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FI ELD OF THE | NVENTI ON The present invention rel ates
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formul ation, both of 25 these fields face additiona
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as the development of small-molecule machinery, sometimes referred to as

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

25  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
into one or more environmentally-friendly substances, a researcher may formulate a

30  bacterium that breaks crude oil into a number of environmentally-friendly substances

and a lethal toxin. Additionally, chemical researchers are faced with the problem of
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OUlgBdHable to have systems and methods for modeling, simulating, and analyzing biological

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



an expected result. An anal ysis environnent
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us émﬂe of manufacture are computer-readable program means for providing a graphical
user interface for accepting user commands and data; computer-readable program means

25  for receiving, viathe provided user interface, user commands and data; computer-

readable program means for constructing, using the received user commands and data, a
model of the biological system or the chemical reaction; computer-readable program

means for generating, using the constructed model of the chemical or biochemical



In connection with the present invention; FIG 2B is a
bl ock di agram of anot her enbodi nent of a personal
weoeopobsel useful in connection with the preserptT/US2005/005303
invention; FIGs. 3A and 3B are screenshots depicting
enbodi nents of a tabular 15 nodeling environment
useful in connection with the present invention; FIG
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FIG. 4 is a screenshot of one embodiment of a graphical user interface that
facilitates construction of block diagram representations of chemical reactions or

biological processes;

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

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

difference equations;

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

algebraic equations;

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

simulate a modeled biological process or chemical reaction;



110 in the exenplary depiction of FIG 1, a sinulation

engi ne 120, and an analysis environnment 130. The
wa@omaloztsson engi ne 120 communi cates with the nedBUSIG5/005303

envi ronnent 110. The sinul ation engi ne 120 receives

nodel s of chem cal reactions or 20 biol ogica

processes generated using the nodeling environnent

110. The sinulation engine 120 comruni cates

refinements to nodels created in the nodeling

envi'r onnenklG. 7 1iepicFhdlerhalageins othe hltasatled mempBOLor g s¢lmer;

communi cation with both the nodeling environnent 110

and .the si ﬁd %k‘cﬁg cfsr?igﬂl&% am Ime f‘é’gabéﬁ Infemory for a solver

envi ronnent” 1 to per orn1var|ous types .

of shovahg diepadiof exptnloyy Iumdlnmu@hszalaﬁseaﬁe@fetencqme nmodel i ng

25 environnment 110. Al so, the analysis environnent 130 -

may recei VEpRE d%gl%%%ﬁ‘o&%?&&at& of thé Qi Qﬂlcﬁeﬁ trrﬁ:é{w b QBver |

engi ne; 120 representing the execution
5si svang the peng)tf n@mmohol«bﬁg bothwalets andadharsectsiand thegarallel
nodel | In other words, the sinulation
engﬁkgmgfg&%gnerﬁﬁes t he dynam c behavi or of the node
and .comuni cates at |east sone of this dynamc
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johodel . The interaction between the nodeling
envi ronnent 110, the sinulation engine 120, and the
anal ysis environment 130 will be discussed in nore
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from the simulation engine 120 representing the execution by the simulation engine 120
of a model produced in the modeling environment. In other words, the simulation
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

30 130 may provide refinements to a model in the modeling environment 110 and may



t he Xeon processor, all of which are manufactured by

Intel Corporation of Mountain View, California; the
woe3@002586he 68010, the 68020, the 68030, the 6BOWOS20056€05303

Power PC 20 601, the Power PC604, the Power PC604e, the

MPC603e, the MPC603ei, the MPC603ev, the MPC603r, 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
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as ¢t hiocdsdin gm g@g:ess menory (SRAM, Burst SRAM or
SynchBur st SRAM (BSRAM), Dynam c random access nenory
(DRAM), Fast Page Mode DRAM. (FPM DRAM)., Enhanced DRAM
( EDRAM) Thesengalpiecesspguntt 403¢ AvARSic EmeyitrRikg) respopdeieded
15 Da%)ﬁ)cgégﬂﬂgtr@w felehd %Me’meﬁy ﬁé&o&ﬁ&ﬁﬂmd hp%taﬁy embodiments,
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t (
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25 TMS5800; the Crusoe TM5600, the Crusoe TMSSOO the Crusoe TM 5400, the Efficeon
TM8600, the Efficeon TM8300, or the Efficeon TM8620 processor, manufactured by
Transmeta Corporation of Santa Clara, California; the RS/6000 processor, the RS64, the
RS 64 11, the P2SC, the POWER3, the RS64 III, the POWER3-II, the RS 64 1V, the

POWER4, the POWERA4+, the POWERS, or the POWERG processor, all of which are

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



to as a "backside" bus. In other enbodinents, the main
processor 202 conmuni cates 20 with cache nenory 240
wWa@2006g288he syst em bus 220. Cache nenory 240 typiTak1095/005303

has a faster response tine than main nmenory 204 and

is typically provided by SRAM BSRAM or EDRAM In

t he enbodi nent shown in FIG 2A, the processor 202
communi cates with various I/O devices 230 via a | ocal
system bus 220. Various busses may be used to 25
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printers, laser printers, dye-s
pr inrredeail nglow). Glget depictagn ermbaliperd of o eompider system e in which
for, t . i
e M S SO G830 184k hory s ror
s uckamsle,3n 51G.128hthe hakbméemany 204 shag bo DROBAMI S ks a
CD-ROM drive, a CO-RFRW10 drive, a DVDRC]\/Idrive
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25  connect the central processing unit 202 to the I/O devices 230, including a VESA VL
bus, an ISA bus, an EISA bus, a MicroChannel Architecture (MCA) bus, a PCI bus, a
PCI-X bus, a PCI-Express bus, or a NuBus. For embodiments in which the /O device is
a video display, the processor 202 may use an Advanced Graphics Port (AGP) to
communicate with the display. FIG. 2B depicts an embodiment of a computer system
30 200 in which the main processor 202 communicates directly with /O device 230b via

HyperTransport, Rapid I/O, or InfiniBand. FIG. 2B also depicts an embodiment in
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B

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

30 Systems, Inc.), eCos (manufactured by Red Hat, Inc.), embOS (manufactured by



20 (manufactured by Eonic Systens), VxWrks 5.4
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accepts input to create a model of the chemical or biochemical reaction to be simulated.
In some embodiments, the modeling environment 110 accepts input contained in a file,
30  such as a file in Systems Biology Markup Language (SBML). In others of these
embodiments, the file may be in HyperText Markup Language (HTML) format,
Extensible Markup Language (XML) format, a proprietary markup language, or a text



conponents of all nodels may be displayed in the nodel
pane 302 and each nodel nmay 20 be associated with a
wO pa@diogssbut t on, " Sel ection of the radi o butt onPCT/US2005/005303
associates with a nodel causes that nodel and its
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grey type, or may have a transparent grey overl ay
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respective tables may be displayed in their own graphical user interface window, rather

30 than in the same window as the graphical user interface 300, as shown in FIG. 3A.
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20 the Cc -> Br reaction is "Ce*k5," nmeaning that Cc
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in FIG 3A, the paraneters for the kinetic | aw
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Still referring to the embodiment shown in FIG. 3 A, the reaction table 310
includes a reversible column 318, which indicates whether the associated reaction is
30 reversible. A reversible reaction is one which occurs in either direction, i.e. Ce <-> Br.

In some embodiments the reaction table 310 may include a column identifying dynamics
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particul ar enbodi nent shown in FIG 3A is shown in
Appendi x 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., <reaction
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3B. In some of these embodiments, a web browser may be modified to parse files
containing models written in markup language in order to create the tabular form of the
model shown in FIGs. 3A and 3B. In other embodiments, a process may accept the
model as input and generate as output code that is directly executable on a processor,

such a code written in the C programming language.
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byt ecode | anguage such as JAVA. I n sone enbodi nents
the executable code is transmtted to one or nore

W@ ooprBss via a network connection. The one oOPCTOE®05/005303
conmput ers execute the code representing the nodel and
return the generated result to the master server. The
mast er server may store the retrieved results for
| ater analysis. In 25 sone enbodi nents the master
server displays a graphical representation of each of
the re&enxestion esuimosiel info exrsutebipsdilsrelews thhjegecutable code to be
teg én%{gd >mifii ?Joﬁlpﬁ%psdﬂ Mﬁg cq‘aé’xle?utfo}mﬁ those computers. In
anal ysi s. n ce arn t hese |nen , the nmaste
sertlme embydiments eoinpeta Id:ityspeb agnneetat hlad?ananmqutnetwork topologies

regei Vv d and di s ch a raphj c
" oS ARkt SReRAGHe R BRI o BRI SR ok ebvork LN,
5f ora mbtmﬁoatahn@ea_t letwiork QuAN)heata S/hieC#‘rca Jetworls FONEE) such as the

nodel cri bed. above in connection
th tﬁ‘ﬁ‘ﬁtenA’?’a JESPEFIENS SRPPHHS WAy FhECt r‘%waf %‘r’f@ﬁ 186" ‘through 2
i nwelhety?df tdhntdiRAS Bicluging@tnadid té1éphond RidsODARTor tANNBRE (e.g., T1,

ock 13 WO 2006/ 025861 PCT/ US2005/ 005303 pr ot ei ns as
e 1 58 Honek 130 BPagund Smsr B AL 2o Brarr BRI, T T e wireless

u nfc&hrii@ﬁ’on(s Ol o8 EfDe esRbRILRH OSing ﬁax?e@?bpéo%gndrfbfblgprotocols

all reactions have nmass action ki netics and

10ar de-85 NHE, pIPK, S NetRIRS. ANBREL. SRt E@PmﬁbtthN@fT Fiber
r e@ﬁﬁﬁ&ﬁ&d ﬁgtaqhéfﬁ&adFUﬁl)sq{%B emE‘Eakozr PRGEER %2 i Ba, @EE 802.11b,

way o di agram In"still othef enmbodi nent
t héEEIB%? H@néﬁlvmt@swmhlton@@@oachbm) a user to
represent a biol ogi cal process or chemical reaction as
a bl ockydinaqt ambolinfents? d08RLEL ServaNpHER0LI HER WHtteR in markup
bl ock di agram nodeling environnent. In the enbodi nent
depingnegs- The mpdgl may he petaeved dieny raalard idiski qigfrene spother computer
sh
15 oS st AL Ritybit onndiph, BEGHE qrbolain QiR modelfs input by a uer
E. usiog i tabsilan ugar otpat suches thel dnalshewil i Hi6s gonael 3B ohegtaphical user
i nqn cr, egceStu £3 ’t eEcl)nec-:Vs ! %d 1tne[~rf&er at YhE Tabted ls’”r%erI rses the model to
delr eased El ow h, in Iarge parf Yo protein
unfpeddicen gxeoutabtb si)atd dTllﬂgexe?ﬁh@blh eade mbdm:led byslpwmsaer sexiieB may be
heat shock rot i ns, . responds_t str.
by PERURETHE TEBAE o TTEST ErGrEronet B Chyiegitif g rn on a
20nonrdrgdtgilattonal orﬂh@teﬁttdilt‘ablbl @dppoddues&k by thidi@afitogkver may be aina
[ rqgi pown in FIG epicts the ression of fiyv

PgIES gl 3 JAVC R TR FUBRIIRNE HBe esgutable code is

S h AGKsThiBEP @NSFe of oBALdmpiterd Wi £ adnefi@dtk CofindeBEMWAKS one or more
4100, 4200, 4300 for the expression of proteases

i neempwgrsiexeqytethe silsarpreseainsriae mopelandagam the gryeratedgesult to the

43Q0ssleP BErP € Mthe LR B XOVESHLP Qo hD e@tievi A FEH 1P T&tlﬁbpzﬁlalyms In
ftsH, Hs 1 VU and other proteases, respectively.

25patspmgyglbqqg@@nts fropaster 3eyendisplayst 4 grap}g@pl Qgprqsn@tatlon of each of the
' ntr@creﬁr%& F&Qts. ‘h]r%?e erﬁ@o%ﬁnen‘%?ig t&d 1a§<.zlswsécﬂo élgf Monte Carlo type

pol ymerase at t pronot er the respectlve
sequdpue. Eeartaimpeft ﬂnvm/erﬁlm@i}nermsz@l& m4@Gsedepiney scotlét and display

tr %Qcﬁlcd’abpﬁ&uﬁ rrlec%i:’v%cg) anf'&gp%y e%%l% Qatg Loint graphically in real-time.

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

displays the various reactions involved in transcription and translation of the heat shock
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the nRNA nedi ated 4110, 4210, 4310 by the a32 and RNA
pol ynerase interaction 4105, 4205, 4305 at the
w@emaosssl and t he subsequent translation 4130, pdR882005/005303
4330 of the protease. The heat shock proteases,
including ftsH and Hs1VU, serve to degrade proteins
rendered nonfunctional by heat stress. Simlarly, the
di agram depi cts the 25 pat hways 4400, 4500 involved in
t he expression of the heat shock proteins a70 and
Dn @r@tein?e@wdk gs\ieg mterarensedt hras sheckprefing Weh yaipldsd (Araiepatured)
{ﬁl a}sse&je %Q'G]dQn %ﬁG tjﬁe all %&E@&l@fp%{/e‘)ﬁgs%%%nqgine?izga@%me are
yrreraeat t pronot er e a MRNA IS
t r ammtblh echild 4010¢ amdl,ot sAmzﬂm] vetitodyf repBRentmgichemisilar ed
44 rela { 4500, the heat
sh % CthJn?lg er%acﬁ%;] %b?' Er)ganl%lﬁqiée}a The interaction 4505
of a32 and RNA 30 pol ynerase at the pronoter activate
54510 t h stillaotise ﬁmpodimnnw,aﬂﬂmoﬂelmgai(vimmna}ﬁﬂ) allows a user to
Sukg%?&lé&%tgléﬁ%)ﬁ%ﬂ%forﬁ?%rozlc 4 oﬂdeacﬁo of b?r'%g} '@ég’g GEId r]ldeplcts
PC&h asa@m/cﬁxaﬁ 3B ck iagtanomodding aﬁwtamnfeha i thezeenb@dintent depicted

oy ' FRge LBk PR eB il g P S i e e nder

t O cPpEtioom sdhrwalt kh®ng hes slﬁb’o&\ﬁbspsﬁbetm E. @Mlinoh piotactive cellular

save, and print oyt blo di ram represent ati ons_ of

104y ﬁ%sn?ltseéqjﬁ%wéuceéssws %regataﬁ? E@n%pﬁ@ﬂfrgﬁfaﬁﬁ%ﬁ 3aqreased E. coli
ma tih ke SIrC FBMALpFoteih vAfotdiAS 61 GisRII@RK PheAhEIRbck response,
nmo In some of these enbodi ments, the nodelin

emyrarft?ﬁh%ﬂ%k RTRteIS e opdiio batdrdiigedstreny b»tqséoldlﬁsmm%ms via
Vi chajRbonbd §Y5de gﬁémg InbA A tioRAIGR & Sins mrg,ratearsw al bl ocks
are el enmentary dynam c systems, such as the a32 and
RNA p olnimsr ase _interaction_4105, 4205, 4305. A virtual
bl ock na&ye bigek dingromabern ByFIGr 4 denieta thesxprasrionafifiypaprticular gene
15CORYRRA&RS ﬁﬁ/oﬁr@@ ifth@¥&t Mdck %sﬁoﬂs@ H}?artdﬁl gblré'4td Eﬁts];ﬁtlﬁfays 4100,
the system of equations describ @Iy di'agr am
modéfC, 4R} fop tharespressianpliprricases letqlv la@ﬁﬁﬁh@k rmensneaethways
sh [ I
3, 00, B0 A Eplclerne R R Bl SR GLEL AR 1 PU and other
pr otaéases, respstiedp nfwaﬂwaéli amo, 42(5)043(}9(@3 430G 8eted byrthy ilgeraction
re 323 H erarchic
gﬁ 55? 2865? ga o% e US olﬁ&giuegg h% promtster of"i)hqbrespealvg
20t o sequenagy EatthgativegydioD ] 4209, 4300 dqﬂals the tfhﬁschptmoameo 4220, 4320 of

e teitnRaA B AL TREPRET0 L8 ot fnd Af e Bmie MikactBn

" man ¢fs'424n, 865 & elispibimoter didehduibgRubltatkisiaman B0,c28@ 4330 of the

ot DRt PotHplRtE e bk St AL e ilegtade

bhgﬁd{emd Rndeddioafurgfi@RbERdat 58S, Slﬁﬁl@ﬂ ,AkEdiagram deplcts the
odiments, a merge block may be _conbined with "wd

25 c apavaKRR 308 TR NS Hhihe e?éprgﬁswgwé thedwptahesktnrgteing g o and

nu |]jn|taK| Rspeltitelp AR BreMiorPoftRAF® bRfein [kt 6 by Hi2e
reacti on:
interaction 4403 of ¢’° and RNA polymerase at the promoter. The o° 2 mRNA is

transcribed 4420 and, subsequently, 0> is translated 4430. In a closely related pathway

4500, the heat shock protein DnaK is translated. The interaction 4505 of 0> and RNA
30 polymerase at the promoter activate 4510 the transcription 4520 of DnaK mRNA and,

subsequently, the translation 4530 of DnaK. DnakK, in turn, may either interact 4600
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*transcription_factor: RNAP -> gene -> nRNA -> protein

whi ch uses *transcription_factor as a "wild card,"”
w@bdoemessgl mul ti ple protein expressions to be PCT/US2005/005303

identified in a nodel using a single line reaction. In

general, any regular expression nmay be used to signa

the existence of a "wld card.” Regul ar 25

expressions, and the techni ques used to conpile a

regul ar expression into nmultiple instances of code,

ar evithel'{ so@sdastabilitees’t prmakandtiyelyomay eefeld f40G e btapsamiolded by

by}ég%nggdel may be provided froma database query, a

fil'e, of by user input at the tine the reaction is

expanded to generate the executabl e nodel. Each

transcr Amlmqkrdwfm oditar kHows wsepstopérdunn supleagtionsasidnava edit,

S HED e 90 e PSSR s s

5 PC'ﬁl‘eLﬂSéZﬂﬁBdI@@ﬁiﬂ (ﬂ&therraasaé reperniRhAa allasblcebdpcrle@sgram model. Insome

par t cul ar rot techni g

De Shie Sloiniit, Bie cfqsfng G PRAAR fFRiGer fiyt 856 'of plgeks. non-
us eirtual fatks andl mrtah]l Hlbck@.t Neii-virtibDslodke mfdielelﬁchﬁry(ﬁﬁﬁinmg/stems
envi ronnent,, 30 | so provide f gnal

o ST O AR po B s isstion s, 4305 Al A e block may
| t @k piovicRd SaHsapRicaNGrghidiond) c60RhicAle ad Mhyk Ao FJ16H the definition
bl ogk nmet hods execute for a sub-section of the overall

10p1 8 e Syiteip PEsAUaHHE 1ol bl g Pisek digerpy mpdsl ofFor example, in the

gr 3Rk AlsrakSElthd IdaBEHotE Rietialsh if BTPBR8Mtertd R 1cte§|1111 PW% 4, gene
drafting of bl ock diagram nodels by a user. FIG

de pRBLEPEen BediEed P2 tepreduce protins, represeptas] 'w%oa.fta@@ amsl 4300,
ed 'rﬁa?/rbetnﬂﬁésexflt@@'éw §Rel& vfnltlgl@Bl'oaQ I@ Pﬂaﬂ&al H]@h&fntg?such Bs the use of
t he énbodi nent shown in @J tool s~ include
v asilsyisieths) aedy 11601@¢C1=,t04@2r0\’ﬁ01$ reaﬂi@@hty afarddslss wi ring
| ine connection tools 406, 412, an annotation too
15416, fof gkl cﬂg)oﬁfﬁ%lnts 1411‘ Qneaﬁn g @F’ ﬂdrp@ﬁuﬁl%ﬁck% be zti,xtended to
notification tool 42 a publ i shing tool
bl dreckudetothst senzpppics, mmn,as 4(58161?%9 pbledlespmanti¢.iTihe afreygedﬂO%sl spmantic is
the By fif ' .
purh il BN SRR B! R e BB ot input of
abltle hagcbistio rﬂinzdmllatnigmpb'ahlsisexentetf@ce e@raa)odnmntsgame@ block may
glo%;é] gg?m{)}geeds g WH(? c élraé: l% to gxéﬁng (?kSlSn ehtgble 2 \)1 m{(]) rXultlple
20d e Snstpneds. ofIInacbbmdks emplhehejneaxg@ed t hr oug h sone
human- machi ne interface (such as a nouse or keyboard)

on to th | ) gr aphi cal
ver si on %@%@gf&&é&tﬁﬁzﬁ@ogge?een er e% >|?I({1Fe1e canvas is
called the 20 icon for the block. There may be '
di f f er ewhich mesditnarseriptidng factones b’ \mckcqmr’ ellowing nuiltipd prgtein

r@&}ﬁg@? elge 19%&1\,@%? IE]neé/ #1?8\&1 %Ln%!i 1Ihh ?ea? a(fn ti? éerleral any

t hés oatl n
al lreputar axpisssronhmydlealged]lomglnaldhagnsimce béméwﬂd; cafrd drRegular
25pal ette.and creen.

S B Metesis P B Koyl & A he §5 T Bty nS Miiple

[ ntu&ltefna@&)f‘dbdeh 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 the reaction is
expanded to generate the executable model. Each transcription factor that is provided

results in a different reaction that, potentially, causes a different gene to produce
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a set of conmands that allow interaction with the
graphi cal editor. For exanple, 25 dragging a

w@odognessase bl ock to the nodel may cause the SpEL/ES0DD005303
pronpt the user for the protein to be used in the
pol ynerase reaction. Using this textual interface,
users may wite special scripts that perform
automatic editing operations on the block diagram A
user generally interacts with a set of w ndows that
actmeasengarRISA @sd éxpress h@amioderd protEhe rldistechnibme oy de ubealrto
on | ndow f.Or 30 . l. hecause .model s may be
pa&’tr? uf%?}eesapf?%atcgo% I??%ﬁém i'e rugPlg hlecug TSRVl s thr ough
the 16 WD 2006/ 025861 PCT/ US2005/ 005303 use of
subsyst éngtill dheg cobsdichehtsr thtvevoddmigenyironrens 00 mayodlsveprovide for
e ASEATER Berlyfich ¢ Pl SRR T3 0E AR
5di agnteshwhéh én tivné blogk methedcexanee for aRuti-gatisn d0he ovietall block
allow users to draw directed lines that connect the
bl $4&™n the nodel's window. In sone embodiments a
single wiring line 5 tool is provided and the user
connect s, b] ocks. by selecting the toal, selecting a
start poPfplock i‘ﬁ ameadues is ﬁé%ﬁ’%ﬂ'éaléﬁ?f ipsriage (GUD eamppopent that
enbaew i afthg ofiblobk BagrafORERE YU sk HIG. Jﬁﬁ%ﬁ&@ an BhEsBAeNt of a
(such as the enbodi nent depicted in FIG .

10¢oridcdor bhECl B BE Sttt e RoTRE Fistsnbisisie. Tn the

e GlA04;RERt dhBW Al FItY 4MERUTIEA N BRI MArRul BIoER tooid2 3504, 408,
the keyboard. The nodeling environnent 300 nay al so

pr o@fieks Winpg bugsconpeqtion foledPoot oar ymatation thel 41n farmettiag tool

co U;g 6.5 saPl/RAK ookl %Bﬁiﬁ‘?&t 161?/ toBP42‘('JSaS|E1 g{y‘ﬁﬂl‘i‘s% t%xﬂ 418, The block

produce an aesthetfica yl easi ng out o
di aeradh2 64608 wiptegert hdderrwiof 4l the gre-defimpd blecksyavailgbterto the user
| ar, | 1,0 ction of qne black.taq.

15 ot S e Bloc PR 1o RARTEIL R Pl B0 Rl et
f i ntst(abrkaghnizeslodkl én soutgpauktonf fotnaf (bbdcetk blotkd they do not use, and

o Gt pisernpioskE BELe 6 fovalsn T AR ek Bp B Rl some

nothemamithcRind tafac©Bach & aMAdiso UbkeyBadrliortb thdwinBbw Cike., model

di agram _The annot atj on ppear i notes or .

AnRERAEr DHe EEPHIFA VCRRBAT 1R OG5 A 1sirendsredamdhs Gonyas is called the
20t aetnabr the bIsBE. Th¥YeaRayi ciEsleht RnBb AR & Fbr thOBIBE paldtRGnciuding a

not es may _ appear. cl gse to annotated bl ock_ or they

be UeF-QaeH brovrser Yigy Rt phie bloeks: 4n thegsuphadimends the ﬂogt?zg element

PerhRIENYATS dQUsSr tb AFdLBIISdkHeh PRE EREERS FrompaidiRtan@bfp it in place
general 'y avail abl e on any docunent editing tool. .
Thegdhasstoent pspsnerad|thesp pmkodiments theei may alspcbeptextorlgnterface with
ar . ot . .
orar: Fmiahs i iow HieiaBlen b HaPRER AN For cxample,

25al idpregmgta pRlymesase blocktd tha modelinmay @ededbe $ystem tetpeompkitlee user for
bl ' m. an [1.th |l ocks within the block
di g%elr(%?nggjggﬁe)gg ﬁ%)}ghhg\?é)lﬁamsaé?r%?n Yunctional attributes

that are relevant for the execution or

code- gebleingthistextuThinteaface; dsust maywite spepial scripts that perform
automatic editing operations on the block diagram. A user generally interacts with a set
of windows that act as canvases for the model. There can be more than one window for a

30  model because models may be partitioned into multiple hierarchical levels through the
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25 tool provides GU's that allows these attributes to
be specified and edited. The save/load tool 414 allows
wa2meezsed bl ock di agram nodel to be saved. TheCT/BS2088005303
nodel can be reopened in the editor at sone |ater
juncture through a load nechanism Users nay save
bl ocks including pre-constructed subsystens into a
separate class of block-diagrans called |ibraries.
Such libraries facilitate reuse of the sane block 17
V\Dum@bﬁ%@m (@@uﬁ%ﬁ@@@r 0980 31n Sl oghen gibedimenyf, only a textual
ot
opantitp AR HEpRELEHo: A fialAERe SRS IRENER A Coigek diagram.
bl ocks in a block dlagran1that actually reside in
i brari dbe wirmgdub cpwtsblinn toalo H0G #32 allgwv Beryip guavddigected lines that
en%gﬁxﬁcgtngbl\& \441 n% el Q%nﬁl @len gd diferfts %J'S%Efﬁmn line
can bl'i shed 1 n any standar ocumnen et s
55 (eotampbeded @dsIuES(scn memﬂqcmmﬂe@me tia(NL$eles®&a start point,

tS E’ g/l{Td eﬁt,l]ec’tl Tho i§¢ iﬂ)l er erplg]odtmq%fle?‘ rngul npdé acmnec Pgrt]%o%s may be
t 0 @kesent ifszioh La@trhe dmabxlmemcriepﬂctd:d poFEh4).aldoyndedomsmhadstedded

t Interf
or SP BN B e e TR Yo D PR crfBtes such as he

n Oikbffbo@ﬂt IThB nicﬁ@lhngde'il@lraﬁﬂm@mommuﬁ Blko Pk it MEricR fémnidlodakto-
di agram.to se d sage to nother user. In some

106 ni5ERAIeRE teols ¢ écqala??tfb@ﬁ mttsaﬁymbse&aeagﬁgtotm%ducean

cu raéﬁlﬂﬁlcéd?fp%a@ﬁgquoﬁm thd B16& &lh@eh ABpedifllyRBosdBiihaflg @&mplexity
the specified user. Those skilled in the art will_also

r ecddirirese nymbgrs off tieqkshj Grngatiop RE Ruglackyp pagthersignifiss ithyg the
| angLag e&rdsehtedby tHe rfgst%ck,mr%&mtbmat tﬁwkqwrép?@lawa

carry out a series of 15 operations that woul
nortigagapijony @opmlmltrqﬂiem@ndblﬁclwth the GU, such as
bl ock addition, block deletion, starting and

15t er m natrh DgheeieM idoP 16 MowdRiskxf ¥%iJad nQﬂeQ% AnbaliHt& Farious
etc. The nodeling environment 300 may al so offer a

vampes 9f thy bleekdpgran| The anetatinag mpyIPSHan e metea py 4nnpiatigr column

us K, i .

LA UR L AP0 R, SRR i .
helnptcs friap dppear ¢losgdo eljotatedsbleakody thny riydesikdeddend | i nes
within a block-diagram (b) a Debugger that hel ps

debug t
Cont ol hfie ﬁ»?ﬁ&tﬂ%%gl zl-‘?i; 0 é?x'a&l%us‘élfselg P% xga%éu o nﬁﬁﬁhg%&?atlons
20b| dlost a@l%@,ﬁfdm avamble{ of) aryy dommnt lediting tgrol. Tihesi apgratipmei help pick
[ t
%Hﬁ 51%9 {Shte Sfﬁ:@%ﬂﬁ%%p;hg:rgl égmt%l:%g Ef tmz Q% Qﬁ}ra (éﬁ)d o%gtltg%r%t blocks)
25 su¢lmsncﬂilde_d‘knt{sepc&dnl, glignmleht &gmﬁsatrmt ch:dn:tselbciron etc. The block
zgltdﬁ I nagr/n gledt atllI tﬂgblg!:Ig)scvsllﬁlth(iir‘rlJl hl% blo/c{( dml\/%ralgnogdesne}ca y hz?\!e a slét of functional
attributes that are relevant for the execution or code-generation. The attribute editing

25  tool provides GUISs that allows these attributes to be specified and edited.

The save/load tool 414 allows a created block diagram model to be saved. The
saved model can be reopened in the editor at some later juncture through a load
mechanism. Users may save blocks including pre-constructed subsystems into a separate

class of block-diagrams called libraries. Such libraries facilitate reuse of the same block
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30 virtual ErrorStatus BlockDraw conG virtual
Bl ockPar anet er Dat a Bl ockGet Par anmet er Dat aQ, Met hods

wo eoociobssek conpil ati on 18 WD 2006/ 025861 PCT/US2005/005303
PCT/ US2005/ 005303 // Methods for bl ock execution
vi rtual

ErrorStatus Bl ockQutput() = 0; wvirtual ErrorStatus

Bl ockDerivative() = 0; 5 virtual ErrorStatus

Bl ockUpdate() = 0; private: Bl ockG aphical Data

bl kG ayhbes of athen bkt dagramp|The kaadisets merhrbsm as specially equipped to

bl [ ' L C ' e in librari
ol ERIE o AE A e b8 Boekgid o RS AR reside i lbraries
bl kExecutionData; Alt hougg the exanple of the data
st r uct utepubbehing toal AA8imayes providedto enahlesthe wikivinged thefdock
in t. W ' [V,
ot FhafnPide tomel S60 0 b Ritka S KRR dlahon formars

5us éekaniples: RrsjSoriptd BDE, HTMILJSBMIL, XML IS@Jk, SBMA etc.). Those skilled
structure fall i.nto four.categories, a r aphi
2t 01 s Sl o o inBHERS I i froadt BRI e oots
c ompntiectdabbdve douldgwtehtial ybeantbedded ia X aiigtei Multidddcament Interface
fi . The graphical attributes field is responsible
f oﬁhg{l))‘i‘r’? Hﬁ’g? goar%}f“‘fdgsﬁ BICSPERPSY;- 20 graphi cal
rendering of the block within its parent bl ock
di agr amAsnoBGiitatioAtidal UDQIbIESVs assecivdrkington attierkhliagedm tocsend a

107 5 Pl A ok B35 AR oo
t hes@ebtrsioh W &S bUlRR Siagtim, & bemhilddne tidyspedifi@isusef  t he
nodel using this block. The functional attributes
field is responsible for specifying block attributes

that nmayheeisribd 8 thy adhileito tebsombenR¥ibiek AfagtRepdtRaR offer
using this block. 25 These attri butes are specifie

f osCHIN@S AngBaces or yrifRg OBt Ripgramp ehaf piematically eAmtYR 2 series of

15POloh&ra@dns thdt Golldfokmal e iRleaate Rt WK tRIGUT Ridh 8Sblock addition,
i nclude bl ock sample tines and restrictive flags.

Bl bidek delatione stafting 9nd fraginping gxeeionppraeddiyms @febutes etc.

an elenmental, continuous, discrete, or hybrid dynam c

system If the block is an el enental discrete-tine

syst em Th¢ medelingenwitanmichti3G) regealsof ofés atvarety phatherdsUl tools that

bet.ween ti.ne..instants at.whi.ch the bl ock respon

ondtP e Rl A5 Fo Bl fikabelfae BR0 HERRRR R abIes o such
200f (e dictuden(apeFindertharheliph find) varoos bbjeéts suckas blerksapt dines within

8221 b?gac%-diz{‘gegn?,e(b)t allq Bebruegéérrtilz& ‘illel?)g det:bl?%tthet Q{%gu%orrlr%}[bl%&lﬁiagr%ms, (c)a

Revision Control Ul for managing multiple revisions of the block-diagram, and (d) a

Profiler for viewing timing results while executing a block-diagram.

A typical base data-structure for a block may be represented as:

25 class Block {
public:
/I Access methods for setting/getting block data

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

// Methods for block compilation
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i nstance of given block in a nodel. Attributes of

bl ock ports specify properties of the data that is
weRdobezssavai | abl e or produced at that port. BPODKSPOF/005303

attributes include di nensions, datatypes, sanple

rates, 19 WD 2006/ 025861 PCT/ US2005/ 005303 and

di rect feedthrough. D nension attributes are

i ndi vi dual dinmensions of a multi- dinmensional matrix

that is used as a container for data el enents.

Dat at ype at t# Msthods faablock exasuidert at ype of each el enent

of data in.the-data..container...-A.conplexity attribute

is a flag tdrtsgdiiofStatu BmakOuigutla el®nent is real or

conpl ex. A swurpilé&moaitatuaBtockDerivatisgipeidf i es 5 how when
5t he signal cartndSpoenttatngBiookEpdatafput=@r out put port

will be used. The port sanple tines may sonetinmes be

used to prvatd:citly infer the block's sanple tinme. The

di rect f eedtBlookGlapkitdlDathBleGriaphisflaatibutes only for

i nput ports BrekFuntlicaiiug BkRinkesnadAttiies; t he Qut put
10equat i ons of BloBECdhsiRKDak ebRCOBREd Attibafest he gi ven

i nput. This BlotkERUtRNDEaPSIKEXecHRd @Y, Ni Ng t he
sequence in which bl ock nmethods shoul d be executed

whil e executing 10 the bl ock diagram The conpil ed
attribuyes field of the block data structure holds the
attributes of the block and its ports that mrror the

f unct i oA&howhtthd dxatnke dfitlstdach sl abdi B wirlteeh 6h €S+, those skilled

filled in. i b k di ilati . b
15, 11 76 g Feso P Rt B B Bt ey in Ypes dpgppges may

C0RjstBE hisedN ThE rfajdr ldgta fidIde bf @B BlocR Bska €@WaRIrk €4l into four categories, a
attributes of the blocks that are_ 15 connected to

| . t.
This@PpcaltEBuss figlds apstionagttrifet B a compaled ptirfyies dield and an
maRudagtHaedndy the functional attributes is terned
attribute propagation. Attribute propagation is
described in greater detail belqwin the sectiqgn on
bl ock dil ByFaPRIcD A5 Pags s 15 TerRORSKRlE (R FORDgEHmatiprefetpvant for

201 S gfRhithiterREALBBIhEbRCcK RAithtiQlpard: §16& % G1OC A thribdees
that are gglng to serve as sources for Dblock inputs,
ouBPRetEs, to Shedleck icqsguglnas fapts coler parpe 1aad ioppriRagerasggiored in this
durg i lg%h .

ﬁeﬂgltggoﬁ?(ziﬁ%gcgmatqﬁocm n Rese Igﬁblgés%‘és x?ﬁtgggctttllg]ea%ynamlcs of

structure al so a set "of associated nme _ o
nayheyaodet peingybisibleck. dbe Ainctiena! aftribiuted dietdos thapensiblesforispecifying

s . . t i ) .
T RRE SRR 055 DR TR L4 00 oo

25f i 8hess atebytes are spegifted Mgy thanleloghedsta witpl¢ frel thamputamd datpat ports of
fiel f -t he bl . t.hods_us in editing are 25. .
el PR Sas IR bl 3o itgve s
t h@lddkaahkiplapintes ppdcily & the block dverefidinds ©f ani elesnenenl, @bhitinuous,

bl ack di agr am, ,For .i nstan i s.set  of hods ma
ndtts: SR B B s SR i <t e e stem,
shaps thd@tribuRGKediGaMhdpacifnbdtiveer@she instykis ROMSiclB@BIdcR response

conpi l ation are nethods that are called bg_the bl ock
304;i ggqué(ﬁ)e traced. A restrictive flag disallows the use of blocks in certain modeling
contexts. For example, one may impose the restriction that there may only be one

instance of given block in a model.

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

produced at that port. Block port attributes include dimensions, datatypes, sample rates,
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conpi | ation engi ne. They hel p validate the connections

of the block to other blocks on 30 the bl ock di agram
wdbmeneshnods used in execution include a numberCDiIS2005/005303

different run- tinme nethods that are required for

execution. These include the Bl ockQutput, 20 WO

2006/ 025861 PCT/ US2005/ 005303 Bl ockUpdat e,

Bl ockDerivative nmethods that realize the Qutput,

Updat e, and Derivative equations discussed earlier in

t hen¢ éimwfqedthfoualy naimcmsi@y sttrbmdes arqindryatiual dimengyortsiod g gulti-

rmtdl}gd%l B oAt a)'( tha G ked" lgq éﬁt%el’%{j :89 aeﬁ%s.qﬁatatype attributes are

pr ovi ded such* & % , roj ectron,

Ze Itl(BGIa&SﬁjemgSachEﬂmtdnec)f cEtasalﬁleelatai qmntalr&k i AepmpleaitPatrioos is a

and S r t Ti.me
o RSP L R AT Baee REOTmEY oA Pl s bR dsbecifes
smethbadvifea maeadl@gb&oaﬂespoaqimgto ﬂﬂﬁpllitg)@ fa]y@et poresiel kahked. The ;r)]ort
represented an rocessed in.a . di r ent nne iC
wi SEMPE “meélﬂ?r%é?égetﬁ%‘isi\%“Feﬁi '@ SRRy ‘8?? Wet‘}%g@tféampm‘me The
dl AR FERAhraightahBbuts isBpbatiddshlLRY inpat fot-and thdldates Ykether or not
enbodi ments, the nodel i ng environnment 110 includes a

kndh Qeipe conasions aifhe plegk argpdunction ef the given it Thisrkite helps
| N i$ Q& Rhing ﬁﬁ%@r%&ﬂ&qg Wik tnk@n a8 Qﬂﬁu@tggeeexegﬁe?@wﬁl@executmg

contains nodel's for various reactions,
10g| yhedilgekjdiagram. t hese embodi ment s, mhen a user begi ns
to i nput reactions consistent mnth a nodel for

gl ycol yghScohfiRd atRONESELIE RS BlodOGatMBY1cRIM BS1dS 18 attributes of
remai ning reactions for the user. Alternatively,

t he
15 thatrogkeng dls pastethaigiren he fpcipnal pitrlapesistedpbieles T’é‘ﬁ field is
terrjr‘gﬂ%& AR bldk fy aH%@JgpﬂhPorFWﬂ&f tﬁ@ﬁlﬁalonal attributes of the

i nents, the offere S repr Esent th tar get
r edback @ncqmmhtlmawyh Hy furotienad andfongfuled attribytes ththvéﬁocks that are

lsenggr% ?%?go it. ”lthhs lél g%%te&%%%n ethé’s')’ égn | la;hﬁt?‘/lﬁ%gonrlanufactured by the

arane ions o ever
e ntfexcéional a‘antbute:sns terniériaticiboted pm:jxggatims At@ibotepaypagdtvo is described

provi de assi. 0 _a,.user tti | ng | .ock

e BER S DR e RGPS o e SeReli B 15 ERn
r edield i6 mainfpresgonsitfel for storirg tkmmwne@gecdmaﬁethaﬁ@e Bag to serve as
prevent ser. manuf act ured b conn

e bl ocks )
i nCBHETSIPENPCKARPHS NP USo iS4 F’é‘ﬁ@fsrﬁ‘ﬁit %%ét‘f?ﬁlf figas qyping

20pURkécutiyn emalbdi@bl e dat abases that may be used to
facilitate generation of nodels include the Sw ssprot

databas tp://us. expas /sprot), |

(Pt ¢ o7 ERIoREH HERRT RS0y Sef et tegiapthods hopmy be

( htcbtl@gdriz\éﬂ\lﬂé iR nﬁiﬂgfd@ thata ﬁd]&’s Rﬁthléﬁﬁied in editing, methods used in
(http://ww. gengne. ad. | p/kqu/k n%

Al tcemﬁ%wvépg mefhods ssd i1 GrEgHTIOpy ca% mithedsteduafigsidyin

t 0 sagihg &% %ttm(l% 41285 8% BeldPOr thoblobia CMkihbdd isB@in edltlng are

creatlon dels. Blocks in a block diagram may

25yi replieg byghe blopk dipgrameeditorin ardgetoi rgper thsblask aapm@@atw eﬂ:tlbe GUI
as Jegh ga&bﬁttb‘l’&k did3HnG FoPRshilatl thllst se{ 61* thHESHs Sndyifclude a

equations in the mathemati cal
BlockDrawlcon 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
30 the block diagram. The methods used in execution include a number of different run-

time methods that are required for execution. These include the BlockQutput,
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for the dynam c system In the context of block

di agram software, it is beneficial to include other
wooobrozdsebl ocks that do not affect the equati oPST/US200$1€05303

dynam c system s 21 WD 2006/ 025861 PCT/ US2005/ 005303

nodel . Such bl ocks help inprove the readability and

nmodul arity of the block diagram and wield no semantic

i nfluence on the mat hematical nodel. Exanples of such

virtual bl ocks include virtual subsystens, inport

bl ddeckUpdate.diiogdieriviivgakethods tiat teabza toe Obipot kipdatgpd Denvative

Fr le [

e DR R et o the QR (Y T i B ARG e

t henatizels setvesatb b@ylsmlemme rﬁcthtndsswbemrd\adﬂdl sttchtaeﬁle J acoblan

lr Z%’r% S et% bﬁ’ r%(ljrogsnﬁs I?abf“ebi)llsg L Ig{txﬁh € Ev%l S&C%Fg( %nd process
5si @Bﬁh&ters’ﬂ@leﬁﬁﬂtneOﬂﬁd&tHﬂ frr@ﬂtodSIIgsrhah]s b@fnoteh ghat there is no explicit

sub§¥ em ar %)acce55|ble to &%e constitue tdblocksd

4 ARl s rag BRI hecmse DES AT whsete apdpropgpsed ina

S Ulisyesére MahherivitBclO@IliYel diddsitd Bd16W kiScorhectidh vwadh thédikcussion of the
into the mai n bl ock di agram nodel during the nodel's
ex SR engipe h#h a virtual subsystem graphica
entities, called |nport and out port bl ocks, are
prOV|ded to deflne n connections to the par e
s, ﬁ,g

10p| ock dithipresAmbpH i sradebingrngireyaent 110 eluges a knowledge base
| ndisg ﬁ{a?aldgcc;ngt?ﬂb@ibn bhi peah. $ Qﬂf‘él of ¢ %Bécﬁ’lﬁeﬁtéj tﬁﬂ%owledge
parent bl ock ram 15 As noted previously,
f adpso 3tSthentm@@| mo ¢lg for apmoup reaghiens. aadelx@hsisestn dg@mﬁﬂtodlments
Sy

o SRS el et M FecBhor R e WSl PR pARETR:

Cc olldnewteagﬂrbaéé 3¢l m@kglttrdhmmemmmmpedfobﬁlealsm rz?glematively, the
bI a
ou?c%lé Wdéegbnag%] ?yd IPa)( ﬁt?er%%gsgr}st lodcls rolé ﬁlg é'%aecg %n {]ﬁhje pser dIP some of
20 tlseshbddiamits, bhoakesed rBydeﬂ‘sa:epneﬁgut e bsys reswsovwith varying levels
eac e one can cre ans Wi th

"R e o Prrb iR b e e SO IS e dpemerersor

no ihdigudiots eMteddndbilitiEfandnigedieadtioas. bTiacknodilcige Bise 350 may also

A@ditlgnally, subs st ens. pr Xﬁge a way of groupln

bl FERAIGASHEHE AH ram%ws&% erant GelesHialign Qs chemical or

20C OMbsdchétfical rts&tlbﬂ”ppcﬁ%xhiﬁbﬁ' 186l k€M Ed R baseIBOt prevent a user
constituent bl ocks. To enhance the nodul arity of

suRApetagtyred hyisqunacting lasksupgossistntayithhe modeled reaction. Examples

ag Yt peRicBPaval1901€ §§tal§%§es§ﬁ‘aft AME e uSedb fANRatl lg@h%a?loﬂ"oﬁ’ BioBels
t he subsg;ten1to be accesséd froma sin ,

definaheds thedwigspsef| daipbase flati:/Als. expasy O FProth gﬂ@ﬂbsyst

The,.qr.
Spe?htlﬂji.%m&f nlgll#g \_Q Gt ﬁ%tégxg ﬁ{% é {égs/yw@\;}%% !gzg%de) and

25ar KEGo (httpi/f yelkegg? bingd k4] tematmelyathe user may
su %?é’\i?éeeﬂma@?ﬁtag%@s 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
30  block as non-virtual indicates that it influence the equations in the mathematical model
for the dynamic system. In the context of block diagram software, it is beneficial to

include other virtual blocks that do not affect the equations in the dynamic system’s
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virtual subsystens. Virtual subsystens serve the
pur pose of providing the block diagramwth a

w@ea@phessal hi erarchy. Non-virtual subsystens betEUS2005/005303
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i ke an el emental 22 WD 2006/ 025861 PCT/ US2005/ 005303
dynam c, systemwth its own execution nethods

(Qut put, Update, Derivatives, etc.). These execution
methods in turn call the execution nethods of the

constituent bl ocks. The classes of non-virtua
s u moylslt Sneh tlecks help amprie e the ugsdlgleitierpnd mpqBEtY0fdhedflegk diggram
|
4 st Tho SHRRHEIATErce B il fer i AIMARE Ko Rl BHRER Gt
us etqqks mnludwdlaharsubbestmgst inpa@dridiks ianheltpyrt bleeksubwsdreator blocks
subs &%pgm(gqmﬁgcg;e non-virtual subsystens that
ex&cu I en a precondltlon is fulfilled: 10

Enabl ed subsystens These are simlar to Atomc

subsyst exce stituent bl ock nly..
oxoout o IR B et et R B et P Vet be S diagram
gr @@b@th thé BT EEsPstentd. IAJABE RGNS RAbiGYEsiRrind BR8lovAREa collection
sim]ar to Atom c subsystens, except that the

c o5 PIPTARbe EIPERUSHR 5 BSI6 BlaF i GHPUh 1S Qi sighel. Jne input

f alhhd HEp&ishidls of the SERYstON afe dcbésGBRIth M coRRitSnIPBEks within the
feedi ng the subsystem Enable with Trigger subsyste

Theksygema- AJUbsHEten et Yirtydl suhpsystae ipitoioaptines blgeksia ol back
an %J FHeQREh BcE Htagrx&txﬁm‘a A RO MB YR ¥R L&HB. \ﬂtﬁﬁ e virtual

su syst ens are connected to action-initiator (gq
| fubsgstem 'gRphicalratites; called anpprt and pripert biopks; aremmw iditp 96fme

N8 nd 2ol ﬁté%%&;egﬂ El{ztﬁg%?mt ’?he%%m%éx@gﬁﬁ 811'( J}Pﬁﬁ&s indicate

sub ystens are sim d subsystens eX

t hatturmakthrovgh aigestennnegfiort todhé' pamerth blogly diagiagnal has been
del egated to an action-initiator. Action subsystens
define a new type of signal, called an action signa

t hat si gﬂinf)tieéﬁrdwh)iusiy to Sacilityts herdsligy ﬁlrtydmgamdle@ntmex dynamic

execute by the on-injti Functlon cal

S B hiers R BB L b kA, AR e feciltates such
colidyefihg malmm@SCdlmb@n &51@k§td>bﬁ:)t$ﬂr&d’6hﬁefﬁ 8y alsimglelgek with input
exec ted mhen | 1.ed by, an owner &Fk The owner

bl . :
bl 568%° énmﬁﬁﬂimgwﬁﬁ§P§SpB S SHRSYSLrp @iFcessrible to its

befc@tﬁsﬁttﬁ:ﬁﬂ B1bdrS. Eﬁﬁesﬁﬁ@ﬁ%ﬁsﬁms Ve EdcQRel Yone EdiereAVBIBEK
may al so read output signals fromthe subsystentafter

c aldfagrgns; with qrbiffetyi layereefiierarshup shies! rpsuliopichidhag np gypact on the

UY RRafthg %Fﬁx@ llﬂdcﬁ’ Blagﬁm r@ddlt?dngﬂ? subs%@kﬂn?ﬂro@tde away, of grouping
functi On cal t hat cont'ai nS no dat a.

us éunctts)toeethtrraed ta lég ether blogk diagramicortmiFty tq:l@tmeemmﬁ%control
oW rthe?’c%nQ{t {nlf bl%&g *fg' ‘é‘tﬂfaﬂ%‘:t dt‘f]ﬁxll r¥ of Qtpo%yﬁerﬁs%odellng software

Function-ca owners na
also allows aggregated list(s) of parameters of the blocks within the subsystem to be

accessed from a single GUI, and defines and displays special icons on the subsystems.
The process of defining the parameter list and the special icon is called masking a

subsystem.
There are two main types of subsystem blocks, virtual subsystems and non-

virtual subsystems. Virtual subsystems serve the purpose of providing the block

diagram with a graphical hierarchy. Non-virtual subsystems behave like an elemental
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thensel ves as an "interrupt” source. In sinmulation,
they sinmulate the effects of an 23 WO 2006/ 025861

wWEREDASROD5/ 005303 interrupt and in code genep@Er/UsI05/005303

they can attach thensel ves to an (asynchronous)
interrupt. Wile subsystens and For subsystens. These
subsystens execute the constituent 5 blocks nmultiple
tinmes on a given tine step. In other enbodi nents the
know edge base 350 may be used to facilitate further

or dipnavaideystanneréh st awd exgguodn mpidodedatratl Undatet PerivatiFesy etc.).
re)e(%lrﬂgése ecﬁ?gut?lgg He h;clgi %‘gurhggltl HJG%‘;( utlgh A h%g; of the Ens%lrlllt blocks.
bacterla t he know edge base 10 350 can be used to
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r eflemeswed nodel s is al so generated. Virtual
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e CO e IS generate code representing 't
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su beg&atlemsblbréds auky ekeduea alrene| résiregenglfor zﬁ;llmagm gnabissbamn a triggering

i on net hods (CQutput, Update,

It
Deﬂg@%l fsﬁfio’igqth%f Sysrten:fhese execution methods in turn

c alHnableevie EeiggéranbsBieAndTheat afche imtemsdtioh uethe phipeics of Enabled

Once ? bl o(ﬁs gl agram nodel has been constructed, nodel
ex @B T

ti DRtISH ibsySems. BREe ubsyfeais-abP@mhédt@lto labiustiHitiatdd €e.g., an“If” or
execution begins when the bl ock di a%r amis conpil ed

TheSwiehsiae Rlfckye et ehplicitygomman

SFFTTSUERSEMEd 25 out over a user- speC|f| ed
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S SR R D5 PIBLE F08c  bme

25al la solpsystem tivalissondy eresuted RienABI2OBHAD@BEE block. The owner block may

30

PCT/ U82t005/ 9053

compute inpu mgna?s for the subsystem before calling the subsystem. Additionally, the
owner may also read output signals from the subsystem after calling it. Function-call
subsystems define a new type of execution control signal, called a function-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 also designate

themselves as an “interrupt” source. In simulation, they simulate the effects of an
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| us nethod is called for all blocks in the block
diagram It there are any unresolved paraneters,
wez@eorigsen errors are thrown at this point. Dup€TgsSioh®005303
configuration and propagation of block and
port/signal characteristics, the conpiled attributes
(such as dinensions, data types, conplexity, or
sanple time) of each block (and/or ports) are 5 setup
on the basis of the corresponding functiona
at tinteroupt exsd iarvdd¢ gememtion thbyitasattaéh themeddwes t¢ an@bsypichronous)
ponnm%q#hat are connected to the given bl ock through
|i Hes he attribute setup is perforned through a
process during whi ch bl ock functional attributes

Vbt oot T PR oo P gt fen
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po tfgrrm lqghus which 0G0 plgs a part, ergt, eblemotargs. almrthin gvaly senlgroaiges .
;FE gm eé'lsS ansdm 'P?%gﬂ'ss c%é%% | 0 {Iol‘i Enevgplélgs::%lr\érgnnqgn v\i‘fea(rr:llﬁ)% aﬁllli%ved.
bl ock fi nds |tself. Included within this step are
ot her akmirﬂtqsh® emhodimenty aieirdralelin@ertvtranmmt [110 provides libraries from
sragg=4r Ltions d I e
57 oo AR Y Ml g WS R P bl PR BRI by Sraat o
bI aok-sirankblbeks iga nedel, wHdlleer oonqiphaiof o tibatye preahcﬂmdca@n the model

ol 85 R Rl EopBn s TR® chsebiabiioptc iasBerpb ERee

di agpiaabhtingithd RfGerRtEModdINR alkogbnkasted| ocks in the bl ock
di agram are optinized away (renoved) and the

remai ni n-virtual blocks are.rec

ot hor o grBbTRlas e U RUERRF LS OAPED g ShEan with

20bl grdphidalagdranchyvi Non- a@mwlaﬂub@lstemk bela@8 HRE4r élélﬁeﬂtﬂ dyBaic system
hi s point, forward ut.i on

fromt, exe rocess. The .
ey it e op Pstods (Gulbi, ﬁ?@@oﬁﬁ%ﬁ“& ) Pi691 RBesEgeRtion

dl AR HO8M dAAthd WxeaRDA hethbds 6f thé BorstiReMiks.i N

whi ch the equations (nethods) corresponding to the

i ndi vidual bl ocks will be solved (executed). The

actual ppeef blbsk (ﬁ@érﬁﬂnzi‘llld&él 98 b8 BoRRFhc ! 1B&E] E&ution is carried
sorting step in onpi | ati on. Once the conpilation

255t ept ¢yg5a wn—ppeétf@d timerspars F 8 8¢ ob pssespaciiedanpube The execution

ch 3 ﬁ&delé?lr tg%glﬁio]ﬁiﬁ%a&% ltrl{]n?ﬂee nTR% cJ‘nﬂﬁle% € hlagésquﬁﬂjz &f model

exec t| on. conpi[ation's age
rmdmcutwrnmdsnﬂQWS\Mﬁp@nngma dtustwrgsraod ecduating pgrameters, configuring

m)gn?(!l @fop%e 1g%b ékn@aaagtepgﬁ"cs tge?ermﬁl? gf QBHchomé?c%@Sy,'Eﬁé{ peor%orming
block reduction and block insertion. The preparation of data structures and the
30 evaluation of parameters create and initialize basic data-structures needed in the compile

stage. For each of the blocks, a method forces the block to evaluate all of its parameters.
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WD 2006/ 025861 PCT/ US2005/ 005303 code is generat ed,

the nodel is sinulated/ executed through accel erated
waomloztsson node in which the bl ock di agram necteiUS1005/005303

portions of it) is translated into either software

nodul es or hardware descriptions (broadly terned

code). If this stage is perforned, then the stages

that follow use the generated code during the

execution of the block diagram 5 If code is not
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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
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30 PCT/US2 8(6)156/ OO% (l)(%o 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,
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real world systens, the response of the systemis
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enconpasses both inplicit and explicit 5 differentia

equations. The class of ordinary differentia

equations may require additional equations to define

the system bei ng nodel ed. For exanpl e, equations

called projections may be required to inpose

consd/preatrsvoequatensd At ey giner mbtanipf ligls| digse(aguajions may be viewed

st . t | f e

o3 B R RSl Bl TR LAY S5 D6 o

a soupli Etdnpasitiat thetrting thehvarrditisfagr @iths gisteex) datsyswm parameters,

Al th S 0.i cludln OJect

cofOHEF RGBSR g sgprgion of e
- 5i ndb'mmhﬁehl]}'&hmgﬁﬁ‘g cd)inﬁgmmﬁ dfahe BhigmbFar iGst@aahia@hgsi¢ad system

L e categorie systens. ' Angt her exanpl e
" s Mgt Top e gety i G et 0 P S Qe spaber
d evENéity dfaBe Yintifluml SHEREN, 4 Qgddfrocedrpepdan thaaAéOh signal
di fferential variables. The Jacobi an_equation is
t y Sioukh maingwecapelplaiedonsAnpnines the fiatpekhe susiem pRtemstersme the
of nAmBGdx l'e?fé@é}ftatfm%? kheQfati@ QuR¥&ledlg) conkzuldtiBR 8F thBRH&Im and may
of a set equati ons. Jacobi an equations are required
10§ o be yisied poropstagifcocigipnisiie Hie syyiere §reaations: Fppihe pendulum example,
pr Q%Hfahﬁgar fshfe lehBRAE pRIRIN SRAGE: thi ﬁltmgﬁlﬁi@a%z ﬁﬁ&@reig the
its steady state operatlng point, etc t put
andalpey ¢fylg filkes tapsq Mmuintsors@@mmyefblem C@meeﬁiﬂre‘(';llth the present
def t XD
\%ﬁ tl&lultlg gfml.l[}gl%(%v'aﬁﬂ%%ﬁ&ﬁ 'Ifhg ﬁ\%&tﬁb\@oﬁ% (n)lglg eof I%%édgt e Jcﬁusetts
by deflnlng a relatlonshlp mhere it resets the state
15 ?Ia?nl; g?Tb\%%rﬁsenp sg tem % a g‘(i’)tﬁ a)melog nmaﬁlg:&gé%aﬁ npogﬁlasto%hastlc models,
mayo ek sypebef m&hﬂnit&apﬁﬁde@r usedannhe study 6fdyAmaicysgsiemofdiféerential

Ve Eragoes B oA B eyl B A PR g Sy afe st pe

t y pemathefiadidabapid dadcribBdShtefe S6ihE Hiagabyd Hemhtidl Shigions (ODEs)
di fference 25 equatigns as depicted in FIG 5B. The

- dy Aatisder et anTIEn8As pEhs dynagicySep SB7 srefidies aeraf fumequations:
20 QuicRighut SParNserivRGA 60 e Ol %ﬂaﬁéﬂ 5cafdélitaRR tRl@mputation of

facilitates the conputation of the systenis output
r e SHSGIEIBMZHOUEPUYTOTRANSE RlrAESTY Pictimainstart ag aﬁ'ﬁ!h’é‘?ﬁl phitsgnpyth states,
| MPilafch Bma T1S DRy BIVE Eh4n SDER anRARMFS Utfcfoni@f Fhuation
tinme. The Update equation 512 is a difference
eq et pdawvs thagoreputatigg of the denvative af the atatgh at the cwrent e as a
t h?ltlxﬁ:HBﬁ gﬂhe &-@H@ s st@teg’ %a;aH{éFetré A R&e tﬁﬁs &1559 g&”ﬁmdels 1s suitable
states at revious tine, paraneters, time.

25 Th ifer spbtams myﬁhlchm dismportmt mjtrtcabheesyskom rsgwnm aicontyiogh
d Sfllér?:gl?rggg t(l_)m ntrés Clll fgo 1{130%% t]tglz isalg éll%é %rrrgecr FRHOR I%re%regetntatlve of physical
ar eydtend @schanidag mreﬁseln élacttn&/e&) lofweR &, \Pﬁy ﬁﬁg) @also BE Bﬁe’ful for chemical
PCT/gﬁz 05/.005303 di screte-t
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continuous-time systems can be useful in modeling cellular metabolism while stochastic
30  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 y(z). But in most complex
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be possible to use the Qutput 510 and Update equati ons
512 to obtain a closed-form solution for the output
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inputs, states at some previous time, parameters, and time. The Update equation 512 is a
difference equation that allows the computation of the states at the current time as a

30 function of the inputs, states at some previous time, parameters, and time. This class of
models is suitable for systems in which it is important to track the system response at

discrete points in time. Such discrete-time systems are typically representative of
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that fall into the four types 'of nodels discussed
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30  distributions and normal distributions. In other embodiments, the user may define a
probability distribution to use when determining the time value for the occurrence of a

stochastic reaction.

29



rate at which the response can be tracked. A
conti nuous-tine systemis a systemin 5 which the

weaborisens of the systemresults are conti NnUORGT/YS2005/005303
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a QbR relaam,ﬁm am&ogbs&ytsg &mgnais lwiHRS phrid oF 2QPQerfard RBvated and
cat egorl es |isted ove. Therefore, a conplex dynamc

sy SeacHaeydBmepseRsied as an interconnection of various
sinpl e .dynamic systens. A schematic representation of
such an interconnection that has evolved over the

years i hhegnt n@®wroderchsss of PermISODESIifioEB08equatens, algebraic

bl diagr I
S S Y R PG R Gy B e
j otimeahteryal dt shasd, thaimgutspéaté, o gapute (wlleqmvelgrm&med:@tas the results)

t h%f ﬁix%ts?sltem are traced as time progresses. Based on sample times, a system can be

described as a discrete-time system, continuous-time system and hybrid system. As
noted above, stochastic systems occur at a random time determined by an operative

probability distribution.

A discrete-time system is a system in which the evolution of the system results is

tracked at finite intervals of time. In the limit as the interval approaches zero, the
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of a dynam c systenmli s behavior. 5 A bl ock diagram

nodel of a dynami c systemis represented schematically
w@2008/025861 | ecti on of bl ocks interconnected byl PaEESI00E005303

represent the input and output of a dynamc system

Each bl ock represents an el enental dynam c system A

line emanating at one block and term nating at

anot her signifies that the second block is a product

of the first block. Those skilled in the art wll
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NMDEa¢ ddsbiebddbly@h DI E. AheRNERE b5 176 bEEBmRIAe nlilious-time

cl asses of tinme-based s cont i nuous and/ or ‘
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di S¥Re-A hyhsidsystemas @ wépbw%b by disgrsisrtiag andeapntipyoyefime

di agrRmshodel s are tinme-based rel ati onshi ps. between

20 signals and state variables representative of a
10dynam ¢ system The solution (conputation of system

respons e, §fioh s BRYBhe dii Al BELRY ARG 1 NS

relati oﬁsahsi?ptg ovser ?i rree,a N ere trlltﬁmsé s%ogaré?ss&% agHJHI fm has

us @w.lté[ﬂ@sﬁnml@@mws ttas said orhe'mudinaiate MMigltigete gystems can be evaluated

user.- i fi L i " ti A .

P BRRER R 2 APl B SR DS L7 bl Rm o

r eprEstot. Wheampiltiiteking katcutbrangeedpiteonfoimmetp ran thohbtesie

15 SRt E R RP R bt BRAC: By prdRA PR o) WeSeheine

r elddgdrDingd Yo p Stulilpebgrepming if adisd-Radl-Hina Paviyémdah | AASMa0£1

def | ned et s_of_ equati ons represent y . bl acks. .

T claBsy S s em eI ey aloatr GHERT bRy Reevperotgumerical

| Npritersicinelves bedll Rd. AifBaS@p systdndfs®ne Batludel BBixed-step solver.
Inherent in the definition .is the notion of

par BiFe kP SOIVEHR itypically ase fglicip pethpdsip epmpute themgxt continuous state at
20€qYRbd PR dicIRtetvhlsio? tilEPRNVERIYIe-§t&p HRfef it BAS thi i96King a variable-

di agrans are not exclusively used for representin
ti 56D Bal¥erdAdpriais-eter g ve ean Brgreitherdmphgt orsxplgit methedsgo compute

of yeOPULALhIRs st'a:lfgra_t ngl;pépgd%qgtg{vgl%%gﬁljne Generally, variable-step
PCT/ US2005/ 005303 1 nstance, flowcharts are gl ock

di agivensusamsioom pberernronird tpadust i ihtevw sizedsugh thantbe desired error
ge i e for describing dynam c system
beﬁ(gél%éérega%;ﬁtc}tg%%dbw bl ock di agrans are bl ock di agrans

25t hat describe a graphical progranmm ng paradi gm where

it geus 2\(3 | 1')(_)1%(% flﬁ!e,iteltngt'pg%(%r et rfgc))(sé gfﬁﬁticie %ﬁtteg]fg,urgghergafnicglsm&%lfsetgrs giynamic
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 simple dynamic
30 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
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5 bl ocks, where a block represents an operation and a

line represents execution dependency describing the
walcooeorisen of data fl owi ng between ' bl ocks. AsPCEES2005/005303

herein, the term block diagranms neans tinme-based

bl ock di agrans; used in the context of dynamc

systens except as otherw se noted. 10 A bl ock di agram

execution engine contributes to the nodeling software

task of enabling the conputation and tracing of a

dy Higrfileek giyagrasiy Syicly prluﬁlggrﬁ@ﬁm@@tmw@‘byeqoﬂ@ a sgnderk means in

O ST S, SRR BSTERGE G5kl v

proﬂmdﬁwam:$ﬁﬁﬁﬂﬂwmayoexecutable" version of the node
that is wused for generating code and/or sinulating or
l'inearizing a block diagram nodel. 15 Execution of the
5bl ock- dAa)gcmkrmidgmnahmdel o€ f dyiiaadc bysteasis sepresented edhematially as a

VAPl g oAk M G B Btsh NP i s gt ore
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the result of the conpiled:stage to all ocate nenor

10 20 ¥R tptemerial SeRi ST PULHEY Yis FBkide eBTBRAsting clements |

of tﬂahedm es&bmtﬁgmﬁbdumﬁylomkémaémge al so produces
bl o met hod execution lists which”are used by the

S|nulat|on or |linearization of the block diagram
I ncl ude :
0 e e

me s¢ayeieres ef sgmpbrso'ﬁiis wiew maturallyifits iato the {ime-dased|béock alragram

A IS P TN 7
| i herefit aﬁiambta‘ to aodoltbe im&nmnoehetwetleDBP syskemﬂnkl@dﬁ:r blysses of

Y e Bl B o B Y A BB e

generate code. In this stage, the execution engi ne

may chogse to transl| ate the bl ock di.agram;mpdel (.or

30 port 19 ‘t}ﬁ’g"‘gfr %3y) blo % g‘a%ﬁa‘ﬂlﬁ’é‘?d%g‘&f‘ t WB? Bassg g%?‘té%“l&?s between
20 hagigdnas alma@varﬁbleefb@re(smtgmloyau%m@l syRRE€ )The kbluiidd S

stage is perforned, then the stages that follow use
t hEEOqWHIRfian ptsYsisrIdesPanIe) pthe wedegeeb}em%bwatuﬁ@naﬂh%k

di agsRMhipd oviePiimie, STREEhS staltd RRSDerCBEREET Gl tirhd¥Sd EAR at a
33 WO 2006/ 025861 PCI/ US2005/ 005303 executi on engi ne

us sserapeci fipdesigp dmel-Eagh gealwtior gEbeseirelatianships isaefsiredtto as a time

di ;

05 S0 SRR e s BB, RS Q588 o o
25 be@auﬁ@ommwmmmen thedlack difgping’y statiend gdp tlm@t Bhegrelationships

Upr PR AR e SR Es SHARRAN % R fiong reppemed by
enylonks. Whess emwsmmjdeéihe o reldtipophip 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. |
30
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
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5 execute block nethods in a pre-defined ordering upon

a sanple hit to produce the. systemresponses they
w@baegessei t h time. Deternination of putative rPerUBmN5/005303

times relies on the size of tine intervals chosen for

the sinmulation. In; order to understand how the step

size is picked, it is first 10 necessary to

understand the notion of a solver. The solver is a

nodul e of the sinulation engine 120 that is

r e $}5ESe, Blow-ghaits gre piagk magtjmts\medt ta§mture(pa<)ce@ﬁeti®f #AArATeEE!

h
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hundred second so as to assure the, car
st Bjpsk §&g@rrymoqier1 Athexepitigriengine gatieseud dedashord corppifing @rgi linking
ti merlgock%%?élﬁ?ﬂ )H'Bélce taﬁ‘e L&éﬁorﬁ)(ec%aﬁ&h 'VCIF {o %? th%tnﬁ)Qlel that is
sol vers erefore, are desi
di 9eqdefpege@y®tlw@dte Iaad/ommatmg Qdinenrigting ablpelsmhgramnncaiel
15 ;'S éggcgglogﬁg @g%‘r?glg-dlagﬂ% g Iglgsg)/ {é f%ér?ne% Ctgtralig Bmﬁgapgx eﬁ}étcl)ﬁxplle stage
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o S 15 B e B o f SRk e et Pt dfing
a hiexechici s 80t se nsedNhsa ¢RatinSHEBlOCR akthod RSecdfién hsts In the
&B?ed t be a .conti.nuous-tine sgitenl For thesg
Pia#fs e EioR BRIRFUISPHG Bel Phihe corppilpd sfage &t ’é’F%te memory .

2ot hateded eordiRs xesiition Af ¢ vhrfiusToMpPorthtsOT theIsHkMagh#n. The linking
m ni m ze accunul ati on of errors. These reacti ons

r e§@8% dsqrraduses blgek mpthad etespiondists wahich arg ety hgsimulation or
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st dignedebwhish a@wstswfgwﬂmt@g esein” mgtheds¢-&: deckiseataiitintize,
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bounci g unces, how 't bo
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ang&fhgﬁb?%kc éfﬁ%%ﬁ af%%S%nugé%s wil.l dimnish as a

result of graV|ty, frlction 5 and other forces.

Varlabl ep.sqlvers a hese.ty

AR I GO TN R AN e S

us ﬁnsﬂagehﬂute ckdvatitredigiticanayahoddseo faslatarihk bldak diagram model (or
30 ac %grru%ns oiylt) into either software modules or hardware descriptions (broadly termed

code). If this stage is performed, then the stages that follow use the generated code

during the execution of the block ‘diagram. If this stage is skipped completely, then the
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nodel ed. In still other enbodi nents, reactions that
are considered "fast" by the nodel are assuned to
whane/ozsepl eted at "zero tine," which effectivetyusmases3o3
that they are treated 10 throughout nodel simnulation
as a constant having the value of the final result. As
noted previously, stochastic reactions occur at a
random ti ne based on an operative probability
di stribution, which do not neatly fit either type of
~ soleygaution ngedle¢s antigtegpeltys aogk 91 prsaeiondgsthe pck diagram. Insome
in [ h
a?%éég tﬂcguséiﬁgy ﬁ’tgtpg&se%(g%ﬁ?l%@ﬁ% dtihﬁ& i rptngHeel?]l li<ﬂ§gramgecause
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105 | mggessapy toyinerstandbthe potign of @ selver: FhesplYes depmediay of the simulation
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simul ation engine 120 checks to determne in the final

| at tine . has been reac tep 616 | ‘.
Eho s e PR SIS e ST SRERGE ub i hinser daptsoutive
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e he si ation term na es
of SO g?ra F’ﬁé‘?iﬂ tgmdyr?vi YR ofsyst nﬁ%} mysk RS Withiap eéP‘Ff’e‘i‘me

20 C lp@asbiétt BatenRY. NRSHGhRHICE Sn FRY- 10K b -sy$tBm@AE; be designed to control
enmbodi ment the simul ation en provi des a
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e 15&TH KRGy Sistp ptd g exeqyte Sélgh fr‘qnéwblinr?apem Bindeeith @@1) of a
andeAndELRaf bl RE cdr §t%b§)§a'fé]9 if (A8 bRRIrgs§sterh MYt Aldk BRets timing

context. |In one aspect of present |nvent|on .

beforsEaBisnili trireay qrashg tFmedétrp salqu,atger?f@res ere deslgnqdhe help model
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envi ronment 120 t oggﬂ %el.@ra{ Sl rru at Polﬁ%e‘?:gﬁte wﬁlﬁd &Qﬁxed step
25si mcammswrcsrﬂlstrthesmoéqltdmtem@@a as‘eratchwch malts t amee riegctions
re 0 the

ot ﬁncap\%lg ggtgxrcéd'l'g}@} aﬁ@%gte Sngﬁ u i es % case the )\//a Lie ofthe reaction

whethié be tdienlgeahdtdixed sinmlildudu@ zsﬁxndeadepcsblvreot may aI SO
be inplenented (e.qg.,
However, some reactions are defined to be a continuous-time system. For these
30  reactions, event scheduling occurs at time intervals that are determined by the simulation
engine to minimize accumulation of errors. These reactions require use of variable-step

solvers, which are designed to model continuous systems where non-evenly spaced time
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10 user interaction when a sinmulation is finished).

Once the sinulation finishes, the sinulation context
woreyelessst ored as a file, in a workspace paranetBEUS2005/005303

in sone other format. In one enbodi nent, the

simul ation context is stored to file. The file into

which the sinulation context is stored may be

automati cally: named. However, a user-defined 15 file

maybe used alternatively. The storage nechani sm for

saviepgare heedsd mdimplaterallsgamitoant hehavieradpr £xampls aué mgy whaet:to
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the context.as  a 20 platform jndepe dent
or 25T PGB AT USSR G FrR ety e ecurately

thenoﬁ@@@e of the present invention. The user i nterface
of the context restoration is achievedby st arting the

si mul at on. with a, carrespondin cont i
S ol e o e PR e SR e B Y i oder are
th assuﬁfeﬂw have a@ﬁpmd taf tAHMET wuicmeffafmvery s that tey are treated

25 way i.nued simulatio akes as a nts all
105, élﬁﬁ%&lilf’gt r(lw%i ign aﬁacww&%mﬁ th %Yalwf‘?bﬁ%aéresult

simul ation such as final tinme and additional out put

times. AQnéfedprviuby) s’ﬂédh@iﬂxc@émﬁ@istoccﬁ at a random time based on an

“StoreSi nul ati.on ext b et..int
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Si halhRhhAey ﬁﬂ)ﬂbl@st&%@ 1&lfhdtﬂg%tocﬂa&ﬁ1: Yeabtor8 W ECNSRIYr as part of a
130. Ot her inplenentations, such as_usi n% gr aphi cal
¢

el dierid wysiem isgluding beth gtachastic amlatherfinsatso Oclempenys gyevariable-
15US8QIvENdngae, fle fbilbvi S%Et%ﬁs%a W tig use of a flag. 36 '

WO 2006/ 025861 PCI/ U /005303  Addi tionally,

context' storage can be an-activity that occurs -duri n%

si nul at TBasipjulagon detggingsputatifg BneL Aot Fach repctenyin the medel (step

si Wbﬁ@&@}nutaﬁ&é rtelSEtﬁnéeMCS a]?r@@olﬁ’lﬁ%d BRYach Pechib; 1n the system, the

parti'cul ar storage conditions (e.g., when a certain

poitiftes pi¢ spiters by putedercorewrrenge Qmﬁun@ta state arsay(Btep §04)hén one
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The simulation engine 120 checks for additional reactions to execute (step 614).
If additional reactions exist, the simulation engine 120 checks to determine in the final

simulation time has been reached (step 616). If not, the simulation engine 120 executes
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the general nenory allocation call through a
regi stration nechanism A conplication in storing and

WO e®6/023861) t he sinmul ation context arises when BQUUSME/E5303

5

15

20

25

30

vari ables mx references and values. To illustrate

this, consider the attributes of a Runge-Kutta 45

solver. Inits C++ inplenentation, the class RK45 is.

derived from Var StepSol ver. The 15 attributes of RK45

are RK45 double t0; double *xO 20 double tl;

dothsinexteqitry 1n the §tafecartay (Step oftw bp@ewwq YI}e sirgwlation terminates. One of

r .

D iy B Rk b OB st GimcHBBhBEL fay be used

i nstance of RK45 contains value attributes and

r ef er enbeonegmbpdipignithe smhgatiop eegiah b?é@r@‘omsa meqbeiipin égrsstoring
efnhnge s'irﬂulﬁth(ﬁl dodte fc{ gl% Qﬁleg‘ﬂam&n fl% %thte Iggt}{re sititMation

tween sinulation runs. ring these
mayomte&tu It orieraspacvef thelpregheine v ios, ba’ﬁfre alndxlattobesr ﬂ:irtﬂdea flag is set

PR O Py S bl B i R BB b o

M/\Smﬁﬂz(ﬂ%@ca’ﬂ@xtfvd’renm simslhaerchnishes (RKdShecaubb thedinatirad Bdeached,
i ncl udes e fields 772, .774,. 77 778 '

7o 3 nlaion s e s iRl caleoriive piSdd To
793uerfing “blaﬁlbﬁtha pRiteashasd Bxdtsed borot hfagalsb lbl 1rhlblemented (e.g.,
S|nulat|on cont ext . qﬁ ry. f‘,alb éatmons Io% ﬁ ﬂ
Oi ndt g S inamen & s ayaliqnis figighady nRte heasmystien figisheg the
0 bjsﬁﬁilatioh abnted thay Hoatdredds alfllg, i @ Momshace MataieRRldr Vigkfe other

| obal table nmay be mai ntai ned. The first appr oach
Ie dtself well to the object-oriented coding
par adi gm whereas the second approach is nore suitable

to a prpca@endbdistey, he@imEOiM@ntet195@redkb hileethd methhs which
art will recognize that other nethods: of 'identifyin

andherfIPYIAEPY 9BIR0F SordnutderRuinmaicallygamsg. Hewgyer, a user-defined

Si md @hy S use@ Qﬁéﬁ’ﬁtlv@i@yﬂk@st@rﬂ@ rﬁé’cﬁgm%tf&‘ sAvihB theSHRASI R context
the present invention.
can vary from saving the context as memory dump, to saving the context memory as a

platform independent textual dump through a converglon process. As long as there are
no architectural incompatibilities between computer afrchitectur'es involved there will be
no differences in the results. Other implementations éuch as saving the context as a
platform independent binéry dump or a platform dependent textual dump are also within

the scope of the present invention.

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

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

To store simulation context, a ‘StoreSimulationContext’ flag may be set in the
simulation engine 120 or it may be communicated to the simulation engine 120 by the
analysis environment 130. Other implementations, such as using graphical elements in

the modeling environment 110, may be used instead or in addition to the use of a flag.
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10 In the case of a global indexing schene, the

pertinent variables are identified by a special cal
wobmpotdsey are defined, i.e., when their nmenoryCI/ES2005/005303

all ocated. To this end, instead of calling standard

run-time allocation procedure, an internedi ate

function call is wused that calls the allocation

procedure as done otherw se, but before it returns, it

regi sters the allocated nenory as being part of the

c orthdelittonall)&s coiot' stolvet carhiee dﬂudé»dtm@amhmummimelation G.e.,

f aCI hg)?tq{lttgo %n%éatre%quhon gu’{uﬂg&o& P{e“os [hcl)sr eanfii trl]ue useAénag s%eﬁ:lfy

t h@agionibestéragd condisiohs(es evfieh A cartaid gdaiht inaimre ibesached in simulation

i dentified and resaﬁred pon request: en.in

o dBih S RSB BT SE R ey B o S FBERE A TS o] PPy Scables

50f ckiBQSEhiR@6i18 restiner Picqhi@ice 66si@URAGM EoRRxt ile@GKth shdiShots of the
instances of nodel .parts and the nenory ‘they allocate,

whisEpHItoncRRtRX toves taﬁ gQprse Qi isHydationgui-dent i fier. Wth
the nodul ari zation of the nunerical solvers, and the
i ni ti at ivénelefbollinnt @ GG Bistd hrest Eehemory that
codi ng pri ncj pl es, the need for a more distributed
i nﬁP%ﬁ%ﬂrﬁ? the SiIation cantertyang supssaugnily callsanrpedisg iy storerand restore

be g Raudes] dARKE Mhe LAbEEYEntSthe SiRPAon 'c&qgﬁ r@fited areas in
pertinent memory, but to maintain this locally for

Oea@rfme%y agweeisiereid hefasera spmulatignss staed. oHjivis amplemeeiad by srouting
-~ an tl?ecééﬁéﬁl ﬂ?ﬁl&?‘jallg@au% Kﬁl ﬂhI’o%gﬁ Q %g@s’ﬁtan@ﬂ’ RAkliaki/: A comphcatlon in
.~ Several inplementations' are possibl.e. For exanpl e,
~ objsring erdiiestonnHitia senudation geieigxttapi sesadien aagngﬂtwvar@blas m@n
th
opgérfglielﬁ%eg Q%Je ryglf(])ers'rre ﬁl%{}gt%ﬁ%s ?Q%l&?\ﬂ% atttpiﬁltltgst. Sﬁﬁgﬂ@? Kutta 45
 t heolvenrbriys @*b*nmmhetmtrrlt@ehfthe dlhgsRK 4fcia derived énom@a@whsmger The
15SURROL 1S, %%&gggkge menory restoration for parts of the
30 nod%? % g.,” one subsystemonly) as it is object
based IndeX|ng the origin in the nodel WO 2006/ 025861
PC%%%IZOOS/OOSSOS MAS- 110PC of context fragnents,
p ally conmbined with a conversi on nmechani sm
bet weendéympe to;i npl enent ati ons, allows restoration
bet weend@lvad feo;ns and different conpiled versions of
oonodel s. This supports, e.g., having a controller reach
a st eadjoi@tig;, operating p0|nt in ‘simulation in
conblnag@gmawkth a detail ed phenonenol ogi cal pl ant
nmodel , ~ g&@id BY ‘the 5 context, and then after
generatlng code for the controller usi ng the sane
2scont ext g4 e kkiAal i ze the control ler code. The type
of the i ndexing being used, centralized or distributed
has to his is related to the coupling
of the B&)ejJﬁaaﬁga?ﬂexﬁennry al location calls: A
tabl e g&nég % of the parts of nenory that are
joPart of g XMen menory for an 10 i nstance,
IS aIIoca Ndexed as bei ng part of the
cont ext which alloms restoring it.
The definition reveals that an instance of RK45 contains value attributes and reference

1C c(:j)nst ou lc po

attributes. The references contain pointers specific to the particular simulation and they
may differ between simulation runs. So, restoring these may result in invalid references,

35  and, therefore, these should be excluded. Figure 7 depicts part of the allocated memory
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A straightforward approach indexes all the RK45
specific menory of this instance by <address, size>

wWda 200b/655861G ven t he base address of the RKA5 | mtEuS2®05/005303

‘10

15

20

25

30

and the size of its type, the entire part of nenory
| sroengppered part of the context. In order to exenpt
the referencing part of nennry the nmenory all ocation

‘ C@'}q for %I? dIs?aﬁnﬁé QPRR@E eﬁg %ﬁoc&ﬁ% dlaé}%&%ﬁ&ﬁﬁesb\%lhbe %elds 772, 774 776,

prevents re anc
rmnse,w&zmm ’ISalearﬂ;rB&rdiﬁé ifieids 1786, ‘X/&Buﬂ@b exprIxitly
excl ude referenced parts of nenor Thi s approach is

i | | ust FaP&asic Appogthes exiat fopracking thersinulafion poniext memory
d2idcakshs. gﬂplocafl%quﬁ ingSdchbifie glgglsethg?fljﬁgeﬁt% abJﬁs of an object that

correspohdi ng .part of menory
vialpagof drecconefxer Ahcmstlvdlbe,)a glomﬂ Mbl@may (13 nfldmtamed The first

f d vari.ab
R T BLE VRS tnd et BriP Sl PShe hiefigim Pk i gecond

n@ma\ch@&omt@bk&@ a pYSHeH@al ﬁ&@ df‘éSﬁhnghb% SIRASAMR art will
functlon a <ad ress S| ze> tup e 1S Create as part

olf%@gmmthaﬂ dther metheds qud@rtltﬁme a@@notmﬁatﬂle lpeémls of mekony used by
aﬁlg%ﬁnula neg%@g(t a&ri)e € é e sc e o tgle B&eggntf%entlon

Iene ion"o nt
|ndeX|ng schenes W th <address size> tuples one for-
t he cohthx taseeif: atgda@balrmaiexmg\schelmd;) dielpevtirane Sardadibs25e identified by

referenc 00 _and r. the parts of this_ menor
swefﬁgfﬁﬁwﬁ?rmy e %ﬁ‘l@ﬁ@é& “hndheif smeRstaoraed. *To this end,
ain%t@iﬂ@ of &@hrﬁ%(sgﬁrﬂia?@f;dn(&ﬂnﬁill&!a{l% Atdcedure alr 1ﬁte§‘r%d1at|e functlon call is

i nd eX|ng rnativel Y, t he <ad ress S|ze>tupe|
t w@d rﬂmtmal}s the ddadatign pudvedwrews tiong ethemase bst laforedt feirns, it

B it P L B P 6 5 RER soph ot oot ed

regl stration mechanism In an alternate

i npl enBteahatahe indeRingBORdNe 34h B¢ &achdedOtstody NAl SdlélYinformation
constructed but hard-coded as the set of variables

t Rafpcilifate fehqctiverontgxt W%@B/@%E@Blthp@wlgs?@@éﬁmm in a model
t
iR SR Pl PO T35 ol B OB senter

athatay&easf the geemaonf layedt 6fl Itltdse q:mstsaﬂ‘he paeferred entb@diment tracks the
i ndexed no ditional effort is quired to
ERBNE L BTOAL TP PG EiERIN Y 4Gt Pl i et a unigue

Sbsimeras | ong as vari abl es are declared through t he
standard interface. For exanple, the interface to

decl argy; ' t
S5 Set NEOR: LUAHE, AIGH E HPhUIHER s, and the inittive o
r @ﬁﬁaﬁnglwppliyeabgimmdmﬁd pating pst@pies,rible need for a more distributed

NUM, CONT STATES t he n f. continuous states. To
R Ib A Smiergi B Bm Cites i BORS JeHabls Bt hyve a
StlbBAMER| T peREheMBhbABHE Buf 18 n@eﬂﬁltafnrtﬁm lf)édl&fblsee@h%gj ect. A context
i npl enented 10 for user defined bl ocks

i $eRI8idV pigbjsetmpienants athaccessaagihodtorraalerijs qomtaxt aessldbleoSeveral
&pﬁérﬁén%gtloang %re possible. For example, an object could produce an index to each

memory location that is part of the context and have the streaming operation performed

by the caller, or it could stream the memory content itself,

This local indexing scheme supports selective memory restoration for parts of the

model (e.g., one subsystem only) as it is object based .Indexing the origin in the model



restored, a nmechanismis required to i nvoke the
i ndexi ng operations and to facilitate the context

WO e®bo2®6i on. It is inportant to note that thePeEDBI0Y5/005303
that is part of the context is all allocated when a
simulation run is requested. It has to be indexed anew
before each 15 sinulation is executed because changes
t oMWE-1dQBeuti on nay have been made (e.g., a
di fferent solver may have been chosen). The .
r ef enntent Gaepenss cpsionallyicapbnd with @ capsivien mpghapigmbeiween type

c o?gﬁl%brqgnclng 03218% resﬁ)l?agf@ﬂ blethe gﬂa f?ﬁr Ia%dtd ;énng géélﬁﬁ,méag/erswns

sni nt Si nmul ate Mode
Cmdf mndfds %mmpm; e.g.{ haymgSi pBtatlerserrbdietcady state Operating point in

S ASTATLS AN 5 del ) bRASTRINENLA AP by, srin

5 s s Caitdit] analtfen)aftef gepOra}ing tdde X&tthe efnrotal Ysing ths somecontext to

cont.ext for Ft% [ bl(% continuation */ if

(! é"(‘%%ﬁ%&l?ecg & ferfo 5 ssSet St opRequest ed( S, true);

errnmsg = sl1lDoQut put AndUpdat e(nodel ); if (errnsg != SL\

No Er r oThe typt of th¢ exdexisg being dddd Mﬁﬂﬁﬁd 6248 fibuted has to be selected.

T T TR T

d ekedpmmadompdmromeow thittl adé pLNofahndomrdxt. VERhSmerhddy If& an

restored b ns of

(gall to sl IfohadCont ext mgh is . .
10 BsiApEsis OCtaPF de"F AheingrPag Al the Gentexbghic WS Tpghrng it
resf @Ifa%hffbﬂ@trdl Spp@ich ifdRLE alle: RRMS @ehflcsndhﬁﬁy @f tﬁii,mslé}lce by
SI mJI ation e?roceeds as_ i1 f invoked normally

(Efsé’d“z HEPlesy @é‘;@@&hq@ﬁﬁ)ff@rqsg of the BKdg “bg;tlanf:?]%“d the size of1ts
Sl %Sﬁl@éﬁlrg ﬁlirlt of ﬁleﬁ*l&% 15&&1@1@&'&:&']45@“ aecansext flag of

the block diagramis "set by the user. The context is

witten.to a file with an ncx extension in one
i npl eneltATdR exempt fhedeierenging Rart pf PEmeRy e megogwaliasption call

15t Norithile RABREBY drRB1eO barl Hexp BELE MRl P&V eniIBEIAM S Pthaf WEuld be
context indexing is initiated when a nodel attribute
si meauEed whenthe &pe definition would explicitly exclude referenced parts of memory.

This approach is illustrated in Figure 8A. When the RK45 instance is defined, an
<address, size> tuple marks the corresponding part of memory 800, including both
values and references. Next, when one of the referenced variables, x0, is defined, in

20  Figure 8B, an <address, size> tuple is created that marks the memory 802 where its
values a;re located. In the same function, a <address, size> tuple is created as part of a
parallel indexing scheme 804 that keeps track of areas in memory with references. Thus
one implementation of the present invention includes two indexing schemes with
<address, size> tuples, one for the context related memory with both values and

25  references 800 and one for the parts of this memory 802 that contain references. This
implementation allows the exploitation of allocation calls for indexing. Alternatively,
the <address, size> tuple in the memory indexing scheme with references could be
partitioned when one of these referenced variables is defined. This requires a somewhat
more sophisticated registration mechanism. In an alternate implementation, the memory

30  areais not dynamically constructed but hard-coded as the set of variables that are part of
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is not yet set. This is to ensure that when a new
simulation run is requested, the originally indexed
woreemonyssss cl eared and reassi gned. O herw se, PCT/o82005005303
be appended and the sanme area in nmenory woul d be
i ndexed an increasing nunber of tinmes (related 20 to
the nunber of tinmes a sinulation was run). As soon as
the context is witten to file by sl1CtxStore, or in
case of another exit path (e.g., because of error
c ofieh qonisis )Botls indeking seha@enare woplementedand used inrdijongton with one
th%cftﬁ nnew si mul ati on run may start. When a new.run is
initiated, the first context redirected allocation
call resets 25 ContextlnitializationConplete, resets
t he i nd&ge thaavork azaysof ugpe défined functiotraespart fithemdexed memory,
tu e E 10 les I ~
ronp o ARE At ot el QAN ERceed WS RREIE U chffaion
5pamstienefas bmgtae xariabisero/dethed tirongtethe staafaed @recfase. For example, the
al THERRED goclft MRl b B o Cori G677
r e NV eOPNTi SITATES), vheielS refrtdsesabati@kticfiied s oden afd

de ] ion.i en made as to whether. 30.the user . ..
T eong, CaN oS A RO R R Ao Rebn S P o S syt gebitty,
| 028 Gpudrerst the g to $tfeamGelet i variabie o alieEdns HIM it KI8d implemented
capt ures &heq}gergry map of the nodel of the stored

10 o feraieer delined pipgk§at ed and when it conplies with the
checksum of the nodel to be sinulated, the context is
r est or eDue fohths indexihgpdeina iér thesadsSe meh@rynbateecd®Blsyored and
map has to be .conpatible wth that of the nodel u%ed,
t o "SIRI: £ MECRANINR KePBed Brnipole thepdexing qperptioggnd to facilitate the
20Q6:t0:d 2&@katifa Tt WSARBARIS 363 thab i@t edlorPihat ik BAP of Be context is

then executed and when conpl eted the present
si rirHeqatsd whe p sippulation ryp jsirequigsted ihiap & be indexgd aneyy brfore each
15N0kfcl1dtfdats SHRBuEPHIEN. RMEEs 3ake LRI PEIQh Tddb e 2., 2
s1DoCut put AndUpdat e that foll ows because’in case of a
f i deféeret eqdvesimay haeg bgenghesen). sl DoQut put AndUpdat e put s
the state of the discrete pul se generator to the next
point 5 tine, but restart continues fromthe current
poi nt . ThepgsteraBon prvicess ss inipéensmitpd @npad die saie pisnubationtivophas
th I mul.at.| on,.engj ne. na restore sinmulation contexts
angh? en I%E%Jésclﬁtﬂg%%vém%gé(;q%esﬁg)getbegi ns with the
20|l oadContext variable set to zero (step 920). A

S?F{S%ﬁg%%ﬁﬁsi%?”ﬁﬁqﬁn%@g? CaflErSeey®hon, " 17 one is

avdai | abl e, the. | oadContext variable is set to one

(step 924).. xt, t e reSi nul at i gnCont ext
vari abl 8%%[*3@@%0%3@&%2\&%% xt variabl e
5(step 926). If the simulationContext variable is not
Sot (st dpbomrConeranesel) 5Bl QEL B Qra)  Next
t he si mul ati onCont ext manpr?/ is |loaded (step 930) and
confi r nEhilos@etTEh e soedFmgl(FR {made ( step 931). If
the sinulation context has 15 been restored,
30si nul at ton takes place (step 933). The sinulation

context may be saved
: siCixStore(model); /*store context for possible continuation*/

if (!stopRequested) {
35 ssSetStopRequested(S,true);
errmsg = sIDoOutputAndUpdate(model);
if (errmsg != SL\ NoError) return(errmsg);
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foll owi ng sinul ati on dependi ng upon the user's w shes
(step 933) determned either prior to sinulation or
w0 nioenzssti vely. | f the sinulation context is tPCDES2005/005303
saved, it is saved (step 934) and the
simul ati onContext variable reset to NULL (step 936)
while freeing the assigned nenory. |If the sinulation
context is not being saved, the 20 simul ati onCont ext
value is still set to NULL ( step 936). The restored
simul ati on context may be used to run nultiple
anal yses froma common reproduci ble point to test
al t er natstwa@rmifpke restored sinul ati on context may be
used to run the alternative anal yses sinultaneously in
5paralbmiSmtmm@MhEiﬁbnbodlnent the 25 simulation
~context may be used to update a construction nodel.
The r esBefoad 4 Gmultion sterts, ftiigrdtaiiod weticethe se@l&Rn context needs

. Si ficant tinme ov revious, sj nul ati on nmet hadsg b
o0 sores o O et L RS oRET YR B kg e shme
su Matcelbn edll ih@fiset BB ithedrestorflak N det. abhcealid cvRtest ﬂg&%red)f
a SJnuIatlon NUItlpIe si mul ati on contexts may al so

105 o §eRp3top progerdsian iy ekedaermaily Orge crmpietedt e mdﬁ@edtrﬁ@nory is
Si RiekttyQRe $10HStRELAN i thel Sor8SIRHEHLRCoAGE 105 bethe bm@ 8iagram is
of 30 analysi's. The illustrative enbodi nent of the
pr 6¥viths Yol ADE PNte iyatiendp AdillavithAn BEX axtengiogdn one
vamhﬁkymﬁﬁuﬁystens and is not limted to tine-based

di agrans. 42 WD 2006/ 025861 PCT/ US2005/ 005303
I n anot her enbodi nent, the sinmulation of reversible
reactio .

S etate arrany SR FEGR: o bbb AR B IR e fiGrason
di mmhanms "The fordext ialgring isihigiared a&dlten @m0de1c2¢tribetle sinfndationContext
Sarlrs:anot ¥&! set Igiélgn tt8 ﬁggﬁm hgt vlahensat ae%v%n?}ﬁh? Y r&g 18 rgmgspag tae
Br origin@iéy inted nidniosy Beteared, annﬂ) edaksigred adthamgsebit aoald be appended

ski d, since.they canc n ot her out
oe RO TR suRe B BEtoard bs G R PElreSr puyp et BEiipgfpetated
20mayo e nexbarvd€ichet 8 sinflfidn Qﬁs BY) EAY @aﬁhé 0B Sortték'ﬂis written to file by
one anot her out

to cancel

%ﬁ%ﬁorpbors@éase rREFRShr Y BRg (e lisoigot ‘?ET"ftCﬂ'éh?%’éhl ts
9 eRRnAstRACHEN ekt HEresdt M Hndichie fha? B 8bW 8inhdfiolRYn P8y stiged by
an anal ysis environnment 130. In other enbodi nents, the
anal ysi s environnent 130 10 operates directly on a

nodel  t yheh Qne® AR iSitiatdE 'ﬂ?ﬁrﬁrstecoﬂteﬁi I%&‘lgééte?ltaﬂt)@dtl\ﬂﬁl biiBresets
for a nodel ed.system I nst'ead sinulating t stem

25| n ConietigtializabenContnicielirerststtlee mdm arthespayesi the fnzsb*Fa dgegg size>
i I r . .
S5 e 2SR B340 s e o
aI ge}h:rrmthm iridgxesithe prrtsof sontdxt tiice®ey ténttmdiann'ﬂfesqnctd'iastead of
an % %lgg\mi his rﬁgr%cﬁ \&ndll 3{ 1fs g"(%g[)lrl“f:'r8&l %t arllm)ﬂrl]eeskea aarfsg)te\xélgen atlﬂley cotn§eixt Bt
VaIrG:SGDraT) smcsysfdcﬂmtes’l.&)n@(hﬁorage |Al deteroniwatibo rsrtEelﬂflade as to whether

S0gn i BRI 140 SpRion AR (e Meheere Ry atiCpaleat as. 1o, the

S ensidel dhbedkyura il yphses the 6Bt maofaRainyddl 5 thp sfopdiiRioext is

Sca
vahdated 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
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paraneter estimation and network inference anal ysis.

The result of these anal yses nmay be provided to the
wa@englozdsson engi ne 120 as input for its cal cul BA¢T/OR®05/005303

The anal ysis environnment 130 may further process the

results generated by the 20 sinulation engine 120 or

it may display the results visually or auditorially.

For exanple, the analysis environment 120 nmay use

graph visualization techniques to identify to a user

Si ﬁinillé?tiogidwmaﬂﬁn exeruted ard whiypehmmetedthe present ainyuddtion context is

ﬁg\r& V\gﬁ 2831(';' 31%9% HEHE flét@(ﬁﬁ% tﬂ%;:&h \/\%&E% h??g)l‘ﬂe . hé Blfore the

an almmmmwmiamm flea(\)zstbecausmnmaseeoftarfaeg s sia¢, edaluating

ety TRE A BT s B i B R TR

SConlnecbutméstageamnmeeﬁarmfﬁelalrremf pdiie reaction that is
~occurring in situ. In some enbodi ments the experinent
i's conducted on a microarray or a gene chi p. For

exanpl eFj fe 4 £epiciths knée of stapsgdy\/»emclpme@mdpatioﬁ engine may
predicte a nodel but data acquired fromthe

ex ﬁ‘é?qfﬁﬂﬁt‘“‘ﬁ){‘ﬁ’a Fedexdsandiibgn exgaite rBteeﬁeﬁueasf‘e%egw@)&h%loadContext

t N@addhd ssto5zefA@lep H36). ATBNerihihidh isPnMREE to ®hdthSa stored
audjtorially or visually, that the in situ experinent

10angimuaiosceptexiivavadeple ¥R Hiomeéyavailzhle, SirdeafiGeniersvariable
| Nt ©onk R PooRs T INERD the r%t&@%%ﬁtﬁgc&ne)ﬁ v%eﬁ;ﬁ@i@ Eét%(equal the

t he gat hered data may etween m crowel
t héepdCertpdianene @tept%ié) dﬁﬁlle)zgméattqnéflontemmle ls not set (step 927),

of Qe BARFEL QBRI ROTNE sl P B RSy KT op

t h @3@)rvak1ygmfmnaeowoﬁtbﬂ lveding ilssﬁadw()step i93 halIf the dinfullatioe moﬂext has

3 Sqn g resqgrtecell dmmy?lat anrté Ses%nagcé Entelpnﬁg dsllrxfﬂlfélg rl?specfﬁgigen} ?%be saved
anﬁmllﬁwmg s1mnlaaombépending figmaheeser’ be;hsheemeb 1983) detesiningd either
periment and the

s BFoL PRt arersbon 4 s S GRSl sae s g saved, itis saved

ang@dtys93st) ktbthe tiANMEIGhContéN QagdldRER th NalLa (§tep 9:@ while freeing
nodel i ng environnent 110 .so that the nodel be

o i3S HEnRIgeRaTE  Fiihg B efieh et isaRbend WVed the ot her
20eMRREiIARATSntextivaRie AR 1S t& NAMI, { @ge3y). 130 graphically

di spl ays the expected result of the experinment and

data gathered fromthe experinent. In other

enbodi mgps %stoPJ&%nﬁﬁ&tﬂm%%kﬁh&j RhsbR{ANR hﬁﬂtﬁhé MR/sdfom a

analysis tool to 10 control an experinent that I's in

pr 6gMews rgpserdudiblapoinido festaliemativasndheresi@rdgysimyletion context may be

oo TP s R 5 A DA SRR BRI TR R rveimen.
25em§mmlat®ntcgntea mayckel userbtp updatb af:oxtstructloml rnculet eTiparcsactramicm of the

ms sunuléehon cpr%e)gt et%%lfgmf%?lﬁ tlﬁne over %re¥1 se%muf iS¢ ﬁt{?noc?s by ensuring
| n dcmlaicgsleiph’tahoit Haeingtte rga@n atsumuiathmsfo]f mirisﬁcn'y beim‘xwhiﬁibn stages

.heat a o the 15
exF RO e G2t G BT e e SR A
Of shmiatisberithahit Sieppdivanesimatisiethus helping in debugging and other types of
30 analysis. The illustrative embodiment of the present invention enables simulation of a

wide variety of systems and is not limited to time-based block diagrams.
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conpatible with the conputing platform executing the
i ntegrated nodeling, sinmulation, and analysis

weonsozaseent 100. For exanpl e, in enbodi nents PaT/vuki00$1005303

5

15

the environnent 100 executes on a personal conputer,

the data acquisition hardware interfaces with the

| ocal 20 system bus 220. In enbodi nents such as those
shown in FIG 2B, the data acquisition hardware
interfaces with the HyperTransport bus, Rapid VO bus,

or I'nf i Hi BeHdr enfprelimentahe simalation of isHerpigledagetiensgg aptimized. In
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acquired from the experiment indicates that the protein does not exist, the analysis tool 130
may signal a user, either auditorially or visually, that the in situ experiment and the predicted
response differ. For embodiments in which the experiment is conducted on a microarray,

the gathered data may differ between microwells. In these embodiments, the analysis tool

43



as hard disks, floppy disks, and magnetic tape;
optical nedia such as CD-ROMs, CD-R/ RW di scs,

wodeedss1 DVD- RAMs, and hol ographi ¢ devi ces; PCT/US2005/005303
magnet o-opti cal nedia such as 20 floptical disks;
solid-state nmenories such as flash drives, nenory
sticks, xD cards, MuiltiMedia cards, and Smart Medi a
cards; and hardware devices that are specially
configured to store and execute program code, such as
appray @earigsrihasyssieiof Ihe shtheregdaa. dd obiris ofiihesg empbodumiens, e analysis
fi r ‘
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Ap B£8R, BRLR), WIsAsTERZIH, apd WREomndgrds: UTF-s* 2>

Although the systems and methods of the present invention have been described
25  above as executing on a single machine, they may also be used in a client-server
environment such as X-Windows or Microsoft Terminal Services. The modeling
environment 110, simulation engine 120, and analysis environment 130 may each
execute on separate machines, or they may be aggregated in any combination between
machines. For example, in one particular embodiment, the modeling environment 110

30 and the'analysis environment0 130 execute on a “client” machine while the simulation
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<nodel name= "Fi el d KorosNoyesMbdel "> - <notes> 5.
<h1>Fi el d ; Kor os- Noyes Mddel of BZ Reaction</hl> -

woaba@blogssbor der =" O' cel | spaci ng="0" cel | paddi nge'R2U52005/005303

5

10

15

20

25

30

<thead> <tr> <th align="left" valign="m ddl e"

becol or ="#eeeeee">Citation</th> 10. </tr> </thead>

<tbody> - <tr> <td> 15 R J.Field;and

R M Noyes, ]. Chem Phys. 60, 1877 (1974) ; R J.

Fi el d, E. Kor os, R M Noyes, JACS 94, 8649 (1972); R J. Field,

R. KRgUas/exsCNes Ay & SgyeL 30aphngg M&espmn?oﬂmn@n@ﬂ compyers mgy be
ta t

Bi E?{ﬂgy@@?ff éigﬁ‘ﬁgn‘l%ng eng%%o}k E&pog{lé[eg ﬁ?éludl E]esfg? d/rtqug topologies.

</ ﬂ“hbnetwbtlmtjjve'a loca) araebn@workt(ablNé em)ctdmphta@area network (MAN), or

te:z%lwﬁﬁeaz%e{] geit %k (G\EAILT)OS%QQ hsnt%a gr er,net ggd ﬁlt rPgsf)‘gctl-ve computers may
be«:mhrectzt ;bleeee’e:ek }%ﬁmugptalvanst&bheonnedtionmnclluﬂrmgadmdaraO

S Py ARV 8638, £ PR U crptins

t Y RISOaN, [FyanhJR€)iyg ekTMi)n ancwitelbs cbﬂiﬂcﬁ@ﬁdc&ywé‘t[bne Hm be estabhshed
set.. The.stojchionetr. i cal I%Ptake

iS 1/ 2
or “im% A ALOBImUnIGsH ‘X%pﬁoFPcolsségSBK)E? P EaSE X NetBIOS
-NetBEUI, SMB, Ethernet, ARCNET, Fiber Distributed Data Interface (FDDI), RS232,

IEEE 802.11, IEEE 802.11a, IEE 802.11b, IEEE 802.11g and dirépt asynchronous

connections).

An embodiment of the present invention relates to a computer storage product
including a computer-readable medium having computer code thereon for performing
various computer-implemented operations. The media and computer code may be those
specially designed and 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 arts.
Examples of computer-readable media include, but are not limited to: magnetic media such

| as hard disks, floppy disks, and magnetic tape; optical media such as CD-ROMS, CD-R/RW
discs, DVD-ROMs, DVD-RAMSs, and holographic devices; magneto-optical media such as
floptical disks; solid-state memories such as flash drives, memory sticks, xD cards,
MultiMedia cards, and Smart Media cards; and hardware devices that are specially
configured to store and execute program code, such as application-specific integrated circuits
("ASICs"), field-programmable gate arrays (FPGAs), programmable logic devices ("PLDs"),
read only memories ("ROMS"), random access memories ("RAMs"), erasable
programmable read only memories ("EPROMs"), and electrically erasable programmable
read only memories ("EEPROMs").

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

programming language and development tools.
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</[tr> </tbody> </table> -' <table border="0
cel | spaci ng="0O' cel |l paddi ng="2"> 40 <thead> - <tr>

wodveabisgn="1eft" val i gn="m ddl e" PCT/US2005/005303

5

10

becol or =" #eeeeee">Rate constant </th> <th
align="left" valign="m ddl e"

becol or =" #eeeeee">Reaction</th> </tr> 45 </thead> -
<tbody> - <tr> <td>kl = 1.3</td> <td>Br + Br03 ->
HBr02 + HOBr</td> 50 </tr> 47 WD 2006/ 025861

PCT/ US280ble G586t 1nyantiorchaitegn desp@igdOvdxketctinces td v@ious

e

10 chdngedidha b SR edb<ent] dtquisglentBve@Rd withBn O part OB facdored by

:gﬁhr\e?sght Etgcli s?cg?% gtithes in%er%io%%éﬁ%gf by t}1ie§ ép?erqge%%lair?ls.; In additibn,
modifications may be made to adapt to a particular situation, material, composition of
matter, method, process, series of steps to the objecﬁve of thé presenf iﬁvention wﬁile
staying within the spirit and scope of the invention and such modifications are intended
to be within the scope of the appended claims. In particulaf, while the methods
disclosed have been described with reference to particular steps in a particular order, it
will be ﬁnderstood that theée steps may be combined, sub-divided, or reordered to form
an equivalent method without departing manufactured by the teachings of the present
invention. Accordingly, unless specifically indicated herein, the order and grouping of

steps is not a limitation of the present invention.
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</tbody> </table> - <table border="0O

cel I spacing="0" cell paddi ng="2"> 20 <thead> - <tr>
wodveabisgn="1eft" val i gn="m ddl e" PCT/US2005/005303

becol or =" #eeeeee">Vari abl e</th> <th align="Ieft"

val i gn=."m ddl e" becol or ="#eeeeee">I C </th> <th

align="left" valign "m ddl e"

becol or =" #eeeeee">0DE</th> 25 </tr> </thead> -

<tbody> - <tr> <td>Br</td> 30 <td>0.003</td>

<td>Br';[t] == -(kl*Br[t]*Bxa8pdixA+ f*k5*Ce[t] -
k2*Br[t]*HBrQ2[t] </td> </tr> - <tr> <td>Ce</td> 35
<t 50 RRFHIP o<t ALt IS 24 K5* Ce[t]) +
meBhé}aéi]ﬁéiBK@ddﬂoﬁéEﬁadeﬂét r> - <tr>
-<tndeddBr 02</td> 40 <td>0.001</td> <td>HBr02'[t] ==
5 kdH1BIFjeld{KdB68-Ndyles -Mddi iBF Blz] Rddationky )1+
- k34iBe bOdet 1 "oHBEICRRtiNg="0k 4&IHBa@Rp £]2°2</ t d> </tr> -
-<ftheaddb <t d>HOBr</td> <td>0</td> <td>HOBr'[t] ==
SldttBr[t]*BrO3[t] + 2*k2*Br[t]*HBrO2[t] +
kb akpr-Opdft'| \Aﬂﬁgﬁ%'dmddld“rb‘gcolor—“#eeeeee">cltatlon</th>
100 </tr>
</thead>
- <tbody>
- <tr>
- <td>
15 R.J. Field and R.M.Noyes,3.Chem.Phys.60,1877 (1974) ;

' R.).Field,E.Koros,R.M.Noyes,JACS 94,8649 (1972);R.].Field,
R.M.Noy:es,Nature 237,390 (1972) This implementation is taken
manufactured by J.D. Murray, "Mathematical Biology" (1989) page 181.

<a href="" />

20 </td>
</tr>
</tbody>'
</table>’
- <table border="0" cellspacing="0" cellpaddmg—“Z"
25 <thead>
- <tr>
<th align="left" vallgn—"mlddle bgcolor="#eeeeee">Description</th>
<ftr>
</thead>
30 <tbody>
- <tr>
<td>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>
</tr>
</tbody>
© </table>
- <table border="0" cellspacing="0" cellpadding="2">
40 <thead>
- <tr>
<th align="left" valign="middle" bgcolor="#eeeeee">Rate constant </th>
<th align="left" valign="middle" bgcolor="#eeeeee">Reaction</th>
</tr>
45 </thead>
- <tbody>
- <tr>
<td>k1l = 1.3</td>
-<td>Br + BrO3 -> HBrO2 + HOBr</td>
50 </tr>
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50 </tbody> </table> 48 WD 2006/ 025861
PCT/ US2005/ 005303 </ body> </ notes> -
wekiosies€onpar t nent s> <conpart nent nane="BZ" PCT/6552005/005303
</[listCOf Conpartnents> - <listof Speci es> <specie
name="Br" initial Anmount= "0 003," conpartnment="U"
boundaryCondi ti on='fal se" /> <speci e name' ="Br03"
initial Amtount=."0.1" conpartnment="U" 10.
boundaryCondi ti on="true" /> <specie nane="Ce"
-iit i al Anpunt =" 0::05" conpart ment =" BZ"
58Uy RQARAOG S f al se” /> <speci e name=" HBr 02"
461 Bt AFRrQR = OB 2 <f¢rpar t nent =" BZ"
boﬁﬁﬂ%\ryCondl tion="fal se" /> 15 <speci e name="HOBr"
3% | al Anpunt =" 0" conpartrrent ="BZ"
Ve false" /> </I|istCOf Speci es> -

58 r%tfbﬂé‘i’
ﬁt???'@ éa"&?'i%s%ce 2rb HBrPdn2mnade=" Reacti on 1"
ég Sible="false"> 29 <listOReactar ts>

(Eé%éﬂ/%ce specie="Br" /> <specieReference
=" </ Reactants> -
2"5"@5% gdeRefer ence speC| e="HBr02" />

eC| eRef er ence speci e="HOBr " /> </1ist O Products> -

< Ji> ggrrul a="Br*Br03*ki" -
15 ek Sﬁfﬁ% pE §£S>

</tr>
</tbody>
</table>
- <table border="0" cellspacmg "0" cellpadding="2">
20 <thead>
- <tr>
<th align="left" valign="middle" bgcolor="#eeeeee">Variable</th>
<th align="left" valign="middle" bgcolor="#eeeeee">IC </th>
<th align="left" valign="middle" bgcolor="#eeeeee">0ODE</th>
25 </jtr>
</thead>
- <tbody>
- <tr>
<td>Br</td>
30 <td>0.003</td> . ‘ ,
<td>Br'[t] == ~-(k1*Br[t]*BrO3[t]) + f*k5*Ce[t] - k2*Br[t]*HBrO2[t]</td>
</tr> 5 ' :
- <tr>
<td>Ce</td>
35 <td>0.05</td>
<td>Ce'[t] == -(k5*Ce[t]) + 2¥k3*BrO3[t]*HBrO2[t]</td>
</tr>
- <tr>
<td>HBro2</td>
40 <td>0.001</td>
<td>HBrO2'[t] == k1*Br[t]*BrO3[t] - k2*Br[t]*HBrO2[t] +
k3*BrO3[t]*HBrO2[t] - k4*HBro2[t]~2</td>
</tr>
- <tr>
45 <td>HOBr</td>
<td>0</td>
<td>HOBr'[t] == k1*Br[t]*BrO3[t] + 2*¥k2*Br[t]*HBro2[t]
+ k4*HBro2[t]*2</td>
</tr>
50 </tbody>
</table>
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30 <paraneter nane="kV val ue="1.3" />
</listOf Paraneters> </kineticlLaw> </reaction> -
woe@aotisen name="Reacti on2" reversi bl e="f al se"pCT/852005/005303
<li st O React ant s> <speci eRef erence specie="Br" />
<speci eRef erence specie= "H BrOr" />
</listOf Reactants> - <|istOf Products> 40
<speci eRef erence speci e="HOBr" stoichionmetry="2" />
</listOf Products> - <kineticLaw fornmul a="Br*HBr02*k2" >
- &[RogY ¥ Par anet er s> <Para net er nane="k2"
vaf{[®tes?000000" /> 45 , </list Of Paraneters>
- SRS TRATHNRNSX/ reacti on> - <reaction
ﬁéﬁ%‘ﬂa’ﬂ%‘éﬁ‘t“%‘i’%“ BZevarsible "false"> -
| FSBEITRIBEIEREYS>50 <speci eRef erence speci e="Br03" />
<<§ %?@Q@Fé!ence speci e= "HBr02" /> 49 V\D 2006/ 025861
bg%%%%ﬁ%z(ﬁg%‘b%a' opyYntEgY: GP?Qe‘éQfP%arH‘E’%@_
<] ISt id, ) eRef erence s eci e—
oSt i‘:ﬁﬁ{?%f o 037 '"'?Eaggmsgfbt-c? EEBPERBENSIRE) o= o 2
i fetio

n "
S Ee I‘Amo’@ bl LOLPL AUGLS S
< %1 B
KBl R0, Az ,, ,,
<<|st§ i .ﬁéa'i?ﬁir%rz‘i ?m&ﬂﬂﬁw%ﬂ@ct—@é 003 BomEatm¥R-ugz 34" />
bstdkRahaneh efake” /> ‘
15 <specie name="HOBr" initialAmount="0" compartment="BZ"
~ boundaryCondition="false" /> :
. </listOfSpecies>
- <listOfReactions> ‘
- <reaction name="Reaction1’ reversub!e—-"false">
20 <listOfReactants> .
<specieReference specie="Br" />
<specieReference specie="Bro3" />
</listOfReactants> '
- <listOfProducts>
25 <specieReference specie="HBro2" />
<specieReference specie="HOBr" /> .
</listOfProducts> ‘
- <kineticLaw formula="Br*BrO3*k1">
- <listOfParameters> ;
30 <parameter name="k1" value="1.3" />
</listOfParameters> '
- </kineticLaw> '
</reaction>
- <reaction name="Reaction2" reversible="false">
35 <listOfReactants>
<specieReference specie="Br" />
<specieReference specie="HBrO2" />
</listOfReactants>
- <listOfProducts>
40 <specieReference specie="HOBr" stoichiometry="2" />
- </listOfProducts>
- <kineticLaw formula="Br*HBro2*k2">
- <listOfParameters>
<parameter name="k2" value="2000000" />
45  </listOfParameters>
</kineticLaw>
< /reaction>
- <reaction name="Reaction3" reversible="false">
- <listOfReactants>
50 <specieReference specie="Br03" />
<specieReference specie="HBrQO2" />
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10 </kineticLaw> </reaction> - <reaction
nanme="Reacti on4" reversible="fal se"> -
wabioshesReact ant s> <speci eRef erence speci e=" HBPCRUSZ095/005303
15 </listOF Reactants> - <listO Product s>
<speci eRef erence speci e="Br(3" /> <specieReference
specie="HOBr /> </listOProducts> 20 <ki neti cLaw
fornmul a=" HBr Q2A2*k4"> - <l|i st COf Par anet er s>
<par amet er nane="k4" val ue=73000" />
</ F{'StORERGRNET er s> </ ki neticLaw> 25 </reaction> -
- Glisk¥Triogvctiane= " Reactions” rever §i bl e="fal se"> -
GPERARIERCESS= L &I IRPYN e e /3peci e="Ce" />
<</SPF‘§%W?§6%??tS£ﬁF’§> HEO 2 |StUeePRtoTu et €3
3 <5 peEtUREEstERC e specie="Br" stoichiometry="1"
E 'rf’é(‘(??Fm“”?“ 7 3 #El'“ogt*ﬁaP? oduct s> - <ki neticlLaw
'f PP aJam 9‘ Par anet er s> 35 <par anet er
3% ‘; Ga'ﬁﬁ" <par anet er name="f"
vaf stiTBarameres> /| "<t of pa ra meter s> </ ki neti cLaws

10 S EsYChie " 40 </ 1§ st Of Reacti ons> </ model > </ sbni >

</reaction>
- <reaction name="Reaction4" reversible="false">
- <listOfReactants>
<specieReference specie="HBrO2" />
15 </listOfReactants>
- <listOfProducts>
<specieReference specie="BrO3" />
<specieReference specie=“H0'Br"r />
</listOfProducts>
20 <kineticLaw formula="HBrO2/2*k4">
- <listOfParameters>
<parameter name="k4" value-"3000" />
</listOfParameters>
</kineticLaw>
25 </reaction>
- <reaction name="Reaction5" reversible="false">
- <listOfReactants>
<specieReference specie="Ce" />
</listOfReactants> '
30 <listOfProducts> -
<specieReference specie="Br" stoichiometry="1" denominator="2" />
</listOfProducts>
- <kineticLaw formula="Ce¥*k5">
- <listOfParameters>
35 <parameter name="k5" value="0.02" />
<parameter name="f" value="0.5" />
</listOfParameters>
</kineticLaw>
</reaction>
40  </listOfReactions>
</model>
</sbmli>
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50 WD 2006/ 025861 PCT/ US2005/ 005303 CLAI M5 What i s
claimed as new and desired,to be protected by Letters
weadoenessef the United. States is: 1. A systenpdDUS2005/005303
i mproved sinulation of a biological system conprising
a ;5 plurality of chem cal reactions, the system
conprising: a nodeling conponent for constructing a
nodel of a biological systemincluding a first
chem cal reaction and a second chem cal reaction; and
a simulation engi ne accepti fgbABM$ nput said
construct.ed nodel of the biol-ogical system and
gener at i Ngwag; Qb Ritd ﬂﬁ@@%@d&ﬁ@@fﬂ H?:rpr&EctE(h@y Letters Patent of the
bi ol ogi cal systemusing a first 10 type, -
conitediBlagsaad: nodel for the first chem cal reactlon
and a second type of conputational nodel for the
second @hmya@[h f5ﬁﬁﬁ>¥dv@@smﬁﬂa&h%fgxﬁﬁoﬂgmapé sfehfdo op;hsm
wherei n the nodel i ng conponent all ows construct i of
Sa plwdiy af chgminsl reaetons.dhe ssemsiopipsigingal system 3. The
system of claim2 wherein the nodeling conponent

further, itﬁb@lel&%%m@%nenl Rrlcelict}a rm)cﬁﬁ: Kr 4 é gi@f(‘)%icﬁ])@yﬁgm ncludmg

set of relat hem cal reactions. 4. The syStem of
cl aufmtthmléalémtwm@%memdr@emmbr@mw dndc| udes a
graphical user interface for accepting user comuands

and dat @sinfilatibRenSNSIRBR a6 irpliRald WASRRLd ﬁﬁieﬂoff thé Giblogical
type of conputational nodel iS selected fromthe

gr GYSHCTE Y BERSTAige 68 WP dyarpic bichaviar ohthedliolegicph 5ystum using a first
1020 @*ﬁé%‘f SompP@htiondl médi Br ft}{eeﬁ’r?trl:walﬁlcaﬁtgﬁﬁgh QR QE‘:%Blydstlyﬁe of

erence equation anal ysi s, ral c equation
anaplgasmgtlonahmgldeéfqmlhmml eanraicylsmgctloa The system of
claim5 wherein said second type of conputationa

nmodel i 5 TRELREES AR WilkGeid ﬁf&%&f;ﬁ?éoﬂﬂoﬂ&t gﬁ?ws construction

ordi nary differential equation anal part
di fof 2 blegk fiagramquedel ofthe hinlogiiaksysigint f er ence equat i on
anal ysi s, al gebraic equation analysis, 25 and

st ochaskti ;
sai d Segoﬁg@?‘iie}fﬁdﬁlmﬁ = ‘gl?g?u? g%gﬁdﬁ‘eﬁﬁ efdnﬁjoqé& fﬁ\ﬁ‘te}% eaﬂldes at

15f r deestane bipck iggndlyims) asset @fgelefed cheninalrgactipdst er ent i al
equation analysis, partial 51 WO 2006/ 025861

PCT/ US2Q0%40QR30%f ctith &k #le nRfidRtd %@Héﬂdﬁ:‘hﬁhs a graphlcal

di fference edquation anal ysis,, al gebraic equation
an gy diterface forcheespidinser Femmpndsyind data.

5. The system of claim 1 wherein said first type of computational model is
selected from the group consisting of ordinary differential equation analysis, partial

20  differential equation analysis, difference equation analysis, algebraic equation analysis,

and stochastic analysis.

6. The system of claim 5 wherein said second type of computational model is
selected from the group consisting of ordinary differential equation analysis, partial
differential equation analysis, difference equation analysis, algebraic equation analysis,

25  and stochastic analysis.

7. The system of claim 1 wherein said second type of computational model is

selected from the group consisting of ordinary differential equation analysis, partial
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8. The systemof claim ;1 further conprising an
anal ysis environnent in comunication wth said

wa@Romalo2adsson engi ne, sai d anal ysi s envi ronment PCT/US2005/005303

5

di splaying the 5 dynam c behavi or of the biological
system 9. An inproved nethod for sinmulation of a

bi ol ogi cal systemincluding a first chem cal reaction
and a second, chenical reaction, the nethod conprising

the steps of: (a) constructing a nodel of the

bi diftegéndial equytiinemmelysis,| dildérergc@qiatios enalyasrialpgbraicregeation enalysis,
and ndsiSE cotncdancé:1 glm cal reaction; and 10 (b) generating
dynam o avi of “of the nodel ed bi ol ogi cal system

using a flrst type of conputational nodel for the

first cBeithe wstenedcttlaimd farileer aompanngiart ayxaé'si@fenvironment in
ig@nﬂ n%}lfcgt?cﬁll vgll c{ﬁnfg?{%tléy 211%29 wl n[%gy%g] i} 1ron5nee%¥: 51 Spq%ylng the
c odsgianiic belagioa obthe blologikiabgsam. nodel of t he b| oI og| cal
system 15 11. The nethod of claim 10 wherein the

bl ock dja B I :

i dent i f)b/ | %élqlg%g)gf?(ﬂnlg ho& kol#gzlﬁ,ﬂﬁ{]e r(r)l? gz)folo ﬂ% e%fﬁclfglflgaﬁrst
Thehemeicilaehctdn aidad m«ﬁldv,dhemmahemnep, t(la)nemodpommng the Jteps of:
provi ding a graphical user interface for. accepting

:,lns)g(re | Cowﬁﬂgé%nlgtg%tmg E&fbdglsa/dg?hee%q?léglf%l 5?%%?%&;}‘%1&%%%1@1 chemical |

c heenuctal andrmcxtndcchexameﬂ reacsie;and chemical reaction
usi ng the user commands and data. 13. The nethod of

IOC| ai m 9 r ngraﬁilgg)ﬁ{ap%c &e%%g oc‘fq émphglecgtﬁg gﬁgll g&exﬁrﬂlsmga

expecte

15

| rst c em cal reacti Ing a
c orﬁmjtt)aieiorﬁnahpwwabl medet b et firstahemivel adivop asdasdceid tyge of
of O&dltgtarr% (fiel et slegcl)n c%gﬁa&clapre c:ti%5 anal ysi s,
par? Y d) Bren |a equéjtl on gnaf ysSI's, dlfference
equation anal ysis, al gebraic equation analysis, and
st ochast.cTeamatthed of clamd wi2cingep () @oMRESB Tonstructing a block
PCT US200234 90239 nerating an expected result

dl g 3518%% ﬁ%%mlé%?glr}gsgeg}l on. 14. The net hod of
cI al m 9 wherein step (b) conprises: (i) ' generating
an expedtt.ethe msthdd ofoflaimhld Wheran thetbéork cladgrane motl¢lamcludemet least

‘ (Pighe gl%nl?rda Btlf?’glg arlet o)%@glgteg ghemléali” tac ot he second

20

25

chent ca | Snal model
sel ect ed from t he gr oup conS| sting of ordi nary
di f f er eh2.i Bhe wethed olonkaimaherein step p@rcoinptisadi f f er ent i al
equation anal ysis, difference equation anal ysis,

al gebrajig  efuaiatdn ARAAPLSr infflcSfo? GORFH LusB\@nMFinds and

data; and

(i)  constructing a model of the biological system including a first chemical

reaction and a second chemical reaction using the user commands and data.
13. The method of claim 9 wherein step (b) comprises:

(i) generating an expected result of the first chemical reaction using a
computational model selected from the group consisting of ordinary differential equation
analysis, partial differential equation analysis, difference equation analysis, algebraic

equation analysis, and stochastic analysis; and
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15. The nmethod of claim9 further conprising the step
of displaying the expected result. 10 16. A system
wo osociopgssoved simul ati on of chemical reacti onsSPCT/US2005/005303
conprising: anodeling conponent for constructing a
nodel of a first chemcal reaction and a second
chem cal reaction; and a sinulation engi ne accepting
as input said constructed nodel of the chenica
reacti on and generating as output an expected result
usi ng a(if)igestratinga egpectadrpuuitaf thersa¢ond themigalabaction. t he
first chemcal reaction and a second type of
comput a4 Of mERGeb: difth § fereif S6A1H EhiBRL&al  reacti on.
17. The system of claim 16 where t he nodel i ng
conponent allows construction of a block diagram
nodel ofi) tgeeeratingspn exprstadaegultod fetfirg shempigakrrctiowad d
chem cal reaction. 20 18. The systemof claim 17 :
wher ei n(ihhendRHR! dnREp&RIRSRRRT tHelbddhl hémichiUsR o bising a
| east ‘one bl ock 1dentifying a set of related chemcal — .
3r egempyaiionalgodef peleaigdfrem it sreypaAonsistena s orinasy diffgrential equation
‘ m%&l?iﬂg p%gﬁﬁff&@ﬁtiaﬁ _@&&a‘t’igﬁ §na@ysis95i@i@¥yn9@équ9§ﬁf analysis, algebraic
i.ntertface for accepting uses comuands and data. "20.
Theaquajion enalysfs, endstoshagiognalysis.n said first type of

conput ati onal nodel is 25 selected fromthe group
consi st i NOTRS mehed SEdINmY fubtBE B ﬂ!;in% CHeRt QR dRPRYINS bR
partial 53 WO 2006/ 025861 PCT/ US2005/ 005303 .
di fekeactediésalt. equati on anal ysis, difference equation
anal ysi s, al gebraic equation analysis, and stochastic
10anal ysi 6. ALystdh %ﬁ*@%&m siffuldbibR b M L 8idhs eéthehising:
second type of conputational nodel is' selected from
the group consisting of ordinary differential equation
“anal ysi &mogghing compengyt farcprsturtis amedal poniisheiepigabreaction and a
di fsEeneBrSnieAvakiion amal ysis, al gebrai c equation
anal ysis, and stochastic analysis. 22. The system of
claim 16 wherein said second type of conputatijonal _
nodel i & SIMEEAHOBEBYNG ASARHNGES g}pagﬁl%mm@rfaod&% of the chemical
Or JERAEY arfdl %eﬁ@rﬁ@r[g dsutpRflatPdpeleARAlIY S a 81 thpBf computational
differential equation analysis, difference equation
15ananads} for thg fige shemicalaenstion a1 asseenddyre of computatonal model for the

st Qelag bhdmigdkdds- 23. The system of claim 16

further conprising an anal ysis environnment in
conmuni cation with said sinulation engine, said.

anal ysi $7-e R Pt claimdpvagreythe medelmgrorpearent allayyst . -

construction of a block diagram model of the first chemical reaction and the second

chemical reaction.

20 18. The system of claim 17 wherein the modeling component further includes at

least one block identifying a set of related chemical reactions.

19. The system of claim 16 wherein the modeling component includes a

graphical user interface for accepting uses commands and data.

20. The system of claim 16 wherein said first type of computational model is

25  selected from the group consisting of ordinary differential equation analysis, partial
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-24. An inproved nethod for sinulation of chem ca
reactions, the nethod 15 conprising the steps of: (a)
w@onsn2set i ng a nodel of a first chem cal reackdDUSEDNF005303
a second chem cal reaction; and (b) ' generating an
expected result of '"the first nodel ed chem ca
reaction using a first type of conputational node
and generating a second nodel ed chem cal reaction 20
for the second chem cal reaction using a second type
of dtenntralaqiuefival anpkygia| difference Pheation iyl plgebraicren@aion analysis,
wh conprises constructing a bl ock
g&fgﬁ?ﬁgggwgg%&the first chem cal reaction and the
, second chemical reaction. 26. The nmethod of claim25
: vvh er ei n2t.HEhaslyster ofclain APrviergial sajdrsetand dpeanf chmpuiptionghmodel is
0
gggctécﬁ!ﬁ&ﬁ ltlf %&g) d%{l?i?tfn off 0 (ﬁllm\%% g?ﬁgﬁ%ﬁgl} g@m(onedﬁgl%@ I3%1“%1 ‘
5 c odffargwist eq(lat)onpm@l\ymsl,l dn@erenog requution ahalysss nigebraierefjaation analysis,
for $% %% Q% user conmands and data; and 54 WO
200467 U2 é¥ '©52005/ 005303 (ii) constructing a
model of a first chemical reaction and a second
c hem cal2. Tleaystewrof gkimdo whercinsseid scmmambsaf angpaatianal model is.
)selercqu f1%h ¢ L '}PSgrggﬁ) ceo)r(lg‘lgt(l: ego\rrlgefréaﬁ %il?fe Fgl e(q%lgtlo%o nBysm‘?’ %Ecirtlal
C h drﬁe«:@hlalr@amdnmnalwss niiffaerwe eqmqmuh ahdlpsi higomrdielequation analysis,
108 ét tromlthe group consi sting of ordinary
dIP? P fgﬁnéaﬂgtlon anal ysis, partial differentia
equation analysis, difference equation analysis,
al gebr a2t Tlegysitmad chkimll § Sirther @nprsingehasilyds arvabyaérs jin

e e e RS

st eppecteYl reanpri ses:. 10 (i) generating an expected
result of the first chem cal reaction; and (ii)

PR AL LT N T

15t heogprisinge themspssdfi ng of ordinary differential equation
anal ysis, partial differential equation anal ysi s,

di fferepce equati on anal YSieS, ion

anal yo B araristRa PR R B5med v SRl 4 B phemical
Ofnﬁkﬁhﬁh&ﬂ further conpri sing the step of displaying :
the expected result. 55

(b) = generating an expected result of ;the first modeled chemical reaction using
a first type of computational model and generating a second modeled chemical reaction

20  for the second chemical reaction using a second type of computational model.

25. The method of claim 24 wherein step (a) comprises constructing a block

diagram model of the first chemical reaction and the second chemical reaction.

26. The method of claim 25 wherein fhe block diagram model includes at least

one block identifying a set of related chemical reactions.

25 27. The method of claim 24 wherein step (a) comprises:
(1) providing a graphical user interface for accepting user commands and
‘data; and
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(1) constructing a model ot a tirst chemical reaction and a second chemical -

reaction using the user commands and data.
28. The method of claim 24 wherein step (b) comprises:'

(i) generating an expected result of the first chemical reaction using a
5  computational model selected from the group consisting of ordinary differential equation
inalysis, partial differential equation analysis, difference equation analysis, algebraic

‘quation analysis, and stochastic analysis; and
i(ii) generating an expected -re;ult of the second chemical@reacti:on.
29. Theé method of claim 24 wherein step (b) comprises::
10 (i) genérating an expected result of the first chemical reéction; and

- i(i1) generating an expected result of the second chemical reaction using a
computational model selected from the group consisting of ordinary differential equation
analysis, partial differential equation analysis, difference equation analysis, algebraic

-equation analysis, and stochastic analysis.

15 30. The method of claim 24 further comprising the step of displaying the

expected result.
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