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

i ntegrated environnent for nodeling, simulating and anal yzi ng chem cal
reactions and 'bi ochem cal processes that facilitates comrunication with a
simul ati on environnent. BACKGROUND OF THE | NVENTI ON Devel opnment of
new chem cal and bi ochem cal substances is tinme-consunm ng because a nunber
of internediate substances are traditional I¥ formul ated before fornulation

of a substMEIHQPANDAPIARATLS HPBINTEGRATEDMORPRENGoMMUEARION i on of
each i nt er nedi\qji %Nlﬁ?? RR Hﬁfﬁ? rmul ati on
i ncl udes nmanufacture o tradltl ofr‘l/iailkg}rgamgl(ge? poly su sta(r)lfggs as well

as the devel opnent of snall-nol ecul e machi nery, sorretl nmes ref erred 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 oil and
breaks it down into one or norepmh OFTEBURMENTIONNdl Y substances, a
researcher may fornulate a bacteriumthat breaks crude oil into a nunber of
environnental ly-friendly substances and a |l ethal toxin. Additionally,

cheni cal resear cher $hepreséntanvention nelates tosivivlationgbols\aad, i m partlcular, to an
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gener at ed b

nanomachi neliibclhém‘kﬂ%ro&é&@eé magm&mw&%mﬁmmmt&h%ﬂurahaﬂ eﬁﬁ[-dﬂihé%& fon in
response to environrnental factors. Biochem cal research, which typically
focuses on identifying and selecting 5 conpounds having the potential to
affect one or nore nechani sPAGCKRE pglaltering specific
clinical aspects of a disease processes faces challenges in addition to the
ones descri bed above. Al t hough drug devel opnent is typically
notivated by resear Devdapmentsyfaes cigmi@l and biochcmicahbdmtdnnesais tipenonena, the

data often consi der onI an sol t ed t her narro w of an entire
syst em Such®YSHRIE é?FeP’H alés&aqﬁe% aﬁgﬁﬂ\"’é‘@@ ied

bi ol ogi cal ﬁaféfe%hnmﬁsa\s%sulsd@&ce%ﬂ%ﬁhﬁfmr}ﬁ érﬁ@@fsfc%lﬁé@aﬁﬂ’t al ways
entirely accurate when translated to the whol e body | evel . Mor eover,

current net feonulation o ea¢ininteymediate substantadandakes| hmwmes Chemicalen nore
t t h b th
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that |ead tg;th8dsWiopment 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



experinments and clinical trials. Fromthese trials and experinents, data are
obt ai ned whi ch, again, usually focus on a very narrow part of the bi ol ogi cal
system Only after nunerous costly trial-and-error clinical trials, and
const ant rwoesigssery of the clinical use of the drug to BRCTUSINSHISEOSI essons
| earned fromthe nost recent clinical trial, is a drug having adequate
20safety and efficacy finally reali7ed. This process of clinical trial
design and redesign, nultiple clinical trials and, in sone situations,
mul ti ple drug redesigns requires great expense of time and noney. Even then,

the effort not pr.oduce a..narkefapl e drug, il e conelusions be drawn
by assi i | at ERe esRARERTrtgE iR Snpr e ot e FerRan S ooy factd
difficult, ifya@ignerRAsahdhRhirepy BY¥Rdt BRSIafSet SRStk didyofshatetfrmgong al | the
avai | abl e dat'a and know edge. 25The various chal |l enges faced by chenical and
bi ocheni cal fospulatiombr respraketo envirdwsentalofactors have systens and met hods for
nodel i ng, sinulating, and anal yzi ng bi ol ogi cal processes in-silico rather

than in-vivo or in-witro WO 2005/083618PCT/.1IS2005/ 005505 BRI EF. S RY OF
THE | N\VENTI ON I n on ‘8%??88%/\3{??8“&%‘%&%{}%’%@& %’SH‘“_‘?Sé’Pé&gglfl"Bg _5“‘%9%%& or
modi fyi ng a fRERlumed ha b Bk peleAfd] 10 hIER Dhelof ARIP BhetRardisn SHRAEKTB BE AfitiEASul t S
generated by an in 5 situ experinment conducted on an eerrl mental platform
A si nul at i oningligiingsppeifisrclinies! aspedx pbe disdascggotassdsifaces shatbuiges iof addiiion to

bi ol ogi cal ppocess AQF%n%Iﬁgis envi ronnment conmuni cates with the sinulation
engi ne, gat hFONERIEsC9eg/A0YF- experi mental platform and conparing the

expected result to defRugRineisLlobmemnid HpicRlPhbevaiad bl QBarsioa®a RERAME TENT S,

t he anal ysis environnment “di spl ays the expect'ed resulf generated by said

Si ﬂm ation esdliulapandsubcetdargheomens fieahta ¢femcanaiders only an solatet pad wethgr dagem | n
t di nent . t I i S. t.ed th
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and the dat ap@fihQr Kekehl WRbHRRhSAIRINHERNGLSRPoR P U6t AWalI@flirdlh hesbat d.

In still other 15 enbodi ments, the system i ncl udes a nodel i ng conponent for
const r uct i ngwhemenslategito theevlipleobasigilevgl. process, which may incl ude a
graphi cal user interface for accepting user commands and data to construct a

mdel 9 e, ol el BLRSE Ao Al PRI s A
t he anal ysi snRRgiime céisam$ip than thosd 3sodimeteiith @heRitaPH@Bésses, because the latter 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



20 the data gathered fromthe platform In particular 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 enbodi nents, the
anal ysi s &¥QRe05#8388 gat hers data froma mcroarray or FPEEOEHPHOS| n

anot her aspect the present invention relates to a nethod for nodifying a 25
nodel of a biological process responsive to experinental results generated
by an in situ experinent conducted on an experinental platform A n
experinment is conducted. The experinent may, for exanple, be conducted on a
gene chip or a mcroarray. Those skilled in the art wll| appreciate that
this nmethod is not limted WO 2005/083618PCT/ US2005/ 005505 to a gene chip
or mcroarray. A sinulation engine accepts a nodel of the biological process
and generates an expected BRIEF{SUMMARYIOR THEMDYVHNTEONhe bi ol ogi ca
process. Data fromthe conducted experinment is gathered and conpared to the
‘expected result. 5In sone enbodi nents, the Fxpected result generated by the

simul ation engi néNATE BPEEt e RIS FREAPRENTNR T8 It tRer Wetern & IRAHYVISER form i s
di splayed. 1n stild .other enbodi nents.. an alarmis triggered n. the

di fference %?@%é’ﬁ a_t %loégﬁ@rﬁ’tcﬁsa ,resg)?gggf g%%@%ﬁ?@%ﬁ?? Seg%naetrvwégé’a Uafa
exceeds g pregdel éfmleﬁ@c&ﬂfu%ﬁéa%gankfg%éruﬁélﬁﬁrplm&ﬂl RERhfulatiiPengREMRNDS and
data are accepted to 10 construct a nodel of ‘the biological process. The
user conmandgnartesdal axpeayd kesudcitemt emodelofahg baglbgical pusess. i A endlggie. | n

still further enbodinments, the gathered data is transmitted to the nodeling
envi r onment ,enxieRment commMysietesvigle e simalagionesnigingg gabtlas dafa frem asi ol ogi call
process. In stil.l another aspect, the present invention . ,relates an
article of 1%‘Pﬁ%‘i’i‘ﬁ¥“§£?%“ﬂa€'i“ﬁ§b‘@% i ?’W‘éft@gﬁes g AR gABHEAEOm - g1 am
means for mgif ajtF:gma nodel of a biological process responsive to
experinental results generated by an in situ experinent conducted on an

experinmental platform The article of manufacture includes:

conput erHr eadabl dnoags antbodiansitf, ahe acdpissinviyoanienddispddystthe ekpaatabicsalt
process; conputer-readabl e program neans for generating 20 an expected
resul t basedgemsrated bysaidisinatlatione engior agiche expessrensal dempathared Eqambhice

program means RS SR ISELNG Soh £ 2L ng it b ehem ool xperh oL yand
to data gat NgHERnEE BB the bRl A e R EReriea BF I biNuFaohHdn RANINGR
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



25The invention is pointed out with particularity in the appended cl ai ns.
The advantages of the invention described above, and further advantages of
the invention, may be better understood by reference to the foll ow ng
descri pti omOoredse@a3di® conjunction with the acconpanyi ng drChiisagss/0ussdswhi ch:
WD 2005/ 083618PCT/ US20051005505 FIG 1 is a block diagram of one
enbodi nent of an integrated nodeling, simulation and anal ysis environnment;
FIG 2A is a block diagram of one enbodi nent of personal conputer useful in
connection with the present invention; 5FIG 28 is a bl ock diagram of

anot her enbadi ment ¢f a personal conputer useful in connectiop,with the
present i nveRf BHC chip Sr Bncroigqr@r& R;% PR asccclcggr?s’ﬁ’&dé agfhecti ng

enbodi nent s : ' V) S ' t with the
present | nuanpioBice? Bhlcels ffR ekl SR BAER Mol I UEIBAGT o T of "
graphi cal usgblogitabpires. that it dd ddddakasl o@bsimanetd githefeddmtiompagdam
representations of chem cal reactions or biological processes; FI G
5A is a bl ock theagpertedisopiltt i ng a nodel of a dynami ¢ system using ordinary

differential equations; FIG 58 is a block diagramdepicting a
nodel of a dynam c system using 15difference equations; ) FIG 5Cis
a bl ock @i agram depicERs ‘H’gl"é , thg C’ﬁ’cﬂﬁﬁia‘i?ﬁ‘ﬁt gererard Ry Hie simy c

cauati o0 enin ot B Sn bR PR AT, BRI okt b
20FI G 7 depbdbscAbbHRgénSAMAR RirifHGe@IRGAhE AiffBRREY bERlech tHel Ver;
generated, expected result and the gathered data exceeds a predetermined
threshold. In further embodiments, user commands and data are accepted to
10 construct a model of the biological process. The user commands and data may be
accepted via a graphical user interface. In still 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 8A depicts a block diagramof the allocated nenory for a solver show ng
the part of nmenory hol ding both values and references; FIG 8B depicts a

bl ock diagram of the allocated nenory for a sol ver showi ng the part of
menory hol WOr80988¢18val ues and references and the par al | RET/BBI0ATRFg of
only references; WD 2005/ 083618PCT/ US2005/ 005505 FIG 9is a flow
chart of the sequence of steps followed by the illustrative enbodi nent of
the present invention to inplenent the restoration nmechanismprior to
execution. DETAILED DESCRI PTI ON OF THE | NVENTI ON 5Referring nowto FIG |, a

hi gh-1 evel block di am.aof : | an. 4 : ﬁeﬁ%ﬁﬂﬁ}d@ or
nodel i ng, sinulati ngjqéémfodab%g%%?ﬁ%‘ﬂ ?ggﬁ‘?glgl%crhg%g% ?%ﬁgﬁla 10 og?}(l:%l

‘syst ens t hatsimniation endanalyeiicnedropm@at,esses 100 i s shown. As shown in FIG 1,
the system 100 i ncludes a nodel i ng conponent designated as a nodel i ng

environment 110 in the exenplary depictjon of FIG 1, a sinulation engjne
‘120, and an anal ysi sF@Oz‘él*ﬁr/?WSﬁlf@ﬁETamOn?ﬁélbé’ldH%?“éPfB?Fs ForEPHERy usetul

comuni cat e 'n%ﬁﬂbfc{ig'lﬁwﬁﬁﬁﬁlﬂr@&n{a@%ﬂt%ﬂmm 110. The sinul ation engine 120
o a

recei ves nodels o emc reactions or biol ogical processes generated
usi ng the nodeling environment 110. The sinul ati on engi ne 120 comuni cat es
refinemets to nodelBHGc2R & eblotindibframeidabibegermbadinennefi petdbf al Thapatenl ysi s

envi ronnment 13&!'i.s in com‘ruﬁi %ati on with both the nodeling 15 environnent
110 and t he SFHIMLEIBRCUCRTIHEE PrrserfpRvVeaHOby si s environment 130 may be used
to performvarious types of analysis directly on nodels created in the

rodel i ng envi ronmentydlOsa Mo alelBreBidtokiohichRY EiBOER A BBilaf eci ve and

process results fromthe sinmulation engine 120 representing the execution by
t he si nul at i mpdeingieneirdd@end hsedulnip deineptiotwitie thd presepeinventedn; ng envi ronment .
In"other words, the sinulation 20 engi ne 120 generates the dynam c behavi or
of the nodel and co nicates at, | east sonme.of this dynam c behavio o the
anal ysi s envi r onment’ > ésaaWﬁeﬁgfoé Og%‘? ‘?‘B‘?‘fﬁjérﬁfmlo?@ ﬂﬁ@jnﬁlmﬂr&é‘perréﬁ h’@hent s
to a nodg) i fpcllitRed RelGhichion BMMEIOMABAIN rbpRs@iialidR Y f BhéicagRAlaRR er s for
use by the sinulation engine 120 whén executing a nodel. The interaction

bet ween t he boldgidahproeessest onment 110, the simul ation engine 120, and the
25anal ysis environnent 130 will be discussed in nore detail bel ow

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



The integrated systemdepicted in FIG 1 may execute on a nunber of
different conputing platfornms, such as superconputers, mainfrane conputers,
m ni conputers, clustered conputing platforns, workstations, general-purpose
deskt op compubwsnsze1s apt ops, and personal digital assistatBUSHIBHSHRA and 2B
depi ct block diagrans of 30 typical general-purpose desktop conmputers 200
useful in the present invention As shown in FIGs. 2A and 2B, each conputer
200 includes a central processing unit 202, WD 2005/083618PCT/ US2005/ 005505
and a main nmenory unit 204. Each conputer 200 rmay al so include ot her

optional el enents, hg@s. ane or I evi ces,, 230a-

(general l'y referredﬁ@'%zﬁ %ﬁO‘P’&ﬁ%‘?gﬁ@g Sﬁ@%@é&ﬁg%ﬁ%ﬂt@sﬁ%@%ry 240
i n communi cadmiydiniédt bf tHegreRat méntidnQ6 HHpleh@nitit testionhBhafiRAt HAbr to
processing unit 202 is any logic circuitry that responds to and processes

i nstruct i onsexeewted from the main menory unit 204. In many enbodiments, the
central processing unit is provided by a m croprocessor unit, such as: the

8088, the 80286, the 80 i i Pro, the Pentium
I'l, the Celeron, or the%@%%ﬁ@ﬁ@&mﬁwnuf actured by

I ntel Corsporati onR&GEmiMeWRRALFIGEO01 M 188h-16R) bloBIE Hiagrant HEoREAMIdirhdie HGAL0, the
68020, the 68030, the 68040, the Power PC 601, the PowerPC604, the

Power PC604e, intdgeatedays@aeior niodeNBCs@adating, hrd aROGOBchenti¢sd rewetian3and t he
MPC603p, thel VIPC500. . th OC740,. .t he. MPC745, the .MPC750, , t VPCT. th
VPG 5050, 1 e tEa Lot A et i RO eer 40T i Tiom s o 7447,
the MPCr450, thk Bestéir®6d mkluded 8 nMAeldD SompdiRnabnaéd BS 8GR PAg erdlitonhven®f

whi ch are manufactured by Mtorola Corporation of Schaunburg, Illinois; the
Crusoe TM680DLO intke Greupbary HrEie00) of & Crasmelatipbegine 124k a0l asaeal W6400, t he

Effi ceon, TVMB60O, t he Effi.ceon TMB300, .or.the Effi.ceon .JIMB620 pr.ocessor,
manut aot Ll cqoRaR a0, THESudRten aigit 10 R i R WL AR RS he

RS/ 6000 pr ocgss@funchtel ORI sirhileti Sherdrel1 20t 86 28 Rodels i cREMIERBreat:-tionsR264
111, the POAER3-11, the RS 64 |V, the 20 POANER4, the POWER4+, the POWERS, or

the PONERG pbiolnginsbprocesses genexptidatsingrthe medelingeanyitenmpyt 1110t dhagtrelatipn

Busi ness Machines..of Wite Pl aips w York: or .the AMD .eron, the AVD

At hal on 64 FRETHD soRmcyrelfometitio et ot Rube mogbhetd sl eq by
Advanced M cim. Dene &8Fs@fenvvstityath 80 isGalcofhiicatioMyith bFaMpE YnddRlihg204 may be
one or nore nenory chips capable of stori ng@ZSdata and all owi ng any storage

| ocati onli o pevidhment 11 and dessaniiatipnichgingil 60.o0 phowadsreny oonmsuicl? Gagbeat i ¢

ondom e oo MiFBetuhbhy BB AL e B Bt Bl A 5550 M

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,



(FPM DRAM, Enhanced DRAM (EDRAM), Extended Data Qutput RAM (EDO RAM,

Ext ended Data CQutput DRAM (EDO DRAM, Burst Extended Data Qut put 30 DRAM
(BEDO DRAM), Enhanced DRAM (EDRAM, synchronous DRAM ( SDRAI VI), JEDEC SRAM
PC100 SDRAM) 26481é8368s Dat a Rat e SDRAM (DDR SDRAM), WO PCT/US2005/005505

2005/ 083618PCT/ US2005/ 005505 Enhanced SDRAM ( ESDRAM), SyncLi nk DRAM
(SLDRAM), Direct Ranbus DRAM (DRDRAM, or Ferroelectric RAM (FRAM. In the
enbodi ment shown in FIG 2A the processor 202 conununicates with main
menory 204 via a system bus 220 (described in nore detail bel ow) FIG 2B

depicts an enbodi nent of a conputer syste 200 in r‘ﬁfﬁ 5 the essor
communi cat e &N¢ AR IEMRY WnikdPh Bichspipdten Qﬂ@a&aﬁﬁ ‘&deﬁﬁlﬁftfop aexarrpl e,

-in FIG 2B %EQ %W:\é _ %}%l‘] odepi ct
enbodi nment s%&%ﬂ%’c eg%ﬁ’l?%%ﬁér% ESS(‘}BB csoz%%r%?@g@y%ﬁ?’ec %ﬁw th cache

nenory 240 vsiagaefernodtanyrab2®), sendatianemefye40dd commamicaticibaitshae” bus.
I'n other enbodinents, the main processor 202 communi cates 10 with cache
menory 240 @§¥‘F@P€¢f@s‘%@/&;‘@@h¥%s 220. Cache nenory 240 typically has a faster
response tinme than main nmenory 204 and is typically provided by SRAM BSRAM

wi EDRANB o by evi Cesﬂ‘%g%cegﬂﬁ) i inF% &Jyléélézn%linlﬁgwtgst%%%hd 2&1‘) Ot caves

with various PO oca arious busses may

be used to Jpﬁo@@macshueﬂi@scfeuahécaﬁmﬁ QeSS nf@ndt iuhit 202, rombmeehidlitiemsses
230, incl udi ng a VESA VL bus, an | SA bus, an El SA bus, a M croChannel

Ar chi t ect ur dh¥ senitpl progessiag )t ipproyidgd pip micnpEpcessoPaNL, Byl ass the$988, the o

NuBus. For I I S I

processor w%l tﬂg;g%ﬁghﬂﬁgagﬁget% aﬁ%‘ig W?}o whﬁ%(}gn@ﬁ?q%% e&\?\n th
the displ ay thEXé‘on Mod&l@bt;hﬂ oﬁﬂfhﬁﬂitwdﬂnﬂiﬁﬁ‘ictﬁafed&ydﬁ(ﬁbﬂb@brzﬁl}éﬁbﬁM@ﬂtaﬁDO in
which the main process communi cat es di rect | 10 device 230b via

Hyper Tr dRspoYiew, ﬁabfoﬁllﬂ’/thﬁ 6%QOOI» ﬁﬁl@p%mf 68|5}2@i the ég%ﬁos SefiSPrtd tae Bewahbodi nent

in which | ocyy Md elogz PPl MRS @% 202
communi cat es V\i{ﬁlﬁﬁ)&%% evic 4ot aeu5| ng Qtﬁ%oca Ogéf?lér conng?:{i31 ﬁlﬁm. eQ’r’
conmruni cat i rtge MRCE03E @M%Sﬁ,&ﬁbmeﬁtthg'l\/[Pll”)?AOy\ﬂﬁaf[EGMSethe MPCVﬁ(Q tHevi ces
230 may be present jn u er ¥stem 200. 1In t devi ces |ncI

keyboar ds, rﬁdg@ﬁ?vrt%wgd%f’oob e MBGT409; the M FHInhe MBHA: hirME %ﬂﬁ ets.
Qut put_ devi o yRcl g iRy Ak o SpoRl Ay &‘%%E‘%%‘“%T“é?‘%?%*&% e
st or age 150r dftwhicloapuiaufsystdty RMdtorsiaCorpeatiorhell Stheirskurd) Ivenis; ahd Coppy di sk
drive fTor refel X Ind LR TMS600, the Crusos TMS500, the Crusoe TMS400, 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 POWER3, the RS64 111, the POWER3-I], 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),



30 disks such as 3.5-inch, 5.25-inch disks or ZIP disks, a CO-ROM drive, a
CD-RFRW WD 2005/ 083618PCT/ US2005/ 005505 drive, a DVD-ROM drive, tape drives
of various formats, and USB storage devices such as the USB Fl ash Drive |ine

of devi ceswirpgufaakigr ed by Twi ntech Industry, Inc. of LogCREDIE0685505
California. In further enbodi nents, an |1/ 0O device 230 may be a bridge

bet ween the system 5 bus 220 and an external comrunication bus, such as a
USB bus, an Appl e Desktop Bus, an RS-232 serial connection, a SCSI bus, a
FireWre bus, a FireWre 800 bus, an Ethernet bus, an AppleTal k bus, a

G gabit Ethernet b an Asynchronqus _Tr.ansfer de bus, .a H PPl hus, a
Super Hi PPI EWC#%@W@%@W SW%@?@W&%@D s IRigeeh W%%@M or a
Seri al AttacgﬁgDﬁ%%g . iﬁ&f Fmﬁr é%%ﬁl‘ﬁ; ! S
desktop conputers o j’toﬁggig%glgha%pl C g] I'n 'Fi@.geg‘%%glrll yﬁlggﬁggbﬁgr ate
under the copiocedson20DamiBinitdesSyEh SR, menbsR0d0n4 & elstanlbasipli fgsoibed asks

and access to systemresources. Typical operating systens include; M CROSOFT

W NDOWS, nanBPscegnbbclpy) M. @Boiepiotsoansmbgdimen 9b A ¢ ompaites syrtad A90 riogh
fact ug ed _ f oy ' ia: tur ed
Tl act 8 ety ARG RIS o e RFI] B b AL g Rl o €

freel y-avai | akdngplofdaFaGi 71 tieaiia Maidy 20baede MRIORANEr a Corp. of Salt Lake

Cty, Uah, anong others. In still other enbodi ments the conputers may

operate under the control of real-ting operating systens such as AMX,
Kwi kNet, Kwi | t PegFlIGs 12Anand ABpdanigt embpdimentsar v faip pEpcyssor02

Cranat act ur o SO BDERRRES ARt M oW Rofiory ZAE PR a sbfidary B8, SRiRles sofepred
Syst ens, | ncigas £Gaskdd@riusast sthedenibodRechtdlakie mhidGrocessorBIOBohmmmitheet ur ed

by’ SEGGER M cr.ocontrol |l er Systeme GrbH), eRTOS (nanufactured by JK
M cr osyst®ns Withfache mensrs(%fé)rﬂﬁrwctbwbé&nbl}u% achejnemoyriAq tairalubasg ed by

Eyring Corporat | NI Eﬁﬁl C HE ?pi red . |- re, Inc.),
25 INtinme(r) f%‘e%?%fmrr% EX eﬁgggﬁp@g nﬁm@?rlgﬁ?%’ﬁﬁg 53(;‘%1{11%@ y TénAsys
Cor por at i on) BSHAM( seRDRasi.ured by SA), i RMX (manufactured by TenAsys
Corporation), Jbed (manufactured by esnertec, inc.), LynxO0S (manufactured by

LynuxWorks), MX (manufactured by Precise Software Technol ogi es IncL,
Nucl eus PLUS (Accél Bresmhedirae shivayip FIESPAMbS PEIceesosgHe cepmupsates Wi RTOS- 32

(manufact ur e by, o HetRes 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



30 Informati k GrbH), 0S-9 (manufactured by M croware Systens Corporation),
OSE WD 2005/ 083618PCT/-US2005/ 005505 (nmanufactured by OSE Systens ), PDOS
(manuf actured by Tyring Corporation), PSX (manufactured by JM Software

Syst ens, wB 200508308 Neut ri no (nmanufactured by QNX Sof t waCaSpeisenisoitd. ),
QX4 (manufactured by QNX Software Systens Ltd.), REDI CE-Linux (manufactured
by REDScm c, Inc.), RTLinuix. (manufactured by Finite 5 State Machi ne Labs,
Inc.), RTX 5.0 (manufactured by VenturCom, Portos (nmanufactured by Rabih
Chr abi eh), snx (manufactured by Mcro Digital, Inc.), SuperTask!

(manuf act ur by, re Thy manpf u r . Logi L,
e, Tr ecRnne L YRRPALHEE hins FuBrot By oot ol siot i i ek

* McroQ G5 | las (HERNSE Rlsh DR eltine B Bk HcsaySdnaidetdded by THentech Tha@laEk! of Los
(manufactured by U S 10 Software), TTPos: (manufactured by TiTech

Conput er t ecilamitggsCalifarmiguoso (manuf act ured by Eonic Systens), VxWrks 5.4
(i nanufactured by Wnd River), SCORE, DACS and TADS (all manufactured by
DDC-1), N nble - .the,.SoC nuf act.ur.ed Ed al.ut i gns Nucl.eus
(manuf actured by %Meesﬁﬁfé&ﬂbﬁ%we 8?‘¥E’&¥%ﬁ%ﬁ?%%i’%ﬁﬁ%‘lﬁ’88¥ﬁ?‘8d by
DSP G5, ki Ngu 220 And HESRBARIHIABRRESior Bud, REcIEAM UEH _bQé,%Qﬁp?lé‘Deék‘?éﬁB@st may
be replaced by an enbedded processor, such as the H tachi SH7000,

manuf act ur ednRB-Kibsesial «innketionha SEST besh ia FEeMarkushoFiregVirg 8K bus, dapan or t he

NEC V800, factured r pot.at.i. of ,.Tokyo, Japan, Ref erring
back toFi GEHerng s, 4n Sgpierfl b A e CEaBet B drorPeRiients Tt ept s
input to cradb Wus"PHEPPIHus! M'Sused BIPERIusO4 S&ALPRE Bhs alSCIR2QNP ®s,la0 be
sinmulated. 20 In sone enbodi nents, the nodeling environnment 110 accepts

igput cont ailhergChanngl bus, or a Se#l Adtackedfsmadl qompSyes system Bitedfangpubar kup Language
(SEM -). In others of these enbodinents, the file may be in HyperText Markup

L . HTML t. Extensibl f
oropr 1 etdry ni ar Kgermamese O loPprdlet By e R fitfetd s PR 2B, 1 oo
by tabs or agpigESs; opdkite ifidathe/@nttol dfipermbidg sidiems WhehviohabneAbdulikg offay

accept input produced by a user via either a command-line interface or a
graphi cal udasksiand apcesscle systpmgesoprcesn dymenl gopiating sysieneipelafedMICROSAFT abul ar

0o e b EATS et DA ol S b L g B o e
i nterface mayanulsdnute® ba AFpReCompiter FQupertlnd, Chkfodla; MO dhamictsdowy in Fl Gs.

3A and 3B, the nodel ﬁgne 302 |i1sts one or nore nodels in a tree structure

fam | i arlst o Intsenatiopg] Businsst MeashipprerfzdmmegkuNens Y atlsrand diinug adigel vwvaibts WO
2005/ 083618%%4&%%?%9&?&%93%%6(1 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



operating system manufactured by Mcrosoft Corp. of Rednond, Washi ngton. hi
the particul ar enbodi ment depicted by FIG 3A, a single nodel of a chem cal
reaction is contained in the nodel pane 302, indicated by the fol der | abel ed

"Fi el dKor egdNepsaddeger . That nodel contains three subf ol gemaisods@iixes t nent s”;
5 "Reactions"; and "Species". The subfol ders represent pieces of the nodel ed

reaction. O her graphical user interface schenes may be used to present this
information to the user of a system 100. In sonme enbodi nents, the nodel pane
302 may display a nunmber of folders representing nodels. User selection of a

particul ar fol der causes the systemto display folder in,the node ane 302
t hat repr e%ﬁ‘%}“??ﬂt‘g@ag’yé?sﬁ Pysteranh ERGS 0’@.”@&"“’1@{ @bﬁdﬁ?&gm%{m?&gg%ons, and

speci es. | i I i \gtpﬂ] gq@&@ al |
nodel s nayng%{dééés%lfg g?&‘]}}lﬁ n%ﬁﬂdea@ngﬁé?m%%’ W §ﬁ ea(ghhar%oﬁlge rrg;%g)eﬁk
associ at edSwitihresS ysteneh Itd DUONXA, (mabefaemtddby QNXtSuerwarh Syshaitsd Iotd. )associ at es
with a nodel causes that nodel and its constituents to be activel

di spl ayed. RERISEReingx (mpatectased by RRIMR Quc, inrle RAbimsEx fpaaifactysed tﬂifé’ﬁbiltf’ayed in

grey type, . [ kN ipng that they are
ot curs ens e PREHE! o he AREES St eat Vool PRKOED 1R

gr aphi cal pssiufhditnedbarabdPOhabih),ishkl (HARSasufed dgINAiorot Igitel, 3d0), and a
species table 320. The reaction table 310 is associates with_the "Reactions"

fol der di sprpsrdask! imenefagipred byddfSofipare)STierdt (meanvufastuspbly Bxpreshiesia20 i s

associ at edwiyt E\n | es” i Sl it : . In
sone 20 e od)‘r’ gﬁéﬁg s, co@%ﬁ%gqcﬂé&i ﬁgﬁgglgo th%ﬁggjng dlhalgﬁ’ 2%3%2@8%&20? g%l eto
not be di sphawgictutdeyRIaReSTststas USRIl 8%, )Moneskd (i pmagrdiredby eSr own
graphi cal user interface window, rather than in the same w ndow as the
gfaphi 88 SeBwara) EFfos Gngndactured &y i esCompnterigehnik AG), Miguesdact i on tabl e

310 lists i [ e i i i - or chem cal
Ceaction. TRa SRR ERICSEmy RWIPES Rl PRI RIRERER DT T 500
di spl ays r SEORB®IT3AQSea8 MADI(diihaarifadteled by DDONDY BSintBld ethecBo@ he Bel ousov-
Zhabot i nsk&‘ reaction and includes four colums: a reaction colum 312, a

ki netic | aRTEH (meruienredbipBddintalutionsy Nuteus (manudastused ey Aceslgtedc ol urm 318.
Each IFQN: i pon. Th
ach row Ofl“]pEﬁ}l%lcﬁg%gcéﬂco ioh3PrGs g%?mﬁ?c%ﬁrg;ﬁl B? @i’r(gg,clﬁc@ﬁr[%x; :#% %ﬁlb%ﬂgﬁérhé)n e

nunber and for mat-"of ums di aye e nay be sel ected

by t he 18setthe dentral frétessig anit @0 fRfite, replBediydal enibgRied ipkaues®n] sutll @s they
sel ect the _nunpber _and fonnat of colums_to display based on the type of

reaction séliaehictHER00; manyiagiured badk stysiikpK aish: 1aSyek s st okyo,
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



Referring back to the enbodi mrent shown in FIG 3A, the reaction colum 312
di splays a reaction represented in an abstract format, .e.g., Ce -> Br. In
ot her enbodi nents, the reaction nay be represented as a differenti al

equati on, wanmkossepstic format, or as a hybrid of two opcrmsereshoessheese
formats. I n some enbodi nents, the 5reaction table includes a col umm
identifying nodifiers of the reaction. For exanple, sone reactions can be
catal yzed by a substance. This may be represented in the tabular format as
Ce -m(s) -> Br, neaning that the presence of"s" causes Ce to convert into
B

r. In the enmbodi nent _shown ip.FIG_ . 3A t eactj.on table_310 al so
i ncl udes a RP?{@&%SMS&@W,@eﬁlwfﬁeh@q%bmfﬂl@ﬁsq%é?m ?Pﬁ%ffr@% Wﬁﬁ’@mﬁ@ni &wjhe

- expression - if g i I i : wn in
PN 5 O nAfickBFBinboditind dboidRarty It s, it rhélid P ECHTERYOR IO, L1,

meani ng t hatcofiained ircihe saodepaic 392/ iatieated by thel fokidr lapeledhe paraneter "k5" and
-the amount of Ce present. t [ hown in FI G 3A the paraneters

| h nbod t
for the ki _neﬁe@kl:od%@bf?ﬁwgg%ﬂTg?tgn?qgé%‘gg?_ir}llw sesuptoldert ‘QP“}PBF@F‘H_‘FS’S 16. In
some enbgdi ¢ c?ibn%’?ﬁn{ e%tcleg"! ’h?ebéugfo:f&eq fegf;ésgrﬂefﬁcc SO M deflanidchiv N9 the
name of the et e ] aw ASSocl ated WEh & parthcul ar reaction e.§. "mass

action" or 'Othérhyedhdeal Weptsariicelsohaphdignaycdoged nepresent thivwinf@aatioot thabl e 310
i ncludes a column identifying the units in which the kinetic |aw paraneters
are expr essafer of agysteny108¢ o spme ampogimenis the medelpane 3¢ may display apwmber | ng t o
t he enbodi | [ ' [

rever si bl en@g o&ﬁ%}%\%@ég@eﬁr}@ﬁ 0?%:1i @%ﬁgéﬁ%@tcﬁg Paﬁﬁéﬁézilg%ﬂz%l éeé(%(ﬁl%e:ajsgc P@H IS

reversi bl e. dispisvolder bl the hrdel pand 303 tiahpydlbt picesolf the teackod, gy, di recti on,
i.e. Ce <->Br. In sone enbodi nents the reaction table 310 mag i ncl ude a
cdl um t8entPmparigeyTaatons.¢nd spreigse fe stilbetherergbodiments eachymodd] jagghall | n sone

of these e | i di i i ! i

Cdent £ eq SatpbRaigor dfifigfdbhdyby iblaeq'l itBabRNS 0T aRERM BiotBLmay
be present edewsideiatedsivitil @ “eadid butlon] h8leaioh@fthet thdiobano adsyciafes wathiaous
reactions to be setgsrlrgl ative t&jone another, In still further enbodi nents,

the reacti offdehrausesthatimgdal and itgeonstijusnts iebe aptivalydbepkaviedn & epmeefithese

relating to i : i r in FIG
5A al so di opTIpS AR Lfkicced mpdels SR PRVE e L, AHE Nar S BIBI T o
speci es 16ablgeey3@rian dddickeing ahat &g acohdtrarrSiily3Re active madel.i al anount col um
324, and a constant colum 326. The species table

WO
el R T
W th 0. 003 re o SR AIY, i pbfecic i o0 SO APy bR Rs g anemL ™
nunber. The ‘Reasticnt folddrdmplad2din the smtdel pant 302e Simitarkyhthe spetats isie 3201s
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



5assune that there is an infinite supply of a particul ar species. |In other
enbodi nents the species table 320 includes other colums such as a col um
identifying units (e.g., noles, nolecules, liters, etc.), whether a

particul aywGRRGHNEd S an | ndependent variable in the nogdegnkhooSosssihet her
the species is an input to the system, a colum for annotations, or a

colum for notes. 10In sone enbodi nents, the nodeling environnent- 300
accepts as input a file in a markup | 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 nodel of the Bel ousov-Zhaboti nsky

reaction in mar kBpferinghask o thh smbedimans prnvasintIFG: BA, tharedction eplwaaBddi ment
shown in FI | s..shown in endi x A this docu t.. 15For exanple, a
process my“%ﬁeéﬁ%Sﬁaa%%er @apﬁﬁst.raﬁ} gm’ie&*fqg%%de!ﬂo Ythe tags of
the markup bapediaeaisf ik SeacBordmay HE EpRéseRRd AR HRTH AR éxﬁﬁﬁﬁn, in stochastic
reversible="false"> to generate the tabular fonn of the nodel shown in

FI Gs. 3A andragt, or as 8 bylmdodf twhes soserbbidiesecformats.alnwsnemmbodenensyhde nodi fi ed
to parse. files.contai.ni.ng nmodels witten in,.park | anguage in order to
create the IR ADRIRINGE SeREmsu b mesmeifien o BB HsR Bt FaBe T, or ner
embodi Ment Sgorfe RAOGERTaNBY caﬁﬁgféatbj} DRHIRES. ASs AP Uk rédcheMRMR Bk fabdarOUT put
code that is directly executable on a processor, such a code witten in the
C progr anmi frgmabagega(s) CoBu.eneinmg thit the prdaiceiont's’ w@uees Giedb cenwoidatodbl. ows
the executable code to be transmtted to nultiple conputers via a network

f t] t . . 1n.25 th ' b
connected vi a o HBEmLORTRSE sismin indGr 341 B edbrnie o 10l TGOS B T ng.
t opol ogi es. kihRfc N ¥8ikin RN whRhAdbAGRE ﬂ?éﬂﬁﬁet%ﬁ%&ffreédﬁﬁi\ﬂie idenfTBEA Opol i tan

area network (MAN), or a wide area network ( such as the Internet. And

t he respéct rspeticoinblower &n thegmbodmest shoovrt ind'Ie B hothk kirgtc 14w angetiatad wathi ety of
comect on el g0 NGRS Sploneyl ASR ok Bha UAN: 20l (0

the parameter “k5” and the amount of Ce present. In the embodiment shown in FIG. 3A,

the parameters for the kinetic law expression are listed in the parameter column 316. In

some embodiments, the reaction table 310 includes a column identifying the name of the

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., l/seéonds, 1/(moles *

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

12



WO 2005/ 083618PCT/ U52005/ 005505 ATM, and wi rel ess connections. Connections
can be established using a variety of communication protocols (e.g., TCP/IP,
| PX, SPX, NetBIOS, NetBEU, SMB, Ethernet, ARCNET, Fiber Distributed Data

| nterface woDob9os363$232, | EEE 802. 11, | EEE 802. 11a, | EE 88Rudsbbsook&EE
802. 11g and direct asynchronous 5connecti ons). In these enbodi nents, a

mast er server parses a nodel witten in markup | anguage. The nodel may be
retrieved froma hard disk or from another conputer accessed via a network
connection. In other enbodiments the nodel is input by a user using a

t abul ar user  input such as_the one shown jn FLGs. 3A and or. a 10

gr aphi cal us@P‘C%f@‘%FFQQQO%HW tWWHMWFﬁWW@e QPEQ%bIHE’&" server

-parses the b : uced by

Phe mstor dnvess SCUBRAGHEACRNE I E LAnE ORRpalioR BRERM Pl BRERRAGL L.,

or C# and casipiobeal grocdsabegins with 81098 maglhaidie bfibwimind) & e g RECB haliislied dye

produced by the nmaster server mlaf%/ be a in _a bytecode | anguage such as JAVA.
e

In some 15 _eﬁﬁ@éi“i?é?ﬁ@nb%em% _ 3 cRluEBRL0j18 Set foy rigis” th the mogelshaulsr nor e
conput er g vi %@ﬁﬂ@ﬁ%ﬂﬁé@%ﬁ%ﬁﬂ%&%ﬁ&% ?gqpl}g ??? ﬁgl‘:ﬁm?lﬁr {,i@s Cﬁ%ﬁ‘ﬂ%ﬁ@g XEGHHRe t he

code representing e generated resu e nast er

server. The gpReibeabke20eRcluRY otieptelulrihe st dsi acvolhnd ”snkifyighdits (@ .Sholes,
anal ysis. In sonme enbodi nents the naster server displays a

hi cal
repr esent at i Balegles litsss, oic.k aethecepyigulpeingries is anndspendeyt é@g%&%gtam , this
technigue i Smpﬁeﬁ?i.é.,owﬁéeﬂeqtdﬁé spetiat 5 &%H:@ &b ﬁ%ﬁgﬁgﬁgé%ﬁmﬂ RorGfhodtidh Ofr & hese

enbodi nent s, e naster serv nay Cco ay ea p81 nt

recei ved andcahingpk@yoesach data point graphically in real-tine. FIG 3B
degi cts in tabular formreactions for sinulating the E. Coll heat shock
response, nodel . As descri bed above in (i,onnec,ti on vviéh FI G 3A, the upper
25t abl e Wl spl ays insemg smbgdunaags, the madeling eayipemment 390 ageepts ahinpgia flsdn 2

translation &Brk&lpgf%@g%eoﬁagggh%eg{sq@mé ixﬁéa%ﬁglﬁcéﬁdiﬁ}g@ bihesaridRne af heat

shock proteins nat ure rot el As depi ct In FIG
38, all reacFibnia. fvexamsls, aetrepresdatatohiod shedfielddtores-Nogey muddl of thee, whi | e
sone are not, Anot her nethod of representing m cal or biochem cal

h
reactions i sBEUSRZIEPoUnSKY seagtion Hymas plmuzgﬁdg?wgea@wmmw%sos
In still ot hgrp%fdggeﬂls I IS ARARLLNS ABYLIANRRD hiSfbufidnpye 2 user o

represent a I'cal process or chemcal “feaction as a block diagram FI G
4 depicts an enbodi nent of a block diagram nodeling environnent. In the
enbodi melt depi ctBa dxampleGa pdoceas hlagdle oadedathas rewitheginfieatatisin emkeddedahi on
in E Coil bcteriaié nder contructior% As is well . known, heat sh%gk
response in ¢ dg§5 ¢ Cor’BPiEy | gnguage iy, e.g, <reaction manhe="Reaction

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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response to heat induced stress. Elevated tenperatures result in decreased
E. coil growh, in large part, fromprotein unfolding or msfolding. The
heat shock response, via heat shock proteins, responds to heat induced
stress by f j proteins via chaperones or by degradj i onal
pr ot ei ns v‘iggzgésg({sg@ges. 10The bl ock di agram shown in Fl éaﬁ”%gé’@?’g&ﬂ he
expression of five particular gene sequences involved in the heat shock
response. In part, Figure 4 depicts pathways 4100, 4200, 4300 for the
expression of proteases involved in heat shock response. Pathways 4100,
4200, 4300 represent the expression of heat shock proteins ftsH, Hs1VU and
ot her pr ot eaAEM), nad peedi¢sy ebynectoms pE@bhinetiond tAO be 42010 ishEs0isimg @ varittywst ed
by the interaction 15 4105, 4205, 4305 of 032 with RNA 1poI ynerase at the
pronot er of ememuaiGEeniretasetutnmge. TERAR, pahwiliX 4NetB1QS0N BB, dMAi.ct s

the transcription 41 0,.4320.0f. th nmedj at e 0, , 0 by
the a32 and %&b&“ﬁﬁfl’ y“ﬁ&: i BHOST & t"ﬁ%h“&gog,at%%@}’fa&?,og: Djléghv hﬁ%ﬁnﬁé and
t he subseque a t 3 4 3143 T hock
pr ot eases, |$1§:%Egli 2%@ t §§|Q(¥r%’ %R@égéelrﬁvz%@ 32‘3?&%%‘88‘%&*& ea?ﬁgﬂ?%%o&%r ed
nonf unct isonalofechead). stress. Simlarly, the diagramdepicts the pathways
4400, 4500 involved in the expression of the heat shock proteins am and
DnaK, respectively. The expression of the a32 protein is activated 4410 by
the interacti on 4403hot ambaticheRNA spolayteesayer pirstshe ppdeowartten themad@pnmRNA

is transcribed 4420 and, subsequently, 0.32 is t[ggair%sl ated 4430. In a closely
rel ated pat hizaguassssbioe model masberbiqves fiorep hapshdirkog ffqm Fapthes gomprger

interaction 4505 of.a32 and, RNA pol ynefase at the. rom)tller aé;gi.vate §510 t he
transeri pti offBSs0 VBt 2 BRateTkRRRPETHP. SISl SRt e thE anddedss BR5EE4 of
DnaK. DnakK, &yt a;f%’ulﬁi LASTinpAt ShAChs AROGnMshHw3A FRTJ@%A Qndtabiliaze

a-32 or, alternativel may refofd 4700 the proteins unfol ded by heat

stress. 100D gAHphicaBa&t diteifaddSRA%LG06 906 shown iA Hioak Theagiarar eciveoparadsl ows
users to performsuch actions as draw, edit, annotate, save, and £r| nt out
bl ock di agr ather aprdst éatpreieess esfcugsiiarrode sy the regeciRpble kepdsr pradused ibydeent al

mat hemat i cal _el enents of cl assi c, bl ock di agram nodel . .| nme.of these
erbod et o, TRHE AOYEN 1Y B6- AT AP0t QS oLV BEThirk 6 W G teRECH
non- vi rt ual [ I , -\ r ?EIW y
dynam c syst %&Eggggﬁg% r{l{%e%% a%gdrggééﬁ lﬁ@g{goq\éy%%gé%&%lﬁtg :\Cr% ggtp? 8%&% 05, a{fo205,
4305. A Virt giakteb| @etermbiaybbe P4 oM dedyfeebd@riaphipal setgaRi ZE&VAONaln some
conveni ence and plays no role in the definition of the systemof equations
descri betf byembedbhouk tht agrcamblodele iFoanearimd ® ohe or teots ookpdicagyiam of
t he heat shock 10 nmechani sm E}n E. Coil bacteria depicted,in FIG 4, gene
transcri pti oRCTRRICABACEIPM 3T DEqORs G MRS FOTRIIAS, CXFEE dH6 fodq Bpresass
4200, and 43Q0 resent ed Singl Vi | bl Hierarchi cal
rodel i ng. ( syttt TOO % EERGFREIRSG AT AILE fie Vbl Bovat ol pibE A
readabi l ity gfay"RER!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 sonme enbodi nents, the meaning of a non-virtual block may be extended 15
to include other semantics, such as a "nerge" block semantic. The nerge
bl ock semantic is such that on a given tinme step its output is equal to the

| ast bl ockwignzows/bgzgist 0 an i nput of the merge bl ock. In tpagpuddoedbREgRi cal
user interface enbodinents, a nerge bl ock nmay be conbined with "wild card”

characters to expand a single table entry into nultiple instances of a
reaction. For exanple, the 20reaction: *transcription_factor: RNAP -> gene ->
MRNA -> protein whi ch uses *transcription factor as a "wild card,”
allowing nultiple_protein expressions to be identified in a nodel using a
singl e line react Instll ptheyembodimentnythe sapdelingenpirerynew30fallowsa wsseth t o

-Si | th | st .of "wld d." | 2 ' t.h
eahni ques. SREESED A TIpERe! Ribsed B hemisel FRCUTLR T oLk AGERTD B RSpBifEes of
code, are el skbBoHhentdia Hl&(ﬂ&ﬁ&érinﬂtrﬁﬁélligéﬁﬁﬁfoﬁn{eﬁt.b& 18 elbb¥ndhCdpResl MaYy

‘be provided from a database query, a file, or by user Input at the'tine the
reaction i s @xpéndeablock Jegemthewinehex dungk atdctomiE| ColEhadtertariansdari pt i on
WO 2005/ 083618PCT/ US2005/ 005505 factor that is provided results in

di ffer ent58 r e SRUSFYFI S 18 GﬁZWPWéllv %9%“ sBR6is E‘ép‘én%i ‘%‘:‘ﬁerc@g‘ﬂs @@F@e‘fté’eﬁﬁﬂﬁ’ée
nmessenger : . culkar pr ' .S technjque be used
o produce sSrBoBy TPt Pelelfiie Rl skl 2 A0S ARy 8, |

still other ephod (PRI V%érﬂ@-dm@%dei}gu&mdiﬁgBH&ﬂ&foﬁﬁﬁgﬁ%e%mmuevi de for
condi tional éxecution, Ich is"the concept of conditional and iterative

subsyst ens t kaponenvndicandienk proteimerdspands todtehoislverd sues byaefoldisgb- sect i on
of the overall b]ock diagram 10The bl ock diagrameditor is a graphical user
i nterface (GPFOtewsisohaneronpyuer by Hesradimearanfier tomabpryringviagiraierieddel s by a
user. FIG 4 depicts an enbodi nent of a GU for a block diagram editor that

Lt sy, 1 0oL 19 SRR AR 4 06 SIS PR i e
connection t e@uendtd Gavolikd.in ek RBIMDLEK te@fonse. In part, Figure 4 depicts pathways 4100,
4200, 4300 for the expression of proteases involved in heat shock response. Pathways
4100, 4200, 4300 represent the expression of heat shock proteins ftsH, Hs1VU and other
proteases, respectively. The pathways 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.



15 tool 416, formatting tool 410, a save/load tool 414, a notification tool
420 and a publishing tool 418. The bl ock tools 402, 404, 408 represent a
library of all the pre-defined bl ocks available to the user when buil ding

t he bl ock di aqr | ndi vi dual users nay be able to custon i ette
to: (a) reg¢ggﬁggéﬁﬁlocks in sone custom format, (b) delgkiﬁ@%géﬁggﬁﬁey do
not use, and (c) add custom bl ocks 20 they have desi gned. The bl ocks nay be
dragged t hrough some hunman-nmachi ne interface (such as a nouse or keyboard)
on to the window (i.e., nodel canvas). The graphical version of the block
that is rendered on the canvas is called the icon for the block. There may
be different embodi 5Bk diafRim EAROPARSH Wetsablrrioi ddhngtidnd 4s&Bawasdhel
browser view of all of the blocks. In these enbodi nents, the floafing 25

el enent pal ehhgotatd, save, andipent dot bloak dhigoak repragmam@iserfelynsmio sysemspal et t e

and drop it in place on the screen. In sone of these_ enbodinents there may
al so be a t eRles arethe fendaneptahmathematisnl denpmis e atdlssic bladswiagremr act i on

model -y catseene e of sn FupRnHS R P od AR PBr Ry t¥ed | n
the polyngr a%@ssre?ﬁf’gfo(eﬁs 110%@%8@1@%%%85@99@ Q‘@&?-Qﬁmafl blockShfdd this

textual intertace, users may write special scripts that performautomatic

edi ting oper alenfsar9dlyhitgidtyoelnsdhatraihe &2 uae RNYe pelyiletdte imdératiamta0%i th a
set of wi ndows that act as canvases for yhe nodel . There can be nore than
one wi ndow f d203 4308eh vivsermh bkekmadebs provyddidop grapihidabneginizationalul ti pl e

hierarchical 5 | evels through the use of .subsystens (discussed further

bel ow). In stcpwe%%q&é@ngﬁgwainﬁé &in @ﬁ@?ﬁal%&ff@ﬁ 5}’3%?18&%883%% ‘{féCfg?‘fé‘vi ded
for facilitat] e, user.’ t ract i f. I - diagr T

Wi i ng |line &:’8 ﬁ%gé)p)lcg r?ﬁ f%'%‘flsrﬁﬁg%; %%f X%E‘P%W‘%Qgcr @O?%Eﬁl 5%98?%60?%3 Sl'llél]cﬁces
that conpgct &R aRkRGKE. ITolf BE&ERIGLPiSWIATIE. 4! BeRORnRABAGH E’f&'&i‘iﬁc@bf! ngl e
10 wiring line tool is provided and the user connects bl ocks by sel ecting
the tool, selsCtiongoductpmnteipyirairesaned bpkd 0] 4200 adetBpaiaythe | n ot her

enbodi ments, nultiple connection tools nmay be present (such as the
enbodi ment déppreseaded # Fingleqyirtughblesks Fbprrehisal roastins dsudhras ihe naef ous

ot her mechani s i nvol vi hunan-nmachi ne i ntegrfaces su as the keyboard.
The rodel 1 ng “BRYFBIREY B ed0 il racdbe stsbhuBY SRrRE: for e o

aut o- connection tools that connect bl ocks automatically on user request to
produce an aest hetrhGaleYentSisicRes, HAYRMnial drasdl-GicthalbBeK A (RSRGIRY! Y
those with high conpl e>(<:ity vvitﬁ %érge n%r#%grs g% bl ocks). CO?I{I’?IXGCHOI’] of one

bl ock t ol&nottbenclad@other eamidads, sleh Spethage? dycksentaadc bPhd herdd blstk bl ock,
or the output of that block if it represents a transaction, is an 20 input
to the secondemapdkis sTple that oot agiven tnpostep it6 oatpwis cquend te theolagiddogotes and

L A bR R IR
format. Vhen 4 t‘?&ﬁﬂxeh& 95%92%&?&%&?5 dencothﬁ:eﬂ%i‘Eﬁ “URY ARPEAar k&S o L O

annot at ed bl ock or they nay
'* 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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The formatting tool 410 enables users to performvarious formatting
operations that are generally avail able on any docunent editing tool. These
operations help pick and nodify the various graphical attributes of the

bl ock WO w0Q9ddAR3638PCT/ US2005/ 005505 di agram (and conspgdfueabsdakasks) such
as include font-selection, alignnent & justification, color selection, etc.
The bl ock diagramand all the blocks wthin die block diagramgenerally have
a set of functional attributes that are relevant for the execution or
code-generation. The attribute editing tool provides GU s that allows 5these
attributes to be specified and edited, The save/load tool 414 allows a
created bl ocReier sgtanprrysiad sesulbangedidgrentFractan shatypatentialiys cpeses 2opened in
-the editor at.,sone later juncture thro a_Load nmechani sm User.s save

bl ocks. | ncl (ARG BEBt hetaice doessingen SR nd FRteS omhraobporsds 1t

bl ock- di agr ; I i i i Lt . 10 the
-same bl ock ?%ﬁ%lﬁﬁhhb?ﬂap) %%Jﬁ%tﬁﬁgiyrg%ﬂs_cg %E@Sﬁ?%%ﬁ%ﬁg{\@%ﬁgc éani smis
speci al | y edqudeppedrtt 0 handl e | oadi ng and saving of blocks in a'block-diagram
that actually reside in libraries. A publishing tool 418 may be
provided to enable the view ng of the block diagramas a docunent that can
be publi shed in ahystsl athdarobdduueomnt the anordelisg thiviremaept 860 nRagsdsSer i pt, PUP,
HTM., SBM., XM_, SGML, SBM. etc.). Thase skjlled in the art will recognize
that the wi nPoXEerigr congipppalexaetias vaneh 1ithe gpngepg of sepditiapd rndhiEgtioy e

o ovi df nga TErteHS SEERGRRET ahEh Rl St el o iR o e i BBafot a2

al l ows a usepVBkiinBlolk diigplRck diagramto send a 20 message to anot her
user. In sonme enbodi ments, “die notification tool 420 causes the current

vetsion of the block diagram to be mailed to the specified user. Those
skilled in the art wll also recognize that bl ock-di agram Eackages of fer
scri pti nif | anguagébe lpckiagrampeditar ipr gepphirsl essnintarfeeniieV Hatampenenty out a

[ f 25 ti .th | d | [ i ti ith th
30, “Suoh astBr sl diingAr bBRh dleetunarrast PETHNT HICh AR P hAL i ng
execut i on, - og BBt it SRR opd bIdR R amkfror tha egufllS, AL cGnen

envi ronnent may al so offer a variety o tools t I nprove the

ability of upglegel Onlbhe bdbadinemBe®nliaRIE. b eekGUITagbR IBcludx e blafk such
QUI's include: (a) a Finder that helps find various objects such as 5 bl ocks

and |ines wi tdnln462 pbs KOS, agnam wifiny lmcDeboggim toeit 4051432, debogotation
exeeut Lol of B, DA ot S ST A bAoA BT 171
results whil ﬁugﬁ(s%iﬁﬁ t 4380 lﬂ?ekﬁlgiclg%(ﬁﬂoz, 404, 408 represent a Library 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.e., 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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A typical base data-structure for a block may be represented as: 10cl ass
Bl ock ( public: // Access nethods for setting/getting block data // Methods
for block editing 15virtual ErrorStatus Bl ockDraw con(); virtual

Bl ockPar aniesdhas Rl ockGet Par amet er Dat a() ; 'l Met hods pb@Rshde96dssos
conpi l ation . 20/ / Methods for block execution virtual ErrorStatus

Bl ockQutput () = 0; virtual ErrorStatus Bl ockDerivative() = 0; virtual
Error Status Bl ockUpdateu = 0; 25 private: Bl ockG aphical Dat a
bl | cG aphical Attri butes; Bl ockFunctional Data bl kFuncti onal Attri butes;
Bl ockConpi | edDat a_bl | cConpi | edAttri butes;

Using this textual interface, users may write special scripts that perform

automatic editing operations on the block diagram. A user generally interacts with
a set of windows that act as canvases for the model. There can be more than one
window for a model because models may be partitioned into multiple hierarchical
5  levels through the use of subsystems (discussed further below). In still other
embodiments, only a textual interface may be provided for facilitating the user’s

construction of the block diagram.

The wiring line connection tools 406, 412 allow users to draw directed lines
that connect the blocks in the model’s window. In some embodiments a single
10 wiring line tool is provided and the user connects blocks by selecting the tool,
selecting a start point, and selecting the end point. In other embodiments,
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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30Bl ockExecuti onDat a bl | cExecuti onDat a; Al t hough the exanple of die
data structure above is witten in C++, those skilled in the art wll

recogni ze that equivalent data structures witten in other 35 | anguages nay
al so be uswo.200m36mj or data fields of the bl ock data stramtswwesdosdos WO
2005/ 083618PCT/ US20051005505 into four categories, a graphical attributes
field, a functional attributes field, a conpiled attributes field and an
execution data field. The graphical attributes field is responsible for
storing information rel evant for graphical rendering of the block within its

t bl ock di ms GQUI.. 5 Attri but e ific to the bl ock i h
Font. col or , HEHED (Spcmstansiecksl Bebis Mabds fopksler e IBRDCBHEUl d be
-not ed t hat Vi t.h ttribut t affecgt . ! f th
oted el TdLiign LGS LT o5 0068, 00 AL ELALAE SRS B 10
speci fyi ng bhpek cﬁﬁérﬁﬁx%@?aﬂgr}ﬂ% g@%t RGhEAIdAl bt l{cggltlattap@rc@é(ﬂﬁtr%?%@f the

‘nmodel using this bl'ock.” These attributes are speci for the block as a

whol e 10 andeidrationpiticodegeaetapvh. PThE baribhitetdaitidyd asd prévaepGESs diat hllowk
attributes include block sanple tinmes and restrictive flags. Block sanple
ti mes speki f thase atthibutyisdelbesperibepandisditasl. an el emental , conti nuous,

di screte, or hybrid dynamc system If the block is an el enental

di te-ti th h tribut jfi t h [ t ti
Inatants at whi o 1PREet G0 96 A0k aloRhE STALOIOF B ARR e Fo BE FUEALS 11 ag
i sall ovs tnewuse of wBlOCKS dhcRLIAR (IPUSHLOA, GA BR: Sondile BTl one

my irrpose the restriction tha ere nay e one | ance o rven

bl ock in a Ml meMdnisnbUaSs ffay BhveKo88 ASuERRGIE X oRERRAED hiEiyRémb Rfodat a
that is either available or produced at that port. Block port attributes

i ncl ude di neasepmste dias of bloek-digfama opled litatmes, Sachlibiaries facilised tdusowdh.
D nension_attributes, afe individual dinensiogons of a myltj-dimensional. matri X
that is b‘%ed%S@%%gi“héﬁuﬁ&hefdgpﬁwélr@%h&égf% Kwrs@afi{tsm BEAIEISHY S ¢t he
dat at ype of ch,el ement .qf datia i n,the data co i her . conpl exi t
attribute | s By ihedde R oftibn Sl Pk BTbRFIn § BFRTPeeElinsta o
sanpl e rate atdhllPHRicSReYridi®S how when the signal corresponding to 25 an
i nput or output port will be used. The port sanple tines nmay sonetinmes be
used to inplicitly infer the block's sanple time. The direct feedthrough
attribute is speciX peblishiigytcobr 1B mpayt bepprovilednd cinnblieaht eswieedfe tdoclnot t he
Qut put equations of the block are a function of the given input. This
attribute heldipgram adatdacmeng ghatisan 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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WO 2005/ 083618PCMJ S2005/ 005505 sequence in which bl ock nmethods shoul d be
executed whil e executing the block diagram The conpiled attri butes
field of the block data structure holds the attributes of the block and its
ports thatw »oesszéilge functional attributes |isted abovepcfhkmodbdssdsd i s
filled in during block diagram conpilation by utilizing the functi onal
attributes of the block in conjunction with the functional and conpil ed
attributes of the blocks that are connected to it. This process of

determ ning the conpiled attributes manufactured by the functional
attributes is ternmed attribute propagation. Attribute propagation is
described in greater detail belowin the 10 section on bl ock di agram

renory | oca i ons. (HG ey et VD B8 dl cEEER e otier (G eoely "
out puts, st atgggy iuﬂﬁb@@%@ﬁ&h@%s@{s Srbu‘ﬁﬁra%d%,%?%req%irgcrb%&{&géﬁmi;ﬁ” of

bl ocks. The bl ock "data struct'ure also has a se SOCi at e hods t hat

may be 15 catlgeiplecet aichaGUESHcRRENQYS Riadetadar hélpt H8d vaRbstSedts aekhi 13
editing, nmethods used in conpilation and nethods used in execution. Access

met hods t 6 dadtlacksiaaddmnehatiphin m Hetlt-diagrasmd byetDétnggehthat helpsdsbagtlze fi el ds
of the block. Methods useg in edit] S]g are called béllt he bl ock di agram editor
in order to rfeEon akblockdiagppsds) # &erisipn Gopwel BlUformanaging alfplep| ock

di agram For jnstanc this, set of 20 t hgd include a Bl ockDr con
rechod that dERaPRr Rhhd RoBhissdn b AR e b5 et e b AS L e
in conpil ati QRedftthMELRINESIL are called by the bl ock diagram conpilation
engi ne. They help validate the connections of the block to other blocks on

t he bl ock di agr amA Hdcaiitabodsayaedmuirofoexdduotl ony ibactpidseraediyiber  of
different run-time methods that are required for execution. 25 These incl ude
the Bl ockQut put, Bl ockUpdate, Bl ockDerivative nethods that realize the

Qut put, Ufdate, arfdaspdlochat i ve equations di scussed earlier in the context of
dynani c systens. |mwdditi on to these nethods several other run-tine nmethods

nmay be provided, such ag/thiRestag@Boadfor BE@ingt deftihg KlBElO@EQSSI Ngs, Enabl e,
Disable, Initialize, EvalParans (check and process paraneters), and

// 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



Get TimeOF Next Hit nmethods. It should be noted that there is no explicit
nmet hod for al gebraic equatio&f because these are represqnted and processed
in a different manner which will be discussed below in connection with the

di scussi onyefioédigs@emul ati on engi ne 120. 5 I n sonepcanipdisnienios, t he
nodel i ng environnment 110 includes a know edge base 350 that aids
construction of a nodel. In sone of these enbodi nents, the | cnow edge base

350 contains nodels for various reactions, e.g. glycolysis. In these
enbodi ments, when a user begins to input reactions consistent 10 with a
nodel for glycolysis, the know edge base 350 may enter_ the rengining

reactions foHtpHeuLEegongs; » grapbicabriribaes figlde aensgonshatityges Geld, f f er
.different nodels.,of the re lon,to the. _.use sone of these enbodi nents,
the of fered %Wgﬁgdﬁgﬂsggeéﬁfeuﬁ%d?%f:’écé:{"n?%&%ﬁ lji.S‘ﬂd\/vith varying | evel s of
detail In other enbodi nents, the know edge base 350 may insert paraneters or

-Indications of 15ngvggrééﬂﬂ?h'aﬁ:&%ufté&rﬁe?&‘Eserééiﬂm%ﬁ»?&f&r%?%E@&‘K{éﬁ%%%mﬁase

350 may al so provi I stance to a user ‘inputting a I agram

representati @ glﬁghicﬁlheﬁﬂﬁﬁig of tHe etlewithal ity pachi Block BRgraxeGUE, the
know edge base 350 may prevent a user manufactured by connecting bl ocks
i nconsi st &nt Asfrititeshspendidad ¢hie bbakticamsucieadpite solof, bt iapdycev-anhghire

dat abases t hat y he ysed_to facjlitate generation, of 20 _nodels include the
Swi sspr ot daskBEd rHHS_ gﬁ'§= I%%@ﬂfdc k@eoteé{ thay mﬂféymg)the%crfétrm@wmta Bank
affect the dynamics of the model using this block. The functional attributes field is

responsible for specifying block attributes that may potentially affect the dynamics
‘ of the model using this block. These attributes are specified for the block as a whole

10 and the input and output ports of the block. Examples of block attributes include
block sample times and restrictive flags. Block sample times specify if the block
corresponds to an elemental, continuous, discrete, or hybrid dynamic system. If the
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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(np://ww. rcsb org/pdb), and KEGG ww_i i sadj p/liegg/ kggal tinl).
Alternatively, the user may provide private databases to act as a know edge
base 350 for facilitating creation of 25 nodels. Blocks in a bl ock diagram

may be Vi r{y#¢doobsspn- vi rtual The designation of a bl ockpé\@m:g%mésgésual

indicates that 1t influence the equations in the mathematica nodel for
the dynam c system In the context of block diagramsoftware, it is 30
beneficial to include other virtual blocks that do not affect the equations
in the WD 2005/083618PCT/ US2005/ 005505 dynam ¢ systemi s nodel. Such bl ocks
help inprove the readability and nodul arity of the bl ock diagram and w el d
no semantic Fesfuicnen ievwhich héclﬁmdhhmsif@ald getcutakwhile exccuting tlathblockt ual

bl ocks include virtual subsystens, inport blocks and outport bl ocks, bus
creator bl ock&8&HB- From and Goto bl ocks. 5 Modularity may be achieved in a
bl ock diagram by | ayering the bl ock diagramthrough the use of subsystens. A
subsystem facilit S el Ng.: i | {.ecti f 0GKS. .t
represented by a ??ﬁﬁf%ﬁ%ﬁ%%ﬁg%$¥ﬁ$§%g@#qg%gkggf%§1a%ﬁgﬁ%ﬁgﬁaﬁﬁéi?%%ﬁgghnd
out put  si gnalogtiaf bldeR aBHRIEYHIrB A RuRELERYuRtGoAD attABuld 18QASHLYM eNntis bl ocks
Wi thin the subsystem A subsystemis a virtual subsystemif its constituent
bl ocks ar® mhelelds fidled in mivwingdoctadiaghahocdmgilaipmby oobehgdhe ingtibhel nodel ' s
execution. Wthin a virtual subsystem graphical entities, called inport and
out port bl ocRE1baEes qfrthybdedk insoapmicHen sTighthe warneralitpd sompiled ettphneast

bl k di Th i t d t t hl.ocks i icate .a.t | -th h
b ock, di2or amy ekl DBenL g oltpert Hecks Lnd sl s bmndl tguah
to facilitat ‘itﬁﬁ%ﬁ?&s‘ r@?xgﬁ%& od Bﬁ‘&gzefugtns Egoxgﬁ%ﬁa’ﬁt%ﬁgﬁ Hrfcl ) dSX&iRs, users may

be allowed to layer C I agra ubsystem ates such | ayering by
al lowing a cekbpphtion. cfthbeeksopaaeniepeenbad et detaghdowlieke Wi t h 20
i nput and output signals. The input and output signals of the subsystemare
accessi bl@ t eedtion oo béedk diegranhtaniidatioBy Tes exarytionslstashiaddss mainki n each
other, one can create.block diagrams with arbitrary lLayers of hierarchy.
Ideal Iy a suS%W@Pé’gﬁiﬂn%%' SRS PCIATY IS AL SRR th PSS AOR e T

Addi tional 'y g}é%ﬂ“%@’&sg gg&é“at%vslé%ﬁs s @%@(@a@{sb&{& HBeP %tk 36T dLBAS L RE L RADs

all owi ng oth
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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25 inpose unified control on the constituent bl ocks. To enhance the
modul arity of subsystens, nodeling software also allows aggregated list(s)
of paraneters of the blocks within the subsystemto be accessed froma

si ngl e GQUIwoansk/gdedignes and di spl ays speci al icons on thagpudsysfoess. The
process of defining the paraneter |list and the special icon is called

maski ng a subsystem 30 WD 20051083618PCT/ US2005/ 005505 There are two
mai n types of subsystem bl ocks, virtual subsystens and non-virtual
subsystens. Virtual subsystens serve the purpose of providing the bl ock

diagramwi th _a graphical _hierarchy. Non-virtual_ subsystens behave |jke an
el ement al dy@&ﬁ%@%@@ﬁ@sﬂw metheds: Hushosldbenpd tj»étﬂ@a%lsmwg,t nmiaa«ile, 5

hese .executi on.net hods in turncﬁ

-Deri i , D L1 the. i
et hods. of 118 BRI AGUAHOR] GEieLse s HF dcisteri Ao Birceisad it S He R s

are: 10 Ato”hﬁni‘épm&f%m be ARSEsA Scl%%'@nnt:%k?/ﬂ {itH3he AHPINRICHBheWM th the
-advant age of grouping functional aspects of nodel's at a given layer. This is
useful in noguldatickeshgine 1gondi tional | y-executed subsystens. These are
non-virtual subsystens that execute only when a precondition is fulfilled:
15 Enabl e’ subsystens. These are simlar to Atom c subsystens, except that

the constituent bl ocks onl xecut e when an enabl e si |. feeding the
subsystemis greatlérsomeﬁing‘é‘f‘ﬁ?m“:ﬁ‘? Bye g§HH§S’F§"P@}Fgﬂ Cate simlar to

PO S e bl ABERRRLAOLE AR kY sRRSHLS e

rising and/o gering sirg ?eeding t he

subsystem EpaiNRiiMehid, e Hgﬁﬁcég@ﬁé@t%@)sconﬂlﬁ§ fcHeR BfvihBeREbLOR 9f the
properties of Enabled and Triggefred subsystens. Action subsystens. These

subsyst ens agiycobniedhatetco:malsddiarents) mtticataousef beging tamphik fFéacdonsd Swisisodn€ase”
bl bck), a block that explicitly commands the subsystem 25 contents to
execut e. Mrhedatsamradst &omslusalyss, the krovisdgn hpiectP & mpg §RYcE fe ERANOLt hat t he

S S RET S BEIAN R S R S T
action si gnaly, i@t of the reaction to the user. In some of these embodiments, 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.ncbi.nlm.nih.gov), the Protein Data Bank
(http: / /www.rcsb,org /pdb), and KEGG

(http: / Z\Afumv.geugme,gd;jp' /kege /kege? html). 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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signifies which subsystens are commanded to execute by the action-initiator.
WO 20051083618PCT/ US2005/ 005505 Function-call subsystens. These subsystens
provi de a nmeans of collecting blocks into a subsystemthat is only executed

when cal | qgo%%ﬁz@%@\gner bl ock. The owner bl ock may corrpul;celt.,hmbgmg;(gnal s for

t he subsystem calling the subsystem Additionally, e owner may al so
read output signals fromthe subsystemafter 5 calling it. Function-call
subsystens define a new type of execution control signal, called a
function-call signal that contains no data. It is used to define the

execution rel ati onshi p between the owner block and the function-call
subsystem Flmetiorsystaid’s mmdel. Sunhypledks belpeisiproet the iredatdlityendasodunlarity

"interrupt” source. In sinulation, they simulate the effects of, an interrupt
and in code @féﬁsfﬁp%ﬁl&gﬁ@v apgdrigld ne pemant ensren thy mathemaficelineddus)

i nt t. i b { For. sub { o b teth
conet | ent TSRS SBHE TR B Rk R LB R, Mo Bl e e 11
embodi Mment s {iBolBRLARRAREBRMPIPErdifSAdICbAbLL ate urther of

broader understanding of the nodeled reaction. For exanpie, referring to the

bl ock di agram representati on of the heat shock reaction in E. Coli bacteria,
t he knowl edge base 350 can be used to identify other reactions in the heat

shock reaction thdodwglerityonaybe aihigaet i blpck uigramibydeyeaingubk yplodkhe

know edge base 350 20 may .identify other reactions _fqor E  Coli in ich u70
ol ays a par { Jgag ,tgeq@b@gﬁsg of phbsyRicdswaysubsysing Sasdlitatss iyFung aiaﬁgwgfg t he
functi oni ng . } i i _ i n still
ot her enbodi %%’tﬁs?t%(zﬁgoﬁgl&éﬁ *ﬁ?@%ﬂ%?%’%h%@%%8%%?5&5%‘3’?@Lﬁ%‘?ﬁgﬂﬂde%“‘ﬂ%m whi ch
bl ocks may bggsa eThefhpithndslpdesghils 8f BRARIbsysMfl alSadcedstens ek by 25
virtual or non-virtual blocks in a nodel, whether or not part of a library,
ar e i ncl iidedcomtidientnblideks fahirethecubiwerem Fasubiybredi sentsuilsubbistim eédiscut abl e
code is generated, code representing the referenced nodels is also

gener ated. \Feustigrenyblogks wgdnewdackpatgiheaaia teckdiagiam mepdehdunng e
diagramwi th_a gf,aphi cal hierarchy. n-Vvirtual subsyst.ens have |ike an
cl onental oy RAFES ebEian iy Yresph MRt P £ BUET s Porsa o
Derivatives, ﬂ@trp%ré leJk@?ﬁc%gﬁﬁHEdl 20 dPRADQERa1 Bnhtttibasdbthe PereRX Bitki On
met hods of the“constituent ocks.

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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Once a bl ock di agram nodel has been constructed, nodel execution is 5
carried out over a user-specified tinme span for a set of user-specified

i nputs. The execution beginsg when the bl ock diagramis -borrpi | ed. The conpile
st age mar kgolih@d/gi@gt of nodel execution and involves prgRdgdIoek/@aded
structures and eval uating paranmeters, configuring and propagating bl ock
characteristics, determ ning block connectivity, and perform ng bl ock
reduction and bl ock insertion. The preparation 10 of data structures and the
eval uati on of paraneters create and initialize basic data-structures needed
in the conpile stage. For each of the blocks, a nethod forces the block to
eval uate all of iThegarameoensn tihsoisebiysttn blogks, vatud subgystenislapdkoni-n t he
.block diagram If there arge any upresol ved paraneters, execution ?rrors are
thrown at t HEUBLTHREYSLERE: gwﬂéugwﬁwm PARCY S Paguamg g dlegiock and
port/signal characteristics,. the c ile tyl hut e such as di nensi ons,
.data types, c@%ﬁgﬁﬁﬁv g&ph&c&%eéar&ly 5t 1rg\(1£ E%V%Sws?aﬁﬁﬁycoﬂ(cpﬂts) are
setup on th i i d i S t he

1 butes o B e I e e B OB R AR b1 ok

t hrough bi neeritiréveat dre i) PThesesbeiids nie@iddrifedrd dullodig Ry acytcc@ethods bf ng

whi ch bl ock functional attributes "ripple through”" the 20 bl ock diagramfrom
one bl ock t dhrerponseRient bladksi ng si 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

attri butes, i . ensure that the attributes of this block are
conpati bl e dﬁbggﬁ%%Eg???ﬁ%&&égj%ﬁgﬁﬁgng Stks connected to it. If not, an
error is issued. Secondly, in 25 many cases bl ocks are inplenented to be
cohrpatible with a wide range of attributes. Such bl ocks adapt their behavior
i n accorldancAteinid stilbsysedrhs.i Thase arcodimilhetdoviomkbsubeysant acdith chd ddvantaghiof i s
akin to the concept of polynorphismin objeqt-oriented_progranning

| anguages. Teweupeg furichonahaspeets pbmasteisdta givackysrs Thiros ascfohinthedwasi s of

t he specific,bl.ock diagramin which this block finds itself. 30 Included
within this ‘i‘fsé%f"are ot her aspects such as validating that all

rate-transi Qe D RO0SI0A38 18RCT HSR0PELO05505, W1 i b TR vi el ¢

determ ni stiC resu appropriate rate transition ocks are

bei ng used. FheuOHRly!vAldPR padcBRdRlcHOs #fliRed nes actual bl ock connectivity.
Virtual blocks play no semaﬁtic role in the execution of a block diagram In

this step, tEaabled sishsyblenok JHese besidliacio Aicage anbasensptiopr ddit avay 5
(renoved) and the remnmining non-virtual blocks are reconnected to each other
appr opr i at el gonstiientdeapks edy esewitowben antemablesignalifesdingntbgisuhsyssmuisl bl ock
connections is used fromthis point forward in the execution process. The
way in whi chBBRETKE2R 269 nt er connected i n the bl ock di agram does not

necessarily gefj [ [ . ' ondi ng
recessart LY e 16, 8abe! ool o0, FRAL R ITLAC S} ghspponc
partially detspdfriest HBELEhI} RReARE WHY 2Sidhs kx'ftl/acﬂ*‘fﬁﬂjbgtsig%ﬁl isa&eoh he
conpilation step has conpleted, the sorted order cannol be changed for the
entire dirat ivdggaing figndllfecling lagsndnisemxecuti on. Fol I owi ng the conpil ation
stage, is the nodel |ink stage which may also ) _

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

“TIf” 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.
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15 produce |inear nodels. After linking has been perforned, code may or may
not be generated. If code is generated, the nodel is sinulated/executed

t hrough accel erated simul'ati on node in which the bl ock di agram nodel (or
portions i | ransl ated into either software nodul re
descriptigagz%E#%%;Py termed code). If this stage is perﬁgpgéz,“ﬁéﬁ t he
stages that follow use the generated code 20 during the execution of the

bl ock diagram |If code is not generated, the bl ock diagram nmay execute in
interpretive node in which the conpiled and |inked version of the bl ock
diagram may be directly utilized to execute the nodel over the desired

ti ne-span. Thition-edbsebsywstemwdEhede sabssuimopravidesaitteatd of dableciired bionks f i ne-
grained signal traceability. There are several different advantages to
execut i on 23ntow suhgrstentthagdénerkytaxoentedtvdn Gallnd by agervencatbdecke dde avenerbe

and | csser. gAY HESSHE T ST GF A ETHORGHF 18 Heruaeatm.
el i 01 ency gengahlic ARTBRAL oy Eo Rt HECIERIEH RXARULE N ARAADT 1LY,

Si nul ation _ e descri pt’ons during: exe oncan identify and
resol ve BUgsailhglileFueRiioMBERl §IRER Ok d@ﬁﬂ@&hﬁw $Pe BF ek&v\%ﬁon%uﬁﬁobﬂgﬁalpr ove

much nore expensSive to track and fix once the system

2005/ 08361 8RalltUsS2afthiciD oo Sghalsthhe emn i rendad el i$ ascddasodiedine thdddhictitional | vy,
bl ock di agram nodel ing software can be integrated with other software

envi r onment Selenanship detwrem freovaer himblandgﬁaﬁwcmm@éhsuh@rsmc FaPcdasses
of systens. del s can_ be tested di rectl‘y i n _hardware .t herebyf makilnlﬁ

pr ot ot ypi ng B GTEG'SPEY A Fiamatn ATUEVeS AT 8Lt IRFETURH RISk P FIRIIRTCS ¢ he
art will re ki Ltﬁ?l‘n- ; : S not
prbceed fur ﬁﬁgfgl\%‘mﬁ%lﬁgt%ﬁg g‘(::sk |Z€?§mta%§e%3§?8#%ﬂ%e§ﬁ¥ng g%o%gatgﬁto t ake

t he COdelOanCthdﬁiaJﬂO&stbtaﬂpds?ﬁ@lﬁogbuhmt&ﬁiﬁd nes of the nodeling software
environnment. This is normally the last step in the design of dynam c systens

in a block diagram software package. 10 In one particul ar enbodi nent

t he nodelin nvironment 110 provides a to%g allowing a user o select the
conpl exi ty wiHlegubsystemyrg Foxsubspstemse L Bese SHOSYSEERS £ Chiedthe goggiiyent

exanpl e, a user, can,be provided with.a choice of executing pathway 4100 as a
si npl e inputLi?Sl8E}fsprl}Plt@?% ??ro%ﬁgévfﬁ%cﬁg?hway 4100 15 in the nore detail ed
formshown in Fig. 4. Referring back to FIG 1, the nodel created in

t he nodel ing environnent 110 can be used by the sinulation engine 120.

Dynam c 9yst ens, KustheaentbalingneathefjtnrdedgsbandsOhaay balisecackiilinse ar e
typically nodel ed as sets of differential, difference, algebraic, 20 and/or
recursi ve ecfiathenns brordesmpdgrsrending of she myrdelddusactiopsEoegramnlonsierigys be

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 i 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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viewed as rel ati onshi ps between the system s output response ("outputs"),
the system's input stinuli (" inputs") at that tine, the current state of
the system the systemparaneters, and tine The state of the system nay be

t hought ofw@sed/0asyiBri cal representation of the dynam capdyubesngssng
configuration of the system 25 For instance, in a physical system nodeling
a sinple pendulum the state nmay be viewed as the current position and
velocity of the pendulum Simlarly, a signal-processing systemthat filters
a signal would maintain a set of previous inputs as the state. The system

paraneters are the, nunerical represent Gipl on of the statl C (unchan)gl ng
confi gur at i oWStEM WHA lwférﬁxaﬁﬁl%l}ﬂcﬂ@ EppuhIpdats: Berivatixes, etc ese

.2005/ 083618PCT/ 1JS2005/ 005505 coeffjcients. in t tems e For
Che pandul urPESIol BeCioxsa ot ol thE FHG Fahdriins PEHE FaEat PEIRs e
filter exanple; a paraneter is the values of the filter taps. A simul ation
.engine useful in connection with the present invention is Sinulink,

avai | abl e from Thenb@h brIKdiaghdit m&del Has beda cdvReredt 98dded exdution is The
present systemadds a fifth type of mathenatical nodel’, stochastic nodels,
to the t yjoescanﬂcdratlhevmtal asdr-spodéikd tusespanrfot heelsmﬁ.mkyr-epecuﬁudanpmss Jdteens:
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The definition used herein enconpasses both inplici
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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explicit differential equations. The class of ordinary differential
equations nmay 30 require additional equations to define the system being
nodel ed. For exanple, WO 2005/083618PCT/ 1382005/ 005505 equati ons cal |l ed

projectio k/fRSeik€dui red to inpose constraints on thep@fiiERoo6YskA!
vari abl esr‘?ce).qgo./,ldgstat es X, and X, nust fall on the rranifo‘(léi]:j efined by X 2

+.,122 =25 ). These constraints can be applied as a coupled condition to the
differential equation. Although systens including the projections may 5
conventionally no | onger quali as an ODE, they are included here as
differential algebraic equations to sinplify the categories of systens.
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exanpl e, the Qutput equation 504 may help manage its states by defining a
rel ati onshi papgrepsately. 1Phisesatplethersombethzablock diagrinovich qomat bibyk at a
specific point in tine or when a specific condition is seen. Jacobi ans may
al so be used<c@mnesEpRuissed fxm thistBpimgryadsinghe sxeprsinaprosgsst dije way in
Sensitivity analysis identifies t vari abl ritical to the systepis
behavi or . 20K HE BRI G Pl BT galt Aoty SHD dehng

di ff erence eguatiph AidPHcREdbll Fhinod) (JREpAtna & HSheMALyiod
specifies a set of two equatci 0 s? %S'J?put S%Ocanﬁp%p at e&)512. The Qut 8&%5
equat i on1dp 10wilabe kblved €ésxdcieed) o Rtudvrddr it pertiylgidemdrmioed duting e@sponse at

a given tine instant as a function of the inputs, states at sone previous
time, paranes@tiag sgpoine ¢orepildtinn. Uptae sheosorapilationostep has cemgpleded, fthe sortel

equation that allows the conpuytation of the stat t tﬁlg .current tine as a
function of PHETCARRRSDE shanesd faf %ﬁﬂﬁf@%%fﬁr@o AR S XSSP | o,
This class of nodels is suitable for systenms in which it is inportant to
track the systemresponse at discrete points in tine. Such discrete-tine

2ysL o e, Lvn cAblunsspoesanhgtinh alydiogrshoct ik sl s, o)
the Qut pid 5]3&)ddﬁ®li21@ﬁh5hﬁﬁt&&i8‘ﬁ@ﬂ links26) B4y lﬁ)%ﬁ@&%ormcd, 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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and Update equations 512 to obtain a closed-formsolution for the output
response y (t). But in nost conplex real world systens, the response of the
systemis solved through recursion. The Qutput ‘510 and Update equations 512
are appli %3 R Y to solve for the system response ueisit0sREishod of
time. 5 An additional type of mathematical nodel describes systens using

al gebraic equations as depicted in FIG 5C The dynam c system 514 uses an
al gebrai c equation 516 that needs to be solved at each tinme to obtain the
outputs. Wiile sinple systens may all ow one to obtain a closed-form sol ution
for the systeminputs and outputs, practical algebraic equations nmay best be
sol ved it er hiag bednjimpementad im hawdverec Addidohaly, bina diagmgmborodelbes $Qf¥\’hm‘ti ons
.and iterations, Algebrajc. equation solving techni ques used in die context of
dynanmi c sysF%‘hbﬁb‘&fggﬁﬁle‘ﬁ’rﬂé o SQEREIC CRVEPRBCRES tHat arc) sugablgiipr medelgiel i ng
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pol ymerase binding to DNA to transcribe a particular gene. An exanple of a
chemi cal 20 peepsadiforthehuith duubleck diagraar eexesntiohasklieyahaychapse hotwkeithe t he
reactions table of FIG .3B, e.9., s32 xDnak -> s32:Dnak.. This equation
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accordi ng tt(’)ﬂ]g&%rn obab M ﬁcﬁﬁig’gﬁp rllggﬁf%i%%lg?]h%%ﬁ@g%}é‘% sg%ﬁgg{e%%{qggr(ﬂ% %{elti CS.
Various pr olggﬂwetpﬁacﬁjlg%t_ri butions may be used to 25 determ ne when the
reaction occurs, such as exponential distributions, binomal distributions,
F distritButions, frequency distributions, geonetric distributions,
hypergeonetric distributions, multinom al distributions, negati ve bi nom al

di stributions, pdRcasPagicuarsmbasiieansshe padelingsyurenmepad 1Q grovides a
di stributions,, Poisson distributjons steri.qr. distributions rior

di st but | ongo! SRHEE ArRTPSHECL IR TP RBR S whichA ikl 8% heeSt her
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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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to use when—determ Mg e L1 ME varue ror the occurrence of a stochastic

reaction. Afifth type of mathematical nobdel is a conposite systemthat
has conmponents that fall into the four types of nodels di scussed above. Most
conmplex 5 real -world systemnodels fall into this category. This class of

systems hagohyseiers Derivative, Update, and potential ly gihgéoeieadekons.
Sol ving for the output response of such systens requires a conbi nation of

t he sol ution approaches discussed for all of the classes above. One exanple
of a conposite systemis one described by differential-al gebraic equations
(DAEs) which contain both differential 10 equati ons and al gebrai c equati ons.
OF particular interest in biochem cal nodels is a hybrid approach that

cont ai ns botdeeicisareivtthe spstemietguations sFortheqreadinbin exainplh aglaranetef or t he
solving of both tahol i ¢ and regul at syste in the sa nodel . ouped
within the égtﬁ%%%i*&?eii gy and R afie Blfes cKampice A PAFPGRE S THE VAEY vﬁ%
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di fferenti algitathRbIvaabI0ESn] ThatVISAINbRS! ESUIgFRatR kS RlasOichBGiaL | ons that
consi sts of the Qutput equation, an Updaté equation, a Derivative equation,
and a Zerso Crossing equation. The Zero Crossing equation defines the points
in tinme where the upper and lower limts 20 of the limted integration

occur. Anot her exBmppEsett susicmadds i fofth itepe plomadienmtical mpdab swchasticDi sabl e
equations tha rel ati.onshi ps
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time intervarhafirswhipelofiohahbmBttd medelt descidhesQyitPibs isin@Obidaedr veteyertpf er r ed

td as the results) of the systemare traced as tine progresses. Based on
sanpl e tilhes¢quatisgs{@PEshande dpsordbedles 54. dikerdinentic sptay S8 rpecifies a
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i seret et ey e B B o o oo gr
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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5 time may be periodic or non-periodic. Sonmetinmes, non-periodic rate
systens, such as stochastic systens, are referred to as non-uniformrate
systens neaning that there is no periodic rate at which the response can be

tracked. Awapniok/osseus-ti me systemis a systemin which tlperasodosivssaos of the
systemresults are continuously changing. Continuous-time signals change
during nunerical integration. An 10 exanple of a continuous-tinme systemis
one described by an ODE. There can al so be al gebraic or conposite
continuous-tinme systens. A hybrid systemis a systemw th both discrete-tine

and continuous-tinme elepents. If a systemhas only one sanple tjnme, it is
said to be sF%‘éqt@m&?]i‘?‘m??fPle&U%%@@% LRI {MpPEe PRIt P’Préjé‘? it is said
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areé achieved. 30In practice, except for the nost basic systens, mathenmatical
model s f 40 Yi®d) 054 0&3FEEgRET6NS JAOSENO bHBFiclynanirequyst frsonmviokme of

conpl ex set of mathematical transfornatjons applied in some prescribed
manner with OHEEISRIGICEIHONs SprProflABE shertiprangodsl anergtheHaod el fips seashed
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si npl e dynam ¢ systens. A schematic representation of such an

i nt er connect iMnpb agudiis FAohag delpvaiindghatsyaates bysidfingdh edktichshgy adiereSuch

bl ock di agram nodel s have now becone a standard neans in textbooks, design
papers, jlour mesetsatheistdte backaioc kupwen fihority oh@ specife poitti ipdiree phavhgataai | s of a
dynam ¢ system s.behayi.or. 1 A bl ock di@ ilgf} nodel. o dynam c system

0 f .a
i s represent SACLRRERATIRN I5 Spems JacoRpt BRY idkip EKBEHORTR SERHHBEL ed by

lines that r t i d ; : } ) ock
epresents antlnaifa g el Al ity PlalfihBRARE G YRR CRRiClo00 ]
term nating ahe appedmhBbehingi.fi es that the second block is

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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15 a product of the first block. Those skilled in the art will recognize
that die term"bl ocks" does not refer exclusively to elenental dynam c
systens but nmay al so include other nodeling elenents that aid in readability

and nodul agid Xe8isspisock di agrans. 20The theory of Digi taIPCﬁ*}g%km@rg&cessi ng
(DSP) focuses on rmgel ing signals as sequences of sanples.” Thi's view

naturally fits into the time-based bl ock di agram paradi gm by mappi ng the
sanples u[n] to discrete-tinme points u(tk). This adds the benefit of being
able to nodel the interaction between DSP systens and ot her cl asses of

ti me-based systens, e.g. continuous and/or discrete-tine control systens. 25

Put anot her wayUpdatcéquditiags b2 o dbtain aickstdrfermanbdion fraht onshitespisiseeen
signal s and state variables representative of a dynam c system The solution
(conput at i ony@1- Bytspanestaomplaxaralgrondhsystams) the gesnomse of thosyswmaisseiiedg

th | ati hi td wh ti tart t. - .fied "start
e F e R Sy P QuAlR g M B o e Sl o0, Thrt
el a1 oS Dk ] €14 01 2ROSLORRRARET USRA0gR5505 as 2 ti e

step. Signal s'représent quantitres ver tine, and these
quantities apg RiGdR tfpRlofdhdth&Bhiidab mdtel HEEcriRE WRemb hSink! Hedbraicagr am s
start and stop tine. Thé rel ati onshi ps between signals and state vari abl es
are defined bguatiins astepigtedtin Gi&. 5€prEsedyreaniysybleor k34 ubbesealgepraid ons
define a relationship between 5the |nput signals, output signals, state, and
time. |nher eRQUALPN $£6 thatingedsi torbe sobieHeat sach s o phieishepatpuihiV¥hlar e t he

coefficients .of .the equations. It is,inportant, to note.that block diagrans
re not oxcl BRI GRLARY 5T opf S0 BRTIRG ol STHe: KERUR Bghm A e i but
al (SO for ot N APEER SuffurE PrRYEAISBraic equations may best be solved iteratively
10 uvsing a numerical method involving both perturbations and iterations. Algebraic
equation solving techniques used in the context of dynamic system modeling are

discussed in greater detail below.

For modeling biological processes and chemical reactions, an additional

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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10 For instance, flowcharts are block diagrans used to capture process fl ow
and are not generally suitable for describing dynam c system behavior. Data
fl ow bl ock diagrans are bl ock diagranms that describe a graphical programi ng
par adi gm Waey Rodidassigvai | abi ity of data (often thought Olicﬁfisfoﬁ’éﬁﬁ@%)z is used
to initiate the execution of blocks, where a block represents an opération
and a line represents 15 execution dependency describing the direction of
data flowi ng between bl ocks. As used herein, the term bl ock di agrans neans
ti me-based bl ock diagrans used in the context of dynam c systens except as
ot herwi se noted. A bl ock di agram execution engine contributes to the

nmodel i ng sof tomse evhieaglet@Minihgehea inawghicfor chopatarémnme aiwstbclkasiingeanfion.
-dynam ¢ systeml s outputs manufactured by its block cliagram nodel. An
execution engine carries out the task of conpiling and |inking the bl ock

di agram to produc "in- r xecut abl.e” versign of t del that is
.used for generati‘ﬁgﬁg‘cﬁﬁc %ﬁ?‘%’lﬁ%& Irﬁ?‘?‘ﬁés Bfompr?ég?isﬁtﬂ&qgabl%fck di agr am
nodel . Execufd t - i i : 0 i tion.
The compi | o Sl a e AL A AL o SRR A A M PR | 80
i nt er conmect te@lwotld sfsham phedeks il agioatils chftgti?%r].STﬁlTs aes of HisreenghBeOatm@, sorts
the blocks in the block diagraminto hierarchical |lists that are used when
creating theDetivative fidpiud, exkpaerendgalyl ¢thesequatianseSolvinig forabe outihe execut i on
engi ne uses the result of the conpiled at.e nmenory, needed for

tage to_.gllo
the execut i offSRANSE RESEH SYstFms SRIUSHFSR ’%a‘gfé‘?n Pﬁg’%’fcﬁERO’aPﬁBF&ﬁmﬁhe i nki ng
i ots whi o SPaEETPRES the ot P OB Bt R R RS R o "

lists which are used D) nul“att on- of ri-zattof _

di agram | nchskdgbledby BifferenBgl- Azttt @EGtHSs DA HEsNwhicd EdthiOPodf difftRnimdel
whi ch consists of evaluating "Setup” nethods (e.g. block start, initialize,
enabl e, Hhd eprsibanindalpgphbicraephocsy) Fhparbicobti inetdsodn bicebutriion madstissis ar e
generated 5 pecause the sinmulation and/qr linearjzation of a nodel nust

execut e bl ochybiist Hpacachythaisantiing bodystachssny apf slstermipisig gguatiansapihicn ¢ |

Af t li nki h b f , th ti ' t de. |
thi s stage, TERIREBireliPe AEPRE mepBef it Rl PR o it i S 0RhR Reidyr am
10 nodel (or portions of it) into either software nodul es or hardware

descriptions (broadly terned code). If this stage is perforned, then the

stages that foll o@reipediwichigehetahposieadas dfisystegmt hee suay ektemsions t he bl ock
diagram |f this stage is skipped cozpliet ely, then the execution engine uses
an i nt er br et invelvingislagipnhipe(pquanonsy defined i} trrrnsdifbpthputputsodstaasier t he

beenune  hey B el 5l eyt e BB e 5 DO R BT, o
di agram soft : : i Il At i ngi ne
nsas a7 mul SRlelal By FRRRC00 sedUT Bl (AR SHAAE of HIPORKFELARORND
upon a sanpl gn gdateCeafbCL£DAGatEY Tqaatice s Eerd (RYsstdinbgeatiwr. Thiei me 20

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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Det er mi matiom of putative reaction tines relies on the size of tine

intervals chosen for the sinmulation. 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 nodule of the sinulation engine 120 ‘that is responsible for

per form ngwowood/@sés: (a) determ ning 25 how far executi porAykroes/edssusl d be
advanced between consecutive passes in order to accurately trace the

systenis outputs, 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

sol vers or variable-step solvers. 30 WD 2005/083618PCT/ US2005/ 005505

Fi xed-step solvers are solvers in which the tine step-size between

peci 1 es this: quAmErge Bries e aydiony vAER b oS udon g/FhE sty 21 eme
that must ORgrales kil el bfEme tibflethtr 8 PhE Wk rval pdoBstiance.  an
anti -l ock braking systemnay be esi gne 0 control  a car's aki ng

system and jeoEHRClicRets tiihe HRIN BlecdleXNEortitfdis i€ ddtef0 The)inRhvas s£cond
SO0 as to assure the car stops safely; if the braking system does not neet

its timrfg comstnai b pericdieoc aonipryiodicaSbmEtinesi-rsepe sioticens;, systearsgborte, are
designed to hel p nodel discrete systens that have to generate a r&;ult in a
fixed tinme prstehasimiysiems, pieefrisddp a8 PORUIIEEMRE FSECIR MCAPHE Wlblel ed

system 10 cap generate. such results., Sone reacti.ons may, bg def.ined as having
27 a sorete. o 8 g WO A Foihich she FREo b Gh Bracket, B ePrtn ebufiene

cal cul at ed a%rs{elﬁ(ﬁq RERT iALRicH $hO ByRufibXCsF b SRR Slles SRR BhuoaQfe
reactions arée defined to be a continuous-tinme system For 15 these
reactions, esengirg Gitinuogs-Gassignad cliange dufibgmumneriddi antegreiosietdar m ned by
die sinmulation engine to mnimze accunul ation of errors. These reactions
require Use ofample phbcentinepissing sysemihpnhdescabedby gme@IB. hherelcas ebpi nuous

syst ens wher on- evenly spaced ti.ne steps are needed to sinul.ate all

ST ont T cant BoREAPEIC HAmBSRsPBUNGAE Ry VAR & D STEOPHEE SEbHior
bounci ng bal |,; %35 :d ) QN %mﬂﬁ H @% 1 unces, and where it stops.
It is knovm,lvt)tgse ?ﬁd&&%erl e%@ie? at W&i e gqcfn'cggbounces will not be evenly

spaced, and that the height of the bounces will dimnish as a result of
gravity, friction, and other forces. Variabl e-step solvers are used for
t hese types of coHid systsushaywtlye ree saadplkedindgtiessiidgoweasingleemtsile syssemse so

t hat the behavior of the ball wll be accurately el ed. 25In sti]l other
embodi meht s, MseREigRlA SATRIHG Fms 1t (DA o Po EUIKister K’E&jﬂrﬁ’éc syotems &an 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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nodel are assuned to have conpleted at "zero tinme," which effectively neans
that they are treated throughout nodel sinulation as a constant having the
value of the final result. WD 2005/ 083618PCT/ U52005/ 005505 As not ed
previ ous! ywoSlheHdaeisi C reactions occur at a randomtine papecheefoREs
operative probability distribution, which do not neatly fit either type of
solver. In order to adequately nodel systens including stochastic reactions,
either alone or as part of a hybrid systemincluding both stochastic and
either fixed-solver elements or 5 variabl e-solver elenments, the foll ow ng
steps may be taken. _The simul ation determ nes putative tinmes for each
reaction in €¥Ramisgetensinvelvsoxompecset of methempatahtrndpsmatipasapplisddanput ed
.for each reaction in.t system, the tinmes ,are sorted, b ative
occurrence tiHeS Pfqﬁ?rbbfgle@?’é?@ with the QuIpEEs Qfame tra}psg}{@%g:ﬁ)%ﬁg thepe state
array is an i C i . : t he

poi nters poin Fﬂ%O@%hﬁﬁéﬂéﬁf§§§8§%@§%9%§%§ﬁ3§3M§¥ﬁﬁﬁg?&%gﬁh§8?ﬁgﬁ§%g

sinul ation. &hphe GRiahd systélf fARLhE titoldRVfIthd efefridsBrdd hBbvee ThieYefbt, bhe
array is executed (step 606). Because execution of the top object may affect
the armount ofomplkgidysapiceysem nay bhenodeitel sdnsystremnectibnecfputiats viewpleact i on
times for specific reactions in the 15 table, the putative tinme for each of
the entries fYPAHE SEEnE A pehepnatis represangaiion efuch pengosynagrgophachast
array is resorted, (st 610) . The sinul atji,on, engi ne 12Q checks for

B0a 1 onal SIS e d5AShe plack S v WGk ARG PRdE POTRRRY ¢
the sinulati I q epLa i L : 3 tion tine
has been reagﬁégﬂggggﬁéégéﬁeﬁﬁbﬁﬁ%@?&?%éag%%f?ﬁﬁ?%28%%h2%§fﬁgv%%% execut es
the next ent specifivatities ot @emanicay theidemil®86) dyRAhrryétem’s bekadbmul ati on
termnates. One of ordinary skill the art would recognize that other
schedul i HY met hodol ogi es may be used. In one enbodi ment the sinulation

[ 120 id chani tori t h ti i mul ati t ext,
and & mochani sm o DIPGSTBRRT PR B RFETRE SRGD O PAGCBET B REmapRAgS =

mechan SHBEf IS ARCPILH :

R e e A ey B R s P

to store si mdfdrhRnystent Bxéh PRRR réfiesepits Bl @émenial Hhmhie sybRhi.’elinbecause t he
final tinme is reached, simulation was interrupted by the user, or

ot herwi se) . Ainasatiag atvenegblockdod egnfimating 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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WO 20051083618PCT/ US2005/ 005505 queryi ng whet her the context should be
stored or not may also be inplenented (e.g., user-interaction when a
simulation is finished).: Once the sinmulation finishes, the simnulation

cont ext mogzﬁgg@%gd as a file, in a workspace paranet ei;?ggg%dgg?&g&e othher

format . dinment, the sinulation context is sto I're. The
file into which the sinmulation context is stored may be automatically naned.
However, a user-defined file may be used alternatively. The storage

mechani sm for saving the sinmulation context can vary from savi ng the cont ext
as nenory dunp, to saving the context nenory as a platformindependent

textual dunpad Dfigledher SEaRKGEHISht haRGOESHAt cCiSigk V8 Bfnel Bl thedee NO
architectural inconpatibilities between conmputer architectures invol ved

there will bguatititsffeddneddor dl pomty iegith¢ betv@eheahe bhplketegaals oest snth as
saving the context as a platformindependent hinary dunp or a platform
dependent t eXORdime itasionshyps hetween signals a8 setovariahiesare defipedt By satsi on.

15The user interface of the context restoration i chi eved by. starting the
STmul at s on wt RS0 FESEORERC CIRSHY IRGE CITHIPE: e & ERHOMIPT ALYy be

i mpl emented : : ' I deSiniRt 214 or any
otber nay ACK APRECBIRL T Ao, SR AT IhO Rt LR kit g
(mandat ory aR@tieftdf paamet@s, Wiich Aid thal cosffitithd dfafie 2Yahii@ss. fi nal tine and
addi tional output times. 20To store sinulation context, a

"StoreSimul ati onContexe flag may be set in the sinulation engine 120 or it
may be conmunicated to the sinmul atjon engine 120 by the_ anal ysis, environnent

130. Cther inpl eméh¥ AVPOHINL @Mcéga‘:u@? _ r&B}%iaﬁ%POEF’E%‘E 155 nmodel i ng
envi TONTON! LGy AN R 155 RS0 el 2D T OOEP IS Phefelld

Addi tional |y, age n activi at  occurs duri

simulati o (IFofinstz¥ fldvkhartdhr8 &M difgraths (BEUREARTIrSHIBER HoMW hnd hee T hi S
end, the user nmay specify particular storage conditions (e.g., when a

certain poi ntot gehdérnity sistabeaohdekscribirg) dpnaati¢ ystenubbhador Mmtafbwdslerknt of a
steady state or when particular values of nodel variables exist). This could
result in a sagsanearedilock diagramsshatcdnseaha 2 graphisalprogramayag prradsgm; he

;Ioong} gglggg 8%%?1{\9% O\{fg%a‘?télg% of data> Oﬁ%;l ogéhqu«:l)f%ts It&penré*llr;'use(y\% 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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I n one enbodi nent, the simulation engine 120 regi sters areas of nenory that
constitute the sinmulation context, and subsequently calls a procedure to
store and restore the simulation context. In one enbodinent, the sinulation
cont ext revatemss@as in nenory are registered before a RiTmR20450085505 S
started. This is inplenmented by rerouting 5 the general nenory allocation
call through a registration nmechanism A conplication in storing and
restoring the simulation context arises when aggregate variabl es m x
references and values. To illustrate this, consider the attributes o a

Runge-Kutta 455 | ver . ts C++ inplenmentation, the class R1(45 is derived
X n&ewaup@gegé’d%ay(

from Var St e (EXECH{IO sypglatign RKA!BCH&?BPE e doubl e
-*10; 15doubl I ubl e *

oo eti ot o etk diaB NP &?flgés%xgﬁ c g Agp0s the itltaudR ol B medel o5 The
definition reeRksnddifbf A m&h%é(cc YL EtédaBYI: es and
reference attributes. The refe ence contain |nters sbem ic to the

particul ar Wo&tﬂaﬁﬂoﬁtﬁtm&h@ﬂgymt bl xheimeenccsmml listd 8 gedarate o,
restori n% t hese t?/
because the simulation and /or linearization of a model must execute block

methods by type (not by block) when they have a sample hit.

After linking has been performed, the execution engine may generate code.

In this stage, the execution engine may choose to translate the block diagram

10  model (or portions of it) into either software modules or hardware descriptions
{broadly termed code). If this stage is performed, then the stages that follow use
the generated code during the execution of the block diagram. If this stage is
skipped completely, then the execution engine uses an interpretive mode 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 exccution 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

37



result in invalid references, and, therefore, these should be ercluded.
Figure 7 30 depicts part of the allocated nenory 770 for an instance of
RS45. The al l ocated nenoty includes value fields 772, 774, 776, 778, 780,

782 and 78&oxackas3brgr ence fields 786, 788, 790 and 792. pcr/us200diesdrasi C
approaches exist for tracking the sinulation context nmenory 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 maintained.
The first WD 20051083618PCT/ US2005/ 005505 approach lends itself well to the
obj ect-oriented Cé)_di g paradi gm wher easél%\i %gc_ond approach is nore suitable
to a procedural SEYRFSEP SOSEITYE SovESAn Biiq tirpe $18B-SiECtDARVESN 1 ecogni ze

h h hods. of id i fyi [ h i f o db
the. si mul at | G CORMREFR] HAa BrE0n e e etreRl oploh Sorrdifilbent -
the simil at i SH°E B Wi e prdSent
| venti on. Sokhe PRSE OfvcA i AR o MOS80, L0 GK LBEN WA 2Dl s

are identifi a speclal c en they are en their

nmenory is al4 éefbicRiimEqdisbicse §Btkms)NFoLadtdte Gl Anthbckhaddag estdm nhdy R
al l ocation procedure, an internediate function call is used that calls the
al | ocati én pdesigastdrte contdaeads hekuigssystemy end ¢d oxeuitd suaht aomt] in pne-egest er s

the al |l ocat ed ry. as_bepng part of the coptext. 10Naqte that the indexing
schene can bERAFERHHLHOR bos giconlse aF tGaale thea Siaps %‘?Fli’ﬁ% glscb te

sel ective co xt restoratjon... such, .the context of ,a s in a
nodel can be‘%’%%g;\g?% e lg’%e &e%@’r%%mﬁ%%ﬁr}gr gacu%a§ tn,1 ayec\}%sﬁl 'ig&%%é%bgfm ‘)r?%del

changes el sewRedBrd hat d@idRel tolitgp TR disdrédkQyite®k thitasQe @@g&ﬁera@r@rcsult
preferred enbodi nent tracks the instances of frodel parts and the nenory they

15al | ocat e, inhd fiked Srrelpeniods snd dedfiedunémeeciden bishiearthat the modiledsyistean
nodul ari zation of the numerical solvers, and the initiative to_increasingly
appl y ob}®&ct casy gansrat suehireryitpr SoRF srasgons may ke defined aphawnga dissrets but ed

i npl enentation has. energed., In this architecture, i ec s, desi abl e not
Lo have a gl SHHIE Efodh S Fe Han TR AERS St ol PR EARRE € SRB8al 1y 1 or
20 each obj eﬁﬁcwﬁs%%?@(ﬁxépﬁéé%l\i& obj ect inplenments an access nethod to
make its context avail'able. Several inplenentations are possible. For

exanpl e, an object could produce an index to each nenory |location that is

part of the context and have the stream ng operation perforned by the
caller, or it couHdvstvensemesactionsraye ddimedio bietasesintinuous-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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25Thi s | ocal indexing schenme supports selective nmenory restoration for parts
of the nodel (e.g., one subsystemonly) as it is object based |Indexing the
origin in the nodel of contekt fragments, optionally combined with a

conver si oworeabkasicssn bet ween type i npl enentations, al | ORETNSSG0S/0885DDN
between platfornms WO 2005/ 083618PCT/ US2005/ 005505 and different conpil ed
versions of nodels. This supports, e.g., having a controller reach a steady
state operating point in sinmulation in conbination with a detail ed
phenonenol ogi cal plant nodel, storing the context, and then after generating
code for the congroll same context to initjali.ze the,controller

code. 5The type f?qtﬁ‘grpfwgii?%éttog&sﬂgc {fg‘étd?nsp%%flf at 7 Lo nmesl?arsF‘i‘)L?Pé'& has
to be sele %zgaﬁvz@réﬁszziﬁr%ﬁi ﬁtei&g WRHCQY HL)& ggat%ﬁﬁ Qe YRINBIEP, The

menory allocation’ca Ata eeps trac he parts’’of nmenory that are
part of th@rdéﬂkﬂdequﬂ%@&nﬁ'&é%@teﬁ@b@ﬁtd&@ﬁt@@l@@ﬁt geathiloas afi@r alobe ic® ak ndexed
-as being part of the context ich allows restoring it. A straightforward

approach i pdexefa htirid $ieteRl ¢hidpeboth stdkbastenord/eidfertiixied-solvst dapentyyor
<address, size> triples. Gven {he base address of the RI C45 i nstance and
the sizé ofvafipllesplyer elementsy the follgwing stepsan®r e fakeRonsi dered part of the
cont ext . In order to exenpt the referencing part of nenory, the nenory
al l ocation call &or_.the referenced variables can be exploited. This prevents
redundancy t hat 'inl?:ﬁ %hu?@%efert%rwwseﬁl\{ﬂ@ﬁ AT §|5%§Hle ?%ci"% %%%Bﬁ%i%
explicitly (@@éﬁ'ﬂﬂi‘?. (LRI RNSSL R&¢tohs Otfxm'é?ﬂﬁrdbmﬂ-&'ea f8PRIcRaeltton ihichest rat ed
in Figure 8A "Wen the RIC45 instance is defined, an <address, size> triple
mar ks t he ogstems pondiney afasotredf byrpunrtyweSiidnriencd tidien ihtbot dtate atrap $stepmd

ref erences. Next, when one of the referenced variables, x0, is defined, in
Filgure 8B, &it)<dadmesmbediment ithppate arigy dsarearrap0ot printeraiNted bie nenory 802
wher e itos val ues are Iocaéeog.. In the sane .func&r@bon . a <address dtSi a%¥g> tupl e
is creded UEUPEPT BPCaHRCL the POIHISEHEIRE A RS BBCT b RECRERTAERE of
areas 10 Mmh¥ighblel GhELERACOkRIR QN %t KBILIRRLRLERDy the HAE RHGIAN!

i nvention i'ncludes two 1 ndexi ng schenes ‘'wth <address, size> tuples, one for
t he cont exttheakly édexrenrd)(steptddchot h val ues and references 800 and one for
the parts 25 of this nenory 802 that contain references. This inplenentation
allows the exploitation of allocation calls for indexing. A ternatively, the
<addr ess, si ze> Beghee ¢xecution nbthsrtppi abiest mgy stferrthe wimannt of epesitsdsesestil d be

partitioned en o f these referenced variables is defined. This requires
b somevhat 'RPE oL IR G6 IR S FrHORERECS FPEGPF HACHSdR At o

i npl e at.j.on, . .S 0, 5
dynam’mélraslt I yeagiéhgﬁf{]ﬁé@gpgéﬁhg?ad@coﬁgg ean\sﬁ%%% @{SS {5%? aggg?ygg?%gﬁ%gg% e part
of the cont&xd) ardodhle stﬂgg&hﬁg rggz;t}@aqgtqs g10npl enented and used in
conjunction with one anot her.

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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Since the work arrays of user defined functions are part of the indexed
menory, 5 no additional effort is required to make a user defined bl ock
adhere to the restorati oh schene as |long as variabl es are decl ared through

t he st andawd jopd/ezé@ce. For exanple, the interface to deptaiez009mskdiUOUS
state variables is ssSet Nt unCont States(S, NUM CONT STATES), where S
references the user-defined system and NUM CONT STATES the nunber of
continuous states. To facilitate nore flexibility, 10 an option for the user
to stream sel ected variables to and fromfile is also inplenented for user
defined bl ocks, . Due to the indexing schene for the areas in nenory
that need t cU5EYine gethenth CPE@%Srb@Hl%%& sﬁﬁgeiahv%trmwlﬁoet&am giedi(Rgoke t he

i ndexi ng ope [ bk . o] td O ite 1S
| mport ant toﬁ%%)?fe?&?ﬂgc{ﬁq{%% Jn%ayg?aﬁlﬁggdgar Pg%t?w% e @g)?lltﬂelg".}wls’gﬁ 615 al |

al | ocat ed wheimudatioh ruhiakt gy beistored as @ @il st @ vorkdpabardmetéie of indexedilanew
before each sinmulation is executed because changes to the execution may have
been made (elgmala different sol ver may have been chosen). The
restoration process is inplenmented around the main sinulation |oop as 20

Fmodel ot 1 nf o VEahl FrpBb et SARIRRR e o TR HRERE i N
i f( sl LoadCophexttBe spalihlios eoRtckE isﬁ%Lei@jmﬂfﬁgt&EHaﬂ@:ﬂfy ﬂa)ricd‘!\ﬁ}!i(l:\ﬁev@ﬁsaleet T( S)

< ssCetTEinal (S)) ( 30 slaxStore (nod ; ‘[*store context for possible

cont i nuat i onusdr-defife@ GHESMAB BE 18RI dub2DRY/ . E5A6raige nidchiripRéquesingthe (
ssSet St opRequest ed( S, true); . .
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.
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errnmsg = sl DoCQut put AndUpdate(nodel ); if (errmsg SL\ _NoError)
return(errmsg); 5 return(errmsg); Pc end SimulateMbdel */ 10 Before a

simul ation starts, it is detérm ned whether the sinulati‘on context needs to
be restor ewlobwsmesms of a call to slLoadContext which i seeeusadsion the
sane function call in cases where the restore flag is set. Once the context
IS restored, sinmul ation proceeds as if invoked nornmally. Once

conpl eted, the indexed nenory is 15stored by the sICtxStore call if the
StoreSinul ati onContext flag of the block diagramis set by the user. The

context is wit ento ile ncxX ex sian in one | ement ati on.
The flow chart i 6‘5{‘@6% ’ieéfrg‘%@ﬂ%“ ?’Fﬁﬂ@%@ﬁ?&ﬁe@ﬁj&f‘s ?#@Eﬁ“@@f @‘Pgt ion 20
-mechani sm chﬁuﬁeﬂ{e%huiaﬂ&%xﬂ&ﬂ a?1dl|§ﬁb§éqﬁ&rﬁﬂf d@/ﬂ@ﬂgfbc@ﬁﬁ?é to2drk R t&tore
sirnul ation text is not yet set h s to ens when a new

si mul at i on thewimuktior qomstie dn onélanbmdlgnemaﬂiewnnmidmecbnmmhta&reésaar ed and

‘reassigned. herwise, it wquld be appended t he s I N nmenory
woul d be i HFEIEY 2ETeBtF Whsorg 2rsTRBEROR S 53 s fisas e nleé‘tetdﬂﬁ"ﬁtﬂ%’élﬁ of

times assi gy geﬁhﬁﬁ‘n%@ﬁﬁ)r%#lmcatléﬁcﬁpﬁ%%ﬁ f{)iag% gﬁtﬁﬂ%&éﬁmis&.%'c&;ﬁ@ﬁcﬁ@oﬁ inl € by

sl et xSt ore I'n case anot her exi ecause of error
condi t i ons ktekingahd téstritprihesinulsionasatext aisesatherpigegrddane variatdss mixul ati on run
may start. en anewrun is initiated, the first ontie redirected
al | ocat i on retarepcesandivalues. To illustrate this, consider the atiributes o £ a Runge-Kutta 45
solver, In its C++ implementation, the class RK45 is derived frorm VarStepSolver. The

attributes of RK45 are

RK45
double t0;
double *x0;

15 double tl;
double *x1;
double h;

?

double *dX[77;
20
bool projectInterpolant;

static const int id;
static const double power;

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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30 ContextinitializationConplete, resets the index, and creates the first
<address, size> tuple. Consecutive allocation calls then conplete the nenory
i ndex, including the schene that indexes the parts of context nenory that

contai n rekgrenRssisnst ead of values. This functionalitypipusiRatbdsad at all
times (i.e., also when the context is not restored) since It facilitates

context storage. A WD 2005/ 083618PCT/ US2005/ 005505 determ nation is then
made as to whether the user requested a sinulation continuation, indicated
by the | oadContext flag. If so, the nodel checksumthat captures the nenory
map of the nodel of the stored context is validated and when it conplies

with the chaPRegsh bnds Heelivmelbio the objectsorinntes: coding paradigm péigreas theseqoadt or ed.

Chat of 1 ne mpRaph REAGHAGAE Y Tirgeed RIRGY: SRR, xSt 1 Fil'a: on
| oop is thenegop@pasiiRal ot nvditeyds 69 RhEA: dldsholihe SR HorSdr¥f Aoty Gsattext i s

witten to file. It should be noted that the context save has to be done
before the dhosamgivmaeaigstiaerbe trmployed within thescops ef the peesset ipventioni xed step
size, evaluating 10 sl DoCut put AndUpdate puts the state of the discrete pul se

t to th t [ ti [re,. L. tart ti. f th . t
ot 5 e qurld G sam cha R ndtfih Saeate, dEORE BRI ERRE A NI | on
W th the 15 Dot ot ~e A e N, B e Ty A R o

made as to wdiel hetead @ﬂdﬁﬂ.ﬁ‘%osﬁdﬂﬂd{'cﬁfdrﬂﬂnﬁoﬂlcexﬁod provédhlealh itbrosddne922) . | f
one is avail able, the | oadContext variable is set to one (step 924). Next,

t he rest or eShinatian cdhBoned that vallsi thblaBoasicpeprocedivg antonh etheranGomtext

variable (step 926). If the simnulationContext variable is t set (step
927), nenor ybﬁ&%r% LSS (S BigtS TS Dg O%e‘ikl&&“}mﬁ’ﬁélbg’inﬁﬂaé'f P’g&l‘&fﬁfl * menory
is loaded (step 930) and confirmation of the loading is made ( step 931). If

th i mylpat i - est [ i 933) .
The oi miati on conr ikt Ry ber ez Phffe SngUt A KO Gl Rl SR ™or)

user's W sheafdrii®onI8s fadlabRr sldeile &ionbdit MREiodtidn0 AJ FudAtthencddtext of a
interactively. If the simulation context is to be saved, it is saved (step

25 934) and subeysémmihat inodCoranelxt ideatifiadlaad rregetedt wpdiUkdguestt, eperoB6asatuif| e
freeing the assigned nmenory. If the sjnulation context is.npt being saved,
the simul at i DREEhCBRESaFsvircac SHRT |alisek the REeTy 1&ass 9%65?9% parts! TheThe

ul at i BRES ! .
comon r epr gASRT LA B Taf DRt A IO RECH B 30 Eidaod R

context 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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WO 2005/ 083618PCT/ US2065/ 005505 may be used to run the alternative anal yses
simul taneously in parallel. In other enbodinent, the sinulation context nmay
be used to update a construttion nodel. The restoration of the sinulation

context say@Soodjosishd | cant tine over previous sinulationpgghligshsoMsoensuring
accuracy despite not having to re-run a simulation 5for transitory O

initialization stages of a simulation. Miultiple sinmulation contexts may al so
be saved froma running simulation w thout stopping the sinulation thus

hel ping i n debuggi ng and ot her types of analysis. The illustrative

enbodi nent of the present_invention enables sinmulation of a wde variety of
syst ens and and dierent ¢anppiledvsreipmeoiinedes bl b RUPRUEs 818, haymg a congrpllemot her

.enbodi ment, the sinulation of reversi.ble r acti.ons]hﬁ optim,ze l,n,t hese

enbodi nent s e SEApYStats PROTaFRE PotutdR spgulagandn Fompinaina Mg detaed ot i ons®

of a reversifl i - [ i LEE. 4 e
array i e Pefighfaiefl AGEhoRk, HFLAE Shi AU WTE: el A?
Ce. Wien 15 fphitfe Qmetdlies, ubidightht 8a6t icoRfexptLiriliRRe e cShtR6lfericbay. cancel one
anot her out. Using well-known code optim zation techniques, this concept may
be extended to three or nore reactions that, together, cancel one another
out, e.g5, Ce->BrThaypebbtheRbdSdng Refngrusedge imed or gs@buted hisgortesul t s
generated by the sjmulation_engi ne 120 be 20. used, by an anal ysi s

envi ronment stigeted; Fhisineslatediy &ng%% eFngLodhe F@Wrﬁﬁoﬁ%ﬂ)ﬂo per at es

directly on a,nodel  t for .ex | e ner at e ady.- te valu or a
nodel ed systcélr#i ‘iﬁﬁgﬂbéeagdeg? %‘fl?rﬂf%}[%i Gtst éncsrggxtyet?;\a&%r% pé%rﬂ?%? C?Iﬁt%té%flen
embodi Ment s, it e rARR Y $hstad @G alf A0 8Ss tltckedYs 5&&% il dfiike 6Ldey@bhitg Of
all differential 'equations to O and solving the systemalgebraically. In
others of t hdleeseahordngiznAsiraighefoawald/gipsosibgindexesall frhe RK4# sheeifie 25bal ance
analysis, as is !nmown in the art, to determne the steady -state value of a

syst em 16t hepemery okihisinstuasaky stddiass) sisestumties: Givan the basgprdsiyess obyhe he

anal ysi s envj ment 120 .,i ncl.ude.usin on-|inear solvers, sensjtivyit

anal ysi s, bi KKAAHE ARG FIEE OpLT Lyey e Stiin Bart sl maerapidiis EOTYIEEd BAFY and
network infegmpce analysis. The result of these analyses naybe provided to
the sinulation engine 120 as input for its calculations. WO

2005/ 083618PCT/ US2005/ 005505 The anal ysi s environnment 130 may further
process the resul isodener éte@tpthite kdferencing 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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sinmul ation engine 120 or it may display the results visually or
auditorially. For exanple, the analysis environment 120 may use graph

vi sual i zation techniques to identify to a user sinmlar pathways. In sone
enbodi mentygobihR@sdkysi s environnment 130 interfaces w t hp@EpHsofs/@esYi Sition
hardware (not shown in FIG 1) which allows the analysis environment 130 to
conpare the generated results with experinental data. In these enbodi nents,
data gathered from an ongoi ng experinent is used to correct or generate a
nodel of the reaction that is occurring in situ. In sone enbodi nents the
experinment is conducted on a microarray or a gene chip. For example, if the
exi st ence ofdymagiicadly cpnssrusiterd but bardekt sisiye et pb yatiabidest thatara paot efchei r ed
fromthe experi mentB i ndi cates lhat t he protei n does ngt exist, the analysis
tool 130 mayOBfGiaBosh indeungichawes atsartrismstted 2pe wed gusonjungtien Withe i n
situ experi 'B'%{Etar%'ﬁﬂert he predicted response differ. For enbodi nents in which
the experinment” TS conducted on a mcroarray, the gathered data may differ
between mcrowells. In these enbodi nents, the analysis tool may average the
val ue of the gat hgih@cthe ok atkdysfhsdrdefihied ﬁﬁét@or@@b@?ﬁrf@ﬂ'thé indeR&i BBAbYSI S
15envi romment 130 may signal a difference if the data froma single

m crowel 15 diof asidgticabafiarhie remdiiel 'te make divstralgfineksosksadherartodamestorabodi ment s,

the amount of.tolerable differenc et yween i,n situ experinent and, the

bt edi cred r AghfRe FuBRE g Sanihia gt dusraed FrouiiGs el MEtBE P Rt <
tool transmih@erfabetodRERRY RAtIHESA ste LA DIRISLSSBN@NVIIORMBE, 110 so that the
nodel nmay be nodified to account for the difference. In still other

enmbodi nent s, NOY t{HeNENSTAEES), stefa Hrafennces 3¢ wengéfined|systendiangl ays t he
expected re t i,nent and.data gat hered. fyromthe experiment.
ot her entHM N TS FARES W gt of ot SRiES dodhe Blle e TERHE s ¢ ool
to contr@ agh &HRATHIRE usd Adbtrdatn sdleddOVRRBlPRSAM R HikeishRSWnpRnaRAr at ed
by the sinulation engine 120. These enbodi nents may be useful iIn

const ruct i onfoofisendabraddiocksry. I n these 25enbodi nents, a nodel may call for
in situ tenperature to be at 102 degrees Farenheit. |If a thernocouple

measuri ng tenperatur f.the in.situ.environnment indjcates.that %FIae
tenperature has ?lgp?ﬁr{ﬁ%gd%}%a?e&e égée Wé‘?\ﬂlgﬂofy%f ceﬁé%?“'?}ﬁ Bigdappl i ed
to the experieslrid, a BRERn®GH b reditedNo MdFokealiSndBing Ssdratfis any toothciditatember  of
har dwar e devi ces 30 conpatible with the conputing pl atform executing the

i ntegrat ed nessxt restorafiomultas inportanhie natethpbihs menviry Sriismartkdie @utexeitanyl e,
'n errbodijme né.lfal'lo%a%’éﬂlw %n%g?ml?lgt\{&{ %qlsapetqu%s Qd. It'has c? Qg {n%%;f’e a%lg“qge%sr ge(l)c 1/ 005505
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)) {

J

30

siCtxStore (model); /*stove context for possible continuation*/
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executes on a personal conputer, the data acquisition hardware interfaces
with the | ocal system bus 220. In enbodi nents such.as those shown in FIG

2B, the data acquisition hatdware interfaces with the Hyper Transport bus,
Rapi d PO ; k4 i ni Band. The data acquisition hard gaEpIni cat e
with inst?ﬂ%%ﬂ?§s§2% experiments that use GPIB 5 (IEEEwgggY Hgﬁgff'VISA,
TCP/ 1 P, and ' UDP standards. Although the systens and nethods of the present

i nventi on have been descri bed above as executing on a single machine, they
may al so be used in a client- server environnent such as X- W ndows or

M crosoft Term nal Services. The nodeling environnent 110, sinulation engine
120, and analysiﬁ(bﬁ@p&@m&ﬁmﬂ)130 10 may each execute on separate nachi nes,

-or they may be aggr egsSetbtbpRequesed®irna);i on bet ween nachi nes. For exanpl e,
in one particul ar enbegh{ggq_lsmb@u ' agg(yl%,%dyp)rrent 110 and the anal ysis
|

envi ronment 130 execute _onl a," ent U&?hl ne e,the sinul ation engine
.executes on a "s rverﬂﬁﬁgﬁgr{g‘sﬁﬁ (’I]?é’soé EiBY F'fFBlf‘g%z the conputers may be
connected via a munber of network 15 t opol ogi es including bus, star, or ring
t opol ogi es. The network can be a |ocal area network (LAN), a netropolitan
area network (MAMturferrsgh;de area network (WAN) such as the Internet. And
the respective conputers nmay connect to the network 180 through a variety of
connect i ons,i Acl udi.ng.standar d ,t el ephone lines, LAN or WAN |links (e.g., Ti,
T3, 56 55) 9(/2;%11&1% éﬁogﬂoﬁioﬁnections (I'SDN, 20 Frame Rel ay, ATM, and

wi rel ess¥connections. Cgnnections can be established using a variety of

co E’rm ni cation pr ddeers asimplagon stitpy is defepxinedwkethggpthe stwlatien gomig! noSiEs,
E , A i i i | EE
50511, | e sBesoref o QL £ GACObEEATHIch Felwe SR sanlE OF

connections). Zodyioarbidtt cases whire thareftoReiatis sdtv Oiick e doateat BFedidred conput er
storage product including a conputer-readabl e nedi um_having conputer, code
thereon for pomplgtpm n@cmsiaéu%mw%@p@allyﬂ&néw@eteép@md%é%memﬁ@ Ifredi a
and co ter ' ' {

urposedof FHEdSYARLPBS R BRRE SRkl RLAC S A TR AR U Rl "o
avai |l abl e to t hogebheheinag. Tke bonté id WAoo RIWigD4d Max extandié in co¥anpl es of
conput er -readabl e nedia include, but are not. limted to: magnetic nedia such
as hard disks, floppy disks, and madmelementaigs: optical nedia such as

CD- ROV, CD-RIRW di scs, DvD- ROVs, DVD- RAMs, and hol ographi c devi ces;

magnet o-opti cal nedia such as floptical disks; solid-state nenories such as
flash drives, mermaofc bkl in BRuFRO dRpichdikiiMpiliRe fahi 88 of Bt fBRIonMedi a
cards; and hardware devices thdt are gpem ally configured to store and
execut e 2pr oghaditanne T'hswohtas iaflngciainidneed paed§ ¢ mddet egrbdted circuits
("ASICs"), field-programmuable gate arrays (FPGAs), programmable |ogic

devi ces (" PlisipatlptionGaateahisyratyrbsdteEhis icovasyre thahidenaciessmplationirag

cl RAt”f La fgﬁgeﬁg'g%s&;@%:o%w%{@% GBS STraise PSR ARG g
Ex i . -
1B 1 et udig e A Ilf b e EIRB Sy PR G P RIB FlcRARY! ©

medi a incl ude machi , such as pr _

cont ai ni ng highiedr dfeieds (e€ld@ditBahe atmbrX O HARE aRimalaGOAMHS @fin L FisRGordAs
interpreter. For exanple, an enbodi nent of the invention may be inplenented
usi ng J&¥a, tlekontest isoviteen thfikediy-stCixSntre dopmogsanfrmerhtaegueah (aad

devel opnent t ool s. . . . . o
P because of error conditions) simulationContext is reset to indicate that a new

rithe

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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WO 20051083618PCT/ US2005/ 005505 Appendi x A. <?xm version="1. 0"
encodi ng="UTF-8" ?). - <nodel nanme="Fi el dKor osNoyesMbder> <notes> 5
<h1>Fi el d- Kor os- Noyes Model of BZ Reaction</hl> <table border="0"

cel | spaci ngz' ..0- | paddi ng="2"> <thead> - <tr> <th al ,@P5c .
val i gn=" m'n‘gc?l 2e95’?§§§‘]8| orfl eeeeee">Citation</th> 10 </tr> tﬁ’ﬁ%@hﬁa&%‘bodw

<tr> <td> 15 R 3. Field and R M Noyes, 3. Chem Phys. 60, 1877 (1974) ;
R 3. Fi el d, E. Koros, R M Noyes, 3ACS 94, 8649 (1972);R 3.Field, R M Noyes, Nature
237,390 (1972) This inplenentation is taken manufactured by 3.0. Mirray,
"Mat hemati cal Bi ol ogy" (1989) page 181. <a href=" />

determination is then made as to whether the user requested a simulation

continuation, indicated by the loadContext flag. If so, the model chechsum that
captures the memory map of the model of the stored context is validated aﬁd when
it complies with the checksum of the model to be simulated, the context is
5  restored. This is important because the model memory map has to be compatible
with that of the model used to save the simulation context. The main simulation
loop is then executed and when completed the present simulation context is written
to file. It should be noted that the context save has to be done before the
( sIDoOutputAndUpdate that follows because in case of a fixed step size, evaluating
10 slDoQutputAndUpdate puts the state 0f the discrete pulse generator to the rmext

point time, but restart continues from the current point.

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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20 </td> </tr> </tbody> </table> - <table border= or cellspaci ng="0"
cel | paddi ng="2"> 25 <thead> <tr> <th align="left" valign="m ddl e"
bgcol or =" #eeeeee">Descri pti on</th> </tr> </thead> 30 <tbody> <tr> <td>Field

Noyes Ver sy@iefosRakousov- Zhabotinsky Reaction. Br03 |spgﬁb§lﬂ}@%§g@nt; HOBr
is typically ignored, and can be replaced by an enpty- set e

stoichionetry f is typically taken as 1/ 2 or 1 (denomnator 1 or 2 in
35SBM.) .</td> </tr> </tbody> </table> - <table border="0" cell spaci ng="0"
cel | paddi ng="2"> 40 <thead> <tr>

may be used to run the alternative analyses simultaneously in parallel. In other
embodiment, the simulation context may be used to update a construction model.
The restoration of the simulation context saves significant time over previous
simulation methods by ensuring accuracy despite not having to re-run a simulation

5 for transitory or initialization stages of a simulation. Multiple simulation contexts
may also be saved from a running simulation without stopping the simulation thus
helping in debugging and other types of analysis. The illustrative embodiment of
the present invention enables simulation of a wide variety of systems and is not

; limited to time-based block diagrams.
10

In another embodiment, the simulation of reversible reactions is optimized.
In these embodiments, the state array is parsed to identify whether “both
directions” of a reversible reaction occur at the same simulation time in the state
array, i.e., the next two reactions to be simulated are Ce -> Br and Br -> Ce. When
15  this occurs, both 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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<th align="left" valign="m ddl e" bgcol or="#eeeeee"> Rate constant</ths <th
align="left" valign="m ddl e" bgcol or ="#eeeeee">Reaction</th> </tr> 45
</thead> <tbody> <tr> <td>kl = 1.3</td> <td>Br + Br03 -> HBrQ2 + HOBr</td>

WO 200510?@%&% $2005/ 005505 </tr> <tr> <td>k2 = 200p8pPsicheassisd>Br +
HBrCo2 -> rA2</td> 5 </tr> <tr>

The analysis environment 130 may further process the results generated by the
simulation engine 120 or it may display the results visually or auditorially. For example, the
analysis environment 120 may use graph visualization techniques to identify to a user
similar pathways. In some embodiments the analysis environment 130 interfaces with data

5  acquisition hardware (not shown in FIG. 1) which allows the analysis environment 130 to
compare the generated results with experimental data. In these embodiments, data gathered
from an ongomg experiment is used to correct or generate a model of the reaction that is
occurring in situ. In some embodiments the experiment is conducted on a microarray or a
gene chip. For example, if the existence of a given protein is predicted by a model but data

’- 10 acquired from the experiment indicates that the protein does not exist, the analysis tool 130

may signal a user, either auditorially or visually, that the in situ experiment and the predicted
response differ. For embodiments in which the experiment is conducted on a microarray,
the gathered data may differ between microwells. In these emabodiments, the analysis tool
may average the value of the 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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<td>k3 = 34</td> <td>8r03 + HBrQ2 -> Ce”2 + HBr0272</td> </[tr> 10 <tr>
<t d>k4 = 3000</td> <td>HBr02"2 -> 6r03 + HOBr</td> </tr> <tr> 15 <td>k5 =
0.02</td> <td>Ce -> BrAf</td> </tr> </tbody> </table> 20 <table border= "0"
cel | sgaci nge0isoeslis paddi ng="2"> - <thead> <tr> <th al igrrrshedidossos

val i gn="m ddl e" bgcol or ="#eeeeee">Vari abl e</th> <th align= "left"

yal i gn="m ddl e" bgcol or ="#eeeeee">I C </t h>

executes on a personal computer, the data acquisition hardware interfaces with the local
system bus 220. In embodiments such as those shown in FIG. 2B, the data acquisition
hardware interfaces with the HyperTransport bus, Rapid I/O bus, or InfiniBand. The data
acquisition hardware can communicate with instruments and experiments that use GPIB

5 (IEEE-488, HPIB), VISA, TCP/IP, and UDP standards.

Although the systems and methods of the present invention have been
described above as executing on a single machine, they may also be used in a client-
server environment such as X-Windows or Microsoft Terminal Services. The
modeling environment 110, simulation engine 120, and analysis environment 130

10 may each execute on separate machines, or they may be aggregated in any
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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25 <th align ---"left" yalign="m ddl e" bgcol or="#eeeeee">0DE</th> </tr>
</thead> - <tbody> - <tr> 30 <td>Br</td> <td>0.003</td> <td>Bri[t] ==
-(kl*Br[t]*Br03(t]) + f*k5*Ce[t] - k2*Br(t)*HBrRR] </td> </tr> - <tr> 35

<t d>Ce</td> <td>0.05</td> <td>Celt] == -(kb*Ce[t]) +

2*k3*Br03(t] *H8r02(t] </td> </[tr> - <tr> 40 <td>HBr02</td> <td>0.001</td>
<td>H8r021t] == kI *Britr5r03[t] - k2*Briti*HBrQ2[t] + k3*BrO3M118r02[t] -
k4* HBr 02(t) "2</td> </tr> 45 <tr> <td>HOBr</td>

Examples of computer-readable media include, but are not limited to: magnetic media such
as hard disks, floppy disks, and magnetic tape; optical media such as CD-ROMs, CD-R/RW
discs, DVD-ROMs, DVD-RAMSs, and holographic devices; magneto-optical media such as
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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<t d>0</td> <td>140Bert] == kl*Br(t)*8r03[t] + 2*k2*Br RPH8r02(t] +

kd4*HBr Q2[t] A2</td> 50 </tr> </tbody> </table> </body> </notes> 5

<l i st Of Conpart ment s> <conpartment nane="BZ" /> </|istOFConpart ments> -

<l i st Of Spawoasts/ogsqeci e name= Br" initial Arount="0. 003" moEnpswbsEases’ BZ"
10boundaryCondi ti on="fal se" /> <specie nanme="5r03" initial Amount="0.1"
conpart nent =" BZ"

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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boundaryCondi ti on="true" /> <specie nanme="Ce" initial Arount="0.05"
conpart ment =" BZ" boundaryCondi ti on="fal se" 1> 15 <speci e nanme="Ho6r 02"
i nitial Amount="0.001" conpartnent="BZ" boundaryCondition="fal se" /> <specie

name=" HOBrwgi2dsiogddignount =" 0" conpart nent =" BZ" boundar y Ga@ghptiepdsnséazl se” />
</listOf Speci es> 20 <listOf Reactions> - <reaction nane="Reactionl"

reversi bl e="fal sen> - <11stOf Reactants> <speci eReference specie="Br" />
<speci eRef erence speci e="5r03" /> 25 </|ist0f Reactants> - clistOf Product s>
<speci eRef erence speci e="H3r02" i> <speci eReference specie=-"HOBr" />

</listOf Pr od(u/(%t>s> 30 <kineticLaw formul a="Br*Br03*kr> <l i st Of Par anet er s>
r

- <tr>
<td>k2 = 2000000</td>
<td>Br + HBrO2 -> 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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<par aneter name="k1" value="1.3" /> </|istOfParameters> </kineticLaw> 35
</reaction> - <reaction nane="Reaction2" reversible="false>

<l i st Of React ant s> <speci eRéf erence specie="Br" /> <speci eReference

speci e=" HBrW@ 20dsrsdds </ | i st Of React ant s> <l i st Of Pr oduct s>PEEPSWPERSHSr ence
speci e="HOBr" stoichionmetry="2" /> </1|istOfProduct s> <ki neti cLaw

formul a="Br *Hér 02*k2" > 45 <l i st Of Par anet er s> <par anet er nanme="k2"

val ue="2000000" /> </listOf Paraneters> </kineticLaw> </reaction> 50
<reacti on nane="Reaction3" reversible="false"> WO

2005/ 083618PCL) {34095/ 005505

</table>
</body>
</notes>
5 <listOfCompartments>
<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">



- <listOf React ant s> <speci eRef erence speci e="Br03" /> <speci eRef erence
speci e="HBr02" /> </|istOf Reactants> 5 <l i stOf Product s> <speci eRef erence
speci e="Ce" stoichionmetry=z"2" /> <speci eRef erence speci e="Hgr 02"

st oi chi one 00 </TistOf Products> - <kineticLaw
fornula:"B?g%gmzo%éﬁk3"> 19 cl i st Of Par amet er s> <par anet e GTAREL06{085505

val ue="34" /> </listOf Paraneters> </kineticlLaw> </reaction> 15 <reaction
nane="Reacti on4" reversible="fal se"> - <listOf Reactants> <speci eRef erence
speci e="14Br 02" />

- <listOfReactants>
<specieReference specie="Br0o3" />
<specieReference specie="HBro2" />
< /listOfReactants>
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" />
< flistOfParameters>
</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>
</reaction>
- <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>



</listOf Reactants> <listOfProducts> 20 <speci eRef erence speci e="8r03" />
<speci eRef erence specie="HOBr" /> </listOf Products> ckineticlLaw

f or mul a=" H6r 02" 2* k4" > <l i st Of Par anet er s> 25 <par anet er name="k4"

val ue="3000" /> </I|istOf Paranmeters> </kineticLaw> </reaction> <reaction
nane="Reacti on5" reversible=""fal se"> <listOf React ant s> <speci eRef erence
speci e=" Cecté%ﬁs' | st Of React ant s> - <l i stOf Product s> <speci eRef erence
speci e="Br" i onetry="1" denom nator="2" /> 35</|istOf Product s>

<ki neti cLaw formul a=" Ce*k5" >

1. A system (100) for modifying a model of a biological process, the system

comprising:

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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- <listOf Par anet er s> <par anet er nane="k5" val ue="0102" /> <paraneter
nanme="f" val ue="0.5" /> 40 </|istOf Paranet ers> </ ki neticLaw> </reaction>
</listOf Reacti ons> </ nodel > 45 </sbm > CLAI M5 1. A system (100) for
nodi fying a nodel of a biological process, the system conprising:

a sinmulation engine (120) generating a result from executing the nodel of 5

the bi ol ogi cal pé.ocesﬁ%%{gﬁe{rﬁéfélﬁm § Wh%ll}?r{ the ! rehr(?)%gl%h{%m%eﬁt include

a
anal ysi s envi ronient 'S Tn comuni catl S 4t i on

engi ne, the anal ysis envjiropment automatical l athering data directlg/ from
an in situ %’ﬁ&@i"%ﬁh’éﬁt‘a er"{ﬂ‘é‘?/ g acesRUR AtlRash ANG hEPMIRARGS QF A CPREET of t he
bi ol ogi cal process is conducted, and automatically conparing the generated
result to tihe misiehof tbe bmlegicabgrdceesm t he experinental device, the nodel of

t he bi ol ogi cal process being nodified based on the comparison in order to
correct the nodel of the biological process. 2. The systemof claim1l
wher ei n the anal y.sThe gnwni oficteini 5 euierint theraaalybit envifordwent ssih comervnivatien by

t he anal ysi s environnent. 3. The systemof claim1l wherein the

anal ysi s; en\y,{tﬁmg&eﬂ'ng%ug&ﬁn@htgr aphical 15 display for displaying at |east
one of the result generated by the sinulation engine or the data gathered

fromthe experinental device.
8. The system of claim 7 wherein the analysis environment transmits to the

modeling environment the data gathered from the experimental device.

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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4. The systemof claim1l wherein the analysis environment determnes a

di fference between the result generated by the sinulation engine and the
data gathered fromthe experinental device and generates an event when the
di fference between the 20 result and the data exceeds a predeterm ned

t hr eshol d. 5. The systemof claim 1l further conprising a nodeling

environment for const {ighi At AGIRASL 10%chBsicRt-aA% 67 o 6638 from - ©

The system of claimb5 erein g environmen es a graphical

user interface for accleptjn_g t | east one of user commands or data to
construct tWHE SKRRIEReEH deKIESHHN| 0gi cal process. 7. The system of
claim5 wherein the analysis environnent is in conmunication 5 wth the
nodel i ng environnment. 8. The systemof claim7 wherein the anal ysis
envi ronnent transni t smedifying thegneds! eftheiolpgisatareceshbasgdn thpeamenagigon fom t he
experinmental device. 9. The system of claim8 wherein the nodeling

envi r onment carsesthe meodet efthabidlegicad atacesso refi ne the nodel of the biol ogical
process. 1010. The systemof claim 1l wherein the anal ysis environnent
gathers data froma mcroarray. 11. The systemof claim 1l wherein the

anal ysi s; envi r onfenthaAkihed of diaim 1) fehcA c&@pAsifif iRplaying at least obé-of fheet hOd
for nodi fying a nodel of a biological process, the nethod 15 conpri sing:

accessing Lhgepdelesl of (18 abl: U AL EATorR G mANG dovice. _ O€Nerating a

result fronvan execution o i'ol'ogi cal process; the nethod
further conprising: automatically gathering data directly from
an in situ exper|] tal deyice 20 on whi.c 1 ongoing in situ experinment of

t he bi ol ogi ¢ a|p p’,g‘éﬁlggmp og 8?18]&3? ég;wherem tqleadep?a ng co%nprlses graphlcélrl)y

displaying the at least one of the generated result 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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automatically conparing the generated result to the data gathered fromthe
experi nental device; and nodi fyi ng the nodel of the biol ogical
process based on the conparison to correct the nodel of the biol ogical
process. 513. The nethod of claim 12 further conprising displaying at |east
one of the generated result or the data gathered fromthe experinental

devi ce. 14T . . = . . .
g(ra\elllpﬁiecal ly di sp‘gayﬁﬁeg §ﬁ§8gga}gg$ one%%ﬁ%sghgg‘%%?%ﬁ%;@@séh (?iegﬁé?[llesg:t a
t hered f th j t deyi 1015. Th thod of claim13 furth
dompr 1 o1 ng: SvironhegtyhExien PO i PR PERsEvEBE e CGRROHE B8y esul 1 and

the data gathered fromthe experinental device; and generating an
event when the difference between the generated result and the gathered data
exceeds a predet nfhranethnd et plaing 12 phemiothe capdurtiag pmprisgsironguctigg thedn
conprising accepting at |east one of user commands or data to construct the

model of t hstudxperdgentalsing massarray. 17. The nmethod of claim 16 wherein
the at | east one of user commands or data is accepted via a graphical user
i nterface. 18. The method of claim 16 further conprising

transm t4ing thez]9afﬁbesfy%nﬁ@ftcﬂaihpl?@h&eﬂ%&ﬂ@b@ﬂ&c&%é&r@ﬁﬁ@%o@@ﬁﬁ eedl to

nodel the biological process. The nmethod of claim 18 further

conpri si ng Q&%ﬁé@ﬁﬁ%us@?ﬁta}%ﬁe%ﬁ el ing environnment, a refined nodel of the

bi ol ogi cal process usin ransmtted data. 20. The nethod of claim
12 wherein the conducting conprises conducting the in situ experinment using
a mcroarray. temaof. claim erein the copducting

21. T 2
conpri ses conduc%%'n@SYﬂﬁmRﬁ(@%s%mgﬁ Pgﬁﬂ?ﬂdeﬁ%ﬁ*’n eieal peachpp, fhe system

comprising:

a simulation 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.
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22. A system (100) for nodifying a nodel of a chemi cal reaction, the system

conpri si ng: a sinmulation engine (120) generating a result
fromexecuting the nodel of to the chemical reaction; and the system further
conpri si ng: an anal ysis environnment (130) that is in

comuni cation with the sinulation engine, the analysis environnent
automatically g I t E : i i &% iﬂ@ .devi ce on
whi ch an ongoi n?$§%§??sﬁggfggﬁr{ﬁggy%{é§ﬁ{epag%g’)rshﬁgg}’ﬁ%exg%ﬁl on 1 E@%ﬁ%ﬁct ed

and autonmtically_ conparing,the rated result to . the datg 1 at hered
P hoe eSS M e, Wheh BT ERoS BFeRE T TEHIL BT B ot g

nodi fi ed based on the conparison to the nodel of the chem cal reaction.
23. The systiwwiatipn @na’nqﬁgﬂwd@ta@aﬂlermfr@mahg@ipgﬁmtal demiegexcgeds@ ays at
| east one of the result generated by the sinulation engine or the data
gat her ed frgeddtbignigedbrdsiwldt al devi ce. 2024. The system of claim 23 wherein
the anal ysis environnent includes a graphical display for displaying the at
| east one of the result generated by the simulation engine or the data

gat hered; from t hgs @RBRUHER YT Raid 2 f&fher comprising 4nodElifg St fo! al m 22
wherein the analysis ehvironnent further conprises an alarmthat 1s

triggered when a_ difference tween the r.esult generated by the sinulation
engi ne and ?%gtr%célngt %Pﬁg?cleoéleﬁef%%ﬂl%ire %%I}'i ment al devi ce exceeds a
predeterm ned threshold. 526. The system of claim 22 further conprising a
nodel i ng environpent for consiructing the nodel of the chem cal] reaction.
27. The system 0?7-3ﬁ‘§isﬁ§t%c{ﬁl,ﬁ 1826 hcEeindhgape ngﬁi}}”ir?fﬁﬂ%ﬂnq?'ﬁ{?lsﬁdes a
graphi cal user interface for accepting at |east one of user commands or data
t 0 const r ucgraphieal msefahteoface foa actepting af least ane vluser coB@andse detagd emsifucc| ai m
26 wherein the analysis environment is in conmunication with the nodeling
envi r onnent the model of38e cHdgicasidionof cl ai m 28 wherein the anal ysis
environnment transmts to the nodeling environnent the data gathered fromthe
experinmental devi ce.

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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30. The system of claim 29 wherein the nodeling environnent uses the
istransmtted data to refine the nodel of the biological process. 31.
A nmethod for nodifying a nodel of a chem cal reaction, the nethod
conprising: accessing the nodel of the chemi cal reaction; generating a
result fromon an execution of the nodel of the chem cal zoreaction;

automatical ly gatheri - i - } LG L vi ce on
vvhidch an ongoing in f%%’??i%lelgl Eﬁl(r%{lh%?ft% ag%%ﬁeffn&?gt‘wgg%?%iﬂﬁ%gﬁggeg‘g?ct ed;
an ufomati cal Ly .conpar.in enerated resu 0 the data

Gat her ed 1 1 Fich 28 gBs PEiR it SAREUIER: o e SR LFEAHG FHETRBGIER: 208 ¢ ho

chem cal based on the conparison to correct the nodel of the chem cal
reaction. 32. The nethod of claim 31 further conprising displaying at

| east one of the genﬁtﬁ@@@rlqa@wpmpmngﬂheg@@ﬁrate@a@s%rt@ﬂlerdamq%mecb ?8r i nent al
devi ce. 33. The nethod of claim 32 wherein the displaying conprises
gr aphi cal | ytht exphrsydntalidegictemdat | east one of the generated result or the

data gathered fromthe experinental device. 34. The nethod of claim 31
further conprising: determining a difference between the generated

result and the data gabfeViRg tHe A BEHReRBHIAERIsRH ofl B ofipadiBsh bdofdegoer i ng
an al arm when the difference between the generated result ‘and the

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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gat hered data exceeds a predeterm ned threshol d. 35. The nethod of
claim 31 further conprising accepting, via a nodeling environnent, at | east
one of user commands or data to construct the nodel of the chem cal

reaction. 2036. The nethod of claim 35 wherein the nodeling environnent
accepts the at | east one of user commands or data via a graphical user

i nterface. T clial f. her... LSl ransmtting
t he gat hered dat %7'?(%11 c[rﬁngf% ﬁgggﬁ?‘%%géméh%{)r@nrgﬁ?élgé Era:?sm@ﬁl%gétﬁ%te @8%‘5‘3‘?“ claim

37 further conprjsing generating, by the nodeling environnment, a refined
model of t hBeEMEIGIRRFIIRAMSbN Using the transnitted data.

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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