METHOD AND APPARATUS FOR | NTEGRATED MODELI NG SI MULATI ON AND ANALYSI S OF
CHEM CAL AND Bl OCHEM CAL REACTI ONS FI ELD OF THE | NVENTI ON The present
invention relates to sinulation tools and, in particular, to an integrated
envi ronment for nodeling, sinmulating and anal yzi ng chem cal reactions and

. " biochem cal processes that facilitates conmunication with a sinulation
envi ronnment. BACKGROUND OF THE | NVENTI ON Devel opnent of new chem cal and
bi ochem cal substances is ti me- consum ng because a nunber of internedi ate
subst ances are traditional fornmulated before fornulation of a substance
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as the devel opnent of snall-nol ecul e machi nery, sonetlnes referred to as
nanomachi nery. Bi ochem cal formulation includes the devel opnent and anal ysi s
of pharnmaceutical substances that affect an individual's quality of life.
In addition to the tedious and often error-prone nature of chem cal and

bi ochem cal fornulation, both of these fields face additional difficulties.
Devel opnent of chem cal substances and..nanomachinery, in addition to being
ti me-consum ng, can generate potentially dangerous internedi ate substances.
For exanple, in attenpting to fornulate bacteria that consunmes crude oi

and breaks it down into one orpmIsOFVHEINVENRION-friendly substances, a
researcher may fornulate a bacteriumthat breaks crude oil into a nunber of
environnental ly-friendly substances and a lethal toxin. Additionally,
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factors. Biochem cal research, which typically focuses on identifying and

sel ecting 5 conpounds haV| {nﬂg the potential to affect one or nore nechani sns
t hought to be criti cal FIHEINVEMION pect s of a di sease
processes faces challenges in addltlon to

Development of new chemical and biochemical sﬁbstances is time-
consuming because a number of intermediate substances are traditionally formulated
before formulation of a substance with the desired properties is obtained, and
formulfation of each intermediate substance can takes hours or days. Chemical
formulation includes manufacture of traditional organic or polymer substances, as well
as the development of small-molecule machinery, sometimes referred to as

. nanomachinery. Biochemical formulation includes the development and analysis of
pharmaceutical substances that affect an individual’s quality of life. In additicn to the
tedious and often error-prone nature of chemical and biochemical formulation, both of
these fields face additional difficulties.

Development of chemical substances and nanomachinery, in addition to
being time-consurning, can generate potentially dangerous intermediate substances. For
example, in attempting to formulate bacteria that consumnes crude oil and breaks it down

| into one or more environmentally-friendly substances, a researcher may formulate a
bacterium that breaks crude oil into a number of environmentally-friendly substances

and a lethal toxin. Additionally, chemical researchers are faced with the problem of



t he ones described above. Al though drug devel opnent is typically notivated
by research data regarding cellular and subcel lul ar phenonena, the data
often considers only an isolated and rather narrow 10 view of an entire
system Suwio desyms3emy not provide an integrated view of POEUSHIPNASSES

bi ol ogi cal system Mboreover, the narrow findings reported are not al ways
entirely accurate when translated to the whole body | evel. Moreover,
current nethods of obtaining data for biological processes are even nore
ti me-consum ng than those associated with chem cal processes, because the

latter f 5 bi ical subst | ire.l
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very narrow part of the biological system Only after nunerous costly
trial - and- erfoomulatipmincrasponsd ol enviramdedalnfectons. r edesi gni ng of the clinical
use of the drug to account for |essons |earned fromthe nost recent

clinical trial, is a,drug.havin deguat e .2Q.safety and eff.icacy finally
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great expense of time and noney. Even then, the effort nmay not produce a

mar ket abl e dmudteringhspieeifictivicabaspecss oby diseasedrosassdsyfaces shallanges meaddition to
experinment al ,dat a (flnd.&;b%i shed information, it is difficult, if not
i npossi bl e, 16 0FHIRELTDAPTRe el ati onshi ps among al | the available data and
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researchers nmake it desrirable to have Systens and net hods for nodeli ng,
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results generated by an in 5 situ experinment conducted on an experi nental
platform A Wbﬁmmﬂiﬁﬁrtoéwgﬂwée‘g@bim&s an expected result froma nodel of

the biol ogi cal process. An analysis environment communicates with the
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more time-consuming than those associated with chemical processes, because the lafter for

15  biochemical substances generally require laboratory experiments that lead to animal
experiments and clinical trials. From these trials and experiments, data are obtained
which, again, usually focus on a very narrow part of the biological system. Only after
numerous costly trial-and-error clinical trials, and constant redesigning of the clinical use of the
drug to account for lessons learned from the most recent clinical trial, i1s a drug having adequate
! 20 safety and efficacy finally realized. This process of clinical tdal design and redesign, multiple

chnical trials and, in some situations, multiple drug redesigns requires great expense of time and
money. Even then, the effort may not produce a marketable drug, While conclusions may be
drawn by assimilating experimental data and published mformation, it is difficult, if not

impossible, to synthesize the relationships among all the available data and knowledge.

25 The various challenges faced by chemical and biochemical researchers make it
desirable to have systems and methods for modeling, simulating, and analyzing biological

processes in-silico rather than in-vivo or in-vitro



10 I n sonme enbodi ments, the analysis environnent displays the expected
result generated by said sinulation engine and the experinental data
gathered fromthe platform In other enbodi nents an event (such as an

al arnm) i sweresgsws when the difference between t he exgdIVERMSDGIN0F
generated by the sinulation engine and the data gathered fromthe platform
exceeds a predeterm ned threshold. In still other 15 enbodi nents, the system
i ncl udes a nodel i ng conponent for constructing a nodel of the biol ogical
process, which may include a graphical user interface for accepting user
commands and data to construct a nodel of the biological process. In certain
of these enbodi nents, the analysis environnent is in comunication with said
"nodel i ng conponent and the analysis engine transmts to the nodeling
conponent 20 the data gat h&RIEFISTBMMARY XRTHEIMVBNIEANt i cul ar ones of
these certain enbodi nents, the nodeling conponent uses the transmtted data

‘to refine the generated nodel of the biological process. In still further
enmbodi ments, the Inmw&%%m%ﬁ&mnwlﬁg%stee@t%{slaem LGy 8% ay or a

gene chip. Inq%@eq O@ggg{ml@%ﬁgﬁ%ﬁo&?% dlgsrgg)?ﬁg% 6(:'(): g)\f?eterr]i%ile%rtlal rrglc.glttse g%ﬁegg.(tgg E}S/ta%()d for

nodi fying a _ ( _ S Tesponsive peri fental
results gengi@igdeielcddiiuckid dh %Egﬁdrﬂﬁﬁtﬂ%%&ﬁﬁﬁ SfndigGxaggiheent al

platform An experinment I's conducte The eXperinent may, for exanple, be
conduct ed orgeacgesseancdiippcted resultfiromanimiodyl of the beolekichll prbcess. tAeamalysiav | |
appreciate that this nethod is not limted 3 W) 2005/083618

PCT/ US2005/ GO8B08mendcomgumicagts with thasimubdionanging, spreadeenrengime accept s

a nodel of the .biologjcal process and generates an,expected result based on
the model  ofSXPRHETeRDPIEOER 0 CoBRaiAE L Pr A FRl G i AP Eent i s
gat her ed ancthg%mrﬂ.p to the expected result. 5 In sone enbodi nents, the
expected result generated by the sinulation engine and the experinental

data gathered fromsaid platformis displayed. In still other enbodi nents,

an al arm0 s tri gdeysethediabodibends, fthe aedess dnirorernt Haplganke akmdrederepeiet ed
result and the gathered data exceeds a predetermned _threshold. In further
embodi nent s, ganseated byrsaid dendadon apgingrad sbe expesignansal ibate gathared from Hisdel  of

the biol ogi Cpellatfgrrrr(l).c‘fg%tlw]'-r(]t?nb%scﬁl[rleggqnmcr\]rgrslt (35881 gsaatnaalgxar%) ?s,e generated when the

difference between the expected result generated by the simulation engine and the
data gathered from the platform exceeds a predetermined threshold. In still other

15 embodiments, the system includes a modeling component for constructing a model
of the biological process, which may include a graphical user interface for accepting
user commands and data to construct a model of the biological process. In certain
of these embodiments, the analysis environment is in communication with said
modeling component and the analysis engine transmits to the modeling component

20 the data gathered from the platform. In particular ones of these certain
embodiments, the modeling component uses the transmitted data to refine the
generated model of the biological process. In still further embodiments, the

analysis environment gathers data from a microarray or a gene chip.

In another aspect the present invention relates to a method for modifying a
25  model of a biological process responsive to experimental results generated by an in
situ experiment conducted on an experimental platform., An experiment is
conducted. The experiment may, for example, be conducted on a gene chip or a

microarray. Those skilled in the art will appreeiate that this method is not limited



accepted via a graphical user interface. In still further enbodi nents, the
gathered data is transmtted to the nodeling environnent, where it is used
to generate a refined nodel of the biological process. In still another
aspect, theopowsasntisi nvention relates to an article of I1BECTEMDH@SHSe havi ng
enbodi ed thereon conputer-readabl e program neans for nodifying a nodel of a
bi ol ogi cal process responsive to experinental results generated by an in
situ experiment conducted on an experinental platform The article of
manuf act ure i ncludes: conputer-readabl e program nmeans for accessing a nodel

f the biol qgical ’ ter- dabl ti 20
an expect ed (AR AL SLTEFTORMD maLRP P B oS ePE FBFSLELUR Comput or -
readabl e prgeRMAPARS ckOnIBRNDEILNA ABLAATLAK Bch o e GhEDl Githe

experinment; an uter-r e program neans for conparing the generated

expect ed rdgdldgidabpeRed. IRith Eiondl thd @hdvetdd ddpatifreniis SithEfedRERHCRIMmPAEN OF
THE DRAW NGS 25 The invention is pointed out with particularity in the

appended cl aorthe eXpectechthsaint ages of the invention described above, and
further advantages of the invention, may be better understood by reference
to the fallow ng descriptjon taken in conjunction wth the acconpanying
drawi ngs? in whi cif somggm m%@%CW@SEWBgWSWSIBFBG SHlALOR b ock

di agram of one.enbodj,nent of _an,i,nteqgrat . i atii o d..
analyer s envieutian e AinefihL i AREG SORF Sl Bketyrdl B ASRR, O
personal conpubeEimbeaitints, iR z&é}ﬁf‘ﬁ(&ig@é}e%tlﬂnttﬁé dRFFSeRRL beRVRAlthen, 5 FI G
2B is a bl ock diagram of another enbodi nent of a personal conputer useful
i n connect i ogenerdchd t dypeqree sesntt andvhaighdrred-dda ex@edandpraBe@naisck eenshot s
depi cting enmbodi ments of a tabular nodeling environnent useful in
connecti on vibteshokb by Guther cmbpdimensh, user emmapds and dageastaseeried she

enbodi t of a graphic er..interface th 10 facilitates constryction
o bl 00Kk Ui SgPAHIFEpPSEHPHE OB ALGEr Sal T ke FOREHIE TR Ty eI be
PrOCESSES,  accepted via a graphical user interface. In stll further embodiments, the gathered

data is transmitted to the modeling environment, where it is used to generate a

refined model of the biological process.

In still another aspect, the present invention relates to an article of

15  manufacture having embodied thereon computer-readable program means for
modifying a model of a biological process responsive to experimental results
generated by an in situ experiment conducted on an experimental platform. The
article of manufacture includes: computer-readable program means for accessing a
model of the biological process; computer-readable program means for generating

20 an expected result based on the model of the biological process; computer-
readable program means for gathering data relating to the chemical experiment;
and computer-readable program means for comparing the generated expected

result to data gathered from said platform.
BRIEF DESCRIPTION OF THE DRAWINGS

25 The invention is pointed out with particularity in the appended claims. The
advantages of the invention described above, and further advantages of the invention,
may be better understood by reference to the following description taken in conjunction

with the accompanying drawings, in which:



FIG 5A is a block diagramdepicting a nodel of a dynam c system using
ordinary differential equations; FIG 5B is a block diagramdepicting a
nodel of a dynam c systemusing 15 difference equations; FIG 5Cis a block
di agr am deyoc0Ivi§3edsnodel of a dynamic system using al gREFHPWOHEHIHS ons;
FIG 6 is a flowhart depicting one enbodi nent of the steps taken to

sinmul ate a nodel ed bi ol ogi cal process or chem cal reaction; 20 FIG 7
depicts a bl ock diagramof the allocated nmenory for a solver; FIG 8A
depicts a bl ock diagramof the allocated nenory for a solver show ng the
part of nmenory hol di t < MERS SeRi bl ock
di agram of the all ogtgég%ﬁ%%%y&#%ﬁawggﬁgﬁ shosmoﬁ%gnq%lh%&pt)art Ooq;cﬁn nory
*hol di ng bot hsimalatiers amhahabyefseneiaesengnd t he parallel 25 indexing of only
references; 5 WD 2005/083618 PCT/ US2005/ 005505 FIG 9 is a flow chart of

t he sequence of ste foll owed by the i]lustrative enbodi nent of the present
‘i nvention to inpl en&ﬁ@- %‘Léﬁ 4@@?]631&8113%0‘{@@!‘?8}“09%1%1 ngerﬁwa %%@@qurb‘ﬁs.f‘%

DETAI LED DE 5 Referring nowto FIG 1, a

hi gh- | evel Eﬁ%@&%%?@?&%%%o i'frent of an int egrated system for
nodel i ng, sinulating, and anal yzi ng chem cal reactions and bi ol ogi cal

systens that incl udeFlGi 2B agi Glatk dingeessfesotbedembodinennof Aershahnomputet G 1,

the system 100,i ncl udes, a mpdel i ng conponent designated as a nodel i ng
envi r onnent “%%W?P“E‘Ffé‘oék‘élnﬁb‘?‘ﬁi’gﬁ%ﬁé n‘gﬂ‘%‘h of FIG 1, a simulation engine
120, and an anal ysis 10 environnment 130. The sinul ati on engi ne 120

communi cat es wi th t hacaofehidsh sRWidAHERUepik ks HBBaHIM ditliaBuRRO ne 120

recei ves nodel s of chenmical reactions or blological processes generated
usi ng the nomedélimg eenvormomtresefulid OortiEhkorswith Kt present axwvgitiom; 120 conmuni cat es
refinenents to nodels created in the nodeling environnment 110. The anal ysis

environnent 130 is i communi cat.ion.with both the nodel.ing 15 environpent
210 and the simul at 0. i Sreseis: of e ARETUDRL O AATPRTF AT 125 Es TRE.
10  facilitates construction of block diagram representations of chemical reactions or

biological processes;

FIG. 5A is a block diagram depicting a model of a dynamic system using

ordinary differential equations;

FIG. 5B is a block diagram depicting a model of a dynamic system using

15  difference equations;

FIG. 5C is a block diagram depicting a model of a dynamic system using

algebraic equations;

FIG. 6 is a flowchart depicting one embodiment of the steps taken to

simulate a modeled biological process or chemical reaction;
20 FIG. 7 depicts a block diagram of the allocated memory for a solver;

FIG. 8A depicts a block diagram of the allocated memory for a solver

showing the part of memory holding both values and references;

FIG. 8B depicts a block diagram of the allocated memory for a solver
showing the part of memory holding both values and references and the parallel

25  indexing of only references;

th



used to performvarious types of analysis directly on nodels created in the
nodel ing enviroment 110. Al so, the analysis environnent 130 nmay receive
and process results fromthe sinulation engine 120 representing the
execut i on vbg 20ds@s3iigrul ati on engi ne 120 of a nodel produEdus2005098s050del | ng
environment. In other words, the sinmulation 20 engine 120 generates the
dynam ¢ behavi or of the nodel and communi cates at |east sone of this
dynam ¢ behavior to the analysis environnment. The anal ysis environnment 130
may provide refinenents to a nodel in the nodeling environnent 110 and may

provi de paraneters f e t he, skpul af | I.n 2 e ecut.ing a
nodel . The inter actrﬁg’hggse% %ﬁﬁﬂ?ﬂéf%ﬁgﬂeﬁ% (gfrr%\g;“lip!s gw#&%%&%;%%%%&%m ation
engi ne 120, eybditient P tiabdti HivaMonto imprnedfe Wstdrath HedaHBELHribMoNDr €
detail below The integrated systemdepicted in FIG | nmay execute on a

nunber of digxeewtmmt conputing platforms, such as superconputers, mainframe
conputers, mniconputers, clustered conputing platfornms, workstations,

general - pur pose deskt op , igital
assistants. FIGs. 2A anoﬁggR#éﬁéEﬁ@?ﬁ@ﬁa%fiWﬂg% cal _

gener al - pur pose dRerkiRR OABUIE! §, ZAASh USR] block Miafth OF ARUMbIIINGNIFRA. AS
shown in FIGs. 2A and 2B, each conputer 200 includes a central processing

unit 202, 6InErRGDHABERH1 BrodcHg JSROOSH D SEDMalwing chena¢al repstionsanthi t 204,

Each conput er. 200 al i.ncl ude other optional. . el enents,. such ne or
mor 6 | nput/ ctippeteaseRsdRy i e R aep B 1R BT s el 1%k & ence
nuner al  230) the 3derd 10 6lt01d088 AR cdip SRl atRighadkd afa nWdeling Bgirsiidnk al
processing unit® 202. 5 The central processing unit 202 is any logic

circuitry t hbt0 indkpenethplary depidtionpeidés b essimnlstipnengienb20;, end prednadlysim t he nai n
menory upit 204. In y -enmbodi.nents, . t central . processin nit is

provi ded by FYHPEW, '_E)tp%@e P Heton digine @:comuwg%w@h®er§8if§&g t he 80386,
the 80486, thRiBamkhtun0. Fe8 inikibPengihte] JoaBtditsNmobels dTRhéRiAI RActiés ort he
Xeon processor, all of which are manufactured by Intel Corporation of

Mount ai n 10 Wolagicalprocessesrgencratadaisggobe modplingragironmetid 168 The sinwlatie8 030,

t he 68040, the.PowerPC 601, the Power PC60 th ower PC604e. the MPC603e,
Lhe NPCRO3el B! TiseBa e RinuRRh s mod Rt BARE Mgttt
MPC740, the MIC/AR analigisMEGEGnedt 180 i\NREsRPunidaBodREh BofDihe nitRlelYRE7 400, the

MPC7410, the MPC7441, the MPC7445, .
15  environment 110 and the simulation engine 120. The analysis environment 130 may be

used to perfonn various types of analysis directly on models created in the modeling
environment 110. Also, the analysis environment 130 may receive and process results
from the simulation engine 120 representing the execution by the simulation engine 120
of a model produced in the modeling environment. In other words, the simulation

20  engine 120 generates the dynamic behavior of the model and communicates at least
some of this dynamic behavior to the analysis environment. The analysis environment
130 may provide refinements to a model in the modeling environment 110 and may
provide parameters for use by the simulation engine 120 when executing a model. The
mnteraction between the modeling enviromment 110, the simulation engine 120, and the

25  analysis environment 130 will be discussed in more detail below.

The integrated system depicted in FIG. 1 may execute on a number of different
computing platforms, such as supercomputers, mainframe computers, minicomputers,
clustered computing platforms, workstations, general-purpose desktop computers,
laptops, and personal digital assistants. FIGs. 2A and 2B depict block diagrams of

30  typical general-purpose desktop computers 200 useful in the present invention. As
shown in FIGs. 2A and 2B, each computer 200 includes a central processing umit 202,



the MPC7447, the MPC7450, the MPC7451, the MPC7455, the MPC7457 processor,
all 15 of which are manufactured by Mtorola Corporation of Schaunburg,
IIlinois; the Crusoe TM800, the Crusoe TMb600, the Crusoe TWMb500, the

Crusoe TMei®Qeoslobsisf fi ceon TMB600, the Efficeon TMB30GcTarsibdzmotshéi ceon
TMB620 processor, manufactured by Transnmeta Corporation of Santa C ara,
California; the RS/ 6000 processor, the RS64, the RS 6411, the P2SC, the
PONER3, the RS64 111, the POANER3-11, the RS 64 1V, the 20 PONER4, the
POVNER4+, the POVERS, or the PONER6 processor, all of which are nmanufactured

by International Business Machi nes_ of V\hlt Pl ai ns, w Yor k; qr the AND
Opt er on, t h@NARMAAR MgMORY Bait 264. Each comprtas %ﬂ By alsp inghudeqiiesT pptenal

" processor, % %B%%}?%og@é@l ‘ﬁﬁlt/dwtp‘iﬁ ge@géélﬁg Z%b %ﬂ&évzlr&? &?{OI fornia.
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data and al heingnefersnye ﬁmxﬁé@gm(})omltaluamdmerhmmeﬁbbyumﬁsxedntbyhd he

*m croprocessor 202, such as Static random access nenory (SRAM, Burst SRAM
or SynchBur§?ﬂU%We§mW} 0%Pynami ¢ random access menory (DRAM), Fast Page
Mode DRAM (FPM DRAM), Enhanced DRAM (EDRAM Ext ended Data Qutput RAM ( EDO

RAM, Extended tput 30
DRAM ( BE DRAI\/)D,GIE n%h’& E‘d‘”%%i’ﬁ%'% Ay ?ﬁ%‘ﬁ‘%@gﬁ%{‘w JEDEC
SRAM  PC100 prhieédds indaublichs Patched ebn tlﬁDE&&Mn( ShIRANY., In/miy SOP&Ti86.18

PCT( US2005/ 005505 Enhanced SDRAM ( ESDRAM SyncLl nk DRAM ( SLDRAN&réhD rect

Rambus DRAMthg estlpupcessing maitippioxded by a FAROPRIRANPT Untik Stlﬂ\easeﬂfﬁ&@ ¢ shown

T i LB PR, TR e

enbodi nent  ahe Aec0pRRUEROT, EH%EGM@Q& mmuﬂmmfed!bytmel @b@emlsﬁbfmtmam cates
dlrectlyvmth mai_n_ meno a a neno n FlLG 2B
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using the system bus 22 Cache nenor 40 typicall faster response
oot han eV RCS sG55 Rt MPC HDethe SIb B0 aie NHC By e METads:

the MPC7447, the MPC7450, the MPC7451, the MPC7455, the MPC7457 processor, all

15  of which are manufactured by Motorola Corporation of Schaumburg, IHlinois; the Crusoe
TM5800, the Crusoe TM 5600, the Crusoe TM 5500, the Crusoe TM 5400, the Efficeon
TM8600, the Efficeon TM8300, or the Efficeon TM8620 processor, manufactured by
Transmeta Corporation of Santa Clara, California; the RS/6000 processor, the RS64, the
RS 64 11, the P2SC, the POWERS3, the RS64 111, the POWER3-I1, the RS 64 IV, the

20 POWER4, the POWERA4+, the POWERS, or the POWERG processor, all of which are
manufactured by International Business Machines of White Plains, New York; or the
AMD Opteron, the AMD Athalon 64 FX, the AMD Athalon, or the AMD Duron

processor, manufactured by Advanced Micro Devices of Sunnyvale, California.

Main memory unit 204 may be one or more memory chips capable of storing

25  data and allowing any storage location to be directly accessed by the microprocessor
202, such as Static random access memory (SRAM), Burst SRAM or SynchBurst
SRAM (BSRAM), Dynamic random access memory (DRAM), Fast Page Mode DRAM
(FPM DRAM), Enhanced DRAM (EDRAM), Extended Data Output RAM (EDO
RAM), Extended Data Output DRAM (EDO DRAM), Burst Extended Data Qutput

30 DRAM (BEDO DRAM), Enhanced DRAM (EDRAM), synchronous DRAM (SDRAM),
JEDEC SRAM, PC100 SDRAM, Double Data Rate SDRAM (DDR SDRAM),



BSRAM or EDRAM In the enbodi ment shown in FIG 2A, the processor 202
comuni cates with various 1/0 devices 230 via a |local system bus 220.

Vari ous busses may be used to 15 connect the central processing unit 202 to
the 1/0 dewiccwesasifss | ncl uding a VESA VL bus, an | SA buspcauskioSfosos, a

M croChannel Architecture (MCA) bus, a PCl bus, a PCl-X bus, a PCl-Express
bus, or a NuBus. For enbodinents in which the 1/0 device is a video

di spl ay, the processor 202 nay use an Advanced G aphics Port (AGP) to
communicate with the display. FIG 2B depicts an enbodi ment of a conputer

system 20 20Q in which the nmain processqr_202 ¢ icates directly with 1/0
device 230b ngmors) SORAM (BPORAM RS il PR (é’ﬂ#’?&l\&mecﬁ@%tsﬁw

epi cts an epﬂgﬂkgﬁﬁ ] k%? R@\ﬁ?e JeaseBtal re

m xed: the p OCESSOFj’SBgeH%%%ﬁ%E%I ca gs W hﬁiﬁggﬁg\%{gg&nﬁga u%fﬁg %Rln%lgal

i nt er connect plausssh202ec Rt Bt €k it Sainvhémody X04déy h e pst@d ®las 220 Rlesdribed 2D A

wi de variety of 1/0 devices 230 may be present in the conmputer system 200.

| nput devi ceBOrheqtlbelpwy.nbisr @8, depictsean apbodupeof acpmprissFysiem AP¢ Hophishes,
s o i : : . Sl Kers.
ond o 0034y ST SR T N IR,

devi ce may aks@nple,duiFliG. IR Biifhagery 204 ia¢ be DRIPRAM. syst em 200 such as a
hard di sk drive, a floppy disk drive for receiving floppy 30 di sks such as
3.5-inch, 5.25-inch disks or ZIP disks, a CDOROMdrive, a CO-R RW 8 WO
2005/ 083618 PCT/ UEKS® 2 00r=Edepigtiepbodigentymn mdnshuthe weain prgsesser 302es  of

various for | ) ;[a? Hﬁﬁ ] | i ne
of devices gﬁﬁ?&’%& gtreggﬁg‘;t%%g?aecggﬂeﬁ%ﬁ%?%?lalan% of ‘Los’ @R?Bg%e%%ftége&
Cal i fornia. koasdrriabkeide€rtgdimshtsemtdindrt, dle/ingid p2€kssm)200 eommunicdge
between the system 5 bus 220 and an external communication bus, such as a

USB bus, 18n A cachsemrmspy Hiusingthe sustepnbussziO. fracke Aeatory &0 tyaiceltghasas, a
FireWre bus ' I l.eT; us, a
G gabi 1 £t hefiil Bt dBin R B Ror BT BRI B MBRISIR QL T 7,
Super HI PPl B$RAM, &GeEDRIARIUS bus, a SClI/LAMP bus, a FibreChannel bus, or a
Serial Attached small conputer systeminterface bus. 10 General - purpose
desktop conputers_of the sort depicted. in FIGs. 2A and_ 2B i )
In the embodiment shown 1n FIG. 2A, the processor 202 communicates with

various /O devices 230 via a local system bus 220. Various busses may be used to
15 connect the central processing unit 202 to the I/O devices 230, including a VESA VL

bus, an ISA bus, an EISA bus, a MicroChannel Architecture (MCA) bus, a PCl bus, a

PCI-X bus, a PCI-Express bus, or a NuBus. For embodiments in which the I/O device is

a video display, the processor 202 may use an Advanced Graphics Port (AGP) to

communicate with the display. FIG. 2B depicts an embodiment of a computer system
20 200 in which the main processor 202 communicates directly with I/O device 230b via

HyperTransport, Rapid VO, or InfiniBand. FIG. 2B also depicts an embodiment in

which local busses and direct communication are mixed: the processor 202

communicates with /O device 230a using a local interconnect bus while communicating
with I/O device 230b directly.

25 A wide variety of I/O devices 230 may be present in the computer system 200.
Input devices include keyboards, mice, trackpads, trackballs, microphones, and drawing
tablets. Output devices include video displays, speakers, inkjet printers, laser printers,
and dye-sublimation printers. An I/O device may also provide mass storage for the
computer system 200 such as a hard disk drive, a floppy disk drive for receiving floppy

30  disks such as 3.5-inch, 5.25-inch disks or ZIP disks, a CD-ROM drive, a CD-R/RW



typically operate under the control of operating systens, which control
scheduling of tasks and access to systemresources. Typical operating
systens include: M CROSOFT W NDOWS, manufactured by M crosoft Corp. of
Rednond, Wesbiosgswes MacOS, nmanufactured by Appl e Conp®Caruseéos@ogsesti no,
California; OS/2, manufactured by 15 International Business Machines of
Arnonk, New York; and Linux, a freely-avail able operating system
distributed by Caldera Corp. of Salt Lake City, Utah, anong others. 1In
still other enbodinments the conputers nay operate under the control of real

kADAK_Pr odudPLeR TV P RN v Sorediiver O S0Bl it SRUG el BR Rl ™
“Inc.), 20 GMieRTSB FIRRWraeline 8d dMicdsMiantyahes®by TRitech Q@ﬁﬁ@oﬁc of Los
(manuf actured by CoreTek Systens, Inc.), eCos (manufactured y Red Hat,

Inc.), enbOCSlgmiesiCabifarmied by SEGGER M crocontrol | er Systeme GrbH), eRTCS
- (manufactured by JK M crosystem; Inc.), ETS (manufactured by Ventur Con),

EYRX fact t uf by G

i 1's. Sof tare,  thaer SEbpRcherBy Py Odnt Pl My bEn bgR POV GO RaTr Y
(manuf ackur egls byo ma%eé&erﬁﬂrdamhh@ﬁ.bn bus, Blich 4"PUYR G %@?p@é’D&qatap BﬁeR'VK
(manuf actured by TenAsys Corﬁylratl on Jbed ( manuf acture guesmertec

inc.), Lynx(ml?(Sﬁ‘ﬁi{JWal@imdct TN ¢ né)remmus(mﬁm}wctsae s,y Precise

Software Te ol gqi es | Accel er at Techn ESD
Mentor Gr apﬁ#ﬁ Qt w%&%@ a?ﬁﬁ%hf?%‘i?f’iﬁ‘?@&“ %WPWE %’%}ﬁaﬂ% mat i k
GrbH) , OS‘9MS@é’%{fs%HTPﬁCbuQ{E%ﬁH@Pl@o@y&S%Pﬁ%@E@UM!NMP%Ea 9 WO
2005/ 083618 PCT/ US2005/ 0055 manuf act ured by OSE Systens ) PDOS

( manuf act ur dtibisGha@ynel bigs, Goz §@mdtﬁttmbed sagl GOéTml'ﬁﬁlfstm ander fang bPM  Sof t war e
Systens, Inc.), Q\NX Neutrino (rmanufactured by QNX Software Systems Ltd.),

Cranut adbur ed Eﬁ%@ﬁé&%"%&%@ bR b fon 4 R TS A RS s

Machi ne Lab&ﬁplbﬂﬁja perdtd Ynder Ohel dORAVT Sdpuratielg l@yméfam%ﬁ%mfmmng of
(manuf actured by Rabi h Chrabieh), snx (manufactured by Mcro ital, Inc.),
Super Task! = (tAtk§and aeogpscly systel resogpfes whyriyal opnlraéaaws Enelude: li‘fﬂég{ Ekpr ess

Logic, Inc. n ure Treck
M croC Cs- I\)‘Tﬂf@ﬁgg ﬁ%ﬁ%g&ﬁggﬁ%cms% %Bfns &n?{%sm on a%&}),s
(manuf act ur efafifadtr®d by Apple Computer of Cupertino, Cahforma, 0S/2, manufactured by
15 International Business Machines of Armonk, New York; and Linux, a freely-available
operating system distributed by Caldera Corp. of Salt Lake City, Utah, among others.

In still other embodiments the computers may operate under the control of real-
time operating systems such as AMX, KwikNet, KwikPeg (all manufactured by
KADAK Products Ltd.), C EXECUTIVE(manufactured by JMI Software Systems, Inc.),

20 CMX-RTX (manufacturéd by CMX Systems, Inc.}, DeltaOS (manufactured by CoreTek
Systems, Inc.), eCos (manufactured by Red Hat, Inc.), embOS (manufactured by
SEGGER Microcontroller Systeme GmbH), eRTOS (manufactured by JK
Microsystems, Inc.), ETS (manufactured by VenturCom), EYRX (manufactured by
Eyring Corporation), INTEGRITY (manufactured by Green Hills Software, Inc.),

25 INtime® real time extension to Windows® (manufactured by TenAsys Corporation),
IRIX (manufactured by SGI), iIRMX (manufactured by TenAsys Corporation), Jbed
(manufactured by esmertec, inc.), LynxOS (manufactured by LynuxWorks), MQX
(manufactured by Precise Software Technologies Inc), Nucleus PLUS (Accelerated
Technology, ESD Mentor Graphics), On Time RTOS-32 (manufactured by On Time

30  Informatik GmbH), OS-9 (manufactured by Microware Systems Corporation), OSE



10 Software), TTPos: (manufactured by TTTech Conputertechnik AG, Virtuoso
(manuf actured by Eonic Systens), VWxWrks 5.4 (manufactured by Wnd River),
SCORE, DACS and TADS (all manufactured by DDC-1), Ninble - the SoC

RTOS( manuias bdekghelpy Eddy Sol utions), Nucl eus (nmanufact picqghdyosAees er at ed
Technol ogy), or Fusion RTOS (manufactured by DSP OGS, Inc.). In these

enbodi nents 15 the central processing unit 202 may be replaced by an

enbedded processor, such as the Hitachi SH7000, manufactured by Kabushi ki

Kai sha Hi tachi Sei sakusho, of Tokyo, Japan or the NEC V800, manufactured by
and i

NEC Cor por ati on of kyo, Japan. Referring _back to_FIG 1, n re

det ai |, pt h&l#ﬁg@tﬁuﬁg%gmﬁ %Yﬁ%%ﬂ% ) PROS ﬁé@g‘&cgﬂ?dn%iﬁwg ‘é‘ﬁ?‘@tlan)hrgggl of the
chem cal o [ PERE T §! ' Pnbégg - jwents,

t he nodel i négieu?lw ron%gr{w%%gwggﬁé%ﬁ%ﬁggg&f onﬁg?trl}e grlrllﬁlg? | g&ﬁg%ﬁgs a
file in SyStiwarctdetengyt¥hy GNIAL(aRGURAGRrIBMONX Sofcmtites stenis Lidgse
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Ext ensi bl e RERMEERL gk fuagdagued pymREGanic, ncpk B3 -iwa fjanafagtuisd bydinige, or a

t ext f'Ie'@Igﬁ' A i i t. ternatively,

t he rmd%l [ #ga g%@?igﬁgﬁeﬁ\%fﬁag @}maa%“g‘g‘%"ﬁ yfﬁdr?gﬁfengélég!ugc’ég Btfl)éla user via

ei ther a comrifscthicd®y RabileChabRhY sma (Bad@hiad bydeticlodithhdse.), FI Gs. 3A and
3B depicts an enbodi ment of a tabul ar graphical user interface 300 that may

be used t oSreadpske (mapufectieed by Suiodovayy, Bhugadk manulebaed byEapissdersic.As
n'the 50 HibATRkI R e othlhy B G T, LA EREATRREYORHIC, Jone

or nore no@aksufhdiured by EiMiSSyhdUS AL &1¥1)| TnThd! hemsfeturedbPULSrs operating
under control of the WNDOAS 10 WD 20051083618 PCT) US20051005505 operating
syst eml? mafraftgeraly EEPosy (nerfanded bedid echhEomputgterininAd), YAfBeso | n t he

ed by

gttaes
parti cul ar ' t . C | {Hqggig, em cal
reaction i Q%E%%%%%tg%ﬁeba’df?oﬁu% %Sgcﬁséefkpe%e 3%@?%“2%%%5 8% ﬁg'e? ol der
| abel ed " FiS€iOi®mos 88wad Nodes (all rhikdifadi@dée by DOT-), Weinible e¢hes88d ol ders:
"Conpartnents”": 5 "Reactions”; d "Species". The subfol ders represent
il

pi eces of RIOIfBwanigtureht Fédy S‘?lgi onsy, Nyrckayh (wanuissaed by Acpeleatedchemes may
b dt t hihs, . nf ' .
e used to TQEI?}%’Z‘S%HQ: Fuaslo @%E@g@fgﬁ%ﬁ g?j ]jaﬁﬁ(gsﬁbqg}ca) P& Bdinidhts OTE

enbodi nent s, pare
15  the central processing unit 202 may be replaced by an embedded processor, such as the

Hitachi SH7000, manufactured by Kabushiki Kaisha Hitaclid Seisakusho, of Tokyo,
Japan or the NEC V800, manufactured by NEC Corporation. of Tokyo, Japan.

Referring back to FIG. 1, and in more detail, the mocieling environment 110
accepts input to create a model of the chemical or biochemical reaction to be simulated.
20 Insome embodiments, the modeling environment 110 acceprts input contained in a file,
such as a file in Systems Biology Markup Language (SBMI_). In others of these
embodiments, the file may be in HyperText Markup Langua ge (HTML.) format,
Extensible Markup Language (XML) format, a proprietary rmarkup language, or a text
file in which fields are delimited by tabs or commas. Altern atively, the modeling
25  environment 110 may accept input produced by a user via ex ther a command-line

interface or a graphical user interface.

FIGs. 3A and 3B depicts an embodiment of a tabular- graphical user interface 300
that may be used to receive input manufactured by a user fox- creating a model. As
shown in FIGs. 3A and 3B, the user interface may include 2 model pane 302. In the

30 embodiment shown in FIGs. 3A and 3B, the model pane 302 lists one or more models in

a tree structure familiar to users of computers operating under control of the WINDOWS

10



of folders representing nodels. User selection of a particular fol der causes
the systemto display folder in the nodel pane 302 that represent pieces of
the reaction, e.g., 10 conpartnents, reactions, and species. In still other
enbodi menisg) 2@808ssi0del and all conponents of all nodepernsyobeodispl ayed
in the nodel pane 302 and each nodel may be associated with a "radio
button," Sel ection of the radio button associates with a nodel causes that
nodel and its constituents to be actively displayed. In sonme of these

enbodi ments, unel ected nodels are displayed in grey type, or may have a

transparent 15 grey overlay_indicatjng that they_are not._current t he

act i vg mod e PPETRERGSYSIERY %%Ea%eq:lpﬂ/[u%ﬁ@ é%rpg?é%tfd’nggﬂ ‘&éﬂéﬁmﬁ%wﬁ)@e 300

-also includ . §: ' . action
fabe 830 uulal BR66Rt MRl BRICEAA, 8 o2RRGR AR bASLRorE reabliEn [00CL O,

pane 302. Skoathmed in the heodsppaic 892 fiabticateBBY tHedfoldesbeledt ed with the " Speci es”
- folder displayed in the nodel Eane 302. In sonme 20 enbodinents, collapsing
t

2
the associ at egldkrgayoxeaMedel” hhatupplebcqaipgniressupfoldersy E@mpapmentsss pect i ve
t abl la ' » «d ' ' ' | A th
Lhan i n The. ReiiRhy SRS S folode! ThOUBrAERP I Alaciatk, LIbETARRItAHAR, [0 e

FI G 3A. Théthaggiphiral s ieteiddde sthalia neadie usedal presenpthsiafirmatioratonthelel ed
bi ol ogi cal process or chem cal reaction. In the enbodi ment shown in FIG

3A, the nod@Fe adktiemdPfe s someenbeligeais) th modelpape 3¢kmay display amymbge
Fi el d- K - i 0 i l.ud
Four col ummdr 188 BB Gentile 10801 A QLA e Sar FOBG B RANBRLUCED

col um 316, dispthyafoldey iy the Hodeloht 802 SikBreptzaeh picves off the haactisrigagt,i on table 310
corresponds to a particular reaction. _The nunber. and format of = col ums

di'spl aydfl byompartmenisseastionssnd speejeshdn sid] etbersmbpdiments, gagh mogs] apd gk 30

enbodi nent s, | | : Emlggg r mat
of colums ¢t I(Sﬂgg?ésmﬁ%dlg%g%%&gﬁg)p Egﬁﬂfl%éeé)lggﬁér/ rengg%lﬁ%%e gdgect e E@fﬁ?ﬁgg user.
11 WO 2005/ ®836shdialdWitdb2 068l Oiikha> Saedtarof ig: adiolbutton hdtecierbeadthrent shown

in FIG 3A, the reaction colum, 312 displays a reaction represented in an
abstract foregel causgs thaigpodel apg its pepshtugals t‘é%%%ﬁ%"ﬁ’é’rﬂl%ﬂlaﬁﬁem g olghessay be
represent ed . o ' w@&.’ ' t och [ , a
hybrid of t\foﬁ%gralr{gr%%%g@%c%é?s%g or rrgt(a %Plalry%h {sio%gy g@%’oﬁimﬁéﬂiég,@%&a&gp@@éact i on
t abl e i 16| udesy avetlal indicatide it thelyrage mudufremttysthebctivieensdebct i on. For exanpl e,

Referring back to FIG. 3A, the graphical user interface 300 also includes a
reaction table 310, and a species table 320. The reaction table 310 is associates with the
“Reactions” folder displayed in the model pane 302. Similarly, the species table 320 1s
associated with the “Species” folder displayed in the model pane 302. In some

20  embodiments, collapsing the associated folder causes the table to not be displayed. The
respective tables may be displayed in their own graphical user interface window, rather

than in the same window as the graphical user interface 300, as shown in FIG. 3A.

The reaction table 310 lists each reaction present in a modeled biological process
or chemical reaction. In the embodiment shown in FIG. 3A, the modeling environment
25 300 displays reactions present in the Field-Koros-Noyes model of the Belousov-
Zhabotinsky reaction and includes four columns: a reaction column 312, a kinetic law
column 314, a parameter column 316, and a reversible column 318. Each row of the
reaction table 310 corresponds to a particular reaction. The number and format of
columns displayed by the reaction table may be selected by the user. In other
30  embodiments, the modeling environment 110 may select the number and format of

columns to display based on the type of reaction selected by the user.

11



sone reactions can be catal yzed by a substance. This may be represented in
the tabular format as Cc -nm(s) -> Br, neaning that the presence of "s"
causes Cc to convert into Br. In the enbodi nent shown in FIG 3A, the
reacti on \aPigas/mbeisdl SO includes a kinetic |aw col um pg¢bioshodseent i fies
the kinetic | aw expression the identified 10 reaction follows. In the
enbodi nrent shown in FIG 3A the kinetic | aw associated with the Cc -> Br
reaction is "Ce*k5," meaning that Cc is consuned at a rate controlled by
the paraneter "k5" and the anobunt of Cc present. In the enbodi nent shown in
FIG 3A the pararreters for the kinetic |aw ex&ression are listed in the

par amet er col urmRetEging back &utie embodimant prosvn WHAG: 3Acthe serctiabeduend1Zncl udes
| d t h th t d th
Dar i cular - auey b RoldehiRe g inofabieect g &8 S SRETRBE 1" Oy her

embodi nent Sembditﬁnfeﬁﬁcﬁlb SchiGing ¥§é@eﬁré§%ﬁﬂé@@§ a AifERbiMed A, i YloBEhstit he uni t's
in which the kinetic | aw paraneters are expressed, e.g. 1/’seconds, 1/ (nol es

seconds), efamaorksa hﬂ:fm}rcrftwg or martief tinssoimetst Issoovreniboditngnts, 3 t he

reaction. table.310,, 20.i reversi ich indicates
Whet her 1 horguaTLPhledgeidE P Bin T ideS B Bo iieS AMFudirion P PeliBit on 1 one
whi ch occur %ﬂl@r&bﬁ&ﬁrcaﬁjbé %515/9&1 by a fibsfaficeS 'P’h@{nay bk E‘ep?éé@ﬁte&iﬁf’t?ﬁ'tiﬁﬂl‘c{rs the
reaction table 310 may includé a colum identifyi g dynam cs of the

reaction, ef(gm,at af Ge+th(s) r> Bg lmeaning thatsbepresénce né §€° antrs dierte nonverttihs Brapi dity
with which a reaction occurs is identified on a scale of 1 to 10. In still

ot her enbodi nent 25 sented,.w G0 trol that

al l ows the rapi diq ‘r“feBﬁiho“fféﬁgzﬁpo%g t?‘S I?)aénglé{a% glﬁta;ls‘%n% Srfe anot her .
In still fukflge mmﬂﬁmﬁam mndhhamﬁﬁﬁgl‘tﬂeq&aeﬂcq%%xﬁrwslme ideatige@ a col unm
fér annotations or notes relating t he reacti on.” The nodel i ng environment

300 sholh i reartiah fodlawal hothdﬁsqbbéry@nasmtméﬁ& ap| the kg@t;lc lavhasseaatedrvoidi rrent

h in FI « » 320 |
ni 1l amo 0L AR dn 8, dBRRYEPRLF trinaoes YA EsenliedPgh o 12
D 5005/ 553 PATLSE85k0AS S5l eher o5 @ACith 80 FOC ATount

of material used in the nodel ed biol ogical process or chem cal reaction.
Thus, in théegavooétensdor thekineti¢ mmngressontarmhstm@ltb@parbndm@lm 3|b6 .obess

e donad o e erobhnihisnfe o B Sagba Leaup efiyinethe Bnedibge

shoul'd 15  Kkinetic law associated with a particular reaction, e.g. “mass action” or “Michaels-

Menten.” In other embodiments, the reaction table 310 includes a column identifying
the units in which the kinetic law parameters are expressed, e.g., 1/seconds, 1/(mmoles *

seconds), etc.

Still referring to the embodiment shown in FIG. 3A, the reaction table 310

! 20 includes a reversible column 318, which indicates whether the associated reaction is
reversible. A reversible reaction is one which occurs in either direction, i.e. Ce <-> Br.
In some embodiments the reaction table 310 may include a column identifying dynamics
of the reaction, e.g., “fast” or “slow.” In some of these embodiments, the rapidity with
which a reaction occurs is identified on a scale of 1 to 10. In still other embodiments,

25  the user may be presented with a slide control that allows the rapidity of various

reactions to be set relative to one another. In still further embodiments, the reaction

table 310 may include a column for annotations or notes relating to the reaction.

The modeling environment 300 shown in FIG. 3A also displays a species table
320. In the embodiment shown in FIG 3, the species table 320 includes a name column

30 322, an initial amount column 324, and a constant column 326. The species table
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5 assune that there is an infinite supply of a particular species. In other
enbodi nents the species table 320 includes other colums such as a colum
identifying units (e.g., noles, nolecules, liters, etc.), whether a
parti cul arweeed/@seisS an i ndependent variable in the nopetpéiooSoosspahet her
the species is an input to the system, a colum for annotations, or a
colum for notes. 10 In sone enbodi nents, the nodeling environnment 300
accepts as input a file in a mrkup |anguage and converts that file into a
graphi cal display of the sort depicted in FIG 3A For exanple, one
representation, of the Field-Koros-Noyes npdel  of the  Bel gysov-Zhaboti nsky
e op &

reaction i n eRIcKitBe it canditipnsand amdunts Rf el 9dn thepdeledbiologieh di ment
-shown in FI G, j | Pt i3 ' le, a
ot ocess ay 180t 0ot BAL T paPuBERNE b s obdbRal MERRTRRIGT Y eI, o
the mar kup |sislggraleproécdsebegnOwith 81002 Glidlamunii wEbroRen i.e 90903 multiplied by
reversible="false'> to generate the tabular formof the nodel shown in

FI Gs. 3A andAvmgado’snupbss. dhe constant eplyaa 396 set 1oy tiish Mdhe ode! shayldpe

nodifiedgo f . k.Di WA ' I in
order +o Sor crunt fral BER ip PRI BMPREE DTt podel I etauoBpRARe | 5
In other e tisenbe,320 iledse Sthebyluans epdh dshaolnmddentiyignmits (@admereer at e
as output code that is directly executable on a processor, such a code

witten in tmeleculps dtpra s nybeaguagaculapypeeies iseh iefepgndeptieariabletip thececut abl e
de all ; i t ' i
et or o P GG 0L B Sl SRS L Ru Kb © Vi@

conput er s nayolingn éamaest ed via a nunber of network topol ogi es including bus,
star, or ring topologies. The network can be a |ocal area network (LAN), a
metropoljtan area network (MAN), or a wde area netwrk (WAN) such .as the

( .
I nt er netl0 And t hensemgsabedimenin s medelngpnysomest 3¢haqearts e inpet & filedp 2

VAN 30 1 | nkerPp ey E R ChL RS A O d e o AR RIS IRERN " e
Rel ay, 13 V¥I2005/¥238 8kditiplPGheSGa0niA{0h0 the MdIMK orasiNoyes mbded of thennect i ons.

Connections gcan be established using a variety of comrunication protocols
(e.g., TCP/|Ppelopsox-Zhabtinskyreacken INSeHEpylangats tﬁatEf’H%*‘rH?@tiS, toAReRirtrculi per

Di stributed DafdihBhichbRf s FTPBA is KSR Abb&ix A to this document.

15 For example, a process may be provided that uses the information embedded in
the tags of the markup langnage file, e.g., <reaction name="Reaction5"
reversible="false">, to generate the tabular form of the model shown in FIGs. 3A and
3B. In some of these embodiments, a web browser may be modified to parse files
containing models written in markup language in order to create the tabular form of the

{ 20 model shown in FIGs. 3A and 3B. In other embodiments, a process may accept the
model as input and generate as output code that is directly executable on a processor,

such a code written in the C programming language.

Conversion of a model into executable code allows the executable code to be

transmitted to multiple computers via a network for execution on those computers. In

25  these embodiments computers may be connected via a number of network topologies
including bus, star, or ring topologies. The network can be a local area network
(LAN), a metropolitan area network (MAN), or a wide area network (WAN) such

as the Internet. And the respective computers may connect to the network 180
through a variety of connections including standard telephone lines, LAN or WAN

30  links (e.g., T1, T3, 56 kb, X.25), broadband connections (ISDN, Frame Relay,
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802. 11, |EEE 802.11a, |EE 802.11b, |EEE 802.11g and direct asynchronous 5
connections). In these enbodi nents, a naster server parses a nodel witten
in markup |anguage. The nodel nay be retrieved froma hard disk or from
anot her c r cessed via a network connection. In rent s

t he nodel %%‘%ﬁ)"tﬁ?&gy a user using a tabular user inputpéﬂ@%mg‘g&ggdé one
shown in FIGs. 3A and 3B or a 10 graphical user interface such as the one
shown in FIG 4. The nmaster server parses the nodel to produce executable
code. The executabl e code produced by the master server may be conpil ed
code, such as code witten in C, C+, C++, or C# and conpiled to run on a
target pl at fATM )gant heiredese cohaditeons 0Genpeaidas edn by cstablisinmlshsing s ensety ofay be
a in a bytecode | anguage such as JAVA. In sone 15 enbodi nents the executable

code is tramammuairation gretasolsnts-g., ddrpiEar B X % NetBIRS kNetheEEs SMB, The
one or nore ut er te.the_code representin t de LUrn

t he generat 8angﬂp t@@% epl%g%g.b?ﬁeq%gé? @E?]gg)o Wsi@? t he
retrieved re f I [ y@n Sk§- [ Sy erver
di splays a g%&?b%ﬁﬁpeg?%‘s}elﬁt g#léoﬁé%i‘lllgaggﬁ%’f %tﬂggq eceéllvdel} ?eas ?@.;qun one
20 enbodigmentondeliisnd)echni que is used to conduct Mnte Carlo type analysis.
In certain of these enbodi nents, the master server may collect and displ ay
each data point received and display each data point graphically in

real -tinme. FIG 3B deptcnshodinteabs)laamattor senvenptisens rhodelswntteatin ngatkug E.
Coli heat shock response npdel. As descr.i bed aggv_e in connection with FIG
3A, the uppelngpage: abhemgdshmay dermgrriayad fom 2 hart tisk 98 o gnoeher cAmputer
transcription and,translatipn of the hgat ,shac r ot ej as L1. as the

it eract| onesisrordate Lot Rratar i FRouRe srtsatarer e e PR BY& ns.
As' depi cted 'ﬂsﬁ% 2 Babithd uE&%%hPQ@cm%Vﬁlcngx'i@ sB6Wh AR FHINSIA G5d I op Qe
are reversible, while sone are not. Another nethod of representing chem cal
or bi ochEM cgtaphialhsed mstetfScebyuchan thé oae Bhowk idiIFIG am Thé n\te? Q0L 0BI6kS
PCT/ US2005/ 005505 In still other enbodi nents, the nodeling environnment 300
al | ows a usethe madshrte uatduce Bresusgile siodpr othe sxerutablentastel prosiiced dy gy a

bl ock ol agrapn, £G4 doplicl & 2l STBCI TN, ofa2 BLogk; A pg] L0

and compiled to run on a target platform or the executable code produced by the

master server may be a in a bytecode language such as JAVA. In some
15  embodiments the executable code is transmitted to one or more computers via a
network connection. The one or more computers execute the code representing
the model and return the generated result to the master server. The master server
may store the retrieved results for later analysis. In some embodiments the master
server displays a graphical representation of each of the received results. In one
20  embodiment, this technique is used to conduct Monte Carlo type analysis. In certain

of these embodiments, the master server may collect and display each data point

received and display each data point graphically in real-tune.

FIG. 3B depicts in tabular form reactions for simulating the E. Coli heat
shock response mode]. As described above in connection with FIG. 3A, the upper
25  table displays the various reactions involved in transcription and translation of the
heat shock proteins as well as the interactions of heat shock proteins with unfolded
(or denatured) proteins. As depicted in FIG. 3B, all reactions have mass action
kinetics and some are reversible, while some are not. Another method of

representing chemical or biochemical reactions is by way of a block diagram.
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in FIG 4, a block diagram showi ng heat shock reaction in E. Coll bacteria
is under 5 construction. As is well known, heat shock response in E. coli is
a protective cellular response to heat induced stress. Elevated

t enper at urag) Joegedsk1si n decreased E. coil growth, in |argerpdobsodsk@@m
protein unfolding or msfolding. The heat shock response, via heat shock
proteins, responds to heat induced stress by refolding proteins via
chaperones or by degradi ng nonfunctional proteins via proteases. 10 The

bl ock diagram shown in FIG 4 depicts the expression of five particular gene
sequences involved in the heat shock response. In part, Figure 4 depicts

pat hways 4100, 4bwetll athgp embodimentsythe sredebingsnvisermeni 368 allowst vsstitd n heat

Shock proper Horeba{Uboe s Pt o Aoed SR T Bl BB TP oy
4100, 4200, ﬁ@&@b@diﬁleﬁt%fia\tﬂéﬁddi@fmhhﬁode'ﬁhge&ﬁ%dnﬁ{bnt.1ﬁ1 tfid CRbodialdm def;?c‘iéegcﬁf

a32 with RNA polynerase at the pronoter of the respective sequence.

pat hway 4100in El#D@, a bleek dugpictiowinehdat snsk réastionm B1C6l b4280,1s 48RO of the
mRNA msdiogt ed 4110, 4210, 4%0 b hge S%1‘22 and RNA pol ynerase interagtion
4105, 4205, AFHUGHOY 1 13 MSHATON A REAL HEC ASBRRTSALE-150HHS R AT 98 vE reBulan 230,

4330 of the (BE8heasTcaTIBNERL A0Sk AL ERRER ARSI A s AR TVU

proterns rende nonfunétiona

Simlarly, tBgwihat RBERt, Fcin PhSieiPabBMENS of Aol R0 THRRLV@EG kN _t he

expression of the heat” shock proteins a70 and DnaK, respectively. The

expr essi on ofesphasea8id hpnotiwich preteast fegpbdmedt td4kat mduiché stresstberrafolding 4403 of
a70 and RNA pol ynerase at the pronoter. The a32 nRNA is  transcribed 4420
and, subsequBfF\Rs viEFhaperoneppsPrdegradipgoonfignctionabpeqtying ixrewagat hway 25
4500, the heat shock protein DnaK is translated. The interaction 4505 of a32

and RNA .pol ynera 0 r. i 0 e.tr ripk.Qn 0 of
DnaK nR QS)and, su g@%ﬁ%ﬁﬁﬁ@@ %ﬁ?%ﬁl I%ﬁ %pg%té%ﬁﬁjg?smﬁﬂ%Eﬁgﬁl%{%‘ﬁ?rrg%? %r n,
may either i @écgﬂ‘eﬁ@ds @04 itMHeheatkhosloresporise. Ei sHt, IFigige U Apiots pathwlags MEND| vel y,
may refold 4700 the ?r oteins unfol ded by heat stress. 15 WO 2005/ 083618
PCT/ US20051088%b3300\ias thecqxpersaigh ahPetiasesrineglyestis heabshock eespanse.oP afhwash

cctions e, R, 40 o PR o B AL Do RN SR ATt o
el ements of arditzassk@pddtieely. dhagammays 4100, 4200, 4300 are activated by the interaction
15 4105, 4205, 4305 of ¢°* with RNA polymerase at the promoter of the respective
sequence. Each pathway 4100, 4200, 4300 depicts the transcription 4120, 4220, 4320 of
the mRNA mediated 4110, 4210, 4310 by the ¢°* and RNA polymerase interaction
4105, 4205, 4305 at the promoter and the subsequent translation 4130, 4230, 4330 of the
protease. The heat shock proteases, including ftsH and Hs1VU, serve to degrade
20  proteins rendered nonfunctional by heat stress. Similarly, the diagram depicts the
pathways 4400, 4500 involved in the expression of the heat shock proteins o'° and
DnaK, respectively. The expression of the 0% protein is activated 4410 by the
interaction 4403 of ¢”° and RNA polymerase at the promoter. The ¢°> mRNA is
transcribed 4420 and, subsequently, 0% is translated 4430. In a closely related pathway
25 4500, the heat shock protein DnakK is translated. The interaction 4505 of ¢ and RNA
polymerase at the promoter activate 4510 the transcription 4520 of DnaK mRNA and,
subsequently, the translation 4530 of DnaK. DnakK, in turn, may either interact 4600
with %2 s as to stabilize 67 or, alternatively, may refold 4700 the proteins unfolded by

heat stress.



nodel . In sone of these enbodi ments, the nodeling environnent includes two 5
cl asses of bl ocks, non-virtual blocks and virtual blocks. Non-virtual bl ocks
are elenentary dynam c systens, such as the a32 and RNA pol ynerase

interactiaon 4 205, 4305. A virtual block nmay be prui for aphi cal
or gani zat i Wl‘?a%]ogé?:% ?ﬁ#%%gqqslﬁqssﬁe

eni ence and plays no role in the def i
system of equations described by the block diagram nodel. For exanple, in
t he bl ock di agram of the heat shock 10 nechanismin E. Coil bacteria
depicted in FIG 4, gene transcription nediated by a32 to produce proteins,
represented by 4100, 4200, and 4300, may be represented as a single,

virtual ‘bl ock. H arioahiagianiedebi dibstel pERIERNALioMBUERCREL MY be
used to inprove the readability of nodels. In sonme enbodi nents, t he meani ng

of a non-vi r hnmbtaty, sovk, el phet eut Blode diagihn represantatdmsatflynamengseinss, such
as a "nerge" block semantic. The nerge block semantic is such that on a
given tine s px Boitpedamentapmathepaticplelementsigt g classie blagkidiagrem an i nput

ks
of the merge bl pck. . ln tabpl.ar graphical user interface enbodi nents, a nerge
bl ock may be TSR iR At ik A DR cpaPi e S opHiRat Wb e, abi o
entry int i i es.. i xa}q@g’_ -t eacti on:
*transcr i%t im(()!ir?g g(t:)t?g!ro ?%qﬁ%ﬁ?@tggn@%wﬁ?gﬁg%&i n mﬁ}rg%al ﬁlsoé%g’alre
*transcripti efepiatirgidyasmit syWehfl, Gathths thed and RWNAPbIyiRtRe Ri&h&idh 4105,
expressions to be identified in a nodel using a single line reaction. In
general , any 4208di3DarA exprabbkickmayslye pmvukeloE‘Otgrqil‘g@bbrgamzaénhsltence of a
"wld card." Regul.ar 25 expressions, and the techni ques ysed to conpile a
regul ar expr ESBYHHENCR AR RlAYE NG role intde sehipwagro féaéystaw%\ﬁem% cribege

daf abgse auery, o6 ook digpfyS8, Monedfpelly 4 ind BcR BB bERl: MR e

at abase querb\}', r by user e rea

expanded1§0 geNBLALS ih/IE CHEBMIER] BepiPdalin FEGCR  LEANESAICRPHON il by
2005/ 083618 PCT/ US2005/ 005505 factor that is provided results in a

di fferent readRiworprothate prpoding)trepletanted bydd 00242010 fahelr43(0, geayebet 0 produce
messenger RNA and express a particular protein. This technique my be used

to produce s&ERFEHMIGEAA FBES, ViFtarl ok midicrapghical srpdeling (sisbras she ysq of

subsystems) may be used to improve the readability of models.

In some embodiments, the meaning of a non-virtual block may be extended
15  to include other semantics, such as a “merge” block semantic. The merge block
semantic is such that on a given time step its output is equal to the Jast block to
write to an input of the merge block. In tabular graphical user interface
embodiments, 2 merge block may be combined with “wild card” characters to
expand a single table entry into multiple instances of a reaction. For example, the

20 reaction:
*wranscription_factor:RNAP -> gene -> mRNA -> protein

which uses *transcription_factor as a “wild card,” allowing multiple protein
expressions to be identified in a model using a single line reaction. In general, any
regular expression may be used to signal the existence of a “wild card.” Regular
25  expressions, and the techniques used to compile a regular expression into multiple
instances of code, are well-lkmown. The transcription factors to be used by the
model may be provided from a database query, a file, or by user input at the time

the reaction is expanded to generate the executable model. Each transeription
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5 1n still other enbodi nents, the nodeling environnment 300 may al so provide
for conditional execution, which is the concept of conditional and iterative
subsystens that control when in tine bl ock nethods execute for a sub-section

of the owgbabes/dbagk diagram 10 The bl ock di agram edi t gri$ods/d@EaRNi cal
user interface (GUJI) conponent that allows drafting of block diagram nodel s
by a user. FIG 4 depicts an enbodinent of a GJ for a block diagram editor
that features a floating elenent palette. In the enbodi mrent shown in FIG
4, the GU tools include various block tools 402, 404, 408, various wring

| i ne connection tools 406, 412, an annotation 15 tool 416, formatting tool
410, a save/iete8 thads proradedorenalts inj acdiffersat Fegstion tmtapateatialiusrusshing t ool

.418. The bl tool s 402, 4p4, 408 t lib .of all th .
pr e-defienedo S’Eﬁ%g g%gs?q B CPMSP@%%EW%%%’&H?YS&&%UE%%O %‘Reaqhéﬁgr am

| ndi vi dual : o%& ZSF rh e - 21 105 - gani ze

‘bl ocks in g%grr%&l gg%%%%?;ﬁgtt?%(rg@%e eter%&@l&%%ﬁe@%@%%&%?&iﬂénd (c)
add cust om biRekpar0 they have designed. The bl ocks may be dragged through
sonme human-machine interface (such as a nouse or keyboard) on to the w ndow
(i.e., nodel canvas). The graphical version of the block that is rendered
on the cdnvas is bustilkdthehenibodiménss, the meodslioglenviFbementd§0 bmydisof er ent
enbodi ments for the block palette incl u,cﬂn a tree-hased browser view of

al | of the bPEYIES fof gongiaepalayseHion thc {S%Jée FPREDE ﬁgcqu@#@n@ iSEBICL e

ol ace on t neoaeTahE % <Bhike yeh ATLE RO RLIRE FrlRe Mrngodrestn® ' 1"

textual intepfaaerM blBcRdSRIaRf commands that allow interaction with the
graphical editor. For exagpl e, dragging a polymerase block to the nodel may
calise the systemto pronpt the user for the protein to be used in the

pol ynerase reaction. 17 WD 20051083618 PCT/ US2005/ 005505  Using this textual
interfack users Why blgckidiagrgaceditordes gppbicehuter freetfareniGlllovampaneadi t i ng

operatione of bl aekch a0t A uSer Senctal Ll RS M LD @ set of
o 1 Ul AN RS O Bk
bel ow) . I n spilbite OlA@Ke embodiment shown in FIG. 4, the GUI tools include various block
tools 402, 404, 408, various wiring line connection tools 406, 412, an annotation
15 tool 416, formatting tool 410, a save /load tool 414, a notification tool 420 and a
publishing tool 418. The block tools 402, 404, 408 represent a Lbrary of all the
pre-defined blocks available to the user when building the block diagram.
Individual users may be able to customize this palette to: (a) reorganize blocks in
[ some custom format, (b) delete blocks they do not use, and (c) add custom blocks
20 they have designed. The blocks may be dragged through some human-machine
interface {such as a mouse or keyboard) on to the window (i.c., model canvas). The
graphical version of the block that is rendered on the canvas is called the icon for
the block. There may be different embodiments for the block palette including a
tree-based browser view of all of the blocks. In these embodiments, the floating
25  element palette allows a user to drag block diagram elements from a palette and
drop it in place on the screen. In some of these embodiments there may also be a
textual interface with a set of commands that allow interaction with the graphical
editor. For example, dragging a polymerase block to the model may cause the

system to prompt the user for the protein to be used in the polymerase reaction.
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enbodi nents, only a textual interface nmay be provided for facilitating the
user's construction of ‘the block diagram The wiring |ine connection tools
406, 412 allow users to draw directed lines that connect the blocks in the
nmodel ' s Wi {¢PMosdfdsOMe enbodi ments a single 10 wiring | ippgis9Rkodssesdr OVi ded
and the user connects bl ocks by selecting the tool, selecting a start

point, and selecting the end point. In other enbodinents, nmultiple
connection tools may be present (such as the enbodi nent depicted in FIG

4) . Connections may be added through various other mechani sms invol ving
human- machi ne interfaces such as the keyboard. The nodeling environnment 300
15 may al so provi dsingiiotestiad intsrfade, aseromay wrise spotialtsovps thitgperfoomnect

bl ocks automatically, on user request to produce an aesthetically pleasing
| ayout of t hautospaiiqediting pretareahes ithy f’l)?cﬁ iAgEam; ¢ “?ﬁf@"?néﬁha‘tﬁlﬂétﬂaﬁ? “%a% h

| b f ks). .Co i f h i ifi h
L he e pont s Rl ol BrfANP thas SPLB GhYSRs B BN FicaleP Hhck® ATRE Bidre RhfilbAG 0 11
it represent §iaddw FSARIIIR bedadis@hodPls] Oteeﬁéﬁtiﬁﬂﬁeé aaeNHukipRChieraldiBcal

annot ation tool 416 allows users to add and annotations to various
parts of 3 heldkBakrslighgtharse Bieulppneinadisnssabfardppdaiow) an aw othepr

annot ati on col um when the nodel is viewed in a tabular format. Wen viewed
in graphi calenthodimentst drlypoeswahinyerfasp azay b prowided fan fastlisatén Bleosk’or t hey
may be 25 hi dden. The ffothrr%ﬁticgq% t ool 410 enables users to performvarious
formatting GPBHEIGHOROLthe Ploghelis@iall a1 |y avail abl e on any docurment editing
tool. These operations help pick and nodify the various graphical

attributes of the @eﬁi@g%e%@gﬁéfgﬁgﬂﬁﬂl%wgéﬁqggérrgﬁiw grademdand

constituent bl ocks) as 1 ncl u 1'on,

j uSti fi cat i ORhatc@h@EcEBletdd@in thi Moddhewbidosk TH aethaehdodimbhts bRghd ocks
within the block diagramgenerally have a set of functional attributes that

are rel evant Wigngtine toelie putvided and dwdeseyermareats WocksThesedcting tht eoaddi ti ng
tool provides GQU's that allows 5 these attrjbutes_to be specjfied and
edited, The $eloenHaatarRping andselehipg ﬁieamfawat-blrbe@edie&gb%mﬁﬁ@a to be

saved. multiple connection tools may be present (such as the embodiment depicted in
FIG. 4). Connections may be added through various other mechanisms involving
human-machine interfaces such as the keyboard. The modeling environment 300
15  may also provide various forms of auto-connection tools that connect blocks
automatically on user request to produce an aesthetically pleasing layout of the
block diagram (especially those with high complexity with large numbers of
blocks). Connection of one block to another signifies that the species represented
{ by the first block, or the output of that block if it represents a transaction, is an

20  input to the second block.

The annotation tool 416 allows users to add notes and annotations to
various parts of the block diagram. The annotations may appear in a notes or
annotation column when the model is viewed in a tabular format. When viewed in

graphical format, the notes may appear close to annotated block or they may be

25  hidden.

The formatting tool 410 enables users to perform various formatting
operations that are generally available on any document editing tool. These

operations help pick and modify the various graphical attributes of the block
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The saved nodel can be reopened in the editor at sone later juncture through
a load mechanism Users nay, save bl ocks including pre-c¢onstructed
subsystens into a separate class of block-diagrans called libraries. Such
i brari es wacibsdsatie reuse of 10 the sane bl ock i n a nuniaErusEbosohDE

bl ock-di agrans. The | oad/ save nechanismis specially equipped to handle

| oadi ng and savi ng of blocks in a block-diagramthat actually reside in

| i braries. A publishing tool 418 nay be provided to enable the view ng of
the bl ock diagramas a docunent that can be published in any standard
docunent fornats 5 (exanpl es: Post Script, .P HTM., .SBM,, XM, SGW., SBM
etc.). ThoseHEEqui@‘i(FPpth&eéﬁtbl% )S‘%‘é@éé‘?ﬂl fomsselerdomiaiaRMent & nul ti pl e

' si ngl o MIRBFatslt salsRe e At Ehs MR Sty blba RREERG o o
envi ronnent . bl%c[&gﬁé rg&x dn@hhily $abe 428 GOl kﬁﬁBué@ﬂﬂtEgcoﬁ%v%Mo?ﬂhe

-diagramto send ssagée to another user. In sone e I ments,

noti fi cati oneteatioA2:? c@dﬂ?@ﬁemﬁbﬁ, The aefibuteasditiign o]l prowd&y GTHs diaagliem to
be mailed to the specified user. Those skilled in the art will also

recogni zé5 t hthesphtokuttisagbansppattdegrd editdder scripting | anguages for witing
out prograns that automatically carry out a series of 25 operations that

would normal ly reqyire ipteracti ith the | ch as bl ock additi,on,

bl ock del etion, s&#tS?wﬂ%%t@#%ﬁgWﬁac %HO&E%M&I‘W&F%EC Br6EK

attri butes, : 005/:08 / Q '

envi r onnent %‘8 Sﬁ%egi %}F}g%l 0 fb%rl%gﬁ %{dﬁéﬁ?@%@@%{ es?%%ﬁﬁt%@%@%%%ar ove the
abi lity of u&eidsmbehadibn dUaRsmiRRadebIbaisIecIlRG el Rab@iEed siEbs emref such
GQUl's include: (a) a Finder that helps find various objects such as 5 bl ocks
ant |ines wi tiseparatebilass kf bloalyrdaagramb yalledéramege Sucth hbranies fasilithed oayst loé
execution_of bl ock-djagrans, (.c) evi sion Control_ U for managing nultiple
evi si ond0 of theeamy black i a@mﬁeraﬁ Hﬁled)b?%tfkﬁhéﬁaﬁ@r Ths rloafi/éwcugﬂfqaamsws
results whil execut i n | ogk-di agram, A.tvpi-cal ,base, datazstru re for
a bl ock may g%ccfagle reggg#ggoggpﬁi%l aciiﬂgégdéﬁ\%%%f bl BS bftiack-diagram at

actually reside in libraries.

A publishing tool 418 may be provided to enable the viewing of the block
diagram as a document that can be published in any standard document formats
15 (examples: PostScript, PDE, HTML, SBML, XML, SGML, SBML etc.). Those
skilled in the art will recognize that the windows for multiple models and all of the
tools mentioned above could potentially be embedded in a single Multi-Document

Interface (MDI) for providing a unified software environment.

A notification tool 420 allows a user working on a block diagram to send a
20  message to another user. In some embodiments, the notification tool 420 causes

the current version of the block diagram, to be mailed to the specified user.

Those skilled in the art will also recognize that block-diagram packages offer
scripting languages for writing out programs that automatically carry out a series of
25  operations that would normally require interaction with the GUI, such as block
addition, block deletion, starting and terminating execution, or modifying block

attributes, etc.
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public: // Access nethods for setting/getting block data // Methods for
bl ock editing 15 virtual ErrorStatus Bl ockDraw con(); virtual
Bl ockPar amet er Dat a Bl ockGet Par anet erDataO, // Methdds for block conpilation

20 /1 Met hwes0bmaszelsock execution PCT/US2005/005505
............................................. virtual ErrorStatus

Bl ockQutput() = 0; wvirtual ErrorStatus Bl ockDerivative() = 0; wvirtual
ErrorStatus Bl ockUpdate() = 0; 25 ... private: Bl ockG aphical Data

bl kGraphi cal Attri butes; Bl ockFunctional Data bl kFuncti onal Attri butes;
Bl ockConpi | edData bl | cConpil edAttri butes; 30 Bl ockExecuti onDat a

bl | cExecuti onDat a; Al though the exanple of die data structure above is

itten in Ct+, t killed in th i | i ze that, equi-yal ent
Bt o ot ores wiii medklig Efur SOl A ik alsn R0 R Vit ol St G BTG,
data field , - fal |
beT Uspo0s) oqRafbrBlO B %tﬁ‘%@c%‘i‘%%????Fﬁiak‘é‘r‘g%%g?%‘%g%?‘??ﬁ%?%‘?‘?a eld a

functional atBEsaintpléest iﬂcﬁl@UIﬁmcﬁQﬁD(aP adriadér thath&ps fih@ variaRbHEeXRAULI ON
data field. The graphical attributes field is responsible for storing

i nformati 6n rdodeamd Lirfeswigiiaphilodi-dingrnder(bhg Rébugger tHao bklpsidebig the s par ent
bl ock diagrams GJ . E @F& _Qibut es sgeci fic to the block icon such as font,
col or, name, SRELQHALD tg agrams gcpp &§Visn patrel Wil dor menagiag mplgplenot ed

t hat nodifyi t.hese attrj butgs does ffect. the dynam.cs_of thr model
using thi s bieurons e Hotksiirany ird BhieBiottiita! Mo e BRnErdnls YBpe

speci fying b'e%&nﬁiéﬁbm&e&aéﬁﬁ{ may potentially affect the dynamcs of the
nodel using this block. These attributes are specified for the block as a

Wh(ol e A typical base data-structure for a block may be represented as:

10 class Block |
public:
// Access methods for setting /getting block data

// Methods for block editing
15 virtual ErrorStatus BlockDrawlcon();
virtual BlockParameterData BlockGetParameterData();

// Methods for block compilation

20 // Methods for block execution
virtual ErrorStatus BlockOutput() 0;

virtual ErrorStatus BlockDerivative() = 0;

( virtual ErrorStatus BlockUpdate() 0

i

3

25 .
private:
BlockGraphicalData blkGraphicalAttributes;
BlockFunctionalData blkFunctionalAttributes;
BlockCompiledData blkCompiledAttributes;
30 BlockExecutionData blExecutionData;

K
Although the example of the data structure above is written in C++, those
skilled in the art will recognize that equivalent data structures written in other

35 langunages may also be used. The major data fields of the block data structure fall

20



10 and the input and output ports of the block. Exanples of block attributes
include block sanple tinmes and restrictive fl ags. Blocg sanple tines
specify if the block corresEonds to an elenental, continuous, discrete, or

hybri d dynggieoseséiem |If the block is an el emental di Sgr@i@oés/de@s08ySt em
then the attribute specifies the spacing between tine instants at which the

bl ock response should be traced. A restrictive 15 flag disallows the use of
bl ocks in certain nodeling contexts. For exanple, one may inpose the
restriction that there may only be one instance of given block in a nodel.
Attributes of block ports specify properties of the data that is either
avail abl e ointpfBunEAEBRMeS; ﬁgtapé‘éfﬁf attpbyyek Iplds & fenqtionplateabytat ficldea

.di nensi ons, dat at,ypes,., 2 | e, rates, .and, di t feedthrough. Di nension
attributes aF%WHé‘?@&E‘B&%S%% ?%ﬁ’éccb‘f‘o&%gﬁ’{‘é&di mensional natrix that is
used as a container for data elenments. Datatype attributes are the datatype

-of each el enent OfTh‘é?Crﬁpli(liiEaltalEGiIb%saﬁd&ﬁrﬂ‘:gi.o{ﬁgi(rl))ge ﬁégﬁ@g}ﬂﬁ%rﬁla {oﬁ'x]rlicfé%l?t I's a

flag to specify if e ata elenent 1s rea A sanple rate

attribute spég %ﬂagﬁichlqwmmﬁfg bheheshlgeladvithir itegaendblogk Hxgim8GUNpUt or
output port will be used. The gort sanple tines may sonetines be used to
implicitly i dteibuteespekificitoshe binwkdcarn sreh aFifent colect ndreg dndricugimage arebut e

is specified only faqr input po and | ndi cates, whet her gr not the Qutput
equations of St i Geldr & sHorlshbs Agiedahat ﬁ@dﬁwgﬁﬁpwpﬂjﬁ&% At but e
hel ps i n det 1NN he. X 1 §92005/ 005 . in
whi ch bl ock ne t&%‘%%ﬁ%ﬁ‘ﬁé%ﬁ%ﬁ%@f{é@gﬁg‘éﬁgecu eﬁﬁgct?%%ﬁgﬁggﬁ&ggg Izglcglgam
The conpi | ed salpbnBil 89 shicHyhelobRBrrkb ek iRl Sdtbeatl aseal @ dyhgm
attributes 51@&% he1 bl ocﬁf’;ﬁi’ iggésoports that m rry?r tt he functi onzﬁl) at tcrsi but es
| i sted aboveof i mddef igthg this blodkl Ftederntaitnitesgarb spadfiedi fogtenbloakps b athobn by

utilizing the functional _ attributes_of the block in conjunction with the
functiondf asaddébapinusangdiauppupess obthethieck Esamples ipf blagkatisibhyiescnelydeo it .
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block is an elemental discrete-time system, then the attribute specifies the spacing
between time instants at which the block response should be traced. A restrictive
15  flag disallows the use of blocks in certain modeling contexts. For example, one may

impose the restriction that there may only be one instance of given block in a

model.

Attributes of block ports specify properties of the data that is either available
or produced at that port. Block port attributes include dimensions, datatypes,

20 sample rates, and direct feedthrough. Dimension attributes are individual
dimensions of a multi-dimensional matrix that is used as a container for data
elements. Datatype attributes are the datatype of each element of data in the data
container. A complexity attribute is a flag to specify if each data element is real or
complex. A sample rate attribute specifies how when the signal corresponding to

25  aninput or output port will be used. The port sample times may sometimes be
used to implicitly infer the blocl’s sample time. The direct feedthrough atrribute is
specified only for input ports and indicates whether or not the Output equations of

the block are a function of the given input. This attribute helps in determining the
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responsi ble for storing the nenory | ocations that are going to serve as
sources for block inputs, outputs, states, paraneters, and other work areas
during execution of blocks. The block data structure al so has a set of

associ at edwipiohgeieishat may be 15 categorized as accesspppiRafRsoéQpdat a
fields, nethods used in editing, nethods wused in conpilation and nethods

used in execution. Access nethods to data fields help in setting and
getting the various data fields of the block. Methods used in editing are
called by the block diagrameditor in order to render the bl ock
appropriately in the GJ of its parent block diagram For instance, this set
of 20 met hodsequence i Wi blogk owidbedsshould he exesytechwhilel exauting ghe bloskshape
the Dblock igon has on the GU. Methods used in conpilation are nmethods that
are called B{8HE: bl ock di agram conpil ation engine. They hel p validate the
connections of the block to other blocks on the block diagram The nethods

used in executiony - i ty.Lun- S are
required for exec&liegﬁﬁ%%gy@em ?gnfci:‘?g(?e d{u{}éfo%’@gg acﬁ{%c%l %Jg@%ﬁé%{i’gfws

Bl ockDer i vat iof ehd"BIRRUB AR orts 188 hfifor AR fHERHal atdBdate lisRAAbERE. I Mat i Ve
equations discussed earlier in the context of dynam c systens. In addition
to these jret fioktsis $dledinaldusinhdiodudiagianecompiliistsbyrajilibieg phofimednalsuch as

t he Jacobi an, Projection, ZeroCrossings, . Enable, Disable, Initialjze,

Eval Par ans ( éHabKtesf (e bleddnsapmnstion svith gidfunctiopl 20d5009ded stributes

PCT/ US2005/ 00?%05 t Ti meOf Next Hi E;l met Eggs. | t s(%o | d he. noéled t hat .there
is no explicit Hreplpsts hasArarusFisdaody (Ui Breet gmifingths compilsd o s ent ed

and pr ocessedulBufe dhhgaeilled BRANCHntbAN JHilturdSs Hiriklsgsfhube! ow I n

connection wt I Scussion © si nmul ati on engl ne In sone

enbodi nent s, pidyagaeieal i AgribeipropmRabn id Bescribkd desreater kieail lndee ibdse 350
that aids construction of a nodel. In sone of these enbodi nents, the

know edgkl basect@B0on bhecki disgmndeaimspiationy aFhoexscntian datinfcld es mainly| ycol ysi s.
In these enbodi nents, .when a yser begi E’S to input reactions consist e%ll 10
with a nodel MFBPRgcRIrgioEng thednemoRy loggonsidiat A Eaiag R MIks 23 IRBIGSARE ni ng

block inputs, outputs, states, parameters, and other work areas during execution of

blocks.

The block data structure also has a set of associated methods that may be

15  categorized as access methods to data fields, methods used in editing, methods
used in compilation and methods used in execution. Access methods to data fields
help in setting and getting the various data fields of the block. Methods used in
editing are called by the block diagram editor in ofdcr to render the block
appropriately in the GUI of its parent block diagram. For instance, this set of

20  methods may include a BlockDrawIcon method that determines the shape the
block icon has on the GUI. Methods used in compilation are methods that are
called by the block diagram compilation engine. They help validate the connections
of the block to other blocks on the block diagram. The methods used in execution
include a number of different run-time methods that are required for execution.

25  These include the BlockOutput, BlockUpdate, BlockDerivative methods that
realize the Output, Update, and Derivative equations discussed earlier in the
context of dynamic systems. In addition to these methods several other run-time
methods may be provided, such as the Jacobian, Projection, ZeroCrossings,

Enable, Disable, Initialize, EvalParams (check and process parameters), and
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reactions for the user. Aternatively, the know edge base 350 may offer
different nodels of the reaction to the user. In sone of these enbodi nents,
the offered nodels represent the target reaction with varying | evel s of

detail . | nyatbgess@gbodi ments, the know edge base 350 nmepciuSeideopsanet ers
or indications of 15 reversibility for entered reactions. The know edge base

350 may al so provide assistance to a user inputting a block diagram

representation of a chemcal or biochem cal reaction. For exanple, the
know edge base 350 may prevent a user rranuf actured by connecting bI ocks
inconsistent with the_nodel ed reaction. n‘E) a_)@of publicly-avail abl e

dat abases t h&ethiyeQ @P%téﬁt fft?ﬂfﬂ%d,sr 5 shewid B‘é hthete B e@dck metbedide t he

-Swi ssprot databas i ~// or e~sp~t N

7wt mokLnt BB CauBRenResaRt e S aaRitsiried ST Rmpiped Byg siffrgnt, gy
and KEGG (htt, I he user
-may  provide pa?{[{\‘/egwgyég g}ég‘gg%g%%cigflggé&a no %%%gétﬂt%g& g@%ﬁé’?‘ oér/f ht
facilitatingsigfidaidb®engine 129, nodel s. Bl ocks in a block diagram may be
virtual or non-virtual. The designation of a block as non-virtual indicates
that it ihfluence the equations in the mathematical nodel for the dynamc
system In the context of block diagramsoftware, it is 30 beneficial to

i ncl ude ot her vi r A8&PmE| sekediments, gae modeling epyironaentdid vslides & the 23 wo

2005/ 083618 5/0Q nam.c s el. .Such cks hel p

i mprove the fégg'g%%gq} N 3%@%@1 VAR ﬁuc% g? %Eﬁ’ ogkhﬂf‘%rgg ag‘a wield no

semanti ¢ i nf bLyRREBmeR st bR IRWeaRd b&s%'ES@cQﬁJtams %E'ﬁﬁvﬁfou%‘ﬂ@ilu\éh& Jteual

bl ocks include virtual subsystens, inport blocks and outport bl ocKs,  bus

cr eat or bl oclglycahdisFlanhesetentloddimenes kéhens ddad bk ging tqmpayrdmenanﬂqtcﬁnfschmn a
ock di a‘gram by layering the bl ock di aagamthrou gh the use of subsystens.

A subsyst@m migt » mages fon glyealysiy thy kapwils ﬁ@aseéifbmabém%ﬁhmcwgs to be

epresert o0 b o 9 kool e R b AR e SRR e M 20
Wi thin the sybSyat 8Mhere3MRHY &) 10 dstr. A idrhe! BF P ENBHEIdrlts, the offered
models represent the target reaction with varying levels of detail. In other
embodiments, the knowledge base 350 may insert parameters or indications of
15  reversibility for entered reactions. The knowledge base 350 may also provide
assistance to a user inputting a block diagram representation of a chemical or
biochemical reaction. For example, the knowledge base 350 may prevent a user
manufactured by connecting blocks inconsistent with the modeled reaction.

Examples of publicly-available databases that may be used to facilitate generation of

20  models include the Swissprot database (http: //us.expasy.org/sprot), NCBI
(http://www.ncbinhn.nib.gov), the Protein Data Bank
(http: / /www.resb,org /pdb), and KEGG
(http: / Z\Afumv.geugme,gd;jp,ﬁg:ggﬁggggM). Alternatively, the user may

provide private databases to act as a knowledge base 350 for facilitating creation of
25  models.

Blocks in a block diagram may be virtual or non-virtual. The designation of
a block as non-virtual indicates that it influence the equations in the mathematical
model for the dynamic system. In the context of block diagram software, it is

30  beneficial to include other virtual blocks that do notaffect the equations in the
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constituent bl ocks are noved back into the main bl ock di agram nodel during
the nodel's execution.. Wthin a virtual subsystem graphical entities,
called inport and outport blocks, are provided to define signal connections

to the par\?ﬂtzg&lfdﬁ%s di agram These inport and outport b},@ﬁ{j@ob%ﬁgte a

tunnel -t hrough signal 15 connection to the parent bl ock diagram not ed
previously, to facilitate nodeling fairly | arge and conpl ex dynam c
systens, users may be allowed to |ayer bl ock diagranms. A subsystem
facilitates such layering by allowing a collection of blocks to be
represented by a single block with 20 input and output signals. The input
and out put sdypagiie spstetiemodol yark mleake helpcioprevothe readitibtyaodsnodulerity

bl ocks. By nesting subsystens withjn each other, one can c¢reate blo

di agrams wi t% PlthFléFijﬁgf%W@Pé%‘ﬁ @ FHPRRHC inflagage qn El‘%‘@ﬂ@}?ﬁ"taélﬁ?lﬁ’ﬁggéno

i npact on t megni_ng of, the ck di am. Addit i onal l. syste provi de
ey of or ot st eneh 8fa ek el oG R ORER et BT A
constructs t@utééfﬂ BRRRS R drdfelr GRS %dPFbrfl%d@&%tHdBH%m bl ocks. To
enhance the nodularity of subsystens, nodeling software also allows
aggregated list(s) of paraneters of the blocks within the subsystemto be
accessed froma single GQU, and defines and displays special icons on the

subsystens. The pMedslsrityf mdebiaihigvechian philogheliagrarnibytlayesimg thadlegkeci al i con
is called maski ng a, subgystem 30 24 WD 2005/ 083618 PCT/ US20Q5/ 0055305, There
are two mai ndRgRES tHOuRbESE Al Br ’R@}mv?‘rsﬂlﬁébf“% FehBvAHoE RBRLOMIRg )

subsystens. Vi S e p. i.di t ck
di agram wi t h? 55%6'#?&1} @gﬁ%ﬁ%se@?ez%ﬁgﬁﬁ[&%%ﬁ% g]glél%sbg %Lyé/ enlgﬁ%gwéé\ql(gu{ﬂlge an

el emental dygamile FHe igcdinkbuthat QPRI BEaE hudBysteh apéiziﬁccé@m@ts thdpdate, 5

Derivatives, étc.). These execution nethods in turn call the execution

met hods If tdistoaeest biodenwithinodiesubfiseem] Assbysteih sanystialtsubbyssnb fiist ens
are: 10 Atom c subsystens. These are simlar to virtual subsystens, with the
advant age of congiigaphblorkrareimevnd bashaptosthsrmatgdiedk dingirnymads! dugieg thern s

I's useful i nm%%gf"sl; eecttion. Within a virtual subsystem graphical entities, called inport and
outport blocks, are provided to define signal connections to the parent block
diagram. These inport and outport blocks indicate a tunnel-through signal

15  connection to the parent block diagram.

As noted previously, to facilitate modeling fairly large and complex dynamic
systems, users may be allowed to layer block diagrams. A subsystem facilitates such
layering; by allowing a collection of blocks to be represented by a single block with

20  input and output signals. The input and output signals of the subsystem are
accessible to its constituent blocks. By nesting subsystems within each other, one
can create block diagrams with arbitrary layers of hierarchy. Ideally a subsystem has
no impact on the meaning of the block diagram. Additionally, subsystems provide
a way of grouping blocks together and allowing other block diagram constructs to

25  impose unified control on the constituent blocks. To enhance the modularity of
subsystems, modeling software also allows aggregated list(s) of parameters of the
blocks within the subsystem to be accessed from a single GUI, and defines and
displays special icons on the subsystems. The process of defining the parameter list
and the special icon is called masking a subsystem.

30
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Condi tional | y-executed subsystens. These are non-virtual subsystens that
execute only when a precondition is fulfilled: 15 Enabl ed subsystens. These
are simlar to Atom ¢ subsysStens, except that the constituent bl ocks onl y

execut e Wheg 1ak/85ak! € signal feeding the subsystemis @ egd86s/dobde zero.
Triggered subsystens. These are simlar to Atom c subsystens, except that

the constituent blocks only execute when a rising and/or falling signal is
seen on a 20 triggering signal feeding the subsystem Enable with Trigger
subsystens. These are an intersection of the properties of Enabled and
Triggered subsystens. Action subsystens. These subsystens are connected to
action-initiator {heng.are awo mdif'typas of Subgyste@ablotkgvotial subsysteosslandhan-

.explicitly co nds the supsystem 25 contents to execute. These bsyst ens
are similar VAU W@&bgﬁ‘t‘%ﬁﬁ%%&i@wmﬁf Ruﬁéow%fg@wémg e Dlogk

"enabl i ng" sj.gnal h been, de at tQ an. actiqn- initiator, Action
.subsyst ens d%‘gg’f?@] gﬁ"e W calﬁgﬁr alﬁOI&“girﬁﬁ"gjS‘%fy%lteﬂsé)ﬁﬁﬂcgll”}%ﬁan[ hat
signifies j =Ty nsleg Ct1.QnBeI Ni tiator.
25000 0051 paSRe AR AHC, GRETE Fung%?gﬁﬁggﬁﬁggﬁ?gfpeﬁét}@ ese

subsyst egs [Derivatered dreaNThede exebist mdehddsdakarn ¢allt the@xsdilifysinetiddear i s
only executed when called by an owner bl ock. The owner bl ock may conpute

i nput si gnalthefapmstineens bbxkst em before calling the subsystem Additionally,
the owner nmay al so read output signals fromthe subsystemafter 5 calling
it. Function-call subsystens define a new type of execution control signal,

called a funf‘fl@:r%[éfss% bkngh%&hgs&@gﬁgﬁngﬁicns no data. It is used to define

t he execution ations Ne¥Gner bl ock and the function-cal
subsystem Function- call owners may al so desi gnate thensel ves as an
"ifiterrupt" source. In simulation, they sinulate the effects of an
interrud anAtomicedesygenns.dfhaa atdwmilanty atduabdubigtéhe eieh vasadvanage of
(asynchronous) interrupt. Wile subsystens and For subsystens. These
subsyst ens egusspirg firetooakaspecte of maslelscita givan kapere Thisne vsefnl i modedar ti ne
step. 15 In c?t her enbodi nents the know edge base 350 may be used to
facilitate 9eSen

Conditionally-executed subsystems. These are non-virtual subsystems that
execute only when a precondition is fulfilled:

15 Enabled subsystems. These are similar to Atomic subsystems, except that the
constituent blocks only execute when an enable signal feeding the subsystem is
greater than zero.

Triggered subsystems. These are similar to Atomic subsystems, except that the
constituent blocks only execute when a rising and /or falling signal is seen on a

20  triggering signal feeding the subsystem.

Enable with Trigger subsystems. These are an intersection of the properties of
Enabled and Triggered subsystems.

Action subsystems. These subsystems are connected to action-initiator (e.g., an
“If” or “SwitchCase” block), a block that explicitly commands the subsystem

25  contents to execute. These subsystems are similar to Enabled subsystems except
that the management of the “enabling” signal has been delegated to an action-
initiator. Action subsystems define a new type of signal, called an action signal that

signifies which subsystems are commanded to execute by the action-initiator.



further or broader understandi ng of the nodel ed reaction. For exanple,
referring to the block,diagramrepresentation of the heat shock reaction in
E. Coli bacteria, the krnow edge base 350 can be used to identify other
reactions t shock reaction that use, or are i x05U70.
Aphitiedig FeAtl o

Al ternative now edge base 350 20 may identify ot reactrons for E.

Coli in which 00 plays a part, e.g., chenotaxis. In this way, a broader
under standing of the functioning of E. Coli in various environnents can be
achieved. In still other enbodi ments the nodeling environnment 110 provides

libraries fromwhich blocks my be selected and included in a nodel. Mdels
ref erenced Bunc?ionveall sabsystemeonThesetsubbysbimepovide amranedf coleetikpeblooks not
part of a library, are included in the nodel for execution. For enbodinents
in which exdeiotapbsysodethat is gelyexacwad vdaecatled by samviey block. dTdeovaeeed
model s is al.so . generated. Virtual subsystens serve the purpgse of providing
the bl ock dibja@‘aﬁ%a%f?lﬁlpéltﬁg%}&rﬁl%%is %‘éﬁ%?‘& SR RElors ¢ g@w@%@% behave
li ke an ele : nani 2005 g 500 emw th
s onn exeenhignrally B Eal MR AP AT RO R e LS

executi og ”%Dﬁgﬁt.'ﬁnwdh@éi dubsie@¥ Aefhé Qﬁheuﬁter@@%ccuﬁBﬁ cBARSI kikhgnt

bl ocks. Once a Dl ock di agram nodel has been consStructed, nodel execution is
5 carried oufalledefimticseralb geaalf thatlcdn s et ot iausel toodefng ehe syeaiibn ed
inputs. The execution begins when the block diagramis conpiled. The

conpi | e st agelenignityp bekween ghe owherblosk aadabe funstionnenll sebaystese. Fragm-ng
data structures and eval ati%? par,aneters, cor&fit?uri ng and rogxglﬁati ng

bl ock char acRLH BT LEaY ARGAFRERA, IHTERR S 2 IR olt YRy SOcE- pBFFRHARSY bl ock
reduction a : i r Jeg.00. ratq: t and the
eval uation or}?l e%g@g‘hrr%dtcg?l g ctgeg%tcgggﬁﬂp{rﬁ% atdl ﬁzqg Ol‘lilgé% iée%g%)g-tﬁé){ %cﬁa(régs needed

in the qoenpidhenstiegao H0(asgaekropbut Ni@rér@sks, a nmethod forces the block to
evaluate all of its paraneters. This nmethod is called for all blocks in the

bl ock diagram |If there are any unresol ved paraneters, execution errors are
thrown at this point. During_the configuration and propagati on of bl ock and
port/ si gnal lkrﬁé‘rbéﬁté‘m%ﬁ‘g g“rtsh'gslf%ﬁﬂsl ﬁics&tst“&ﬁ&%@%e’ﬁ%ﬁ 18 SOBPHEFS ons,

Sgt 3pt gﬁefhe&g’g@: @W‘? ﬁiéﬁ)és Osna;rlr%Iivecntérgg)ste%f each bl ock (and/or ports) are
15 In other embodiments the knowledge base 350 may be used to facilitate
further or broader understanding of the modeled reaction. For example, referring
to the block diagram representation of the heat shock reaction in E. Coli bacteria,
the knowledge base 350 can be used to identify other reactions in the heat shock
reaction that use, or are impacted by, ¢70. Altematively, the knowledge base 350
20  may identify other reactions for E. Coli in which ¢70 plays a part, e.g., chemotaxis. In

this way, a broader understanding of the functioning of E. Coli i1 various environments

can be achieved.

In still other embodiments the modeling environment 110 provides libraries
from which blocks may be selected and included in a model. Models referenced by

25 virtual or non-virtual blocks in a model, whether or not part of a library, are
included in the model for execution. For embodiments in which exccutable code is

generated, code representing the referenced models is also generated.

Virtual subsystems serve the purpose of providing the block diagram with a

graphical hierarchy. Non-virtual subsystems behave like an elemental dynamic
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correspondi ng functional attributes and the attributes of blocks (and/or
ports) that are connected to the given block through Ijnes. The attribute
setup is perforned t hr ough 'a process during which bl ock functi onal
attri but esyghhddpgssig hrough” the 20 bl ock di agram from onaibeksdogsos he next
follomnng 5|gnal connectivity. This process (referred to herein as
"propagation”), serves two purposes. In the case of a block that has
explicitly specified its block (or its ports') functional attributes,
propagation hel ps ensure that the attributes of this block are conpatible

with the attrlbutetg of the bl ocks connected to_it an error_is
i ssued. Secotsfiein Wi lwwwcmmﬂm@s(%@ur,r%pfé%énpéavettty%@tfeb mpBeschl e

,V\nthavmderaneof ributes acks ada eir

Rcor dance WERTIabmeEReds s st sl e xsBER nBARE of B Comsifent BlackE | <
akin to the concept of polynorphismin object-oriented progranm ng
.l'anguages. The exact inplenentation of the block is chosen on the basis of
the specific bl ocRnde aBlRik Haghdhh Goddlihgs be@tiordstidted, nsedd exctdtibhed uded
within this step are other aspects such as validating that al

rate-transi téaned o27oWD22005/p8a6E8 AGTSIBZ00 5 sQ0SEBEr-spediffddrinphie. Hidel
yield determnistic results and that the appropriate rate transiti on bl ocks
are being usE@cutipR begihvhan die pelbdmgg%n@e%nml%si‘ae@%w ‘E)P‘B%‘km&m

connectivity cks ntic role in the exec

bl ock - di agy 46 ieh Bf e LESF RRab P BIR bicBafile Aal b BrE REd bl fariiear o
optim zed a d; Yi6 g ﬁ]ﬁm?%
reconnect ed a@ééﬁ?ﬁe’heg’hrﬁgﬁrﬂtd;@ g g?drﬂg', Q’lalcg@!ékg\r‘{r%?h%svgétgl on o toﬁlé bl ock
di agram wi t hccanieuaht;bIandlparﬁnmagthlmbrddacmednd bivaktihsestipei The fpoepapatibn n

t he execution process. The way in which blocks are interconnected in the

bl ock di Hyr aef dmgtrn@iﬂumwwaym@n efeparametery @erteiandiipitiehiza basicedptant i ons
(et hods) corres ondi n o the individual

Loxeout o - ractld nerded th pog goraa% MRy P EaiRtiDe sk cme ot e the,
step in cormbo%p' v GREL BEEDIRIeA LS008 SR B & o4 ensaf o

order cannot for t e entire duration of t I agra
execution. Fbldcla\eimyaﬁah df ¢hsfei drabhPinsdsaled pafanidiersiegtehtibh Ritosd 86 th\tdWrﬁ h
may al so 15 produce |inear nodels. After |inking has been Eerfor med, code
may or may nat tlimapmgen&uanwthd dordigieaticn gehprapagation héblos ehd ipert /signal

si mul at ed/ executed thro _
charactenstpcs, H‘u: compiled attributes (such as dimensions, data types, complexity,

or sample time) of each block (and//or ports) are setup on the basis of the
corresponding functional attributes and the attributes of blocks (and /or ports) that
are connected to the given block through lines. The attribute setup is performed
through a process during which block functional attributes “ripple through” the

20  block diagram from one block to the next following signal connectivity. This
process (referred to herein as “propagation” ), serves two purposes. In the case of a
block that has explicitly specified its block (or its ports’) functional attributes,
propagation helps ensure that the attributes of this block are compatible with the
attributes of the blocks connected to it. If not, an error is issued. Secondly, in

25  many cases blocks are implemented to be compatible with a wide range of
attributes. Such blocks adapt their behavior in accordance with the attributes of
the blocks connected to them. This is akin to the concept of polymorphism in
object-oriented programming languages. The exact implementation of the block is
chosen on the basis of the specific block diagram in which this block finds itself.

30  Included within this step are other aspects such as validating that all rate-transitions
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accel erated sinulation node in which the bl ock di agram nodel (or portions of
it) is translated into either software nodul es or hardware descriptions
(broadly termed code). If this stage is perforned, then the stages that

fol | ow usgyphgeRagsat ed code 20 during the execution of péhgshh@sdssddi agram
If code is not generated, the block diagrammay execute in interpretive

node in which the conpiled and |inked version of the block diagram may be
directly utilized to execute the nodel over the desired tinme-span. This
interpretive node of execution is suitable for getting fine- grained signal
traceability. There are several different advantages to execution 25 through
code gener atwishin theguadelopieldfdegemesinitie desuttd and ghatotherappeomidte cite ntansitian
interpretive execution because of fewer data-structures and | esser internal
messagi ng | WOoekiare i uses). ¢ hbe gAmpHation sep alsefesempisrenctyaldelads al |y cones

t th t of d d ti t bility. Simulatj. f hard
escr pt 1 onstHEF R oY ERtUnEkSaHes Bmdi Ty I PEeotivs Lagiockn & he

ft t i 3 Qi .
o track ana Ry e R et LR b B A BT R B 20 e
been i nplenefiepdvid) drd SY@FePnaihd ddetidtulay bldRke s ek SRR IRASILEh&OT t war e
can be integrated with other software environnents that are suitable for
nodel i ng anspmbpibtalyi nfhspeaipledolcadae of tfe blpsk eimpradvbeieh acmainblbek t est ed

directly in hardware _thereby naking prot o%i ng of new systens_ fast and
cost - ef f ect i Y@nerHeBRisysel feam thispoipiforpardyin the egeatiisinRrochst MissayiBer s

enerate code,. my choose t o, nat ceed further with the.bl k

O ner am s ox Birty e SRR huieRelh P PR E Tt A5 Sortressnru Rttt oi de
of the confi . hE@f’ i : j : Bhih% : t he
| ast step i nﬂﬁ%ﬂfgleg?\gn 0 GJocl"yn %ﬁghgsg@%%r?ge?/%&g Igg'lflgd% ag aﬁr%&vgg{?{wﬁv\lgk%

package. 110 il baeolped { xxichesd) e Mtacd ot orddiels padtlly Rigramihéd daEng tHel O
provides a tool allowing a user to select the conplexity with i ch a nodel
executes. Reduingistep ipaecknpidatiting. Once shexgprapdatiirestep has epmplatehahpsaédied

with a choice pf executing t 4100 as a sinpl e input-output bl ock or
et o o D RaAGIDa ERAhESaHEY T e CF R PERHR BlREhAIAERa s Xegton.

Following the compilation stage, 1s the model link stage which may also

15 produce linear models. After lirﬂc’mg has been performed, code may or may not be
generated. If code is generated, the model is simulated /executed through
accelerated simulation mode in which the block diagram model (or portions of it) is
translated into either software modules or hardware descriptions (broadly termed
code). Ifthis stage is performed, then the stages that follow use the generated code

20  during the execution of the block diagram. If code is not generated, the block
diagram may execute in interpretive mode in which the compiled and linked
version of the block diagram may be directly utilized to execute the model over the
desired time-span. This interpretive mode of execution is suitable for getting fine-
grained signal traceability. There are several different advantages to execution

25  through code genecration. Execution of generated code can be more efficient than
interpretive execution because of fewer data-structures and lesser internal messaging
in the engine, although the increased efficiency generally comes at the cost of
decreased execution traceability. Simulation of hardware descriptions during
execution can help identify and resolve bugs in the software stage of a design

30 project. Such bugs prove much more expensive to track and fix once the system
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Referring back to FIG 1, the nodel created in the nodeling environnment 110
can be wused by the sinulation engine 120. Dynami c systens, such as
bi ol ogi cal processes and chenm cal reactions, are typically nodeled as sets

of differ %izﬁﬂsmsﬂiu?fer ence, algebraic, 20 and/or recurg s‘iﬂi%ﬁ;h&sﬁ?s- At

any given instant of tine, these equations may be viewed as relationships
bet ween the system s output response ("outputs”), the system s input
stimuli (" inputs") at that tine, the current state of the system the
system paraneters, and tine. The state of the system may be thought of as a
nunmerical representation of the dynam cally changing configuration of the

system 25 hayb¢ansimplenented imhptipsircalAddigoral ki digg tams mmgEngenftivdra m
pendul um - St PainS BT ER bSO RATE ERGreYEe T PRBr b SORMSREIS voul d
The numer A R BEEE R AR 5 SRof, MR ean BE R BECRT 4 el o °

the Syst om P NIR L SIGER IRES) ANoPRYORPOONRRBI, PHISEI0|005505

coefficients in the s uations. For the pendul um exanp

paranmet ef i she ifevill eagighizefthpentet usem@ntate tod: fthét slayekaowrli© na par anet er
is the values of the filter taps. A sinulation engine useful in connection
with the prgseseedifuntben wish thesblogk didgram’s excgittiahl dfeyaneyreleodsetdakekbe | nc.

of Natick, Magsachusetts. 5 The presenf system adds a fifth type of

mat hemat i caFoftbaad ,Lcjlcglpéseth%%tfl#e of ghsyepat ftscpf{tﬁéne BT BRI o del s
used i n the~st 1 S. : | f i.al i 1 di f ence
equat i ons; glgl %%%?ﬁé)? %a%ﬁge{]}l Sgr‘cige\b %n hc%/ets)’%ndé %&SW%?H é)g?x%(gfbagfr %?l

mat hemat i calsoﬁag@pﬂgisgcr_i bes systens using ordinary differential 10
equations (ODEs) and is depicted in FIG 5A The dynanic system 502
specifid8 a set of two equations: Qutput 504 and Derivative 506. The Qut put
equation 504 facilitates the conputation of the system s output ,response at
a given tine i nstlamneacsartssuﬂametbfgﬁpwtitbg magsling envirgnment d A0 prevides?  and

tinme. The rivative equation 506 is a rdi.pary. differential equation that
al | ows theDEB . OX{”P%H%S d tfﬁglei%&geqqq}g@?&gg“g Wﬁ'g‘%sﬂ gfoéigp%’fcc't“ﬁg: current
tine as a fg&?&‘rifﬂ Bafckwgig. APH LS exh ApIS I AEES can BRIABPIIRE WittPDehditdBf Thi s
class of nodels IS suitabl®e for systens in which it is

executing pathway 4100 as a simple input-output block or executing pathway 4100

15  in the more detailed form shown in Fig. 4.

Referring back to FIG. 1, the model created in the modeling environment 110 can be
used by the simulation engine 120. Dynamic systems, such as biological processes and
( chemical reactions, are typically modeled as sets of differential, difference, algebraic,
20  and/or recursive equations. At any given instant of time, these equations may be
viewed as relationships between the system’s output response {“outputs”), the
system’s input stimuli (“ inputs”) at that time, the current state of the system, the
system parameters, and time. The state of the system may be thought of as a
numerical representation of the dynamically changing configuration of the system.
25  For instance, in a physical system modeling a simple pendutum, the state may be
viewed as the current posidon and velocity of the pendulum. Similarly, a signal-
processing system that filters a signa-l would maintain a set of previous inputs as the
state. The system parameters are the numerical representation of the static

(unchanging) configuration of the system and may be viewed as constant
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i mportant toetrack TIE SyoLem response as a continuous function of tine.
Such continuous-tine systens are commonly representative of physical

systens (nechanical, thermal, electrical) however; they may al so be useful
for chem cal and 20 bi ochem cal reactions such as intracellular biochem cal

reactions. wﬁ@ﬁoq@{ﬁqp| e, continuous-time systens can be {Jégoﬂ,@;‘ngdel i ng
cellular netabolismwhile stochastic systens can be used to nodel cellul ar

regul atory systenms such as DNA transcription. For sinple systens, it nay be
possi ble to use the Qutput 504 and Derivative equations 506 to obtain a

cl osed-formsolution for the output response 25 y(t). But in nost conplex
real world systens, the response of the systemis obtained by integrating
the states t%’ﬁ@ﬁgfﬁlmﬁ|Smtmrﬁe®;1m1§tl0m&@e¢hemﬁnd@hlmfexamp@5 pamnlethenSel n

enconpasses both i I|c and differential equati The ass of
ordi nary di f‘?‘&ﬁ F’o?%’ﬁeééﬁl fef SEUTPIE: A PATAMGRRIS tgae{&lﬂl%ﬂ%

define the s el e 005/ 618

PCT/ US2005/ 0%@:%8%35 th ‘{%‘ﬁ% %%ﬁ“l‘ S%@gﬁgg?‘?%‘i%‘oﬂa\/\gb 1g 8’(fu?‘} TR ose
constraints GuliliR avqﬂm@ﬁ%ﬂ{ 'Tﬁls M@fHWBH@;SIA@ &Nat&kawgsa%hu@a& X, nust fall
on the manifold defined by X12 +X 5 J. These cohstraints can be applied
as a coupl ed condition to the dlfferentlal equation. Although systens
including the projections may 5 conventionally no | onger ualifé as an CDE;
they are include hpepr@s%smmm@ddﬁm%ﬁthtmeg@fbmaﬂmm@akm@ sl, sochastigl i fy t he
cat egori es of Anot her i s,the bi an equati on

t f
t hat defi nesmBa 1§‘It§| fEYRES XanBﬁﬁrrﬁgﬁ‘élﬁPscc iny the S“?%%*f) BHt SRHE or
differential cham'eg,g,aume #@&9&& SBqERAL! 9 ebﬁzégcﬁla]%é%y%d#sﬁo d’\‘.‘lﬂ‘ﬁ els.

obtai ning a l'inear approxifation non-1 | rea

10 nodel of ‘Ehéfist Bfpeefuadthemarical 3868 1alk e sy B sl Gdindre diffedénthOMe
forms of numerical integration, for producing the l'i near nodel once the

nmodel hald r eaplatdns (PPIs) eadlis cklpattedopé'ﬂﬁ ity Adicrdynastic syste 50dtspedifi&ox and
Derivatives equations 506 may be, exte ot her rel ati,onships for

the bl ock. F&FObRMpHRLANEOUERHIRIS éﬁg i?&aﬁtagsg 0 n% frayt eV RHragation U ghét ates
B 010 e SRR AR e g e P S e
Jacobi ans My aeHES oPREthpu®s, REEED PArazRErR ks hdd t'ciix‘ne. The Derivative equation
506 is an ordinary differential equation that allows the computation of the
15 derivative of the states at the current time as a function of the inputs, the states,
parameters, and time. This class of models is suitable for systems in which it is
important to track the system response as a continuous function of time. Such
continuous-time systems are commonly representative of physical systems
{mechanical, thermal, electrical) however, they may also be useful for chemical and
20 biochemical reactions such as intracellular biochemical reactions. For example,
continuous-time systems can be useful in modehng cellular metabolism while
stochastic systems can be used to model cellular regulatory systems such as DNA
transcription. For simple systems, it may be possible to use the Output 504 and
Derivative equations 506 to obtain a closed-form solution for the output response
25  y(¢). But in most complex real world systems, the response of the system is

obtained by integrating the states through numerical means.

The definition of an ODE used herein encompasses both implicit and
explicit differential equations. The class of ordinary differential equations may

30  require additional equations to define the system being modeled. For example,
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Anal ysis of a nodel ed system Sensitivity analysis identifies the variable
critical to the systenlis behavior. 20 Another type of mathematical nodel
describes systens using difference equations as depicted in FIG 5B. The

dynam c sywEmoboscipeci fies a set of two equations: Quipptiysaib@oesack Updat e
512. The Qutput equation 510 facilitates the conputation of the systens
out put response at a given tine instant as a function of the inputs, states
at sone previous tine, paraneters, and tine. The Update 25 equation 512 is a
di fference equation that allows the conput ati on of the states at the

current tine asafugﬁ on_ of thelnputs ates at sone previous tine,
par anet ers, SHPATGOTE: I9jecHaRE MGy ﬁﬁ%@’rl%c §0§BP?%‘FC§1S t$98{8%s in which

it is |rrpor t totra t.he s onse dlsrete tinme.
such_di sor ot it LBl O SR 4T B PR R ChSe R R AeBptd e L e
control and 1 al. 2si it may
be possible ﬂgg’lusek’czh g&&r%%g C@&%Fﬁéﬁ C@%@%ﬁ%’%@?&f&%@%&%ﬁ% and
Updat e equat t | b out put
response 'y ¥t§ @ﬁeéﬁa@gls ﬁ%ﬁ gg%r ea];n d% ?Q}r‘%ﬁéﬂi&g} esponse of the
system i s5 sokygentioRbIBHEH ld@,@ﬂ E8A1ERD as aib@mt l@h’éy ﬁwn@lﬁdecuhd&tae dfferehtigns 512
are applied eatedly to solve for the system response over a period of
time. 5 An ad@egrmaquatnppet@mm&hmmgal1eﬁmd@jfstdascﬂn@@sermm@msls uh¢ ng

al gebrai c equat ons s depicted in EFIG 5C. . The dynam stem 514 uses an
al gebraic ed$afl HRGPENAHAUGR dF@“?fé”éBP\/%F“ﬁ‘PV%%\W OFIRECEED BiSt ai 1 ¢ he

out puts. Wil

solution for uﬁ%’%gys[{tm /I&tf)lp egc%@ gﬁ?g%cdg &% caﬁuﬁl1 %ﬁ?lcgjg{fggg i ons
may, best be sMeneshehibf, gf‘éh:\’c%i'x Xt @fd‘ﬂ@iﬁfﬁr&%l-nifﬁicmgﬂm@é@}aﬂ'lﬂﬁaxbm h
per'turbations and iterations gebraic equation solving techniques used in
the cont éfit efodtfodniser dmhemnmdatmmgl aqmu@nsszrusreqxdm&ﬁgrseatcdbnﬂebﬁl I

bel ow. For nodel i ng biol ogi cal processes and chem cal actions,

addi ti onal 15ugsEshl integgarom, for prRAycins dbe h%@fclff!iOﬁé’sO%@ﬁs&@rmOé@h f%’f’ecbé‘ljaasti c

Lechni ques. a SR8 SRt PRSREHEPORbrRL n 5o AR oXPABE T SR AR anay °BbEs DAE
systems is nepeaRpy beeRefdedt Gefine other relationships for the block. For example, the
Output equation 504 may help manage its states by defining a relationship where it
15  resets the state back to a known guantity at a specific point in time or when a
specific condition is seen. Jacobians may also be used to perform Sensitivity
Analysis of a modeled system. Sensitivity arnalysis identifies the variable critical to

the system’s behavior.

20 Another type of mathematical model describes systems using difference
equations as depicted in FIG. 5B. The dynamic system 508 specifies a set of two
equations: Qutput 510 and Update 512. The Qutput equation 510 facilitates the
computation of the system’s output response at a given time instant as a function of
the inputs, states at some previous time, parameters, and time. The Update

25  equation 512 is a difference equation that allows the computation of the states at
the current time as a function of the inputs, states at some previous time,
parameters, and time. This class of models is suitable for systems in which it is
important to track the system response at discrete poiats in time. Such discrete-time
systems are typically representative of discre te-time control and digital signal

30 processing systems. For simple systems, it may be possible to use the OQutput 510
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may be the case when dealing with small nol ecul e counts, such as RNA
pol ynerase binding to DNA to transcribe a particul.ar gene. An exanple of a
chem cal 20 equation that could be treated stochastically is shown in the

reacti ons |G 3B, e.qg., s32 +Dnak -> s32: Dnak i i on
&%b%oﬁsf%sfﬁ g PF-TFRJ'S?O()?Q%E‘E& o

i ndi cates that one nolecule of s32 bonds with one nol ecul'e 0o

sinmul ated stochastically, this reaction occurs at a randomtine determ ned
according to a probability distribution that depends on reaction kinetics.
Various probability distributions may be used to 25 determ ne when the
reaction occurs, such as exponential distributions, binomal distributions,
F di stri but i amdUpdasgempcipns b2 ko bbtaimaslosgd divemrsobutibss fori the oingms, response
hypergeonetric distributions, multinomal distributions, negative binom al

di stri buti ong(?)Jertdarmey«oiplax iealuv o systeyas cbs ratponse @f g $yveem is solved

di stribution

Gi 511 buti ongiropEhFeTat: i, 0%y ot i Oiaet e b thdeerepRbbfher

enbodi nent s, ' il |.SE Ly ion 32 WO

2005/ 083618 ﬁﬁ%@ﬁ%ﬁ%ﬁﬁ@ﬁ“ﬁgﬁ&%ﬁ%ﬁcé%‘{ﬁéﬁ#ﬁlft’ﬁg B8 e value for the
occurrence ofnadeli@shdsfipeCofMmeaRtmaiical mfbdel Heberlbap 8yseémpmbingBgdeak nodel is
a conposite systemthat "has conponents that fall 1nto the four types of
nmodel s di scusguaticaisay depibtesitin FdGPEEX Bhe datamirr dysteay 51 4¢msenadedlgebald i nt o
this category. This_class of systens has Qutput, Derivative, Update, and
potential |y &dwsioncelathasmecdssg) b soyerat cadha tisae puebtainshpaapust. Whidh
systens requi.res a conbinatjon of the solutio rogches . discussed for all
of the cl assgglpj%%gc_m%y é&%‘ﬁﬁf‘g t%f)%éal%ﬁ %%“Qf@’?w‘é‘ﬁ?‘? gorot}l?g SYH&Zcr i bed by
differential I i ngé i I { 3 : ial 10
eqhati ons anﬁ%%%‘?gﬁmcﬁg%?gdtciﬁgﬁsaﬁ %gﬁﬁ%g?g?ﬁ? %Itegetrlgés)%{n‘i’énH %%%Elﬁtg i cal
nmodel s i 80 a ubiybral mhuagixad aehddiavolkony boths droidbatibos ied ftecativng. Akjebraid ni stic
equations, which allows for the solving of both netabolic and regul atory
systems in theuasigresqlpdgtechniguss peed ini thhicantéid of slypesiic systdra srodsiingyase ens
are many ext (a?si on%. 15 i nv%lﬁvl rl?eg;el ationships (equations) defined in terns
of bot h out pAiSUsshd i geeater detd Belg¥n e one can define a Iinited

integration relationship for a differential variable. This relationship
requires a set of equations that consists of the Qutput equation, an Update

equation, a Deri v#ok ieocRIHAbid1BgicaPotesdd o dE s Sic lldeLetittis] &R addii®nal

15  modelis useful. This model describes systerms using stochastic techniques, such as
Gillespie, Gibson/Bruck, and 7-leaping. These techniques are useful when the
continuous approximation implied by ODE /DAE systems is not applicable. This
may be the case when dealing with small molecule counts, such as RNA polymerase
binding to DNA to transcribe a particular gene. An example of a chemical

20  equation that could be treated stochastically is shown in the reactions table of FIG.
3B, e.g.,s32 +Dnak -> s32:Dnak. This equation indicates that one molecule of s32
bonds with one molecule of Dnak. When simulated stochastically, this reaction
occurs at a random time determined according to a probability distribution that
depends on reaction kinetics. Various probability distributions may be used to

25  determine when the reaction occurs, such as exponential distributions, binomial
distributions, F distributions, frequency distributions, geometric distributions,
hypergeometric distributions, multinomial distributions, negatve binomial
distributions, percentage distributions, percentage cumulative distributions, Poisson
distributions, posterior distributions, prior distributions, t distributions and normal

30  distributions. In other embodiments, the user may define a probability distribution
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Zero Crossing equation defines the points in tine where the upper and | ower
limts 20 of the limted integration occur. Another exanple of an extension
is the notion of Enable and!Di sabl e equations that defihe relationships

anong statﬁgdj%y@i_;@gal s when parts of a systemare actiyateehogdfssos
deactivate uring execution. Inherent in four of the classes of Systens
(ODE, difference equations, 25 algebraic equations and conposite) is the
notion of systemsanple tinme. The sanple-tine is the tinme interval at which
the inputs, state, or outputs (collectively referred to as the results) of
the systemare traced as tinme progresses. Based on sanple tines, a system
can be descricosd wenaletirainiagahe tive whst fomthe outimemuesofis stochayis rexrtiand
-hybrid system As noted above, stochastic systenms occur at a random 30 tine
determ ned by an operative probability distribution. 33 WO 2005/083618

of the syst em r ool WO e T Ry R Bmitae Sttty the Fimi ¢
as the interyah GRRIORSIEH indHhe fod p.gg'f éﬁ%%th,@rstdig&ss%ﬁ%%%bﬁgﬂﬁs&n@ex

continuous-time system The interval ime may be periodic or™

non- peri &di CrealSRGHA sybedm nisEiPRN e thisrd@tegory STEBRlass UE fysenshaabaghicC
systens, are referred to as non-uniformrate systens nmeaning that ‘there is
no peri odi ¢ Patieative, Upduh, aridepotespdlysehenequmsiansadelethg ferdbaoumusus-ti me

systemis a systemi.n ich the evol uti q{iﬁ of t?g}é temresults are
cont i nuous| yreSRINSHGT SED SYBRIS REBUES i RIUYR € @E‘:‘%@Pﬂﬁmﬁ rical

| egrati on. AR EXATB edlasB SO RIRUSEIL IR SYLSIRAS OB AeRerLDed bY

an ODE. There ¢an al'so rarc or c e contt nuous-tirne systens. A

hybrid syst eqescsbdd sy &iRonti-41Be bl th86hel DAEs I hddHlc Gt PODUSTTElcRBal

el enments. If a systemhas only one sanple tinme, It is said to be

si ngl e- rHt e. eqifatians ysd dgebrak dyastiond. t Oppatisataplieterdsmis piddheirdcad aaticlsas be
multi-rate. Multi -rate systens can be evaluated (executed) using either a
si ngl e- t aski RgPrbnpreachahaicenntyns bpthestachastic apddlersrpinsireapateqnss Widn., Wen

mul ti-tasking, execut.ion,i.s used, it confor t rate _nmonot gni c_schedul i ng
ori nci pats. gl roh it Bl b 6 meeabGf S Teefyon ARl & R dnigode:

Al gorithns for Multiprogramring in a Hard-Real -Tinme 20 Environnment. ACM 20,
1 (January 1973), 46-61. Systens nmay al so be categorized

Grouped within the composite class of systems are many extensions
15  involving relationships (equations) defined in terms of both outputs and state. For
example, one can define a limited integration relationship for a differential variable.
This relationship requires a set of equations that consists of the Output equation,
an Update equation, a Derivative equation, and a Zero Crossing equation. The
Zero Crossing equation defines the points in time where the upper and lower hmits
20  of the limited integration occur. Another example of an extension is the notion of
Enable and Disable equations that define relationships among states or signals

when parts of a system are activated and deactivated during execution.

Inherent in four of the classes of systems (ODE, difference equations,

25  algebraic equations and composite) is the notion of system sample time. The
sample-time is the time interval at which the inputs, state, or outputs (collectively
referred to as the results) of the system are traced as time progresses. Based on
sample times, a system can be described as a discrete-time system, continuous-time
system and hybrid system. As noted above, stochastic systems occur at a random

30  time determined by an operative probability distribution.
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by the type of nunerical 1NLegration solver being used. A fi xed-step system

is one that uses a fixed-step solver. Fixed-step solvers typically use
explicit nethods to conpute the next continuous state at fixed periodic
intervals of time. A variable- step systemis one that is using a

vari abl e- siveppossasy@s. A vari abl e-step sol ver can use 25 pti/Aesoos/ogzkdsci t or
explicit nmethods to conpute the next continuous state at non- periodic

intervals of time. Cenerally, variable-step solvers use a formof error
control to adjust the interval size such that the desired error tol erances
are achieved. 30 In practice, except for the nost basic systens,

mat hemati cal nodels for 34 WO 2005/083618 PCT/ US2005/ 005505 dynam ¢
systens involve a conplex set of mathenmatical transformations applied in

i bed ; ith th t put f t f or mat i f ' th
"nputs of ot her s AEREFETRHRIOET FANSEBH Hat Hon Biag DY PRSI 20l ati on

of ot hers. ™ ST BriapiSt A A 8ol ati on
Theref ore, e RO KRRl MR Thlor o R Lol o OB SRR RpproBolRE T on

of various sieg] the ddP@EitinS ¥st@AbecdmeC SR OUELRAE SPRERL TR iRfersllchf an
i nterconnection that has evolved over the years is the bl ock diagram Such

bl ock di &#gr aimeoosi be paimlinonnobgedodicaSematidas charepasiodit textyiseokss sudesi gn
papers, journal articles, and specifications.to conmunicate the details of
a dynani ¢ syXSEpRhestfetyalemss are Toteareg) to @k NERAIIFI By $¢Ma MEAANE §128yst em i s

evresent e Sche i Eal G A it B e O
represents a&gﬁérﬁ%?%nﬁ)&%ﬁ the/ é&(ﬁﬂﬁ%& ol (A€ syseiTR Qgﬁﬁlﬁga@tceggﬁugh%: k and

term nating signifies that the second blo I's 15 a product of

the first bl deging@Gmtskbub-athd sighdeciainie Wukihgmeeogitd éntepedtidnnédat er m
“bl ocks" does not refer exclusively to elenental dynam c _systens but_ may
al so i nt} udexample of asdetigurpscimmsystemtihene desgribed peage®DNE + Theradanelial ari ty

f block di ..20 The th of Digit Si |, P i DSP) f
on odel i ng. 6F gREPiEic SRR CobBRo e SR & BCRAH! STTAF f SYHES i o
the time-basgdy il 0fK:dIRQHA0 and continunous-time elements. :

If a systemn has only one sample time, it is said to be single-rate. If a system

15 has multiple sample times, it is said to be multi-rate. Multi-rate systems can be
evaluated (executed) using either a single-tasking form of execution or a multi-
tasking form of execution. When multi-tasking execution is used, it conforms to
rate monotonic scheduling principals as defined by Liu, C. L., and LAYLAND, J.
W. Scheduling Algorvithms for Multiprogramming in & Hard-Real-Time

20  Envirenment. ACM 20, 1 (January 1973), 46-61. Systems may also be categorized
by the type of numerical integration solver being used. A fixed-step system is one
that uses a fixed-step solver. Fixed-step solvers typically use explicit methods to
compute the next continuous state at fixed periodic intervals of time. A variable-
step system is one that is using a variable-step solver. A variable-step solver can use

25 either implicit or explicit methods to compute the next continuous state at non-
periodic intervals of time. Generally, variable-step solvers use a form of error
control to adjust the interval size such that the desired error tolerances are

achieved.

30 In practice, except for the most basic systems, mathematical models for
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par adi gm by mapping the sanples u[n] to discrete-tine points it (t3. This
adds the benefit of being able to nodel the interaction between DSP systens
and other classes of tinme-based systens, e.g. continuous and/or

di scret e- twwepoeo@bER Systens. 25 Put anot her way, bl ockcglygangsemdel s are
ti me-based rel ati onships between signals and state variables representative

of a dynam c system The solution (conputation of systemresponse) of the
nodel is obtained by evaluating these relationships over tinme, where tine
starts at a user-specified "start tine" and ends 30 at a user-specified
"stop tinme". Each evaluation of these relationships is referred to 35 WO
20051083618 PERNUSIHOBRODEEDS a copsnplex saref srathrmatightpesfpspatoantprligdini ti es

.that change over ti nd t hes, uantiti are defined, for. all ints in
e bt aaen eI e aRIcir e S bl eT SOl Fius (i BRI RS ! s
bet ween sign t I I . 1,00S
represented @?ﬁﬁ%@%ﬁ@%@&gg@g@? gﬁféﬁ%:gﬁdr@e:gafé[: Z/Ft }"Zer% |158%g?}vlv§gﬁ 5 the
i nput  si gnal gmphilpiimié iseRehFallifg ait8.orkd the BRegdRaRIH abdvel ThefGbieNut i On
is the notion of paraneters, which are the coefficients of the equations.
It is inportembples dynireid dystenbinag be diadpiahs aaristarodnrexdbusofrakipus sietplé or

representing tine-based dynam c systens but a| so for other nodels of
conput at i on. dyBRIUESYSIGIRE A ematic Sepresatatonelsush sBRNEreQRREsiondhat has

capture process f]ow and are. npt general | ui.tabl e ,for describing dynam c

system behavf‘ffﬁ‘.rc ‘feé%‘f‘ff B‘Wr%fsc}gﬁ bﬂ)&?%ﬂé i‘i’c& @PS‘% iagragiy Bpdels t’i’ﬁ?ﬁ ’aé‘é{cr i be
a graphi cal iR { i L a (often

t hought of agéﬁé‘gns) (ig%ﬂaﬁrée Stgglt ?%?P‘tg{)lgsf Eei&?%@@eéig%‘%fﬁ%ag;d%f ocks, where a

bl ock repr esgricHicationper @m@uniae the ldetdls bEPHesaNicSydbmex dehivien dependency
describing the direction of data fl ow ng between bl ocks. As used herein,
the term®l ock di agrans nmeans tine-based bl ock diagrans used in the context

O a5l S TN STt Y S5k SRR St 2
b1 ook i agr acgseor ot ok iefCoRRR £ BYEEoa: RGP R ARLRRINEL 0
and |inking dfarhicagiterdll BERBIIR rfre@uetandéleme Rl EfiRinYic e, aplige
emanating at one block and terminating at another signifies that the second block is
15  aproduct of the first block. Those skilled in the art will recognize that the term
“blocks” does not refer exclusively to elemental dynamic systems but may also

include other modeling elements that aid in readability and modularity of block

diagrams.

20 The theory of Digital Signal Processing (DSP) focuses on modcling signals
as sequences of samples. This view naturally ﬁfs into the time-based block diagram
paradigm by mapping the samples #{#] to discrete-time points #(%,). This adds the
benefit of being able to model the interaction between DSP systems and other
classes of time-based systems, e.g. continuous and /or discrete-time control systems.

25

Put another way, block diagram models are time-based relationships
between signals and state variables representative of a dynamic system. The solution
(computation of system response) of the model is obtained by evaluating these
relationships over time, where time starts at a user-specified “start time” and ends

30  at a user-specified “stop time”. Each evaluation of these relationships is referred to
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version of the nodel that is used for generating code and/or sinulating or
| ineari zing a bl ock di agram nodel. Execution of the bl ock-diagramis also
referred 25 to as sinulation. The conpile stage invelves checking the

integrity @é&oxﬂ#&g{gty of the block interconnections i ”g#@@ﬁmg%f‘s&i agram

In this st ngi ne al so sorts the blocks in the i'agraminto
hierarchical lists that are used when creating the bl ock nethod execution
lists. In the link stage, the execution engine uses the result of the
conpil ed stage to all ocate nenory needed for the execution of the 30 various
conponents of the block diagram The |inking stage al so produces bl ock 36

WD 200510836443 R@H*@Z@%&%ﬂ&%ﬂﬁﬁdﬁ%ﬁﬂtﬂ&@e@&i fméhhsd s used by
the sinmulation or linearization of the block diagram Included within the
| i nk stage i quiitetidsnid deflieddor alhpointd inaime tetweentthe bladudiaghm’ of tagvandiat i ng
"setup" nethods (e. g].:hé)l ock start, initjaljze, enable, and constant out put
met hods) . Th&opItHek Hia Khdopsipybetieen signals apd stpsh saciables ase g OVISRE

i mul at i / | ' ' f del |.ock, . ds b

Type (not by braureeRREReEhlsy ablocd THiE ol HRbn SRS el B Rl
: : A _ :

Becut | or® engnet Aoy BhG SRR ] (B EhA g hrent I I FRIART G U5,

portions of nbjiohfpaRinicbas, wiaith Wer gertodfiicRatosf hakegwatiénsdescri ptions
(broadly ternmed code). If this stage is performed, then the stages that

foll ow use the generated code during the execution of the block diagram If

this stage is skipped conpletely, then the execution engine uses.an
interpretive nodelb¥F IMBQEARE {OGHOLE bhaty %Wé%‘l@“ﬁi%"g?‘ﬁ?ﬁ@%“?&@%ﬁ@és t he

oS T 1) RN Dt OB R SHD 90 RN SRR

betause they : ode” "outside the con _
bl ock di ggr a'l’*b‘fiﬁs&z?ﬁﬁfz,eﬂovu&ﬁ&t{ SRUMGALEG 83 v & EQPtureShiddess floRke agg@eait i on

engi ne uses a sinulation |oop to execute block nethods in a pre-defined

orderi ng upomoa gsanplhesiitabletfor deszeibirg; dymandy stsem bekspaos Exts ew bldtknge with

time. 20 Determ nation of putative reaction tines relies on the size of tine

interval's cliéagssms aic hloek dipgmanuithardeseibot guphicsl piegsBringiPHadigRe st ep

stzels pic k%{iert!: Ehcl asvailability of data (often thought of as tokens) is used to initiate the
execution of blocks, where a block represents an operation and a line represents

15 execution dependency describing the direction of data flowing between blocks. As
used herein, the term block diagrams means time-based block diagrams used in the

context of dynamic systems except as otherwise noted.

A block diagram execution engine contributes to the modeling software task
20  of enabling the computation and tracing of a dynamic system’s outputs
manufactured by its block diagram model. An execution engine carries oat the task
of compiling and linking the block diagram to produce an “in-memory executable”
version of the model that is used for generating code and /or simulating or
linearizing a block diagram model. Execution of the block-diagram is also referred
25  to as simulation. The compile stage involves checking the integrity and validity of
the block interconnections in the block diagram. In this stage, the engine also sorts
the blocks in the block diagram into hierarchical lists that are used when creating
the block method execution lists. In the link stage, the execution engine uses the
result of the compiled stage to allocate memory needed for the execution of the

30 various components of the block diagram. The linking stage also produces block
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first necessary to understand the notion of a solver. The solver is a nodule
of the sinulation engine 120 that is responsible for performng two tasks:
(a) determning 25 how far execution time should be advanced between
consecut i weopowaess18N order to accurately trace the systamisossdopess, and
(b) integrating the derivative of the states of the systemto obtain the
actual states. Based on how solvers performthe first task, they are
generally classified into two basic classes: fixed-step solvers or
vari abl e-step solvers. 30 37 WD 2005/ 083618 PCT/ US2005/ 005505 Fi xed-step

solvers are solvers in which the tinme step-size hetween consecutive passes
is a fixed dﬂ%ﬁkﬁ)ﬁﬁ?c“ﬂﬂ? Wh{fgr?éfﬁ #p94 0% ISF‘EFIPFS?H%Z‘EFW?@&‘OPtﬂ%hequanti ty.
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Toe T et oibiod Eabff thAuiBd Sl Bl oSk R b dRoBbR o TR D D
may be 5 desiigpedohdsts 8NLvaQlatiioC ~hakbAg(SY PISM st%redmi@an%é,ee;ﬁbﬁ%,such

k¢ Sy,
-control in one-one hundredth 0.05% of a sego%d SO as to assure t car

st ops saf el yandi donttaat bugpuc dgethsiSt The bk matodvgécution listsdrdgeaansid ai nt s,
the car may crash. Fixed-step solvers, therefore, are designed to help

nodel di $cr dresawspshe pmulaien wadLonlinegrirasion of samedelupust gxacutefilockd ti ne
period, and the f.ixed-step execution assures that the nodel ed system 10 can
gener ate such® ’é’ElEu}F(’YQ’P %Vzﬁ%%lﬁ)aﬂ&%gw E%V%eﬁaﬂ?éﬂﬁ’és havi ng a discrete
sanple time, in which case the value of the reaction could be cal cul ated at
fixed intervals using a fixed-step solver. However, sone reactions are

defined to be a cAidrikayShid bRnPésfopMed B exdidoneaRinemay ?ﬁ;@éatceé@d‘é.
e

scheduling occurs at tine intervals that are determ ned by si mul ati on
engi ne to milmithiszstages dunerteatiiion engine mayrchoofheswanstdae thoblock dipgrame use  of

vari abl e-step sol vers, ,which are designed to del continuous systens where
non- evenily sraaé@ldw PRElAIdtdR® Gided seftvarednadilas @ Badwarqdesenptems

behavi or. Fo exapmpl e, one want to sinmulate th at h of unci ng
pal 1 wher o (rofiCfaEa SR8 IEkn Saks b hsBloied BhafcRBd for BIRRE 1,
known, basedpheeaXied &i&%urmgaﬂlcteggcutﬁﬂ of the lB%HRQ_ﬁ%r‘ﬂ_nl. ITf 8 sehg: igvenl y
spaced, and that the height of" the bounces wll dinmnish as a Ttesult of
gravity, friskdpped,coaipletelyhdicrf deeascuddmr drgittecnsst ap imetpretie @bee of

execution for the block diagram. In some cases, the user may not proceed further

15 with the execution of the block diagram because they would like to deploy the code
outside the confines of the block diagram software. Upon reaching the simulation
stage, the execution engine uses a simulation loop to execute block methods in a

pre-defined ordering upon a sample hit to produce the system responses they

change with time.

Determination of putative reaction times relies on the size of time intexrvals
chosen for the simulation. In order to understand how the step size is picked, it is
first necessary to understand the notion of a solver. The solver is a module of the
simulation engine 120 that is responsible for performing two tasks: (a) determining

25  how far execution time should be advanced between consecutive passes in order to
accurately trace the system’s outputs, and (b) integrating the derivative of the states
of the system to obtain the actual states. Based on how solvers perform the first
task, they are generally classified into two basic classes: fixed-step solvers or
variable-step solvers.

30
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used for these types of continuous systens and to determ ne what step size
to use so that the behavior of the ball will be accurately nodeled. 25 In
still other enbodi nents, ‘reactions that are considered "fast" by the nodel

are assunegig@eddesconpl eted at "zero tine," which effegetnSlogs/orads t hat
they are treated throughout nodel simulation as a constant having the val ue

of the final result. 38 WD 2005/083618 PCT/ US2005/ 005505 As not ed

previ ously, stochastic reactions occur at a randomtine based on an
operative probability distribution, which do not neatly fit either type of
solver. In order_to adequately nodel  syst i ncl udi ng stochastic
reactions, eitherFiEedsEEPsOlvgss arp splversin ¥’ dUB SRRz RAtYESthg bot h

stochastic and either fixed-solyver ele ts or 5,vari abl.e-solver,el enents,
Che 1ol | owi ngSaRNE AR 4 inctdiapty” JHh Pat BTl PR SPIRG PSe 11 mes
for each re . | i At Tes
b comput edtyabity Thd:PSofiBSre nict BnSd kypcedtSyRtih ol £ BpL1 RO Richi™

putative occudéfneledinefeisciebd §ystenss) aFer Bistadl¥e (Bl £9i-1RRbrakih® syfen @EdAsH ment ,
the state array is an array of pointers sorted by 10 occurrence tine, each
of the pdi ntdesgneditntdongral @ catie bolljrerystem, bed ex exereaswth ddndto! iponatonien

nodel simul atiop. e sorted, the object identified by the first entry in
the array i&%&é@&@-%i 2 BIENd SpAaE HYFEUELEE G1Y %ﬂP%?a¥%lﬁéF#@pbf ct may
affect the a f ecies present | h del ed syst [, tative
reaction ti n%gt%%ggcssp%gti ’%’F%t lé%%‘ﬁ%énosﬂs#%nkshglq%r ) Icel,%%t' hgﬂlp(gtg %:ngjlg@ rme for
each of the @RILBLRS awdéslfghe‘élt@t&(l)ﬁh{cﬂ!l diScre RGH4EMk hAthae Tt@%cné@@a ARdct he
state array is resorted (Step 610). The simul ation engine 120 checks for
addi ti onal rmacfitahdnmicpeeed ahd ti{csfied-stGildiecutibn agdrdsithmathemeaddled nsteami st

the simulation engine 120 checks to determine, in_the final sinulation tine
has beenl® eat¥fegrncEate sudl gsults. Some reachansmgy bsdeBacdes bavgngie disptexecut es

Lor mnat eo. - BRPISETE ARG Sek e 18 P RbiseirBhbLRF s MRe el "
angine 120 pro des R EaTRb R I oring. o e stmatien
However, some reactions are defined to be a continuous-time system. For
15  these reactions, event scheduling occurs at time intervals that are determined by the
simulation engine to minimize accumulation of errors. These reactions require use
of variable-step solvers, which are designed to model continuous systems where
non-evenly spaced time steps are needed to simulate all significant behavior. For
example, one may want to simulate the path of a bouncing ball, where it bounces,
20 how high it bounces, and where it stops. It is known, based on experience, that the
ball's bounces will not be evenly spaced, and that the height of the bounces will
diminish as a result of gravity, friction, and other forces. Variable-step solvers are
used for these types of continuous systems and to determine what step size to use

so that the behavior of the ball will be accurately modeled.

25 In still other embodiments, reactions that are considered “fast” by the
model are assumed to have completed at “zero time,” which effectively means that

they are treated throughout model simulation as a constant having the value of the
final result.
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the entire simulation context, and a nechanismfor restoring the entire
simulation 25 context. In one aspect of the present invention, before
simulation is started, a flag is set in the nodeling environnent 110

i nstructi mgo tdvs/osiessll ati on environnent 120 to store si rofralsk@soessos ext when
the sinmulation finishes (either because the final tine is reached,
sinmulation was interrupted by the user, or otherwse). Alternative
procedures for 39 WD 20051083618 PCT/ US2005/ 005505 queryi ng whet her the
context should be stored or not may also be inplenented (e.g., user

the. of mul at i on WONTETPrR Sl sRebists Factons 0 oS ey BBt Pareby o
Ctorod to fPraavsReoh Ty, dhfiBulhs ERRCMTRA, peddhACAMe R VOB my be

aut omat i caldriern@®itquiietyebdel systems Ghckielinggdchdstie réRyiobs, diheflalone or as
-alternatively. The storage nechani smfor saving the sinulation context can

vary from gauti ofp hteidemteaxinchslimg botly sthehpstia adsadiardixetisolvenelementsnenor y
as a platform.independent textual dunp through a conversion 10 process. As
| ong as Ot hdreallesolysr slementse tiq folPWitRB SFPANAY b6 £2%€R8- bet ween conput er
architectures involved there will be no differences in the results. Qher

i npl enent ati ons ch_as _saving t.he coptext. as | at f or.m i ndepen t binary
dunpor . prat (RS R R AR At P RE TR of e
present I Q¥@plaoN. d&ceTﬁiﬁat&k%ekaédbﬂ1§rﬁ1§’a‘é§a&fc Qb edch sk Rnah!tRe 1S
achieved by starting the sinulation with a correspondi ng " conti nue
si mul at i on'systemmyaincitimbhiage soRyedbby putphensnruadnas timep artanetae afray (4tbe nor nal
means to tréogqger simul ati on or any other way. A continued sinulation takes
as ar gument®J4 Ingngambedimentribiaterey agiay iout Merar) poipteraspriad by al
si mul atlioon such as final E}IOEE and. addi ti.onal ongl%‘lrou Lt % 20 To, store
si mul atilon FGHEERTS B0 Q8% ShaBPRisTSRUAES © 35"3%{)59 e REEI G HE"
Si mul ati on (2ag e i h€ BbRde IR nkified By tHE Akt @Ru§Rgi Ne 120
by the an y5|%%%é%%%ﬁ%%?@%%ﬁ&sﬁgmﬁhm?eﬁeh atl ons,%iysucﬁkas usi ng
gr aphi cal ehenedy $s édecutedes@pd®ioing environnent 110, may be used instead or
in addition to the use of a flag. Additionally, context storage can be an
activity that occurs during sinulation (i.e., _ _
Because execution of the top object may affect the amount of species present
in the modeled system or the putative reaction times for specific reactions in the
15  table, the putative time for each of thae entries in the state array is recalculated (step

608) and the state array is resorted (step 610).

The simulation engine 120 checks for addittonal reactions to execute (step
| 614). If additional reactions exist, thhe simulation engine 120 checks to determine
in the final simulation time has been reached (step 616). If not, the simulation
20 engine 120 executes the next entry ix1 the state array (step 606). Otherwise, the
simulation terminates. One of ordinary skill the art would recognize that other

scheduling methodologies may be used.

In one embodiment the simulation engine 120 provides a mechanism for storing
the entire simulation context, and a me chanism for restoring the entire simulation
25 context. In one aspect of the present irxvention, before simulation is started, a flag is set
in the modeling environment 110 instruicting the simulation environment 120 to store
simulation context when the simulatiora finishes (either because the final time is reached,

simulation was interrupted by the user, or otherwise). Alternative procedures for
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25 without interrupting a regulation sinulation). To this end, the user may
specify particular storage conditions (e.g., when a certain point in tine
is reached in sinulation' such as the achievenent of a steady state or when
parti cul arwoadopesssgiis nodel variables exist). This coul dpeesstdos/dodse
sequence of sinulation context files with snapshots of the sinulation
context over the course of a simulation run. 40 WD 2005/ 083618

PCT/ US2005/ 005505 I n one enbodi ment, the sinulation engine 120 registers
areas of menory that constitute the sinulation context, and subsequently
calls a procedure h&ngore and restore S|nulat|o cont ext . In one

embodi ment, TYFEYIEE T s conisk ukd&eaﬁf%r arf%%tgn%iso depiemenied (& 8isst er ed
before a si my.aid tﬁﬁ)%ﬁaoa vglﬁl&::zfaﬁ‘?{ﬁu{a}{ Bﬁ?s Sshedp| BREMHE SiniatdoliRtiteldne t he

general nenory a rou a regrstration mechani sm A

conpl i cat i onsiirmlatioh @ontegt magbe sstedrak agilé_hmawdﬂadpaéa naraat oxin safmeseier when
aggregate variables mx references and values. To illustrate this, consider
the attribut®m8Lf a Runge-Kutta 45 solver. In its C++ inplenmentation, the
class RK45 is derived from Var St epSol ver. The attributes of RK45 are 10

55;1([57? OUtg e to; ﬂ‘PHHé g{nlb)(g)g.lmc&tl? tl’ﬂ??%lllplklf UO%] CO(;I?I!EJJRl f StOf%ili tocfﬂg uﬁ]é ’llltOdOUbl €

20 bool projec I'C const Int ¢ eonst
doubl e power wméﬁchmﬁn@ﬁ&bﬂ icbhQ#t sQ¥5S8d Indy B¢ a@BriafsiIR gl HiW&egNt ai NS

value attributes and reference attributes. The referénces contain pointers
speci fic to téee-deantd Gid may be used alternatively. The storage mechanism for saving the
simulation context can vary from saving the context as memory dump, to saving the
( context mernory as a platform independent textual dump through a conversion
10 process. As long as there are no architectural incompatibilities between computer
architectures involved there will be no differences in the results. Other
implementations such as saving the context as a platform independent binary dump

or a platform dependent textual dump are also within the scope of the present

invention.

15 The user interface of the context restoration is achieved by starting the
simulation with a corresponding ‘continue simulation’ command. This may be
implemented as a parameter for the normal means to trigger simulation or any other
way. A continued simulation takes as arguments all arguments (mandatory and optional)

.‘s of an initial simulation such as final time and additional output times.

20 To store simulation context, a ‘StoreSimulationContext’ flag may be set in the
simulation engine 120 or it may be communicated to the simulation engine 120 by the
analysis environment 130. Other implementations, such as using graphical elements in
the modeling environment 110, may be used instead or in addition to the use of a flag.
Additionally, context storage can be an activity that occurs during simulation (i.e.,

25  without interrupting a regulation simulation). To this end, the user may specify
particular storage conditions (e.g., when a certain point in time is reached in simulation
such as the achievement of a steady state or when particular values of model variables
exist). This could result in a sequence of simulation context files with snapshots of the

stmulation context over the course of a simulation run.

40



simul ati on and they may differ between sinulation runs. So, restoring these
may result in invalid references, and, therefore, these should be excl uded.
Figure 7 30 depicts part of the allocated nenory 770 for' an instance of
RK45. The wbhozassds nenory includes value fields 772, Totdyusisd/ 005508, 780,
782 and 784 and reference fields 786, 788, 790 and 792. Two basic
approaches exist for tracking the sinulation context nenory allocations. A
| ocal i zed i ndexi ng schene tracks the pertinent variables of an object that
35 is part of the context. Alternatively, a global table may be nmaintained.

The first 41 WD_2005/083618 PCT/ US2005/ 00550 approach lends itself well to
t he olbj ect-ori et €%f ‘E?qu?‘&e‘ﬁa ’&é?ﬁﬂﬁ?ﬂﬂé?@? %éeég%@ﬁgeaﬁﬁgp%bﬂ’ &@{ nor e
-suitable t : : : f i i j bk |

sul tabl e Qﬁl?snﬂf@%cgﬁkgiaﬂéﬁ X&R?ﬂi zgﬁéi%ﬂa%uen ﬂf%gs ?} gfo!cleaﬁhé 10 s&&@aﬁ&}es‘(ﬂr%

recogni ze that ot her thods o 1 ng - an ting the portions o
menory usethdymutahien sometiatin one emhodimientythe shaulengl anesxivetaedaredsanscope of

‘the present invention. 5 |n the case of a gl gbal.indexjng schene, the
perti nent PEmory pEeregisteredhefore @ supulation i S?ﬁ@g-i ﬁnse%lwpimﬁtqdﬂ@gﬁaq@n&efi ned,

i.e., en i i : [ j a al .k 1y

st anda\r,\,g r tgljélé]%nr%a al I c()%)é ?%C%{I%I?g%feglg?ug %artrelgl Ftﬁathéj(rﬁ% F%rtggs}ﬁf%ncghp g;%ét(ll:% IS
used that ehiring ahtheestdrinpahs siamlqtioneedidkcarass whareagpidpetewsidablésuhix before it
returns, it registers the allocated nmenory as being part_of the context. 10

, Y,

Not e t hat tHErEHdYgluse nbpellusiatedlus songiderdhe piyiaiies, st 2 Bange-hoda s
informatio L A L1V ; 1.QNx t
cont ext of ave HRE GBI TnBich) e SRR R IRRLERbOTY ofScpbile TIE,
request, ewdributes oBRE46fre nodel changes el sewhere that affect the nmenory
Iayout of those parts. The preferred enbodi nent tracks the instances of
nodel éQrts and the nenory they 15 allocate, which is then assigned a
uni que ideq@%iéer. Wth the nodul ari zation of the nunerical solvers, and the
initiative i ncreasingly apply object-oriented coding principles, the
need for a nore 44lipid thbut ed i npl ementati on has energed. In this
architecture, i%kgﬁﬁgqgé.desirable not to have a gl obal index of pertinent
menory, but to maintainthis locally for 20 each object. A context sensitive
obj ect inplenents an access nethod to nmake its context avail able. Several
i mpl emddt at i ons ddlpollsi bl e. For exanpl e, an obj ect

double *x1;

double h;
double *dX[77;
20
bool projectInterpolant;
static const int id;
static const double power;
25

The definition reveals that an instance of RK45 contains value attributes and
reference attributes. The references contain pointers specific to the particular
simulation and they may differ between simulation runs. So, xestoring these may
result in 1nvalid references, and, therefore, these should be excluded. Figure 7

30  depicts part of the allocated memory 770 for an instance of RK45. The allocated
memory ncludes value fields 772, 774, 776, 778, 780, 782 and 784 and reference
fields 786, 788, 790 and 792.

Two basic approaches exist for tracking the simulation context memory

allocations. A localized indexing scheme tracks the pertinent vaxiables of an object that

35  ispart of the context. Alternatively, a global table may be maintained. The first
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coul d produce an index to each nenory location that is part of the context
and have the stream ng operation performed by the-caller, or it could
streamthe nenory content itself. 25 This |ocal indexing schene supports

sel ective wepsdossggt oration for parts of the nodel (e.gep g sdasyst em
only) as it is object based Indexing the origin in the nodel of context

fragnments, optionally conbined with a conversion nmechani sm between type

i npl enentations, allows restoration between platforns 42 W 2005/ 083618
PCT/ US2005/ 005505 and different conpil ed versions of nodels. This supports,
e.g., having a controller reach a steady state operating point in

si nul ati on i3RPERD GRS 1teAl weH 1o the abieelroriantededingmarndigny whareapthgsecorddel |

storing the t , after _gene i d ol . n Ll er,
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i ndexi ng beirgghgntRdhat GRtit hedthole df MentifySig drfdtHotidlg R oorRef nkelRehed byThis is
related to the coupling of the indexing to the nenory allocation calls: A
tabl e keeps th¢ a@mlﬂmmq@@tepamﬂxb@emnbw?ymhwathe sgope phthe pogsenhiaventionext . When
menory for an instance is allocated, it is indexed as being part of the

t ext ich al tori i.t. A straightf d h_ind |
he. RiesSopeci 1| AT ety WPorindeing st oy betRar nCBRRERS ' FReL
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ent e part B dorary ) Sheh Mty it S aEs en el Mrabi S Hocak Sl PRES xompt

t he ref er encdney ua¢dd &ff callBigtandatd udTEAR MoRhi®IE pocedures ah intt@hedilte
referenced variabl es can be exploited. This prevents redundancy that 15

woul d be redunreon wilkis ush@ thay pellsadt ialpedtom proatdireaptpoe pthereise] e
ref erenced parts of rrem)r&y. This agﬁr oach is illustrated ipn Figure 8A. Wen
tHe P1(45 |SPHNEECHEISy fregers e algepipd semesy 28 S8 B e Oh R IO HE

correspondi ng part of nenory 800, including both values and references.

Next , n one of j e . fi [ i 8B,

Next, when one, o Kbl ofLAL SRBSY SRR San 80, ekl 10%orc [E] o185,

val ues are liaferhegion fo EHReitGRNRIMNE tdodRext ArestORAHTESSs sdlZ thetddnpd:@ 6652

created as part of a parallel indexing schene 804 that keeps track of areas

in menory wsubsyseferierceedelltansbo identifipd endrtstiednumpin tdguepy, ev@nin case of
model changes elsewhere that affect the memory layout of those parts. The
preferred embodiment tracks the instances of model parts and the memory they

15 allocate, which is then assigned a unique identifier.

With the modularization of the numerical solvers, and the initiative to
increasingly apply object-oriented coding principles, the need for a more
distributed implementation has emerged. In this architecture, it becomes desirable
not to have a global index of pertinent memory, but to maintain this locally for

20 each object. A context sensitive object implements an access method to make its
context available. Several implementations are possible. For example, an object
could produce an index to each memory location that is part of the context and
have the streaming operation performed by the caller, or it could stream the

memory content itself.

25 This local indexing scheme supports selective memory restoration for parts
of the model (e.g., one subsystem only) as it is object based .Indexing the origin in
the model of context fragments, optionally combined with a conversion

mechanism between type implementations, allows restoration between platforms
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invention includes two indexi ng schenes with <address, size> triples, one
for the context related nenory with both values and references 800 and one
for the parts 25 of this mehory 802 that contain referénces. This

i mpl enent gfd SspsAkicpeys the exploitation of allocation caldrishesobsrpexi ng.
Al ternatively, the <address, size> triple in the nenory indexing schene

with references could be partitioned when one of these referenced vari abl es
is defined. This requires a sonmewhat nore sophisticated registration
mechanism In an alternate inplenentation, the nenory area is not 43 WO
2005/ 083618 PCT/ US2005/ 005505 dynam cally constructed but hard-coded as the
set of vari apHekiffensnt compilegaversions efmodelsntleis supmyts: eigndaxingg 2 senealer are

-i npl emented and used, i n _conjunction wth ne anot her. .Since the k arrays
of user defif %gl%ﬁﬁﬂyi%@a{iféﬂﬁawp%mt%u' Hﬂ’é)%‘é&o?}gﬁ‘&fl?? W@l %Bc@ﬁg‘ﬁti onal
effort isr [ f t ion
.schene as |§g‘§h§§1@\‘}g@§a@(@%ﬁ allrﬁz)acgiléc ar gﬁﬂf lr%lraggééﬁ’aatglﬁ:thg %ﬁc aéhg] c!Eagﬁlgﬁogice. For
exanpl e, theor i @n@bier, 19indak 3iBe ¢ORtdkD U HEtisizalRe YaMitralRireSdE.S _
ssSet NunCont St ates(S, NUM_ _ STATES), where S references the user-defined
system and NUM CONT_STATES the nunmber of continuous states. To facilitate
nmore fle%ibility, ThHOwpnobgte indefing being wsedy canvrabizecbamliselbacedkblaswartieabl es to

and fromfile is al sp,ir%{emented for user defined blocks. Due to the
i ndexi ng scelsgtedod hisperelatedio the eaupbing afithe £t16 the manedllgsation

restored, a C i is required to invoke th ndexi.n erati o and to
facilitate tﬁ%@s‘r}ﬁg"fﬁ% P é%?q?)?g CHRTES Wl%mf”ﬁfp%l?t %rgff’ a{%‘%?g?é"‘?ﬁ%‘f %‘éﬂ menory
that is partpgholforaRiheiiceliSaictafdd, itk LREAEEEs VERE pareUfThe Bbdcefk Whihi S
requested. It has to be indexed anew before each si gul ation 1s executed
because chandlessstrestotisy #xAcutightforayrdappeobdeindard all (ke BK45xpedfit f er ent

sol ver may have been chosen). The restoration process is inplenented around
t he mai 0si mae@eroaf thisopstance bo<adddyass, sinest tunlese Sivan thadaseorddsess v thode

:m glp reTtBt alt Btsl%.ﬁ%gu és%&r%%/b,@%glgéqsgl zl\gdef N;l ;q%%? ﬁmle’ en%rrrg lplaptfo% n’;c(inrrgllyl is? Ec?rzsidci'ec? gart

of the context.

In order to exempt the referencing part of memory, the memory allocation

call for the referenced variables can be exploited. This prevents redundancy that

15 would be required when the type definition would explicitly exclude referenced
parts of memory. This approach is illustrated in Figure 8A. When the RK45
instance is defined, an <address, size> tuple marks the corresponding part of
memory 800, including both values and references. Next, when one of the
referenced variables, x0, is defined, in Figure 8B, an <address, size> tuple is created

20 bthat marks the memory 802 where its values are located. In the same function, a
<address, size> tuple is created as part of a parallel indexing scheme 804 that keeps
track of areas in memory with references. Thus one implementation of the present
mvention includes two indexing schemes with <address, size> tuples, one for the
context related memory with both values and references 800 and one for the parts

25  of this memory 802 that contain references. This implementation allows the
exploitation of allocation calls for indexing. Alternatively, the <address, size> tuple
in the memory indexing scheme with references could be partitioned when one of
these referenced variables is defined. This requires a somewhat more sophisticated

registration mechanism. In an alternate implementation, the memory area is not
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i f( silLoadContext(nodel)) scSetTFinal (S, getCtxTFinalO; while (ssCGetT(S) <
ssCGet TFinal (S)) 30 sl CtxStore(nodel); /*store context for possible
continuation */ 44 WD 2005/083618 PCT/ US2005/ 005505 if (!stopRequested) {

ssSet St opRegueRiRsHS true ); errmsg = s1DoOut put AndUpdat gérmpeihacossos |
(errmsg !'= SL\ _NoError) return(errnsg); 5 return(errnsg); /* end

Si mul at eMbdel */ 10 Before a sinulation starts, it is determ ned whet her
the sinulation context needs to be restored by neans of a call to

sl LoadCont ext which is executed in the sane function call in cases where
the restore flag is set. Once the context is restored, sinulation fproceeds
as if i nvokelynamcatly constteted bunhardtendiedtdshe set @f warishiesohyt 4re patsofgher ed by
the sICtxStore call if.the StoreSinul ati (inContgxt flag. of the block diagram
is set by tWERePotyindexing schemes atgimpleRcRtsd andiused i eanjurctan¥iht ensi on

in one inpl eé’{%natrgﬂ'tl%n. The flow chart in Figure 9 depicts the
i npl ementation o e restoration 20 nmechanism The context indexing is

initiated when a nodel attribute simulationContext is not yet set. This is

to ensure that WgiRcethe QWISaas¥f et defifled AmictiRRULSHRE! th hidekddhaBblyy
i ndexed nenory is cleared and reasglggned. QO herwise, it would be appended

and the Sanmomaddiianal efforois yequingt do ake naexalgfingd hladk adhsiatg thengstorationf ti mes
(related to the nunper of times a.sinulatio run). sqon as 25 the
Cont ext i s vFVRER POE A1 Tl ara sty Brodsh (e Suldsbd iyérSacd R PREmite e
(e.9., becaygened afetRfe CRANfhdisQRRd vaidMdsas sSBPRMEiStatesfseset to indicate

that a new sinulation run may start. When a newrun is initiated, the first
cont ext redi NOM 4OMT| SLATED) whatd S raferences the user-defined system and

{ NUM_CONT_STATES the number of continuous states. To facilitate more flexibility,
10 an option for the user to stream selected variables to and from file is also implemented
for user defined blocks.

Due to the indexing scheme for the areas in memory that need to be stored and
restored, a mechanism is required to invoke the indexing operations and to facilitate the
context restoration. It is important to note that the memory that is part of the context is

15  all allocated when a simulation run is requested. It has to be indexed anew before each
simulation is executed because changes to the execution may have been made (e.g., a

different solver may have been chosen).

The restoration process is implemented around the main simulation loop as

20 shown in italics in the following code snippet:

int SimulateModel(siModel *model, CmdlInfo *cmdlinfo)
{

25 sm_SimStatus(model, SIMSTATUS_RUNNING);

if{ siLoadContext(model)) ssSet TFinal(S, getCixTFinal());

while (ssGetT(S) < ssGetTFinal(S)) {
30

J

siCtxStore (model); /*stove context for possible continuation*/
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30 ContextinitializationConplete, resets the index, and creates the first
<address, size> tuple. Consecutive allocation calls then conplete the
menory index, including the schene that indexes the parts of context nmenory
that cont g dspRiRignces i nstead of values. This functi dshdbslgssh€qui red
at all times (i.e., also when the context is not restore since it
facilitates context storage. A 45 WD 2005/083618 PCT/ US2005/ 005505

determ nation is then made as to whet her the user requested a sinulation
continuation, indicated by the | oadContext flag. If so, the node! checksum
that captures the nenory map of the nodel of the stored context is

val i dated a nd wHdlstopRequested) és with the checksum of the nodel to be
-sinul ated, the cont exisSesStOpReqie@tcd(® trlib);s is inportant because the nodel

menory map has to be gﬁxﬁ}gﬁgig Qb%oﬁé%%ﬁwda%(dﬁl del used to save the
c

sinmulation context. T n,si n_.lQop /s then executed and when
.conpl eted the present Fﬁﬂ}sgt'réﬂx W)f%“&}(f"frpgﬁ’ to file. It should be
noted that the context save has to be done before the sl DoQut put AndUpdat e
that foll ows because in case of a fixed step size, evaluating 10

sl DoQut put AndUpdadterifuirtasgite state of the discrete pulse generator to the
next point time, but restart continues fromthe current point. Figure 9
depi cts the,sgquenge of eps by which the sinmulation engine may restore
si mul at'tl n éM%%“ﬁﬂcﬁoecﬁ?e ecute. The sequence begins with the 15

| oadContext variable set to zero (step 920). A determnation is nade as to
whet her a st or edPYPiaA SENPISHOR slatte it is dsteppinpd Mbether thesapulaton confext pagds | s

avai | abl e, the ri [ t he
restoreSinulatFg#%%%@%§%§4@§%$gtgghﬁ§S?é%ﬁpgﬁgéﬁg cﬁﬁiéﬁgagé%ﬂng%&%ariable
(step 926). |f fit@ionshiliil estOnhas tlexesturrfiaglik geti Onteths@teksisest@y), nenory
i s assigned (stegﬁ928). 20 Next, the simnulationContext nenpry_ is |oaded
(step 930) ardmBleHen pregesdses #f inyoked nogaaliyn @nre coraplsted, the dyleyerd mempxy i he
simul athen c r ' -af i 3).
The si mirat | Seaen BeRCRET e AL hE S T B SR EL MM BB ) e
user's wi shes (sdeeby h3dperdThecoiiaads etitthieto Hfilearith an méx BiteadioOn dE
interactively. If the simulation context is to be saved, it is saved (step
25 934) and the sinul ati onContext vampkpieataigBet to NULL (step 936) while
freeing

The flow chart in Figure 9 depicts the implementation of the restoration
20 mechanism. The context indexing is initiated when a model attribute
simulationContext is not yet sct. This is to ensure that when a new simulation run
is requested, the originally indexed memory is cleared and reassigned. Otherwise, it
would be appended and the same area in memory would be indexed an increasing
number of times (related to the number of times a simulation was run). As soon as
25  the context is written to file by siCtxStore, or in case of another exit path (e.g.,
because of error conditions) simulationContext is reset to indicate that a new

simulation run may start.

When a new run is initiated, the first context redirected allocation call resets
30 ContextInitializationComplete, resets the index, and creates the first <address,
size> tuple. Consecutive allocation calls then complete the memory index,
including the scheme that indexes the parts of context memory that contain
references instead of values. This functionality is required at all times (i.e., also

when the context is not restored) since it facilitates context storage. A
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t he assigned nenory. If the sinulation context is not being saved, the
sinul ati onContext value is still set to NULL ( step 936). The restored
sinmul ati on context may be/used to run nmultiple analyses froma 30 conmpn

r epr oduci 9,1';@#; o test alternatives. The restored si | text 46
WO 2005/ Og@g’l@‘ S2005/ 005505 may be used to run thepg*/?éiroﬁg?q%%

anal yses sinultaneously in parallel. In other enbodinent, the sinulation
context may be used to update a construction nodel. The restoration of the
simul ati on context saves significant tinme over previous sinulation nethods
by ensuring accuracy despite not having to re-run a sinulation 5 for
transitory deteinninhiieh iztheh emdetaage svintha the msdratioestedivkintythtéorsi mul at i on
contexts may al so be saved froma running_ sinulation w thout stopping the

si mul ati on edniuatienpindigated hyetbadepd{eontet fagh&f sa, the ¢rade! dierdinpiat The
illustrative enbodi ment of th%ﬁgresecmﬁ){, ventian enabl.egaﬁai mél atign of a

wi de vari et SAPEIres (i BGEOL, Jap O te mqage stored qoptgd dspligisdiang ns. 10
I n anot her ir: a } i VeI S react i .S optim zed.
|1 epother SERAMNEE R hINAEH A0 oflac BYBE SRFERR e, ot ze

di recti ons” yedfored MRS isShiplofrah€BEahi 1R GAHACI3he By AAfthad koTHE @bmPRtblE e i N
the state array, i.e., the next two reactions to be sinmulated are Ce -> Br
and Br -> Geith\thenoflthe tohodk:] asselncssavd didsimedationormtarte Blid ppi@dimalatios t hey
cancel one another out. Usi ng wel | -known code optim zation techniques, this

concept mayloep iefrenteduied apf vden @mpieicd the peesebhymuRion ¢SGRt heyiitteancel
one another out, .e.g., ->Br, Br->Pb, Pb- >Ce. Referrin ain to FIG 1,
the resul tst(b@r‘?elléflg‘ﬁfﬂgﬁméc%#}?ﬁlﬂﬁ ?%CWQY‘??EaSltfgb%ﬁg}n%geé%Oﬂlﬁs_ed by an
anal ysi s engpyy %BEA&@@”%%&%] dﬁt%!;lov?m&q{lgﬁﬁﬂ Gse bPE ﬁﬁ&ﬂ%g 5% e ERMIaARgENt 130
operates directly*on a el to, for exanple, generate a steady-stat® val ue

for a nogel ahoGypueimdUpdeaguaftheistiit of thrgdildreregyiicofBnetNos@heGlext hese
enbodi ments, the analysis tool 120 does this by setting the derivative of
al| dif f er epoinaltineg et restest cantinms frosmthe qgramtgoistyst em al gebraically. In
ot hers of these enbodi nents, the analysis engine perfornms a flux 25 bal ance
analysis, as is known in the art, to determ ne the steady-state value of a

system Figure 9 depicts the sequence of steps by which the simulation engine may

restore simulation contexts and then execute. The sequence begins with the

15  loadContext variable set to zero (step 920). A determination is made as to whether
a stored simulation context is available ( step 922). If one is available, the
loadContext variable is set to one (step 924). Next, the restoreSimulationContext
variable is set to equal the loadContext variable {step 926). If the
simulationContext variable is not set (step 927), memory is assigned (step 928).

20 Next, the simulationContext memory is loaded (step 930) and confirmation of the
loading is made ( step 931). If the simulation context has been restored,
simulation takes place (step 933). The simulation context may be saved following
simulation depending upon the user’s wishes (step 933) determined either prior to
simulation or interactively. If the simulation context is to be saved, it is saved (step

25  934)and the simulationContext variable reset to NULL (step 936) while freeing
the assigned memory. If the simulation context is not being saved, the

simulationContext value is still set to NULL ( step 936).

The restored simulation context may be used to run multiple analyses from a

30  common reproducible point to test alternatives. The restored simulation context
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O her wel |l -known forns of analysis that nay be enpl oyed by the analysis
environnent 120 include using non-linear solvers, sensitivity analysis,
bi furcation anal ysis, paranmeter scans, paraneter estimation and network

i nference RpahysiisSe1s The result of these anal yses maybe pepykAedadstst e
simul ati on engine 120 as input for its calculations. 47 Vg) %05/%83618

PCT/ US2005/ 005505 The anal ysis environnent 130 nay further process the
results generated by the sinmulation engine 120 or it may display the results
visually or auditorially. For exanple, the analysis environment 120 nmay use
graph visualization techniques to identify to a user simlar pathways. In
sone enbodi n@ay bemsed oy diesalternative nngliites sBoulitanconslyde pasallelh Igazthcls

Srvi v onent FBOLBRRECHHR NG SEREAUY Ok o UEIS SpBRBAGA Riodeht a. | n
h nmbodi - f ' ' 1.S: d
correct or gonerat bR shRle fitfyich AR AP GO BRI RS L 1

sonme embodi NG dohemeRRk byRAkurisy 5&&94&9&&&@@ BV RS FaMnd siful AR
chip. For exanple, if the existence of a given proteinis predicted by a

nmodel but5 dafoa tihsiaeguiriediafizaion heges b arsimehtion N M ekiphssitiuddtioh@npaxed ei n
does not exist, the analysis tool 130 nmay signal a user, either
audi t ori al | ymey alsp émaﬁpvqﬁ,/ fremer raniméng simsilatiorewpgbeinsappiagdhe sienyateeli dred

response differ. For, enbodi nents,in which the. experinent.is gongducted.on a
i oroarray. | DR ERERNIIRS RSt BPTY Or i e AT ST S TG

' ot hor o of TESEAT kEhfih Thsoie B AUERIEE: iR U PROb iR B SIEDEC oral

di fference i fimiteg t6 @dinfe-biR@ o didk@ni¥l crowel | differs fromthe nodel's

1

pr'edi cted response. In sone enbodinents, the anount of tolerable difference
bet ween thhe in situ experinent and the predicted result is
user-configurable. In other enbodinments, the analysis tool transmts the
gathered data to {he del i gg envirqnnent 110 so that the, nodel ma%gg

modi fied to accout2iher pubafiniteticsimplagion of reyesabledfpdinnmisRROMZEd: he

anal ysi s envi phi di A% gi_(fﬁ I t of the
experi ment a%é%%g?gbéggﬁgétgﬁ&F%g# %‘ﬁ%‘ %@pe_ﬂ &%2?3 %‘g{eheerr g)r%?g{‘)di nments, the
data acqui si Hiredtidiar GrarevepdibWeadtin GRat ¥sihe shivRlsithBlati6ARMMOIn AR sexper i ment
that is in progress based on the results generated by the sinmulation engine
120. These entragiirenhs naayrwiereasidnsl toibe stankiredigtei On --0Br nad @ras KienéWhen| n
t hese 25 enbodi nents, a nodel may call for in situ tenmperature to_be at 102
degr ees Far efltigpecurs,fbogh reactions are skipped, since they cancel one another out. Using
well-known code optimization techniques, this concept may be extended to three
or more reactions that, together, cancel one another out, ¢.g., Ce->Br, Br->Pb, Pb-

>Ce.

Referring again to FIG. 1, the results generated by the simulation engine 120 may be
20 used by an analysis environment 130. In other emboduments, the analysis environment 130
operates directly on a model to, for example, generate a steady-state value for a modeled
system instead of simulating the system. In some of these embodiments, the analysis tool
120 does this by setting the derivative of all differential equations to O and solving the
system algebraically. In others of these embodiments, the analysis engine performs a flux-
25 balance analysis, as is known in the art, to determine the steady —state value of a system.
Other well-known forms of analysis that may be employed by the analysis environment 120
include using non-linear solvers, sensitivity analysts, bifurcation analysis, parameter scans,
parameter estimation and network inference analysis. The result of these analyses may be

provided to the simulation engine 120 as input for its calculations.
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t her rocoupl e neasuring tenperature of the in situ environnent indicates that
the tenperature has fallen below 102 degrees Farenheit, nore heat may be
applied to the experinment. Data acquisition hardware nmay include any of a
nunber of [y Miedsgsdevi ces 30 conpatible with the conputpagyuRleasbddREd
executing the |ntegrated nodel i ng, simulation, and analysis environnent
100. For exanple, in enbodinents in which the environnent 100 48 WD

2005/ 083618 PCT/ US2005/ 005505 executes on a personal conputer, the data
acquisition hardware interfaces with the local system bus 220. In

enbodi nents such as those shown in FIG 2B, the data acquisition hardware

interfaces with thbe mabsisErarensent 1Hmay Mbﬁdﬂm@tb@@whgenﬁﬁteﬁbBﬁWd The

That use Gpr ool BERELA oA P AR GRSl isdat A R P BB R O
the systens mysmb@@lﬁn@mmﬁ PiASEEh VisbRALbR ReA s R Rentifg Rpptlcbed above

as executing on a single machine ey may al so be used in a client- server
envi ronment sioglar pathwayey rdsonws amboilireentsdlé ma]lisrsrmwahmwt V3 Giperfadisavithrdatdel i ng

envi ronment 110, .sinul ati on engi ne , apa nvi ronnment 10 may
each execut el MM ‘f’r&%ﬁ?ﬁgg m éﬁ?tlm’gl h’&y ‘ﬁ%t?’ @%%?né’ﬂomﬁe“éig&o

conbi nati on Q@rﬁ%ﬁ@ﬂls%@ﬁéﬁé@@ﬁewlﬁ%t éﬁ@%ﬁh&atal'dﬁtao REhBR! dphtsodlRént S BRL gét the
nodel i ng envi r ohnment and the analysis environnentO 130 exécut & on a
"client" rraclﬁnmamﬂmgbmgbﬂqmnmemﬂsasaddncmagt mr@eﬂmetstmwiebnf the fegetronahdt israchi ne.
In these enbodi nents, e cor’rgl be connecte a nunber of

network 15 t8f‘f6‘%‘b§%§mﬂ SO 5 rexpmmqq K§op j BICTOPHRY et wor k
can be a loc AR MaNyia Or a
Wi de area ne?&n FOP%{M@&QEQE% tg&f:%?aegﬁa%ﬂoﬁghs egﬁcrtﬂ? ect %Sc\l/eg corrglut ers
ey conné@t amqlmﬂaé f.rormahw:mcnmsﬁt md!wamghat ﬁie\mmtemtdpemm@mhémtanaimss ionbl&@dl ng

standard tel ephone lines,.. LA AN I| s ( T3, 56

br oadband coPRESIEBAUSET ST a@% Eﬁ?ﬁrm Sl&hﬁpﬁ@g‘}t@g@b@@ %dl ons.
Connecti ons ¢aBoRE dffk. aﬁéﬂeﬁiﬁ%ﬂméﬁ% 1Hgvh?ch‘ﬂ?eréx‘géﬁﬁné]:& ICQIREALESE 4 APl ocol s
(e.qg.; TCP/IP, 1PX, SPX, NetBIOS, NetBEU MB, Ethernet, ARCNET, FIber

Di stributed Da{@therﬁdeiafaan@ c(lﬁ’@l]lbe)weenﬁﬁaﬁﬁ';alld EEE;tes@anliddmbﬁEElmalym&moll EE

802. 11b, | EEll_:na%%%er:?liéegthe value of tﬁe gathered data. In others of these embodiments, the analysis

15  environment 130 may signal a difference if the data from a single microwell differs from the
model’s predicted response. In some embodiments, the amount of tolerable difference
between the in situ experiment and the predicted result is user-configurable. In other
embodiments, the analysis tool transmits the gathered data to the modeling environment 110
so that the model may be modified to account for the difference. In still other embodiments,

20  the analysis environment 130 graphically displays the expected result of the experiment and

data gathered from the experiment.

In other embodiments, the data acquisition hardware allows the analysis tool to
control an experiment that is in progress based on the results generated by the simulation
engine 120. These embodiments may be useful in construction of nanomachinery. In these

25  embodiments, a model may call for in situ temperature to be at 102 degrees Farenht;it. Ifa
thermocouple measuring temperature of the in situ environment indicates that the
temperature has fallen below 102 degrees Farenheit, more heat may be apphed to the

experiment.

Data acquisition hardware may include any of a number of hardware devices
30 compatible with the computing platform executing the integrated modeling, simulation, and

analysis environment 100. For example, in embodiments in which the environment 100
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asynchronous connections). 25 An enbodi nent of the present invention relates
to a conputer storage product including a conputer-readabl e nedi um havi ng
conput er code thereon for pérformng various conputer-inplenented

oper at i onawodnse8®ds a and conputer code may be those spasi/gdlys@essgned and
constructed for the purposes of the present invention, or they maybe of the
kind well known and avail able to those having skill in the conputer software
arts. 49 Exanpl es of conputer-readable nedia include, but are not limted
to: magnetic nedia such as hard disks, floppy disks and magnetic tape;

optical nedia such as CD , CDR/R\N di.s¢s, DROVB DVD- nd
hol ogr aphi ¢ e&amlf'@é@ ﬂmﬁgﬁamam |daﬁ@aff1‘aﬂ§w are ftes fcpewjth @Fwi%éﬁ
“solid-state § r t

Mul ti Medi a Cgﬁgﬁﬂug%@ Qﬁawgﬁgg%%r flg\l/\grzggﬁw cescaﬁﬁat are
special ly  dardwageinsafie \mﬂoﬁleHyp&Tﬁmqmlﬁs,ﬂmpgi HDbag e InfBildndaThe data

rapplication-specific integrated circuits "ASI Csdg field- programrabl e gate
arrays (FPG@&WSlﬁﬂ%Q?@Wﬁ@@%Cﬂ@Q@C&%‘ﬂf@ ggtnexnmw expertpens Byt PsisibBi es

("ROVE")  ranhd asa programuabl e read only
menori es (" %55 %ﬁgﬁ&ggﬁ@@ ié)l)ﬁ %y}ﬁétaﬁa%‘(ejlﬁambl e read only
nMenori es ( EEPROVS") . Exanpl es of corrputer code that may be enbodi ed on such
conmput er - r eadabl eay tﬂ&% a
conpiler, and files c l?g%&& &fj& 33&%9 gﬁegégggg‘gtgﬁé%d by a

conput er usidwgcived iﬁcﬁfcm@%&@mm n:ﬁéiﬂ@lﬁhﬁachﬁﬂ: tigynady aROtheaised hiea thergnt i on
may be i nplenented using Java, or ot her Obj ect-oriented progranm ng

| anguage ancﬁﬁd\W@h‘e)lpmm:mt oehss XBWuwmm@smaemmmﬂnaSSw&moﬁbos

Appendl X A <?x versi.on="1. encodi ng="UTF-

name=""Fi el dKBPBEIRS EXYiERpTRens 7 1107 Siotatoh epsing fﬁ”eﬁf’&i-%{@ulYéls*-%%@“&BH%i‘o of BZ
React i ongy hiZay eact! AREGSY &Saratc Tna88htS RREhA S Rabe GELIBAAN ARy 2" >

<t head>

combination between machines. For example, in one particular embodiment, the
modeling environment 110 and the analysis environment0 130 execute on a
“client” machine while the simulation engine executes on a “server” machine. In
these embodiments, the computers may be connected via a number of network

15  topologies including bus, star, or ring topologies. The network can be a local area
network (LLAN), a metropolitan area network (MAN), or a wide area network
(WAN) such as the Internet. And the respective computers may connect to the
network 180 through 2 variety of connections including standard telephone lines,
LAN or WAN links (e.g., T1, T3, 56 kb, X.25), broadband connections (ISDIN,

20  Frame Relay, ATM), and wireless connections. Connections can be established
using a variety of communication protocols {e.g., TCP/IP, IPX, SPX, NetBIOS,
NetBEUI, SMB, Ethernet, ARCNET, Fiber Distributed Data Interface (FDDI),
RS232, IEEE 802.11, IEEE 802.11a, IEE 802.11b, IEEE 802.11g and direct

asynchronous connections).

25 An embodiment of the present invention relates to a computer storage product
including a computer-readable medium having computer code thereon for performing
various computer-implemented operations. The media and computer code may be those
specially designed and consiructed for the purposes of the present invention, or they maybe
of the kind well known and available to those having skill in the computer software arts.
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- <tr> <th align="left" valign="m ddl e" becol or="#eeeeee">Citation</th> 10
</tr> </thead> - <tbody> - <tr> - <td> 15 R 3.Field and

R M Noyes, 3. Chem Phys. 60, 1877 (1974) ; R 3.Field, E. Koros, R M Noyes, 3ACS
94,8649 (1972); R 3.Field, R M Noyes, Nature 237,390 (1972) This

I npl ementation is taken manufactured by 3.13. Murray, "Mathenmatical

Bi ol ogy" (1989) page 181. <a href="" /> 20 </td> </tr> </tbody> </table>
- <tabl e border="0" celispaci ng="0" cell paddi ng="2"> 25 <thead> - <tr> <th
align="left" valign="m ddl e" becol or ="#eeeeee">Description </th> </tr>
</thead> IRamplsdfcomputerreadabliztRedia thehidydsit skemot bnited td3ahagnstiomedia alht | nsky

I
or 1 (denogsBaVD-ROsDVD-RAMSENH hologfapHie deVités? maphtBpiival iddiaich3s
floptical disks; solid-state memories such as flash drives, memory sticks, xD cards,
'MultiMedia cards, and Smart Media cards; and hardware devices that are specially
configured to store and execute program code, such as application-specific integrated circuits
("ASICs™), field-programmable gate arrays (FPGAs), programmable logic devices ("PLDs"),
read only memories ("ROMSs"), random access memories ("RAMSs"), erasable
programmable read only memories ("EPROMs"), and electrically erasable programmable
" read only memories ("EEPROMS")

Examples of computer code that may be embodied on such computer-readable
media include machine code, such as produced by a compiler, and files containing higher -
level code that are executed by a computer using an interpreter. For example, an
embodiment of the invention may be implemented using Java, C++, or other object-oriented

programming language and development tools.
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- <table border="0" cellspacing="0" cellpadding="2"> 40 <thead> - <tr> <th
align="left" valign="m ddl e" becol or="#eeeeee">Rate constant </th> <th
align="left" valign="m ddl e* becol or =" #eeeeee">Reaction</th> </tr> 45
</thead> wo<glsmdyets- <tr> <td>ki = 1.3</td> <td>Br + BrESrus20biiscdss+
HOBr</td> 51 WO 2005/083618 PCT/ US2005/ 005505 </tr> <tr> <td>k2 =
2000000</td> <td>Br + HBrQ2 -> HOBr"2</td> 5 </tr> <tr> <td>k3 = 34</td>
<td>Br03 + HBr02 -> Ce”2 + HBr QRA2</td> </tr> 10 <tr> <td>k4 = 3000</td>
<td>HBr OQ2A2 -> Br03 + HOBr</td> </tr> - <tr> 15 <td>kS = 0.02</td> <td>Ce

-> BrAf</td> </tr> </tbody>
' ' oy Appendix A

<?xm! version="1.0" encoding="UTF-8" 7>
- <model name="FieldKorosNoyesModel">
- <notes>
5 <hi>Field-Koros-Noyes Model of BZ Reaction</h1>
- <table border="0" cellspacing="0" cellpadding="2">
- <thead>
- <tr>
<th align="left" valign="middle" bgcolor="#eeeeee">Citation</th>
10 </tr>
< /thead>
- <thody>
-~ <tr>
-~ <td>
15 R.).Field and R.M.Noyes,]).Chem.Phys.60,1877 (1974) ;
R.J.Field, E.Koros,R.M.Noyes,JACS 94,8649 (1972);R.1.Field,
R.M.Noyes,Nature 237,390 (1972) This implementation is taken

manufactured by J.D. Murray, "Mathematical Biology" (1989) page 181.
<a href="" />

20 </td>
</tr>
</tbody>
</table>
- <table border="0" cellspacing="0" ceilpadding="2">
25 <thead>
- <tr>
<th align="left" valign="middle" bgcolor="#eeeeee">Description</th>
</tr>
</thead>
30 <tbody>
- <tr>
<td>Field Noyes Version of Belousov- Zhabotinsky Reaction. BrO3 is held
tonstant; HOBr is typically ignored, and can be replaced by an empty- set.
The stoichiometry § is typically taken as 1/ 2 or 1 (denominator 1 or 2 in
35 SBML) .</td>
</tr>
</thody>
</table>
- <table border="0" cellspacing="0" cellpadding="2">
40 <thead>
- <t{r>
<th align="left" valign="middle" bgcolor="#eeeeee">Rate constant </th>
<th align="left" valign="middle" bgcoior="#eeeeee">Reaction</th>
</tr>
45 </thead>
- <tbody>
- <tr>
<td>kl = 1.3</td>
<td>Br + BrO3 ~> HBrO2 + HOBr</td>
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</table> 20 <table border="0" cellspacing="0" cellpaddi ng="2"> - <thead> -
<tr> <th align="left" valign="m ddl e" becol or="#eeeeee">Vari abl e</th> <th
align="left" valign="m ddl e" becol or ="#eeeeee">I C </th> 25 <th align="left"

val i gn=" mlglh8os08s639! or =" #eeeeee" >ODE</th> </tr> </t heaglerysrodh@eis> - <tr>

30 <td>Br</td> <td>0.003 </td> <td>Br'[t] == -(kI*Br[t]*Br03(t]) +
f*k5*Ce[t] - k2*Br(t]*HBrO2[t]</td> </tr> - <tr> 35 <td>Ce</td>
<td>0.05</td> <td>Ce'[t] == -(k5*Ce[t]) + 2*k3*BrO3[t]*HBr0O2(t]</td> </tr>
- <tr> 40 <td>HBr 2</td> <td>0.001</td> <td>HBrQ2'[t] == kl*Br[t]*Br03[t]
- k2*Br[t]*HBrQ2[t] + k3*BrO3[t]*HBrQ2[t] - kd4*HBrQ2[t] A2</td> </tr> 45
<tr> <td>H®EM td> <td>0</td> <td>HOBr'[t] == kI *Br[t]*Br0O3[t] +
2*k2*Br[rI<ﬁBr02[ti + k4*HBr Q2[ t] A2</td>
<td>k2 = 2000000</td>
<td>Br + HBr0O2 -> HOBr~2</td>
5  </tr>
- <tr>

<td>k3 = 34</td>
<td>BrO3 + HBroO2 -> Ce~2 + HBro2/~2</td>
</tr>
10 <tr>
<td>kd4 = 3000</td>
<td>HBrO2.2 -> BrO3 + HOBr</td>
</tre
- <tr>
i 15 <td>k5 = 0.02</td>
<td>Ce -> BrAf</td>
<ftr>
<ftbody>
</table>
20 <table border="0" celispacing="0" cellpadding="2">
- <thead>
- <tr>
<th align="left" valign="middle" bgcoior="#eeeeee">Variable</th>
<th align="left" valign="middle" bgcolor="#eeeeee">IC </th>
25 <th align="left" valign="middle" bgcolor="#eeeeee">0DE</th>
</tr>
</thead>
- <tbody>
- <tr>
30 <td>Br</td>
<td>0.003 </td>
<td>Br'[t] == -(k1*Br[t]*BrO3{t]) + f*k5%Ce[t] - k2*Br[t]*HBrO2[t]</td>
</ftr>
- <tr>
35 <td>Ce</td>
<td>0.05</td>
<td>Ce'[t] == ~-(k5*Ce[t]) + 2*k3*BrO3[t]*HBro2[t]</td>
</tr>
- <tr>
40 <td>HBrOo2</td>
<td>0.001</td>
<td>HBro2'[t] == k1*Brft]*BrO3[t] - k2*Br{t1*HBro2{t] +
k3*BrO3[t]*HBrO2[t] - k4*HBro2[t] 2</td>
</tr>
45 <tr>
<td>HOBr</td>
<td>0</td>
<td>HOBr'ft] == k1*Br[t]*BrO3[t] + 2*k2*Br[{t]*HBrO2{t]
+ k4*HBro2[tj~2</td>
50  </tr>
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50 </tr> 52 WD 20051083618 PCT/ US2005/ 005505 </tbody> </table> </body>
</notes> 3 <listCO Conpartnents> <conpartnent name="Bz" /> </I|I|stCO Conpa
rtments> - <listOf Speci es> <$pecie name="Br" initia)Amunt="0.003"

conpar t menty)Bgosesidigboundar yCondi ti on="f al se" /> <speci ePEHHBB0HPUIH05
inltial Amount="0.1" conpartnent="BZ" bou ndaryCondition ="true" /> <specie
nanme="Ce" initial Anbunt="0. 05" conpartnent="BZ" boundaryCondition="fal se"
/> 15 <speci e name="HSr02" initial Anount="0.001" conpartnment= "U"
boundaryCondi ti on="fal se" /> <specie nanme="HOBr" initial Amount="0"

conpar t ment =" Bpoghoundar yCondi tion="fal se” /> </1i st species> 20

<l'i st Of React i ghigpe> <reaction name=" Reactionl " reversible="false"> -

<li st O React ag??gd <speci eRef erence specie="Br" /> <specieReference

speci e="Br 3" />

gS </listOF Reactants> - <listO Products> <speci eRef erence
H p— | ) ll</ te >
speci e= HBgQ<

ist %ﬁom?%?t%:én%ggference speci e="HOBr" />

<compartment name="BZ" />
</listOfCompartments>
- <listOfSpecies>
<specie name="Br" initialAmount="0.,003" compartment="BZ"
10 boundaryCondition="false" />
<specie name="BrO3" initialAmount="0.1" compartment="BZ"
boundaryCondition="true" />
<specie name="Ce" initialAmount="0.05" compartment="BZ"
boundaryCondition="false" />
15 <specie name="HBrO2" initialAmount="0.001" compartment="BZ"
boundaryCondition="false" />
<specie name="HOBI" initialAmount="0" compartment="BZ"
boundaryCondition="false" />
</listOfSpecies>
20 <listOfReactions>
- <reaction name="Reactionl1" reversible="false">
- <listOfReactants>
<specieReference specie="Br" />
<specieReference specie="BrQ3" />
25 </listOfReactants>
- <listOfProducts>
<specieReference specie="HBro2" />
<specieReference specie="HOBr" />
</listOfProducts>
30 <kineticLaw formula="Br*BrO3*k1">
- <listOfParameters>
<parameter name="k1" value="1.3" />
J_ </listOfParameters>
' </kineticLaw>
35 </reaction>
- <reaction name="Reaction2" reversible="false">
- <listOfReactants>
<specieReference specie="Br" />
<specieReference specie="HBro2" />
40 </listOfReactants>
- <listOfProducts>
<specieReference specie="HOBr" stoichiometry="2" />
</listOfProducts>
- <kineticLaw formula="Br¥*HBrO2¥k2">
45 <listOfParameters>
<parameter name="k2" value="2000000" />
</listOfParameters>
</kineticLaw>
</reaction>
50 <reaction name="Reaction3" reversible="false">



</listOProducts> 30 <kineticLaw fornul a="Br*Br03*kl"> - <listO Paraneters>
<par aneter name="kl" value="1.3" /> </tistCO Paraneters> </kineticLaw> 35
</reaction> - <reaction nane="Reaction |" reversible="false"> -
<listf Rea eci eRef erence specie="Br" /> <speci eReference specie
=" HBr 02" /gt@%é‘@slﬁﬁgt Of React ant s> - Io<I i st Of Product s>p<sd’§3(‘éﬁ§é‘}5§’9%‘ﬁﬁg
speci e="HOBr" stoichionetry="2" /> </listOProducts> - <kineticlLaw
formul a="Br*HBr 02*k2"> 45 <li st O Par anet er s> <par anet er nanme="k2"
val ue="2000000" /> </listOf Paraneters> </kineticLaw> </reaction> 50
<reaction nane="Reaction3" reversible =lalse"> 53 WO 2005/ 083618
PCT/ US2005« 388 Emctantst | st OF React ant s> <speci eRef erence speci e="Br03" />
<speci eRef espmizRefarentespddR=0Bi0OB> /></1i st O React ant s> 5 <l i st Of Product s>
<speci eRef esmnizRetgrestespeCa="HBroRMi/omet ry="2" /> <speci eRef erence
speci e=" HBr OZ/listEifRb&dta Bt r y="2" />
5 «listOfProducts>
<specieReference specie="Ce" stoichiometry="2" />
<specieReference specie="HBr0O2" stoichiometry="2" />
</listOfProducts>
~ <kineticLaw formula="BrO3*HBrO2*k3"-
10 <listOfParameters>
<parameter name="k3" value="34" />
</listOfParameters>
</kineticLaw>
</reaction>
15 <reaction name="Reaction4" reversible="false">
- <listOfReactants>
<specieReference specie="HBro2" />
< flistOfReactants>
- <listOfProducts>
20 <specieReference specie="Br03" />
<specieReference specie="HOBr" />
< /listOfProducts>
- <kineticLaw formula="HBro2,2*k4">
- <listOfParameters>
25 <parameter name="k4" value="3000" />
</listOfParameters>
</kineticLaw>
<freaction>
- <reaction name="Reaction5" reversible="false">
30 <«listOfReactants>
<specieReference specie="Ce" />
</listOfReactants>
- <listOfProducts>
<specieReference specie="Br" stoichiometry="1" denominator="2" />
35 </listOfProducts>
- <kineticlaw formula="Ce*k5">
- <listOfParameters>
<parameter name="k5" value="0.02" />
<parameter name="f" value="0.5" />
40  </listOfParameters>
</kineticLaw>
</reaction>
</listOfReactions>
</model>
45  </sbmli>



<Jli st Products> - <kineticLaw formul a= "Br03*HBr 02*k3"> 19

<listOf Paraneters> <paraneter nanme="k3" value="34" /> </listO Paraneters>
</ kineticLaw> </reaction> 15 <reaction nane="Reaction4" reversible="fal se">
- <listO Reactant s> <speci eReference specie="HBrQ2" /> </|istO Reactants>

- <listOProducts> 20 <speci eReference specie="BrG3" /> <specieReference

speci e=" HOBr{ </[listOProducts> - <kineticLaw fornul a="HBr02"2*k4"> -
<listCf Para‘rr%iéév@% 25 <paraneter nane="k4" val ue="3000" /> </listOPa ra m

ete rs> </kineticLaw> </reaction> - <reaction nane="Reacti ons"

reversi bl e="f al sg" 0 | st Of React.ant s> < ci.eRef erence specie="Ce" />
1 bt O React ant boA sy L )GB: BATRYIOE » Bt P kP e BRGpucE v

stoi chionetry="1" denom nator="2" /> 35 </listOProducts> - <kineticlLaw
formul a= " GOMPEISKIE: - <| | st OF Par anet er s> <par anet er nane="k5" val ue="0.02" />

a simulation engine (120) generating a result from executing the model of

5 the biological process; the system further comprising:

an analysis environment (130) that is in communication with the
simulation engine, the analysis environment automatically gathering data directly from
an in situ experimental device on which an ongoing in situ experiment of the biological
process is conducted, and automatically comparing the generated result to the data
10  gathered from the experimental device, the model of the biological process being

modified based on the comparison in order to correct the model of the biological process.

2. The system of claim 1 wherein the analysis environment outputs results of

analysis performed by the analysis environment.

3. The system of claim 1 wherein the analysis environment includes a graphical
15 display for displaying at least one of the result generated by the simulation engine or the

data gathered from the experimental device.

4. The system of claim 1 wherein the analysis environment determines a
difference between the result generated by the simulation engine and the data gathered
from the experimental device and generates an event when the difference between the

20 result and the data exceeds a predetermined threshold.

5. The system of claim 1 further comprising a modeling environment for

constructing the model of the biological process.
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<par aneter name="f' value="0,5" /> 40 </1listC Paraneters> </kineticLaw>
</reaction> <JlistOReactions> </nodel> 45 </sbm > 54 CLAIM5S 1. A system
(100) for nodifying a nodel of a biological process, the system conprising:
a sinulation engine (120) generating a result from executing the nodel of 5
t he bi ol ogi cal process; the systemfurther conprising: an analysis

anal ysis envi rontent ot skt ST SRR B el en Sl bBRCELE' T o1 (0

experinmental device an i ch an ongoi in sifu experinent of the biological
process is FAPRERINEEF Intg C%&raﬁﬁprle&ﬁﬂga%eﬂepaﬁsrﬁc rﬂ@ﬁ%&ﬂrdéfaeta PRt to
the data 10 gathered fromthe experinental device, the nodel of the

bi ol ogi cal theoweskofsbe hiplogiead ipfdcess. based on the conparison in order to
correct the nodel of the biological process. 2. The systemof claiml
wherein the anal ysis environnent outputs results of analysis perforned by

the anal ysi s envi.r thereistem 3f cldines sshsteirmhefangllysis envirosngone isnn icb@nanédayien s
envi ronnment includes a graphical 15 display for displaying at | east one of

the resul t gapeAh6akIRY chPorihd! ation engine or the data gathered fromthe
4° T

experinmental devi ce. he system of claim1l wherein the analysis

environnent determnes a difference between the result generated by the
si mul ati on engin d the data gathered, fr t he .exper.i t devi ce and
generates an event ?ﬂv\%@ﬁpwgp%}%ﬁ ZWQ\%%H @&a\%@nﬁgfﬁ‘g%l’%ﬁﬁﬁ ggaﬁﬁr@tsatﬂgﬁ he data
exceeds a predeterm ned threshold. 5. The élystem_ of clﬁgi m1l further

conpri si ng Bofelmg oAt thedan gathered tioghtde expsrmegntaldevicedel of t he
bi ol ogi cal process. 55

9. The system of claim 8 wherein the modeling environment uses the transmitted

data to refine the model of the biological process.

10 10. The system of claim 1 wherein the analysis environment gathers data from a

microarray.

11. The system of claim 1 wherein the analysis environment gathers data from a

gene chip.

12. A method for modifying a model of a biological process, the method

15 comprising:
accessing the model of the biological process; and

generating a result from an execution of the model of the biological

process; the method further comprising:

automatically gathering data directly from an in situ experimental device

20 on which an ongoing in situ experiment of the biological process is conducted,
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6. The systemof claim5 wherein the nodeling environnent includes a

graphi cal user interface for accepting at |east one of user conmands or data
to construct the nodel of the biological process. 7. The systemof claimb5
wherein the analysis environnment is in comunication 5 with the nodeling
environment. 8. The system of claim7 wherein the anal ysis environnent

experi montal dovi co. - SroRRASIY AR wh BEnct 8 ABIIFHE A Bl fom

environnment _uses the transmtted data to refine the nodel of the biol ogical
process. 10h¢EXPefRentd) degitedindc| ai m 1 wherein the anal ysis environment
gathers data froma mcroarray. 11. The systemof claim1l wherein the

anal ysis environnent gathers data froma_ gene chip. 12. A nethod for

nodi fyi ng a nodel of &odifypsdhempde) obthediologival nra¢assbased on dhgwampgrigen to
accessing the nodel of the biological process; and generating a result from
an execut i ocorogct theencdetief thebidltgcdlipadoass. cal  process; the nmet hod further
conprising: automatically gathering data directly froman in situ
experinmental device 20 on which an ongoing in situ experinent of the

bi ol ogi cal process Tige MmeMhIHoFEim 39 fineHed BBhpAShE HispRYRR at MAsitdiR oFener at ed
result to the data gathered from the experinental device; and nodifying the

nodel of th i i t > i to correct the
model of ¢ nEeBEREhat)r B 85E3anRRNH e REHRAMRAASARL [T 20T P s
conprising displaying at |east one of the generated result or the data
gathered fromthe, experi tal, deyice. 14, };@qe met hod of cl ai wherein
the di spl ayi ng cﬁ%ﬁ%@gg‘éaggﬁkag’éxb)ﬁwﬁ‘%me W?&@‘%ﬂ“ﬁ%ﬁ’?ﬁ’m&@ of the
generated result or the data gathered fromthe experinental device. 10 15.
The net hod &isplayiag thels lgagt eneeaf thoggnerat¢dugsult or the data gathered from the

experimental device.

10 15.  The method of claim 13 further comprising:

determining a difference between the generated result and the data gathered from

the experimental device; and

generating an event when the difference between the generated result and the

gathered data exceeds a predetermined threshold.

15 16.  The method of claim 12 further comprising accepting at least one of user

comrands or data to construct the model of the biological process.

17. The method of claim 16 wherein the at least one of user commands or

data is accepted via a graphical user interface.

18. The method of claim 16 further comprising transmitting the gathered data to

20 amodeling environment configured to model the biological process.
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determining a difference between the generated result and the data gathered
from the experinental device; and generating an event when the difference

bet ween the generated result and the gathered data exceeds a predeterm ned
threshold. is 16. The nmethod of claim 12 further conprising accepting at

| east one of user commands or data to construct the nodel of the biological

Comands of dat i Dtefipd 55 12 A Ebrilfe Binc Rl pOBE RUMSE . ot oo

commands or data’is accepted via a grap

of claim 16 further conpri.sing. transmtti the gathered data . to 20 a

model i ng. erdiBARER: 4 COeR gurkor BC Ristesical Rt ulig BafoprBtEddas? 10, The
nmet hod of claim 18 further conprising generating, by the nodeling
environnment, a refined nodel of the biological process using the transmtted
data. 20. The metthotheonetbpdphelam P aterein thissondiedng comprisesepndussiag theriduct i ng
the in situ experinent using a mcroarray. s 21. The systemof claim12
wher ei n t hesittoixgedmemgsm@omicsesrayonducti ng the in situ experinment using a

gene chip. 22. A system (100) for nodifying a nodel of a chem cal reaction,
the system conprising: a sinulation engine (120) generating a result from

executing the nogel TIRf systbth é#1GaifEMWEGkin tRAE4HARBn @GS pritRs Sdffueting thefer

conprising: an analysis environnent (130) that is in conmunication with the

si mul ati on Sq&géxgﬁﬁ?l[ﬁmg}sﬁ%age e%ie%hﬁg\/i ronment automatically gathering data

directly from perinéental device on which an ongoing in situ
experinment of the chemcal reaction is conducted and automatically

conparing the gepnerated r t.to the data 1 at.hered framthe experi nental
Gevlce. the modert ok STHiEm SR ToERoRaee Aot BEp O IGH FrSHOBARGH A { ho
conparison to the nodel of the chem cal reaction. 23. The system of claim 22
wher ei n t hecaappisig: s envi ronnment di splays at |east one of the result
generated by the sinulation engine or the data gathered fromthe
experinmental device. 20 24. The system of claim 23 wherein the anal ysis

envi ronnent i ncl udes asimulation engine (120) generating a result from executing the model of

10 the chemical reaction; and the system further comprising:

an analysis environment (130) that is in communication with the
simulation engine, the analysis environment automatically gathering data directly from
an in situ experimental device on which an ongoing in situ experiment of the chemical
reaction is conducted and automatically comparing the generated result to the data
15 gathered from the experimental device, the model of the chemical reaction being

modified based on the comparison to the model of the chemical reaction.

23. The system of claim 22 wherein the analysis environment displays at least
one of the result generated by the simulation engine or the data gathered from the

experimental device.

20 24. The system of claim 23 wherein the analysis environment includes a
graphical display for displaying the at least one of the result generated by the simulation

engine or the data gathered from the experimental device.

58



graphi cal display for displaying the at | east one of the result generated by
the sinmulation engine or the data gathered fromthe experinental device. 58
25. The system of claim 22 wherein the anal ysis environnment further
conprises an alarmthat is triggered when a difference between the result
generated by the simulation engine and the data gathered fromthe

experinmental devd o] - 1M t em of
claim?22 furt herisg%??ﬁ%ﬂéf?aﬁrﬁ32%8&@1{\}%?%%%%%? U?%@nerggﬁg?efugﬁpﬁ%e’?t he
nodel of the ghenjcal reactjop. 27,.The stem.of claim 26 erein the

Todel i ng e SN S HEE LN  gifleiice BHWGSR 1Y TRl BREEIARY BEcept | ng at

| east one of user conmmands or data to construct the nodel of the chem cal
reacti on. 19maRtioTiengisy sndthesiatagathensdBomiiks eipsrimisatahdenigasexseedsa ronment i s
in comunication with the nodeling environnment. 29. The system of claim 28
wher ei n t hepradaemshad @pesholdnnent transnmits to the nodeling environment the
data gathered fromthe experinental device. 30. The system of claim 29
wherein the nodeling environnent uses the is transmtted data to refine the

model  ofg the bi 0)@eihgaYstéh A eRifn 2§%n&r%hﬁagngarma&ﬁh%%ﬂ%ﬁéﬁ?ﬁﬁl of a
chem cal reaction, the nethod conprising: accéssing the nodel of the

chem cal reactjon. ner at,i a.result fromon an execution of the nodel of
t he chem ca Onsqulggﬁ? 1“8%?1 ogglwaﬂ}egﬂ%atl ir%?g{l?%/ gathering data directly from an
in situ experinental device on which an ongoing in situ experinment of the

chem cal reaction i.s conducted; and automatically conparin he generated
result to the dath IB&cKesBET claym2omherean them éenulg&r@@t? e?sgm)di fyi ng
t he nodel of the chem cal based on the conparison to correct the nodel of
t he cheni cagrapliealtusenintegface fimaceeptihg dt lodst ohepfusgn cammmpindsroralatagoiconstmyct
di spl aying at | east one of the

the model of the chemical reaction.

10 28. The system of claim 26 wherein the analysis environment is in

communication with the modeling environment.

29. The system of claim 28 wherein the analysis environment transmits to the

modeling environment the data gathered from the experimental device.

30. The system of claim 29 wherein the modeling environment uses the

15 transmitted data to refine the model of the biological process.

31. A method for modifying a model of a chemical reaction, the method

comprising:
accessing the model of the chemical reaction;

generating a result from on an execution of the model of the chemical

20  reaction;
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generated result or the data gathered fromthe experinental

devi ce. 33. The

nmet hod of claim 32 wherein the displaying conprises graphically 10
di splaying the at | east one of the generated result or the data gathered
fromthe experinmental device. 34. The method of claim 31 further

conprising: determning a difference between the generated

data gathered from t i i
the difference bet vvee%ﬁ ét?%@k@@%ﬂ%g?%é&ﬁ?ctgﬁﬁ&fxaﬁﬂg
pr edet er m ne

accepting, ‘é{h’é{lﬁﬁﬁégﬁ’ﬂ% I §fR, FYPSHTSAE O

result and t he

OglokfbnARadlial M when

a exceeds a

eshol d. 35.. The net ho f claim31 further co i,Sin
‘% t %clregagﬁ TEAFLOR S cRadpct %p ?

nds or

data to construct the nodel of the chem cal reaction. 20 36. The nethod of
claim 35 wherein the nodeling environnent accepts the at |east one of user
commands or data via atem ¥ gbmpering thagendrated resgly t@the dptregatharetbliowt cl ai m
35 further conprising transmtting the gathered data to the nodeling

envi r onment the 88peribhentateletiod, anid cl ai m 37 further conprising generating, by

the nodeling environnent, a refined nodel of the chem cal
the transmtted data. 5 61

reaction using

5 modifying the model of the chemical based on the comparison to correct

the model of the chemical reaction.

32. The method of claim 31 further comprising displaying at least one of the

generated result or the data gathered from the experimental device.

33. The method of claim 32 wherein the displaying comprises graphically

10 displaying the at least one of the generated result or the data gathered from the

experimental device.

34. The method of claim 31 further comprising:

determining a difference between the generated result and the data gathered from

the experimental device; and

15 triggering an alarm when the difference between the generated result and the

gathered data exceeds a predetermined threshold.

35. The method of claim 31 further comprising accepting, via a modeling

environment, at least one of user commands or data to construct the model of the

chemical reaction.

20 36. The method of claim 35 wherein the modeling environment accepts the at

least one of user commands or data via a graphical user interface.
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37. The method of claim 35 further comprising transmitting the gathered data to

the modeling environment.

38. The method of claim 37 further comprising generating, by the modeling

environment, a refined model of the chemical reaction using the transmitted data.
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