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(57) ABSTRACT 

An apparatus and method for validating a computer model 

is described. In one embodiment, a computer-readable 
medium comprises instructions to associate a set of con 

?gurations of a computer model With a stimulus-response 
test, each con?guration of the set of con?gurations repre 
senting a different model scenario, the stimulus-response 
test de?ning a modi?cation to each con?guration of the set 
of con?gurations. The computer-readable medium also com 
prises instructions to apply the stimulus-response test to the 
set of con?gurations to produce a simulated response for 
each con?guration of the set of con?gurations and instruc 
tions to compare the simulated responses for the set of 

con?gurations With an expected response to the stimulus 
response test. 
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APPARATUS AND METHOD FOR VALIDATING A 
COMPUTER MODEL 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of US. Provi 
sional Application Serial No. 60/292,175, entitled “Devel 
oping, Analyzing, and Validating a Computer-Based Model” 
and ?led on May 17, 2001, the disclosure of Which is 
incorporated herein by reference in its entirety. 

COPYRIGHT NOTICE 

[0002] A portion of the disclosure of the patent document 
contains material that is subject to copyright protection. The 
copyright oWner has no objection to the facsimile reproduc 
tion by anyone of the patent document, as it appears in the 
Patent and Trademark Of?ce patent ?le or records, but 
otherWise reserves all copyright rights Whatsoever. 

FIELD OF THE INVENTION 

[0003] The present invention relates generally to computer 
models. More particularly, the present invention relates to 
validation of computer models. 

BACKGROUND OF THE INVENTION 

[0004] Validation is generally a key aspect of developing 
and utiliZing a computer model. Validation typically refers to 
a process of establishing a certain level of con?dence that a 
computer model Will behave as expected When compared to 
actual, predicted, or desired data for a modeled system. Once 
the computer model has been validated, additional analysis 
to gain further understanding of the modeled system is a 
logical neXt step. 

[0005] Previous attempts for validating a computer model 
typically involved a manual process of specifying various 
conditions for the computer model and evaluating behavior 
of the computer model for the various conditions. Particu 
larly 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 con?gura 
tions of a computer model and, therefore, cannot provide full 
validation capabilities. 

[0006] In addition, validation of computer models for 
certain modeled systems can pose signi?cant 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. Accordingly, a “bottom-up” 
framework, as traditionally used, is typically inadequate for 
validating computer models of such modeled systems. 

[0007] It is against this background that a need arose to 
develop the apparatus and method described herein. 

SUMMARY OF THE INVENTION 

[0008] In one innovative aspect, the present invention 
relates to a computer-readable medium. In one embodiment, 
the computer-readable medium comprises instructions to 
associate a set of con?gurations of a computer model With 
a stimulus-response test, each con?guration of the set of 
con?gurations representing a different model scenario, the 
stimulus-response test de?ning a modi?cation to each con 
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?guration of the set of con?gurations. The computer-read 
able medium also comprises instructions to apply the stimu 
lus-response test to the set of con?gurations to produce a 
simulated response for each con?guration of the set of 
con?gurations and instructions to compare the simulated 
responses for the set of con?gurations 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, reference should be made to the 
folloWing detailed description taken in conjunction With the 
accompanying draWings, in Which: 

[0010] FIG. 1 illustrates a system block diagram of a 
computer that can be operated in accordance With some 
embodiments of the invention. 

[0011] FIG. 2 illustrates a How chart to validate a com 
puter model in accordance With an embodiment of the 
invention. 

[0012] FIG. 3 illustrates the architecture of a computer 
model that can be validated in accordance With an embodi 
ment 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. 

[0014] FIG. 5 illustrates an eXample of a user-interface 
screen indicating a virtual patient that is created based on a 
baseline virtual patient. 

[0015] FIG. 6 illustrates the architecture of a validation 
structure that can be used to validate a computer model in 
accordance With an embodiment of the invention. 

[0016] FIG. 7 illustrates a How chart to create a stimulus 
response test in accordance With an embodiment of the 
invention. 

[0017] FIG. 8 illustrates an eXample of a user-interface 
screen that indicates various stimulus-response tests that can 
be created. 

[0018] FIG. 9 illustrates an eXample of a user-interface 
screen that indicates hoW a measurement can be de?ned for 
a stimulus-response test. 

[0019] FIG. 10 illustrates an eXample of stimulus-re 
sponse tests and eXpected responses that can be used to 
de?ne various response types in accordance With an embodi 
ment of the invention. 

[0020] FIG. 11 illustrates an eXample of a user-interface 
screen indicating a patient response type that can be created 
using one or more stimulus-response tests. 

[0021] FIG. 12 illustrates a How chart to validate a com 
puter model using a validation structure, according to an 
embodiment of the invention. 

[0022] FIG. 13 illustrates associations betWeen con?gu 
rations of a computer model and response types of a vali 
dation structure in accordance With an embodiment of the 
invention. 

[0023] FIG. 14 illustrates an eXample of a user-interface 
screen indicating virtual patients that can be selected and 
associated With a given patient response type. 
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[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. 

DETAILED DESCRIPTION OF THE 
INVENTION 

OvervieW 

[0026] FIG. 1 illustrates a system block diagram of a 
computer 100 that can be operated in accordance With some 
embodiments of the invention. The computer 100 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 be displayed. The computer 100 
can further include an alpha-numeric input device 110 (e.g., 
a keyboard), a cursor control device 112 (e.g., a mouse), a 
disk drive unit 114, a signal generation device 116 (e.g., a 
speaker), and a netWork interface device 118. The disk drive 
unit 114 includes a computer-readable medium 115 storing 
softWare instructions 120 that implement processing accord 
ing to some embodiments of the invention. As used herein, 
the term “computer-readable medium” can include any 
medium Which is capable of storing or encoding a sequence 
of instructions for performing the processing described 
herein and can include, but is not limited to, optical storage 
devices, magnetic storage devices, disks, carrier Waves 
signals, or a combination thereof. The softWare instructions 
120 can reside Within the main memory 103, the processor 
102, or both. For certain applications, the softWare instruc 
tions 120 can be transmitted or received via the netWork 
interface device 118. 

[0027] FIG. 2 illustrates a How chart to validate a com 
puter model in accordance With an embodiment of the 
invention. The computer model to be validated can represent 
any of a variety of modeled systems that may be of interest 
to a user. Typically, a modeled system Will be based on a 
real-World system. By Way of example, the modeled system 
can be a biological system (e.g., a cell, tissue, organ, 
multi-cellular organism, or population of cellular or multi 
cellular organisms), a chemical system (e.g., a chemical 
reaction), an ecosystem (e.g., a predator-prey ecosystem), an 
electrical system (e.g., an electric circuit), an environmental 
system (e.g., atmospheric level of a pollutant), a ?nancial 
system (e.g., a stock market), or a mechanical system (e.g., 
a motor). 

[0028] The ?rst step shoWn in FIG. 2 is to de?ne 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 test can be 
de?ned to simulate a stimulus or perturbation that can be 
applied to the modeled system. In particular, the stimulus 
response test can de?ne a modi?cation to the computer 
model to simulate the stimulus. The validation structure can 
also include a set of expected responses associated With the 
set of stimulus-response tests. In particular, each stimulus 
response test can be associated With one or more expected 
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responses to the stimulus-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. 

[0029] The second step shoWn in FIG. 2 is to use the 
validation structure to validate the computer model (step 
204). In the present embodiment of the invention, the 
computer model is associated With one or more stimulus 
response tests of the set of stimulus-response tests, and the 
one or more stimulus-response tests are applied to the 
computer model to produce a simulated response to each 
stimulus-response test. More particularly, the one or more 
stimulus-response tests can be automatically applied to the 
computer model to produce one or more simulated 
responses. Once produced, a simulated response to a stimu 
lus-response test can be displayed for a user. Alternatively, 
or in conjunction, a simulated response to a stimulus 
response test can be compared With an expected response to 
the stimulus-response test. The computer model can be 
validated if one or more simulated responses suf?ciently 
conform to one or more expected responses. 

Computer Model 

[0030] FIG. 3 illustrates the architecture of a computer 
model 302 that can be validated in accordance With an 
embodiment of the invention. As discussed previously, the 
computer model 302 can represent any of a variety of 
modeled systems that may be of interest to a user. 

[0031] The computer model 302 may be de?ned as, for 
example, described in the patent to Paterson et al., entitled 
“Method of Managing Objects and Parameter Values Asso 
ciated With the Objects Within a Simulation Model”, US. 
Pat. No. 6,078,739, issued on Jun. 20, 2000; the patent to 
Fink et al., entitled “Hierarchical Biological Modelling 
System and Method”, US. Pat. No. 5,657,255, issued on 
Aug. 12, 1997; and the co-oWned and co-pending patent 
application to BraZhnik et al., entitled “Method and Appa 
ratus for Computer Modeling Diabetes”, US. application 
Ser. No. 10/040,373, ?led on Jan. 9, 2002; the disclosures of 
Which are incorporated herein by reference in their entirety. 
Alternatively, or in conjunction, the computer model 302 
may be de?ned as in commerically available computer 
models such as, for example, Entelos® Asthma PhysioLab® 
systems, Entelos® Obesity PhysioLab® systems, and Ente 
los® Adipocyte CytoLab® systems. 

[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 one or more vari 
ables, each of Which represents a quantity for Which the 
behavior (e.g., time evolution) can be simulated by the 
computer model 302. The behavior of variables may be 
in?uenced by a set of parameters included in the computer 
model 302. For example, parameters can include initial 
values of variables, half-lives of variables, rate constants, 
conversion ratios, exponents, and curve-?tting parameters. 
One or more parameters may be included in the mathemati 
cal relations of the computer model 302. 

[0033] The mathematical relations employed in the com 
puter model 302 may include, for example, ordinary differ 
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ential equations, partial differential equations, stochastic 
differential equations, differential algebraic equations, dif 
ference equations, cellular automata, coupled maps, equa 
tions of netWorks of Boolean, fuZZy logical netWorks, or a 
combination thereof. For certain applications, the math 
ematical relations used in the computer model 302 are 
ordinary differential equations that may take the form: 

[0034] Where X is an N dimensional set of variables, t is 
time, dx/dt is the rate of change of X, p is an M dimensional 
set of parameters, and f is a function that represents inter 
actions among the variables. 

[0035] For certain applications, the computer model 302 
can be con?gured to alloW visual representation of the 
mathematical relations as Well as interrelationships betWeen 
variables, parameters, and processes. This visual represen 
tation can include multiple modules or functional areas that, 
When grouped together, represent a large complex model of 
the modeled system. 

[0036] In the present embodiment of the invention, the 
computer model 302 can be con?gured to simulate behavior 
of variables by, for example, numerical or analytical inte 
gration of one or more mathematical relations. For example, 
numerical integration of the ordinary differential equations 
de?ned above can be performed to obtain values for the 
variables at various times. 

[0037] By Way of example, if the modeled system is a 
biological system, the computer model 302 can represent 
one or more processes (e.g., one or more biological pro 

cesses) associated With the biological system using one or 
more mathematical relations. For instance, the computer 
model 302 can represent a ?rst biological process using a 
?rst mathematical relation and a second biological process 
using a second mathematical relation. For example, biologi 
cal processes can include digestion, absorption, storage, and 
oxidation of carbohydrate, fat, and protein, as Well as the 
endocrine control of these processes. The mathematical 
relations can de?ne interactions among variables (e.g., bio 
logical variables), Where the biological variables can repre 
sent quantities associated With inter-cellular constituents, 
cellular constituents, intra-cellular constituents, or a combi 
nation thereof, that make up the biological system. Con 
stituents can include, for example, metabolites; DNA; RNA; 
proteins; enZymes; hormones; cells; organs; tissues; portions 
of cells, tissues, or organs; subcellular organelles; chemi 
cally reactive molecules like H"; superoxides; ATP; citric 
acid; protein albumin; as Well as combinations or aggregate 
representations of these constituents. The biological vari 
ables can represent, for example, levels or concentrations of 
constituents such as plasma glucose, insulin, free fatty acids, 
and so forth. The behavior of one or more biological 
variables typically Will be affected by one or more param 
eters included in the computer model 302. One or more 
parameters can be used to specify intrinsic properties (e.g., 
genetic factors or susceptibilities) as Well as external in?u 
ences (e. g., environmental factors) for the biological system. 
Parameters can correlate to, for example, initial body 
Weight, basal muscle glucose uptake rate, level of physical 
activity, nutrient composition of diet, food intake, level of 
intestinal signaling, level of insulin resistance, and so forth. 

[0038] In the present embodiment of the invention, the 
computer model 302 includes one or more con?gurations. 
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With reference to FIG. 3, the computer model 302 is shoWn 
including con?guration X 306, con?guration Y 308, and 
con?guration Z 310. The various con?gurations of the 
computer model 302 can represent different model sce 
narios. Different model scenarios can correlate to, for 
example, different variations of the modeled system having 
different intrinsic properties, different external in?uences, or 
both. 

[0039] By Way of example, the modeled system repre 
sented by the computer model 302 can be a biological 
system. The observable condition (e.g., an outWard mani 
festation) 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 de?ned With varying degrees of 
speci?city. For instance, a phenotype (e.g., a disease phe 
notype) may be generally de?ned as an overWeight condi 
tion or may be more speci?cally de?ned as a severely 
overWeight condition (e.g., 90 kg or more for a human 
patient). A given phenotype typically can be reproduced by 
different underlying conditions (e.g., different combination 
of genetic and environmental factors). For example, tWo 
individuals may appear to be similarly overWeight, but one 
could be overWeight because of genetic factors, While the 
other could be overWeight because of environmental factors 
such as those relating to diet or lifestyle. In the present 
embodiment, different con?gurations of the computer model 
302 can be de?ned to represent different underlying condi 
tions giving rise to a given phenotype of a biological system. 
Alternatively, or in conjunction, different con?gurations of 
the computer model 302 can be de?ned to represent different 
phenotypes of the biological system. 

[0040] For certain applications, various con?gurations of 
the computer model 302 may be referred to as virtual 
patients, virtual organs, virtual tissues, or virtual cells. For 
instance, con?gurations X 306, Y 308, and Z 310 may 
correspond to virtual patients X, Y, and Z, respectively. A 
virtual patient can be de?ned to represent a patient (e.g., a 
real-World patient) having a given phenotype (e.g., a disease 
phenotype) based on a particular combination of underlying 
conditions. Various virtual patients can be de?ned to repre 
sent patients having the same phenotype but based on 
different underlying conditions. Alternatively, or in conjunc 
tion, various virtual patients can be de?ned to represent 
patients having different phenotypes. As another example, 
con?gurations X 306, Y 308, and Z 310 may correspond to 
virtual cells X, Y, and Z, respectively, Where each virtual cell 
can be de?ned to represent a cell (e.g., a real-World cell) 
having a given phenotype based on a particular combination 
of underlying conditions. 

[0041] In the present embodiment of the invention, a 
con?guration (e.g., the con?guration X 306) of the computer 
model 302 can be associated With a distinct set of values for 
the parameters of the computer model 302. Thus, con?gu 
ration X 306 may be associated With a ?rst set of parameter 
values, and con?guration Y 308 may be associated With a 
second set of parameter values that differs in some fashion 
from the ?rst 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 ?rst set of parameter values. In a 
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similar manner, con?guration Z 310 may be associated With 
a third set of parameter values that differs in some fashion 
from the ?rst and second set of parameter values. 

[0042] For certain applications, one or more con?gura 
tions of the computer model 302 can be created based on a 
baseline con?guration that is associated With baseline 
parameter values. A different con?guration can be created 
based on the baseline con?guration by introducing a modi 
?cation to the baseline con?guration. Such modi?cation can 
include, for example, a parametric change (e.g., altering or 
specifying one or more baseline parameter values), altering 
or specifying behavior of one or more variables, altering or 
specifying one or more functions representing interactions 
among variables, or a combination thereof. For instance, 
once the baseline con?guration is de?ned, other con?gura 
tions may be created based on the baseline con?guration by 
starting With the baseline parameter values and altering one 
or more of the baseline parameter values. Alternative param 
eter values can be de?ned as, for example, disclosed in US. 
Pat. No. 6,078,739 discussed previously. These alternative 
parameter values can be grouped into different sets of 
parameter values that can be used to de?ne different con 
?gurations of the computer model 302. For certain applica 
tions, the baseline con?guration itself can be created based 
on another con?guration (e.g., a different baseline con?gu 
ration) in a manner as discussed above. 

[0043] By Way of example, if the modeled system repre 
sented by the computer model 302 is a biological system, the 
computer model 302 can include parameters that correlate to 
level of insulin resistance, nutrient composition of diet (e.g., 
fat composition of diet), level of pre-absorptive signaling, 
level of post-absorptive signaling, and level of adipose 
signaling. Various con?gurations (e.g., virtual patients) of 
the computer model 302 may be de?ned that are associated 
With distinct sets of values for these parameters. 

[0044] 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 de?ned to represent a 
baseline patient (e.g., a healthy patient) and is associated 
With baseline parameter values that account for a normal 
level of 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 more of the 
baseline parameter values to represent overWeight patients 
having different underlying conditions. 

[0045] 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 post-absorptive signaling, and a 
decreased level of adipose signaling, respectively. For each 
of the virtual patients 404, 406, and 408, the decreased level 
of signaling corresponds to a genetic factor that gives rise to 
the overWeight condition. As illustrated in FIG. 4, an 
additional virtual patient 410 is created based on the baseline 
virtual patient 402 by altering one or more of the baseline 
parameter values to account for a high-fat diet. For the 
virtual patient 410, the high-fat diet corresponds to an 
environmental factor that gives rise to the overWeight con 
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dition. TWo further virtual patients 412 and 414 are created 
based on the virtual patient 410 by altering one or more 
parameter values associated With the virtual patient 410 to 
account for a decreased level of pre-absorptive signaling and 
a decreased level of post-absorptive signaling, respectively. 
For each of the virtual patients 412 and 414, a combination 
of an environmental factor and a genetic factor gives rise to 
the overWeight condition. 

[0046] FIG. 4 also illustrates that tWo or more virtual 
patients can be compared to one another based on their 
parameter values. This can be accomplished, for example, 
by dragging and dropping selected virtual patients, individu 
ally or collectively, into the “Value Set Comparison” Win 
doW 416. In the present example, the baseline virtual patient 
402 and the virtual patient 412 are selected. As shoWn in 
FIG. 4, the baseline virtual patient 402 and the virtual 
patient 412 differ in their parameter values related to food 
intake and pre-absorptive signaling. If desired, various 
parameter values for one or more of the selected virtual 
patients can be indicated in the “Value Set Comparison” 
WindoW 416 or in a separate WindoW. 

[0047] For certain applications, one or more con?gura 
tions of the computer model 302 can be created based on a 
baseline con?guration using linked simulation operations as, 
for example, disclosed in the co-pending and co-oWned 
patent application to Paterson et al., entitled “Method and 
Apparatus for Conducting Linked Simulation Operations 
UtiliZing A Computer-Based System Model”, U.S. applica 
tion Ser. No. 09/814,536, ?led Mar. 21, 2001, the disclosure 
of Which is incorporated herein by reference in its entirety. 
This application discloses a method for performing addi 
tional simulation operations based on an initial simulation 
operation Where, for example, a modi?cation to the initial 
simulation 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 con 
?gurations of the computer model 302 based on a baseline 
con?guration that is created using the initial simulation 
operation. If desired, one or more simulation operations may 
be executed for a time sufficient to create one or more 

“stable” con?gurations of the computer model 302. Typi 
cally, a “stable” con?guration is characteriZed by one or 
more variables under or substantially approaching equilib 
rium or steady-state condition. 

[0048] FIG. 5 illustrates an example of a user-interface 
screen indicating a virtual patient 504 that is created based 
on a baseline virtual patient 502. In this example, the virtual 
patient 504 labeled as “90 kg non-diab; decreased pre 
absorptive signalling” is created from the baseline virtual 
patient 502 labeled as “Baseline patient—70 kg lean”. Here, 
the baseline virtual patient 502 can be de?ned to represent 
a baseline patient (e.g., a healthy patient), While the virtual 
patient 504 created from the baseline virtual patient 502 can 
be de?ned to represent an overWeight patient having a 
decreased level of pre-absorptive signaling. In the present 
example, the baseline virtual patient 502 can be dragged and 
dropped into the “Patient De?nition Protocol” WindoW 506, 
and the virtual patient 504 can be created based on this 
baseline virtual patient 502 in accordance With the method 
disclosed in US. application Ser. No. 09/814,536. As indi 
cated in the “Patient De?nition Protocol” WindoW 506, 
parameter values related to level of pre-absorptive signaling 
can be speci?ed for a simulation operation to create the 
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virtual patient 504. As shown in FIG. 5, a name and 
description for the virtual patient 504 can be entered by a 
user. 

[0049] It should be recognized that the methods described 
above, based on US. Pat. No. 6,078,739 and US. applica 
tion Ser. No. 09/814,536, to create con?gurations of the 
computer model 302 are provided by Way of example, and 
various con?gurations 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. 

[0050] For instance, various con?gurations can be created 
to represent different portions of the modeled system, such 
that the behavior of different portions of the modeled system 
can be simulated. Aportion of the modeled system may be 
de?ned structurally, functionally, or both. By Way of 
example, a portion of a biological system may be de?ned 
structurally as including an inter-cellular constituent, cellu 
lar constituent, or intra-cellular constituent that make up the 
biological system. Alternatively, or in conjunction, a portion 
may be de?ned 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 identi?ed as being 
associated With a given portion of the modeled system, and 
a con?guration can be de?ned to represent the given portion 
by, for example, specifying one or more boundary condi 
tions for the one or more mathematical relations. The one or 

more boundary conditions may enable the behavior of one or 
more variables associated With the one or more mathemati 

cal relations to be simulated substantially independently of 
other variables. For instance, a boundary condition can 
specify the behavior of one or more of the other variables in 
a time-invariant manner (e.g., as a constant) or a time 
varying manner (e.g., a stepWise manner or a periodic 

manner). 

Validation Structure 

[0051] FIG. 6 illustrates the architecture of a validation 
structure 602 that can be used to validate a computer model 
(e.g., the computer model 302) in accordance With an 
embodiment of the invention. The validation structure 602 
includes one or more stimulus-response tests. As shoWn in 
FIG. 6, the validation structure 602 includes a set of 
stimulus-response tests 608 and a set of stimulus-response 
tests 612. While tWo sets of stimulus-response tests are 
shoWn in FIG. 6, it should be recogniZed that more or less 
sets of stimulus-response tests can be used depending on the 
speci?c application. 

[0052] Astimulus-response test can be de?ned to simulate 
a stimulus or perturbation that can be applied to a modeled 
system. Different stimulus-response tests can simulate 
stimuli that differ in some fashion from one another. By Way 
of example, if a computer model to be validated 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; intrave 
nous glucose tolerance test; oral glucose tolerance test; and 
insulin secretion experiments demonstrating acute and 
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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 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 bio 
logical system include existing or hypothesiZed therapies or 
treatment regimens and exposure to existing or hypothesiZed 
disease precursors. 

[0053] FIG. 7 illustrates a How chart to create a stimulus 
response test in accordance With an embodiment of the 
invention. The ?rst step shoWn is to de?ne a modi?cation to 
a computer model (step 702). For certain applications, the 
stimulus-response test can de?ne a modi?cation to one or 
more con?gurations of the computer model to simulate a 
stimulus applied With respect to one or more model sce 
narios. By Way of example, con?gurations of the computer 
model may include various virtual patients, and the stimu 
lus-response test can de?ne a modi?cation to the various 
virtual patients to simulate a test that can be applied to 
various patients. 

[0054] In the present embodiment of the invention, the 
stimulus-response test can be created by de?ning a modi? 
cation to one or more processes represented by the computer 
model. More particularly, the stimulus-response test can be 
created by de?ning a modi?cation to one or more math 
ematical relations included in the computer model, Which 
one or more mathematical relations can represent one or 

more processes affected by a stimulus. A modi?cation can 
include, for example, a parametric change (e.g., altering or 
specifying one or more parameter values), altering or speci 
fying behavior of one or more variables, altering or speci 
fying one or more functions representing interactions among 
variables, or a combination thereof. The stimulus-response 
test can de?ne a modi?cation that is to be introduced 
statically, dynamically, or a combination thereof, depending 
on the type of stimulus simulated by the stimulus-response 
test. For example, a modi?cation can be introduced statically 
by replacing one or more parameter values With one or more 
modi?ed parameter values that correlate to a stimulus. 
Alternatively, or in conjunction, a modi?cation can be 
introduced dynamically to simulate a stimulus that is applied 
in a time-varying manner (e.g., a stepWise manner or a 

periodic manner). For instance, a modi?cation can be intro 
duced dynamically by altering or specifying parameter val 
ues at certain times or for a certain time duration. 

[0055] 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 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 de?ne a modi?cation to one 
or more virtual patients to simulate short-term fasting. As 
indicated in the “Stimulus Protocol” WindoW 810, the stimu 
lus-response test 808 de?nes a modi?cation With respect to 
parameter values related to food intake to simulate short 
term fasting. 




















