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MODELI NG, SI MULATI ON AND ANALYSI S OF CHEM CAL AND BI OCHEM CAL REACTIONS 5
RELATED APPLI CATI ON This application clains the benefit of U S. Patent
Application Serial No. 10/783,628, filed February 20, 2004, the contents of
whi ch are corporated b reference. 10 FIELD NTION f-~
The preser@r@ggn ‘J'rlon lrOeI at es tg sinmul ation tools andpgﬁﬁggg?’b&%‘ﬁr ar, to an
i ntegrated environnent for nodeling, simulating and anal yzi ng chem cal and
bi ochem cal reactions. 15 BACKGROUND OF THE | NVENTI ON Devel opnent of new
chem cal and bi ochem cal substances is tine- consum ng because a nunber of

i nternedi at e substances are traditionally fornulated before fornmulation of
a substance wt h ormul ati on of
each internedi a e %@J %mb . gﬁﬁ&i formul ati on

i ncl udes manuf HPN*‘%EQ 1S P &MY OQW%S as wel |
as the devel opnent of small - nol ecuRE 1‘i‘Sery soneti nmes referred to as
nanonachi nery. Bi ochem cal formul ation includes the devel opnent and anal ysi s
of phadnmaceutical substances REATEIDIARRLIGATION vi dual 's quality of life.
In addition to the 25 tedious and often error-prone nature of chem cal and
bi ochem cal f or nThiséppticatiobolatmsithe bénedis ef UiSe Paisnt Aygdicatiteh SeriahNo. di fficul ties.

Devel opnent subs s and pano hi.ner addi t bei ng
ti me- consurhi Oﬁj&?’ 623’;%15@?@ eﬁ%gﬁimﬂﬁﬂﬂ} &%g"i‘r%eﬁﬂF@r%ﬂp%{?gg‘ﬁbstances
For exanpliggerdnBe.attenpting to fornul ate bacteria that consunes crude oil
and breaks it down 30 into one or nore environnentally-friendly substances,

a reseallcher may instead fornmulate a bacteriumthat breaks crude oil into a
nunber of environmental ly-frigRfyor THE INVENTION

Y

N

The present invention relates to simulation tools and, in particular, to an
integrated environment for modeling, simulating and analyzing chemical and

biochemical reactions.

15 BACKGROUND OF THE INVENTION

Development of new chemical and biochemical substances is time-
consuming because a number of intermediate substances are traditionally formulated
before formulation of a substance with the desired properties is obtained, and

20  formulation of each intermediate substance can takes hours or days. Chemical
formulation includes manufacture of traditional orgamic or polymer substances, as well
N as the development of small-molecule machinery, sometimes referred to as
7 nanomachinery. Biochemical formulation includes the development and analysis of
pharmaceutical substances that affect an individual’s quality of life. In addition to the
25  tedious and often exror-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-consuming, can generate potentially dangerous intermediate substances. For
example, in attempting to formulate bacteria that consumes crude oil and breaks it down.

30 into one or more environmentally-friendly substances, a researcher may instead

formulate a bacterium that breaks crude oil into a mumber of environmentally-friendly
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-1 WD 2005/ 093634 PCT/ US2005/ 005504 substances and a | ethal toxin.
Additionally, chem cal researchers are faced with the problem of disposing
of the internedi ate products generated by their research. Qther issued
faced by designers of nanomachinery is that the target substance nmay mutate
during fornmulation in response to environnental factors. 5 Bi ochem cal

research, wiigedoosdspi cal Iy focuses on identifying and sgkggihéshssogOnMpounds
having the potential to affect one or nore nmechani sns thought to be critical

in altering specific, clinical aspects of a disease processes faces
challenges in addition to the ones described above. Al though drug

devel opnent is typically notivated by research data regarding cellular 10
and subcel | ul ar phenonena, the data often considers only an isolated and

rather narg,gu. i f t iAlsQs e mﬁ-}ﬂ: | de an
integrate u@l eW‘S%%ﬁid?dhlgth?lgtrjr)gﬁ'efAx g&bulg%@g’g{ﬂga %f/s e%erg%r%%ggﬁ th%{%e narr ow
findi ngs repdenefdapesiogatf tla neysediai¢ prodilicps genenatend ey ihlbe mesedrclanSthet ed to t he
whol e body. | eyel . . Moreover, .current. met hods of obtaining data, for biological
b ocessas st BV IR of Rty in g i st O AOUBE T wit

chem cal pheReSSeslatiBe Gtesfonkd® chitdnBlentaD@bBfsal | y require | aboratory
experinents that |lead to aninmal experinents and clinical trials. Fromthese

trials and experinpents,, data are obtaiped which, ggain, usually focus on a
very natrow part ﬁ“‘%ﬁ'@mﬁ} gregihcwich paically fogpgey oxyt @Flfﬂﬂﬁrﬁli“ﬁiﬁe‘?&%%t ly

trial - and- @ifRfindsUabiny 4Rl potdntialts afBe oI R I EIR LGS I Hoght & bd fticsl | ni cal
use of the drug to account for |essons C, 20 |earned fromthe nost recent

clinical tinjalipringspecifieicligichlaspasts od ddigerse prosessestfiacanehalieges incadditionde | y

realized. JbiS.RE &’ﬁ?@ab%fved inical trial design and redesign, multiple
clinical trrals and, Tn sone situations, nultiple drug redesigns requires

reat .expense dAlthbnghelngndvelapneyt is fypiently tdotvaied bip e=seath datd repadingedlulpr oduce a
ket abl e_dryg. ile conclusjons nmay, be dra assjmlatin

Exper 1 Mo a st ieRorF R s ol SR e St S <fed o B W o o

i npossi bl ean dofire S9s@h SE¢ZdAta 1By #d1 providk ah infipsdddascaOTTg: @hpldidisiclawaill abl e dat a

and know edge. The various chal |.enges faced by chem cal and bi ochem cal

r esear cher $5i§k &lqreovery fhenpapy Sndipestepraied gre natatwaycntizell aerdrat oo del i ng,
si mul at i NgyyRRRI AAL ¥RHIBSod) 18VpJi cal  processes in-silico rather than

in-vivo or in-vitro.

Moreover, current methods of obtaining data for biological processes are even

15  more time-consuming than those associated with chemical processes, because the latter
generally require laboratory experiments that fead to animal experiments and clinical
trials. From these trials and experiments, data are obtained wwhich, again, usually focus on
a very narrow part of the biological system. Only after numesrous costly trial-and-error
clinical trials and constant redesigfﬁng of the clinical use of the <drug to account for lessons

Q 20  leamed from the most recent clinical trial, is a drug having adecyuate safety and efficacy finally

realized. This process of climical trial design and redesign, multyple clinical frials and, in some
situations, multiple drug redesigns requires great expense of tinae and money. Even then, the
effort may not produce a marketable drug. While conclusions rmay be drawn by assimilating
experimental data and published information, it is difficult, i€ not impossible, to synthesize

25  the relationships among all the available data and knowledge.

The various challenges faced by chemical and biochexnical 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.
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-2 WD 2005/ 093634 PCTI US2005/ 005504 BRI EF SUMVARY OF THE | NVENTI ON | n one
aspect the present invention relates to a systemthat integrates nodeling,
simul ati on and anal ysis of biological reactions. The systemincludes a 5
nodel i ng conponent for constructing a nodel of a biological system The
conponent vHslofRss@ Si nul ation engine in comunicati QerishdisaRikd model i ng
conponent accepting as input the constructed nodel and generates as out put
the O sinulated dynami c response of the nodel. An anal ysis environnent nay
be used both to study properties of the nodels as well as to communicate
with the 10 sinulation engine in such a way that results from anal ysis can
be incorporated into the running nodel. In sone enbodi nents, the nodeling
conponent allows construction of a block di agram nodel of the bi ol ogical
system In sone of these enbodinents, the nodeling conponent includes at

| east one block identifying a set of related chem cal reactions. Those
skilled in the art w || apRIERSGVBIARAOR THYE IIYERIIONM nay be applied to
chemi cal reactions as well as to biological processes found in a biological
system In another aspect the present invention relates to a nethod for
integrated C nddeinengpecsthuresenoinvenibnanhtesto 8 spftem thitdhtegiatal process. A
nodel of the iochem cal process is.created. Jn o enbodi t, a graphical
user interf%gg% sW%&‘é’ﬁ‘éiaﬁay%%%&l%ﬁ?ﬁlﬁﬁ?ué’ﬁﬁ %EF&YSF@WF ftRed and user
comandss a - | [ Py Jeaal Laterface and the
recei ved uglg?q%g%‘ran gngﬁﬁﬁggﬁgﬂg%éggieoght%f%%ﬁgtruc%ykﬂghlr'm’fel of the

bi ol ogi cal mopesst insludeha steyldtien wagihe iim cmtrtunicatian wdthasad ydedingc anal ysi s

of the nodel as well as.in Cor‘era i son of red& teéi results with
exper i ment af°RATGDE 2ACRTPEIS IR téﬁ%‘f‘?f@?“'“ﬁ@ &eede] prd genrd Rt SRR SN rel ates

to~an articl: ‘ : | i . - readabl e
pregr am meaérlgl u%‘(E)erd &Wﬂéﬂ-}ﬁv%&g 6%7' gg%%g%o %%&%6%?%@%%2{% H?%’?%gé g{egd nodel i ng,

si mul ati on ottt tanaldy prepafiessofhhomodels ai wplt actesomfrhiost: edthahe

10  simulation engine in such a way that results from analysis can be incorporated into

the running model. In some embodiments, the modeling component allows
construction of a block diagram model of the biological system. In some of these
embodiments, the modeling component includes at least one block identifying a set
of related chemical reactions. Those skilled in the arc will appreciate that they

15  system may be applied to chemical reactions as well as'to biological processes found .

in a biological system.

In another aspect the present invention relates to a method for integrated
o moedeling, simulation and analysis of a biological process. A model of the
biochemical process is created. In one embodiment, a graphical user interface for
20 accepting user commands and data is provided and user commands and data are
received via the provided user interface and the received user commands and data
are used to construct a model of the biological process, which may be used in both
static and dynamic analysis of the model as well as in comparison of predicted

results with experimental data.

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

manufacture having embodied thereon computer-readable program means for -
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the article of manufacture are conputer-readabl e program neans constructing
a nodel of a biological process; conputer-readabl e program neans for
generating, wusing the constructed nodel, dynam c behavi or of the nodel ed

bi ol ogi cal process; 5 and conputer-readabl e program neans for displaying the
dynam ¢ beiigYiosiezcdsn accordance with a further aspect i lshfRsmissment

i nvention, a systemfor integrative nodeling, sinulation and analysis of a
chemi cal reaction is provided. The systemincludes a nodeling conponent for
constructing a nodel of the chemi cal reaction. The system al so includes a
sinmul ation engine that is in 10 conmunication with the nodeling conponent.
The sinmul ati on engi ne accepts as input the constructive nodel of the

chem cal T GRGELA0 ARACBENSLARARAAIHRGEL 8F LRI pRESE Il Jpdel . An

anal ysi s envi rFonne I'S I'n conmunrca e sinul-ation engi ne
and t he nodétknglcamangitiugerd @nifntarithyl6 papgam eHeaitd @nsrhditgaxpect ed
output. 15 In accordance with an additional aspect of the present invention
a met hod i smogelefiadiclogien! proressy rampetentaidibla gregramimeans for gandryding of

chem cal reactions. In ccordance with this t ho .mdel, of a chem ca
reaction is con crc%st%t%faf)‘ilﬁe Ynﬁﬁlbce'i_’erhagmﬂ?gg‘%trﬂo‘géé‘?@lg?’gmﬁlrp@ﬁ?%t ed

out put for dode-omARtradadbRProgtand Skls B displiylhg X Bachethepatigtt s di splayed
on a display device. 20 The present invention relates to a nethod for

i ntegrated nodeling, simnulation, and analysis of chem cal and bi ochem cal

reactions. A nod@lac@frd@hce hed ﬁ@ﬂhe@ﬁsp@it‘lﬁ'm&@é_ntmﬁﬁéﬂﬁ systei@pst ructed and
the constructed nodel is analyzed in an analysis environnment to generate a

resul t. Thelntrerativameaileles, simulpgon wdhnalisistofd chemicalreactinn inprewidedg

envi r onment 'h-és\é\l) .2%%%%9365 . PCEI U%2005 0055(2%4{1 .BRI EF I%E | PTI ON OF THE
W NGS ThEDS RYEH PERCFs B8 BIRONGEE IR SEPYTHL SR 3™ & PRe appended

ctai ms. ThecheafivdPdadii6is Dhe éybRnl N3FIREIEEs HaaRildidadnahe gt igiad furt her

advant ages of the invention, maybe better understood by reference to the

fol | ow 1%@ ceosemipicition visk dre inpddmgj component. Bhepimhlatine cagino pgsapipiang

draw ngs, | ﬂpx‘ﬂ@ {:h(\érzzbnstmctive model of the chemical reaction and generates an expected

output based on the model. An analysis environment that is in communication
with the simulation engine and the modeling component performs analysis and

displays the expected output.

15 In accordance with an additional aspect of the present invention a method is
provided for integrated modeling simulation analysis of chemical reactions. In
accordance with this method, a model of a chemical reaction is constructed and the
model is used to gencrate an expected ountput for the modeled chemical reaction.

C/ | This expected output is displayed on a display device.

20 The present invention relates to a method for integrated modeling,
simulation, and analysis of chemical and biochemical reactions. A model of a
chemical or biochemical reaction is constructed and the constructed model is
analyzed in an analysis environment to generate a result. The generated result is

transmitted back to the modeling environment.



FIG 1 is a block diagramof one enbodi nent of an integrated nodeling,

sinmul ati on and anal ysis environnent; FIG 2A is a block diagram of one
enbodi ment of personal conputer useful \J in connection with the present
invention; 10 FIG 2B is a block diagram of another enbodi nent of a personal
conputer useful in connection with the present invention; FIGs. 3A and 3B
are screemahmbsodendi cti ng enbodi nents of a tabul ar npdelusigsessosr onment
useful in connection with the present invention; FIG 4 is a screenshot of
one enbodi ment of a graphical user interface that 15 facilitates
construction of block diagramrepresentations of chem cal reactions or

bi ol ogi cal processes; FIG 5A is a block diagramdepicting a nodel of a
dynam c systemusing ordinary differential equations; FIG 5B is a block
di agram depi cti ng a nodehrfir BESYRBPTIONOSTANDIBAWINGRO di fference
equations; FIG 5Cis a block diagram depicting a nodel of a dynam c system
using algebraic e%uati ons; FIG 6 is a flowhart depicting one enbodi nent
of the steps taken Themnveptipnigpantgd aygathaatiulriboindeg appeusied singy: TBeieni cal
reaction; - P .G | ock

di agr am of i@r‘{e a%?gggltg e Errébr?oﬁ&ygg 9%%’8%@3%8&?%%%%83’2%6%‘?@0 | ock

di agr am of muebebditocetdedtors bp refertune ta thedblwmring désomptioy takise ipemjuncfiomenor y

hol di ng §)ot h..val ues and .reéferenceS' 8@}6 8B depicts a bl ock diagram of the
al | ocat ed n’@%%%‘@@pgn%‘% AP0EE BN hg the part of memory hol di ng both
val ues and references and the parallel indexing of only references; FIG 9
is a flow chart of Fiiel sedivehdmgoin of amp smbodimenved ab intégneed mbddingat i ve CD
enbodi ment of fage Enrdeselnt. i nventi on to i nplenent the restoration nmechani sm

prior to Swaulationandznalysis environment,
(\/\ FIG. 2A is ablock diagram of one embodiment of personal computer useful
 in connection with the present invention;
10 FIG. 2B is a block diagram of another embodiment of a personal computer

useful in connection with the present invention;

FIGs. 3A and 3B are screenshots depicting embodiments of a tabular

modeling environment useful in connection with the present invention;

FIG. 4 is a screenshot of one embodiment of a graphical user interface that
15 facilitates construction of block diagram representations of chemical reactions or

biological processes;

(/ FIG. 5A is a block diagram depicting a model of a2 dynamic system using
ordinary differential equations;

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

20  difference equations;

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

algebraic equations;

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

simulate a modeled biological process or chemical reaction;
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execution. 10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Referring nowto FIG 1,
a high-level block diagram of one enbodi nent of an integrated system for
nodel i ng, sinmulating, and anal yzi ng chem cal reactions and bi ol ogi cal
systens that include biological processes 100 is shown. As shown in FIG 1,

t he syst eryd9fsidyglqudes a nodel i ng conponent desi gnat l'ing
environnent 15 110 in the exenplary depiction of FIG ?@gﬁﬁﬂﬁgﬁ on engi ne

120, and an analysis environnent 130. The sinul ati on engi ne 120

communi cates with the nodeling environnent 110. The sinul ation engine 120
recei ves nodels of chem cal reactions or biological processes generated
using the nodeling environment 110. The simulation J; engine 120

comuni cat es 1 e i NGHEN; Sopldh, S Ao bR A B ollSbaldiTpdAF birA I ronMent 20

110. The anal ysis envi r Onme In conmuni catron wth h the nodeling
environment 110 and the simulation engine 120. The anal ysis environment 130
maybe used to per f&rniA denickusblpgipdisgram ofifiwlallstateddheneay ifgr assolvendel s cr eat ed

in the nodelin nyi ment . Al sq, . the analysis environnent 130 nay
receive anfhﬁwgigetggp%%?gowﬁﬁ%@’%bﬂ@V’ﬂ“ﬁﬂ?ﬁﬁcgeﬁéﬁgfﬁfgi ne 120 representing the
execution by the sinulation engine 120 25 of a nodel produced in the

nmodel i ng envi r onme ¥ G. B depidiea bloek disgrar lpéthsiatiodatdd memore figiaelvé20 gener at es

t he dynam c ,behavjor of. the | and conmunj cates at | east one of this
dynam cagg]ehﬁ’\??”bl}g %pilrﬁ%fné‘?’i‘éqrggglgmg%\?&‘rvﬁﬁ’ﬁ@m.re%‘@c%fl%@”éﬁﬁi ronnent 130
may provi deinfdefiheroRnf Bfd@ocd; nodel in the nodeling environnent 110 and may
-6 WO 2005/093634 PCTI US2005/ 005504 provide paraneters for use by the

si mul ati on engi ne en, execut i a nodel .. Th i nferactjon between the
nodel i ng envi r onneﬁgi%,a%Wéiéﬁﬁﬁ&gﬁ?%‘ﬁn@ﬁéﬁﬁgs g’%‘?’e%%tﬁ? HE‘SU%FWSI ysis
e@i r onment en@imbdt bf B8 pelis&ft #HSRThn 1B ifPlERetl YheebioRBbPMechifiSmi phioe @ at ed

system depicted_in FIG 1 may execute on a nunber of different 5 conputing
pl atforms, %$€MRs superconputers, nmainframe conmputers, niniconputers,
clustered conputing platforns, workstations, general-purpose desktop

conputefs, |aptops, anshRatepIREscrGTIGT OXSHIE RVERTIGNGS. 2A and 2B depi ct
bl ock diagrans of typical general-purpose desktop conputers 200 useful in
t he present i nveRefprong ngg to FIG. 1, a high-level block diagram of one embodiment of an
mntegrated system for modeling, simulating, and analyzing chemical reactions and
biological systeras that include biological processes 100 is shown. As shown in FIG. 1,
the system 100 includes a modeling component designated as a modeling environment
15 110 in the exemplary depiction of FIG 1, a simulation engine 120, and an analysis
environment 130. The simulation engine 120 communicates with the modeling
environment 110. The simulation engine 120 receives models of chemical reactions or
biclogical processes generated using the modeling environment 110. The simulation
(K/ engine 120 communicates refinements to models created in the modeling environment
20  110. The analysis environment 130 is in communication with both the modeling
environment 110 and the simulation engine 120, The analysis environment 130 may be
used to perform various types of analysis directly on models created in the modeling
environment 110. Also, the analysis environment 130 ‘may receive and process results
from. the simulation engine 120 representing the execution by the simulation engine 120
25  of amodel produced in the modeling environment. In other words, the simulation
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
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shown in FIGs. 2A and 2B, each conputer 200 includes a central processing
unit 202, 10 and a main nenory unit 204. Each conputer 200 may al so include
ot her optional elenents, such as one or nore input/output devices 230a-230b
(generally referred to wusing reference nuneral 230), and a cache menory 240
i n communiy@bio§toskdst h the central processing unit 20%cphhRSesBeksal
processing unit 202 is any logic circuitry that responds to and 15 processes
instructions fetched fromthe main nmenory unit 204. In many enbodi nents,

the central processing unit is provided by a mcroprocessor unit, such as:
the 8088, the 80286, the 80386, the 80486, the Pentium Pentium Pro, the
Pentiuml1l, the Celeron, or the Xeon processor, all of which are

manuf act ur ey k9! Re%HAH Ak i3 Le if { am L he 68000,
t he 68010,&?Ke _88C28{,6rs'?ﬁlre 8555 tfﬁet"%{go 58120 e oo fiflenRid *ine |

Power PC604intarintiofPbetwe@0B0 dmdelingenRO6GBE] 10 the shirb8Baingine 120, MRDBO3ev, the
MPC603r, the, MPC60.3 t VPCH0 t he, MPC74Q,. . MPC745, the MPC750, the
MPC755,  t hEPhEE® EB‘E’?“?‘E@W@E%&?W%‘“%%%?Q‘fq%' MPC7441, the MPC7445,
the MPC7447, the MPC7450, the MPC7451, the MPC7455, the MPC7457 processor,

all of which dfte inegafed cystene depigtedMatRiG01 maexqpote @hiaanmibbr diclifedur g,
11 noifsT; t he USﬁE.PZS TNVp800O, the Crusoe TMb600, the CGrusoe TMb500, the
Y3 h8

Crusoe ol M S SI5H 35 THIBEOHP U 8BTS GBIICGTPYAS Ef f i ceon

TMB620 pr ogiasisred corﬁmmg@fa&ﬁﬁ@wbﬁcstaﬁaﬁp%aﬁiaapﬁgbmsa&g@&nﬁﬁmé@nt a dara,
California; the RS/ 6000 processor, the RS64, the RS 6411, the P2SC, the
PONER3, t hi#piessAnd personehdigitabopsietants; Flon2ARmd@B depict blpek dipgmoeral t he PONER4+,

the PONERSyypbl ddieral ABIRARDEDlters b Rl bl sfkofiBAUAACt Ured by

Internatio Susi ness” Machi nes o ite Plains, "New York; or the -7 WD
005/ 0936 3shorp@lh BE2004/200 3B0xch AnIpuGEt26P ineludeheceavll phodradinguB202X, t he AVD

or Suntyvals DEafHRERYY B o B ASRER B RN LR35 6B SRLORERR . T enory °°°

chi ps capatikementt, satloasiong or slatednpirdutphi devicea 3082364 Geagelly efakdan to be
directly accessed by the m.croprocessor 5 2, .such as. Stati¢c random access
menory (S@&Wg,re%ﬁ?@ o Miﬁ‘i(‘,ﬁ P g1ermg (%Wcﬁﬂ%mtﬁ?andom access
menory - ( DRAMiral frasdssiffie@gt Made DRAM -

The central processing unit 202 is any logic circuitry that responds to and

15  processes instructions fetched from the main memory unit 204, In many embodiments,
the central processing unit is provided by a microprocessor unit, such as: the 8088, the
80286, the 80386, the 80486, the Pentium, Pentium Pro, the Pentium II, the Celeron, or
the Xeon processor, all of which are manufactured by Intel Corporation of Mountain
View, California; the 68000, the 68010, the 68020, the 68030, the 68040, the PowerPC

[y 200 601, the PowerP(C604, the PowerPC604e, the MPC603¢, the MPC603¢i, the MPC603ev,

the MPC603t, the MPC603p, the MPC500, the MPC740, the MPC745, the MPC750, the
MPC755, the MPC 5500, the MPC7400, the MPC7410, the MPC7441, the MPC7445,
the MPC7447, the MPC7450, the MPC7451, the MPC7455, the MPC7457 prbcessor, all
of which are manufactured by Motorola Corporation of Schaumburg, Ilinois; the Crusoe

25  TMS5800, the Crusoe TM5600, the Crusoe TM5500, the Crusoe TM5400, the Efficeon
TMB8600, the Efficeon TMB8300, or the Efficeon TM8620 processor, manufactured by
Transmeta Corporation of Santa Clara, California; the RS/6000 processor, the RS64, the
RS 64 11, the P2SC, the POWERS3, the RS64 II1, the POWER3-IJ, the RS 64 1V, the
POWERA, the POWER4+, the POWERS5, or the POWERS processor, all of which are

30 manufactured by International Business Machines of White Plains, New York; or the
-7



(FPM DRAM, Enhanced DRAM (EDRAM), Extended Data Qut put RAM (EDO RAM,

Ext ended Data CQutput DRAM (EDO DRAM, Burst Extended Data Qut put 0O DRAM
(BEDO DRAM), Enhanced. DRAM ( EDRAM), synchronous DRAM (SDRAM), 10 JEDEC
SRAM PC100 SDRAM Doubl e Data Rate SDRAM (DDR SDRAM), Enhanced SDRAM

( ESDRAM ' DRAM ( SLDRAM), Direct Ranbus DRAM r

Ferr oel ectvfﬁly(&:‘ﬁggdl\}/l&(A‘FRAM. In the enbodi nent shown in ﬁ%@%@g@%@ﬁ@ processor
202 comunicates with main nenory 204 via a system bus 220 (described in
nore detail below). FIG 2B depicts an enbodi nent of a conputer system 200
in which 15 the processor communicates directly with main nenory 204 via a
menory port. For exanple, in FIG 2B the main nenory 204 maybe DRDRAM

FI GS. 2A angi\ﬁﬁ |.C 9{_@9 ' i [ t ' r 202

comuni cat es di ngﬁ“g/{h\?u g%tgﬁgeﬁ %%T@Q%ﬁ@@gﬁgn%aﬁ; 3?7)?"%{?3 soneti nmes
referred tpoessa, hhadichirebly AdencddiMitrdBeviessiod Summywtle, Cdlifenizmi n pr ocessor
202 communi cates 20 with cache nenory 240 using the system bus 220. Cache
menory 240 typicglly has a.. ter, response tine than naj mary 204 and is
typical ly provi d&d" e%&?l&@@f\ke%’ﬁ%ﬂﬁm@% S@?ﬁﬁ‘h@i"g&‘ﬂméhom in

FIG 2A théatpsacAsig 220 2totpalocalicittb®s divbdtly achesddyshd midrdexeses 230 via a
| ocal system bus_ 220Q. Various busses ma(é be used to _ 25 connect the central

processihg %9%7{5“%23f36"°f4¥é°1}1/a®%|3‘€@_§’ BAM); Rest R Y of SymsbRust pus, an |1 SA
bus, an El Ség RupmIR Mg TREIARIS AT fohisk RbisHPAR), ﬂaa%\?ﬁfllgﬁ@% R @ PCI - X

bus, a PCl-Express bus, or a NuBus. For enbddi nents in devi ce

is a video PRAM), EnkengedloB4 3D EDREM)xtanded Bata Qpiph BaM ERPhi cs Por]'E
AGP . . . > . .
Computer syStubr EEEBAHAOLATIRAR @ro s Rus el Bl AR, T, T
roc e_sl_ sor ZDRAd\cﬁl(ﬁEl_hdemM),dinh?mfﬂnb_MM I(iEDllt;Iﬁl\/t)esbinclﬁoﬂﬁ@ DRAM (imz:ﬁl\g;modi -
in e\rmh:@Srmcwﬁﬁﬂsﬁwwﬁ%%?ﬁ?%@@ Me processor 202
communi cat eBninbdi smmmsmm@omm@Mb@Mi le
y

comruni catin 5 with 1/0 device 230b directly. i .
' , or Ferroelectric (FRAM). Inthe émbodiment shown in FIG. 2A, the

processor 202 comumunicates with main memory 204 via a system bus 220 (described in

more detail below). FIG. 2B depicts an embodiment of a computer system 200 in which
15  the processor communicates directly with main memory 204 via a memory poi't. For
example, in FIG. 2B the main memory 204 may be DRDRAM.

FIGs. 2A and 2B depict embodiments in which the main processor 202
commmunicates directly with cache memory 240 via a secondary bus, sometimes referred
to as a “backside” bus. In other embodiments, the main processor 202 communicates

£ 20  with cache memory 240 using the system bus 220. Cache memory 240 typically has a

S

faster response time than main memory 204 and is typically provided by SRAM,
BSRAM, or EDRAM.

In the embodiment shown in FIG. 24, the processor 202 communicates with
various I/O devices 230 via a local system bus 220. Various busses may be used to
25  connect the central processing unit 202 to the /O devices 230, including a VESA VL
bus, an ISA bus, an EISA bus, a MicroChannel Architecture (MCA) bus, a PCI bus, a
PCI-X bus, a PCI-Express bus, or 2 NuBus. For embodiments in which the 1/0 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
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A wide variety of 1/0 devices 230 nmaybe present in the conputer system 200.
| nput devices include keyboards, mce, trackpads, trackballs, m crophones,
and drawing tablets. Qutput devices include video displays, speakers,
inkjet printers, laser printers, and dye-sublimation printers. An 1/0

devi ce mayyghsQoRAvi de mass storage for the 10 corrputh:rTm%)ﬁth@& 00 such as
a hard disk drive, a floppy disk drive for receiving floppy Sks such as
3.5-inch, 5.25-inch disks or ZIP disks, a CD-ROMdrive, a CO-R' RW drive, a
DVD- ROM drive, tape drives of various formats, and USB storage devices such
as the USB Fl ash Drive |ine of devices manufactured by Twi ntech Industry,
Inc. of Los Alamtos, California. 15 In further enbodi nents, an UO device

230 may be i d bet ween the s em bus 220 and ern canmuni cati on
bus, such agBéﬁJ%%C%&,m%PrﬂﬁﬁF%@_gﬁ’@ﬂmﬁﬂ%ﬁ greﬁﬁﬂgﬂﬁgﬁ%fﬁéq’bﬂannecti on,
a SCSI bus, HBypbiTiaMhdre RApELI/G oridiiidnd. 808, AB18so @Pictskntaosindtm. an

Appl eTal k bus, a G gabit Ethernet bus, an Asynchronous Transfer Mbde bus, a

HPPI bus, avifhdpcaliprses anddlireet compugicptiqieargpixedgthapyocesspn20Bus, a 20

Fi br eChannel hus, . : j Bl el em interface bus.
~i  Gener al -|Sar posg gseg”?%j %Iglncg\t&?er sﬁ%aslt ék%%?@%%t%lfxscﬁé% i F o%{t&l A and 2B
typi cal | § opethdi® demncke?30bldeathynt rol of operating systens, which control
scheduling of tasks and access to systemresources. Typical operating

systens incl ude: M%R%?ZT DR, nutact ur M crosof.t p. of
Rednond, Washi ngtAoVFﬁl; e\ e&%?ﬂgélﬁﬁaﬁeufzgg?n& e’ #eniglpt?%c%%ﬁts te%gaémperti no,
gal i fﬁr n:\z; Iﬁﬁtaevimgﬂmu;eﬂﬁﬂn?ynﬁcrmamlh,imwl alleﬁbmtpl_S@eNaﬁcﬂ]itma&ng)f

r nonk, w York; and Linux, a_freely-availahle . operating system

di st ri but ed BRFREAPHEFLCHSFHInc e ddeq i, %EFTHV{% Bﬁﬁhl?ﬂ%ﬁfévﬁ@s%?%@ -9 WO
2005/ 093634 1REaLSRARRGAPHEAGs. AR 18) ddvice MaQlso PRARR HRBEBrah Gr@@put er s may

operate under the control of real tinme operating systens such as AMX

Kwi kNet 10KwicRmgHtey sistemdOspelcasyherl ¢igk dogspmRomysiirkciriye fargecpiving floppy

EXECUTI VE( neyau] g Saf f:war | , q\@%

( manuf act u?? %%ggy@%/hé‘égs 11%2:{:&1?@ OE%%/(E%%E? Frla)n%t?%dz:(%nty v ed m eTek 5

Syst ens, | nalrive, ad06D-ROMndrivactaps driveb pi VReidud-farmats, nod 1SBaidr$ demmensfuakt ur ed by
as the USB Flash Drive line of devices manufactured by Twintech Industry, Inc. of Los

Alamitos, California.

15 In further embodiments, an /O device 230 may be a bridge between the system
bus 220 and an external communication bus, such as a USB bus, an Apple Desktop Bus,
an RS-232 serial connection, a SCSI bus, a FireWire bus, a FireWire 800 bus, an
Ethernet bus, an AppleTalk bus, a Gigabit Ethernet bus, an Asynchronous Transfer
Mode bus, a HIPPI bus, a Super HIPPI bus, a SerialPlus bus, a SC/LAMP bus, a

Q/ 20  FibreChannel bus, or a Serial Attached small computer system interface bus.

General-purpose desktop computers of the sort depicted in FIGs. 2A and 2B
typically operate under the control of operating systems, which control scheduling of
tasks and access to system resources. Typical operating systerns include: MICROSOFT
WINDOWS, manufactured by Microsoft Corp. of Redmond, Washington; MacOS,

25  manufactured by Apple Computer of Cupertino, California; OS/2, manufactured by
International Business Machines of Armonk, New York; and Linux, a freely-available
operating system distributed by Caldera Corp. of Salt Lake City, Utah, among others.



SEGGER M crocontroller Systene GwH), eRTOS (manufactured by JK

M crosystens, Inc.), ETS (manufactured by VenturCom, EYRX (manufactured by
Eyring Corporation), INTEGRITY (manufactured by Green Hlls Software, Inc.),
INtinme(r) real tine extension to Wndows(r) (manufactured by TenAsys

Cor porat i | X (manufactured by SE), i RW (na 59 y TenAsys
Cor porati gﬂ%,zoo%r%eséﬁ (manuf actured by esnertec, inc.), ’}E &%@g@ﬁ%ﬁuf actured
by LynuxWorks), MXX (manufactured by Precise Software Technol ogi es |nc),
Nucl eus PLUS (Accel erated Technol ogy, ESD Mentor G aphics), On Tinme RTOS- 32

(manufactured by On Time Informatik GibH), OS-9 (manufactured by M croware
Systens Corporation), OSE 15 (manufactured by OSE Systens), PDOS

fact d by_ Eyri Co ti , PSX fact by J Sof t
Syotome.  Inc.)  Eratligdihs PR RS rromaREs Ty SR Srt s Ry aeRe Ly d )
QNX4  ( manuf ggdelbherdtihysysltihs SOH AN SHIENEE RebifPdg (all Biabh&RulddbyX

(manufactured b oni c, |nc. RTLi nux (manufactured by Finite State

RE ,

Machi ne Lab&ADANE Produgtykid), € EXBOUR ACE(urpefayred bt ML Soffvare Sysicws, 129),
(manuf act ur | ' [ Qi tal, Inc.),
Supor Task! - LR e A rPu B S S O bR LBk £ o ot
kﬂogi c,C/ 058 ncH Systeﬁs,émd(),m(ﬁn%mfa&?ﬁdlhymdmt,&dﬁ, zmﬁlsL)SI(mmeﬁﬂaqrﬂmﬁ i ), Treck

cro - cture m t . Lnc.)., onTask!
(manuf act ur S8 RO Pt Sariome BeeD, St e Sy R Teon
Conput er t ec Aikdsyifains, Mo MPS Qi iR AEddE-Eamp) E IR gﬁmﬁy@h@my VxVor ks
5.4 (manufactured by Wnd Rlveri, S , DACS and TADS (all manufactured by

DDC- 1), Ni nibang Comperaen, (maefagivead OreenlifillsSofwpsnkss.). Nucl eus

(manuf act ur %Sﬁlla I ewp{a ' ctured by
DSP CS, Inc.). ?%%f&%gé% eg{r?‘g%%ﬁl{r&en sgkg%g&%@%cpgﬁﬂﬁ%%@é%ﬁ{ﬁmz may be
repl aced0by IR emnetdeediryod@,sBMX guahiasrediy BHAsis Gahorating,0bed
manuf act ured by .Kabushi ki | Cai.s Hit I Sei sakuysho : Japan or
The ' NEG VBoS IR RPHEIY PR e Lo O PR BRR By olBh AR 0o

2005/ 093634 (&fAstd80by BREBOSotRat EetlindB zRabic), NuckuSPLUS (At@lcrdledor e detai |,

the nodel ing environnent 110 accepts input to create a nodel of, the chem cal
or bi ocheni %&PMPE’&&E%?&M@%@@%P&%’WHG RTOS-32 (manufactured by On Time

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

15  (manufactured by OSE Systems }, PDOS (manufactured by Eyring Corporation), PSX
(manufactured by JMI Software Systems, Inc.), QNX Neutrino {menufactured by QNX
Software Systems Ltd.), QNX4 (manufactured by QNX Software Systems Ltd.),
REDICE-Linux (manufactured by REDSonic, Inc.), RTLinux (manufactured by Finite
State Machine Labs, Inc.), RTX 5.0 (manufactured by VenturCom), Portos

20  (manufactured by Rabih Chrabieh), smx (manufactured by Micro Digital, Inc.),
SuperTask! (manufactured by U S Software), ThreadX (manufactured by Express Logic,
Inc.), Treck AMX (manufactured by Elmic Systems USA, Inc.), Treck MicroC/OS-I1
(manufactured by Elmic Systems USA, Inc.), TronTask! (manufactured by U S
Software), TTPos: (manufactured by TTTech Computertechnik AG), Virtuoso

25  (manufactured by Eonic Systems), VxWorks 5.4 (manufactured by Wind River),
SCORE, DACS and TADS (all manufactured by DDC-I), Nimble - the SoC
RTOS(manufactured by Eddy Solutions), Nuclens (manufactured by Accelerated
Technology), or Fusion RTOS (manufactured by DSP OS, Inc.). In these embodiments

€

@

the central processing unit 202 may be replaced by an embedded processor, such. as the
30  Hitachi SH7000, manufactured by Kabushiki Kaisha Hitachi Seisakusho, of Tokyo,

Japan or the NEC V800, manufactured by NEC Corporation of Tokyo, Japan.
-10- '




I n sone enbodi nents, the nodeling environnment 110 accepts input contained in
a file, such as a file in Systens Bi ol ogy Markup Language (SBM.). In others
of these 5 enbodinments, the file may be in HyperText Markup Language (HTM.)
format, Extensible Markup Language (XM.) format, a proprietary markup

| anguage, »shRXdy file in which fields are delimt r conmas.
Al ternatively, 5"t he 4m)del ing environnment 110 may acce%’gTﬁ%ﬁJ&?ﬂ%@gduced by a

user via either a conmand-line interface or a graphical user interface. 10
FI Gs. 3A and 3B depicts an enbodi nent of a tabular graphical user interface
300 that may be used to receive input manufactured by a user for creating a
nodel. As shown in FIGs. 3A and 3B, the user interface may include a nodel

pane 302. In th odi men in FlGs, . B, t.he nodel pane 302
lists one or mﬁ%ef%gg%E%crﬁﬁﬂ%@'h]??%%hsr??rﬁc%}l’éﬁ? %‘%ﬁlﬁq%grﬁmfl’éonﬂggr Oof computers
oper ati ng usdepts @mpwtto eteatela rhbdel Y INDChEiddl 00 pitlRkmicy) reysdredbe BRRki@st ured by
M crosoft rp. of Rednond, Washington. In the particular, enbodi nent

depi cted bylDsprae emRodimerts, ihe modgling enyironment 4 19 csppts waRGGoptained m &8st ai ned i n
the nodel page asdPBie ih BYtERS BLbIERY NifvRuf Phifltbed @b@hgdznSﬁbﬁbﬁéﬁ@geOSNOyesNbdel
That nodel contains thiee subfolders:” "Conpartnents”; "Reactions"; and
"Speci e§". amkodinets Keclle may he dsHiper Pexd Maskur LangeageddEMB4 foremtit i on. 20 Ot her

gr aphi cal i is inforpation to
The’ Co user il SRR RMIT KR ATk P SRR il Sa36%502 ey
di spl ay a nfilstiewhichfficids lacbadedintie be sebn bt cvgnmmd ellernatisely, themmeddlingn of a
particul ar folder es the systemto .display. folder int nodel pane 302
t hat represwoﬂpﬁ‘@giggfaytaﬁ@pf%'ﬁ'&ttﬂr‘b ,ce%bbggseﬁé?ﬁﬁqrﬁé’ﬂma“&' B%tions, and
speci es. | ninfdrfabd orQl i@phi@N Qe iniBiAcs, each nodel and all 25 conponents of

T nodel s may be displayed in the nodel pane 302 and each nodel may be

oci ated with "radi o tton," Se]ection _of the radi g button associ ates
with 2 Wrpdel cahiSasiA pos ERaFS gmembdimeny,of 8 faby T apepfo _
di spl ayed. bt may®e @bd td1R8&ve RPFRQHIITRRISed BSRIcLfol BafRdEhSsd & di spl ayed in
grey type, or nay_have a transparent grey overlay indicating that they are

not  cur r ent fhpwihe Fies: BhanddBethe user intygicegos) induaymelstpass 3085006 504
Referring bafodifedt diow Pt ALAPIH, B mbEF badl W bR 68 Ao hRAel B udes 2

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

15  operating system, manufaciured by Microsoft Corp. of Redmond, Washington. In the
particular embodiment depicted by FIG. 3A, a single model of a chemical reaction is
contained in the model pane 302, indicated by the folder labeled
“FieldKorosNoyesModel”. That model contains three subfolders: “Compartments™;
“Reactions”; and “Species”. The subfolders represent pieces of the modeled reaction.

20  Other graphical user interface schemes may be used to present this information to the

(j user of a system 100. In some embodiments, the model pane 302 may display a number

of folders representing models. User selection of a particular folder canses the system io
display folder in the model pane 302 that represent pieces of the reaction, e.g.,
compartments, reactions, and species. In still other embodiments, each model and alt

25  components of all models may be displayed in the model pane 302 and each model may
be associated with a “radio bution,” Selection of the radio button associates with a
model causes that model and its constituents to be actively displayed. In some of these
embodiments, unselected models are displayed in grey type, or may have a transparent

grey overlay indicating that they are not currently the active model.
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R R

eaction table 310, and a species table 320. The reaction table 310 is
associates with the "Reactions" folder displayed in the nodel pane 302.
Simlarly, the species table 320 is associated with the "Species" fol der
di spl ayed in the nodel pane 302. In sonme 5 enbodi nents, collapsing the
associ ate folger causes the table to not be displayed. The respective
t abl es masv(b@o 3t ayed in their own graphical user i REEUPHEYMGHFRdow, rat her
than in the same wi ndow as the graphical user interface 300, as shown in
FIG 3A. The reaction table 310 lists each reaction present in a nodel ed
bi ol ogi cal process or chemcal reaction. In the enbodi ment shown in FIG
3A, the nodeling environnent 10 300 di splays reactions present in the

Fi el d- Kor os- Noyes mode| of the Bel ousov _Zhaboti nsky reaction and incl udes

four col umms: a federEng Backde il /g 1he craphigahuter teriage 3ebaleminclades 2 a par anet er
col urm 316, ety BIEVIRY Sd Hetit 4PR 3§é.8ﬁhgégﬁ%)ﬁ%lg%ldipgssocrigtgf\&dtﬂﬂ‘et abl e 310
ar e nunber an t ot co

corresponds to a particu reaction. T forma ums
di spl ayed biReattions'tiobder displaydsl ie thrayoded pawel 362t Stnibeylys the spesies tabler320tiher 15

enbodi nents, th el,i ng.envi, nt, 110. sel.ect e.nunber and format
of col umsdsf(’é’lag?g%%é@ebgge@beso Oq&ﬁ 15?%%‘?]81‘%%33%1 Pay 3@21 BOMF by the user.
Referring baodierdd) eoltipbiag ieRiockisdvoldencabdothetible tdut bedisplh@a. qabumm 312
di spl ays a reaction represented in an, abstract format, Cc ->Br. In

at, e.g,,
ot her ~ enbo@PreRYsableaay badipplayediinfhel o wnagpsnbicahvssgiiesfage Windpwrather al
equation, | faShQfbasdd windSy bR aphRE1 @3 RtePUE 309, %fsh{)wgin%Gf@Ae' of these
formats. In sonme enbodinents, the  reaction table includes a colum
identifying nodifiers of the reaction. For exanple, some reactions can be
catal yzed by a stlisseaeHertabler)l8 listspatheropction present dta madelpkbiplagighlarocetor mat  as

>~ -n(s) -> ARl t B, 5'aAC : rt into
r. In the %1%81& rren%d?%ﬁbvm |%B§?%En%§%?{8?ﬁ§h?1eéégt %ﬁ?@gglﬁg e%l%é a \sﬁg I ncl udes
a 25 klhhet 3 displays odagtionsPiesenttin ¢e HicldMards-Weyes ndkl oféhd Beldwmow-expr essi on t he
identified ,reaction follows. .In the enbodi nent. shown i.n, FlL.G 3A the

ki netic | a\/\?léaggﬁ%sh%fe@ﬁuw Wm‘flﬂ‘ges&“r-cgmﬁm:raergﬁcﬂ%ﬁ&“@ns?fe’ﬂl}%’?ﬁwr]r@"éni ng that
Cc is consugenaBla apatatretd Bblufm|326, Y a rtissiflacaiR0S18. BRh réwdf fhee anount of
Cc present. In, the enbodi nent shown in FIG _3A,_ the paraneters for the

ki netic | aweastipndable 319 corssnands o papiquis resgtioirethenupber asd fagmgtof n - 12 WO
20051093 6340&%&@%9@@& @9 2 34action table may be selected by the user. In other

15  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.

Referring back to the embodiment shown in FIG. 3 A, the reaction column 312
displays a reaction represented in an abstract format, e.g., Ce -> Br. In other
embodiments, the reaction may be represented as a differential equation, in stochastic

' 20  format, or as a hybrid of two or more of these formats. In some embodiments, the
reaction table includes a column identifying modifiers of the reaction. For example,
some reactions can be catalyzed by a substance. This may be represented in the tabular

format as Ce ~m(s) -> Br, meaning that the presence of “s” causes Ce to convert into Br.

In the embodiment shown in FIG. 3A, the reaction table 310 also includes a
25  kinetic law column 314 which identifies the kinetic law expression the identified
reaction follows, In the embodiment shown in FIG. 3 A, the kinetic law associated with
the Ce -> Br reaction is “Ce*k5,” meaning that Ce is consumed at a rate controiled by
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
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sonme enbodi nents, the reaction table 310 includes a columm identifying the
nanme of the kinetic |aw associated with a particular reaction, e.g. "mass
action" or "Mchaels- Menten." In other enbodi nents, the reaction table 310
includes a colum identifying the units in which the kinetic |aw paraneters
are expre , 1/ seconds, 1/(noles 5 seconds), referring to
t he engod?ﬁgﬁ?ys %ﬁn in FIG 3A tge reaction tablé 3 é%npﬁ%!hﬁﬁ ]
reversi bl e colum 318, which indicates whether the associ ated reactlon is
reversible. A reversible reaction is one which occurs in either direction,
i.e. Ce <->Br. ', In sone enbodi nents the reactlon table 310 may |nclude a
col um identifying dynanlcs 10 of the reaction, "fast" or "slow " In

dont 111 ed S SBREES, g reagioran LA faefideds whﬁ%aafn%%ﬁéér?a?net)%&r‘féjielsmy
be present agheyit 12 a@séélhtg@“@tﬁ@tpraﬂicﬂaf‘fﬁacﬁdﬂ e85 “theR3€ adtRR? B WicRfelvar i ous

reactions to be set relative to one another. In still further enbodi ment s,

t he react i évientangbneotbenemiadimers, @We@t@éﬂwmdﬁclﬁﬁﬁﬁ@tcahlmnéeﬂélﬁﬂm)t es
relating t nt qFIG 3A
al so di spl gl;jléslﬁgts i‘g@@%@ﬁi k]%?':hc-ﬁgggg}?,ﬂ] %{&J[]%e g@é“’“ ’ 1/s§g%d§ﬁ G 3, the
speci es 5t abBkenddete.ncl udes a nane colum 322, an initial anount colum 324,
and a constant colum 326. The species table depicts the initial conditions

and anpunts of erd al us i the eI ed cal r or chem cal
reaction. Thus, gﬁﬂfﬁfﬁ%’“&#ﬁg‘ eﬁfg’ E?%Qi%%‘ifﬁ%““ﬁg&%’?e@%zo bi ol ogi cal
process bedhdlsdedh tdvebsiBle JoBInd 8} Lmlmt:}snﬁicatb@ licther, thé agociatéd RAdiomus tipl i ed by

Avr ogado' s nurrber The const ant col um 326 i s, set t%: true" if the nodel
shoul d asJEVRSIRIRA TEFRpRleTeachan s anp Abich ecqp Flyelﬁlpr G- EtBF~dPeci es. In

ggiler enmbogh IS Smbdiimets it x‘é‘écubﬁl?alb?e ﬁ%ﬁ%&lﬂ&@a’?cd}ﬁtﬂﬁ ideR@b I mAHES as a

um identifying units (e.g., nmoles, nolecules, liters, "efc.), whether a

parti cullar offhearasgon.se. &n“fﬂﬁ”délp“élﬁénthlmﬁ af)ﬂhesemmbpﬂi@leas,ﬂmmldwmﬂfl whet her
the speci eswlh?h HMla tﬂﬂ%cc{u‘g 1%1@3%}-%&;??,%%1%8? ?mgfq] 1h 8k %lee%od{}@e%\tfoor a

colum for n somne I'ng envil ronmen 0 accepts
as input a ﬁm tser may e praeketpwitha gh@gmnﬂaﬂhaaﬂws the rapidity dfivhdodsnt o a

gr aphi cal | | ay of the sort depicited._in 3A. For anple, o
et osent atFBHoBHo PR v RE toaip Gus ey 48 Sifb ke stpgitiensgthe Hacten

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

15 The modeling environment 300 shown in FIG. 3A also displays a species table
320. Inthe embodiment shown in FIG 3, the species table 320 includes a name column
322, an initial amount column 324, and a constant column 326. The species table
depicts the initial conditions and amounts of material used in the modeled biological
process or chemical reaction. Thus, in the embodiment shown in FIG. 3, the modeled

C/ 20  biological process begins with 0.003 molar units of bromine, i.e., 0.003 multiplied by

Avrogado’s number. The constant column 326 is set to “true” if the model should
assume that there is an infinite supply of a particular species. In other embodiments the
species table 320 includes other columns such as a colummn identifying units (e.g., moles,
molecules, liters, etc.), whether a particular species is an independent variable in the

25  model (i.e., whether the species is an input to the system), a columon for annotations, or a

column for notes.

In some embodiments, the modeling environment 300 accepts as input a fileina
markup language and converts that file into a graphical display of the sort depicted in
FIG. 3A. For example, one representation of the Field-Koros-Noyes model of the
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WO 20051093634 PCT/ 1JS2005/ 005504 Bel ousov- Zhaboti nsky reaction in markup

| anguage that corresponds to the particular enbodinent showmn in FIG 3Ais
shown in Appendix A to this docunent. For exanple, a process may be provided
that uses the information enbedded in the tags of the markup | anguage file,

e.g., <reggh E(BSIOS{}E%IE:" Reactions" 5 reversible="fal se"I%Tmtsgoﬂgl?d%?%at e the

tabular formo nodel shown in FIGs. 3A and 3B. In song © ese

enbodi ments, a web browser nmay be nodified to parse files containing nodels
witten in markup |anguage in order to create the tabular formof the nodel
shown in FIGs. 3A and 3B. In other enbodinents, a process nmay accept the
nodel as input and generate as output code that is directly executable on a

processor, 0 su a.code witten i.n the C ranmm ng | anguage, Conver si on
b 5 hodel BeRsSLeleReainGRbieh Wieie e e bl T aRPun s B e

transni tt edenitRdiiitnt thohén 16 FNELUI L isSshywa B APSINUX X td Bis R¥@GsHti on on those
conputers. In these enbodi nents conputers nay be connected via a nunber of

net wor k t opol ogi_es including bus, star 6%{)11 ring topologies. The network can

be a | ocal area TREFXHEIME.13P1P %Nﬂdyé’er%?‘ﬁ hat usss Hedatopppingrambefiedn or a

wi de area ngiwWesk G¥Y\Ahe S gaslaﬁéiﬁgé N, Nele, ABdadibe HaRBLGdakRo®NPUL €r'S
may connect to the network 18 t hrough a variety of connections 1ncluding

st andar i t eeeptivlae falseles to peqrase thasrbulin fory of ghegmodefishomBin BEGsk BA a4d 25)
br oadband ' | i k. ti .
aband N RuRE B (P G AIR S B i a1 ARLE RS pRO0ARST | 00

Connections can beée es using a vari comuni c rot ocol s
(e.g., TCP/doRtairik@¥model?Xwrideh Bl fSkupidinidiide, in Shddr to Eredte thrahbul ARG thei ber

Di stributed | nt er e (F S232, | EEE  802.11, | EEE 802.11a, |EE
802, 116, | CREEBAIONL B ERG i B S I s FOicasii B GROSOTEY FFePh e
enbodi ment smodk] ER S ab®EMREatd a¢ SRAPuitcoiR ARt iWHiréd§ bxbdhtdhld bn/R pradessoRNgUage.
The nodel may be retrieved froma hard di sk or from another conputer

accessell viicha pedeyitkends thede ProgrRmImMng Ange#e%enbodi nent s the nodel is input
by a wuser using a tabular user input such as the one shown in FIGs. 3A and

3B or a graphi qanvésioh di'i SliACRoSEEButaRe thE: AMGvSMeWRedutibld &dedo bEhe
master ser Vh(?ar:tlsx?:{?ttreﬁ ?OS mﬁl&;lle computers via a network for execution on those computers. In
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
15 (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
links (e.g., T1, T3, 56 kb, X.25), broadband connections (ISDN, Frame Relay,
ATM), and wireless connections. Connections can be established using a variety of
L 20 communication protocols (e.g., TCP/IP, IPX, SPX, NetBIOS, NetBEUIL, SMB,
Ethernet, ARCNET, Fiber Distributed Data Interface (FDDI), RS232, IEEE
802.11, TEEE 802.11a, IEE 802.11b, JEEE 802.11g and direct asynchronous

connections).

In these embodiments, a master sexrver parses a model written in markup

25 language. The model may be retrieved from a hard disk or from another computer
accessed via a network connection. In other embodiments the model is input by a

user using a tabular user input such as the one shown in FIGs. 3A and 3B or a
graphical user interface such as the one shown in ¥IG. 4. The master server parses
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WO 2005/ 093634 PCT/ US2005/ 005504 t he nodel to produce executable code. The
execut abl e code produced by the nmaster server may be conpil ed code, such as
code witten in C C+, C++, or C# and conpiled to run on a target platform
or the executable code produced by the master server nmay be a in a byt ecode
| anguage In sonme 5 enbodi nents the execo%an?oggg
transmtte to one or nore conputers via a network connecilon he one or
nore conputers execute the code representing the nodel and return the
generated result to the nmaster server. The master server nay store the
retrieved results for later analysis. In sone enbodi nents the naster server
di spl ays a graphical representation of each of the received results. In one

10 enbodl techni que | sed,to.gonduct nte, Carl o type anal ysis.
In certain %fm?%ﬁ‘é Afees ﬁ’é%flg“bﬂ’t ﬁ‘ed‘?méﬁ’é: e’?&?’i’?‘g& tRdr B’Eﬂdlue%‘{% ﬁgcdl spl ay
each data @ﬂgp icall

real -tinme. H%Ilsgr S%%@gg%y?tés In I%ng)ﬁjl(g 511?%1?%1 %ﬁ?ﬁ%ﬁg&? gﬂg?n% dt(?fn%#]t he E.
Coli heat asdooknpiled pomse omodelrgetAdatfiaae o Hedexeboublei dode prodadetd dy thet h FI G

3A, the upper 15 table djsplays t e varl us reactlons invol ved in
transcrlptﬁBﬁ“Hnﬂ“W?aﬁEya ¢ oh 18f 2t PEeeRdst ‘angyage sreh asndL¥s- waly semBet he

i nteractd o (o) )..pr ot ei ns.
pe depi o e quAEs sBE EEORIRE E) ﬁﬁ%@#ﬁ%@%&#ﬁ%@%@ 8 some
are rever sutelmoﬂwamhecmmeemomr mARO thputtrd baduf thel@de egmBicntfigchemn cal
or biochem cal reactions is by way of a block diagram 20 In still other
enmbodi ment sthe gpgsle H?bethng W%fﬂﬁ%fﬁsemo ahe pwstensuser The meuph eseht a

bi ol ogi cal | I F epicts
an enbodlneﬁ%9§§§ &€$ |%%?%%ﬁ%gﬁef?%%?enéﬁ#%ﬁﬁ% é&@%ﬁ%ﬁ1£gk%ﬁt ment

depi cted isarvet Gspléys a gedpdtilal depetcamanosf eghhefdhesiebdited RR6lkd. Oh e E.  Col |
baeterla is under construction. As is well known, heat shod, response in E.

coli islh prebedkinente tleerqctmmuezsuacéstp@ﬁeéu@td\dﬁ@aﬁaﬂﬁomeeaalg%lﬁ* e@@eﬁgﬂevat ed
t t
et 11 . i 45T 8RB 1 B D i P i T

protein unfol respon Vi a

proteins, resywddsd displhgedch dachpedit gsﬁph&:&ﬂyhmaalaimd: ding proteins via
chaperones or by degradi ng nonfunctional proteins via proteases. -15

shock

- FIG. 3B depicts in tabular form reactions for simulating the E. Coli heat
shock response model. As describéd above in connection with FIG. 3A, the upper
15  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.

20 In still other embodiments, the modeling environment 300 allows a user to
represent a biological process or chemical reaction as a block diagram. FIG. 4 depicts
an embodiment of a block diagram modeling environment. In the embodiment depicted
in FIG. 4, a block diagram showing heat shock reaction in E. Coli bacteria is under
construction. As is well known, heat shock response in E. coli is a protective cellular

25  response to heat induced stress. Elevated temperatures result in decreased E. coli
growth, in large part, from protein unfolding or misfolding. The heat shock
response, via heat shock proteins, responds to heat induced stress by refolding

proteins via chaperones or by degrading nonfunctional proteins via proteases.

-15-




WO 2005/ 093634 PCT/ US2005/ 005504 The bl ock di agram shown in FIG 4 depicts
the expression of five particular gene sequences involved in the heat shock
response. In part, Figure 4 depicts pathways 4100, 4200, 4300 for the
expressi on of proteases involved in heat shock response. Pathways 4100,
4200, 430 t the expression of heat shock pro Hs1VU and
ot her 5 p?g%ggggégﬂrespectlvely The pat hways 4100, 4%§3R%ﬂ%58 g?e activated
by the interaction 4105, 4205, 4305 of a32 with RNA pol ynerase at the
pronoter of the respective sequence. Each pathway 4100, 4200, 4300 depicts
the transcription 4120, 4220, 4320 of the nRNA nedi ated 4110, 4210, 4310 by
the a32 and RNA pol ymerase interaction 4105, 4205, 4305 at the pronoter and

t he subsequent |.at.i on_4 4330 of the .10 ot ease, The heat
Shockpr ot eases Tof RErEirdn RS in ks dedeB 8 %f%sﬁoaegﬁsed@m%@ﬂatss%s
rendered ng déﬂé‘ebhﬁ/ﬂ%dﬂb’th@mtsk@bl&%@ons%l m hat, by, éhae bta aWagkenogt s the

pat hways 440 4500 i nvolved in the expression o the shock proteins

a70 and RO, 43012 fo EheicypspionTH grobease LR Py el @fheﬂmm@}s@sm@ e¥athwaysact i vat ed
4410 by th ter. The
a32 nRNA |?19%q?§%%§§:qﬁ@e%%%§8§%%g sU s?%gnt éﬁ{s}gggf’g%ggp 4430. |n

a cl osely medtedses respactivay: leﬁiﬁ&watylsélﬁ@alﬁogmaﬁ&ammtimwﬂlﬁrﬁKmtaacttioansI at ed.
The interac se at th ronoter activate 4510
the transcr B?Q%ﬁ§%§9§kﬁﬁ ENgﬁN& &Qﬁ f?grﬁﬂgxiPanslatlon 4530
of En?K D(r)sgdzﬁxemm Hauli pathviey4 19?,tdzeo, 43(Ioerfep1ffds tlﬂ@@470%1scl\ri]pﬁdﬁ 3@, 4990, ais%zd)?% -
stabilize or rpativ , .may refo t he protelns unf ol ded by

20 heat st rtB%@RN&]HF%@W{] 1Qg‘f2éﬁa@di¥Wrtﬁ%FI G R palymgraseintagacitRuch acti ons
as draw, edjbs, 42@5"19()335t%e p?@ﬁi@ber AIEHHR ShibqRHE trisREikn 41 /Y 1A40, LSy G|Nt ati ons
qf\d ynani ¢ syst ens. l'ocks are the fundanental mat hematical el ements of a

“assi clOpl dertease. a@h@ahﬁat &h@@l@roteﬂaﬁs,gﬁﬁlﬂd@g fsHasd HshWbdpereioglesafie nodel i ng
envi ronnen {)(t@fﬂg ﬁgﬁée& %‘%@u@%@iﬁéa’cgﬁe@ ?gﬁlzaﬁpgﬁn% dédﬁ 1PLL %ks and

virtual bl dc n- Vi s are such as
the a32 an@a%ypmwnﬁoamolmdm&etmpnssddrﬂﬁ the H@m&;ochﬁﬁ:ﬁemsﬁa |a:nd; uaI bl ock

" the def 1A BFPOPG o /PO OLGad: BNEne SRR o Pe. bi ock di agr am
nmodel . For igmaetded408 8 &M @ncbkmlgaodyﬁ&raﬁat &e ﬁr&goféﬁa’rhé&f’é GIRNA is
15  transcribed 4420 and, subsequently, o°” is translated 4430. In a closely related pathway
4500, the heat shock protein Dnak is translated. The interaction 4505 of 0°% and RNA
polymerase at the promoter activate 4510 the transcription 4520 of DnaK mRNA and,
subsequently, the translation 4530 of DnaK. Dnak, in turn, may either interact 4600
with ¢° so as to stabilize 0° or, alternatively, may refold 4700 the proteins unfolded by

20  heat stress.

A block diagram editor allows users to perform such actions as draw, edit,
annotate, save, and print out block diagram representations of dynamic systems.
Blocks are the fundamental mathermnatical elements of a classic block diagram
model. In some of these embodiments, the modeling environment includes two

25  classes of blocks, non-virtual blocks and virtual blocks. Non-virtual blocks are
elementary dynamic systerms, such as the 0°> and RNA polymerase interaction 4105,
4205, 4305. A virtual block may be provided for graphical organizational
convenience and plays no role in the definition of the system of equations described

by the block diagram model. For example, in the block diagram of the heat shock

-16 -




-16 WO 2005/ 093634 PCT/ US2005/ 005504 nechanismin E. Coil bacteria depicted
in FIG 4>gene transcription nediated by a32 to produce proteins,
represented by 4100, 4200, and 4300, may be represented as a single, virtual
bl ock. Hierarchical nodeling (such as the use of subsystens) nay be used to
i nprove the readability of nodels. 5 In sone enbodi nents, the neaning of a
non-vi rt uaio blogedssiyay be extended to include other seRishfSonissddCh as a
"merge" bl ock semantic. The nmerge block semantic is such that on a given
time step its output is equal to the last block to wite to an input of the
merge bl ock. In tabul ar graphical user interface enbodi nents, a nerge bl ock
may be conbined with "wild card" characters to 10 expand a single table
entry into multiple instances of a reaction. For exanple, the reaction:

*transcri pt}] ﬁ;éi t:Qks — 2 - -H@mp %4> i.n.which

*transcri ptllhgn_ g@tng?a' é@?ﬁ?a@%ﬂ??@@gﬁgé, a '%ﬁﬁ{é" rr%isfril Aerlrﬁlreg’?%?inby

expr essi onsg3Xoligodute prdleimhepresentedBrk106] 4TDR 284 AB00, hiaf®er €action. In
general, any 15 regul ar expressjion may be used to signal the existence of a

"wild card.epREFIEEAS asiaie yarahblockn Hliermechiest meidglieg (wshds the wewbi | e a
regul ar expressioniinto mulifiple instances..of god are wel |l -known. The
trgﬁscrip?ﬁ%ﬁargfRB#§V§8uﬁﬁi%ﬁgﬁmﬁ§qﬁﬁéﬁmﬁﬁﬂﬁﬁgf e provided froma

dat abase query, a file, or by user input at the tine the reaction is
expanded t 0 gendnabme ehiodieaits, abd ecimiaglof akrhvittharided fhy BO exctedddact or

that is provided results in a different reaction that, potentially, causes a
di fferent gerieclde prstvarnRes selgse ‘Ragean blask semantia Thermmerga blackpr ot ei n
This techn] . e t roduce ts. of .react ons w i.ni mal i nput
on the useic TR aPuEEs o sReR LB 8 B bRt ! ERRLICHR M bR Monnent
300 may al serigoph i &f tiey me@RdIédkoTal tabXes pabBidal 1ABH flferfge t he concept of
qanditional and iterative subsystens that control when in tine block

n&t hods exetbedimgnts2 watgeddedk by by comhinedwdtni Vil radk chmagest 17

10 - expand a single table entry into multiple instances of a reaction. For example, the

reaction:
*transcription_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
15  regular expression may be used to signal the existence of a “wild card.” Regular
expressions, and the techniques used to compile a regular expression into multiple
instances of code, are well-known. 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
Q’/ the reaction is expanded to generate the executable model. Each transcription
20  factor that is provided results in 2 different reaction that, potentially, causes a
different gene to produce messenger RINA and express a particular protein. This
technique may be used to produce sets of reactions with minimal input on the

user’s part.

In still other embodiments, the modeling environment 300 may also
25  provide for conditional execution, which. is the concept of conditional and iterative
subsystems that control when in time block methods execute for a sub-section of

the overall block diagram.
' -17-




| WD 2005/ 093634 PCT/ US2005/ 005504 The bl ock diagrameditor is a graphical
user interface (GJ) conponent that allows drafting of block diagram nodel s
by a user. FIG 4 depicts an enbodinent of a GU for a bl ock diagram editor
that features a floating elenent 5 palette. In the enbodi mrent shown in FIG
4, the QU i.fcl ude various block tools 402, 40 I OUS W ring
l'ine conn&:{)?@r%ﬁ%%%l s 406, 412, an annotation tool 4%&%%21}0%[\&@5{5‘:34% t ool

410, a save/load tool 41-4, a notification tool 420 and a publishing tool
418. The bl ock tools 402, 404, 408 represent a library of all the O
pre-defined bl ocks available to the user when building the block diagram 10
| ndi vi dual users nmay be able to custonize this palette to: (a) reorganize

bl ocks in some customformat, (b) delete blocks they do not use, and (c)
add custom bl ocks they have designed. The bl ocks may be dragged through
some human- machi ' BafediH§ t he wi ndow
(i.e., nodel cani\}gesglbagr%éé grac%%?cﬁ;% Q‘\%@g@%ﬁéﬁfﬂ?{rﬁ%@gﬁgﬂgﬁ)ﬂg{h@g render ed
on the canvdst allvesalrhfiidg ofiblack dimgtam nibdels bg abisec k FIGhé depimeynbe di f f er ent

nmbodi ts f the b I i.ncl udi t -based b i f
1 of "t he- BPBRKEE i § GLEG0EhblsGk HBATE: <e SPRBRARNE 5 CPURBHCTAet Lo
al | ows us r j S EEREEN pit in
pl ace oﬁsthgﬂ%%ge%n@glcﬁibg’gﬁne&%?% hese eﬁbdgﬁ?engl@ﬁsg@gﬁ%g a sg}l Jekoa
t extual i nt syolsad2, ¥4 408, sedowfwidegiiandsmicbiidn abdlo w6 M EY, aatanAstatibhh t he
graphical 20 editor. For exanple, dragging a_ polynerase block to the nodel

may cause t FO! 480oEREBE seRl 0, & Fve(joad tach Al dha nerifeation el $20 aadd in the
| . ; i o ' : e
pol yner ase ?@%%%#18%01 %ifs'(.)“ﬂ%éﬁbac K49 404‘}4?52? gﬁ?@%s%ﬂf%%ﬁ%%éim #l.e specla

scripts tha rma ic editing operation dragram A
ﬁr gener apteyddiint¢ bRcksavailitie tcathe eiserofhen buildusg thwblodictiagantanvases for the
del . There can be nore than one 25 wi ndow for a nmpdel because nodel s may

be partil®i oRehvideal yserpmay S ablsite custemizedhis pplewis ©: {3 reergAnies blagkeinof
subsyst ens ' ther |. tilloth i.ent nly a
Vot e b GURSR ARk ASE! il 4 B4 B ghy (SRBILIEN Gl >

textual intertace nay user construction
of the bl oclheglibagy de¥igned 8The 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
15  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
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 emabodiments there may also be a
textual interface with a set of commands that allow interaction with the graphical

20  editor. For example, dragging a polymerase block to the model may cause the

P

system to prompt the user for the protein to be used in the polymerase reaction.

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
25  window for a model because models may be partitioned into multiple hierarchical
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.
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WO 2005/ 093634 PCT/ US2005/ 005504 The wiring |ine connection tools 406, 412
allow users to draw directed lines that connect the blocks in the nodel's

wi ndow. I n sone enbodinents a single wring line tool is provided and the
user connects bl ocks by selecting the tool, selecting a start point, and
selecting the end point. In other enbodinents, 5 nmultiple connection tools
may be preg@tdos/fseah as t he enbodi nent depicted in Fmgnv@hmy&ﬁgﬂections may
be added t hrough various other nechani sns involving hunman I ne
interfaces such as the keyboard. The nodeling environnent 300 may al so
provi de various fornms of auto-connection tools that connect bl ocks
automatically on user request to produce an aesthetically pleasing | ayout of
the C~ 10 bl ock diagram (especially those with high conplexity with Iarge

nunbers of bl 0@1&@%@% 561:#1 Qi @I i .@' ' hat th

speci es represente E&ﬁ ?rstiﬁp %gf?%e gﬁ%%ﬁ? %ﬁ?ééqiﬁg%k i f |t
repr esent s thattcoansachid blocksiis ﬂ&rmOdﬂpuhmﬂ@wt hescfe eitbddifeis a lidgleannot at i on
tool 416 allows_users, to add notes and annotatlons to 15 various parts of

the bl ock dViERs kg tophis DAREehandohs usshForResEublorls by srdncsagshe taodnot at i on

I V\:h d
;?agﬂycale dh&ﬁgm%%ﬁgpgﬁ¥é%8#§gc 1@5%3g§ose P%Oaﬁﬁ§FM$%@nEF§¥ﬁ o:nthey may

be hi dgenmditiple TBendcabARbON BE: Kb@@kcs&ﬂt((sméhl@ @S e bRt EmEr depicte ifn vari ous
formatting \J 20 operations that are generally available on any docunent

editing todlG % egémﬂﬁﬁéﬁﬁmmﬁ addedthipegh wneupedhsrymedhaniyas aphi ca

attributes of the ock ( uent bl.ocks). such i ncl ude
font - se|ec€F%ﬁﬂ‘%‘?ﬁﬁﬁﬁﬁf %Fﬁé?”ﬁ a&%%ﬁf't %ngh?%g?&% §¥§6OThe bl ock
di agr am angnal disotprevilt Piiius Whrkakdi OF atrftRconidle @6 BoRAOIANLGRRLE Blokls have a set of
functional attributes that are relevant for the 25 execution or

oae gener atfaspaticTiyeomuser resuest t@dwdlﬁg a@@@ﬂﬂquKQWY dlegsigglayoutefithal | ows t hese
i bLitOeS btlockbcﬁagrgn(i‘lasfplegl gseevgfth gh comple}aty 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

input to the second block.

‘The annotation tool 416 allows users to add notes and annotations to
15  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
hidden.

The formatting tool 410 enables users to perform various formatting

5
-

20  operations that are generally available on any document editing tool. These
operations help pick and modify the various graphical attributes of the block
diagram ‘(and constituent blocks) such as include font-selection, alignment &
justification, color selection, etc. The block diagram and all the blocks within the
block diagram generally have a set of functional attributes that are relevant for the

25  execution or code-generation. The attribute editing tool provides GUIs that allows

these attributes to be specified and edited.
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WD 2005/ 093634 PCT/ US2005/ 005504 The save/load tool 414 allows a created
bl ock di agram nodel to be saved. The saved nobdel can be reopened in the
editor at sone later juncture through a |oad mechanism Users may save
bl ocks including pre-constructed subsystens into a separate class of
bl ock-di a ed libraries. Such libraries facilita reuse of 5 the
sane bIocaﬁﬁﬁ%g&ﬁﬁﬁber of other block-diagrams. The IJ&Ehgé Ve"Fe¥hani smi s
specially equi pped to handl e | oadi ng and savi ng of blocks in a bl ock-di agram
that actually reside in libraries. A publishing tool 418 nmay be provided to
enable the viewing of the block diagramas a docunent that can be published
in any standard docunent formats 10 (exanples: PostScript, PDF, HTM., SBM,
XML, SGWL., SBM. Those skilled in the art will recognize that the
wi ndows for nul t} |Sévewﬂﬁ¥éllt§01a’ﬂd¥%1qwsefcrqaﬁrél P%dlggqulﬁ @lmsv .coul d

pot ent i al | Yjhe. iDEddac.) Be deaeha) f MLl DGR e, LALRLLAES,(AB) Tor

provi di ng a ‘uni software nV|r fIC |on allows a

user wor Ki rigadmheahdispe K}déts&ﬁiﬁdivé Blo@i%ﬁﬂdﬁdmﬁrétemeté&u@mww inser. In
sone enbodi nents, the notification tool 420 causes the current version of

t he bl ock owgmam Clasbof)‘elodﬁdlaﬁmsaaﬂddéﬁsml $uchdibyanias famhuamerem ¢fied in the
art wll orec zetha fer tlng

IanguageSS SHPF ﬁ’ﬁjénb%f’mﬁ‘ é:HE 5}‘%‘?%@%‘ kfﬁ%fof’g/ﬁaé’FW rﬁ%en es of
20 operati %}éa&]ﬂ%qnﬁﬁéh% B%dI@lda)Am H'sﬁﬁng BF Bloakd ih @b 1vk-Aia gﬂ?n {#d. such as
bl ock addition, "bl'ock deletion, starting and term nating exéecution, or

nodi f yi ng bicumhyrmdermlhbraelss etc. The nodel i ng environnment 300 may al so
offer a variety of other GQJ tools 25 that inprove the ability of users to

P nder rhat -hor A PRPRInG PRt B8 B Brovided 10 Buitle s Rt et B T 1 )
bl.ock- di agr ﬁﬂgmﬁms ARl0R RSOkt Ede ﬂh@hﬁ&d%lﬁ.ﬁﬁsﬂaﬂ&ard QREHEh Ot

bl ock-di agrans, (c) a Revision Control U for managing nultiple -20 WO
2005109%34(6@@Fh$2@@5¢@53@$ HEMLsSBMd., Mh‘&MleéBML&glhrﬁThfm@d (d) a

Profiler f Oruﬁ/ thegart wﬂ] regogrn?zseuf!htat the wmgows for multlplc 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 2 block diagram to send a
15  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 langnages for writing out programs that automatically carry out a series of
20  operations that would normally require interaction with the GUTI, such as block
addition, block deletion, starting and terminating execution, or modifying block

attributes, etc.

The modeling environment 300 may also offer a variety of other GUI tools
25  that improve the ability of users to build and manage large block diagrams.
Examples of such GUIs include: (a) a Finder that helps find various objects such as
blocks and lines within a block-diagram, (b) a Debugger that helps debug the

execution of block-diagrams, (c) a Revision Control UI for managing multiple
-20-




executing a block-diagram A typical base data-structure for a block may be
represented as: class Block 5 public: // Access nethods for setting/getting
bl ock data // Methods for block editing virtual ErrorStatus BlockDraw conQ

10 virtual Bl ockParaneterData Bl ockGet ParaneterData(); C. _ ... // Methods
for bl ock yww@mRidakison // Methods for block executi O”PC:lE'Erszoo 05504
............................................. vi rtual rror§?a§us

Bl ockQut put O = 0; virtual ErrorStatus Bl ockDerivative() = 0; virtual
Error Status Bl ockUpdate() = 0; 20 private: Bl ockG aphical Data

bl kG aphi cal Attri butes; Bl ockFunctional Data bl kFuncti onal A.ttri butes;
Bl ockConpi | edDat a bl kConpi | edAttri butes; Bl ockExecutionData

bi | cExecuti gnbDat a;,.25,,., ..\J Although.the exanple of the data structure
Sbove | o wPREghs o6 eIk g, ol af o Rt HEVEP Bk TIng i S ¢ nat

equi val ent Sat@inglalBIGEUESE ‘itten in other |anguages may al so be used. The
maj or data fields of the block data structure fall 30 into four categories,
a graphi cal att A typicelshake ditahstracthrerfot 4 bloak naybeirtpresestddiasl d, a conpil ed
attributes field and an execution data field. The graphical attributes field
IS responsible fPr toring information relevant for graphical rendering of
the bl ock withi % @Ogl&ient bl ock diagramis GUI. Attributes specific to the

bl ock icon such Rgsglﬂ%nt, col or, nane, and icon-inage are
// Access methods for setting /getting block data

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

// Methods for block compilation

// Methods for block execution
15
: virtual ErrorStatus BlockOutput()
virtual ErrorStatus BlockDerivative()
virtual ErrorStatus BlockUpdate()

?

0.
0;
0

?

20 private:

' BlockGraphicalData blkGraphicalAttributes;
BlockFunctionalData blkFunctional Attributes;
BlockCompiledData blkCompiledAttributes;
BlockExecutionData blkExecutionData;

25

S

I

Although the example of the data structure above is written in C++, those

AR
\4

skilled in the art will recognize that equivalent data structures written in other
languages may also be used. The major data fields of the block data structare fall
30  into four categorics, a graphical attributes field, a functional attributes field,, a

compiled attributes field and an execution data field.

The graphical attributes field is responsible for storing information relevant
for graphical rendering of the block within its parent block diagram’s GUI.

Attributes specific to the block icon such as font, color, name, and icon-image are
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-21 WO 2005/ 093634 PCT/ US2005/ 005504 stored in this field. It should be
noted that nodifying these attributes does not affect the dynamcs of the
nodel using this block. The functional attributes field is responsible for
speci fying block attributes that may potentially affect the dynamcs of the
nodel using this block. These attributes are specified for the block as a
whol e 5 aRgp bdasodspaut and out put ports of the bl ock. BegnRbRSoREL! OCK
attributes include block sanple times and restrictive flags. Bl ock sanple
times specify if the block corresponds to an elenental, continuous,

di screte, or hybrid dynamc system If the block is an el enental
discrete-tine system then the attribute specifies the spacing C between
time instants at which the bl ock response shoul d be traced. A restrictive

10 118 gL o oIS ALk RSKRd B SOITAT, FRIEIAN SO IhE. For

exanpl e, one nmay I np restrl ere nay on one instance
of given blafelt the d?naﬂmﬂﬁfthcéﬁéddl ashehidbloklt. 0T ke ﬁﬁ’l’f:ﬁ@ﬂéﬁ aﬁﬁbﬁ&s peigngrti es of
the data that is erther available or produced at that port. Bl ock port

attri but es tespoisible far spseidiiog blocy attabhytpsavéaat 8y pateptislyaffectsthe &Iimalmqsect

f eedt hr ough, on attr.ibut 1nd|V|duaI mens

nul ti - di ner |t%]?‘|§}° IESH%( Shl?}f’af ?ﬁﬁ ’z&’él eaajéeoﬁgf:gfiﬁgl;‘orft@? 518§ ‘é(F’Q nts.

Dat at ypes atdnkil chbl it 8h& ohiffit 9@%@5&9@ b@cickeﬁﬁimﬁkseém&d@m%&@ ihdudbe data

container. A conplexity attribute is a flag to specify if each data el enent
is real or blodmr@keumesmdﬁemamaﬂwtBlmhsanplpelmefmmuﬂmd'whmbbnkt he si gnal

corresponding to 20 an i ut r output port wll b The p sanpl e
times may o BARSS 1R ar & qOHBPY? &f?cr?tﬁf%rrhﬁmg %P%‘B%?S?tg‘&nﬁ! 1é“"‘ti ne. The
direct feedifroyan cRidentd? His&e'te’ium% RfEdo | Bh B Qﬁ%rfﬂﬁ:cchégéﬁﬁgs els @a%n?gd

|nd|cates whet her or not the Qutput’ equations o bl oc e a function
~t he gi velvttwnﬁmmme Tisicmtedttwhitiutie Hi@dlqnssponsm%mﬂgdt Aerestsieguence i n

i'ch b] ock me ouI d xecut ed .e executi g t he bl ock 25 di agram
The co e%ﬁgefili Pk e Bﬁn Eﬁu&%mm%ﬁe & CADIER R SRETRG) ORE WY

attributes ;g sr‘lh 'Tl'| gt}fo | StH ?c—i @gﬁ?ﬁyga'@%hc%s&n% o}‘gﬁ of HIBEE Lppal attributes

listed above uring I agram conpi | ati on by
utilizing tﬂnedélunctl onal

Attributes of block ports specify properties of the data that is either available

or produced at that port. Block port atiributes include dimensions, datatypes,
15 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 specifics how when the signal corresponding to
(J | 20  an input or output port will be used. The port sample times may sometimes be
used to implicitly infer the block’s sample time. The direct feedthrough attribute 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
sequence in which block methods should be executed while executing the block

25  diagram.

The compiled attributes field of the block data structure holds the attribuctes
of the block and its ports that mirror the fonctional attributes listed above. This

field is filled in during block diagram compilation by utilizing the functional
297 -



-22 WD 2005/ 093634 PCT/ US2005/ 005504 attributes of the block in conjunction
with the functional and conpiled attributes of the blocks that are
connected to it. This process of determning the conpiled attributes

manuf actured by the functional attributes is terned attribute propagati on.
At tri but e v 9RaeREION 1S described in greater detail 'rﬁ}é’zdng‘/mfsgﬁ 5 section
on bl ock diagram conpilation. The execution data field is mainly

responsi ble for storing the nmenory |ocations that are going to serve as
sources for block inputs, outputs, states, paraneters, and other work areas
during execution of blocks. The block data structure also has a set of
associ ated nethods that may be 10 categorized as access nethods to data

fields, ' iting. . i i |ation.and net hod
veco’ T RERRTOR UOEH S e U BR AT R BRRRG S
getting t hef th@blookisthédra chhuscea 1. g ﬂlbélﬁkof&@feﬁﬁ&ﬁn%‘%lﬁﬂcdrﬁpﬂeﬁdi ting are

called by the block diagrameditor in order to render the bl ock

appr opr i atagiriputes mednafacired by ithesfupetianat atblilorks iditaymedmttibetei nst ance, this set
of 15 net hods include a Bl ockDrayl con et hod t hat. det er.mi nes the shape
the bloc @rOP%”ﬁX%‘agg%ﬁ?uﬁ%o aﬁoﬂ/ést 8 e&é’égr‘iaﬁe’b‘g%’ll gﬁlf)iwolﬁ tﬁ‘? e net hods
that are seatdresh Bivck ARgRIN®SdmBilABH AMHE QRBHiBhIdOta BORH ¥ Shainipey hel p validate
the connections of the block to other blocks on the block diagram The

net hods usesponsibleder stoiing the memagdoeativnstlst asf golingzftorserve as sonrtésifer et hods
that are rbggai red for execution. 20 Theaed'lncl u?ﬁe t he, Bl ockOJttPut,
Bl ock Updat 2O BPBRRCRTPY S, 06 PRPMSLRES-rRg o ther augris aeas g 5ot ate, and
Derivati veggyqati ons di scussed earlier in the context of dynam c systens.
In addition to these nmethods several other run-tinme nethods nay be

rovi ded, such as the Jacobi an, Projection, ZeroCrossings, Enable, Disable,
I'hi'tialize, Evaiiedledsdatefaekugnliobroe st of pyecinmtdemeihods lgacasay be

Get Ti ngX tli.t thods. Lt should-be noted.that,there is n xplicit
ot hodt® 1 ortaPpel & ooeh metiosh it 238 BHEEE B EaeplioRG processed
in a diffeaiedin cipibeionid Ghethbdsl usbPindd:@eussied ARREQUMEMCEPRRE hBlAs W th t he

di scussion of the " sinulation engine 120.
help in setting and getting the various data fields of the block. Methods used in-

editing are called by the block diagram editor in order to render the block
appropriately in the GUI of its parent block diagram. For instance, this set of
15 methods may include a BlockDrawlIcon 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.
Q“; 20  These include the BlockOutput, BlockUpdate, BlockDerivative methods that
realize the Output, Update, and Derivative equations di scussed earlier in the
context of dynamic systems. In addition to these methocls several other run-time
methods may be provided, such as the Jacobian, Projection, ZeroCrossings,
Enable, Disable, Initialize, EvalParams (check and processs parameters), and
25  GetTimeOfNextHit methods. It should be noted that there is no explicit method
for algebraic equations because these are represented an«d processed in a different
manner which will be discussed below in connection with the discussion of the

simulation engine 120.
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-23 WD 2005/ 093634 PCT/ US2005/ 005504 I n sone enbodi nents, the nodeling
environnent 110 includes a know edge base 350 that aids construction of a
nodel . In sonme of these enbodinents, the know edge base 350 contai ns nodel s
for various reactions, e.g. 5 glycolysis. In these enbodi nents, when a user

begi ns t o wppHisbRALt i ons consi stent with a nodel for 'ﬁﬁﬁ i t he
know edge base 350 may enter the remaining reactions #ﬁw Héﬁﬁgg?.

Al ternatively, the know edge base 350 may offer different nodels of the
reaction to the user. In sone of these enbodi ments, the offered nodels
represent the target reaction with varying levels of detail. In other 10
enbodi nents, the know edge base 350 may insert paranmeters or indications of
reversibility for entered reactions. The know edge base 350 may al so provide
assistance to a user inputting a block diagramrepresentation of a chem cal

or bi ochem cal Ineaat embodindnts Xt plbdelidg @vitoameROUE frkdes3d0 May prevent a
user manufactured by connecting bl ocks inconsistent with the nodel ed
reaction. ZIsomledssbais 0 thawvidssapstyetiansefiacngdeladaseme ohithestray be used to

sexpasy.or SPARHEriSeBaoPRER Bar ARAE Rl SpoSIRR oS o 2ERE et of n Dat o
Bank (htst p: gifouiysis! In tiese eBo@iiehtsd Whin 2 386 Bealedo Pt ReactibndmanggeTe. ad_ p-
ce g/ egg2.htnl’). Alternatively, the user may 20 provide private databases

to act as avigmewasdbfer glyselydsabs krowladgd hase 8 gay caktritonrepfaining nodel s.

Bl ocks in a_block,.diagram be virtual ar,non-vikjual. The..designation of
a bl ock as’ﬁgﬁ@WfﬁFﬁ§$u$ﬁdg§égﬁ W¥%éﬁeF?“%ﬁ#ﬁﬁ%ﬁ%ggbﬁgwé’ 5?@%ﬁ@min t he

mat hemat i cahodéls HDEE redktBbn 1 EhediBA MnCsofeSIfeMse khHoREn&RN B bFQEd bl ock

di agram software, it is beneficial to include other virtual blocks that do

r(rf:rtﬁ af f ect mhdelespesensithe rargetreactigy varh ardys fesels of dedidl In Sheh bl ocks hel p
| rove

he r.eadabi | i and dul arj.ty of the block di.agram and w el d no
sermnt | 19§ i o St KB HPRE R Ao g Pargyeters & LTS
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.

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

models include the Swissprot database (http: //us.expasy.org/sprot), NCBI
(hitp://www.ncbi.nlm.nib.gov), the Protein Data Bank

(http: / Swww.rcsb.org /pdb), and KEGG

(hitp: / /fwww.genome.ad.jp /keggs /kege2 himl). Alternatively, the user may

(/ 20  provide private databases to act as a knowledge base 350 for facilitating creation of
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
25  model for the dynamic system. In the context of block diagram software, it is
beneficial to include other virenal blocks that do mot affect the equations in the
dynamic system’s model. Such blocks help improve the readability and modularity

of the block diagram and wield no semantic influence on the mathematical model.
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WO 2005/ 093634 PCTI US2005/ 005504 Exanpl es of such virtual bl ocks include

virtual subsystens, inport blocks and outport blocks, bus creator bl ocks

and From and Goto bl ocks. Mdularity may be achieved in a block diagram by
| ayering the block 5 diagramthrough the use of subsystens. A subsystem

facilitateyogyabiadp by allowing a collection of bl ocksrt@eaiisPr esented
by a single block wth input and output signals. The I nput ancoi out put

signals of the subsystem are accessible to the constituent blocks wthin

t he subsystem A subsystemis a virtual subsystemif its constituent bl ocks
are noved back into the main block diagram nodel during the 10 nodel's
execution. Wthin a virtual subsystem graphical entities, called inport and

oULPET O oGl e R iy SR AP SRE SR e P e

bl ock di agram ese inport "an el -t hrough

signal  conngghdrBldcks, bhecRabe Block atkFdhPdiPGbrolBlods. Nnoted previously, to
facilitate nodeling fairly large and conpl ex dynam c systens, users may be

allowed to | ayer bl ock diagranms. A subsystemfacilitates such |ayering by
allowing a collegti f Dbl ocks to he represente a si e block with

i nput and out put ii‘i"ﬁﬂ%&gmaﬁtﬁ’& aF%Yﬁdblﬁﬁdjﬁ‘gﬂﬁ%ﬁrm&qﬁ'ﬁéYe?ngftg‘?h@%u_bsystem are
accessi blse tfadrki thgh thdeRlorRhRGESms BY smﬁgt&ﬁqa@ﬂgégﬁ@%@ A each

ot her, one 20 Tcan create block diagrans with arbitrar of hierarchy.
| deal |y a sub®jlsttim dfddocks o baprpedsened bie sedmblogk withtityeitibhd oktpait agr am

Additionally, s st ens ovide., a of .groupi ng bl ocks t pget her and
al | owi ng ot ylﬁﬂn F@%‘km&}l’é W@B’h@@ﬂ!&%@ B?bgsysﬁﬁgg"ég%ﬁﬂ%g&oéggt rol on the
constituent Bhaaksnt bT&ck@Wﬂfﬁmtsﬁiﬁsgr?E(égf)J L&gs]fu'bE tedd is a%m§a1t€sg§mzlmae' I ng

software al so all ows aggregated | araneters o 5 bl ocks
W't hin the swhsytstmrhlodks be raocddsel ifto ahe masi blgtledigiam mndel defingdlse and

di\'s/pl ays, speci al, icons o e subsystens. The prqcess of finin he

par anet et¥ | il&?gelaﬁaecelﬂsn-;@[&@%w upgsieE %ﬁﬁlﬁﬁsﬂwﬁﬂga aﬂgﬁm& -25 WO
2005/ 093638 Sl HBRARSEATIBAAed 1813 eishal WABidhs K RESpRLn TR ST M bl 0Cks,
virtual subsystens and non virtual subsystems. Virtual subsystens serve the
pur pose of pdigyradi Mhest gpcot askoutport blocks indicate a tunnel-through signal

connection to the parcnt-block diagram.

15 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
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

( : 20  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
impose unified control on the constituent blocks. To enhance the modularity of
subsystems, modeling software also allows aggregated list{s) of parameters of the

25  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.
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diagramwi th a graphical hierarchy. Non-virtual subsystens behave |ike an

el emental dynamc systemw th its own execution nethods (CQutput, Update, 5
Derivatives, etc.). These execution nmethods in turn call the execution

met hods of the constituent blocks. The classes of non-virtual subsystens
are: 10 A%ﬂyhﬁy§ggﬁystens. These are simlar to virtugbrreiRyss , Wth the
advant age o groupi ng functional aspects of nodels at a given layer. This
is useful in nodular. design. Conditionally-executed subsystens. These are
non-virtual subsystens that execute only when a precondition is fia filled:
15 Enabl ed subsystens. These are simlar to Atom c subsystens, except that
the constituent blocks only execute when an enabl e signal feeding the
subsystemis grgater than zero. Triqgered syste These are simlar to
Atom ¢ subsyste F“E%Eéﬁ?“FW%@WFE8EW§§W§P?P@%ﬁ%x%?%@%?ﬁﬁva e when a
rising and/\g#ufiahbdyfems! Undhal bPosfRERs Kveithe %Qgidsé B9y Idh St bk eedi ng the
subsystem Enable with Trigger subsystens. These are an intersection of the
properties difgra@muith egdraphitallricgy eoswiraas subspsterdcbéhome Bidomy st ens. These
subsystens are conpnected to actjon-initiator (e .g,,,.an "lf', or "Sw tchCase"
bl ock), a Hﬁgeﬁl ‘WQ&ﬁ@%F¥W§hE%ﬂWBﬁHEmPﬂ%ngﬁﬁgyéggWW§5k%@WFents to
execute.s ThB?ﬁvaﬁiU&?¥1§29'F‘ﬁes@ré§ec%ﬁghln?€th$& it Gl SUORYSEGRefbasBE that the
managenment of the "endbl1ng" signal has been del egated to an acti on-
initiator. thetcbosttsethdlstkens define a new type of signal, called an action
signal that signifies which subsystens are conmanded to execute by the
action-initiator. -26 WO 2005/ 093634 PCT/ US2005/ 005504 Functi on-cal

subsyst ens. ﬂgﬁﬁﬁaﬁHQ§M§E%&ﬁsR%ﬁMﬁSEm%-neans of collecting blocks into a
subsysten1t£at I's only executed when called by an owner bl ock. The owner
Tock may conpute input signals for the subsystem before calling the

subsystem Additiognally, the owner_nmay al so read output signals fromthe
subsyst in aftenic subsysters. These are similar t6 virtual subsystems, with the advantage of

grouping functional aspects of models at a given layer. This is useful in modular
design.

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

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

Triggered subsystems. These are similar to Atomic subsystems, except that the

constituent blocks only execute when a rising and /or falling signal is seen on a
C 20 triggering signal feeding the subsystem.

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

Enabled and Triggered subsystems. ‘

Action subsystems. These subsystems are connected to action-initiator (e.g., an

“If” or “SwitchCase” block), a block that explicitly commands the subsystem

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

signifies which subsystems are commanded to execute by the action-initiator.
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5 calling it. Function-call subsystens define a new type of execution
control signal, called a finction-call signal that contains no data. It is
used to define the execution relationship between the owner block and the
function-call subsystem Function- call owners may al so designate thensel ves
as an "i n{Ry JobdAfozgapour ce. In sinulation, J they sinulgﬁﬁmgﬁ@mﬁg%@cts of an

i nterrupt ang I'n code generation they can attach 10 thenselves to an
(asynchronous) interrupt. Wile subsystens and For subsystens. These
subsystens execute the constituent blocks nultiple tines on a given tine
step. 15 In other enbodi nents the know edge base 350 may be used to
facilitate further or broader understandi ng of the nodel ed reaction. For

exanple, r [ I i am represent at i f the,heat shock
eXATD! & ¢ RhEERA% kel AN, LR PR ek RSS!
identify otdi6ra siiBsBlemOmat is bnly SRRl whiR eKled et dvaltr bRk, TRCowRd: are

i npacted by, a70. ‘Alternatively, the know edgé base 350 20 may identify

ot her r eactblahsnfyoomputGopit signakhfor bheastbsysteay befarqailing the subsystérenot axi s. I n
this way, ?gﬁﬁoad réHnderstand&n of the functi.oni of E. i in various
envi ronmen %ﬁﬁﬁ% AR EVEY, 2 “ﬁgppﬂmﬁﬁﬁg s LU b EerREehodel i ng

envi r ongente, ki itgleifl?ﬂdd@ﬁécdll 2 £tbxﬁ§dcﬁ%@i£1/é%@|§?@ PRl o B spBhect ed and

included in a Mbdel s réference virtual or non-Vvirtual bl ocks

in a nodel callvdet fosction-calicignabittat ofntaink b datay It ianeedi to clefuaedheiereduienmodel  f or
execution. For e dinments in mhbgﬁkex ﬁgt bl e c%ﬁg Ls gﬁ rat.ed, code
represent i AgA TSP 8 ORD§E POk & - SYDSYSOm. N8RS/ 093634
PCT/ US2005/, iSRS YISt S R e SAT M6 fRERMLAI Nng t he
bl ock diagfggﬁaﬁéﬁﬂgyé%ggﬁ? g&éhlerargigﬁMNgﬁgﬁr ?ﬂgﬁﬁgﬁggyg?%ﬁggbehave li ke
@el enment aheysimalatecthe sffeteof an inkerivps andvin eddegeheatomeidgeasatt€ht put, Updat e,

rivatives, etc.). These _executjon nethods in turn call the execution
met hoddOof thees VGﬁEQ?‘%&@HFh{ﬂDG’(‘:‘R ntegrdBhce a bl ock di agram nodel has been
constructed, nodel execution is carried out over a user-specified tinme span
for a set of user-specified inputs. The

While subsystems and For subsystems. These subsystems execute the constituent

blocks multiple times on a given time step.

15 In other embodiments the knowledge base 350 may be used to facilitate
further or broader understanding of the modeled reaction. For example, referring
to the block diagram representation of the heat shock reaction in E. Coli bacteria,
the knowledge base 350 can be used to identify other reactions in the heat shock
reaction that use, or are impacted by, 670. Alternatively, the knowledge base 350

Y 20 may identify other reactions for E. Coli in which 670 plays a part, e.g., chemotaxis. In

-
f_\ '

this way, a broader understanding of the functioning of E. Coli in 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 executable code is

generated, code representing the referenced models is also generated.
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execution begins when the block diagramis conpiled. The conpile stage marks
the start of nodel execution and involves preparing data structures and

eval uating 10 paraneters, configuring and propagating bl ock characteristics,
deter mning block connectivity, and perform ng bl ock reduction and bl ock

i nsertionyg IfgeREAParation of data structures and therRalsadssAn of
paraneters create and initialize basic data- structures neeged In the
conpil e stage. For each of the blocks, a nethod forces the block to
evaluate all of its paraneters. This nmethod is called for all blocks in the
15 bl ock diagram If there are any unresol ved paraneters, execution errors
are thrown at this point. During the configuration and propagation of bl ock

and port/si gnal o . atiribute such. as
di mrensi ons, dat ?%ég%‘%gdﬁéﬁevg?? Lt’a%g% dan ﬁ&%%kf&%c@gi ‘f”&@ﬁ (and/ or
ports) aregmphicll tarthe NMaghertedl siligstemt besre iR AcbMetdieRaimat tri butes and
the attributes of blocks (and/or ports) that C 20 are connected to the
gi ven bl ocR/steRY Gillyhs pvaezecurion ragthpd letpgétuadat@qtemmdtc)trﬁhmgh a
process durjn onal attri e Ie t hrqugh” the bl ock
di agr am f r 6tf° %“%?%lé’aﬁ é’f t ?%\t'IOB\Hl?Fg ‘iﬁ‘a‘ﬁ‘g HFrBEWi@P&?: Thi s
processs(referred to herein as "propagation"), serves two purposes. In the
case of a block that has explicitly specified its block (or its ports')
functi onal attr@b@taelsloleélaglraupmg’dchlmbh@i pmsenetad anodel texieetiert Isr i but es of
this bl ock _ar.e,co atlble m%%éké att |bute of the,bl ocks c nected to
it. If not<* ﬁd‘é?' TP § BGER &RE S 9T 2 pgf 0 Hﬁ‘?’?}fpﬁcéfé ]ﬁﬁ%ﬁk %1re
i mpl ement egydcQiAELGAIPRADILE n AP argdch bl ocks
adapt their behavior in acco$%%%2%@%??ﬁ§?%e a?t??%d?géﬂ he blocks
onnect.ed tlttS!tdn‘eodimcrcﬂnlsmcsmamandwowmepmpmdat@fstrpcmgcawqdmmtmg 28 WO

05/ 093634 PCT/ USZ / 00550 obj ect I r la es. The
exact ﬁpl B?’F&WFEEESI’E) PRE™ |P5%Rggf“§ng€ Ggglﬁ“ aa@rgg@f“gt @%specific
bl ock di agegietilviphiddpdritirmity Bokk fdddgod &éc?i)lfock ms%bﬂd@hé’\bﬁe hftbRi S step
are other aspects such as validating that all rate-transition w thin the

model vyi el of desa msméthcegaﬂhammuﬁ)armuetshma@m&lpmaﬁze basit datar ansi tion 5
bl ocks are bein e conpi | ation ste |.so, determn ctual, bl ock
connect | vi FFEOUEE Rerded in ﬂewgﬂtﬂlfwtaﬁs Bantavhict thoplgdions PREDOdACHET B of a

bl ock block to evaluate all of its parameters. This method is called for all blocks in the

15  block diagram. If there are any unresolved parameters, execution errors are thrown
at this point. During the configuration and propagation of block amd port/signal
characteristics, the compiled attributes (such as dimensions, data types, complexity,
or sample time) of each block (and/or ports) are setup on the basis of the
corresponding functional attributes and the attributes of blocks (ancl/or ports) that

20  are connected to the given block through lines. The attribute setup is performed
through a process during which block functional attributes “ripple through” the

block diagram from one block to the next following signal connectiwity. This

N
N

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,

25  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
many cases blocks are implemented to be compatible with a wide ramge 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 polym-orphism in
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diagram 1In this step, the virtual blocks in the block diagramare optim zed
away (renoved) and the renmaining non-virtual blocks are reconnected to each
other O appropriately. This conpiled version of the block diagramw th
actual block 10 connections is used fromthis point forward in the execution
process. T{e M@eisds Whi ch bl ocks are interconnected i di agr am
does not necessarily define the order in which the eqﬁ%@?%ﬂgﬁﬁﬁﬁ%hods)
corresponding to the individual blocks wll be solved (executed). The
actual order is partially determned during the sorting step in
conpilation. Once the conpilation step has conpleted, the sorted 15 order
cannot be changed for the entire duration of the block diagram s execution.

Fol | owi ng t he. conpi ' i s therodel l.ink stage whch .al so

produce i ngg}e%ér)rgg‘l’el*tg& b%%{%é[%&%lﬁﬂll%lgatg PAS eeegﬁ‘:tﬁ_v #’?%?er’%&%‘,‘on\é%&gc R&S‘aébsr may not
be gener at @HosehfonaiE BasissofdRe §FcatfR hlodkitBagiBe &h wihschsthisH|ademde xe@pt ed through
20 accel erated sinmul ation node in which the bl ock diagram nodel (or portions

of it) is tnelndddawichinithis stepiarhetheswpeumsushap salidating thasall daerteansieny i pti ons
(broadly terned .code). | hi s .stage i rformed, then the stages that

fol l ow use HaP eéale&%%cmﬂﬂlrspgbes'tﬂﬁs %@‘F&RPY&P%W_&“&%&&‘ Pagram |f
code is BOt LHGRELRIRHS BE ThoekmplitRBIAP IRVAL4AGHESchA biBLIer preti ve node
in which the conpiled and Iinked ‘235 version of the bl ock diagram may be
directly utichnzeativito Exmelblockshdaymdeimapterolt hethedasiuted diiardeckpan. Thi s
interpretive,node of executjon is suitable for getting fine; grained signal
traceabi | i t JABHRy 0 HHSSIERRY Hroal Ppekedh fhekloch fiagew g oplizsiadhy ¢ hr ough

code gener aljhveaitht WnAhingSRRLAHEY QLS acdecimelRE fo 8l &hent than

interpretive execution because”of fewer data-structures and |esser internal
ssagi ng - 20ppri2ielys/M8SE8dpileGTEtsBR0GEhe DIssR diagram Wik aengl bleck al t hough t he
i ACT eas efficiency. gengrally. comes. at the,cost of decreagsed execution
ftraceabﬁl i t FORRGROp ?16‘?'#6%‘?1“ m@a‘@g‘iw&ﬂfﬁ%ﬂ&aﬂ@@#- Wit %Bn can help
i denti Ty anGyHi@SOloV PUBFerk ShrdelfdSQ i BIbE %i% . @estof BeleMrilyRicBLECT - Such

bugs prove much nore expensive to track an X once the systemb5 has been
i mpl enent ed theohler thwethieh thidejuationa{nhethods) oalrespioading o nhdedividpasblotksar e can

be integrate ith other software environpents. that are suitable for
model i ng “gﬂl\glc scblvcci chccutec{). Vﬁne actual order {sr%artia]ly g,etcrmlrned during the

sorting step in compilation. Once the compilation step has completed, the sorted

=

15  order cannot be changed for the entire duration of the block diagram’s execution.

Following the compilation stage, is the model link stage which may also
produce linear models. After linking has been performed, code may or may not be
generated. If code is generated, the model is simulated /executed through

C'\} 20  accelerated simulatipn mode in which the block diagram model (or portions of it) is
translated 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 code is not generated, the block
diagram may execute in interpretive mode in which the compiled and linked

25  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
through code generation. Execution of generated code can be more efficient than

interpretive executon because of fewer data-structures and lesser internal messaging
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and sinmul ati ng special classes of systens. Mdels can be tested directly in
hardware thereby naki ng prototypi ng of new systens fast and cost-effective.
Those skilled in the art will recognize that when users generate code, they
may choose to not 10 proceed further with the bl ock di agram s executi on.

They may qﬁ@g&g?&ﬁygake the code and deploy it outsiqﬁg%&%égﬁgﬁgpfines of

the nodeling software environnent. This is normally th p in the
design of dynamic systens in a block diagram software package. 15 In one
particul ar enbodi ment the nodeling environnment 110 provides a tool allow ng
a user to select the conplexity with which a nodel executes. Referring back
to Fig. 4 as an exanple, a user can be provided with a choice of executing

pat hway 4100 as a Si e i nput-output bl ock or ecuting path 4100 in
Phe mor e GoRABE EREREAMOREIS OB RIS BEIRED CREh AP ORI, 1. the
nodel creat | aRsel eNVi - LS he sinmul ation
engi ne 120.3%;%3%1{%&%&%%({3921& hsggﬁlglﬁglﬁgélﬁ%g pr%g%n?ls@;ﬁggﬁ%néchem cal
reactions, eweeufigtpeandielpyidentfylaad raslva dugs f thdisbfreirentigalof a dedifer ence,

al gebraic, and/or recursive equations. At any given instant of tinme, these
equat i ons nBPitsE urhhushPaovesnyd] mefeEHBERSYS 1B dtank and finenes deasistemout put

responses (UL SpberkhBa SYSIEMS ARRHSe ! DM e DRUSSH) ingkhat 11,

the current "sta System parafe P The state

of the syst ein bebiitdpeact AUl RHth&fsoftFarR entivdmhémathat @R REREHIE &r 1B6dQingt he
dynam cal Iy changi ng configuration of the Sésten1 -30 WO 2005/093%34

PCT/ US2005/ agbgmalatipg spacind classerof sysicrs. elsshn by sastad dirnddy imbardwarenpl e
pendul um the state.may be viewed as the.currnent Si.ti and .yel ocity of
Phe penaul uleryanaf BroRvae 2t Rew SistoaCefigh S0t RRR TP PSR Yo
woul d mai nt gehrewiBecddnide! Bt P lhs@ﬁ'-%ﬁelﬁﬁa ddae, thel 819 chd &R td Yot em par anet er s
ar€ the nunerical representation of the static 5 (unchangi ng) configuration

of the $§st pracesstfunthyr wish vhehlodk disgrovistention; oBlify maeetonst o takethey st ent s
equations. For the ndul um ex le .ap neter..is the |length of pendul um
and For 't heesdq 18 deBlER b pidE of Bchnatss R ToBputd sofivie e Onmett

This is normally the last step in the design of dynamic systems in a block diagram

software package.

15 In one particular embodiment the modeling environment 110 provides a
tool allowing a nser to select the complexity with which a model executes.
Referring back to Fig. 4 as an example, a user can be provided with a choice of
executing pathway 4100 as a simple input-output block or executing pathway 4100

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,
and /or recursive equations. At any given instant of time, these equations may be

25  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.

-30-



filter taps. A sinulation engine useful in connection with the present
invention is O Sinulink, available from The Mat hWworks, Inc. of Natick,
Massachusetts. 10 The present systemadds a fifth type of mathemati cal

nodel , stochastic nodels, to the types of mathematical nodels used in the
study of 1 stens: differential equations; di ations;
algebraicqéggg?ﬁg%%; and hybrid nodels. The first ty%g?éﬁﬂﬁggﬁ%ﬁatica

nodel describes systens using ordinary differential 15 equations (ODEs) and
is depicted in FIG 5A The dynam c system 502 specifies a set of two
equations: Qutput 504 and Derivative 506. The CQutput equation 504
facilitates the conputation of the system s output response at a given tine
instant as,a function of its inputs, states, par ters, and tinme. The

Dor i vat i ve EGtRae Moyt tysgrmadsped Rt Rpduime s e MY al | ows
the comput abieQad o tkdfrnei RilflAnMAtiotfty Bf ik iRndhAhE Sidilack Esighgir ent L1 me as
a function of the inputs, the states, ‘Pparaneters, and ti fe. I's class of
nodel s i s spidcedsing sfspemshtidtess d signahivohld maibsin 4 sgresftpaevious doputasdehthe syst em
response as a ciﬂtinuous function of time. Such contipuous-tinme systens are

commonl y r effiEs dhE ST PYRIAIESIE e RyraencibrepreseipEen ekthe siplier nal |

el ectrical) ]Hﬁ%Y gcggé |{IE fir&hem qg| : d 25 bi ochem cal
reactions s&c asg%lﬁ%t rac u?‘%rﬂkgﬁggﬁ%ﬁr#%gg?ﬁaye%‘{ll ons. ortgtgxanpl e,

cont i nuous- toafciays et sysaem’d equsiohil Fornhapesalulng exehpld] aparameabsl i sm whil e
stochastic systens can be used to nodel cellular regulatory systens such as

DNA  t r anscHiedengh of perdupmpng fagthe dilisr examplip igempaieris Brearaluss gsthe he Cut put

504 and Depgj ive y bt ai.n ( - tqQn.for the
output r espoabs s G B B R A SR A EE Y S BV [y
onpl ex r eabimwlinkgaaiistieffom TheMaaSioiks £Inof oft Nardcky Madithderrbt ai ned by
imt'egrating the states through nunerical neans. The definition of an ODE
used her@in enconpasses both inplicit and 5 explicit differential
equations. The c i n dj [ i.al i on uire
agditional equat#ﬁ%éﬁg%ngéﬁ%%ga%ﬁ%ﬁ%@g@%%&ﬁ%ﬁﬁ%&#%%gﬁgég’ dgmé%gnple,
equat i ons calddel, @ b &fiieh 0f atfRynaBeal mestelseed kotHervpaBeofepnahicaidéss:on t he

differential equations; difference équations; algebraic equations; and hybrid models.

The first type of mathematical model describes systems using ordinary differential
15 equations (ODEs) and is depicted in FIG. 5A. The dynamic system 502 specifies a -
set of two equations: Qutput 504 and Derivative 506. The Output equation 504
- facilitates the computation of the system’s output response at a given time instant
as a function of its inputs, states, parameters, and time. The Derivative equation
506 is an ordinary differential equation that allows the computation of the

20  derivative of the states at the current time as a function of the inputs, the states,

Y
N

parameters, and time. This class of models is suitable for systems in which it is
important to track the system fesponse as a continuous function of time. Such
continuous-time systems are commonly representative of phiysical systems
(mechanical, thermal, electrical) however, they may also be useful for chemical and

25  biochemical reactions such as intracellular biochemical reactions. For example,
continuous-time systems can be useful in modeling 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
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differential variables (e.g., states XI and X2 nust fall on the manifold
defined 0 by X12 +X22 = 25 ). These constraints can be applied as a coupl ed
condition to the 10 differential equation. Al though systens including the
projections may conventionally no |onger qualify as an ODE, they are
i ncl uded I fferential algebraic equations t e
categorleggzﬁE%:%‘LnB Anot her exanple is the use Oﬁnﬁh@ﬂ@%@#ﬁ% equati on
that defines partial derivatives with respect to the independent and/or
differential variables. The Jacobian equation is typically used 15 when
obtaining a |inear approximtion of a non-linear nodel or an overall |inear
nDdeI of a set of equations. Jacobian equations are required for sone forns
nunerlc ration uci.n e |linear npdel once the nodel has
reached Z'L) ’sjt?' ’83“%%?‘811’@65?% ﬁ@s %F’ﬂ & PoRsh Of &k WS84 and
Derlvatlves)begh@b (ke éﬂfgﬂ@éta%tﬁﬁl%ﬁ%%&f%al%éhﬂe other relationships for
t he bl ock. For exanple the 20 CQutput "equation 504 may help manage its
states by defining a relationship where it resets the state back to a known

guantity at a s c.point i r when a cific condition is seen.
Jacobi ans may aﬁ§54§ d’ﬁﬁcggé SEHSCPRP %ﬁﬁ%FQQW§‘Wﬁ-a nmodel ed
system 3Se I t he

syst ems5 be g%ﬁleé‘?’mﬁcga%nﬁﬁﬁi‘?ﬂﬁ%%%f %%ng%(ﬁﬁﬁ e??itﬁl %il}ahgescr bes systens
usi ng diffem@mnemkbmmade@mmmmsudkﬁme&hdgmmnF%&hgEﬁﬂcEHedeaﬁmmﬁesysten1508

specifies a set Onﬁﬁgf equations; CQutput 510 and Update 512. The Qut put
equat i on 5 RIUAERNS) HOICHRNS 1BEHDR Feapr t%lﬁnﬁqseceweném put response at

2,91 ven U1 TRpBRkAATsR: bRGHLOR f x32MRIPA0RORAARM BRELLS2005/ 005504

t he inputs, states at grevious time, parane Ime. The Update

guatl on 51@:X1%+ﬁ2misf)ermeeomt¢aksmﬁ&@h@dh@y@ﬂﬂm&ﬁa&l&%@e of the
ates at the current tine as a function of the inputs, states at sone

previ oud t idiffcrentid cgnaicer dlthangh $ystwens ifidhiding dasgrofdciondmbs i s suitable for
systens in which,it nt to ack the syst respopnse at discrete
points in ﬁpﬁﬁmnﬁﬁﬁ“yﬁ?gﬁwg? éﬁ§ t&%ﬁﬁwéﬁem¥%ﬂF§g%Ff$B€%? tative of
di scret e- i iBpeR0EEOkioRO b Gindlifthe édtggkiﬂes of systems. Another example is the

use of a Jacobian equation that defines partial derivatives with respect to the

independent and /or differential variables. The Jacobian equation is typically used

15 when obtaining a linear approximation of a non-linear model or an overall linear
model of a set of equations. Jacobian equations are required for some forms of
numerical integration, for producing the linear model once the model has reached
its steady state operating point, etc. The Output 504 and Derivatives equations
506 may be extended to define other relationships for the block. For example, the

b 20  Output equation 504 may help manage its states by defining a relationship where it

resets the state back to a known quantity at a specific point in time or when a
specific condition is seen. ]acobians may also be used to perform Sensitivity
Analysis of a modeled system. Sensitivity analysis identifies the variable critical to
the system’s behavior.

25

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: Output 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
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processi ng systens. For sinple systens, it may be possible to use the Qutput
510 and Update equations 512 to obtain a closed-form solution for the

out put response  y(t). But in nost conplex real world systens, the response
of the systemis solved 10 t hrough recursion. The Qutput 510 and Update
equati ons whd@f8s@Pp! i ed repeatedly to solve for thepcc'sjy,ﬁgzg &g ponse over
a period of tine. An additional type of mathematical €sSCr'i bes systens
usi ng al gebraic equations as depicted in FIG 5C. The dynam c system 514
uses an algebraic equation 516 that needs to be solved at each tinme to
obtain the outputs. Wiile 15 sinple systens nmay allow one to obtain a
dosed-form solution for the system inputs and outputs, practical al gebraic

equat i ons be solved iterafivel usin .nu i met hod i nvol vi ng
both pert u;{%é/{npg gsgﬁea ﬁoélf‘ca?’iegﬁgsw HRFES, g‘ﬁﬁ nﬁﬁ%@ﬁ’\‘}?‘ﬁg t echni ques
used in theqemidLs12 Bfa HFGeMCe@ASSELMIRARTS Y c%ﬁutaﬁbﬁ%?ﬁﬁi%‘iiatbﬁtgr eat er

detail below. 20 For nodeling biological processes and chem cal reactions,
an additi orib¢ CW@EI@&IW@M&I&MH Ofrthcglpm&;leﬁatadesmmngvwsm usi ng

stochastic technl su G.l I on/ Br uck, T- 1 eapi ng.

These t echAPHEEL dLE‘B‘F ﬁﬂuﬁ\ﬁ%ﬁ t%‘ﬁ SX&S@BHWM%W npl i ed by
ODE/ DAESSV%?H&m&o%k%R@ﬁ&ﬁﬁP}e onI@ édlaéetggxug fg@l 1ng with
smal | nol ecufe counts, such as R yrreras ng to to transcrl be
a parti cul aystgenace tﬁpicaé]ya@temufﬁvaoﬁﬂumueaimc e@maﬂland digial s1gmall d be treated

stochastically i.s shown in the reactions table of FIG 3B, e. s32 +Dnak
> 532 Dnawm%/fﬁ%l%g SEtERS &ior simpl Ie. S, 1 1Y IR P RBPlE Co P B Casput BHhds wi t h

one nol eculg na hashi t 33 WO
2005/ 093634 PCT]? 57 &ﬁﬁ%ﬁ%&%‘%@%@%&%@ﬁa r alrsl omb%( Foﬁtﬁlaéufepsl?h%ﬁggﬁaccor di ng
t pr obabi(#)i Byt rdu mbsticbniplenrredl vairld sfepandhe anpome il tonsykiemeis soised Var i ous

pr ablllty istributio may be used to . determ ne when the reaction
occurs,! %\é‘éﬁ%ﬁ@ﬁﬁ%ﬁ Ogirat 518 apd H&dateo?%ﬂwaa 512prsapplisdt i ons, F

di Stribut'qggegt%ﬂsmyfopﬂ&tswtaﬁ tPBAse ARONBLASLoFliAL! ! DULT ONS, 5

hyper geonet tri ut| ons om a tr| utions, negative binom al
An additional type of mathematical model descnbes systems using algebraic

(_'\

equations as depicted in FIG. 5C. The dynamic system 514 uses an algebraic
equation 516 that needs to be solved at each time to obtain the outputs. While
15  simple systems may allow one to obtain a closed-form solution for the system
inputs and outputs, practical algebraic equations may best be solved iteratively
using 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
model is useful. This model describes systems using stochastic techniques, such as
Gillespie, Gibson/Bruck, and 7-leaping. These techniques are usefil when the
continuous approximation implied by ODE /DAE systems is not applicable. This

25  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
equation that could be treated stochastically is shown in the reactions table of FIG.
3B, e.g., $32 +Dnak -> s32:Dnak. This equation indicates that one molecule of s32
bonds with one molecule of Dnak. When simulated stochastically, this reaction
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di stributions, percentage distributions, percentage cunul ative

di stributions, Poisson distributions, posterior distributions, prior
distributions, t distributions and normal distributions. In other

enbodi ments, the user may define a probability distribution to use when
determining the time value for the occurrence of a stochastic reaction. 10
A fifth tygeefsobRbhematical nodel is a conposite systgmthatshas,
conponents that fall into the four types of nodels di scussed above. Most
complex real-world systemnodels fall into this category. This class of
systens has Qutput, Derivative, Update, and potentially other equations.
Solving for the output 15 response of such systens requires a conbination of
t he sol ution approaches discussed for all of the classes above. One exanpl e

f i ' ' iff ti al.- al.gebr aj ti
CDARs) “wh o RECusE Yok BubR Qe cpdhafen BRrBle b SRASILS i BUBRdh 3t O Poner
O parti cul depdndls @haeiction Kahetich EVirics pidtsidiify dtbutdnd kiadl baRgédRCh t hat

contains both stochastic and determ nistic equations, which 20 allows for
t he sol vi ngdstferpitetvim tigatdction necurs guthaasomposynsiabaistributionse bsmmgalnodel .

el At onshi PETERR BASHIEORR SRR SO BB ORI TG QS ERAITSt at o, For
exanpl e, sonﬁyﬁ&ge&ﬁéﬂrﬂ%ﬁﬁwﬁaﬂsﬁﬁm&bﬁsﬂ%ﬁm%hﬂﬁkﬁ&egga@biﬁo&m a

differential "variable. 25 This relationship requires a set of equations that
consi sts of distebu@icineypereomzagei distributions) paedreagequatiilaive distilartionas Poisorquat i on,
and a Zero 0Ssi ng equatjon. The, Zerp Cossing equatjon defines the points
intime mhe%@%‘&ﬁp%?“%%&@ﬂqnﬁﬁr{%gw k: sﬁ‘ﬁf"!“bﬂ“‘?ﬂﬁ@&r“é’?@ occur.
Aot her exanpl @y BlorN [ 6HRR S dirSedd nd Qe Ak Absis 4 pWBARARHASRE34
PCT/G52005/005504()En§§Ie and Di sé%ﬁg equat?%’s ?%a%Pﬁg%ﬁngﬁre at?d%ships
afrong st at eso ase whemdbsrmintrgnthp aintesvabie far shesdcemraice cfatstochiseid remtion.
d”“ctiveibed during execution. Inherent in four of the classes of systens
(ODE, di'fference equations, 5 algebraic equations and conposite) is the
notion of systemysgpp | SRS S & | i interval at which
the inputs, staté orhg’ﬁioglifﬁ%ghe}%?lc?lectl \}gslz{/éd% %?%ﬁ%rl{lgﬁggﬁs?he results) of
t he system aospbnamts dhadalt ineetherfoar paast. mdidediscmsed above. Most complex

real-world system models fall into this category. This class of systems has Output,
Derivative, Update, and potentially other equations. Solving for the output

- 15 response of such systems requires a combination of the solution approaches
discussed for all of the classes above. One example of a composite system is one
described by differential-algebraic equations (DAEs) which contain both differential
equations and algebraic equations. Of particular interest in biochemical models is a
hybrid approach that contains both stochastic and deterministic equations, which

(3 20 allows for the solving of both metabolic and regulatory systems in the same model.

Grouped within the composite class of systems are many extensions
involving relationships (equations) defined in terms of both outputs and state. For
example, one can define a limited integration relationship for a differential variable.

25  'This relationship requires a set of equations that consists of the Output equation,
an Update equation, a Derivative equation, and a Zero Crossing equation. The
Zero Crossing equation defines the points in time where the upper and lower limits

of the limited integration occur. Another example of an extension is the notion of
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sanple times, a systemcan be described as a discrete-tine system
continuous-tinme C system and hybrid system As noted above, stochastic
systens occur at a random 10 tine determ ned by an operative probability
distribution. A discrete-tinme systemis a systemin which the evol ution of
the system results is tracked at finite intervals of tinme. In the limt as
the interva)@ppseaches zero, the discrete-tinme syst gprREHIHRNSs0R
continuous-tinme system The intervals of 15 tinme nay be periodic or

non- peri odi c. Sonetines, 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. A continuous-tinme
systemis a systen1in whi ch the evolutions of the systemresults are

continuousIE Qg@ ri.n merica
i ntegration. gggmkﬁgﬂ&? a coﬁ%#%%é%% %@Ssys?gg?ﬂéoéﬁ‘n gscrlbed by
an ODE. Thewﬁcmpﬂ"tﬁbmysﬂ&m at getiradddcanar deg aivRasl dlﬂutgcﬁiédﬂﬁéﬁus time systens. A

hybrid systemis a system wth both discrete-tinme and conti nuous-tine
el enents. If a systemhas only one sanple tinme, it is said to be

single-rate. If ol ti |t s said to be
multi-rate. Ml tlﬂl-h?a%té%]sn%‘/os g’r@sﬁ%c%n “6°f%é“&é’|‘53‘a@ﬂ8§ fhggeet?ﬁ? alﬂﬁ'gri 'ng either a
si ngl e- t;askilpebrhiredutior @eWol sx@d)lﬁttﬁlﬁoﬁ:iondf'@}‘islﬁéﬂi'garﬁ & ahff TRXEcution. VWen
mul ti-tasking execution is use conforns to rate nDnotonlc schedul i ng

princi pal s s @mmﬂwwmtc@d@wmdnﬂlemmtemr oupursiedetivielyg
Al gorithns It| a Hard- Re -35 2005/ 093634
PCTI US2005/ Efg%t ﬁ@? %8%@% CBpre Paf%g?*fﬁP?P’f’@?%sie BEE" systens may
al so be cat ggelé aafls, Aaaystteﬂﬁca&ny&ede@énmrs@aldssa}ete Bhi%%ﬁ&rh%n%ﬁh&@sr iRl ng- used.
A fixed-step systen1|s one that uses a fixed-step solver. Fixed-step
ol'vers typS}@’@m ynd, Bybraskgybtcoi. tAmﬂqddbo‘tegstodmpumtecham agamidomuous st ate
’”flxe iodic intervals of tinme. A.var |le.5 step systemis one that is
usi ng a ﬁ%d& cgl?}f%? rﬁ“‘(?a‘?rf)garhﬂétyéll‘ W% er can use either
inmplicit or epr|C|t met hods to conpute the next continuous state at non-
periodic intervals of tinme. Generally, variable-step solvers use a form of

error control tA distraistinicheystient iensyskers iz whixhahe ttrddtidohef the systeea er r or

tol erances are
results is tracked at finite intervals of time. In the limit as the interval approaches

zero, the discrete-time system becomes a continuous-time system. The intervals of
15 time may be periodic or non-periodic. Sometimes, non-periodic rate systems, such

as stochastic systems, are referred to as non-uniform rate systems meaning that
there is no periodic rate at which the response can be tracked. A continnous-time
system is a system in which the evolutions of the system results are continuously
changing. Continuous-time signals change during numerical integration. An

{ 20  example of a continuous-time system is one described by an ODE. There can also
be algebraic or composite continuous-time systems. A hybrid system is a system

with both discrete-time and continnous-time elements.

If a system has only one sample time, it is said to be single-rate. If a system
25  has multiple sample times, it is said to be multi-rate. Multi-rate systems can be
evaluated (executed) using either a singlc-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 Algorithms for Multiprogramming in a Hard-Real-Time
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C achieved. 10 In practice, except for the nost basic systens, nmathemati cal
nodel s for dynam c systens involve a conplex set of mathematica
transformations applied in sone prescribed manner with the outputs of sone
transformations formng the inputs of others. Each el emental transformation
may be vi I<Rod.s0l ation as a 15 sinple dynam c syst | 1.ing into one of
thg categgwﬁgghﬁg%?gd above. ThereforgP a Zonplex éyﬁ%ﬁ%%ng@Fgﬁﬁnay be
nodel ed as an interconnection of various sinple dynamc systens. A
schematic representati on of such an interconnection that has evol ved over
the years is the block diagram Such bl ock di agram nodel s have now becone a
standard neans in textbooks, design papers, journal articles, and 20

specificatiaqns.to co i.Gat he d ils of a_.dynam c systen s behavior. A
bl ock di agr ”%ﬁ@fﬂwg@mzr‘i@“@ﬁ%@i%é)‘fs\l;-plsb%gﬁﬁ By %%‘i’lé?rﬁ%t%%zlea as a
col l ection i : i toaAr € i.Aput and
out put of a%fyég‘%%%c%f?% gﬁq&l@%@%ﬁgfl%}#ﬁ eprge{égeaﬁt éA %%H:SF nt a% g@%an‘i C
system A | it 28 efreniaitepgplatr. Bined-biep célvers dypictlyniusedxplidt mictidetdier

signifies that the second block is a product _of the first block. Those
skilled in CABPHE thfinckt srisyany dateh fixedperiasicinteryiloelidine. doeasiaflst ref er

excl usively dynan % Syshers.hul yx al s, include ot her
nodel i nggel e&ﬁa‘gns?4 St@ﬂgﬁg{,gé%g |ﬂn r%fd%%‘%ﬁflgfsfl%asﬁg’ %Pﬁo%ﬁgrrgrg%ctslf/gpoﬁo V%FS i agr ans.
-36 WO 2005&&3&6&#}1&?&3& RHRR25HhE8589% cobhputt ReORdkt 0bntd@iub sttt @0a!
Processing (DSP). focuses on nodeling signals as sequences of sanples. This

vi ew nat ur alpegiodic intervalsf time. GeppraBpoatiablesier selverguser fgsar efdirepm by nappi ng
t he sanpl es to discrete-tine points k)., Thi dds the 5 benefit of
bei ng abl e tcgg%ldté’l acﬁ‘h%%?en gr""éﬁé ﬁzggu%le@l\%ﬁg’ﬁ%ggdsv&% 8N Bt her cl asses of

tine-based sylkib@s, €.g. continuous and/or discrete-tine control systens.

Pit” anot her way, bl ock di agram nodel s are tine-based rel ationships between
signal s 18nd state variables representative of a dynami c system The solution

10 (conputation gf system oeponse). ol LLhe,Moae! 500k gl iy, eval uat i ng

dynamic systems involve a complex set of mathematical transformations applied in
some prescribed manner with the outputs of some transformations forming the
inputs of others. Each elemental transformation may be viewed in isolation as a

15  simple dynamic system falling into one of the categories listed above, Therefore, a
complex dynamic system may be modeled as an interconnection of various simple
dynamic systems. A schematic representation of such an interconnection that has
evolved over the years is the block diagram. Such block diagram models have now
become a standard means in textbooks, design papers, journal articles, and

c;}ji 20 specifications to communicate the details of a dynamic system’s behavior.
A block diagram model of a dynamic system is represented schematically as a

collection of blocks interconnected by lines that represent the input and output of a
dynamic system. Each block represents an elemental dynamic system. A line

25  emanating at one block and terminating at another signifies that the second block is
a product 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.
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rel ati onshi ps over time, where tinme starts at a user-specified "start tine"
and ends at a user-specified "stop tinme". Each evaluation of these
relationships is referred to as a tine step. Signals represent quantities
t hat change over tine, and these quantities are defined for all points in
time betwegy tdigoddbRck diagram s start and 15 stop tinpcriR®eseissisi onshi ps
bet ween signals and state variables are defined by sets of equations
represented by bl ocks. These equations define a relationship between the

i nput signals, output signals, state, and tine. Inherent in the definition
is the notion of paraneters, which are the coefficients of the equations.
20 It is inportant to note that bl ock diagranms are not exclusively used for
representing tine-based dynam c systens but al so for other nodels of
conputation. For instance, flowcharts are bl ock diagrans used to capture
process flow and Thethdody obPitabBignalRiotatihg (DOP) fieass bhindgicliyp sighals syst em
behavior. Data flow block diagranms are block diagrans_ that describe a

gr aphi cal pra¥sgieannnges obsamnlesy hbisyiom artaraly ditsipge theime-bysedolegkidiagramt en

t hought of as_tqken i S _US Q. initi . he ecyti.on L oc where a
bl ock repr es%“rﬁag‘%%%%?%{‘ gtﬁm tgtanrﬁplgé H %grcésﬁ%es-en csp%%tggﬁr{' iTg]Tl\S a@@-J(;dm%(’talﬁﬁdency
descri bi ng thandic'o?ekingRbRf todabdel ith©WidigctRe! MRRBerPDER kfstenASandusidier her ei n,
the term bl ock di agrans neans tinme-based bl ock diagrans used in the context
of dynani c sslasseset xedpsedaystomies gi watinpoeshand,/ oy dig@erodiBE 0OBBAsystems.

PCT/ US2005/ 005504 A bl ock di agram executi on engine contributes to the

nodel i ng software task of enabling the conputation and tracing of a dynamc
system s out puts paRMHRGIWEBIdRK didePark nfSdelsir& BhRMBaBRORIatioNhigxecut i on

engi ne carries out the task 5 of conpiling and |inking the bl ock diagramto
prgguce an " bervrremsigpale aed atagdyastabley eapsisontatve offeedymanad systenx. Tihs salstidnf or

geneér at i cpde and/.or sinmulatin i neayi zi .a pl ock, dj.agr,am nodel .
Lecut ol of Cermb Rtk EmR LT g bt el 6Py SEHEAERER e
conpi | e st agRladrhie Sv&h Rk viskrt Righe firOit latiderdcitiad kahrk YinRP abdlehgs bl ock

i nterconnections inthe block diagram In this stage, the engine also sorts

10 the bl ocka: a nsarfspedifiasictstop tigreinbichtavalnatioraothesaclatipnthipstiheefersadgoused

when creating t.he bl ogk rﬂsthod execution lists. In the Iirak st age, the
execut i on en%ﬁ Hmestep- S@ $ represent quantities that change over time, and these

quantities are defined for all points in time between the block diagram’s start and
15 stop time. The relationships between signals and state variables are defined by sets

of equations represented by blocks. These equations define a relationship between

the input signals, output signals, state, and time. Inherent in the definition is the

notion of parameters, which are the coefficients of the equations.

{0 20 It is important to note that block diagrams are not exclusively used for
representing time-based dynamic systems but also for other models of computation.
For instance, flow-charts are block diagrams used to capture process flow and are
not generally suitable for describing dynamic system behavior. Data flow block
diagrams are block diagrams that describe a graphical programming paradigm

25  where the availability of data (often thought of as tokens) is used to initiate the

éxecution of blocks, where a block represents an operation and a line represents
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.
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result of the conpiled stage to al | ocate nenDry needed for the “execution of
the various conponents of the block diagram The |inking stage al so
produces bl ock nethod execution lists which are used by the sinulation or

| i nearization of the 15 block diagram Included wthin the Iink stage is the
initialization of the nodel which consists of evaluating "setup"” nethods
(e.g. bl ochvaemso93eisniti ali ze, enable, and constant oRCHUS2MGEINMIEs). The

bl ock nmet hod execution lists are generated because the sinulation and/or

| i neari zation of a nodel nust execute block nethods by type (not by bl ock)
when they have . a sanple hit. 20 1 After |inking has been perforned, the
execution engine may generate code. In this stage, the execution engi ne may
choose to translate the bl ock diagram nodel (or portions of it) into either
sof tware nodul es or hardware descriptions (broadly ternmed code). If this
stage is perforned, then t he stages that fO||OM/US€ 25 the generated code
during the execut+ dipgramyxeeuion enginerrontibyas o G Jaedefiag safiyasp gk

letely, : de of
exeout on’ 1 0Pt FRPHE S 903“@@%%%%?%% 8 B RS P, o ocee
further wt hlahheceefe@by it@Bld@ftdi ?ﬁ:@hﬁt&‘d@l HrpgicontiReeaisechi@\outehd skt | ke to
I he

depl oy the code outside the con s of the bl ock di agram sof tware. Upon
reachi ng ¥ heokfompilingend lisknghoblysk do@een teprdys 80 50008501 exseuiglle” t he

execution engine u atlon o0p to.exe ock thods in a
pre-defined &FQEr ﬁgﬁ%&?ﬁ g'}ﬁg LRPPe %)lr[gg{t%ra%x}%gmg QDFT?JS M@Wr &sponses t hey
cnange W t h !ti.hémxzn% DBlcRK G]a@?afnt aidhdef. Ek&‘cﬂﬁbﬁ{ ef ﬂﬁét%dkocﬂlagﬂaﬂﬁ§ alk®kdf@feON t he
size of tinme intervals chosen for the sinulation. In ofrder to understand

how t he st epteayamiuktighcKbdcompild sfage invelvesrbeddngthe integriandstalidity ohe noti on
of .a solver. ,The solver is rmdue t Iatlon ngi ne 120 that is
¢ daponsi bl e £ CIRgF FRPRAE-PRR PtbR bock D T AR SBRaBT | on
time shoyhd e BIEVENGESH: BREWAR %reﬁ&ﬁ&@%rhﬁéﬁmﬁ%&%aﬂ dle ﬁ§ééle&hén0créa%n?ccur ately
trace the system s outputs, integrating the derivative of the states
' the block method executton hsts In the link stage, the execution engine uses the
result of the compiled stage to allocate memory needed for the execation of the
various components of the block diagram. The linking stage also produces block
method execution lists which are used by the simulation or linearization of the
15 block diagram. Included within the link stage is the initialization of the model
which consists of evaluating “setup” methods (e.g. block start, initialize, enable,
and constant output methods). The block method execution lists are generated

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
mode! (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

25  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
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
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of the systemto obtain the actual states. Based on how solvers performthe
first task, they are generally classified into two basic cl asses:

fi xed-step solvers or variable-step solvers. 15 Fi xed-step . solvers are
solvers in which the tine step-size between consecutive passes is a fixed
quantity. TRE HEkbssgenerally explicitly specifies this pEyaRbisioysses NESE

sol vers are used to nodel types of systens that nust operate within a
defined tine (discrete systens). For instance, an anti-lock braking system
may be designed to control a car's braking system and to execute such
control in one-one 20 hundredth (0.01) of a second so as to assure the car
stops safely; if the braking eJ system does not neet its timng
constraints, the. car _may crash, Fixed-s ol ver refor are designed
Co hel b modeten ¢ bestlof e it S i ThePs M & Sprat SRR Rods TG el
tine period, pRogefnb® okdotfil SidiPa QG hit QD pASdite 8e §Rin fforiiBd@eed system
can generate such results. Sone reactions may be defined as having a

di screte 25 chamgkavithithme. i n whi ch case the value of the reaction could be
calculated at fixed intervals using a fixed-step solver. However, sone
reactions are defined to be a continuous-tinme system For these reactions,
event schedul i ng BeEHhaRlon!dfPtdidt S4aabs thitatelth 8ndRE GLOLNGHe Btkelig -39 VO
2005/ 093634 PCT/ 1JS2005/ 00550 sirmulation engine to mnimze accunul ation
of errors. Thisssen ferabeisomdatienulr erdes & wederstand hbivehs step sizoisypdecked, i ch ar e

designed to del continuous s ens where on-even spaceq ti steps are
needed to si %F Beesssapy t%ﬁ“&ﬁﬁ‘? %ﬁ’é‘\ﬁf@rsf’ﬂ'l%rﬁme“?gyﬁﬂsé‘,m%‘%gc Swant to
si mul at e t heg;pafhRiAfendiROIAFHAY; ; b HQH e . hi gh -t
bounces, andmaﬁ%rgafﬁ'stops.ﬂﬁtmisﬁoﬁﬁg%ﬁ?ﬁgégg 0 exggg? g%?“tﬁ§t°the
baﬂ/ s bounchewid dremaiorbiime skallyl tepadeatted detvddaabnideativespagdet imbrdehe bounces
W I

di m. ni sh |t of ity, friction, and other f .
Var | abl 301 e FSRE FacE i sYHSRYS PUPUBhuk{ Ry pEgRESbn IHIBTROLYESBIE and 1o
det er i ne Wk o5 eheri 68 H:fin YA act RIS Bk Blsckilfh RAVANNAE pllforklebciphd Vi 11 be

accurately nod
task, they are generally classified into two basic classes: fixed-step solvers or

variable-step solvers.

15 Fixed-step solvers are solvers in which the time step-size between
consecutive passes is a fixed quantity. The user generally explicitly specifies this
quantity. These solvers are used to model types of systems that must operate within
a defined time (discrete systems). For instance, an anti-lock braking system may be
designed to control a car's braking system, and to execute such control in one-one

20  hundredth (0.01) of a second so as to assure the car stops safely; if the braking

system does not meet its timing constraiats, the car may crash. Fixed-step solvers,

TN

g

therefore, are designed to help model discrete systems that have to generate a result
in a fixed time period, and the fixed-step execution assures that the modeled system
can generate such results. Some reactions may be defined as having a discrete

25  sample time, in which case the value of the reaction could be calcnlated at fixed

intervals using a fixed-step solver.

However, some reactions are defined to be a continuous-time system. For
these reactions, event scheduling occurs at time intervals that are determined by the
-39 .



10 In still other enbodi nents, reactions that are considered "fast" by the
nodel are assuned to have conpleted at "zero tine," which effectively neans
that they are treated throughout nodel sinulation as a constant having the
value of the final result. As noted previously, stochastic reactions occur
at a randomtine based on an 15 operative probability distribution, which
do not neawOz0e5193684t her type of solver. In order to BB pdel
systens including stochastic reactions, either alone or as part of a hybrid
system i ncl udi ng both stochastic and either fixed-solver elenents or

vari abl e-sol ver el enents, the follow ng steps may be taken. The sinulation
determ nes putative tinmes for each reaction in the nodel 20 (step 602).
Once putative reactions times are conputed for each reaction in the system
the tinmes arsensltivedygiby tp utinipiiveacoomlatsmeef crions, Thest ccantiotarequiae nsey (st ep
604). I n one enmhqdinent, the state grray is an,array of pointers sorted by
occurrence t9fyata %fétﬁpé?l"f“‘ﬁewg’&ﬁﬁf‘é &l ﬁPi%%dE?BO’? OFBFEEIMY BIYE execut ed

at that point, i Sk | OR-LeNGE -ahj jflentd f£ied by
the first en@?yéﬁgﬂ%ggetdhe a%tr%gi/é}?s? eexech‘f%gh%g%ae]%ﬁ%aggﬁg%%dgggéFé))%ecuti on
of the top oxpegle, oAymalkfveat té liendareuld pah & pdouasing bal enltere irbdilneesyodel ed
systemor_the putative reaction times for specific reactions in the_ -40 WO

2005/ 093634 morhighinbemmrsssod whass Kstopsh dt i kogriny Based og. experieasesthat thene
riea it b ; o ) .
R T

reactions t odifwesiiie: desilile pf go¥dy, fritfiom Add dthadbrdes aVAiAS ste bétlers hite
simul ati on engine 120 checks to determne 5 in the final sinmulation tine

has been r edish@&r(thesesyBase)f coptinyeits systhims e detiermning vgizhetep 3Be éxusut es t he
next entry in the,state.arr Sk epy; 606) . herwi se, the sinulation
t er m nat es. B ato eoF%ferli%ﬁ' Eiﬁ’f’#‘“}@%ge&%ﬁm%‘wa‘m %d(jgni ze that other
schedul i ng net hodol ogi es may be used. |In one enbodi ment the sinulation
engi ne 18D provi dastif otfegleaibalimtos, shedonsghatkde tdigidepdd ffast3 binghat i on
context, and a_ mechanismfor restori ng the entire sinulation

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.

As noted previously, stochastic reactions occur at a random time based on an
15  operative probability distribution, which do not neatly fit either type of solver. In
order to adequately model systemns including stochastic reactions, either alone or as
part of a hybrid system including both stochastic and either fixed-solver elements or

variable-solver elements, the following steps may be taken.

The simulation determines putative times for each reaction in the model
20 (step 602). Once putative reactions times are computed for each reaction in the
system, the times are sorted, by putative occurrence time, into a state array (step
604). In one embodiment, the state array is an array of pointers sorted by
occurrence time, each of the pointers pointing to the object to be executed at that
point in model simulation. Once sorted, the object identified by the first entry in

25  the array is executed (step 606).

Because execution of the top object may affect the amount of species present

in the modeled system or the putative reaction times for specific reactions in the
-40 -



context. In one aspect of the present invention, before sinmulation is
started, a flag is set in the nodeling environnment 110 instructing the
simul ati on environnent 120 to store sinulation context when the sinulation
finishes (either because the final tinme is reached, sinulation was

i nterrupt edyB%odsRBcsser. or otherwise). Alternative progegud:asobabs 15
queryi ng whether the context should be stored or not nmay al so be inpl enented
(e.g., user interaction when a simulation is finished). Once the sinulation
finishes, the sinulation context nmay be stored as a file, in a workspace
paranmeter, or in sonme other format. In one enbodinent, the sinulation
context is stored to the. The file into 20 which the sinulation context is
stored my bELUIITHLGR Do RETRG: of IRYBes ift th¢ RE- R NRInGILEq FRY, e Used
alternatively. e orage nmechanismitor saving the 'srinulation contiext can
vary from sagd8andne ettt Ly issored (Yepde®). to saving the context nenory
as a platformindependent textual dunp through a conversion process. As

|l ong as there are no architectural inconmpatibilities between conmputer 25
archi tect ures i nvbiedguiagepsngine) LA0«chseksdpr additiora SCACHORN® ¢XEGUR{(¥SP Ot her

i npl enent at i . i) cant rm.l bi nary
dunpor & prEk of Sy RS Oty it a0 BB BB RERESRE T
present  §nvandi@al sifdlaiéh 2R NLBIEH deabhdd {$E5p0SEE)0IEREY thd Simuligion | nter face
of the context restoration is achieved by starting the sinulation with a
cor r espondi ngREROAEQ erFERtSh Aif RENE SALTY dbHheesirrc anmy 6Tem§0tle Othepristrthe ed as a
paraneter for. the. n tQ tri (S i or._an th way. A
continued si mul aaﬁog(r%g@k%tgg g‘gﬁgr°§85%‘ﬁ%§%§ﬁ“ﬁhg%3’5n‘%‘§@§“ﬁ B etﬁgbtroﬁﬁ @nd
optional) 5 gfheaulirgnhtthatolbeies hadyikussdch as final tinme and additional
output times. To store sinmulation context, a ~StoreSinulationContext' flag
may “be set in the sinu aciii on engine 120 or it may be comunpicated to the
si mul ati on engi ne®PPH G‘Bbo gat ﬂ%ﬁ‘?"&"iﬂ@“@ﬂ%‘? Lihrepyidespme pu for storing

| mpl enengat i gRentRUERIARIEShBE, MMERHABhish] BFRBoPnk bhe iR SXREIGHINY
environnment 110, rmay be used instead or in addition to the use of a flag. 10

Addi ti onal | ycomsesht Byaoe gsnseleaf dhecpigsanbinyentiont beforepinyiationge sarted, g dleg iget

simulation (i, modeling environment 110 instructing the simulation environment 120 to store

simulation context when the simulation finishes (either because the final time is reached,
simulation was interrupted by the user, or otherwise). Alternative procedures for

15 querying whether the context should be stored or not may also be implemented (e.g.,
user interaction when a simulation is finished). Once the simulation finishes, the
simulation context may be stored as a file, in a workspace parameter, or in some other

format,

W, In one embodiment, the simulation context is stored to file. The file into

20  which the simulation context is stored may be automatically named. However,a
user-defined file may be used alternatively. The storage mechanism for saving the
simulation context can vary from saving the context as memory dump, to saving the
context memory as a platform independent textual dump through a conversion
process. As long as there are no architectural incompatibilities between computer

25  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.
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wi thout interrupting a regulation sinmulation). To this end, the user may
specify particular storage conditions (e.g., when a certain point in tine
is reached in simulation . such as the achievenent of a steady state or when
particul ar val ues of nodel variables exist). This could result in a
sequence of simnulation context files with snapshots of the 15 sinul ation
cont ext ovewa esaese of a sinulation run. In one enb8ET/HEINP/00634
sirmul ati on engine 120 registers areas of nenory that constitute the
sinmul ati on context, and subsequently calls a procedure to store and restore
the sinul ation context. In one enbodi ment, the sinulation context rel ated
areas in nenory are registered before a sinulation is started. This is

i npl emented by rerouting 20 the general nenory allocation call through a
regi stration nechdrhesmar iddertmapf the goniprt sestorabiomisiankycesicby stating thag t he
simul ati on cont ext. ari.ses when .aqgregate variables m x ef erences and

Val es. To i1 THSEHG, BR hrate s CRgEo T oG S B usRd. JORIM A t o 45

sol ver. In i tgngfferentddnk & pRminaik PP thel MemEal Ass biSsifRTatiMest Jnfy @tBer

Var St epSol ver. The attributes of RK45 are 25 RI C45 double t0; double *xO
30 doubl e U; Wayik eovinyed siyatipgytakon 35 augemsats prausrosimendyy andieptisnal) h;
doubl e *dXf 7], : | R0 : : at ] NSsimdsnt 1d; static coast
doubl e pov>§ér;Oflagl#ﬁglS%%I%%O?%P%mngsiﬁél\%gaﬂséta%l%g(?&gélﬂa?%s anceésbf RK45 cont ai ns
value attributes and reference attributes. The references contain pointers
specific to the paFasierabigulation pententi oStens8inmiationFaytesi fiing maybe wefdmthe

simulation rupg, .58 eﬂgﬁl%tl% bf'd n}ap %2 Collfiunicated to the simulation engine 120 by the

analysis environment 130. Other itnplementations, such as using graphical elements in

(: the modeling environment 110, may be used instead or in addition to the use of a flag.

10  Additionally, context storage can be an activity that occurs during simulation (i.e.,
without interrupting a regulation simaulation). 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 sequenice of simulation context files with snapshots of the

15  simulation context over the course of a simulation run.

In one embodiment, the simulation engine 120 registers areas of memory that
constitute the simulation context, and subsequently calls a procedure to store and restore
the simulation context. In one embodiment, the simulation context related areas in
memoty are registered before a simulation is started. This is implemented by rerouting

( 20  the general memory allocation call through a registration mechanism. A complication in
storing and restoring the simulation. context arises when aggregate variables mix
references and values. To illustrate this, consider the attributes of a Runge-Kutta 45
solver. In its C++ implementation, the class RK45 is derived from VarStepSolver. The
attributes of RK45 are

25
RX45
double t0;
double *x0;
30 double tl;

double *x1;
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result in invalid references, and, therefore, these should be excl uded.
Figure 7 depicts part of the allocated nenory 770 for an instance of RI C45.
The all ocated 15 nenory includes value fields 772, 774, 776, 778, 780, 782
and 784 and reference fields 786, 788, 790 and 792. Two basi c approaches
exist for t 69&1 g3§£e simul ation context menory al | ocgd{i@ifsnisshocal i zed

i ndexi ng sc ene tracks the pertinent variables of an object that 1s part of
the context. Alternatively, a global table nay be naintained. The first 20
approach lends itselfwell to the object-oriented coding paradi gm whereas the
second approach is nore suitable to a procedural style of coding. Those
skilled in the art will recognize that other methods of identifying and
noting the portio lﬁf menory used by the sinulation context may be

enpl oyed within t% gbe of the present invention. In the case of a gl obal

i ndexi ng schene, the pertlnent variables are identified 25 by a special .
call when they ar‘é0 71ii.e., when their menory is allocated. To this
end, instead of calllng standard run-tinme allocation procedure, an

i nt er medi &t e f unbeadl orprogktIntespalsa¢ t hat calls the allocation procedure as
done otherw se, but before it returns, it registers the allocated nenory as
bei ng part of theﬁgﬂﬂgﬁﬁgnﬂhpte that the i ndexi ng schene can be extended to
store | ocal ”desa@?%d % QL0 facilitate selective context .
restoration. As suc e context of a subsystemin a nodel can be
identified and restored upon request, even in case of -43 WD 2005/093634
PCT/ US20G8/ 00%e QefinifBA edvesib 8l ef iRtsRME REA @intdhd Abe ddbgbuBimd | ayout of
those parts. The preferred enbodi nent tracks the instances of nodel parts
and t he nemﬁsfeneh@q&mm@cﬁherefm@qs cogtaihpeintess ippaidi te thﬂpqmuladentu fier.

h t he nDduJarlzatl r i cal | vers d the.init |at|ve to 5
| ntreasi ngl y SEEHALPD aggfy%lﬂ’ g"rﬁéi ‘é%e&flﬁgmﬁ’r‘ﬁl%ﬂmse O, [EHQURE SIS B2 ror e
di stributed 'rémlt(iﬂﬂi%liﬁ Fee 135, RARPHERGord, BhdsBLforRd BRck ERHA. eFltgh} e PECONMES
desirable not to have a gl obal index ofigertlnent menory, bul” to maintain

this | ocal |y depicts pedet tisbillocated meonony &30 foras itstanee OB REdS. i Tl dlveated an
access hod to nak e | | e n ions are
possi bl e mal% Fo rmm eéﬁalg%ﬁeg %2 ayﬂ 7%% ?78 8/98\6 r7§5 anrH:)J/"géire c{re erence
fields 786, 788, 790 and 792. '

Two basic approaches exist for tracking the simulation context memory

allocations. A localized indexing scheme tracks the pertinent variables of an object that
is part of the context. Alternatively, a global table may be maintained. The first

20  approach lends itself well to the object-oriented coding paradigm whereas the second
approach is more suitable to a procedural style of coding. Those skilled in the art will
recognize that other methods of identifying and noting the portions of memory used by

\\ ) the simulation context may be employed within the scope of the present invention.

In the case of a global indexing scheme, the pertinent variables are identified
25 by a special call when they are defined, i.e., when their memory is allocated. To this
end, instead of calling standard run-time allocation procedure, an intermediate
finction call is used that calls the allocation procedure as done otherwise, but

before it returns, it registers the allocated memory as being part of the context.

Note that the indexing scheme can be extended to store local model
30 information to facilitate selective context restoration. As such, the context of a
subsystem in a model can be identified and restored upon request, even in case of
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10 coul d produce an index to each nenory |location that is part of the
context and have the stream ng operation perfornmed by the caller, or it
could streamthe nmenory content itself. This |local indexing schene supports
selective nenory restoration for parts of the nodel (e.g., one subsystem

only) as ikydSo9ksegt based Indexing the origin in 15gchgishRsalss@f cont ext
fragnments, optionally conbined with a conversion nmechani sm between type

i npl enentations, allows restoration between platforns and different

conpil ed versions of nodels. This supports, e.g., having a controller reach
a steady state operating point in sinulation in conbination with a detailed
phenonenol ogi cal plant nodel, storing the context, and then after generating

code 20 for C I i S X o impitiali t
controller el “GHRER Lot A WG SRR o ofl b8 3y I

di stribut ed grafmtd ebhodidrCir&lts tHhiirBtanSes' & Al bartt Rad aB phéMeryofhel he
indexing to the nenory allocation calls: A table keeps track of the parts

of menory t Hdlpcae.evipelr is then assignednvaigue idangher.menory for an instance is
allocated, it is indexed as being part of the context which 25 all ows
restoring it. A ¥ithilghhbduladzadioapdticamimérivde xalsera) dndt the idfidtvestpeci fi ¢
menory of_ this inpstanc y. <address, size> tuples. G ven the base address of
the -44 %%@G@@?ﬂ@%"%@qﬁﬁm%@%ﬂmﬂ%@mﬁ%éw the size of
its type, t i ;oBP 1S ;Cangi.d t. xt. In
order to ex gcﬁsptﬁ%%g%rn@f%fe&regﬁ%ong pr::ilérﬁt‘:3 fgg?' %e%r%ﬁgﬁgﬂﬁé%’%o% %e%fa}??lgn cal |
for the ref aicno ddvevaglobdllisdexadipetrihcaxpleniotistbuthimmaiptady id Beglydbndancy t hat
5 woul d be required when the type definition would explicitly exclude

referenced 38R eBICEF AfORisKY seopiive oRjspy implemarats pp agesss methwd 19 Prlgife 8A. When

t He 'RL(45 | o i s, Si
Cg r'f espondi n%ﬁrﬁcg{??&oﬂ?ﬁie%&%@gﬂ%%?c? %%@o@%@ﬁ%&g%ﬁ%@p %ﬁ%‘{(?%i%gt?encesv.
Next, whHEn aeldprodie an igtiex sneel nvaiiérg cason xBat ib pad oF diechbntéxt ahddgur e 8B,

an <address, size> triple is created 10 that narks the nenory 802 where its
val ues are |wathestrepmingepesyian pogiosmpdhy the callsgqrdseould srearnthg pl e i s

created as p&gﬁm&fm%tc%gtgé&_el ‘i ndexi ng schenme 804 that keeps

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
15  the model of context fragments, optionally combined with a conversion
mechanism between type implementations, allows restoration between platforms
and different compiled versions of models. This supports, e.g., having a controller
reach a steady state operating point in simulation in combination with a detailed
O phenomenological plant model, storing the context, and then after generating code
- 20 for the controller, using the same context to initialize the controller code.

The type of the indexing being used, centralized or distributed has to be
selected. This is related to the coupling of the indexing to the memory allocation
calls: A table keeps track of the parts of memory that are part of the context. When
memoty for an instance is allocated, it is indexed as being part of the context which

25  allows restoring it. A straightforward approach indexes all the RK45 specific

memory of this instance by <address, size> tuples. Given the base address of the
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track of areas in nmenory with references. Thus one inplenentation of the
present invention includes two indexing schenmes with <address, size>
triples, one for the context related nmenory with both values and references
800 and one for the parts 15 of this nmenory 802 that contain references.
This inplenentation allows the exploitation of allocation calls for

i ndexi ng. AWODetwsapicsel y, the <address, size> tuple in RETAUININIONIF4 ndexi ng
scheme with references could be partitioned when one of these referenced
vari ables is defined. This requires a sonewhat nore sophisticated

regi stration mechanism In an alternate inplenentation, the nenory area is
not 20 dynam cally constructed but hard-coded as the set of variabl es that
are part of the context. Both indexing schenmes are inplenmented and used in
conj uncti on WKYE insdifee andtiesize SHiRaPpd, He: ik pat baviferfbryiseinsittdd et
functions are part of the indexed nmenory, no additional effort is required
to make a usefthgsPbntedd bl ock adhere to the restoration 25 schene as |ong as
vari abl es are declared through the standard interface. For exanple, the

interface to declar t] S var.i i et N nt St at es( S,

NTJM CONT_STATES) ﬁ‘ GEr D ety gi%ee‘lﬁ%%%%‘%é %@%ﬁ%@ﬂ%ﬁc é‘fgl%a%"ncéﬁﬂbm CONT
STATES t he nuabek tief refepiticed u@iibles kal BS explitddaThisigrat@rdRidanddyichid i ty, -45
WO 20051093634 PCT/ US2005/ 005504 an option for the user to stream sel ected
vari abl es5t o woulil be wanied whes thel type defipitianeviowd explieitly secludfefefarented] ocks. Due
to the indexing schene for.the areas,in nmenp t hgt dto tored and
restored, a h %‘H?’iﬁys%cf‘gp?oé“&hféuqsﬁ@%aéng r‘?%@e;ﬁﬁ‘n eeﬁgfi ons and to
facilitate th@ranee BRESN, ahRBHMEAL i tuHc rhaké m&%rdr?d\%goﬂcﬁnﬁ' gh drhat the

menory that is part of the context is all allocated en a Sinmulation run is

regeested. | ey 800 Hecldigdeth vales dpdfreferenesc Next,iwhdnatrieorf the execut ed
because chan to the execytian.may. have heen nma e.g.,.a. dfferent
sol ver may hgégmﬁ‘_éegnvagﬁ@gseﬁ )18 %@I@emﬁ‘g‘%_ %P B ﬁagﬁffé_%ég‘ei’ Suple g céﬁ"_éﬁ‘fed
around the Mg nedrRlthe hory BOR vAikre RRAMEs bt IbiRtd O% hR 4he flRkibAM Ng code
sni ppet: int SinulateMdel (51 Model *nodel, Cndl I nfo *cndl | nfo)

<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
invention 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
15  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
o~ registration mechanism. In an alternate implementation, the memory area is not
~ 20  dynamically constructed but hard-coded as the set of variables that are part of the
context. Both indexing schemes are implemented and used in conjunction with

one another.

Since the work arrays of user defined functions are part of the indexed memory,
no additional effort is required to make a user defined block: adhere to the restoration
25  scheme as long as variables are declared through the standard interface. For example, the
interface to declare continnous state variables is ssSetNumContStates(S,
NUM_CONT_STATES), where S references the user-defined system and
NUM_CONT STATES the number of continuous states. T'o facilitate more flexibility,
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{15 ... sm.Sinttatus(nmodel, SIMTATUS RUNNING ; if( slLoadContext(nodel))
ssSet TFinal (S, getCtxTFinal Q; 20 while (ssGetT(S) < ssGetTFinal (S)) { }

sl Gt xStore(nodel ); /*store contextforpossible continuation 25 if
(!'stopRequested) } ssSet StopRequested(S,true); errnmsg =

s1DoCQut put AndUpdat e(nodel ); if (errnmsg != SL\ _NoError) return(errnsg); 30

} retun(er r§Badosinozssd * end Sinul ateMbdel 35 Before a sidfulsgdos@esset arts, it
is determ ned whether the simulation context needs to be restored by neans

of a call to slLoadContext which is executed in the sane -46 WD 2005/ 093634
PCT/ US20051005504 function call in cases where the restore flag is set.
Once the context is restored, simulation proceeds as if invoked normally.
Once conpleted, the indexed nenory is stored. by the slCtxStore call if the

St oreSi mul at LopGRRWSHhe ﬁéfeﬂagﬂémﬁ Eaeé@éd%haﬁ&sats LAMbS ﬁléﬁtmwg]@%émr- The

context is witten to a wth an ntx extension i'nh one ement at i on.
The fl ow chafdr nseridefiteiddlocks.9 depicts the inplenentation of the restoration
mechani sm The context indexing is initiated when a nodel attribute

si mul ati onCont exti s {. L sef. This i o ensur hat %en a ne
simul ation run 101}5l e'stc’r eqlﬁé%é’gf%ﬁ?nﬁeegﬁﬁﬁeﬁf eﬁ%’rnlu;lle %%ﬁiﬂeﬁ% ¥ ﬁtoiresd a5‘\Ié,ear ed and
reassi gned. fIstoddyk Bechahism ivyveadhiledre inphethd adleging obkiatichs Bid & Rdilitdle thenor y
woul d be i ndexed an increasing . ]
5 context restoration. It 13 important to note that the memory that is part of the context is
all allocated when a simulation run is requested. It has to be indexed anew before each
simulation is executed because changes to the execution may have beera made (e.g., a

different solver may have been chosen).

10 The restoration process is implemented around the main sinaulation loop as

shown in italics in the following code snippet:

int SimulateModel{siModel *model, CmdlInfo *cmd!Info)
{

15 er
sm_SimStatus(model, SIMSTATUS_RUNNING);
if{ siLoadContext (model)) ssSetTFinal(s, getCexTFinal());
20 while (ssGetT(S) < ssGetTFinal(S)) {
J
A slCexeStove(model); /*store context for possible continuation*/
25
if (IstopRequested) |
ssSetStopRequested(S,true);
errmsg = slDoOutputAndUpdate(model);
if (errmsg != SL\ _NoError) return{errmsg);
30 }
return(errmsg);
} /* end SimulateModel * /
35

Before 2 simulation starts, it is determined whether the simulation context needs

to be restored by means of a call to slLoadContext which is executed in the same
- 46 -



nunber of tines (related to the nunber of tines a sinmulation was run). As
soon as the context is witten to file by sl xStore, or in case of another

exit path (e.g., because of error conditions) sinulationContext is reset to
indicate that a new 15 sinulation run nay start. When a new run is
initiated, odidohal context redirected allocation cal betgsRbsossos

Contextlnitia |zat| onConpl ete, resets the index, and creates the first
<address, size> tuple. Consecutive allocation calls then conplete the
menory index, 20 including the schene that indexes the parts of context
menory that contain ref er ences instead of values. This functionality is
required at all tines (i.e., also when the context is not restored) since
it facilitat a is then de .as to whet her
t he user rqugls 0%3:%% sca§é %@&he?%%og%h%?tsﬁoymeWﬁf%ﬁr’%&s’%5 rﬁﬁlé | oadCont ext
flag. If so, sﬁduhnnmﬂtebeedklmﬁswnkéchaﬁmﬂﬁr C)aaé wmﬂetédjmertﬁmwmeﬁmrpfs t he nodel
of the stored cgg ﬁgetm}fsi val |aﬂa d_an Iles wit h_the checksum
of the rodel SPEH% ISslRSiPwS e el EQ‘EE‘TF‘? OP@&M thefgleck diagramder t ant
because the @g?ﬁe%&%d&&xf@%ﬂt@n%ﬁﬁ'm&tdn%&e wnélbnidm of the nodel
used to save the simulation context. The main sinulation Toop is then
execut ed &ndimpenenédiopl et ed the present sinulation context is witten -47 WO
2005/ 093634 PCT/ US20051005504 to file. It should be noted that the context
save has to be done before the sl DoQutput AndUpdate that follows because in
case of a fixed sTePfsi ZRart BVEiEHAL9 Aicts tHORMARHAsRhe rdttGribhe state of

the discrete pul se generator to the next engOl nt time, but restart continues
from the cur meshangel. fihe confryindexigg dipitiet wien segdelrmteibute st eps by whi ch

the sinulatiog st.or ation ont xts an execute. The
sequence. begtHUARRROpEY i rbEIHRE ey b s BEEMEN 2 pEP o lEER 8T
deter m napi ofy rk§uedRd rhd orfohai §ldieéd mem%hﬂfs%ﬁaﬁurma@édsﬂ GO UBEwikeS it
avai l able ( ste 9223 I'f one’is available, the 10 | oadContext variable is

set to one ( lazappcnd@band wheam@sm@ne@cmhawoddcb@nnécmd ay indredpling | s set
to equal the | O%gr o EXt(re\i:?trcél %c?h%: 5 o%%n}es a sunul:?tlon was run). As soon as

the context is written to file by slCtxStore, or in case of another exit path (e.g.,
because of error conditions) simulationContext is reset to indicate that a new

15  simulation run may start.

When a new run is initiated, the first context redirected allocation call resets
ContextInitializationComplete, resets the index, and creates the first <address,
size> tuple. Consccutive allocation calls then complete the memory index:,

N 20  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
determination is then made as to whether the user requested a simulation
contination, indicated by the loadContext flag. If so, the model checksune that

25  captures the memory map of the mode! of the stored context is validated and when
it complies with the checksum of the model to be simulated, the context is
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
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si mul ati onContext variable is not set (step 927), nenory is assigned (step
928). Next, the sinulationContext nenory is | oaded (step 930) and
confirmation of the loading is nmade ( step 931). If the sinulation context
has been restored, 15 sinulation takes place (step 933). The sinulation

cont ext ¥ed follow ng sinulation dependi ng UpaishiBoessey ' S W shes
(step 93g1)a‘¥8l2@3’?%| %ed either prior to sinmulation or interactively. If the

simulation context is to be saved, it is saved (step 934) and the

si mul ati onCont ext variable reset to NULL (step 936) while freeing the
assigned nmenory.. If the sinulation context is not being saved, the 20
sinmul ati onContext value is still set to NULL ( step 936). The restored

oL a1 o0 SSREE Bty BEpURAsAt MM ks SR AR PR, O

reproduci bl e poin ernatrves. s cont ext

may be used siDQuiputARIGpdaes that follewabedaMsan caicBHalBRE iep kivel Brdddfidlg €l . I n
ot her 25 enbodi nent, the sinulation context nmay be used to update a

const r uct i oSDasdetputAnépdases puts the staic of theriscadterphilae generaonte the sawes
significant tine over previous. sidnlation nethods by ensuring accuracy
despite not Pﬂﬁ’gi‘aﬂb‘a’ﬁ&t Feé‘t-afrtﬁ?ning'Sﬁ%ﬁ?eo‘?’fme%?o’ﬂ’ﬁansi tory or initialization

stages ok a sinulation. Multiple sinulation contexts may al so be saved from
a running sinulation without stopping the sinulation thus 48 WD 2005/ 093634
PCT/ US2005/ 00550&Figuive? depigtsithe shgbempgion gtepnbly whitbrihe sipwméatioh gy miag. The
illustrative enbodi nent of the esent invygntion enables sinylation of a

wi de vari et )feSB‘?ms?%‘gg‘i‘&n %%ejft%aﬂg D Y9 % eoseﬂP‘Fﬂé:-"g’ﬁg’ﬂﬁwﬂ#b di agrans. 5

I'n anot her oI RBAVaridokesct ko8 (19519 50). L UkeihRbfod RRFdE Mol whRdd M zed-
In these enbodi nents, the state array is parsed to 1dentify whether "both

directi ons" asfored sievdatiinhiomtexe Hciilabledcoapr922). Thensinawmilghblegttat i on tinme in
t he” st at rray, i.e.,. the next t r tions to be sipmulated are Cc -> Br
and Br -0 oloadipatext m@ﬁt’oje ch® onp fitep T8t NoRs i estoRsSppeatiosRuEt hey
cancel one aualiiel Sk edhal 1 10CHRI: KM (£RYS2EPLitheat i on techni ques,
this concept may be extended to three or nore reactions that, together,
cancel one awoitern@orttexteagable BaorBrt (st8y 92Ph mdaiory 3Gesigned (step 928).

Next, the simulationContext memory is loaded (step 930) and confirmation of the

loading is made ( step 931). If the simulation context has been restored,

15  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
934) and the simulationContext variable reset to NULL (step 936) while freeing
the assigned memory. If the simulation context is not being saved, the

7 20 simulationContext value is still set to NULL ( step 936).

The restored simulation context may be used to run multiple analyses from a
common reproducible point to test alternatives. The restored simulation context
may be used to run the alternative analyses simultaneously in parallel. In other

25  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
for transitory or initialization stages of a simulation. Multiple simulation: contexts

may also be saved from a rumning simulation without stopping the simulation thus
- 48 -



Referring again to FIG 1, the results generated by the sinulation engine
120 may be used by an analysis environnent 130. In other enbodi nents, the
anal ysis environnent 130 15 operates directly on a nodel to, for exanple,
generate a steady-state value for a nodel ed systeminstead of simulating the
system hx Sspis, ese enbodi nents, the anal ysis tool hi s by
setting the deP?@g%?ve of all. differential equations fg%éggﬁ%&§%4ving t he
system al gebraically. In others of these enbodinents, the anal ysis engine
perfornms a flux- balance analysis, as is known in the art, to determ ne the
steady-state value of a system 20 O her well-known fornms of analysis that
maybe enpl oyed by the anal ysis environnment 120 i nclude using non-I|inear
solvers, s LLivi bw- anal ysi s i furcation. apal ysi .par anet.er _scans,

par anet er 326?1% J%%;{ﬁl %%b%%fﬂl%%@v\%st? rq}'é# &igaﬁ’@%s‘gh 2?’5‘7 éﬁ@&a?ﬁceelﬁ%%%wn%‘f’ t hese

anal yses noge Peeset iBVIrRE cnfbled Wem kbt ORiRAAHAS oF SrcdSs dnddthof OF it

cal cul ations. The anal ysis environnent 130 nmay further process the results
gener at ed biymit¢sbtoptimsibaseddlparizgrghine 120 or it may display the results
visually or auditorially. For exanple, the analysis environment 120 nmay use
graph visualization techniques to identify to a user simlar pathways. In
sone enbodi nents the anal ysis environnment 130 interfaces with data

acqui si tj on har dwahetHed einbshiayit,ithe SilSauladidn \Wik&hrsallé RUEHIMEs SRahivsd S
environnment_130 to -49 WO 2005/ 093634 PCT/ US20051005504 conpare the

gener at ed rksiiesesenphadimeniethi state sty da parsed o ideasidy whesberl thoths, dat a

gat hered fr.om.an,ongoi ng .experj.nment is ed to correct.or.generate a nodel
of the reactfonthat 'rgvggﬁfé BFACHER 0TSt S SITRE SRR R ET H’Eﬁlﬁgt %e

experi ment drfayCod) dteliRbt Bt Radfodk 8RbE AYnekhrcd arf €RE-AH Bd Hr0k @xawpka, if the
exi stence of a given protein is predicted by a nodel but data 5 acquired
fr6m t he exghérgagurss b¢£¢'ﬁ%€a®e%ar§ wlsippadh esigreahey rangoleenerasothex put., Using anal ysi s

tool 13 ma i gnal user., either auditorially or visuall that the in
sty exheri HehR AR cof R Bt SRt BE Brreb ey b B AR 1 n whi ch
the experi ngithokeSreS@HAS eiiR dofithé:, Bl P dhk atothek bR, @31 hee- S8 dat o di f fer
between mcrowells. In these enbodi nents, the analysis tool nay average the

val ue of theCgathered data. In others of these enbodinments, the analysis 10
environment 130 may signal a difference if the data froma single mcrowell

differs fromth de] ! Lcied response...ln so odi s, .t he
anount of toler g%ﬁfeg%a% 578 rtgiﬁlggll’ct%%%%%s eflﬁgteefl Ry Ie,(sgn’@a}(u‘ég%%eﬁﬂéﬁg bfehe
predi ct ed resdibyad alysie envixoithény 30D e-hek Bmbddiments, the analysis environment 130

15  operates directly on a model to, for example=, generate a steady-state value for a modeled

system instead of simulating the system. Ia some of these embodiments, the analysis tool
120 does this by setting the derivative of all. differential equations to 0 and solving the
system algebraically. In others of these em®bodiments, the analysis engine performs a flux-
T balance analysis, as is known in the art, to determine the steady —state value of a system.
20  Other well-known forms of analysis that maty be employed by the analysis environment 120
include using non-linear solvers, sensitivity~ analysis, bifurcation analysis, parameter scans,
parameter estimation and network inferences analysis. The result of these analyses may be

provided to the simulation engine 120 as injput for its calculations.

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

acquisition hardware (not shown in FIG, 1) which allows the analysis environment 130 to
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enbodi nents, the analysis tool transmts the gathered data to the nodeling
environnment 110 so that the nodel may be nodified to account for the
difference. In still other enbodi nments, 15 the analysis environment 130
graphically displays the expected result of the experinent and data

gat hered f g@gmobdi@s¥peri nent. In other enbodi nents, thgcg@atModsgdssSi tion
hardware all ows the analysis tool to control an experinent that is in
progress based on the results generated by the sinulation engine 120. These
enbodi nents nmay be useful in construction of nanomachinery. In these 20
enbodi ments, a nodel may call for in situ tenperature to be at 102 degrees
Farenheit. If a thernocouple neasuring tenperature of the in situ

envi ronment J.ndi &m?mj re. h SRiR&L0 gr ees
Far enhei t, ﬁ%ﬁ@hﬁg%?%ﬁggaﬁg apptﬁeg_%og%ﬁggnéggg%?%%nt. %%ﬁggégﬁﬁggition
har dwar e mayfianma ongeing espediierd isugerte comdct bragetenaie e modal pfths re2Giondmpit i bl e with

the conputin l.at.f or m.executi.ng. t he i ntegrat ed del jng, sinulation, and
anal ysi s en\;ﬁpﬁmﬁ%&g?o%gnbg fodbe ?‘H%E?ﬂ?glﬁ f’%ﬁ‘"{%@d ‘?@WO@W e

envi r onment gbﬂ@cmlﬁmﬁaml@ﬂmemmmhg@aﬂ%ufeﬁﬁs rbdi@ediRf Amedelititdhthi ON
hardware interfaces wth the |ocal system bus 22%. !n(ﬂgtnbodi nents such as

t hose shéwn deauire Gomls experamepbindicaiesfhit dhorespn dpgsmehRise thegpalysisgedd3Vi t h t he
Hyper Tr ansp . L o%!ﬁyr d kil : :&@n‘ﬂ

2005/ 093634%%%%&0“%}%%%%%@ acqﬂ‘ﬁéﬁ“ﬁ%hﬁa@r@gﬁ%&t‘?g St dnd woedlea

i nst runent s raspdnsegr.i Fre mnboditents in sehicdBrEExpéringBts d@@nciedinB) mickda®dy, TCP/ | P,
and UDP sta ho t - hods..of .1 he pr.esent. i nventi on
have been gtg%%aﬁiﬁegeggla{% ggrg&geléggy%\éu Fr%e@sgq%{ﬁg%ene&%%m%ﬁ%tﬁ ir']}?ea,BzW Set;/)c'lr'nay al so
be_used in ansavenge thbvaerof dle gethered daaEintotsrslithas exbiifimetyytheainalidicr 0sof t

Térm nal_ Services. The nodel i ng.enviraonnment 110, .sjnul ati ngi ne, 120, and
anamysi MO n VY BIRERL ﬂﬁg@y Signg) 2 %ngiggﬁtd@ta@ﬁms@ﬂ%ké’?&mﬁ@%@& IRe t hey may
be aggr egat adodells Fodicte®REINNA T SfeRalb@iaRIIBRMNRE: of iMratlxd@fBkfoe i N ONe

particul ar enbodi nent, the _ nodeling environment 110 and the anal ysis
envi r onment erRsn Bedr i expnmentpgd thepredicted romt i va-capfignblen & afhetul at i on

engi ne exec‘ﬁu@dﬂﬁnﬁ,tﬁéﬁfa : Efooﬁﬁgﬂ?}&gﬁpﬁé&ﬁm&ﬁﬁ&%ﬁ%ﬁé}ﬂﬁ%@m&% 1g@nput ers

maybe conne via a nunber o
so that the model may be modified to account for the difference. In still other embodiments,

15  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

20  embodiments, a model may call for in situ temperature to be at 102 degrees Farenheit. Ifa
e thermocouple measuring temperature of the in situ environment indicates that the
temperature has fallen below 102 degrees Farenheit, more heat may be applied to the

experiment.

Data acquisition hardware may include any of a oumber of hardware devices
25  compatible with the computing platform executing the integrated modeling, simulation, and
analysis environment 100. For exampie, in embodiments in which the environment 100
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
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t opol ogi es including bus, star, or ring topologies. The network can be a

| ocal area network (LAN), a netropolitan area network (MAN), or a wi de area
network (WAN) such as the Internet. And the respective conputers nay
connect to the 15 network 180 through a variety of connections including
standard t @loehbtangsshi nes, LAN or WAN links (e.g., T1, pdBussabsdelsos X 25) .

br oadband connections (| SDN Frame Relay, ATM, and wireless connections.
Connections can be established wusing a variety of conmunication protocols
(e.g., TCP/IP, IPX, SPX, NetBI OGS, NetBEU , SMB, Ethernet, ARCNET, Fi ber
Distributed Data Interface (FDDI), 20 RS232, | EEE 802.11, |EEE 802.11a, |EE
802. 11b, | EEE 802.11g and direct asynchronous connecti ons) An enbodi nment
of the pres A uct cluding a
conput er-regﬁg%sﬁﬁb\ﬁ% :“@fl%cﬁlg%ll ng c%a%pvgi er co%ﬁgf“@er %%&P pers?orﬁ%ﬁ

various COngIREE-488pHPIB))NISAPPEPATP Gid. UDRetaiEadda and conput er code may be
those 25 specially designed and constructed for the purposes of the present

i nvention, or thmn&ybe of the kind well knovvn and ayvai I abI e to those
having skill in 1Sgjeems paqyaycthags o6 the pressppingention hagapegrer - r eadabl e

media inclu C di sks,

fl oppy di skgl%sml%ga r%g&ﬁ:ea?%&ec%l g%%?’ﬁglpii a 'grrg%it’a ?’lﬁ% %56{7% Q%q -51
WO 2005/ 643@a4em1rb&ﬁ@@he955ﬁwuﬂio&@@rm&i@smmamfem Tagd hol ographi c
devi ces; magnet o-optical nmedia such as floptlcal di sks; solid-state

menori es su@w%nsrea@rmmwééﬂ wn@ﬂyngnmkéz x@d@atﬂlags envipopmieRb 3@ car ds,
and Smart h ev tha ecially confi gured
w feecu fet el %9‘(’]1%5&11% &S c%la be. ai% ccP

to store a progra ST & ¢ int egrat ed
circuits 5 (oABLGE hbefW&hdn&hﬁﬁEaBﬁﬁ@iaﬁlpgﬂhﬁo g@ﬁ@ﬂ&:&ﬁ%ﬁmm&rwambl e

| gi'c devi ce @iﬁ PLDs") read only nmenories , _random access menori
es (" RAMG") ID é@al@n@rormwrlaméme a@a@ssnwoww 8@ efecERREME" ), and

el ectri cl%l I e Rl gs &E‘nﬁa“ﬁ%&%g 1?‘1'1131’1 H T&¥_|1 %Rré‘eevé E%R%hglel . Exanpl es

of conputer CO SGch conput er medi a

i ncl ude nachhae eﬁ%@m@ﬁ@hﬁ@&o@x@&yﬁﬁ bOYorReOIRA b Bimbadfnétwlodls cont ai ni ng
hi gher level code that are executed by a conputer using an interpreter. For
exanpl e, an topologies including bus, star, or ring topologies. The network can be a local area

network (LAN), a metropolitan area network {MAN), or a2 wide area network
(WAN) such as the Internet. And the respective computers may connect to the
15 network 180 through a variety of connections including standard telephone lines,
LAN or WAN links (e.g., T1, T3, 56 kb, X.25), broadband connections (ISDN,
Brame Relay, ATM), and wireless connections. Connections can be established
using a variety of communication protocols (e.g., TCP/IP, IPX, SPX, NetBIOS,
-~ NetBEUTI, SMB, Ethernet, ARCNET, Fiber Distributed Data Interface (FDDI),
20 RS232,IEEE 802.11, IEEE 802.11a, IEE 802.11b, IEEE 802.11g and direct

asynchronous connections).

o

R

C

An embodiment of the present invention relates to a computer storage product
including a computer-readable medivm having computer code thereon for performing
various computer-implemented operations. The media and computer code may be those

25  specially designed and constructed 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 atts.
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
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enbodi mrent of the invention maybe inplenented using Java, C++, or other

obj ect-oriented progranm ng | anguage and devel opnent tools. Wile the
present invention has been described with references to various 15 specific
enbodi ments, it should be understood by those skilled in the art that

vari ous changesoidy be made and equival ents substit ut edrykiob9siksedepar ti ng
manuf actured by the spirit and scope of the invention defined by the
appended clains. In addition, nodifications nay be made to adapt to a
particular situation, material, conposition of matter, nethod, process,
series of steps to the objective of the present invention while 20 staying
within the spirit and scope of the invention and such nodifications are

‘intended t | ar,
while the r?%t%o&%k I'sé ose§ E (/aﬂabhc'wr?‘a [sggr ed wﬁ%@%ﬁ%ﬁgﬁ%ﬁeﬁc}g%
parti cul ar fopiqbdisks; slipatateingamosies wcldarflash drivew) mbmbey stickdexBtadg t hat t hese

t d d d. f I
et hod w « AUECREl RS At et MR st SR E5% B0 oo oot 25

i nvention. céﬁﬁgﬁfddlt@ﬂbf,é and@tb@ﬁépr&@ﬁﬁ bédecalbﬁasappubmhegedmfmgrate& &@uﬁg d \% and

groupi n ste Is not a limtation of the present |nvent|on -

2005/ 09 634 AT @MP@%@@M@ BHPEHIER CAS)mcogranpaptds logied gviges ("PLDS")
encodi ng=" Yliz i rﬁeﬁnoneswg‘m“%,%ﬁﬁmacc@s%%é@%m?yt%gl A Eor- <not es> 5

<hl >Fi el d- Kor os- Noyes BZ Reacti o der ="0"
cel | spaci ngroggammail¢ reprhandy memortes ("EPROMstieandislectrically srasable ravgrgnmatiief t -

val i gn="m ">Citation</th> 10 </tr> </thead> -
<t body> - ?zldeo niyIRERRS TERBRERES.

C Examples of computer code that may be embodlied on such computer-readable
10 media include machine code, such as produced by a coxnpiler, 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 usirag Java, C++, or other object-oriented

programming langnage and development tools.

“"While the present invention has been described with references to various
15 specific embodiments, it should be understood by those skilled in the art that various
changes may be made and equivalents substituted without departing manufactured by
the spirit and scope of the invention defined by the appended claims. In addition,
modifications may be made to adapt to a particular si tuation, material, composition of
matter, method, process, series of steps to the objecti-ve of the present invention while
(" 20 staying within the spirit and scope of the invention arad such modifications are intended
to be within the scope of the appended claims. In paxticular, while the methods
disclosed have been described with reference fo parti cular steps in a particular order, it
will be understood that these steps may be combined_, sub-divided, or reordered to form
an equivalent method without departing manufactured by the teachings of the present
25 invention. Accordingly, unless sp eciﬁcéﬂy indicatedd herein, the order and grouping of

steps is not a limitation of the present invention.
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<td> 15 R ].Field and R M Noyes, 3. Chem Phys. 60, 1877 (1974) ; R I.
Fi el d, E. Koros, R M Noyes, JACS 94, 8649 (1972);R 3. Field, R M Noyes, Nature
237,390 (1972) This inplenentation |Is taken nmanufactured by J.D. Mirray,
"Mat hemati cal Biol ogy"” (1989) page 181. <a href="" /> 20 </td> </tr>
</tbody> <{bakkRRNess <t abllle bo'r'der:'_' o} '(':e! I spa'(':i ng="0" geqldsPRdbistg="2"> 25
<thead> - <tr> <th align="left" valign="m ddl e
becol or =" #eeeeee" >Description</th> </tr> </thead> 30 <tbody> - <tr>
<t d>Fi el d Noyes Version of Bel ousov- Zhabotinsky Reaction. Br03 is held
constant; HOBr is typically ignored, and can be replaced by an enpty- set.
The stoichionmetry f is typically taken as 1/ 2 or 1 (denomnator 1 or 2 In
35 SBM) .</td> </tr> </tbody> </ t%ﬁl'*eif" <t abl e border="0"
cel | spaci ng="0" cell padding ="2"> d%‘%d> - <tr> <th align="left"
val i gn="m ddl e" becol or="#eeeeee">Rate constant </th> <th align="left"
val i gn="m dadks! vdreiont+ tr"'teabmee UPRE4EHI on</t h>
- <model name="FieldKorosNoyesMadel">
<notes> ' '
5 <hl>Field-Koros-Noyes Model of BZ Reaction</hi>
<table border="0" cellspacing="0" cellpadding="2">
- <thead>
- <tr>
<th align="left"” valign="middle” bgcolor="#eeeeee">Citation</th>
10 </tr>
</thead>
- <tbody>
(/ - <tr>
d - <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 1.D. Murray, "Mathematical Biology” (1989) page 181.
<a href="" />
20 </td>
<ftr>
<ftbody>
</table>
- <table border="0" cellspacing="0" cellpadding="2">
25 <thead>
- <tr>
<th align="left" valign="middle” bgcolor="#eeeeee">Description</th>
<ftr>
</thead>
30 <tbody>
- <tr>
( : <id>Field Noyes Version of Belousov- Zhabotinsky Reaction. BrO3 is held
constant; HOBr is typically ignored, and can be replaced by an empty- set.
The stoichiometry f is typically taken as 1/ 2 or 1 (denominator 1 or 2 in
35 SBML) .</td> :
<ftr>
</tbody>
</table>
- <table border="0" celispacing="0" celipadding="2">
40 <thead>
- <tr> _
<th align="left" valign="middle" bgcolor="#eeeeee">Rate constant </th>
<th align="left" valign="middle" bgcolor="#eeeeee">Reaction</th>
< ftre>
45  </thead>
- <tbody>
- <tr>
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</tr> 45 </thead> - <tbody> - <tr> -53 WD 2005/ 093634 PCT/ US2005/ 005504
<td>kl = 1.3</td> <td>Br + BrO03 -> HBrQ2 + HOBr</td> </tr> - <tr> 5 <td>k2
= 2000000</td> <td>Br + HBr02 -> HOBr"2</td> </tr> - <tr> <td>k3 = 34</td> -
10 <td>Br33 +HBrOQ2 -> CeA2 + HBr02A2</td> </tr> - <tr> <td>k4 = 3000</td>
<t d>HBr Q2 A2y 095334t HOBr</td> 15 </tr> - <tr> <td>k§H <t d>Ce
-> Brif</td> </tr> 20 </tbody> </table> - <table bo%ﬂﬂi’ggg@ﬁﬁs%@'f

cel | spaci ng="0" cel | paddi ng="2"> - <thead> - <tr>

<td>kl = 1.3</td>
<td>Br + BrO3 -> HBrO2 + HOBr</id>
<ftr>
- <ir>
5 <td>k2 = 2000000</td>
<td>Br + HBro2 -> HOBrA2</td>
</tr>
- <ir>
<td>k3 = 34</td>
10 <td>Br0O3 + HBr02 -> Cen2 + HBrO2/2</td>
</tr>
-~ <tr>
<td>k4 = 3000</id>
_— <td>HBro222 -> Bro3 + HOBr</td>
o 15 <fte>
- <ir>
<id>k5 = 0.02</td>
<td>Ce ~> BrAif</td>
</tr>
20  </fibody>
</table>
- <table border="0" celispacing="0" cellpadding="2">
- <thead>
- <tr>
25 <th aligh="left" valign="middle" bgcolor="#eeeeee">Variable</th>
<th align="left" valign="middle" bgcolor="#eeecee">IC </th>
<th align="Ieft" valign="middle" bgcolor="#eeeeee">0DE</th>
</tr>
< /thead>
30 <thody>
- <tr>
B <td>Br</td>
5 <td>0.003</td> :
e <td>Br'[1] == -(k1*Br{t]*Bro3[t]) + f*k5*Ce[t] - k2*Br[t]*HBrO2[t]</td>
35 <>
- <tr>
<td>Ce</td>
<td>0.05</td>
<td>Ce'[t] == -(kb*Ce[t]) + 2*Kk3*BrO3[t]*HBrO2[t]</td>
40  <ftr>
- <tr>
<td>HBro2</td>
<td>0.001</td>
<td>HBrO2'[t] == k1*Brit]1*BrO3[t] - kK2*Br[t]*HBro2[t] +
45 k3*BrO3[t]*HBro2[t] - k4*HBroO2[t] 2</td>
</tr>
- <tr>
<td>HOBr</id>
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25 <th align="left" vaiign="m ddl e" becol or ="#eeeeee">Vari able</th> <th
align="left" vaiign="m ddl e" becol or="#eeeeee">I C </th> <th align="left"
vai i gn="m ddl e" becol or ="#eeeeee">0DE</th> </tr> </thead> 30 <tbody> -
<tr> <td>Br</td> <td>0.003</td> <td>Br'[t] =_ -(kl*Br[t]*BrGBEt]) +

f*k5*Ce[ t] wn i ]*HBrQ2[t] <ftd> 35 </tr> - <tr>

<td>0.05</‘tw >%35£t§(51([§%e'[t] __ -(kb*Ce[t]) + 2*k3*BrCB(tf§ﬁEr§%§[ﬂ{0ﬁ7td> 40
</[tr> - <tr> <td> HBr2</td> <td>0.001</td> <td>HBrQ2'[t] ==
KI*Br[t]*Br0O3[t] - k2*Br[t]*HBrQ2[t] + 45 k3*BrB[t]*HBrQ2[t] -
k4*HBr Q2[ t] A2</td> </tr> - <tr> <td> HOBr</td> -54 WD 2005/ 093634.

PCT/ US2005/ 005504 <td>O</td> <td>HOBr'[t] == kI *Br[t]*Br03Ct] +
2*k2*Br[t]gtJa|§b%g] + k4*HBrQ2[t]"2</td> </tr>

<td>HOBr'[t] == k1*Br[t]*BrO3[t] + 2*k2*Br[t]*HBrO2[t]
© + k4*HBro2[t]~2</td>
<ftr>
5 </tbody>
</table>
</hody>
</notes>
- <listOfCompartments>
10 <compartment name="BZ" />
</listOfCompartments>
- <iistOfSpecies>
<specie name="Br" initialAmount="0.003" compartment="BZ"
. boundaryCondition="false" />
(L 15 <specie name="Bro3" initialAmount="0.1" compartment="8Z"
' boundaryCondition="true" />
<specie name="Ce" initialAmount="0.05" compartment="BZ"
boundaryCendition="false" />
<specie name="HBro2" initialAmount="0.001" compartment="BZ"
20  boundaryCondition="false" />
<specie hame="HOBr" initialAmount="0" compartment="BZ"
boundaryCondition="false" />
</listOfSpecies>
- <listOfReactions>
25 <reaction name="Reactionl" reversibie="false">
~ <listOfReactants>
<specieReference specie="Br" />
<specieReferance specie="Bro3" />
</listOfReactants>
30 «<listOfProducts> :
<specieReference specie="HBrO2" />
<gpecieReference specie="HOBr" />
N </listOfProducts:>
L - <kineticLaw formula="Br*BrO3+k1">
35 <listOfParameters:>
<parameter name="k1" value="1,3" />
< /listOfParameters:>
</kineticLaw>
</reaction:
40 <reaction name="Reaction2" reversible="false">
- <listOfReactants>
<specieReference specie="Br" />
<specieReference specie="HBrO2" />
< /listOfReactants:>
45 <listOfProducts:>
<specieReference specie="HOBr" stoichiometry="2" />
</listOfProducts>
- <kineticLaw formula="Br*HBro2*k2">
- <JistOfParameters>
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5 </tbody> </table> </body> </notes> - <listO Conpartnents> 10
<conpartrment name="BZ" /> </ | i st OfCompart me nts > -

<li st Speci es> <specie nanme="Br" initial Anount="0.003" conpart nment="Bz"
boundaryCondi ti on="fal se” /> 15 <specie nane="Br@3" initial Anount="0.V
conpar t ment swoBdp: ndaryCondi tion="true" /> <speci e NRRBT (&)

initial Armuﬁ?ggoosfo(%%?‘ycorrpart ment ="BZ" bou nda ryCond ition zgﬁfogﬁsg“e" />
<speci e name="HBr 2" initial Anount="0.001" conpartnment="BzZ" 20
boundaryCondi ti on="fal se" /> <specie nanme="HOBr" initial Amvount="0'
conpartment ="BZ" boundaryCondition="false" /> </1istO Species> -

<li st O Reactions> 25 <reaction nanme=" Reaction 1" reversible= "false"> -

<lI'i st Of Reagtaiicsar nm;%@lgg__&aggngwgﬁz" Br" /> <specieReference

speci e=" Br O3)jis{cirar React ant s> <l'i st Of Product s> <speci eRef erence
speci e="HSr (Hin iz awsspeci eRef erence speci e="HOBr" /> </listCOfProducts> -
<ki neti cl aw, @5 fdha="Br *Br 03*k1" >

5 <reaction name="Reaction3" reversible="false">
~ <listOfReactants>
<specieReference specie="Bro3" />
<specleReference specie="HBro2" />
</listOfReactants:
10 <listOfProducts>
<specieReference specie="Ce" stoichiometry="2" />
<specieReference specie="HBr02" stoichiometry="2" />
</listOfProducts>
. - <kineticLaw formula="BrQ3*HBr0O2*k3">
( o 15 <listOfParameters>
<parameter name="k3" value="34" />
</listCfParameters>
</kineticLaw>
<freaction>
20 <reaction name="Reaction4" reversible="false">
- <listOfReactanis>
<specieReference specie="HBro2" />
< /listOfReactanis>
- <listOfProducts>
25 <specieReference specie="Bro3" />
<specieReference specie="HOBr" />
< /listOfProducis>
~ <kineticLaw formula="HBrO2/2*k4">
- <listOfParameters>
30 <parameter name="k4" value="3000" />
< /listOfParametars>
<fkineticLaw>
¢ </reaction>
- <reaction name="Reaction5" reversible="false">
33 <«listOfReactants:>
<specieReference specie="Ca" />
</flistOfReactants>
~ <listOfProducts>
<gpecieReference specie="Br" stoichiometry="1" denominator="2" />
40  </listOfProducts>
- <kineticLaw formula="Ce*Kk5">
- <listOfParameters>
<parameter name="k5" value="0.02" />
<parameter name="f" value="0.5" />
45  </listOfParameters>
</kineticLaw>
< /reaction:>
</listOfReactions:>

-56 -



35 <listO Paranet ers> <paraneter nane="k1" value="1.3" />

</1istOf Paraneters> </kineticLaw> </reaction> 40 <reaction
nane="Reacti on2" reversible="false"> - <listO Reactants> <speci eRef erence
specie="Br" /> <speci eReference specie="HBr02" /> </listOReactants> 45
<listOPr = Sspeci eRef erence speci e="HOBr" st oi chi-pelohisse />
</[listCF pﬁg’g’@@%’ 63? <ki neti cLaw for nul a="Br* HBr 02*k2"2t - <‘|5§_Il{u§t 6‘ Par a
met er s> -55 WO 2005/ 093634 PCTI US2005/ 005504 <par aneter nane="k2"

val ue="2000000" /> </listCOf Paraneters> </kineticLaw> </reaction> 5
<reaction nanme="Reaction3" reversible="false"> - <listO Reactants>
<speci eRef erence speci e="Br3" /> <specieReference specie="HBr2" />
</listOf React an 5> 10 <listO Products> <speci eRef erence speci e="Ce"
stoichiomst?{fTl /> <speci eRef erence speci e="HBr02" stoichionetry="2" />
</listOFPro =
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- <kineticLaw fornul a="Sr03*HBr O2*k3"> 15 <I|| st Of Paranet er s> <parametep:wsmmmms.:

nane="k3"

value="34" /> c/listOParanmeters> </kineticLaw> </reaction> 2Q

<reaction name="Reaction4" reversible="false"> - <listO Reactants>

<speci eRef erence specie= "N BrOI" /> </listO Reactants> - <listO Products>
25 <speci eReference specie="Br(3" /> <specieReference specie="HOBr" />
</[listOProducts> - <kineticLaw fornul a="HBr Q2A2*k4"> - <l|istCOf Paranet ers>
80 <paraneter name="k4" val ue="3000" /> </listCfParameters> </kineticlLaw>

</ reaction>

- <reaction nane="Reactiong'sfgyersi bl e="fal se"> 35

<| | st O React ant s> <speci eRef erence specie="Ce" /> </listO Reactants> -
<li st O Product s> <speci eRef erence specie="Br" stoichionetry="1"

denom nator="2" /> 40 </listof Products> - <kineticLaw fornula= "Ce*k5"> -
<listOf Par amlst ers> <paraneter nane="kS" val ue="0

10

15

20

A system for integrated modeling and simulation of '2 %i"olég?cal object that includes
processes described by chemical reactions, the systém comprising:

a modeling component for constructing a model of the biological object, said
model being constructed by user commands received through both a graphical user
interface and a textual interface that is separate from the graphical user interface; and

a simulation engine in communication with said modeling component, said
simulation engine accepting as input the constructed model of the biological object and
generating dynamic behavior of the constructed model as output during a simulation of

the biological object.

2. The system of claim 1 further comprising an annotation tool for enabling a user to

add annotations to the model.

3. The system of claim 1 further comprising an auto-connection tool for automatically

connecting elements of the model.

4. The system of claim 1 further comprising a graphical view of the model and a tabular

view of the model that are viewable by user.

5. The system of claim 1 wherein the modeling component comprises an environment

for construction of a block diagram model of the biological object.
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<parameter nanme="f" value="0.5" /> 45 </|istO Paraneters> </kineticLaw>
</reaction> </listOReactions> -56 WD 2005/ 093634 PCT/ US2005/ 005504

</ nmodel > </sbm > 5 -57 CLAAIM5 1. A systemfor integrated nodeling and

<si mul ati on of a biological object that includes processes described by
chem cal reactions, the systemconprising: 5 a nodeling conponent for
sconstructing a nodel of the biological object, said nodel being constructed

by user: commany S SEIRTibY QHYMNAL odk ALARN Skl B6ind ABLIARGAAR 2

textual interface i'S Separaté trom I'cal” "user ace; and a

simul ati on engi ne, i,n. co ni.cation with said nodeling conpanent, ~said

i mil at i on ahBioNEled duCBHPHE SERYGRFIE P DB ASUP (P STTRUSIOT B1e BT ol ogi cal
object and 10 generating dynam c behavior of the constructed nodel as
output during a sinmulation of the biological object. 2. The systemof claim
1 further conprising an annotation tool for enabling a user to add

annot at i ons 7 dTHeh@stemdsticlairh® Wherdinahe yoteingaongloaemd firthetrihéledescd tgast ghieng an
aut o-connection tool for automatically connecting elenents of the nodel. 4.

The systgm Qﬁocﬂtlié%@f%iﬁg‘drst:@@f{ret %’é‘l{?ﬁ%ﬁidﬁﬂreﬁctﬂfrﬁphi cal view of the nodel and a

tabular 20 view node are viewable by user. 5. The system of
claiml wherein the nodeling conponent conprises an environnent for
construction of a block diagram nodel of the biological object.

8. The system of claim 1 further comprising a report generator for generating reports

regarding the model.

10 9. The system of claim 1 further comprising a code generator for generating code for

executing the model.

10. The system of claim 1 further comprising a library containing at least one element
saved from a previous model for reuse in the model.

15
11. The system of claim 1 further comprising a formatting tool for enabling a user to

customize multiple graphical attributes of the model.

12. The system of claim 1 further comprising a knowledge base of chemical reactions

20  used by the modeling component.

13. The system of claim 12 wherein the modeling component uses the knowledge base

in construction of the model.

25
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-58 6. The 'systemof claim5 wherein the bl ock di agram nodel contains a
virtual block that is provided for graphical convenience but plays no role
in semantics of the nodel. 7. The systemof claimb5 wherein the nodeling
conmponent further includes at |east one 5 block identifying a set of
rel ated chem cal reactions. 8. The systemof claim1l further conprising a
report generator for generating reports regarding the nodel. 10 9. The
stemof claim21 further conprising a code generator for generating code
for executind tlihe sygemiof clagm Imwkerensaid firpplagomengine generatesrthe dppmisi ng a
i brary containing at | east one elenent saved from a previous nodel for
reuse in the bebaedr ofibe ddanstriitted smyodtlamingg a stbdiaptid cdmmititematmopeli si ng a
formatting tool for enabling a user to custonm ze nultiple graphical
attributes of the nodel. 12. The systemof claim1l further conprising a
know edge base of chem cal reactions 20 used by the nodeling conponent. 13.

The system of,<Cla] I . [ & m? edge
base in consltSF uc e%%tgtg}@?? Laglhgo&dg‘%ﬂggﬁ-sgg& fﬁﬁg E| Eé;éesn;éga?%%}l ‘?)? C §¥Mm 1
wherein said_sjnul atipn engi ne,generates t.he dynam c  behaviqr of the

const ruct €d rh?lﬂ%‘f“’ it %c%sg?‘bt&ﬁiu Flous %?%F@é%%q’?ﬁélé?mpﬁtﬁ@mi@%’st em of
claiml wherein said sinulation engine generates the dynam c 5 behavi or of
the constructed nodel using a discrete tine-based conputational nodel. 16.
The system of claim 1 wherein said sinulation engi ne generates the dynamc

behavi or of tise Thergiteneifethimdehersiaisaid stmglandn epdniSgdnieritesths @ghamic
conput ational nodel. 10 17. The systemof claim 1 wherein the nodeling

conponent en YRe o) : [ GH 3 .
chem cal r ea?ﬁlﬁg@ og %%ﬁe:;&g?tgc es?fg éls‘%(l)l}g dtaﬁjél ﬁgﬁ%‘]‘sggﬁlgg?éeﬂ gg{ngg{&ﬁoﬂl i
10 17. The system of claim 1 wherein the modeling component enables a user to specify a

rapidity of at least one of the chemical reactions for the processes of the biological

object.

18. The system of claim 1 wherein the modeling component determines a graphical

15  display for the model.

19. The system of claim 1 wherein the modeling component constructs a model having

a conditionally executed sub-section that is executed upon a condition being satisfied.

20  20. A method for integrated modeling and simulation of a biological process comprising
a plurality of chemical reactions, the method comprising:
(a) constructing a model of a the biological process, wherein said model is
constructed by user commands received through both a graphical user interface and a

textual interface that is separate from the graphical user interface;
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-18. The systemof claim 1l wherein the nodeling conponent determ nes a
graphical 15 display for the nodel. 19. The systemof claim| wherein the
model i ng conponent constructs a nodel having a conditionally executed
sub-section that is executed upon a condition being satisfied. 20 20. A

met hod for integrated nodeling and sinulation of a biological process
‘conprising a plurality of chem cal reactions, the nmethod conprising: (a)
constructing a no@el ofengrating using tbgcesirugedowdsl ofithebielogichpcasdel i s
constructed by user commands received through both a graphical user

i nterface andynamidsshhuial of thieenddeiod tidlagichlpreapadaieg 4 sionldtiva oftlaphi cal user
interface; -60 (b) generating, using the constructed nodel of the bi ol ogical

process, dyt;]@l@iﬁpcap%-hgéég%dof t he nodel ed bi ol ogi cal process during a
simul ati on of the i ol ogi cal process; and (c) displaying the dynamc

comr i 91 ng: annot B9 na T hstsPnieHalEl OFF a0pERUlhor ati one: 22 The

met hod of_ cl ai m 20 wherein constructing conprises automatically connecting
10 el ememts of the nmodel usi ng an aut o-connection tool. 23. The nethod of
claim20 further conprising: providing a tabular view of the nodel and a
gr aphi cal vi23w Tfe métbodrofighim 20 further ceprisid® 24. The net hod of claim 20
wherein constructing conprises constructing a block diagram nodel of a

chenical reacti oraghbfating thefabdel & add@eRpRivRH GahotRi&Eess. 25. The nethod of
cl aim 24 wherein the bl ock diagram nodel includes at | east one 20 bl ock

identifying a set of related chem cal reactions that are part of the
bi ol ogi cal process. 26. The nethod of claim 24 wherein constructing

conprises copstructing,t bl ock. diagramto include a virtual block that is
pr gei ded f ori}gr%ﬂ'ﬁtggd egﬁg@hgé W@greghttgonpmqtmg COMpIises automatlcaﬁy connecting

10  elements of the model using an auto-connection tool.

23. The method of claim 20 further comprising:
providing a tabular view of the model and a graphical view of the model to the
user.
15
24. The method of claim 20 wherein constructing comprises constructing a block

diagram model of a chemical reaction that is part of the biological process.

25. The method of claim 24 wherein the block diagram model includes at least one
20  block identifying a set of related chemical reactions that are part of the biological

process.

26. The method of claim 24 wherein constructing comprises constructing the block
diagram to include a virtual block that is provided for graphical convenience but that

25  plays no role in the semantics of the model.
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- 25 plays no role in the semantics of the nodel. -61 27. The nethod of claim
20 where constructing further conprises: (i) providing the graphical user

cinterface for accepting user conmands and data; (ii) receiving, via the
provi ded graphical user interface, user conmmands and 5 data; and (iii)
constructing, using the received user commands and data, a nodel of the

‘biological rocess. 28. The nethod of claim 20 wherein generating conprises
gener at i ng, 2Tusihsgnethed abclaion® phetesanstowting bfrtheheotbprisesyi cal pr ocess,
dynam ¢ behavi or of the nodel ed bi ol ogi cal process using a stochastic
conput ati onal ndiel . @evidingaherptaphidalafsecinairfac® orabespting ug@remaidndgasdnpr i ses
generating, using the constructed nodel of the biological process, dynamc
behavi or ofdgtfie nodel ed biol ogi cal 15 process using a discrete tine-based
conput ati onal nodel. 30. The nmethod of claim20 wherein generating conprises

dynam ¢ bahavi oty ted B 8B Tip R Bhicl SeontrEh 1o RhBhER mfe

time- ba%ed forpu ational nodel. 20 31. The nmethod of claim20 further
conpri si-ng:94%4@R%rating a report regarding the model. 32. The nethod of
claim 20 further conprising: 25 generating code for executing the nodel.
-62 33. The net Hod) ofconbtanatingusing thh eeceivedpsérsiomgnandsibsd dathut model bfithecode
for distributed execution. 34. The nethod of claim 20 further conprising: 5
creating a HiblogRaMprbé®s a portion of the nodel for reuse in another nodel
35. The nethod of claim 20 wherein constructing conprises using a know edge
base of chem cal reactions in constructing the nodel.

28. The method of claim 20 wherein generating comprises generating, using the
10 constructed model of the biological process, dynamic behavior of the modeled biological

process using a stochastic computational model.

29. The method of claim 20 wherein generating comprises generating, using the
constructed model of the biological process, dynamic behavior of the modeled biological

15  process using a discrete time-based computational model.

30. The method of claim 20 wherein generating comprises generating, using the
constructed model of the biological process, and dynamic behavior of the modeled

biological process using a continuous time-based computational model.

20
31. The method of claim 20 further comprising:
generating a report regarding the model.
32. The method of claim 20 further comprising:
25 generating code for executing the model.
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- 10 36 the nethod of cIa|n120 mhereln constructlng conpri ses enabllng a user
to specify a rapidity of at | east one of chemcal reactions of the

-bi ol ogi cal process. 37. The nethod of claim 20 wherein constructing

" conprises programmatically determining a graphical display that represents
the nodel. 15 38. The nethod of claim 20 wherein constructing conprises
constructing a conditionally executed sub-section that is executed upon
sati sf act i oB3.oThamethodiof iclaim 33 Furtlfer campiisihg: of manuf act ure havi ng enbodi ed
t hereon conputer-readable instructions 20 for integrated nodeling and
simul ation of chegidbating @R RS didthiButdd bxeh@o®f Manufacture conprising:
conput er-readabl e instructions for constructing a nodel of a chem ca
reaction wherein said nodel is constructed or nodified by user conmands
recei ved through both a graphical user interface and a textual interface

Eg%u!{ Zr_sfgg%a‘tﬁ% %ﬁ%ﬁ&?&%@%ﬂﬁgﬁggﬁéﬁgl nfjgin;gc'?;he- Sgnst ructed nodel

of the chem cal reaction, an expected output of the nodel ed chem cal
reacti omd during ereatitgalibrenotiomfa ponéorcofshe nwielforruisoin anatigr model.
conput er -readabl e instructions for displaying the expected output. 40. The
article of manufacture of claim 39 further conprising conputer-readable
instructions for annotating the nodel to add user-provided annotations. 41.

The articl ess)fmuﬁ@eb%ﬁnﬁho%méﬂl é&sﬁueﬁ:fgee ?s%ggkﬁn@vgpée%ﬁés dabl e

instructions for automati cal y connect | ng elene

article of nuf ctu .e of ¢ m,.39 furt corrprl SI ng conput er-readabl e
i nstruction 5?%\}9%??9%5%%85&} 99 of the model and a graphical view

of the nodel. 43 The article of manufacture of claim 39 wherein said
conput er-readabl e instructions for constructing a nodel of the chem cal
reaction conprises conputer-readable instructions for constructing a bl ock
di agr anithodaé. e neetlodiesti ctziin 2ewhéreinrconddictiiip eomptises leaatiingriaumef @apasify of

cl ai m 43 wherein said conputer-readable instructions for constructing a

bl ock di agr amidRdsiat Rhstlone of bRdmhieall reA@iBRs bOfe bivtd 18R préRiPut er -

37. The method of claim 20 wherein constructing comprises programmatically
determining a graphical display that represents the model.

15
38. The method of claim 20 wherein constructing comptises constructing a

conditionally executed sub-section that is executed upon satisfaction of a condition.

39. An article of manufacture having embodied thereon computer-readable instructions
20  for integrated modeling and simulation of chemical reactions, the article of manufacture
comprising:
computer-readable instructions for constructing a model of a chemical reaction
wherein said model is constructed or modified by user commands received through both
a graphical user interface and a textual interface that is separate from the graphical user

25  interface;
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‘readabl e instructions for constructing at |east one block identifying a set
of related chem cal reactions. 45. The article of manufacture of claim43
wherein the conputer-readable instructions for constructing the nodel of
the chem cal reactions constructs the block diagramto -64 include a
virtual block that is provided for graphical conveni ence but plays no role
in semantics of the nodel. 46. The article of manufacture of claim 39
wherei n conmput er-readabl e i nstructions for generating an expected result of
t he nodel ed chem cal reaction conprises conpute- readable instructions for
generating an @Qmectﬁedeadféﬂmimtrmdtiohh’é)rga&edte@ edivgthe abnstraaed el dfshd1g a
stochasti G corrgtjt atio %c{ Q)({e |cI e of manufacture of claim 39
wher ei n co T e?"é%?aa%eé‘l’? § ?‘f}B‘Etoéﬂ?m edshpmical reagjlonfivgingact ed resul t of
t he nodel egnelhed ¢fahe éRAREH RACGHTBAd SES conputer- readable instructions for
generating an expected result of the nodel ed chem cal reaction using an
event - based cofpupPder-iadiblaivgeyctionsfor Hsplaping it expedtedrautpiitact ur e of cl ai m 39
further conprising conputer-readable instructions for generating code for
executing the nodel. 49. The article of manufacture of claim42 further
conprising conputer-readable instructions for distributing the code that is
gener at ed fo di stribhuted, execution. 50. The article of manufacture of claim
39 wher ei 0t W #0Brpf Broyiacist slaim 3P furdher evrprising erfrgaﬁabhg t he nodel of
t he chem t Fﬁgg | reactions to
constructq?%g&%g%£EQR®OH§§§ﬂ@ Q??@%?ggﬁf #%ﬁﬁ@ %&@% of claim 39 wherein
the conputer-readable instructions for constructing the nodel of the

chemi cal reactions enables a user to specify a rapidity of at |east one of
the chem cal reactions. 52. The article of manufacture of claim 39 wherein

t he COWDUMQFT}Eeeaftd@bbﬁmhﬂﬁhétﬁ&@f@ﬁ%n@'fuﬂlﬁ?@&ﬁ%ﬁt‘fﬁf gﬂﬂﬁu & 0pdel. of the

chem cal reactions determ nes a graphical dis representing the
nodel . 53.insfyeticns forveonsiticatbinesmactting eleofents| cdithm 88dahher ei n t he
conput er -readabl e i nstructions for

42. The article of manufacture of claim 39 further comprising computer-readable

instructions for providing a tabular view of the model and a graphical view of the model.

43. The article of manufacture of claim 39 wherein said computer-readable instructions
for constructing a model of the chemical reaction comprises computer-readable

instructions for constructing a block diagram model of a chemical reaction.,

44. The article of manufacture of claim 43 wherein said computer-readable instructions
for constructing a block diagram model of the chemical reaction includes computer-
readable instructions for constructing at least one block identifying a set of related

chemical reactions.

45. The article of manufacture of claim 43 wherein the computer-readablie instructions

for constructing the model! of the chemical reactions constructs the block diagram to
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constructing the nodel of the chem cal reactions constructs the nodel
I ncl ude a conditional sub-section that executed upon satisfaction of
condition. -66

include a virtual block that is provided for graphical convenience but plays no role in

semantics of the model.

46. The article of manufacture of claim 39 wherein computer-readable instructions for
generating an expected result of the modeled chemical reaction comprises compute-
readable instructions for generating an expected result of the modeled chemical reaction

using a stochastic computational model.

47. The article of manufacture of claim 39 wherein computer-readable instructions for
generating an expected result of the modeled chemical reaction comprises computer-
readable instructions for generating an expected result of the modeled chemical reaction

using an event-based computational model.

48. The article of manufacture of claim 39 further comprising computer-readable

instructions for generating code for executing the model.

49. The article of manufacture of claim 42 further comprising computer-readable

instructions for distributing the code that is generated for distributed execution.

50. The article of manufacture of claim 39 wherein the computer-readable instructions for
constructing the mode! of the chemical reactions uses a knowledge base of chemical

reactions to construct the model.
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51. The article of manufacture of claim 39 wherein the computer-readable instructions for
constructing the model of the chemical reactions enables a user to specify a rapidity of at

least one of the chemical reactions.

52. The article of manufacture of claim 39 wherein the computer-readable instructions for
constructing the model of the chemical reactions determines a graphical display for

representing the model.
53. The article of manufacture of claim 39 wherein the computer-readable instructions for

constructing the model of the chemical reactions constructs the model to include a

conditional sub-section that executed upon satisfaction of a condition.
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