ng
or specifying.qne or npre functlgys represe tlnlgel nt er ctlons 2

02/ 093320 Hbinikgl symulation opegationy gxampple, ong oL RO H’Hﬂ“’t Wéﬁ"é‘&fmﬂﬁn t he
present enb%?*dmsq whh matﬁ%dt?%sgaﬁée%e cat BE bt W04 VRRRL patisht dsﬁllg%é Bigdof the

conput er nodification introduced by the
sti nmul us- reﬂmulaﬂenbpsrat;omainsmbeédtwed numerically by a conputer using

Shandr 3 @ 90r 5t o SOBHApo? S B3R Vi By
(Januaoy 194iulisresponse testsimssociaRdasith the response type may be applied to the .
configurations simultaneously, sequenually, 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 m 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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For exanple, nunerical integration of the ordinary differential equations
defined previously can be perforned to obtain values of variabl es at
various tinmes based on the nodification. Such values of the variables can,
in turn, b produce one or nore simulated respon e or

nor e masu%mﬂggzxzﬁefi ned for the stinulus-response test.iﬁsﬂ{s%f%{} For
certain applications, one or nore stimulus-response tests can be applied
to a configuration of the conputer nodel using linked simulation operations
as descri be@ubsequéntly, a squphd satiof stimies-reaponsio tesB dsWEinted IGthid secorsbreshonse
previously. For instance, conktiguration . may be execut.ed,in accordance
Bt an i o EeRoan BF analien s hsseRtetaict th bouy pebpd ST PRFRIAR PR o

nodi fi cati ofyei@hiip@eEtisy, Phesdets0flstifmle-F6POSER téstSdan beBequentidliydippiéd t9theBY be
15 executed in_accordance with one or  npre additiqnal si E Iastl on operations

that are | i grefiBuraionsinacqordancewithianarder thehmay,be establisheddny o selsctedhine
one or gmreaéé&{gﬁ%ga?ﬁgqggp%%cﬁﬁéga ctigfsoci ated with a patient response
0 a virtua pa% 1

type can be applied u 'ent using the linked sinulation
oper ati ons descr i{0059] Withreferfre TTFIG.{12the thiyd stepcshnivi dr toalisptayone oemore sets

associ at ed w.t.h | ven response type set. of O stinul uss tests
associ at ed xfflﬁ’“?ﬂgd TPERPEFSET P58 f/b%"zﬁgg'b%’f)fl%%lﬂﬁgc?tﬂ%uqyrgﬁ%ﬂ gfiq%cal?lﬁg)ns
simult ?neouiﬂl lihe peentesitiodirhant oﬁﬂle&mtbgtmi, Ak df:SilnﬁﬁlmlfﬁspoﬂEesr cahrbfa_ﬂ&ptaged t he
set of stinulus-response tests ca e.initja a | o.afirst

conf i gur at | G 6 peORERER beteem afoatgRAULNI TPEbptAaRS By i Runk pReer

confi gl at | Gbre SUPGFGMERIdDtosploiées YRS bélfavidk bibH st mich BFyratbRdsd Hean be

appl i 0 a second co g lon to produce a set of sinulated responses

for the 25 sealvated, suelf thatonstar mere qundigurations can be yalidated witlprespast tocne or mwre be
sequenti al | | i.ed t . confg. ' | e rder
hat mmy be EBPEI e Aoby T Bt AhE SRES, hled B BREE eptotidi o8
user - speci f ifsilitatelvadérstanding 69 48kerl f nul ti pl e response types are associ at ed
with a given confj ion,,sets of, stinulus-response tests associ at

with the responsé'&@i)ilém leronfgnrationy a{e&sfq‘f?t‘?§€ ﬁ\gl,valafagptmﬁ%ype, C s

si mul tgneouginfulate® sdfbtisefor Ywo 6F mare T ddafim@ntidridarvé disl;ﬂ.@yedi thallewce, a
first set of stinulus-response tests associatedq with a first resPonse type

can be init campgratiymanabysis; FIGt Heillpgfratesgnestmpls of a upprdpfardecescreen that displaysy
sinmulated r . [ | %/Lﬂjagga%ﬂt gj%yﬁ% 15764
Subsequent | gﬁﬁ%ﬁgggegﬁﬁfsse%{&?gﬁﬁsiméﬁgtgéﬁgﬁdeStS ssocl‘:'g ted %h a
second respdféz Intthepresant ekemplpihice sirtual patients d604, § 60G and h6Q8dahrlesths¢90 kg
second set of sipulated responses for .thg, fiquration. Th t,s of.

sti mul us- r eSPBITEA: ﬂ@gﬁage{gﬁq-ag’@lgé{ﬁ%a}l I’ygg%ﬁﬁggﬁlat%bg?cﬁeeasedg%%ﬁbﬁﬁwgtvfon ,_
i n acczy danegmullihg, afid 6961E néhaab; Rirebsed aaiposd sighalithgh)respetibvely, arvrasscziated ed

in

with the patient response type 1602 labeled as “90 kg obese, non-diabetic”. As shown in
FIG. 16, various simulated responses (€.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
respohses 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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5 accordance with a user-specified selection. [0079] Wth reference to FIG
12, the third step shown is to display one or nore sets of simulated
responses for one or nore configurations of the conputer nodel (step 1206).
In the pre di rent of the invention, a set of sinu onses
can be disgﬁg@%ﬁga or each associ ation betmeen a conflgur£¢b§%)agﬁg
response type. By displaying one or 10 nore sets of sinulated responses,

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

or nore comhpaaenbwgh zesReqs &0 thepiitiple patignt yespanss,pes qap be displyedyds

response t an be
br ovi dod 1 SRPpyinE im RN Shomep WG peRTo AR deti ERDER R, € t’fm
conf i gur at iobihe vinual patient can hecevaluated such tﬁ@tﬁmmdmbmt 94rebe @éﬂ%ted)mthﬁ

si mul at ed L& ﬁpcggosze Jr%or%‘ﬁ?th%@aﬂ%t&s%&ﬁ ?ﬁegonf i gurations can be displayed:

to all ow I've "anal ustrates an exanple of a
user - imter f ace {0082k thh pteseht&pibaﬂﬁnens ofithe menhdnemsmﬁe Sets ofexpecteds

virtual patients as ated with a patient opse t ., 1602. In e

b esont oxERTRIISs MERGS ) e pimiops fsbotise Dpsetrn Ve iaved ViRt PICEs + 90
kg non- di 3f; thélGer-BRedabentred RO U Play@e@eaeditdspdaﬂes, 1di$%ﬁ9sﬁtamu§k&90nse

decr eased post absorptive 20 sig gﬂ non-di ab; decreased

adi pose si &§al610n g',I'he exz@wcrﬁmsqs 1634 @cbisls genegted develsiof plasma glygesecpipsma
t
Irqeapog(sse vgﬂr%ﬁoug) Sl n@g‘gjfnégnresponses ?&E?&dé%@?g?és@@gﬁh&? hﬁ?ﬁ%@ggpgzse

test 1610 dediveti datador a péﬁtent or- greupmffpnﬁbmtsn adsociated With [ﬂimhehtfrenpomct?pa/l rtual

patient. at.ed r ons as i ncl ud u vari ous | abl es

ot o e R0 B S BHR ok TR AR o e M S oo RS S BRI Ly 1
portal i nswyiriyal pAiests1G04, qrsob,) and 0608 asbevavatugiel re:awewmeakpéc?ed ﬁsesV\hl l e
sinmul ated responses for one s#ﬁrm] us-response tg@éggcﬁ di spl FI G

16, it shoé.ﬂﬂ,sechrthetdgﬁ.ozmre? ¢ vistualpasienrs 1604 b

addi ti onal Iy o (RIPE | t nse
type 1602 ??3'%‘ lE)gé5 %I spl ayegﬁtgrsép\ﬂ?%ﬁ%yaﬁg%ug %ﬁ: I&??dpl}aiﬁpgbgg%ﬁdggs?ﬁ%m are

assocdiSat edraspense éﬁsgls\deﬂplmdm BIG.46i ibshoudd s:,regﬁgmzs@ that expeeted tpspans es for
Ehhgplc g;;hg#%g t ﬁ%@géﬁgﬁ m%ius-rg%ﬂoﬂ@e tggts g&iﬁatgc{ witﬁ' the é’%ﬁ)g‘ﬁ Qésgo x aI can be
patient ca%(bﬂacanaﬁsﬁnpt@yb&ds wellth nul ti pl e pat [ ent response types, and sets
R

di spl ayed. oByimutheitledionsés 6t S c¥ifiste COSRARGERAS With bnd GIRGE beth @faapbétwl e

pati ent response tgpes t he behavior of the virtual patient can
eval B ed swpensenisteptlZ88)i Inithewpresent prabedivni of theinyentien, dor aarh #ﬁsoclatlon

between a conﬁguratton 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 sirulated fesponses 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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respect to one or nore of the patient response types. 5 [0082] In the
present enbodi nent of the invention, one or nore sets of expected
responses included in one or nore response types can be displayed. Wth
reference 16, the user-interface screen also di cted
responses &@T@hg%n?he stimulus-response test 1610. The Z@%@g$%§§$gsponses
1614 include expected |evels of plasnma glucose, plasma insulin, portal
insulin, and so forth at 12 hours and can be based on acfual, .expected, or

10 desi r edWethian expgcted respongsif thedifferenss betwesn thedwp gespansss figs within acartaine

pat i ent reﬁ.ﬂgggﬁétmﬁ%&mﬁa&mﬁph%&e&t bitRe ExRefel FhpbERPOAS BRMHR 14, t he

sinulated re es for the various rtual patients 1604," 1606, and 1608

can bef eVﬁbxm_lLﬂel ars[émulate_deresponaew@n bs pi&@h&ﬁﬂb@gp@ﬁgésﬁmlﬁlﬂpeffmsmgm ifpnﬁ or
Fespect 1 otefropBpaft HHBB i omib il By AL B P SARIT B ABALEC. 1" e
stinulsus 1BhsoRf@edlass. (A furtherixambhy srexpectéd 1€spohbe cantinclisde dncbxpectedrangni zed

t hat expected responses,fqr _one or nore additjonal  stimy|us-response tests
et A SOt eV PR SingilEted BBBERG 60 GRS AS6Y BTt MG PR vel |

[0083] Tur pishéhsh ke bithudtéa redponsd & WA the leRpectdRMpeiof bblvidpTPar € one or

nore sets of sinulated responses for one or nore configurations with one
or nore sets of [0988kbx thepresent embedimest qf hedpvenion)one opmoreeingicationgcan be
enbodi nment . | AV, Lon . : | atd hﬁﬁﬁgﬁ \ ation
and a respgﬁgle&e ?&@@%@g@%ég%ﬁfg@ﬁ&;@gg g{r]\gs?ggorfa%?’ t Re @oﬁ@?éh&? I on
can 16 conpareetddresphnses assbeiafed svitheaespdnsedyyeo (s partiaslarn ohaoemionsivialidith e

type. ..[0084] For .certaj licat i | L of
o ol a¢ ol 1RGSR g pRyida t SresBiihob oreltie i RERRERT Y o X et s ponses
associ at edreghdriRePapprsdenasiic botRE eRbted Fispdrses e réibonseGypel Validityul at ed

response of the set of sinulated responses is substantially consistent
with an exidicetens g bepeevidad, fo5 exapanle,dn the,formrofolory symhalstextimesgagedy t aj n

nunber (ea&lﬁosi H@,jo?_raic&ﬁb ati@“h)eregf. the sinulated responses of the set of
sinmul ated responses is substantially consistent with the set of expected

respdidses, the [0986] Withereference taFIce 16,awriews iditvindisaticnsi(elgs &61L6, 1618, ard pect

to the res et , I E i . Ls X onse
can' be subeR EreaPiides hePlaBita riF SRIRN N SBRPLARY R BB GhE pabeRE
i denti cal 160, 1666, and 603 chnipaseongatiedtor gions bfputients asseciateld atithrthe patjpatse can
be substantially corlzi itﬁgﬁl 24 WD 02/ Q93320 PCT/ US02/ 15764 vm(ﬁnp an e%pect ed
response i FeSPHEC BiASt Pen BB’Ee\ﬁ%ﬁ"_ © 0 OF ST AYER cfn} besdefined, fog eachof ¢ 5j n
; 2gggng gj gngﬁg%d@éﬂot hg?&n@éﬂ%@@hss@éiaféﬁ hith ihelfhtiBRr6pBhseTypd 16028t Hidity

P 20 indication can be provided based on whether a simulated response for a virtual patient lies

' 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 nig/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 responée for a virtual patient lies withini or at boundaries of an inner ringe
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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exanple, a sinulated response can be substantially consistent wth an
expected response if the two responses exhibit relative changes that are
simlar but possibly with different 5 absolute values. As a further

exanpl e, o‘?ﬁ@ﬁﬁioed response can include an expected ranggmysiPehavior,
and a sinmul ated response can be substantially consistent w {IL the expect ed

response if the sinulated response lies within the expected range of
behavior. [0Q085], In the present. epbodi nent, of the ipgyentio ofle or nore
i ndi cat i on@“@&ﬁl%é’?abmmp Tuge %W&’&Pﬁ"&ﬁﬁ‘?&%?es °5?°°§‘$Xﬂ}cﬁ9'ed

responses f@fcaforCé¥ibeSinédioliiicatd 4 Borderfifid sitation ati Rl tifufB&uRRSiBeration
associated wth a response tycgc%ﬁ In particular, one or, mpre validity
ep

i ndi cat i onty &user-bd thirdyalidity in feal 120103 third slog ox brighingss leyelisit i on' s

set of si ; . or .
The resportelitedto HERPRUNES sARRARERRRL 1F o HilnalbarBHRG CUdRRRARS Einge®]

t h(raTb f&r {n odle?ﬁﬂ foran exge;tﬁdlorgsgonsexﬂ;hﬁﬁliﬂi?gﬁdity indiﬂdenl cgndnfalssd todndieate thalt. it
conbi nati o er. eof . h .1 ef erence. various.validity
i ndi cat i on'@® gEaYyate lieﬁli‘g‘sL fé‘fglubé alfl'é’?ﬁﬁ‘&%fﬁ ém{;)%%p@gateg H%?Poqsﬁ'd@ﬂtée how
simlarly ®feedisesiofivhladiylindibitiondre ShtfviinRIGA1 6, Dieshbsld he recbghided thei@oreand

1608 conpare to a patient .or a%rgoup of patients associat eél W Eh the patient
response t9ijesstiaes of yaliditydndicatiensgande aagd depenshing o CcFpicetionn e

defined for eacﬂooggp%&?g%gﬁ At SSRARRERNIAwRARAS RhAgrifidds! he

patient response t a validity 20 indication can be provided
basedOon wedidated withgespattdo e despensp typssat be made/by 2 user by.for example, analyzing hi n

t he one or_nore r A, y o .

it onmt 1 oot ae VTR RURARES 4R PAE SRR AR QBN o canbe,
by a user.mhde dutematicaligzhd aeitdivatien caarbepudvidedbasgioncoothparing asetofr ange can
be defined for each of the expected responses 1614, where the oytef range
i ncl udes tﬂ’@“-{af"ﬁ‘?é?sﬂ"&#@é‘?r %?‘P ?ré‘,”“'gﬁ s%ﬁ 3?‘”2&56 gﬁgagseéﬁﬁogﬁteﬂm range
can be definpegnbiRe tyfdto MdIRE Whbthe? MR coffigitht@site validag@dse as. 70 ng/dl to 110
ng/ dl and 80 ng/dl to 100 ng/dl, respectively. As shown in FIG 16, a first

val i dbty i ndi cal0P8# Qre ¢f morg cardigurstions nqt deemeddp be vakidaied corbe duther evel s
rovi ded tgQ, i.nch : Sl : ot : lepgt lies

B Chi nor - Spipidafel s adcBiapcdbufel B ¥kl o SSMARRLLAN ipdentichl ¥ 1okl

response. dinfighiatien thatisingdt validatedlivith réspect tamgiven tespahse typercdn baassodisted 30 t he

i mul at ed ' tantiall j stent with th ted re :
A Second ik PaY oépRaREEne feepdieg ek BigiofPbed e B kSt BT RS RN
level is ploQvhkied theobdhadbestithe cnffighration with k@& td e pAe 6embrradditishalt ual

patient lies within or_at boundaries of, an outer r,anglcf?l 25 WD 02/ 093320
PCT/ 2802/ 15svmmssiypes A lisrartively. ofin comunctionfronigusation thatis ngtvalidated wa

response. Lhe 5RGATn8iotld Ype can be redefined 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.

1

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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I ndi cation can be used to indicate a borderline situation that may nerit
further consideration by a user. Athird validity indication (e.g., 1620)
of althi &d col or orfbri ghtness level is provided to indicate that a

simul ate or a virtual patient |ies outside an 5
defined for an dg?(%gct ed response. The third validity indi ?g?ﬁgsgilgda?ﬁﬁbe used
to indicate that the simulated response is not substantially consistent
with the expected response. Wiile three types of validity_ indications are
shown in FI Gdetstandiprocstresi bssotiated avithgumodsipdisysiemptortest hypothesisregarging the

validity indications cap, b | of { L &akd on.
[B087]  For Tente] Neaph P edfrdftndRB e ailled RcnRific 2y RRROLERLET. | o
:c s 10 val : dat ed P'OM] Foesptaih applicatiomssthe belmvioy o€ onwor therervatidatéd/ canfiguratioby ,

or exanpl e, _analyzin e qr no valjdity i.ndi cati. Al pvely, :
in conjunctf ?c‘?‘%@‘tﬁgf%‘feﬂfﬂ’g‘?q ‘i?ﬁa g“&r?“fﬁ]écq’vﬁ'éﬂ%ysé%t q;gﬁqr%%s}gﬁ %/}egéoﬁ’gé ﬁ% Yo o
| ndi catgi on- @%9 bb Befifed \HiflBEdspeate @ varatic BTalThatiled systbmpénd dHerStnisred responses
for the configuration with a set of expected responses associgted wi,th  the
roﬁs ponse t ypenfigurations wdidatedmithmespeetite theapippatetaRg R bedis forRied chavior ofygsg)

e or nore . r NBibntsObi ' giz@p be further

mani pul at edq%%@%&@%@g&%@ﬁsy?ﬁ@ pressgw?&g%?o‘mﬁt of the invention. For
i nstance, a conf00gLirBy way of éxaimple; apatient sdspatwe éxpenaybe defined withagespeefito@n

response type,can be associate .t ' L |

and processl %fle&g?r_ P %tfpﬁ‘ﬁlffﬁif’g %P\%ﬁu}i?r% &r‘d @%P‘@L gl?éttjltﬁéalteh iy Pﬁ@p@gﬁgﬁgfes

?; pte 2610; f) ?f wu{r_adpeclsmo metphﬁéxﬁsequﬁsettytq)_etcmbenseda? pradict bethtidriof thelpafiéntroes ponse
) ernatively, or..in con , ' [ ' :

VAP T dat ed SN of EXjsEiEF 5 REvGFUUA Bce SBEVA BARGASELIR B B Oy 1 or

exanpl e, al }é?)f)éeg%ccgﬁ?rggf ega%ﬁ%%t‘é‘esﬂ%ﬁé&?ﬁés%ﬁn ¥ehssdto PRARE bata0fhr oF HiFfekdi

configuratlon.. nce the Configuration can be reprocessed with
respect to phtientsordifferent goovpe of patisnisasseeiated yeithcthe pptient respense PEH| e, one or

nore of the step in.FlG.12 | ' L Qs ' n be
further redefi ne@om%cfe]?ﬁ{lta@?cjara%%f %Xg@?e%ﬁvkl?igﬁrﬁg%gg%%%%h gghglséen
rez p?nlsﬂfl tlylﬁﬁ)litﬂttd 4 validagd ceﬁtr‘l]gimtidrﬁhad atterapstiio peedict how atrbad-woarhd ¢quivalant ofi i s
substantial ly consistent wi.th a set of expected responses .associat W th
the given r & g”é“f‘iﬂﬁ%%%&”@lﬁ?&?%ﬁ”&ﬂﬂﬂ%@?' ﬁ)b°d‘8|"m3’8d’[“tﬁ9§9”1‘gﬁaﬂe a
P! i cat i on e e T rod commat ol ool can be fur i he

. st ance, e val i dated conputer, podel c¢an be further

Aefings modilcaions

eval uat ed t dhn® av@mks@m@g&mﬂ@mmwmwm _ 18P 098e Bk at ed
with a nodel ed SvVSLEMcal idtfoRl iddhReh BES Lot #idHel! 9T Ghe or more mathematical
20 relations can represent one or more processes affected by a stimulus simulated by the virtual

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 appliéd 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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nodel ed system or to predict behavior of the nodel ed system under varying
conditions. [0090] For certain applications, the behavior of one or nore
val i dated configurations of the conputer nodel can be used for predictive
anal ysi s. %02}09 ghce, a response type 5 may be defined Wehhishfahect to a
variation of a nodel ed system and one or nore configurations validated
with respect to the response type can be used to predict behavior of the
variation of the nodeled system when subjected to various stimli. £0091]
By way of eamaipiulste an peartisemesinesnso pradict ygsponsa b sariusiovervejght patieniypwhen t o o
pati ent or .Q f ' particular type, and a virtual patient
t hat has bégﬁeég(F%ﬂ?g#ra%&\%ﬁ{lﬁﬁr espect to the patient response type can
be used to predijo094p@EHaely bHihe phtehtupplications) patentsgublipatixins i othrer publishedhe
particular type. Virtyal .patients that have heen validated w respect to
BT 1 or ot debnasnis meakioid B rospaet o i i b Bastcn 1 PRt Rerdion By rhfEreRSS
di fferent pakb@fky, &/ thebdmesaait agifeadsingividual paaitapplication, patdt, publivatibs,
patient response types. [0092] For certajn applications, a virtual stinulus
si mul at i ng 2ad othenpithlishedidooymentwagpesifiepliysnd mdividualbcndicatsd tQbs Beomarated an
attenpt to b&rrggke%%%how a real-world equivalent of the validated

u

configuration wWo respond to the stinmulus. In one. enbodinment, a virtual
stinul us can be [0095}iWhile certaimembodimentsaridzexamples have besn descoibed berein with

stinmulus-response test.. Thus, a virtual stipul.ys .Cl eal. rantl OF
exanpl e, ddPieFRRAgoPIRlogice] FYsEmsHt ghpu °'ﬂ%ersﬂ°1éf‘i’yr?é? H’£§§f’fﬂg§9€1ﬁ§‘f g%iagns
i ncl uglgd i Rha cBMHOBEMEREs SFIRSInverkivh a0 wot Gimited te tHerifh seitrides fibld24hd; gjeatfically, can

represent one or_ nore processes affected bx.a stinmulus simulated by the
vi rtual stﬁfmtd@“qd@éllfoﬁbﬁiwmvﬁﬂétwaﬂxﬁ HeQS. 1yl us can define one or nore

measurenents as zgg/gl :jS:P'TmHBcﬁﬂeﬁthﬁtﬁEiﬁégehﬁﬁ%ﬂﬂn_rélQ@Qﬁia&)m%\ﬂéf sragexanpl e,

once one or nor patients have been validated wth respect to one

or nore patgreduct mbpm&c@mw:re@abbm@gn beving cemptengodaiherendar be 25
defined to p%'{fgyzﬁh&faﬁé(%sséogﬁte?fhn fé_&%hﬁg \%béﬁﬁoﬁsh Ghd B data &d ctoﬁffnifeﬁgﬁe may

regi mens or posur | Sease precursors. A virtua
stinuhgs cage theseapgdialbodesigned sl donsthested for the plirpopest dfein presenpinyention, ar

sinmul ated response to the virtual stimul, and the si ated resppnse to
Che virt ual theX BA%Peer f@a?ﬂ%‘ew"d@&?@o@ﬂra@ﬂ@e ‘Bgﬁ%ﬁ' Ymégféh ip fhe CopAfeg
equi val ent g sV iEScEHxPies Bﬁ&ériﬁﬂlteﬂkmbﬁtﬁécﬁﬁﬁﬁﬁldbﬁbtﬁ afeRitlt limtedi €o:

equi val ent of the virtual stinulus. For 30 exanple, a virtual st.inulus can

be a virt uahagnstic mediasteh asshasddisks floppiedighsy andmagnshic Apepopticg) megia gughps

predict itssgf | i , B a0 Refloft AR, arl

virtual "st |%I%@ﬁ%%x%&ggrﬂgg%g%b%g%ﬁ%%?%%ﬁgn glgrrul%r?fg an e§<erci se

regi m0 to lmrdwire teviessthatsaee specially configuedde sioreand qxacute progranhegde, such as
application-specific integrated circuits (“ASICs”), programmable logic devices (“PLDs”),

read only memories (“ROMs”), random access memories (“RAMs”), erasable
programmable read only memories (“EPROMSs”), and electrically erasable programmable
read only memories (“EEPROMs”). 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 obj ect-oriet_lted programming language and
development tdols. . _

[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., & 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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subj ected to the exercise reginen. [0094] Each of the patent applications,
patents, publications, and ot her published docunents nentioned or referred
toin this specification is herein incorporated by reference 5 inits
entirety, to anme extent as if each individual paten ' i on,

pat ent, pt}{ﬂ‘f’@gﬁz n, and ot her published docunent was Sptgg??{&hgﬁ?%t and
individually indicated to be incorporated by reference. [0095] Wile
certain enbodj nents and exanpl es have been described herein w tE- reference
to bi ol ogi netvorkyamaeation).t Acteedinglynes usedibersings gersgr wane oIn b regarded ¥s ski 11 in
the art 10 that .enbodi mant_% @atan tﬂgdiwventi on are not limted to the life
sci ences f PURRFSIDE, Y COAPIRITR I V, are not limted to the ability to

val i date virtuajooos} Aacther erhttidtént Af thertreaition niay bt implemented imhardwiredit i on
relates to a conputer storage roduct .. i ncl.udin onput ersreadabl e medi um
havi ng conpieuiity Bxelace Hfepiisgomy an%?’?%r‘ﬂ?"ﬁ&“\ﬂ‘%i’@ﬁ@"ﬁ at &SE'P ‘ment ed

operatsl ons. Thepgigg) ﬁﬂﬁt&c{h&ﬁ@m RivetRthal B¥enldestitbetl MitErefopsnte & thy ssteificggned
and constructed for” the

_urﬁgies of the present _ jnvention, or ,they may be
of the ki nemhedimertsdhareainit shandd bepnderstepdibydheserskilied n thejartthet yagiens conput er

ft . - . i@t . t
i tod t oPhagaBe hafin ARG hEPEPSISIRA it dgiting boin A MET .
tape; opti gpitt aRIKcaps ofthe iventith Refinachboly the lapprndpditlsinte h ddition, many

t 0- opt di h floptical di " h ' t hat
I i L e S T
applifpt | Og{e&lbﬂcblfohé‘ssisfbb% 5Rp& tb tHelobjetlive, 6piAibrddsscope ¢f thepressnbiriventiongi All
devi ces (" Ds) read only nmenories (" "), .randqQm access, e rines
("RAMS"), euchsmedificatinng 43000 be it 15 Seape g he.claime ppRgREed Bercin
el ectrical | YR IRlife hE ALY gg&mmeﬁ% Rdvexgg&?az%&ﬁ&a Vit RIRsYS 1o -

Exanpl es of nput'er code 1 nclu machi ne code, such as produced bg a
€a

conpi | er, padichiat stspscwanfomined incp prrti¢vdar drdsreit wilb beundezstood thatdhese siepHmay

conputer using.an ipnterpreter. E e, § u tion
may be i nﬁP’@ﬁ'E‘ﬁ&’é&gﬂﬁWﬁﬁf\?gfleé?rd%&i?a(go% O@@@Qg@ﬁ@%@ﬁ?ﬁtﬁé’%g %r ol!gl;ér%ﬁ% ng
| anguppe afigk teﬁhhift?s(w kR redenpingentiof0 Actortinglyy unless specificdilydidieated hereinjithe

Pr ogr am marisE Aed ERPBBAE SR S ITRELCE AE B AR BRI Lorver) o
program ma 3] o server 0 a
requesting conputer (e.g., a client) by way of data signals enbodied in a

carrier wave or other propagation nmediumvia a communication link (e.g., a
nodem or 28 WD 02/ 093320 PCT/ US02/ 15764
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net wor k connection). Accordingly; as used herein, a carrier wave can be
regarded as conprising a conputer-readable nmedium [0098] Anot her

enbodi ment of the invention may be inplenented in hardwired circuitry in
pl ace of, or in conbination wth, machi ne-executable software instructions.
5 [0099] \WPI0¥0HY present invention has been described W¢HUB®RA&®Ence to
the specific enbodinents thereof, it should be understood by those skilled
in the art that various changes may be made and equivalents nmay be
substltutedvmuﬁmauhuﬁepartlng fromthe true spirit and scope of the

I nvention as defined by the appended clains. In addition, many
nodi fi cations may be nade to adapt a particular situation, material,

conposi tion of Neddnfuterh@adiBidtaeind'comBasingt €p or steps, to the objective,
spirit and scope of the present invention. Al _such nodificatjions are

intended to be msuncmmsnea@sc@p@a(mmmm@nﬁan@pp%mwgm de} yith a
t | S sk HGS
rofer choe. st R hBEERE DL IR AR SRR ARl |

under st ood diffént niseiebscehanics; thefinheius-respunseiest, deﬁnilngdlmochmnomto gach or der ed to
forman equi val ent 0 it hout departing from15 the teachings of the
present in¥ 3‘5?11 Zl?éﬂ“r&f%hﬁ/ P‘iﬁ’HﬁE@@ em fically indicated herein, the
order and gr oupi@ubfiorishé apl$ Bfe stifnultreshonid edt3d ﬂﬁrpmihtybemrﬂ@.@mﬁbns to

i nvention. 29 WD 02/ 093320 PCT/ US02/ 15764 What is clainmed is:
conput er - r @xespe @ sizatiatedTesponse farieagh condiguration pHike pluglity %“cqnﬁs\éraaorﬁs ad ity

of ¢ lguratio ﬂ#gggﬁ each
conf?gijratlon o? Igltméﬁsura {) co%lftl@g#rbgta?sgﬁlgﬁr rug?el ti ng a Jﬁ,fa%erent
nodel scenamt}m,ndxpectedrqspnmstcrthspmnsbwesponsaéﬁtn| ng a nodification to each
configuration of the plurality of configurations; instructions to apply the
stinulus-response test to the plurality of configurations to produce a

si mul at ed 1espoThe chaputepedadsiiomediunedf odaimdy, fitrther edmyprising: y  of
configurations; and 10 instructiqgns to co are the sinul ated responses for
the plurality ofmé'SFﬁti°Q§|F°a‘FF4§ﬁ§’°sRF¥’H“arFPPQR Bfted response to the
stimj4is-response test. 2. The conputer-readabl e nediumof claim1l, further
conprising: instructions to create the stimnulus-response test. 15 3. The

- conput er - Beadaffihe compiignresfiable medium offclaimnle furthsnpemprising: i nstructions to

display the sinulafgd: 6 PPRENES thl Ymd1NEd PlspiiRbd fo¥ 4R HEARY oS bsiiighftEns.

:

4, A computer-readable medium comprising:

20 instructions to receive a user-specified sq__’:lection 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
bemg associated with a plurality of expected responses to the plurality of stlmulus-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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4. A conputer-readabl e medi um conprising: 20 instructions to receive a
user-specified selection of a first configuration of a plurality of
configurations of a conmputer nodel, each configuration of the- plurality of
configuratjons resenting a different nodel scenario, |
configurati b féiﬂzgsenti ng a first nodel scenario; inst rhgf’PBMI%%(S'
associate the first configuration with a plurality of stinulus-response 25
tests, each stinulus-response test of the plurality of stinulus-response
tests defii.ng &hediompateemeadabldnfedien pblaimed, firther coraprisingif i gur ati on, the
plurality of sti, ] £l:ng 1 as vmthaplurallty of
expect ed responslﬂn%mf’ﬁ ?Sﬁtg §e %?ﬁ“}aﬁl@f |mljl|ﬁur§§b(raég%§%se tests; |

i nstructions to apply the pI uraI ity of stl mul us-response tests to the first

configuration 30 to pr oduce (al i ,Of nul at ed.responses for the :
first confibyur atiugcompyterirepdab Egﬁ%‘ {% ASE'F“EWFWBP"& RFality of sinulated
responges for thgsﬁcﬁéﬁsmaﬁlbwﬁémm?&qsmm%mesﬁmetﬁm/ 15764 5.

The conput er -readabl e nedi um of claim further corrprlsmgtl i nstructions
to create tdonfigiratien with thﬁplgnallmf&gpmgmeses ta;thg plugality ggstimulus-response
corrputer-re[gsq?bl e nediumof claim4, further conprising: 5 instructions to
conpare th urality of sinulated responses for the first configuration
with the pl uraI ity of expected responses to the plurality of

stimul us-respon t est 7., .The uf er.- nedi.um of cl aim 4,
further conf)ri sis’ﬁﬁwﬂ? ?%§?%@Fﬂ?ﬁ§$8*$@@e‘??‘é‘%§rﬁg’v PRt ed sel ection
of a ggcond confihgricBbhId rédeivieuseR$petidied kslection 008 kécotd %ﬂﬂgﬁ%oh betirecond
confi guration representing a second nodel scenario;, instruct i)eEs to

associ at e tm@abé’cﬁﬁénﬁgiﬁwwr the FesaNd,FOTHISUFAEIOR FEpresPRting asecnd seengdionse
tests, each sti %ﬁ'h%ﬁ&ﬁ‘ﬂa‘%gs%%* atERb séond Bsnfiplutatioh With 1o plﬁiahf?ﬂﬂéﬁnihﬁl%po nse

tests further I ning a erent nodification to the second
confi gur at |respona5test9.snaph|sumldns-r€tspon§ppﬁsyoﬁthéplpm!maﬁ&ﬂyl@#s'@moﬁ%ﬁ tgsys fisthebnse

tests to t Seco urality of simlated
responses f‘%ﬁn cgggrgﬁgmggiﬁpﬁguﬁgﬁeosg%n% gﬁggﬁl nstructions to di splay the
pluraksty of si rivstaiceiong applytkspliality distimmbussresponse tests to the second

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
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configuration. 8. A conputer-readable nmedium conprising: instructions to
define a plurality of stinulus-response tests, a first stinulus-response
test of the plurality of stinulus-response tests defining a nodification to
a first biglogical process of a plurality of biological pr es
represente {}J’ nput er nodel of a 25 biol ogi cal systen{%ciﬁgi’iﬁﬁ@
stinulus-response test of the plurality of stinulus-response tests

defining a nodification to at |east one fromthe first biological process
and a second biinstagtions tomomperethedimiitatedybaponses tothe firdsiand segonditimulueesses;
instructions to autonatically, apply th rali t f.stimul us-response
tests to tHESPORSHISHE & eqgq Wg&%ﬁﬁe&eﬁxﬁtﬁnﬁﬁn&é@rﬂ%ﬁ?p ’E?e??*?gs’f i rst
and second gijedivelyp- r esponse 30 tests; and 31 WO 02/093320 PCT/ US02/ 15764
i nstructions to conpare the sinulated responses to the first and second
stimulus- response tests with expected responses to the first and second
stinmul ds-resgponsgy .t g édﬁgl!l whteifs BlERYnBhtef BRHER I um
of cl a#lm 8,e§'V\herS§}enc ﬁ?@‘t"ééﬁ%ﬁ}@?ﬁm e?f?lg'ggsésents t he ?l{lrest E?O Qaglggal
process usithg figst biologicalptdvessatsingal firstahatheroaticalndlatine agdiho setobd biolagicsd |

fef i no. t ho Tberes it = apeoed Fraaiscon sufe 5] e Rtis KOS ABRRE |

define the dtimgis-fbpdhdé tistsiimdigdrse test as a paranetric change in the 10
first mathematical relationp;, and jnstructions to define the second

sti mul us- r esponsiastrusiionsto define the fsst sfipulug Fespange iest as a paametrigchange i the, o

first th % ?@g LEdadtdisbnd g t he second mat hematical relation. 10. The
conputlg?-rea abl e nr%egéf um%‘%‘b claim8, further conprising: 15 instructions to

di spl ay the si minsttustionstogisfise thetsecont stimplugresporsedest angiparamefiic ghanged plonse

osts. 11 Wen SHERGbNTEY L BRERRRCRE afifon e ARGASRARGNGA B,  PTEONSC

i nstructions to provide an indication if the sinmulated response to the

first stimulus- 20 response t is supstantially consi.stent with the
expect ed rethons Q@%PW‘FITIF?‘%&%&‘? Bgc ?@é%ﬂﬁ’%‘ég‘l"g’?ﬁ‘s’ﬂ%: The
conputgr - r eadabl ¢diRidiioHN 6 tisplaiiB SBmulatéd ré:Pbnseo tithe Hish Gid $6064d stidiilans t 0
define a virtual theraé)y to sinmulate a therapy for the, biol ogical

response tests and the expected responses to the first'and second stimulus-résponse tests.

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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25 system the virtual therapy defining a nodification to at |east one

bi ol ogi cal process of the plurality of biological processes; and
instructions to apply the virtual therapy to the conputer nodel to produce
a sinmulat se to the virtual therapy, the sinmulat to the
vi rt ual thgg%w%g%ﬁrﬂedi cting effectiveness of the therapy ?gfh@@?ﬁ@?ﬁ ogi cal
system 30 13. A conputer-readabl e nmedium conprising: 32 WO 02/ 093320

PCT/ US02/ 15764 ‘i nstructions to define a colgﬁuter nmodel that represents a
plurality of bi ofinstuctions tpdefinsacomputer mofeldhal gensesents pplurplityiof biolegiealons t o
define a pluralilt 5%“ response tests, a first stinmulus-response
test of the'f’fﬁcﬁﬁsg ?f{/b@d S |%F¥Jﬂé-response tests defining a nodification to
a first biol ogi cadstructionsdedefinefa phivelityl of stihiing-resporsie ddstsg 2 firdt siuluesesponsea

second stinul us-response test .of the | urality of stipnulus-tesponse tests
defining a stPES Bﬁrgﬁy Pts“&?“l}‘%"éfé?mﬁﬁ%sﬁsFB@?&@%W%%%& %ﬁf@gﬁ cess
and a secongyfieed FIhEurabitPsrsisiogitalipieteetiatbidnd stinulisdbohsstest OF eesses;
instructions to define expected responses to the first and secon

f d d
sti mul us- r e ppslity of stimulus-responsa dast ¢ mostifigationdn 3tdenst gnediase thedirgte
conputer no rad: | | BYD .oduce
si mul at ed rgg%%égaéggﬁcg%%g%s%@td%gcﬂgﬁgg 50?1: éssf’th :tﬁ-lﬁlgﬁ resgogzﬁégél? (ra&scftagé;eg_’and
i nstructions to ¢usmetionstttydefirierexpecteicresponges hethe firss anéh second stimulnstresponsed
stimul us- :Tgéssgsgnse tests with the expected responses to the first and
second sti -response tests, 15 respectively. 14. The conputer-readabl e
nedi umef cl ai m i@trudlicised Butbiatidally ekétte theCorhputstanodebbdsbe on themurtlity afodel
i nclude: instructions to define the fi resﬁ bi ol og{i cal {fgéess s|.ng, a first
mat hemat i calstimalusrespansetostsfoproduce satated SRANSEH eéhe%g SECPESHRUSs econd
mat hemat i caly %&%&&Q-an&a The conput er-readabl e nmedi um of cl ai m 14,
wherein the Instructions to define the lurality of stinulus-response
tests include: i mmnsdngompﬂrdﬂnismmm&qsmnﬁ@s totthefirstigndrseeqnd pbimulusst as a

. - . : ' conl Sl . .
o et i ne.« A0SR s W ot ibioa Lol Bl i anll Bl Himu B esp e 1S
15 respectively.

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 usipg 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 chaﬁge 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 biclogical
system, the virtual therapy defining a modification to at least one biological process of the

plurality of biological processes; and
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| east one fromthe first mathematical relation and the second mat hemati cal
relation. 16. The conputer-readabl e nedi um of claim 13, further conpri sing:
30 instructions to define a virtual therapy to sinulate a therapy for the

bi ol ogi cal the virtual therapy defining a nodifi Gpifdeat | east
one bi ol ogi%g?‘ﬁ%grﬂs?gess of the plurality of biological processes/; and 33 WO
02/ 093320 PCT/ US02/ 15764 instructions to execute the conputer nodel based
on the virtual therapy to produce a sinulated response to the virtual.

t herapy, the si ninbstaictions tospenusethe compusensedel hased ha thairtugtherapt to pgpduce a
effectiveness of {he ther . Lal agi

conput er - i rﬂ'ﬁ'l ?(9%%&@@%“&?&%#&&&@%3&%2%Ir'r%é?rtﬁas?%rrtohggl% &1 ﬁlgr aB?’m ogi cal
system conpredistingeffebtiventsnof the thetapy fortilye iblogmal systermt i ons of the conputer
nodel , each configuration of the plurality of configurations representing -
a different conbination of genetic and environnental factors for the

biol ogiscal xSt eMcorBufh AfplbAbitEImched Bf Widkfidy/a SR8 hetdl of d BiBeibel N 2
stimul us-response teSt the stinulus-response test defining a nodification
to each con$ystpor,gompnsing: t he plurality of configurations; associating the
stimul us-respons ] JbaeR 1 nﬁﬁﬁﬁﬁﬁ e of
t he bi ol ogi cal S@e&%@%aﬁf@a@t t or?aﬁ'lﬁ@'g{l@sgg%??/?% ut%ﬁfémg?lf r?u u%- r espo?]ﬁség t est
to the pl urtheiplyrality of corffigyratiahs represertting ja difftwent combinatiomofgenetisqmdnse f or

each configuration of .the pluralit f configurations; and conparing the
si nul at ed r%‘%WH’%’@E“'{@Ft°fsnl§rg‘f”§?°a\?¥?a§s¥#mbonf igurations with the expected
responge for theagbdigtihgiheplatafipeofcdnfii@atiohe withwsdtintlilisyresputise bt the
associated with a 20 configuration é)'f the plu alxi:.{i OM}-&%&%SFYL%}S with
respect to stiaulgs-tasponsp iasbashsing amodifipation &PL éﬁf‘ of
claim17, V\:&ﬁ{ﬁ?ﬁ‘h gaparing the sinulated responses for the plurality of
configurations th the expected response for the given phenotype

i ncl udes: 25 i deassodigtingghe stimulisrresponseitestowiioansexpeeted rasponsg fordegivan
configuration as bej . SUb ntlally consistent with the expected response
BRenfiveR of bibeictyg e 3y

for the giv e cdnput er -i npl enented net hod of claim 17,

wher eijg aut ormat i arbrhaticallp applviag tiestinnilusrreponser test jo tireeplarelity of configargtions al i ty
of configurations ingl udea: . . .
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 aﬁtomatically applying the o
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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30 sequentially applying the stinulus-response test to each configuration
of the plurality of configurations. 34 WD 02/093320 PCT/US02/15764 20. The
conmput er -i npl enent ed net hod of <laim 17, wherein automatically applying the

sti nmul us- rﬁ,gqﬁﬁﬁz‘f est to the plurality of configurati onsﬁﬂﬁ%&?%&

si mul t aneoUs1y "@ppl yi ng the stinulus-response test to at Téas

configuratigons the pluralit f f 1:Q4Eatqis0 . .

conmput er - n% ‘ene eecd’%?%}@p iﬂmeﬁﬁeg |l?ﬁ%i°r7]‘l Jf\%}%@el Phgﬁﬁggsat%?or%al;g@-yrag 3 %nr%%e t est
S mé' at efhasﬁrﬁﬂﬁs-@ﬁpﬂéisetbstmm&ﬂ?ﬁﬁq}ﬁhwo' nfifuratyisdmohadest he gi ven phenotype to
pr oduce e expected response for the given phenotype. . 10 22.. For, a

gp rr}:) ut er Im) del t W&Plt‘l‘rgﬁ?‘éké émﬁwn& thsy W‘%ﬁ”ﬁsﬂ%gﬁegﬁB éﬁ&%ﬁ flqu’ Q?(?gg'é‘@émiﬁ ofy

i ol ogi cal {ySheMity 8f FiutSRbad. P! emented net hod of predicting

ef fecti yeness?’olﬁ atytﬁer apy for the biological system conprising:

V?I [ d?_ﬁl ng the conputer nodel by: associating the conputer nodel with a
plurality of,stisl us- SEA 2 g f
Phe. pl ur a1 1 £ of TSR RS chetod of sHRE 17 Wb ERin o ARG deES lsh
| east one Pfiﬂiu%s;aabstlappi&dste tieef bivlbgicall systerhiof $heogi v phiengfiypeto ppodacethses;
automati ca a ing the pluraljity of stinulus-response tests to the
conput er no ectg@r%p Eg%rtggglivﬁ’hp WPPesponse to each stimul us-response
test of the plurality of stimulus-response tests; and 20 for each '

stinul us-response test of the El urality of stimulus-response tests,
corrparllogg t % si Ferapomputes spedekthatrapreseatsa plwalitycefibielogieal procgesses ‘bﬁtat h an
expected re g o N WAL " b B¢ | i

Chor apy to IR ofsfnl ARoRphl iiphERRPRR RO SR brodk b B eheks S Bbrapy
nmodi fi cat i ofortle Wblogiealsystemecdmprising:cal process of the plurality of

bi ol ogi cal processses.. 2 | viyng. the virtual therapy to the validated
conput er nodel t%ﬁlﬁp%ﬁt@gcgmgwﬁﬁtﬁgﬁég% esponse to the virtual therapy, the
flhnul_at e](cj refﬁong_e ]toasgm?,tﬁigﬁhuedmﬁdgilrmﬂglwithdipwrhlitgofaﬁrﬁﬂus-tespnmstests;‘ t he
erapy for e .bi ol ogi cal system .. The, c uter-i ent ed net hod of
Cl'a 52, * weich afimuiis AgARpRisdod LS plkgHey Sh s o-tspune ERls e RRBE
tStels {m : ﬁ(s; | ngfsaﬂﬂﬁﬁtiénet%tat YWabtionk BRIGIEHE poRessof BRI Alify b bittogiéal fékakses; esponse
' automatically applying the plurality of stimulus-response tests to the

computer model to produce a simulated response to each stimulus-response test of the
plurality of stimulus-response tests; and
20 for each stimulus-response test of the plurality of stimulus-response tests,
comparing the simulated response to the étimulus—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 cla:im 22, wherein compai'ing 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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I dentifying the sinulated response to the stinulus-response test as being

substantially consistent with the expected response to the

stinmul us-response test. 35 WD 02/093320 PCT/ US02/ 15764 24. A

conput er - i d nmet hod of validating a conputer node L.Si Nng:
o EIpLf benfeRs

recei ving ecified selection of a first configuratron o

| it . : ) QUEALL ¢
Phe. pl ur 2 144 or A SEpfct Biiebucbd eBBTRE b liealRER tom B Bfilf OBMGL 17 0
the first confi geceivinga userspecified sebgption df a ftst configliratiors efmploratity afssoci at'i ng
the first fi .ati i th I | t . mul - t est h
st mul us. r OpBRGBtouaY Tt cuppules el epcH coRtigrieR ofdie AERBREY Soniiua T g
a modi fi Catﬂeﬁf&sér@ing%@fféﬁﬁt%ﬁo&?ﬁeh&i& e fast cohfigurXidA répredenting a first model
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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 éonﬁguration;
| applyinlg 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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