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SI MULATI ON OF CHEM CAL AND BI CCHEM CAL REACTI ONS 5 RELATED APPLI CATI ON Thi s
application clains the benefit of U S. Patent Application Serial No.

10/ 783,624, filed February 20, 2004, the contents of which are hereby

i ncor por at egoh¥esnbRE€r ence. 10 FIELD OF THE | NVENTI ON 'g&q.[[%(% 03i nvention
relates to sinmulation tools and, in particular, to an ‘inproved system for
simul ati ng chem cal and bi ochem cal reactions. BACKGROUND OF THE | NVENTI ON
15 Devel opnent of new chemi cal and bi ochem cal substances is tine- consum ng
because a nunber of internedi ate substances are traditionally fornmul ated
before fornulati on of a substance with the desired properties is obtained,
and fornmulation of each internedi ate substance can takes hours or days.
Chem cal 20 fornul ation i ngakvdeb ANIMUPRERATES BOR MRAOVEDNal or gani c or

pol ymer substances, SEUMITION 0F CHEMIGALANID BROCHENMICATRREACVIONGI| € machi nery,
sonetines referred.to as nanomachi nery. Biochem cal fornmulation includes

t he devel opment and anal ysis of pharnmaceutical substances that affect an
individual'g quality of life. Inl%‘qg' IO, t edi ous and often
error-pr one%nature of chem cal an h@@r@rﬁ]’&‘%‘%ﬁ mul ation, both of 25
these fields face additional difficulties I nt..of, c i cal

subst ances and nanoggléﬁ?pnlgarqy?gilaﬁnse{fgie?ffﬂgﬁﬂt]g% age ?ﬁgﬁﬁtf?g-s%fﬂwm ng, can
gener at e pot entlb/ag3,§2408ind/Rebouasy 20N20H rheitoatests sfnistiaare Bsebyfdorpoetapl €, I n
attenpting to fr&&g%leate bacteria that consunes crude oil and breaks it down
into one or noré environnmental ly-friendly substances, a researcher may
fornmul ate a030 bacteriumthat breaks crude oil into a nunber of
environmental | y-friendly substances and a lethal toxin. Additionally,
chentcal researchers are faced wWrkshpidierpt aRlAMEN | WO 2006/ 025861

PCT/'US2005/ 005303 di sposi ng of the internediate products generated by their

research. Ot her issued faced . by desij Pners of . nanomachi nery is that the
target substance may e az{e%enﬂlﬂ}rqnﬂ@n relates to simulation tools and, in particular, to an

improved system for simulating chemical and biochemical reactions.

BACKGROUND OF THE INVENTION
15

Development of new chemical and biochemical substances is time-
consuming because a number of intermediate substances are traditionally formulated
before formulation of a substance with the desired properties is obtained, and
formulation of each intermediate substance can takes hours or days. Chemical

20  formulation includes manufacture of traditional organic or polymer substances, as well
as the development of small-molecule machinery, sometimes referred.to as

nanomachinery. Biochemical formulation includes the development and analysis of

@

pharmaceutical substances that affect an individual’s quality of life. In 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



formulation in response to environnental factors. Biochem cal research,

whi ch typically focuses on identifying and selecting 5 conpounds havi ng the
potential to affect one or nore nmechani sns thought to be critical in
altering specific clinical aspects of a disease processes faces chall enges
in addition nes descri bed above. Al though dru devel gpnent i s
typically n@%“&@%@y research data regarding cellul gp @?ﬁ?‘é’l | ul ar
phenonena, the data often considers only an isol ated and rat her narrow C %
10 view of an entire system Such data may not provide an integrated view of
t he conpl ete bi ol ogi cal system Moreover, the narrow findings reported are
not al ways enti reI y accurate when translated to the whol e body | evel.

Mor eover, curr ep, o%&?ﬁﬂ%t&ﬁue&% Holliecéthid heilleBlRfl Or BLOFRSGCS 2T e
even nore tinme-consumng t ose associ ated wth chem cal processes,
because the | atbydesigners of napowpahinnnis bl thetanseisuitanes ettt Ayringequi r e

| aboratory expefiiEabSints L @aslvitAnRRth kg peri ments and clinical trials.
From these tri g?s andr?lélx%gél}snent ‘s,1 dat a aroer obtai ned which, again, usually

focus on a very narrow part, of the biological_ system nly after nuner ous
costly trial -and- er r orBigqhpmicalesesreh, ghich tﬂt?ﬁ“k@ﬁé"?%‘tﬂ‘d%&gﬁaﬁwe%“%& t he

clinical use ofcofnféindfiaafig i paemay Rlaft@bond AT Bedh@Rsmatofhi bl HfticADSt
recent clinical tri_ al, .is a.drug having adequate_ 20 saf ety and efficacy

finally realizéddy altevns Pepfipelvical apects|of pisesse rpqeses essichallengetinaddiien tgn,

mul tiple clinigadned dds@ibsd ok, | n sorre situations, nultiple drug redesigns
requi res great expense of tinme noney. Even then the effort nmay not
produce a marketabl e d?]EPB‘JgWWEﬂ@elewawlﬁﬂ%m?ﬂ?ﬁ%byrﬁ?%%?% m | ating

ex perimental dakiland smmﬁnaﬁmamtmmbﬁ@emﬂ&s dn@ﬁis&ﬁtbcﬁﬂﬁﬁmeﬂnﬁnoﬂpt

ossi bl e, to synthesize the relationships anmong t he avail abl e data and
kn edge. ¥ wotat%ws%afmdéﬂﬂgj@ga}f%&@&Vl%ﬁwtedat%ﬂfdhwweh@m cal

resear chers makgolégdical Qﬁﬁhrtﬁbﬂe@zet Cheh@Y Ry SiSizeRPorRD tre ABLANAHS erdiidly aXBFaL | NY,
si mul ati ng, and anal n @b ?%’2@%% processes in-silico rather than
in-vivo or in- HeREE 512“39/\% Vel pCT/ US2005/ 005303 BRI EF SUMMARY OF
THE I NVENTION I n one aspect the present invention relates to a systemthat

i nt egr at es nodel i ngMoresveanchatnt owthadsaf wnﬁxhxy§dmfoﬁbitﬂogiéaopm@isseaire sx;est em or
chem cal reactions, The

constructing a ’H%%I%TG'B‘?‘]S"EXB% %f‘%tﬁ?sggﬁméaye {ra% ED %fﬂ pl@%eé?ﬁsc ?a“se fu? BT The
systens al stb i rigscheheisal substanted geherally requiye hﬁoramgenimn@nta&taﬂlenﬁm anirs#i d

const ruct ed modgh. Blent s HAEIER) rRks BLOREThF BlekRRE! Ll AkiENer 2t 00 25

which, again, usually focus on a very narrow part of the biological system. Only after
numerous costly trial-and-error clinical trials, and constant redesigning of the clinical use of the
drug to account for lessons learmned from the most recent clinical trial, is a drug having adequate
20  safety and efficacy finally realized. This process of clinical trial design and redesign, muitiple
RN clinical trials and, in some situations, multiple drug redesigns requires great expense of time and
money. Even then, the effort may not produce a marketable drug. While conclusions may be
drawn by assimilating experimental data and published information, it is difficult, if not

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

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

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



an expected result. An analysis environnment comunicates with the sinulation
engine CJ' and display's the expected result. In sone enbodi nents, the
nodel i ng conponent allows 10 construction of a block diagram nodel of a

bi ol ogi cal system or a chem cal reaction. In sone of these enbodinents, t he
nodel i ng CQPRIRERIssdNC! udes at | east one bl ock |dentlg ”’5ﬁ§% rel at ed
chem cal reactions. | n another aspect the present inven |on e es to a

met hod for integrated nodeling, sinulation and analysis of a biol ogical
system or chem cal reactions. A 15 graphical user interface for accepting
user conmands and data is provided and user commands and data are received
via the provided user interface. The received user commands and data are .
used to construct ~a nodel of the biological systemor the chem cal

reaction, which is used to generate dynanic behavior of the nbdel ed

bi ol ogi cal system or chem result is then
di splayed. 20 In still anot %EESWQFw%WégnU on relates to an
article of manufacture having enbodi ed thereon conputer-readabl e program

means for integrateg { A8 | 8t @Rtea g F8ah gi cal
system or a chem cal Ofr;%%%cl onpre%e?rlblo |ned ontet he ﬁartid%{ %teglrategm%e? %t ure are

conput er - r eadaBialationand apalypsd ¢ bfolngicplsysieng prrgemicy reashonsallhe ystep | nt er f ace
for acceptigg %&Hes%%ﬁ@ﬂ%ﬁ:oﬁﬂ%eQ%%onﬁﬁMta%odEm%M%donsggé;ﬂ'3} yreans 25 for
receiving, via the provi user interface, user conma dat a;

conput er - readawagﬁygman?wﬁﬁ@ms%ﬁolwﬁigw%wlmensrgwrgennnéa&leméu ved user

conmands and d@zﬁ@ccn@tmcfé@%hei%ﬂ” th B&n@éa@&%cﬁaﬁmﬁ Yabfmall ednBRuGE '3111?
reaction; conputer-readabl e program_ nmeans generating, usin

const r uct ed rmaJéFxpsqtedtrﬁseﬂtcﬁewwns %Wf%@ﬁ@ﬁmé@?a@ %tlzmevle%geane
O‘{(USZOOS/ 005 3QfisplSaak b%teﬂﬁéﬁ\ﬁtmh@so@&%‘ﬁbtﬁﬁmﬁi ifehfodBRGRLAGodRhleg: cal

em or chem cal reaction; (@gput er-readabl e program neans for

d| spl ayi ng WheCWB‘é‘@P’éﬁfar‘%%ckldtagfaM Prsiotasst sopemmer THiEnisRAckes Irhe

invention is pebdd EtheddmbdbiintntsPBE ﬁqbd“e@ih%dokﬁphfndnﬂn&ih&s@ﬂ%ﬂ&iﬁ@l&k aims. The 5
advant ages of the |nvent|8n descri bed above, and further advantages of the

i nvention, madsBlfyEe e et ofislasd choaer! FpctoBY er ence to the fol | owi ng
description taken in conjunction wth the acconpanying draw hgs, in which:

FIG 1 is a block f del i ng,
si mul ati on and ana?%/lg?iﬁggﬁ |?ton‘reper&%m%ﬂﬁﬁElé?éf&@?gle%&g%@k&%téggr am of one
enbodi nent of peddmgaimyaiopandmalysiebid biological system or chemical reactions. A

15  graphical nser interface for accepting user commands and data is provided and user

commands and data are received via the provided user interface. The received user
commands and data are used to construct a mode! of the biological system or the
chemical reaction, which is used to generate dynamic behavior of the modeled biological

system or chemical reactions. The expected result is then displayed.

-

Q/ 20 In still another aspect the present invention relates io an article of manufacture
having embodied thereon computer-readable program means for integrated modeling,
simulation and analysis of a biological system or a chemical reaction. Embodied on the
article 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, via the 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 block diagram of

anot her enbodi nent of a personal conputer wuseful in connection with the
present invention; FIGs. 3A and 3B are screenshots depicting enbodi nents of
a tabular 15 nodeling environment useful in connection with the present

i nvention; a screenshot of one enbodi nent of user
interface t‘ﬁat ?zam litates construction of block di agr?n@é@%gﬂg%g%t ations of
chemi cal reactions or biological processes; FIG 5A is a block diagram
depicting a nodel of a dynami c systemusing 20 ordinary differenti al
equations; FIG 5B is a block diagram depicting a nodel of a dynam c system
using difference equations; FIG 5Cis a block diagramdepicting a nodel of
a dynanmi c syst smoties, dygamiabcjﬂﬁbedfcheenpﬂaleﬂ binkgicASydFdnGor dierhigal aeabficayaidar t

depicting one e | t he st ep Q _Si e a nodel ed
bi ol ogi cal pr océ“sps“g’BF‘*a%aﬁi’ée roSII pigans for c‘)‘hsala&"% %%%@61 PCT/ US2005/ 005303
FIG 7 depicts a block diagramof the allocated nenory for a solver; FIG 8A

depicts a bl ock di agram of BRIEF DESCBEYIEN EFHBORHWINGE0l ver showi ng t he
part of nenory hol ding both values and references; FIG 8B depicts a bl ock

di agram of the al | ocatRdi,MRABA ¥ phififed autwm\f,%culéﬂfﬁqm zﬂ)ﬁeﬂd@@clﬂfh@t'[’hgf menory
hol di ng both val ues and references and I'hdexi ng of only

r ef er ences; 3 F| @lvanjages obthe inpentiemdaseribgd a'CtOHe a bk edvaggesobhs "W@‘ltloewed by the

illTustrative @H?Q&'tb&f@r%d&ﬁto&d}ﬁ rBERRRM tht ﬁmem EEE'scE ion T £ IR B diEn
restoration nechanismoprior to" execution. TAI'LED DESCRI FlTI ON OF THE

| NVENTI ON Ref eith it apretmpaying dggwings, i Whichh- | eveI bl ock di agram of one

enbodi ment of an - integrated system for nodeling, simulating, and anal yzi ng
cheni cal reactions an®iG3 idd Ebagiigain &yat entdinitat ofiah altegettedahdleliig cal
processes 100 i.s fa“%rb‘%‘@@% shown in FIG 1, the system 100 includes a

nodél i ng conpofiéh SEF LN del i ng envi ronment

10 FIG.2Aisa block diagram of one embodiment of personal computer usefiil

in connection with the present invention;

FIG. 2B is a block diagram of another embodiment of a personal computer

useful in connection with the present invention,

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

15  modeling environment useful in connection with the present invention;

FIG. 4 is a screenshot of one embodirment 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 mode! of a dynamic system using
20  ordinary differential equations;

FIG. 5B is a black diagram depicting a model of a2 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 simnulation engine 120, and an
anal ysis environnent 130. The sinul ation engine 120 conmuni cates wth the
nodel ing environnment 110. The sinul ation engi ne 120 recei ves nodel s of
chemi cal reactions or 20 biological processes generated using the nodeling
envi ronmentywédifhenddag Si mul ation engine 120 conmuni cat @grhRbdob)ARALS tO
nodel s created in the nodeling environnment 110. The anal ysi s environnent
130 is in comunication with both the nodeling environnent 110 and the
simul ati on engi ne 120. The analysis environnment 130 may be wused to perform
various types of analysis directly on nodels created in the nodeling 25
envi ronnent 110. Al so, the analysis environnent 130 nay receive and process
results fromthe si mHi@t7depicaradlock dii@emmpéthe ebentd mgmotydoraxelsert i on by t he
simul ati on engine 120 of a nodel produced in the nodeling environnent. In

other words, the si rm.'r@é.is;ndelpﬁcﬁgibrﬂcgkaggrﬁag%gg,@g@&&ea&@m&w&%&vaehavi or of

the nodel and communi cates at |east I's dynanic behavior to the
anal ysi s envi r oheveng the Prbofanrmoyshodding ot whieand rgored®8 nay provi de
refinements to a npdel in the nodeling environnment 110 and may -5 WO

2006/ 025861 PCT/ US200H1Q¥E3@BictshIbRtk dRga ba i bfdcited MEmbSFordolvlle si mul ation
engi ne 120 mhen;executlggqa nodel . The i ntieraction between the nodeling

envi ronment 21 16howiRgthe patefapsmory holdinatothvadies apddetenseces gdhspsralielenyi r onnent
130 will be disﬁu§§gdﬁhnuggﬁﬁmgptail bel ow. The integrated system depicted
in FIG 1 may:.executé on a nunber of different 5 conputing platfornms, such

as superconputers, nainfr conpu S, mnic uters, ., clustered conputing
pl at f or s, morkStatioﬂﬁé‘%ﬁﬁé@gEgﬁh§@5?g¥8%§§?§§m5§kﬁﬁ?E¥é@ﬁ&ﬁﬁﬁf%ps, and
personal digi t ambadimksiofitht presdnt insentidtodmplenét depéstiatioh meshanibagrion® of

typi cal genera%x%%ﬁgpse desktop conputers 200 useful in the present
invention. As Shown in FIGs. 2A and 2B, each conputer 200 includes a
central processing: unit 202, 10 and a main nenory unit 204. Each conputer
200 may al s¥ include other optional elenents, such as one or nore

i nput/ out.put devi ces 230a-230b (generally referred to using reference
nuneral 230), and a cache nenory 240 in comrunication with the central

processing unit 202. The dERATRED BESEBIJION OfrfiHE PYENTOMny | ogic circuitry
that responds to anfedgin E%%Sﬁésl,'aﬁlﬁghfl%fﬂll&ﬂ%ia%ghp&%geéxﬁ&%ﬂﬁﬁe%f@@' n nmenory

unit 204. In many enbodi hents, the cCentral processing unit iIs provided by a
m croprocessor egrated Sigten fergnodeling, SuRRtng pnd anggzigrrhemicel rgB@E and he 80486,

the Penti ums Peﬂi'&]bé?(m Eyrstgms mﬁnﬁﬁ‘d@tbﬁ&lﬁﬁ'ﬁﬂ proéegk@s %“@&9@& B shown in FIG. 1,
' the system 100 includes a modeling component designated as a modeling enviromn;ﬁ/
110 in the exemplary depiction of FIG 1, a simulation engine 120, and an analysis
environment 130. The simulation engine 120 communicates with the modeling
environment 110. The simulation engine 120 receives models of chemical reactions or
( 20  biological processes generated using the modeling environment 110. The sirnulation
- engine 120 communicates refinements to models created in the modeling environment
‘110. The analysis environment 130 is in communication with both the modeling
envirenment 110 and the simulation engine 120. The analysis environment 130 may be
used to perforn various types of analysis directly on models created in the modeling
25  environment 110. Also, the analysis environment 130 may receive and process results
from the simulation engine 120 representing the execution by the simulation engine 120
of a model produced in the modeling environment. In other words, the simulation
engine 120 generates the dynamic behavior of the model and communtcates 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 Cor porat| on of
Mountain View, California; the 68000, the 68010, the 68020, the 68030, the
68040, the Power PC 20 601, the Power PC604, the Power PC604e, the MPC603e, the
MPC603ei, the MPC603ev, the MPC603r, the MPC603p, the MPC500, the MPC740,

t he MPC745, 50, the MPC755, the MPC 5500, the e MPC7410,
t he MPC7441 Wb?@g)}%g%?MS t he MPC7447, the MPC7450, ﬁﬁ@é@%@ﬁg Qt he
MPC7455, the MPC7457 processor, all of which are rranuf actured by Mdtorola
Cor poration of Schaunmburg, Illinois; the Crusoe 25 TMb800, the Crusoe
TVMb600, the Crusoe TMb500, the Crusoe TMb400, the Efficeon TM600, the

Ef fi ceon TMB300, or the Efficeon TMB620 processor, nmanufactured by

TrS gns me:1 a Co rS P @Fcavide (pm'aﬁfate@adsttuae Kyl the s’imdl/l\gaigl ehging1 2, éarGHeﬁl exeaﬁinﬁﬁ%dg/\gﬁé‘s ssor, Lhe
RS64, the R e e PQVER RS64 LI1, t PR-IIte
RS 64 1V, the 1‘@%@%‘) qgenf'ﬁ%"rlﬁ%aéh ¢ Ypulating ﬁ@ Bdkessor, all
of which are 3@nmm&1aednuread3bmllmcﬁ§cm&d@mke Rugibeess Machi nes of Whi t e

Pl ains, New York; or the 6 WD 2006/ 025861 PCT/ US2005/ 005303 AMD Opt eron,

t he AMD At hal on 64 VD, At t he AMD Duren
manuf act ur ed by Advglheéléagrﬂﬂe DBy ’i’lﬁtg&]fng?ééurﬂﬂ’y?fgﬁuconéé'lufnpécjhpﬁﬁg%reﬂfal n menory
unit 204 mays beompeting platfoms, syemassypechinpsers apaibfitameabmpiters, infigicomtatess, and

al | owi ng any st Ioc el S be .dir.ectl cce t he m Croprocessor
5 202, such as %ft%% con?pé’na%%atf%ms works{a{m %%%Aﬂwp §%§i§¥p RBr  SynchBur st
SRAM (BSRAM) , Diptapsiaod pa@dmmmsamﬁ@ymmn depleaBlibckRAgeanade DRAM  ( FPM

DRAY) . Enhancod RO CECEI /et Pl it ithe FAVLGERG A | Bxt ended

h nced DRAM (SEDRANFIGss A et 27 each cORANAr CEDREAIMes at&@ﬁ@ﬁ@ssﬁﬁﬁmdt 2021 OO SDRAM

(SL bl e Dfat alOrRZlct a us%ﬁ%@or @gpég%%ec{lr %nf iy n:(nDFﬁg/l

enbodi ment showiemients,Bpad, as ppg ormpee irlplrtbwestsbvim@GQOHeBﬁh(Hwn@db/esfemth rrai n
menory 204 via :tnﬁﬂ% ( FIG 2B
depicts an enbogmgr}eé? Rgﬁeé%%got%rﬂﬁgédg?g%mg%&at c\%ﬁ&%héﬁk the pr ocessor

comruni cat es dicendtd prycegiingunitalh nenory 204 via a nenory port. For exanple,
in FIG 2B the main nenory 204 nay be DRDRAM FIGs. 2A and 2B depict
enbodi ments in whi Cihd RRrdlBloBesBh PGRSHO s aapn%gmceﬁmwmﬁ@&s@&m@lwa@gt ly with

cache nenDrY 240 vi a a secondary bus, sonetines referred
processes instructions fetched from the main memory unit 204. In many embodiments,

the central processing unit is provided by a microprocessor unit, such as: the 8088, the
80286, the 80386, the 80486, the Pentium, Pentium Pro, the Pentium II, the Celeron, or
the Xeon processor, all of which are manufactured by Intel Corporation of Mountain
View, California; the 68000, the 68010, the 68020, the 68030, the 68040, the PowerPC
20 601, the PowerPC604, the PowerPC604e, the MPC603e, the MPC603ei, the MPC603ev,
= the' MPC603r, the MPC603p, the MPCS500, the MPC740, the MPC745, the MPC750, the
(/ | MPC755, the MPC 5500, the MPC7400, the MPC7410, the MPC7441, the MPC7445,
the MP(C7447, the MPC7450, the MPC7451, the MPC74535, the MPC7457 processor, all
of which are manufactured by Motorola Corporation of Schaumburg, Illinois; the Crusoe
25  TMS5800, the Crusoe TM5600, the Crusoe TM5500, the Crusoe TM5400, the Efficeon
TMB600, the Efficeon TM8300, or the Efficeon TM8620 processor, manufactured by
Transmeta Corporation of Santa Clara, California; the RS/6000 processor, the R564, the
RS 64 11, the P28C, the POWERS3, the RS64 III, the POWER3-II, the RS 64 1V, the
POWERAJ, 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 enbodi ments, the main processor 202

comuni cates 20 with cache nenory 240 using the system bus 220. Cache nenory
240 typically has a faster response tinme than nain nmenory 204 and is
typically provided by SRAM BSRAM or EDRAM In the enbodi nent shown in
FIG 2A, thgobseessaor 202 communi cates with various lpeehdawsgsm:230 via a
| ocal system bus 220. Various busses may be used to 25 connect the central
processing unit 202 to the I/0O devices 230, including a VESA VL bus, an | SA
bus, an EI SA bus, a McroChannel Architecture (MCA) bus, a PCl bus, a PC-X
bus, a PCl-Express bus, or a NuBus. For enbodinments in which the 1/0O device
is a video display, the processor 202 may use an Advanced G aphics Port
(AGP) to commdiVRSpterani thh AMTRAtlop bATX, the EMD2Aaloe of e MIADembodi ment of a

conput er syste 0, LB @Rg jcates directly
with 1/0 devi cg}%gs&% @?dgﬁc%éd%? idgﬁlsporgmoléz%&%:ég@ o]re fg|llﬁ| ‘Band. FIG 2B
al so depicts an enbodinent in 7 WO 2006/ 025861 PCT/ U82005/ 005303 which

| ocal busses and di Mawtmemomniniti 204 mppbe féﬁ@rwpsﬁ@efmwmlpsﬁwﬂsgwowz

communi cat es Wdﬁt‘&aﬁdéﬁ ARiafift &8bNG b dirRA8Rheck iR obdisorhi | e
conmuni cat i % Wit h 1/00 evifsée %ﬁgb direct’ ré § ccv\i@%cgﬁ vari e{t;}EJI of §Dlr/ O devi ces

230 may be pr e dhtsushs Slakic EadasLRcEess BYLPR (SR, Burst BRAM i SychBYSY ncl ude
keyboar ds, m cegaM asHrRABSD e&xﬁ@ﬁh@dﬂ&cesmn%&@feﬁm 1%5&% M¥desRaabl et s.

Qut put devices | ncl ude VI deo di_spl ay eakers, i nkKj r| nters, |aser
printers, and ERM IR Wﬂ@@ﬁkﬁx‘fﬁ@d@% ‘«\ﬁ'gﬁl"h‘l@@ provi de mass

storage for theaM Eﬂuﬁ@anﬁ&@ BRAMEO0 BRANY), Bakd BRI Bhth VRIpu@ f | Oppy
di sk drive for rec}ejl Vi ns ropuﬁmdlsks such as 3.5-inch, 5.25- ‘ip‘rllch di sks or

ZI p-di sks, a ORAM AR EeDRAN, aynchropnys DAY GORAM): t ape
drives of Vari QUBECGRAM, PCIUSDIUE, DhbiANea KAy SORAMIDOR SIEsANje USB Fl ash

Drive line of u tured ec ndustr Inc. of Los
Al amitos, Calif ?'ﬁc%fiss ‘T»r‘{]M § @Hg%’fﬁe[ﬂ%@ﬂ WMWW be a
bri dgleJStéeL ween (DRBRAWS! %erfbri&ul&u%mﬂamwm) Hﬂttﬁrzeg:gbdlﬁmnﬁﬁFlmﬂAhﬂé, sgcc::g
as a us skt q us an seri ection, a I
bus, a Fi reWrep“fi’Aggr @ZWWW ates 3ot MsiRamengry 4 s Hipten gsﬁﬁz&ﬂﬁb’fs(glf‘al k bus,
a G gabit Et hermet dduisheloar). FSy DB BepnosSemboAinshtef a cdvidieer bytem 200 Wl FBEh bus, a
Super HI PPI us, a Serial Pl us bu &ﬂ%}/ LAVP bu a. Fibr eChang el bus, or a
Serial Attathed "s%“lefs"{:‘iS’Hw&t“&P‘e%@E"f TP epery ‘%‘”a a memory port. ror

example, in F1G. 2B the main niéniory 204 may be DRDRAM.

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

20 with cache memory 240 using the system bus 220. Cache memory 240 typically has a
- faster response time than main memory 204 and is typically provided by SRAM,
C RSRAM, or EDRAM.

In the embodiment shown in FIG. 2A, the processor 202 communicates with
various I/O devices 230 via a focal system bus 220. Various busses may be used to
25  connect the central processing unit 202 to the /O devices 230, including a VESA VL
bus, an ISA bus, an EISA bus, a MicroChannel Architecture (MCA) bus, a PCI bus, a
PCI-X bus, a PCI-Express bus, or 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 VO, or InfiniBand. FIG. 2B also depicts an embodiment in



Gener al - purpose desktop conmputers of the sort depicted in FIGs. 2A and 2B
20 typically operate under the control of operating systens, which control
scheduling of tasks and.access to systemresources. Typical operating
systens include: M CROSOFT W NDOWS, manufactured by M crosoft Corp. of

Rednond, WagHhighes MacOS, manufactured by Appl e Conpgigkioadnosieperti no,
California; OS5/ 2, manufactured by International Business Machi nes of

Armonk, New York; and Linux, a freely-available 25 operating system
distributed by Caldera Corp. of Salt Lake City, Utah, anong others. 1In
still other enbodi ments the conputers nmay operate under the control of real-
time operating systens such as AMX, Kw kNet, Kw kPeg (all manufactured by
KADAK Pr od uct s whiali lgcal lﬁS@G’E@@RWE{MﬂMﬂ&@I e makethythevbeeSof 208ar e Syst ens,

{);CCZW eTek 30 éoré%g’%s%éﬁ‘&\@%ep%o% hnrtéé %E&tWQSJhIE\af%D 'f]ncr%’lf ag;grogd

(manuf act ur ed bwth 18 da@ce DB A0EEZ61 PCT/ U82005/ 005303 SEGGER M crocontrol | er
Systene GrbH), eRTOS (nmanufacturedby JK M crosystens, Inc.), ETS

(manuf act ured by VeRGiiGafdy ofXReedERa tb%ﬁgienbmth&asmpmﬁ%aﬁa?dr' on),

| NTEGRI TY (nanufactured by Green Hlls Software, Inc Niitne(r)s? real
ti me ext ensi‘on Iyt devisaongdekegheamiadicn werkpads, rapkhells m@mqberreatapéﬁl)awms 1Rl X

(manuf act ur ed el f Jbed
(rmanuf act ur ed %;61esn@e}n;tué@%ﬁ%:ﬁﬁ%%é%ﬁ%%b%gﬁggﬁﬁr ggeg%%g’gﬂv%? 'ks), MX

(manuf act ured t§)d wéeblwn%prﬂ%qf meea@qy@@ provide megscetorags fqpthgs
(Accel erated Tgg é}lyﬁe{nzdﬁ%[&ﬂ\@%%d@z@m £ Bdppy Mk MBI %Zﬂ
Oéjé nanufactur b !i{/lcrovvare

(manuf act ured by Tinme . Informatik Zgi
Syst.ems Cor por &fskoirh asGSEngty S 2adnehirisks o2& digks. SR

( nuf act Url&'ﬂ RivivE& Y IDVISROS! B AbpeQiiVes o?%ouéﬁ'&ﬁw aﬁwm@io@ye &M’ces%ﬁrfﬁ war e
Systems I nc. &Fg‘g{w utrino (manyfactured Sof t war e iﬂ?ystem; Ltd.),

QNX4 (manuf act gtk Days ]E%eﬂfée"g‘y?%‘é'i'ﬁacﬂ‘ml Twirgtgeylpdustry

(manuf act ured byafREPSNkdmia.l NC. ), RTLi nux (manufactured by Finite State
Machi ne Labs, Inc.), RTX 5. 0 (manuf actured by VenturCon), Portos 15

(manufactured by Rahi Chr Ccro ital, Inc.),
Super Task! (manuf acfn ngngbﬁr%éev ce %Iiﬂm%"'a%d’fq)(] la RS H’F@%t%%/ Express
Logic, Inc.), bas mmnmwemmwrmummmm sE:thmsaUSissmems AbﬁADeémm Bus, Tr eck
M crod Cs- | ctured b st OFF onTask!
( manuf act urie‘j ni%%és‘?g ‘io\ﬁ);lec $1I:\§; ¥ (Pﬁragﬁlu csf’ ﬁ?‘e‘%wéég
Comput ert echni Iﬁtﬂhﬁ)e; by antAmkﬂ'alk bus, a Glgablt Ethernet bus, an Asynchronous Transfer

Mode bus, a HIPPI bus, a Super HIPP] bus, a SerialPlus bus, a SCVLAMP bus, a

FibreChannel bus, or a Serial Attached smail computer system interface bus.

General-purpose desktop computers of the sort depicted in FIGs. 2A and 2B
20  typically operate under the control of operating systems, which control scheduling of
L tasks and access to system resources. Typical operating systems include: MICROSOFT
WINDOWS, manufactured by Microsoft Corp. of Redmond, Washington; MacOS,
manufactured by Apple Computer of Cupertino, California; 08/2, manufactured by
International Business Machines of Armonk, New York; and Linux, a freely-available

25  operating system distributed by Caldera Corp. of Salt Lake City, Utah, among others.

In still other embodiments the computers may operate under the control of real-
time operating systems such as AMX, KwikNet, KwikPeg (all manufactured by
KADAK Products Ltd.), C EXECUTIVE(manufactured by JMI Software Systems, Inc.),
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 (manufactured by Wnd
River), SCORE, DACS and TADS (all manufactured by DDC-1), N nble - the SoC
RTOS( manuf act ured by Eddy Sol utions), Nucleus (manufactured by Accel erated
Technol ogy), or Fusion RTOS (manufactured by DSP GS, Inc.). In these

enbodi ment swotb@oe®et r al processing unit 202 nmay be reglcaagshebyosagy enbedded
processor, such as the 25 Hitachi SH7000, manufactured by Kabushi ki Kai sha

Hi t achi Sei sakusho, of Tokyo, Japan or the NEC V800, manufactured by NEC
Cor poration of Tokyo, Japan. Referring back to FIG 1, and in nore detail,
the nodeling environment 110 accepts input to create a nodel of the chem cal

or biochem cal reaction to be sinulated. |n sone enbodi nents, the nodeling
envi ronnent 11CEEERMicrqcppipllercypienp Fa@H), sRR0P (maufac@eddudh as a file in

Systems Bi ol Ogmm%%s%%wg%nﬁ%edb VRMISES, St fEagaaRRagy ent s, the

file may be in Hyper Text Language | e Mar kup
Language (XM.) Hspggerpomtion.dyTfEeREY y(rrraavfkﬁwetl b)h@@agﬁllls Sefteare,d&nc), 9 WO

2006/ 025861 PCTASRA0 G530 sioh o WinsBustbiobhu ity Moo AQlop g, DY tabs or

commas. Alternatively, the nodelin envi ronnent may” accep hput
produced by % UBEk (mydngfagiiref by S@Dd (reanpfagiered me@ﬁﬁmmatlan)gR@hl cal user

interface. Gs(saﬁﬁa&ﬂsh@%sﬂ&wc%é) AP @RRA IR ALy 1 ﬁgkgw kaphi cal user

interface 300 that may be used to receive input cture by a user

for creating a (rserdpcturgdkby RprépgdoftpareT ehnolagiesdpa, I'Q-Ble“% ﬁfél%@éﬁel'#fﬁﬁtbrface may
include a rmdelTaamfogg*»%nMan&rft?raphﬁap@@llﬁm@ﬁmﬁt@mz{nﬁfa&h@by e 3B, the

nodel pane 302 |ists one s in a tree structure famliar to

us ers of co nput@f"@%‘&&l%{tﬁ)n%s aﬁagwfaew by Miggpwarg Sy (gnNSomsratignePSE i ng syst em
uf act ur egy byharasef by G¥y steﬁlfs Emﬂﬂmufmw lﬂ@)ﬂﬂg Cb@orﬁtlﬁﬁﬁ) ‘psic 10

pa I cul ar enbodi ment depicte IG 3A _a.sin a cheni cal

reaction is cofeRTREYed by Wé"%ﬁf@ Sysiemselngg ANX H&i‘tﬁ%& (éﬂn‘th‘FFfbb}‘f%er

| abel ed "Fi el @@mmqmaﬁm@@mmﬁhumﬁed bmmc%ﬁsa& ByasIdf, 0l ders:
" Conpar t ments”; "R actions"; and es". The_subf ol gtgrs [ epresent pieces
of the model ed RERICE g trepifshirghty MHESaric e KT (oLaSERbREE iy bo Lsed

to present thi ssﬂua frerRd 1208) o), R1Te 5 DImuaSictedd b3 Ve)eiCum),iRos | N sone
ero0d ront s L N Todeh BRE, A2 I S SELA2 D BLPLITS o et
to display f ol SipkrTadk! (haufitrcied bpUISeSodtdre), h‘ﬁfead)em&ﬁiemre@b}er:mesmngidje
reaction g .. COIRALLIEALS.CLEAEL) BR: 5% SRACKES Tekdl ibblosth e
(manufactured by Elmic Systems USA, Inc.), TronTask! {(manufactured by U S
Software), TTPos: (manufactured by TTTech Computertechnik AG), Virtuoso
20  (manufactured by Eonic Systems), VxWorks 5.4 (manufactured by Wind River),
SCORE, DACS and TADS (all manufactured by DDC-]), Nimble - the SoC -
RTOS(manufactured by Eddy Solutions), Nucleus (manufactured by Accelerated
(\H-,/' Technology), or Fusion RTOS (manufactured by DSP OS, Inc.). In these embodiments

the central processing unit 202 may be replaced by an embedded processor, such as the
25  Hitachi SH7000, manufactured by Kabushiki Kaisha Hitachi Seisakusho, of Tokyo,
Japan or the NEC V800, manufactured by NEC Corporation of Tokyo, Japan.

Referring back to F1G. 1, and in more detail, the modeling environment 110
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 "radio button,” Selection of the radio
button associates with a nodel causes that nodel and its constituents to be
actively displayed. In sone of these enbodinments, unel ected nodels are

di splayed in grey type, or may have a transparent grey overlay indicating
that they ayve:eeb2sgstrrently the active nodel. ReferringchastodesiosG 3A the
graphi cal user interface 300 al so includes a 25 reaction table 310, and a
~species table 320. The reaction table 310 is associates with the

"Reactions" folder displayed in the nodel pane 302. Simlarly, the species
table 320 is associated wth the "Species" fol der displayed in the nodel
pane 302. In sone enbodinents, collapsing the associ ated fol der causes the
tabl e to not bdilsdngibich fields arydelimited Byyiaps rgemmag | Adermatiyelyy the godglingyed in their
own graphi cal WggfonmBitgid ﬁ&ﬁac%‘égf‘ﬁlﬁﬂi’rpr&dﬁéeﬂ%ﬂr a 36 VB aMhe Bedhifarndadie W ndow as

t he graphical user interface 300, as showmm in FIG 3A 10 WO 2006/ 025861
PCT/ US2005/ 005 3tgfacapre graphicalivesy interfee 310 |ists each reaction present in a
nodel ed bi ol ogi cal process or chemi cal reaction. In the enbodi nent shown in
FIG 3A, the nodel i Figs SAvint GBBSIEts ardidtbobini of ¥ Sabt@AGhih@ARusEi@SERE 3000 t he

Fi el d- Kor os-Noyes nodel of the Bel ousoy- Zhaboti nsky reacti on and i ncl udes
four colums: ¥ ALY tB(‘ST"E’I’fﬁ‘“Q‘f?}an'élé‘/“Fﬂ’rﬁEFY tusg ée"é’BE ﬁWﬁg%l'lﬂ§ a paranet er

col umm 316, an@hdvif FRIsS3 Akl IB) the iker 2B tacia indlaW aGhodeliane J02atithon tabl e 310
corresponds to a rticul ar, ction.._The n er .and format of columms

di spl ayed by tﬁ@bg‘g’gﬂtﬁwwﬁéﬁg' }?ﬁﬁal}g’ @éfngg‘fqgﬁf'eﬁw ﬁﬁ%o‘lﬁé’é’lnf’mlnf?dﬁlfﬁ’er

enbodi nent s, t hereantelurdtamdiaivts R SERbmPulds sRRMtsShReE cohtid ofueMENDamd f or mat

of colums to display based on the type reaction se] ected t he user.
10, Referring bé’B?(ratFn@ sy%eé“’&%‘bfgﬁt%‘ﬂ?ﬂgﬁw{:ﬂpﬁaf edmggnd, ﬁ)ﬁgu’}g@&cﬁ/ % col um

312 di spl ayis aatiedatcimbadimendedant wd1Gr8./4 A sibBtiodeltof & cifemida) resctign is Cc - > Br.
In other enbodi ment t he .r.eactj.on e.represented as a differential
equation, in stCSIg’i"é% "f‘gw"fog?]r'?ﬁlfe,éog?'“de{(gayeg%ﬁyﬁﬁﬁgagﬁ e{e\%o or nore of these
formats. | n sorfEiceKondiNogesiiedelt That modelcbntains theeh bubfolderd: ti0@spagmets’yinm

identifying nodifiers.of,the.reactio For exanmpl e SO reacti ons can be
catal yzed by a gu cg?ngrf(?’é(.l #ﬁ?l? ‘fr@i? Sﬁgfb]rd 8%? %%@ﬁceﬁ ﬁ&? %@0&2‘3&5 %™ format as
Cc -m(s) -> Br Otimegnplicl ifvainterfaz sphicesemegbaised 1o'presau SisniGendion makevert into

Br. In the enbodipent. s in_Fl t I i .8 Q SO

i ncl udes a ki?neu??rc? P??&vx}e%]gla%ﬂ v ‘)ldgﬁh fs e%‘tnf’%?ggs"e? ﬁze&'%mﬁsé)tlaﬁia nlu%\k/’\? '

expressi on t he of fddets represinting eedels. oiisef slectomsnf apartitile fdddodisessi systhrown i n FI G
3A, the kineti %islp%v,foqée.% Rlctheaﬁlgt%l 1‘.%1% 5'02 that represent pieces of the reaction, e.g.,

compartments, reactions, and species. In still other embodiments, each model and all

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

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

Referring back to FIG. 3 A, the graphical user interface 300 also includes a
25  reaction table 310, and a species table 320. The reaction table 310 is associates with the
“Reactions” folder displayed in the model pane 302. Similarly, the species table 320 15
associated with the “Species” folder displayed in the model pane 302. In some
embodiments, collapsing the associated folder causes the table to not be displayed. The
respective tables may be displayed in their own graphical user interface window, rather

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

10



20 the Ce -> Br reaction is "Ce*k5," nmeaning that Ce is consuned at a rate
controlled by the paraneter "k5" and the anount of Cc present. In the

enbodi ment shown in FIG 3A, the paraneters for the kinetic |aw expression
are listed in the paraneter colum 316. In sone enbodi nents, the reaction

tabl e 310 i Wl wgmsssaa col umm i dentifying the nanme of thecrkisBREbeszdaw
associated with a particular reaction, e.g, "mass action" or "M chaels 25

Menten." In other enbodi nents, the reaction table 310 includes a colum
identifying the units in which the kinetic | aw paranmeters are expressed,
e.g., 1/seconds, 1/(nmoles seconds), etc. Still referring to the enbodi nent

shown in FIG 3A, the reaction table 310 includes a reversible colum 318,
whi ch i ndi cat es wheflThereadtine table 36 lishs aaeh reaction prosen iy a npdeledhielpgivdh pwcesd

reversi ble reac trh@ 4 i L b <-> Br.
I n sone enbodi n(}arr??és?mﬁreeg?@g\gﬁtgﬂeﬁgw t?ﬂ]gwﬂnﬁl@n% h{?gﬁgmiglcﬂﬁﬁ | %Qﬁtl fy| ng
dynamics 11 V@@@@BlﬂmwaqﬂsP@WU@Z@F(iBﬂmmg‘foyeﬁde@bOfﬁh%&ﬂmu@w e.g., "fast"
or "slow." In s a reaction
occurs is identl Ot%h(o‘}rp%ﬁ%c%mﬂifd 1 tonlf%ﬁ].n&Ia#ffé'a‘:'st“ﬁ]c{)b{lghtﬂI ﬁg@akﬁ%{éﬁ}ﬁents t he
user may be pr e@élmfeﬁ‘iwptatmtesmlld@H@rﬁnﬂ@lremhﬁzﬂwalumﬁswtmhrc&mfdhety of
various reacti 0 urt her
enbodi nment s, thfeg@g%f(%?l?g}l@%he%g{ié% yganﬂn%a?%g%t 8 gﬁb:r{uglgk&nﬁhfdg%t Ofgnnot ations
or notes rel at i epgmns displayed &3 deireationTrde madhe slegeddnithe wemdmoth®00 shown i n
F1G 3Aalso di shlodking (PRGN hdfbihenCAd ah@eléc?%g%%%&? wnin FIG

3, the species table 320 i ncludes a nane co an initral anmount

col um 324, andc‘&“@@ﬁsdlﬁ%*ﬁybé%ﬁGWGMGOfTF#FéO%?ﬁéQ@tﬂéb}’thamfé depicts the
initial conditions and amounts of material used in the nodel ed biol ogical 10
pr Q,ess or gbem cal RefRedngibadk to fleUmboditerit BROWATPPIE. DERthe RO 3, the

nodel ed  bi ol ogi rocess be with 0.003 nol g its of bromne, i.e.,
0.003 mul tipli eﬂfsf’g%)’sgﬁ?f@@éﬁbasg‘t%dﬁ%?bsmﬁﬁ “E?Sﬁsﬂ”éiﬁ %&I BPHes26 is set to

"true" if the naﬁtmhumh@uhdreaoaslsmapbet BprbschB@®iser dlﬁer&ﬁhal equldti’clh tistodhpgucy of a
particul ar spec es. In otg nbodl men }snﬁ t}e CI es tab).e 329L i ncl udes
3%/ iof ?fmatss $

ot her col ums s CHAE 23 gy wf’(?éﬁ'f’ﬁe sé’f“fj. ',n 5 mol ecul es,
liters, etc. ) We&ﬂbhablcampﬂeda ubwnmrldaaﬂ@mgeﬁodifﬁrsajﬂthemew@mmﬁe,l able in

t he nodel speci.es i.s.an Lhput to the st a col um
for annot at |18)nss°nberrea§u°n5 at?lg?e%rl?éftaé‘ébsmﬁ?‘ gg‘ﬁ'@“@hﬁfﬁﬁ??@%ﬁé“,tg%gm%del i ng
envi ronnment 300fraagt@pCs—1aG) Haliheading tHaethe presencendl FKupuskago agered iith Bonvert s
that file into a graphical display of the sort depicted in

In the embodiment shown in FIG. 3 A, the reaction table 310 also includes a

kinetic law column 314 which identifies the kinetic law expression the identified
reaction follows. In the embodiment shown in FIG. 3A, the kinetic law associated with
20  the Ce -> Br reaction is “Ce*kS5,” meaning that Ce is consumed at a rate controlled by
= the parameter “k5” and the amount of Ce present. In the embodiment shown in FIG. 3A,
o the parameters for the kinetic law expression are listed in the parameter column 316. In
some embodiments, the reaction table 310 includes a column identifying the name of the
kinetic law associated with a particular reaction, e.g. “mass action” or “Michaels-
25  Menten.” In other embodiments, the reaction table 310 includes a column identifying
the units in which the kinetic law parameters are expressed, e.g., 1/seconds, 1/(moles *

seconds), efc.

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

11



20 FIG 3A. For exanple, one representation.of the Fiel d-Koros-Noyes nodel
of the Bel ousov-Zhaboti nsky reaction in markup | anguage that corresponds to
the particular enbodinment shown in FIG 3A is shown in Appendix Ato this
docunent. For exanple, a process nmay be provided that uses the information
enbedded HWOEJQ,@@S%S of the mar kup | anguage file, e.dpcorukRaGisRy
name="Reactions" 25 reversible="false"> to generate tﬁe tabul ar form of

t he nodel shown in FIGs. 3A and 3B. In sone of these enbodi nents, a web
browser may be nodified to parse files containing nodels witten in markup
| anguage in order to create the tabular formof the nodel shown in FIGs. 3A
and 3B. In other enbodinents, a process nmay accept the nodel as input and
generate as oubf)ﬂhéreﬁaidﬁ,etgr;a‘fasﬂ"Sr‘&idve’C[ﬂspme)éﬂmel@‘eaiﬁb@ihﬁmt@ﬂﬁﬁ@wﬁm, 30 such

a code witten_in, the C pr .a u 006/ 025861

o US20051 005 30 B PRRE S BPnA BRBFARAE b oo SRR SRR M Fons « ne
execut abl e codéhetuger hfay bé prasented vithia tlale BbHtiol mhtetllmmufapﬂaﬁyw\anansnetvmrk for
execution on those conn ut er. t hes uters be
connected vi a ?ﬁtﬁ?ﬁf)@ it %vﬁ%’r?ef"?f’glﬁfo]gn@ggmg‘% Pﬁa‘flﬁg&)ﬁd&fﬂ% or ring
t opol ogi es. 5TheablesiMmakinclade H@lvann focshotatioagon@tedeeldting toAMN) readbion met r opolitan
area network (MAN), or a wide area network (WAN) such as the Internet. And
t he respective corrpH; t vari ety
of connections includ %ﬁd )émg%%gﬁ%?é&ﬁ%ﬁgﬂf}}%nﬁé}g&%‘é\%ﬁg@%ﬁ%ﬁg{h ks (e.qg.
Ti, T3, 56 kbA2K. 128, embvdnaetbalwncmﬁﬁﬁ:‘ehttheap@mé taBRN20 Fclade aReheayolurdlM) and

W reless conn i ariety of
comuni cati on %?%ta%g%}al %@Hﬁ%ﬁﬁﬁ%'ﬂr’%ﬁ%g& @fﬁﬁé&‘;&@ﬁg}%ﬁ% B \ét BEUI , SMB,

Et %@f net, ARCNE®ictHhpaitial m@tlonswud smoubtstofi mtatid ufed dreth¢ FDDIY biftSAGD, | EEE

80¢. 11, . |HgE ?Po%es%oﬂ&em ng'%edﬁ% Yrnhdin thd dnftfodiar shod P36, L Sflie &fy”Cth”OUS
confect i ons n these e Inments, 'a naster server parses a no witten
in markup Ian@iﬂé@'@ai FNPGSSM@WW(B@QQW#WQGWMY\Q 2093 maltiglieddyor from
anot her Corert @(mg&(ﬁ)@ﬁ%&s%ewnﬁaﬁc E@?&SQQW%L"@&HAOHG@ME% enmbodi ment s
t he nodel is input user using a ta user 1 nput such as the one
shown in FlGs. a&mnaﬂ@ttw i§ien pnfigitasynple af a nactisplar spatiesy fmetbersmbedimentithe one
shown in FIG MealelS] nfofgcut abl e
code. The execu ecﬁ%b%%?(ielﬁgﬁ%@géég{ ogﬂmﬁﬁh%ﬁ er sg?neg?nﬁﬁﬁgﬁge conpi | ed
code, such Bs desdrsules fitersesic. ],Wh@hef@{?am@llar spegies @#ﬂmﬂ@éﬁmvﬂﬂé@elﬁh? un on a 20
target platfor mge dheviRneCHE oli6 S AR R IALGSEPY ilken FRIARISR! 4o MY be

aina

column for notes.

In some embodiments, the modeling environment 300 accepts as input 2 file in a
markup léhguage and converts that file into a graphical display of the sort depicted in
20  FIG. 3A. For example, one representation of the Field-Koros-Noyes model of the
£ Belousov-Zhabotinsky reaction in markup language that corresponds to the particular

S embodiment shown in FIG. 3A is shown in Appendix A to this document.

For example, a process may be provided that uses the information embedded in

the tags of the markup language file, e.g, <reaction name="Reaction5"

25  reversible="false™>, to generate the tabular form of the model shown in FIGs. 3A and
3B. In some of these embodiments, a web browser may be modified to parse files
containing models written in markup language in order to create the tabular form of the
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,

30  such acode written in the C programming language.
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byt ecode | anguage such as JAVA. |In sonme enbodi nents the executable code is
transmtted to one or nore conputers via a network connection. The one or
nore conputers execute the code representing the nodel and return the
generated result to the naster server. The master server nay store the
retrieved re&gdidosokss | ater analysis. In 25 sonme enbodi pentsedsivessenst er
server displays a graphical representation of each of the received results.
I n one enbodi nent, this technique is used to conduct Monte Carlo type -
analysis. In certain of these enbodi nents, the master server may collect and
di splay each data point received and di splay each data point graphically in
real-time. FIG 3B depicts in tabular formreactions for simulating the E
Coli heat shock 30 Gosxpsiorsel nmddd! intpsxedutale cosischllawethe axecutablerreds foore wi t h
FIG 3A, the up tabl ' var I .0 ' [

transer pti on acd PRl ol bl UF SERLpL Ry LRaG R NP S0l ' B

PCT/ US2005/ 005308se gmbotligicnis cemmpuigst map be conaedted ¥p aoumbersof obtwiodatopalbgiesk
proteins with ug . i i i I 3B, all
reactions have %@Eﬁggﬁ %gﬁr &?ﬁg%%gg%%d%%@og?%m%?g%?‘sﬁﬁ%ﬁ%‘do\% e)’sorre are
not . Anot her Sneeedropdlitmemeae sewotkn@y Al o @avide rardsi metweki (WAN)r wilc s dies i s by
way of a bl ock €| a I 4L I t i

envi r onmrent 3oo(ﬂ{§ (%'vvsm]%agslgstpg‘%ngl: CPeE@%Eﬁ?@%%po%c%wﬁﬁgg&% “cheni cal
reaction as a bivaiky diconpections iftlGlingstehdpid d¢lephonerinenybadl eréWaNdinkslelgl, ddk

di agr am nodel i ng;egy| n t dq'%?}@t i (o . a bl ock
di agr am show ngqﬁbg%t/klgs’%ggﬁ’ {r’rg%dg'%}}do%%?e%ﬂﬁg I’ Fﬁ%%%)gﬁag ‘?TSME nagééﬁmﬁss
construction. Asornsctiged. Colaadions cahbatstablishel usiagspronisty of epnEnuniaafion prefoepls
protective ogll ylar 1 CHBONE | QuBRR. NABHOENB! SitmeE! RNENEE, rive:
terﬁ_)gratures result i'n decréased E. coli growth, in large part,” from

protei n unf ol di AistdutediRataolntsifeny. FPRD, RER, BIFEF021 &sIFERESE2.11ayIEE BZ%t1bshock

proteins, respo ﬁ@.l@&%&r@&' SheSoli€Andods £ Ol di ng proteins via
|

chaperones or by degrading nonfunctional proteins via proteases. The bl ock
di agram shown in FIG 4 depicts the expression of five particular gene 15
sequences invol ved i fie sRdtimepsck MasSHSFEE. PSS Fapdel pregften nmerkR ct s

pat hways 4100, 1#gtdde. 489 thollmdyR R¥RIASHIRR 1Rfd HEOLERSA InbtAM Yokl N heat
shock response. Pat hways 4100, 4200, 4300 represent the expression of heat

shock proteills REEHed KHap neRyok fQupsehnsy In pihgk apediments fegundel i dpyt byrhisehat hway's

4100, 4200, 430Qsiag £tab@hr uélisile f¥h bNBe britlsBOALHIFIGs. 34 10P3B 42D FrapificaPimepf a32
wi th RNA pol ynerase at the pronoter of the respective 20 sequence, Each

pat hway 4100, 428erfaceseh agdis eneshowe it Fih e r Tha master 48007, passss dhe madeh Loy

produce executable code. The executable code produced by the master server may be
compiled code, such as code written in C, C+, C++, or C# and compiled to run on a
20  target platform or the executable code produced by the master server may be a in a

bytecode language such as JAVA. In some embodiments the executable code is

e
~.

transmitted to one or more computers via a network comnection. The one or more
computers execute the code representing the model and return the generated result to the
master server. The master server may store the retrieved results for later analysis. In
25  some embodiments the master server displays a graphical representation of each of the
received results. In one embodiment, this technique is used to conduct Monte Carlo type
analysis. In certain of these embodiments, the master server may collect and display

each data point received and display each data point graphically in real-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
CJ) 4105, 4205, 4305 at the pronoter and the subsequent translation 4130,
4230, 4330 of the protease. The heat shock proteases, including ftsH and
Hs1VU, serve to degrade proteins rendered nonfunctional by heat stress.

Simlarly, Geesi@sam depicts the 25 pat hways 4400, 45QQddNRly8es i n the
expression of the heat shock proteins a70 and DnaK, respectively. The

expression of the a32 protein is activated 4410 by the interaction 4403 of
a70 and RNA pol ynerase at the pronoter. The a32 nRNA is transcribed 4420
and, subsequently, a32 is translated 4430. In a closely rel ated pat hway
4500, the heat shock protein DnaK is translated. The interaction 4505 of a32
and RNA 30 pol ypreics es well 2 the inserentionsent heat sliovkapretess #0h uhfelded @ndanptuptl) on 4520

Curn, ey i t ot iFcreep R, 50 ey B Rt st W'h o

SO0 as to stabi | feyesible, vaiile sauhet aeg mit Anaghey metirad/ ofiterfresenting exni¢dher pr ot ei ns
unf ol ded_ by he gch%rcgﬁ§ cgébr\st?slb& t@gg}&r’glggi ;or all ows users to perform
a

such actions as araw, - edi , sav ind print out block diagram
representati ons of dynam c systenms. Blocks 5 are the fundanental
mat hemat i cal S el ement®stifother embodispentsheympdeipepvapamastid0 allpws auspido of t hese

enbodi nent s, t hgpredel ding Gziél k&&@éﬁﬂémhﬂ?éa&%%sEE‘Bc]@dlé’g?zﬁﬁsFI@f4%%5 nhon-
virtual bl ocks and virtua ocks. Non-virtual blocks are elenentary dynam c

systems, such #scmbedimgmpt ahlecmm%my%ﬂawwm@f dathesmbadiment dagiggl  4305. A

virtual block mypxeneasroayanggeﬂnzhfacm@meafat;ﬁ&ﬁ}eaafoammlbgaalm&a{a&em ence and
plays no role in the definition he system of equations described by

t he_bl ock di agr &awtsH Aspfowei\slsvawblhéat shq?quﬁ@nsw@ef@hdﬁa@rp@ﬁﬁveﬁeiiuﬂ?é heat

Sh ck mec hanp s Mesgdnde to hidt indRBEHREL @1&45&9& ﬁhﬁ&ath&s Fekl@t 1nﬁecr&§cr<l@l cdif anscription
i‘at ed by a32 to produce pr ot eins, &)resente by 4100, 4200, and 4300,
1

nay be repr eseng@lthai lazspargiiam PR?FBF‘I‘EF@II B3 Yewsioding E“‘C‘WF‘(,SH‘PCkrY%FH%T}SF’ng (such

as the use of  gid&Y SoBFDielB YesPshds BaciRIutIREEY 8y tehfidihepo@hk biat y of nodel s.
15 In sonme enbodi ments, the neaning of a non-virtual block nmay be extended

to include ot h@FP§%%qy@§ga@W?n ctipnal proteips viprefeddcs enant i c. The mer ge
bl ock semantic is such that on a given tine step its output is equal to the

| ast block to write ThebBtk dispai stovn il FIE. Meepipes thé mkssidn_rbfﬁabpdrmulagg@phi cal )
ERIIGAL Ty DR T X T R TR TR
reaction. For exXzpdie) fdr ke ex@esivh 6f proteases involved in heat shock response. Pathways
4100, 4200, 4300 represent the expression of heat shock proteins ftsH, Hs1VU and other
proteases, respectively. The pathways 4100, 4200, 4300 are activated by the interaction
4105, 4205, 4305 of 0™ with RNA polymerase at the promoter of the respective
20  sequence. Each pathway 4100, 4200, 4300 depicts the transcription 4120, 4220, 4320 of
- the mRNA mediated 4110, 4210, 4310 by the ¢ and RNA polymerase interaction
</} 4105, 4205, 4305 at the promoter and the subsequent translation 4130, 4230, 4330 of the
protease. The heat shock proteases, inciuding fisH and Hs1VU, serve to degrade
proteins rendered nonfunctional by heat stress, Similarly, the diagram depicts the
25  pathways 4400, 4500 involved in the expression of the heat shock proteins o”° and
DnaK, respectively. The expression of the o°° protein is activated 4410 by the
interaction 4403 of ¢'° and RNA polymerase at the promoter. The o° ? mRNA is
transcribed 4420 and, subsequently, 0™ is translated 4430. In a closely related pathway
4500, the heat shock protein DnakK 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. Dnak, in turn, may either interact 4600
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*transcription_factor: RNAP -> gene -> nRNA -> protein which uses
*transcription factor as a "wld card,” allowing nmultiple protein
expressions to be identified in a nodel using a single line reaction. In
general, any regular expression may be used to signal the existence of a
"wild card.q woRGRIebaE 25 expressions, and the technlque§cgﬁgﬂw&ﬁ5ﬁﬁnplIe a
regul ar expreSS|on |nto multiple 1instances of code, are .
transcription factors to be used by the nodel maybe provided froma

dat abase query, a file, or by user input at the tine the reaction is
expanded to generate the executable nodel. Each transcription factor that is
provided results in a different reaction that, potentially, causes a

di fferent gene with @f wdis testabilizdND* 20 AEARTRE haPtefolUS0MY i&EBOmolds@byenger RNA
and express a AL kﬁular protein. This technique may be used to produce
sets of reactiohd W¥h nini mal input on the user's part. In still other
enbodi nents, the nodeling environnent 300 may al so provide for conditional
execution, which i sAthiwekdegenptitahlochdirs foeadérmanch dctignsas dree, editbsyst ens t hat

5 trol when j b th

oo by e T TR RS R Sl ot PR EEHRD, Bl
interface (GU )artt:ttmﬁmth@rmtatmahemaa'bdlglmemhraﬂatclassg: éckigliagmkn m@grammdel s by a
user. FIG 4 OephilsiRaaRethe byl frobfh Gl Sl uBlositglageam edi Lor

that features a eénent he "enbo ntls owh in FIG 4,
the QU tools mmlatlhieckvamd il ltib@r@kN@muttsal 4oks arCRlemed 0F, dynamac sx;tgms,vm ring

| i ne connectio I t ool
410, a save/l ogsgatp%é agldRﬁk?F %lmgg{ﬂ%a%ﬁ Pg 9%5 ﬂél(g %Sn ntj t ool
418 The bl ock betppryided mgrapln@&orm@twr@pmswcmﬂpbmwobﬁn ﬂﬁ: ﬂemﬁt@n
gi,def' nedpl ofeR 39{%5 bl Rol ol el Fafetafifich gk di agram
vi dual users may be a to custon ze t pa ette a) reorganize

bI ocks in sone 'd%td@mﬂffmfﬁﬂﬂwaté@ﬁkw@lﬂﬂm%@@h bﬁqﬁ@'{@ddwctﬁbmﬂ@é, gand (c)
add cust om bl ookl Bk AURALS3 ISR BhORKRAIR 1104 498l kigpuSh Sore

human machi ne interface (such”as a nous on to the w ndow

(i.e., nodel clamsspfesqﬂﬁ@ ag e aipale.cvatual tdeok; Hmriﬁ#hlqﬂhﬁoiﬁllw(éuqhwatheuse afender ed
on the canvas i ginGath§chd EIB@HS%@K;lﬁ@fbvg@@rgﬂg@lﬂ%dgﬁhere maybe different
enbodi ments for the bl'ock palette including a tree-based browser view of

all of the gl ocks. |In these enbodi nents, the floating el enrent pal ette

al lows a usdt to dr dysopesRRednents hemeringnle sot-vight dlogkmay beexteneedde op it in
place on the sgEe®bthet #nBRRE sadh 4 B epergeTHIRM kdRitis ThORERe BRY naftiche a
textual interface with

such that on a given time step its output is equal to the last block to write to an input of

the merge block. In tabular graphical user interface embodiments, a merge block may

be comnbined with “wild card” characters to expand a single table entry into mulitiple

20  instances of a reaction. For example, the reaction:
CI *transcription_factor:RNAP -> gene -> mRNA -> protein

which uses *transcription_factor as a “wild card,” allowing multiple protein
expressions to be identified in a model using a single line reaction. In general, any
regular expression may be used to signal the existence of a “wild card.” Regular
25  expressions, and the techniques used to compile a regular expression into multiple
instances of code, are well-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 commands that allow interaction with the graphical editor. For
exanpl e, 25 dragging a polynerase block to the nodel may cause the systemto
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
aut omati c qgh bighmsegaer ations on the bl ock di agram A usermsRiainsdos Y
interacts with a set of wi ndows that act as canvases for the nodel. There
can be nore than one wi ndow for a 30 nodel because nodels naybe partitioned
into multiple hierarchical levels through the 16 WO 2006/ 025861

PCTI US2005/ 005303 wuse of subsystens (discussed further below). In still

ot her enbodi nents, only a textual interface may be provided for
facilitating t messesger RYAGod stprassd pasiiculsf profem. Hhis tdehmluegnayrbe uSdddo wi ring | i ne
connection tool ucests4t1reac%hxllsovyﬂ1‘i1§1ffﬁnﬁlﬁ1 tgﬁﬁ’!\évugl iec ed lines that connect
the blocks int nso nt's a single wiring line 5
tool is provi ded and the user connects bl ocks by selecting the tool,

sel ecting a start phbishll Otthmo@@P@MhCmg)dﬂhﬁ caYitpnmeit300 mamalmm@rid@hbom ment s,
mul tiple conne epi cted
in FIG 4). @%ﬁ%%n%%&é%i@%b@ﬁgé%’dﬁﬁ% oug ﬁ@géla%%%? %%%Egjr% rrec téhr??srrs

i nvol vi ng huareonrteed hendn time blotlamethods gxdquta for p lyeb-sekisopted the @verathedodkpdel i ng

envi ronnent 30Q also provide various forns of auto 10 connection tools
t hat connect bl ocks automatically on user request to produce an
aesthetically pleasing layout of the block diagram (especially those with

hi gh conplexity w F‘tﬁ@l{) bl ock to
anot her signifies tﬁghtﬂl&kggg%é@g?&ergs f%ra@ic%@%&énterﬁ&@ lf‘lshﬁbso? énttjlmggk or the
output of that Bpwedeafing ?ftblqcbﬁwsr@@m@elabywsahﬁ@{%/ dspictsian embodimgntiof & 0 t he
SEl@d bl ocy ISui'the lﬂ&@magltaln%u&‘?@t feﬂt%fés ﬁ‘hbﬂﬂl@ elﬁﬁé{t?al&% alglenot es and

annotations to various parts of |a ram he annot ati ons my

appear in a noteéé’oéimm&ﬁhﬂi’ﬂldﬂ fKh 4(:‘!‘}1’ G%toowwd% Y@Ohﬁﬂ@k toads AR AYPRABN a

tabul ar format. va%ﬁ%ﬂdgﬁiﬁ@@odn&bﬁ% %BBM@@LHi Q% MRbtatidd 160l 4m0tf&§1aﬁra%mappear cl ose
to annot ated bl ock or t be hi ddén. The formatti ng t ool 10 enabl es

users to perf orhfPaiesyedoa fw!ﬁ ﬁpptrf@ateﬂgétroaﬂ«?wap@dﬁblﬁ&t@hﬂé oKl |y

avai | abl e on ar}b’olgmumnioserﬂirésbrﬂgl%ﬂ%l of all hﬁ%ﬁe-&ﬂﬁé@émcﬁmah&hd%me%r and
nodi fy the various graphl cal attributes of the bl ock diagram (and

const i t uent 1l okhea puildingdhe blackidigragiy Bidpvishel st @eY heihle tapystiprie his palette
& ustification, toc(? r@Jrg&?zEﬁBEﬁsQﬂsonﬂitcﬁstoJ hmf m&m@umma@ﬂot@sd addhe bl ocks
|

wi thin the bl ock agram general |y have a set of functional attributes that

are relevant. fde) XTSRRI By bve detpmedy dheblanks By berdragesd throughfameedi t i ng
human-machine interface (such as a mouse or keyboard) on to the window (i.e., model
canvas). The graphical version of the block that is rendered on the canvas is called the
20 icon for the block. There may be different embodiments for the block palette including a
tree-based browser view of all of the blocks. In these embodiments, the floating element
C:J paleite allows a user to drag block diagram elements from a palette and drop it in place
on the screen.  In some of these embodiments there may also be a textual interface with
a set of commands that allow interaction with the graphical editor. For example,
25  dragging a polymerase block to the model may cause the system to prompt the user for

the protein to be used in the polymerase reaction.

Using this textual interface, users may write special scripts that perform
automatic editing operations on the block diagram. A user generally interacts with a set
of windows that act as canvases for the model. There can be more than one window for a

30  model because models may be partitioned into multiple hierarchical levels through the
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25 tool provides QU s that allows these attributes to be specified and
edited. The save/load tool 414 allows a created bl ock di agram nodel to be
saved. The saved nodel can be reopened in the editor at sonme later juncture
through a | oad mechanism Users may save bl ocks including pre-constructed
subsyst ens W fogBsiRar ate class of bl ock-di agrans cal pefudvdaioasshe£s. Such
libraries facilitate reuse of the sanme block 17 WD 2006/ 025861

PCT/ US2005/ 005303 in a nunber, of other block-diagrans. The | oad/ save
mechanismis specially equipped to handle |oading and saving of blocks in a
bl ock-di agram that actually reside in |libraries. A publishing tool 418 may
be provided to enable the viewing of the block diagramas a docunent that
can be publ i shed#seof subsystems fivugsed Yobarhelow). f s ebersmbedimenss, osly afexsmBcer i pt ,
PDF, HTM., SBM.jiahle vv| |
recogni ze t hat the W ndo r%vgr@a%ﬂﬁcﬁﬂ%mg{ﬁggéfsé%h%dcgﬁrf&%gl gd?d

ment i oned above could potentially be enbedded in a single Milti -Docurrent
Interface (M) forThsMarnedinggenaetian fOPEG(’%&HWQPVé‘S@M?ﬁ%%ﬁ?d lires that

notification toebnndedthedldcidVif thd nb3&rs WiRJo. mgso%ealb@dlﬁa&s%ﬁ@mﬁhgﬁnéend a 10
nmessage to another user. In some enbodi ments, the notification tool 420

causes the cur faohis pipided a9 therussricemsets blpckgby salesag thetople salfstineatarPoithe

speci fied user. add\RR6ing e eh@pbihtD I fifer @mbodithénts, ﬁhmglerc%@gfahwstmtbe
bl ock- di agram packages offer _scriptin Ia uages for witi ng out prograns

that aut omati caPleyenEpghys tgembodiment depi ﬁbr%‘t‘?‘@ﬁ’ﬁ‘é’mﬂﬁﬁ ewddstd nornal |y
require interackHréizh Wirlols &Lh&ngeiimsﬁlamhomgmx%&n@ﬂmb InkPfces sith@ste del etion,

starting and term nating execution, ing block attributes, etc. The

model i ng envir okfbArd 35"6" "‘i‘Pé'ﬁhnéle§‘6“'°6‘¥“F'étﬁo%n‘éfé?lf’%r?ﬂ“?ﬁvaﬁ?%é?méﬂfa“f‘boI s that

i mor gve t he 18bi kbrnyctioh tddﬁ%’a%dnﬁeobblb&l@ aRBatitANaA@Qsérag@est B pasdacednagr ans.
Exanpl es of such 20 Isinglud éﬁfanlndr t hat help tshflnd var.i ous

obj ects such as *F5e%eLY BlAY ﬁkdlégrﬁ’l‘ pecnippseyithigh camplexityy ger
that hel ps debugiithhegeambets bftlookf). Tbakkidioa gk to @pther signfies tetafie Cont rol Ul
for managing mul ti Ie rev ons .of the ock- di a Profiler
for view ng tiniHg® f%ﬁ?ﬁ?@g%\hwém&@&? eg"“&’“b?‘a@%g]g}’légfté?ées %%/pi cal base
dat a- struct ur e fuatisa@ioh|iogkinfanoake seegpddieit ed as: 25 class Bl ock { public:
Il Access nethods for setting/getting block data // Methods for bl ock
editing 15 The annotation tool 416 allows users to add notes and annotations to various
parts of the block diagram. The annotations may appear in a notes or annotation column
when the model is viewed in a tabular format. When viewed in graphical format, the

notes may appear close to annotated block or they may be hidden.

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

and modify the various graphical attributes of the block diagram (and constituent blocks)

—

s
such as include font-selection, alipnment & justification, color selection, etc. The block

diagram and all the blocks within the block diagram generally have a set of functional
attributes that are relevant for the 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 Bl ockDrawl conQ virtual Bl ockParaneterData

Bl ockCGet Par anet er Dat ao; Met hods for bl ock conpilation 18 WD 2006/ 025861
PCT/ US2005/ 005303 Il Methods for bl ock execution
............................................ virtual ErrorStatus

Bl ockQut put @o=206k0258¢i rt ual Error Status Bl ockDeri vati ve(gerusQeososddsr t ual
ErrorStatus Bl ockUpdate() = 0; private: Bl ockG aphi cal Dat a

bl kGraphi cal Attri butes; Bl ockFunctional Data bl kFunctional Attri butes; 10
Bl ockConpi | edDat a bl kConpi | edAttri butes; Bl ockExecuti onDat a

bl kExecuti onDat a; Al t hough the exanpl e of the data structure above is
witten in C++, those skilled 15 in the art will recognize that equival ent
data struct uresinwmpmb@nwthercbbhleﬁliagramgJhgbsd/mglme@ms'sm isespasiadly equiiped twaj or dat a

fields of the bl!ldﬂ&lg lo? arilts é&frbﬁ)cl]; h b bloB %rﬁﬂfhapﬁtugﬂf chiSin llgran%l;aphi cal

attributes fiel tlona attri utes a co e attributes field
and an execution data field. The graphi cal attributes field is responsible
for storing informat BWRlishiizdechits mayrbe poyidgd tosnbdethe viewiae pf thebletk t he bl ock

within its paredibglth BkiodhAd A cin 63 fiolidbd b6 BBEHch oot t he bl ock

icon such as font, color, nane, and icon-inage are stored in this field. It

shoul d be not eclerples RaiSegntRPE: HEMEL, SBML| KMLeSGMBSBMbetcaf Thoge skillid dynani cs

of the nodel Uil %cpéx%lfhat B iddpE ok ﬁﬂlﬁtﬂe%ﬁ&é BHdtaf e fk Rl 18
responsi bl e for specifying block attributes th may potenti al lé affect the

dynami cs of thempigasd %‘ieﬁgulﬂ petentigilyaembedded HeagingleMyltiopwnenilnterssaci f i ed

for the bl ock ag/mdn Y pteRidaiRG uhikied ohivdie eAitbnAbitPUt ports of the bl ock.
Exanpl es of block attributes include block sanple tinmes and restrictive

fl . Block sampl g ti.nes. specj.fy,.if the block caqrr onds to.an el emental,
Cohtinuous, i scr ePdoBrUR 9Pl FORUMIER Bt 4 Kok ABERRdR A an
el enent al duscrﬁés%ageitmomyzatsaﬂun soieembbdierad, the mbMificatidpedt Y20 @ssel the spaci ng
bet ween tine |nstanttvs S%tﬁﬁﬂ ﬁ] . cﬂe bl ck r@sgﬁﬂﬁee 30 h(s)ul d be traced. A
restrictive flag dreSePBRE"E Reck, § s@??%‘?ﬁl%dellng cont ext s.
For exanple, one may inpose the restri ctl on that there nmay only be one
Those skilled in the art will also recognize that block-diagram packages offer
scripting languages for writing out programs that automatically carry out a series of
15  operations that would normally require interaction with the GUI, such as block addition,

block deletion, starling and terminating execution, or modifying block attributes, etc.

The modeling environment 300 may also offer a variety of other GUI tools that
improve the ability of users to build and manage large block diagrams. Examples of such
20  GUIs include: (a) a Finder that helps find various objects such as blocks and lines within
- a block-diagram, (b} a Debugger that helps debug the execution of block-diagrams, {¢) a
~ Revision Control UI 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:
// Access methods for setting/getting block data

'/ Methods for block editing
30 virtual ErrorStatus BlockDrawlcon();
virtual BlockParameterData BlockGetParameterD ata(),

B /f Methods for block compilation
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i nstance of given block in a nodel. Attributes of block ports specify
properties of the data that is either available or produced at that port.

Bl ock port attributes include dinensions, datatypes, sanple rates, 19 WO
2006/ 025861 PCT/ US2005/ 005303 and direct feedthrough. D nension attributes
are indi vi dygy 206438481 ons of a multi- dinensional rratrip&ﬁlj(}%%)m%sdésed as a
container for data elenents. Datatype attributes are. the datatype of each
el enent of data in the data container. A conplexity attribute is a flag to
specify if each data elenent is real or conplex. A sanple rate attribute
specifies 5 how when the signal corresponding to an input or output port
wll be used. The port sanple tines may sonetines be used to inplicitly

i nfer the bl ock's sanpl ¢fMetieds fdittdockakeratm f eedt hrough attribute is
specified only for input..ports..and..i.ndi.cates whether or not the CQutput
equati ons of the bl ock aviguahEfrerStatus BivckoButp@ ge®en i nput. This attribute

hel ps in determ ni ng thertsdoasSaasBiockidinvhtive()edk net hods shoul d be execut ed
whil e executing 10 the Vbitot KrrdiStgs BinckUiieteQonpdl ed attributes field of the
bl ock data structure holds the attributes of the block and its ports that
mrror the functionapriwtetri butes |isted above. This field is filled in
during bl ock di agram conplotkiirapbivalPataliilkGriaphicatitiribete;unct i onal attri butes of
the block in conjuncti cBlogkiFuctiviatDdtapkFunctivakl Atricitespnpi | ed attri butes of the
bl ocks that 1&re 15 conneBlbeompilgdDataThik€ompiledAgbues; det er mi ni ng the conpil ed
attributes manuf act ur ed BipckBrecutiénirnet bloFpebutippPati,but es is terned attribute
propagation. Attribute.propagation is described in greater detail belowin
the section on bl ock diagramconpilation. The execution data field is
mainly responsible flor storing the menory locations that are going to serve

asi sources for block inputs, oyt s, states, paranmeters, and of her work

ar éﬁi during 20 exec‘ﬁtlhf"{ﬁﬂlﬁex %EE&’C%“B‘IWER'D%QISMW i @‘Oﬁl%‘g%as a set
?T ?3 soci at ﬁﬁidnﬁttﬂmnﬂﬁvd vitl mgmﬁ@muiﬁﬁhmﬁrsm' c_zsa&it&ﬁﬁﬁgllier lﬁpﬁdﬁgﬂs%a@o dﬁtg

i elds, nethods ,used in iting, S ed in conpi.lation and net hods
used in execut i YiP PeAEEd eW@’f’ﬁ%’&&ﬁ? 08%31%% ‘gfao%mﬂléfﬁgﬂﬂlﬁm UL £3'589E AR d
getting the var gapticatiatibutts Bdld]a faktidoaeattibnaMicldVietdmiied stGidokes fiel€gidtanng are 25
call ed by the bl ock die%?{.qm editor in order to render the bl ock
appropriately i RePR@ &% 1€kt it s parent bl ock diagram For instance, this

set of methods may include a Bl ockDrawl con nethod that determ nes the shape
the bl ock icon has die ghphi@Uatiribufekfitid dsespasitiei for stopmp infamatiom relewntfet hods t hat

are called By the bl ogksfh 28 @ Block within its parent block diagram’s GUL Attributes
specific to the block icon such as font, color, name, and icon-image are stored in this
field. It should be noted that modifying these attributes does not affect the dynamics of
the model using this block. The functional attributes field is responsible for specifying
block attributes that may potentially affect the dynamics of the model using this block.

25  These attributes are specified for the block as a whole and the input and output ports of

P
:

the block. Examples of block attributes include block sample times and restrictive flags.
Block sample times specify if the block corresponds to an elemental, continuous,
discrete, or hybrid dynamic system. If the block is an elemental discrete-time system,
then the attribute specifies the spacing between time instants at which the block response
30  should be fraced. 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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conpil ati on engine. They help validate the connections of the block to other
bl ocks on 30 the bl ock diagram The nmethods used in execution include a
nunber of different run- time nmethods that are required for execution. These
i ncl ude the Bl ockQutput, 20 WD 2006/ 025861 PCT/ US2005/ 005303 Bl ockUpdat e,

Bl ockDer i vaye Yfae/iBdi0ds that realize the Qutput, Updatgey [ﬁ%o%fsloyatl ve
equations discussed earlier in the context of dynam c systens n addition

to these nethods several other run-tinme nethods may be provided, such as

t he Jacobi an, Projection, ZeroCrossings, Enable, D sable, Initialize,

Eval Parans (check and process 5 paraneters), and GetTimeOf Nextliit nethods.
It should be noted that there is no explicit nethod for al gebraic equations
because t hese ademeetrIEﬁﬂmﬁgEdDﬁmdsimmeﬂ&eﬁe individual dinicnsiomeE a prMINEr Whi ch

wi |l be discussed hel pw i.n nnecti on tht i scussion of si mul ati on
engi ne 120. 10%”}?3 ?W@mé%gﬂfﬁﬁ?fﬁgsa?(’ﬂ Fﬁ?%‘ge"é‘???l ﬁﬂ?@ﬁfmﬁ‘ﬁaﬁncl udes a
know edge basethe&l’éﬁtypélﬁteam eltneansfgihta hﬂh&dm‘amﬁtaﬁeﬁmd@lmplekiﬁy anibite @fa t hese
enmbodi nent s, 350 c nt ai ns nmodel s f or v ri ous,_reactions,
e.g. glycolysi Elagh?petcffeg[% c@rfgﬁc?ﬁ?m?ﬁttl%m ?‘3‘ HsBPPlEYF Hi ’t‘t8 SpeRifiet

reactions canshsi emén e tifnabcdrephdifidto a@ln)ﬁ@tairy&pa,poﬂhfﬁlbdmawr&qﬁﬁ base 350
may enter there |n|n reactjon nativel e%elS
t

fo
know edge base SSHYF S F%'F'Etﬂl?elsg%}'sééi’io IWB]&'éthsmf‘iftthz\l@cl?%s&E‘ﬂe % he user.
In sone of th hagect ﬁe@ﬂlﬂl}dhglﬂﬂﬂhsute isRpectiied ezﬂfeldariﬂpdtqio&s ﬁxﬂﬂﬁcﬁ&&@tvhédih@ohﬂﬁge'fw g
reaction with var evel s etai). | rrents e know edge
base 350 may ||IF§’e(¥ WQWB#@C%IPC erﬁé“&‘ﬁ‘f’FB‘%e %}f’enr‘@"\’}i% SBFT"?“E%}’ePSr entered
reactions. TBlenkdmd_ ﬁ&d@ehetha@ﬁn&'iﬁ)wﬂﬁlyblaék&ﬂ?thdﬂ& mﬁuﬂﬁbe a)FdihtSd \izllgléﬁg.xécﬁtﬁég _uselr
i nputting c ram representation of a chemical or i ocheni ca
reé)' Iailc?r &Pﬁ’rlﬁ?"gg

Clion. Effe know edge base 350 may prevent a user
manuf act ured by connecting bl ocks inconsistent with the nodel ed reaction.
Exanpl es of publ i cThecampilddabitiputes dickilvd the blothdata swagtive holdedie stgibivesefl | t at e
generation of i :ncl t @%? hi t i .expas
.oradaprotl, N@%?Jc?ﬁﬁl%%f#%@&% ﬁ%&%ﬁ oV 9%§ a(b ‘Be éﬁ ista Bank
(htt0:/ Jwww. r c Slebmgtivhgtiyck diganRomiii@on by utilizing the ﬁmc’uonal attnbutes of the

provi de pri vat & SLPaRyeRase AR AR Rl ot EFLRRLLY Bl whaFlRT, TV,

creation ofis nodwmiesed BlitoTlis prosespoflikwemiiniog agcmlmwtwemmmwrby the

non-virtual . The. s SHRLERD e Bl BOSkAS iRy bibblon i ilsBLES that it

influence the equations in
in greater detail below in the section on block diagram compilation. The execution data

field is mainly responsible for storing the memory locations that are going to serve as
sources for block inputs, outputs, states, parameters, and other work areas during

20  execution of blocks.

o The block data structure also has a set of associated methods that may be
categorized as access methods to data fields, methods used in editing, methods used in
compilation and methods used in execution. Access methods to data fields help in
setting and getting the various data fields of the block. Methods used in editing are

25  called by the block diagram editor in order to render the block appropriately in the GUI
of its parent block diagram. For instance, this set of methods may include a
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 BlockOutput,

20




for_the dynam c system In the context of block diagramsoftware, it is
beneficial to include other virtual blocks that do not affect the equations
in the dynam c systenis 21 WD 2006/ 025861 PCT/ US2005/ 005303 nodel . Such

bl ocks help inprove the readability and nodularity of the bl ock diagram and
wi eld no semantic influence on the mat hemati cal nodel. Exanples of such

virtual bl ocks include virtual subsystens, inport blo ort
bl ocks, busW@r&%%¥h| ocks and From and Goto bl ocks. %%iﬁﬁﬁﬁﬂ@#&§ maybe

achieved in a block diagram by |ayering the block diagram through the use
of subsystens. A subsystemfacilitates |layering by allow ng a collection of
bl ocks to be represented by a single block with i nput and out put signals.
The input and output signals of the subsystem are accessible to the

constituent bl ogksuphdd) BlockDarivhivehéus theiTeatife Gt DEIGT BPAakeS arf Derivitival
subsystemif its constituent bl ocks are mpved back intQq thetggln bl ock

di agr am nodel cRqE3tieps disrusspbrnglior i thsonigkl of dynapjcpistemn ImAdditignjo thesg hsy st em

graphi cal enti t},880ds ¢@klafdindr RROKthe AARLAS BaPBY froRbCKSh asBh€Talibity] ded to define
si gnal connections to the parent block di agram These |nﬁ§rt and out port

bl ocks i ndi cat eProisetionisEaCrossingt §rabls, Bisahle, Ltz EvyRarpms (Chrek dREReessh| ock

di agram 15 As Hebed:dr8Y GershsOMNEAT aihbdst RERuNHEAbledGaf thdré s Yo bdliee and
conpl ex dynam c systéns, users may b |l owed to | ayer block diagrams. A

. : e al y :
subsyst em f aci | Psthddefar algebric saugsiens heeruss these PG FFPIgeTAcdaB Proesssed i df bl ocks to

be represented Rjfergnt$laft Shizh MeKbdMidchssbd Wb in 3R Qidh Rith tRia@Bakion ofthe 1 nput
and out put.signals of the subsystem are accessible to its 20 constituent

bl ocks. By nestipatiusasise s wi t hi n each other, one can create bl ock
diagrams with arbitrary layers of hierarchy. Ideally a subsystem has no
i npact on the neaning of the bl ock diagram, Additionally, subiéstens

pr@ de away? of gr odfpforty emBPHmRYS: thsRadriEie enyvirpnment 40 Reludss A &rowledse Rasgi agr am
comstructs to isnameaididohtROsThndlel. Bitobef 1668 Shbdditieits, bk @edwedgd 0 enhance

(e modular 1y ol SHbSySLon el g SOt har 0, &8 o 50y ALl 1SS oot o
froma single Gdenaabsbegis 1 apuaredichseplsBiat WwReOhalel foE @R&1ER, thhie subsyst ens,
The Provess of gel LR 10 B IEL ST, Lhat antLbe 2REC gl Logn, i ool o
virtual subsysteselsdpcbatois0 may offer different models of the reaction to the user. In some of

these embodiments, the offered models represent the target reaction with varying levels

of detail. In other embodiments, the knowledge base 350 may insert parameters or

indications of reversibility for entered reactions. The knowledge base 350 may also

provide assistance to a user inputting a block diagram representation of a chemical or
20  biochemical reaction. For example, the knowledge base 350 may prevent a user

manufactured by connecting blocks inconsistent with the modeled reaction, Examples

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

N include the Swissprot database (htip://us.expasy.org/sprot), NCBI

(hitp:// www .ncbi.nim.nih.gov), the Protein Data Bank (hitp://www.rcsb.org/pdb), and
25 KEGG (http://www.genome.ad.ip/kegg/kegeg2 himl). Alternatively, the user may .

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

models.

Blocks in a block diagram may be virtual or non-virtual. The designation of a
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

21



virtual subsystenms. Virtual subsystens serve the purpose of providing the
bl ock diagramw th a graphical hierarchy. Non-virtual subsystens behave

| i ke an el enental 22 WD 2006/ 025561 PCT/ US2005/ 005303 dynam c. systemwith
its own execution nethods (Qutput, Update, Derivatives, etc.). These
execution nethods in turn call the execution nethods of the constituent

bl ocks. Th¥OUAZBEL of non-virtual subsystens are: 5 &Cgmsem’é’ﬁq?é‘{?sterm.

These are simlar to virtual subsystens, with the advantage of grouping
functional aspects of nodels at a given layer. This is useful in nodular
design. Conditionally-executed subsystens. These are non-virtual subsystens
that execute only when a precondition is fulfilled: 10 Enabl ed subsystens.

These are sini | Agef. SuehivABkSnei BTt RZPeadDIRE R :ﬁ&aarantym@me%e@alhgrﬁnt bl ocks
only execute when an_enabl e si gnal feeding the subsystemis greater than

zero. Tri gger ecnd #isdd ag wmantic] @ea’ﬂé*‘eé?f#‘\liep"é'i“’a{ yodel- Sirpmplespf eyl vl except

that the constiduentuld ks sbhsém8XRfrittc@R oftpbit BlbE, liil@&/eﬁér Hidkd i ng
signal is seen on _a triggerin 15 signal feeding the subsystem Enable with

Tri gger subsyst@AEomddtoeckan i nt ersection of the properties of Enabled
and Tri ggeregd subsystems Actl on subsystens. These subsystens are connected
to action-initi atorhé 11" or. "SwitchCase" block), a block that

explicitly commands %@%@W@F ashisveshin @ flosk diagram by layering dhe bask disgidiibs y st ens

are simlar to tﬁﬂaa%‘l 8PS BSRASE. £¥beRlem! Hdltattd EyeriNBHPIRNVER cBilectidte

“enabl i ng” signal has been del egat ed t'o an action-initiator. Action

subsyst ens def i Hélogksiali tepisesntst bx p gagle blotayiuary AndQutnubHenglsgFhennuh a t

signifies whi chundsBSNEhAESS 1A RLSOBTRRNRELsIKle RXBCAh ikt BIERs within the
action-initiator, Functiqgn-cal] subsystens. These subsystens provide a nmeans

of /ol | ecti My LMBYREM; 4 pyhsysiom ‘éa§\5‘8§1}?§’?5§ﬂ?‘? Halp constitaent blogks ak1pa¥ed ¥a5en cal | ed
by “af owner bl Oigt,theihfn BIOEEiadRdnOBlsddT B ing CRTRMIE RS dxBtibn. S;Vlgﬂﬁi artladr t he

b TR M R RO, TR
- subsystens def i sighaPconfbtidng REhOpar@X BIotK difiars. AMhtse@hpoft iagiN@ltport®BckSiddicate
execut on el att GG EBESRALTPHHE OB e BPSARET  he f unct | on-cal
subsystem Fsinction-call owners may al so designate
As noted previously, to facilitate modeling fairly large and complex dynamic
systerns, users may be altowed to layer block diagrams. A subsystem facilitates such
layering by allowing a collection of blocks to be represented by a single block with input
and output signals. The input and output signals of the subsystem are accessible to its
20 constituent blocks. By nesting subsystems within each other, one can create block
diagrams with arbitrary layers of hierarchy. Ideally a subsystem has no impaét on the
meaning of the block diagram. Additionally, subsystems provide a way of grouping
e blocks together and allowing other block diagram constructs to impose unified control
on the constituent blocks. To enhance the modularity of subsystems, modeling software
25  also allows aggregated list(s) of parameters of the blocks within the subsystem to be
accessed from a single GUI, and defines and displays special icons on the subsystems.
The process of defining the parameter list and the special icon is called masking a

subsystem.
30 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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t hensel ves as an "interrupt” source. In sinulation, they sinulate the
effects of an 23 WO 2006/ 025861 PCT/ US2005/ 005303 interrupt and in code
generation they can attach thenselves to an (asynchronous) interrupt. Wile
subsystens and For subsystens. These subsystens execute the constituent 5
bl ocks mul tywghsshisg®S Oon a given tinme step. In other epbogkimeiiiossoshe

know edge base 350 may be used to facilitate further or broader

under st andi ng of the nodel ed reaction. For exanple, referring to the bl ock
di agram representati on of the heat shock reaction in E. Coli bacteria, the
know edge base ci 10 350 can be used to identify other reactions in the heat
shock reaction that use, or are. inpacted by, a70. Alternatively, the

know edge base d3&nigreppteindgtitiisoyn exdaetronmetiots Giutput, Updat& Dedestives; eic.whi ch a70

p! ays a part, @frl__]gse’_ x%ﬁﬁm%dﬁn thed cglhﬂxéeﬁ@@tﬁionﬁlem)&) € CO Hf&@ﬁt?‘o@%@' ng of the
functioning of E &N vart ous environnments can be achieved. I'n still

ot her enbodi nents the nodeling environnent., 110 provides libraries from 15
whi ch bl ocks : g i d in a nodel. Mdels referenced by
virtual or ngﬁ?ﬁ\%@%sg%{f%ﬁgﬁgﬁgglﬁhﬁwg&% el , - whether or not part of a library,
are included in the nodel for execution. For enbodi nents in which

execut abl & codeybRiaihRiehEmeEINSHHEPLEHRLLAGEAE FRAVAGRL, BDAC! S | s

al so generated. Virtu ubsystens serve | ose of providing the block
di agram wi t h a 2@pyedphkiioal aspactsrofmodp)s at Neivewiayar s is uiebY mtneqdglabissigne | i ke an
el enment al dynarg 1) j ! %geH’ U QB AL, t Updat e,
Derivatives, e[@:o.ql)d&%% sgeééu;‘%a&(}&lﬁygtﬁ&%?%o S olhﬁfﬂ% urn%?’f‘gtt eepééktgcuti on

met hods of t he csbrdenrpenendiionssidulfiidhce a bl ock di agram nodel has been
const ruct edyg wqghgble%my&erﬂmh%e&@@ﬁmrtﬁ%A i0 Wibs¥els, acém%aﬁaoem fied time

span, for a set of user-Specified inputs. The execution “begins when the

bl ock di agr am icgnssigiepibiasks onhyrxequdmysion an erahlgsiznsl fieding Hie sehsyatam B Rreatet el
execution and iguokyes preparing data structures and eval uating paraneters,
configuring and propagating bl ock characteristics, determ ning block
connectivity, atféEepeehswhsystems Thessate simluietenic sehaydmseseephthalthe on. The
preparation of adifueiidits sHIESeaARWIRAS ri3fg S¥ArURTinEnAlis R AELigESing €at €
and initialize basic data-structures needed in the conpile stage. For each
of the bl ockls, siegnaldesdg theopbgemhe bl ock to evaluate all of its parameters.

24 WO 2006/ 0255&%1}3@&‘%@5&@%@%. These are an intersection of the properties of Enabled

and Triggered subsystems.

<

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

20  execute. These subsystems are similar to Enabled subsystems except that the
management of the “enabling” signal has been delegated to an action-initiator. Action

subsystems define a new type of signal, called an action signal that signifies which

Pl
‘L
N

subsysterns are commanded to execute by the action-initiator.

Function-call subsystems. These subsystems provide a means of collecting blocks into
25  asubsystem that is only executed when called by an owner block. The owner black may

compute input signals for the subsystem before calling the subsystem. Additionally, the

owner may also read output signals from the subsystem after calling it. Function-cail

subsysterns 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
30  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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inms method is called for all bloCKS minc bloCK diagram it there are any
unresol ved paraneters, execution errors are thrown at this point. During
the configuration and propagation of block and port/signal characteristics,
the conpiled attributes (such as dinensions, data types, conplexity, or
sanpl e t| ch block (and/or ports) are 5 setup s of the
correspondl gz%ijﬁgstﬁional attributes and the attri but es&g?ﬁ%ﬁ%@@b (and/ or
ports) that are connected to the given block through Iines. The attribute
setup is perfornmed through a process during which block functional
attributes "ripple through" the block diagramfromone block to the next
foI | om ng si gnal connectivity. This process (referred to herein as

" propagati on’ )mte&ﬁﬁt‘éﬁ&mtcﬂ& RHERRA Ry cdlbithHAERSReAb af(2Bbnduf)at 10 has
explicitly specified its block (or |ts ports') functlonal attri butes,
propagati on helguptensure that the attributes of this block are conpatible
with the attributes of the blocks connected to it. If not, an error is

i ssued. Secondly, in many cases blocks are inplenented to be conpatible
with a wide r aﬁéele gyibsysterns apdiFer subsystamsp T rex Wb syaaps ot the coeaet or in
accordance tglogkggm@f];pqerﬂnl;g%@ggmnﬁrﬁ\;_estgal ocks connected to them This is akin
15 to the concept of polymorphrsmin object-oriented programm ng | anguages.
The exact inplenmentation of the block is chosen on the basis of the
specific block di aghgier chbodibmdint i&ﬁo%riéa O6e §5mﬁa)ﬂﬂe§l§‘édfto fabillfatetiard, Wi thin
this step are other aspects such as validating that all rate-transitions
within the md@]brﬂﬂﬁﬂuﬂdﬁﬂ@%@%‘JﬁY@ﬂoé"k‘fdéﬁflﬂ'?‘é EoRexammls; referning todipblagh i ate rate

transition bl ogiigaR tPrdditdiign bSREneatldREKGORR xata OHYi BdcRRa, MeXkRowiBagd@hRr M nes
actual bl ock connect| Vit Virtual blocks play no semantic role in the

x(;gutl on &f adWcaeRe wed rl%wfsflorbemﬁ%l%%l&&ehf%éhwFﬂtaﬁrswﬂﬁr*&&wgaﬁen the bl ock
di

ram are OMﬁaab@@damvaMteﬁaﬁwﬂﬂ)m@ﬂsth BRe Bmhﬁ'dé}ﬁfmmﬂda&{oﬁs?' bl ocks
are reconnected to_eac propriately. This, conpil versi on of the

bl ock di agram thc%l’c'f‘ﬁ’é'lcglﬂ%ﬁ‘ﬁys APt "d‘i‘f’é‘“‘l‘% I’Elg‘é‘d"‘afyr%lﬁ?ﬁdm s point forward

in the executi @ieRRLAGRSS thelfaftvmig 6iE. Obl GIvadbuskRhafiimens @nibohdiee@nect ed in
t he bl ock di agram does not necessaril y define the order in which the

(oxocut od) - The. ot SFaERHEngs B ey EE SR Sty Ry e B8Pt 1 ng st ep
in conpil abdi owhicibloekstdag besnhqntetl amd xoduckﬂeparhakl dﬂn@llsebmnceﬁ hﬁvﬁmarlbed or der

cannot be chan ed f t.he ent rati e bl ock xecuti on.
30 Fol | owi ng tﬁe"@%‘r‘f“%f"f’" Slu%)ahmg %er st ?18 o%aelFbrw iK m%ludeﬁlglvbﬁ de?ray al so

produce | i neafor exedaios. F&fm:ndnhwmtkmrvgndhasecmabln cqylerif generateld, coadnde may or may
not be generat Fegfeselnting t%? referenced models is also generated.

Virtual subsystems serve the purpose of providing the block diagram with a
20  graphical hierarchy. Non-virtual subsystems behave like an elemental dynamic system
- with its own execution methods (Output, Update, Derivatives, etc.). These execution

methods in turn call the execution methods of the constituent blocks.

Once a block diagram mode] has been constructed, model execution is carried
25  out over a user-specified time span for a set of user-specified inputs. The execution
begins when the block diagram is compiled. The compile stage marks the start of model
execution and involves preparing data structures and evaluating parameters, configuring
and propagating block characteristics, determining black connectivity, and performing
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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WO 2006/ 025861 PCT/ US2005/ 005303 code is generated, the nodel is

si nul at ed/ executed t hrough accel erated sinulation node in which the block
di agram nodel (or portions of it) is translated into either software

nodul es or hardware descriptions (broadly ternmed code). If this stage is

perfornmed, WwHekeoishQ Stages that foll ow use the gener apedusmigooissi Nng t he
execution of the block diagram 5 If code is not generated, the bl ock

di agram may execute in interpretive node in which the conpiled and |inked
version of the block diagrammay be directly utilized to execute the nodel
over the desired tine-span. This interpretive node of execution is suitable

for getting fine-grained signal traceability. There are several different
advant ages to SIEdREHOM sYPalH DAY PICEHE ‘WF&PE’BW Uphese 8 PRHIEEOYEher at ed

code can be nop @raﬁfetteiscexeﬁhoﬂamtrmgmmmvf DisPoiny ED@HE Mélcbpibubaspage of fewer
dat a- structures and | esser internal nessaging in the engine, although the

i ncreased ef fi drepazaiionelhdack pnd pogiiigaal CQ'FE“FTY@“‘E?O% cgpppiled altvibates bychedsecut i on

traceability. Sihaskidhd @ama%es%mémrt,eoﬂﬁﬁ@relume)@frbacmak@m%xs&mar@n can hel p
identify and resol.ve bugs'in the software. s a design project. Such

ta
bugs  prove TrucHUet e barsef B aresrpnding Mectinnl aﬁf“%‘tiﬁﬁé‘ém@ Rrltsies pERledkEs been
| mpl ement ed i n (hoh Rk ro AMiciot anak bven INRelodhamesn MHERGRkic B sS! L var o

can be int egrat ed wth other softwa environments that are suitable for

nodel i ng and siPRHPTEEH HEPughaprosgss é‘l"&gévé‘?hdﬁmkéﬁf@tl%atmkf&@ewmé3150“& t est ed

directly in hangi@éd daBRrERm SRIGIGE Rhiat HRoWEE Qinal@MneciYitt ERBpioasd and
cost-effective. Those skilled in the art wll reco%gl ze that when users

generate code, XefREd ipdiFTediag oROPAEEHMOh SERYes BEARIROSESt fthe Gise o abiRek Hiab o k

di agram s 2fy ex@eekiicily spEifd itEBYock (@ @8 Ports frRkiéhal il@tbﬁt@ﬂ@ro@.:{gdtudﬂ@ip@y it
ouf\y de of the c

nes of the el ing sof{,#va onrre isis
normal ly the | ﬁim%'k‘@ﬂ‘q aripuyies of thi ‘g?fk(?fe auR Wlﬁ’s@% feg ‘H‘r&ﬁ bﬁﬂc k di agram
sof tware pac kagﬁnnebted R IDRL,lah @ttbrals is@isd OSHcsHIBY infhy @EsdEblbdkgarenvi ronnent 110
provi des atool 2 I t{tos | ect fhe co th which a
nodel executes.! ?‘&?t?qot% EWP@SW‘ P&'.‘deeﬁ“ﬁ% %I‘B%ﬁsggflg‘xbké%ﬁ@é}“ et e
provi ded vm th aaeh:dw:lrnmwfrdmiﬂt magtrmatehmye HddRO camfiected t& thefal Thik i3pkih- out put
bl ock or u“ﬁ% \é@/ 4100, .i n. tg m)re etail ed fiormsh i{1 Fig. 4.
30 Referrin e &8 B g 5 RBfecc s SpLBFOAMEHNS IFRBHASET g BH91 r onment
110 can be us adprmeﬁtktemafnm bla»t:k ] nhceagonrthae Ha’a’l@ of Y spacitic blsgksdigpan insuch as
bi ol ogi cal proc e d'h%‘Z:,J] cti.0 are t | cal I nodel ed as sets
of di T orent | al i (ip BPGH R “f%?i‘ SPFE IR RS P 3t S Pt US2005/ 005303
validating that all rate—tran51t10ns within the model yield detenmmst:c results and that
the appropriate rate transition blocks are being used. The compilation step also
20  determines actual block connectivity. Virtual blocks play no semantic role in the
execution of a block diagram. In this step, the virtual blocks in the block diagram are
optimized away {removed) and the remaining non-virtual blocks are reconnected to each
. _;,'7' other appropriately. This compiled version of the block diagram with actual block
conncctions is used from this point forward in the execution process. The way in which
25  blocks are interconnected in the block diagram does not necessarily define the order in
which the equations (methods) corresponding to the individual blocks will be solved
(executed). The actual order is partially determined during the sorting step in
compilation. Once the compilation step has completed, the sorted order cannot be
changed for the entire duration of the block diagram’s execution.
30
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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and/ or recursive equations. At any given instant of tine, these equations
may be viewed as relationships between the systenis output response
("outputs"), the systenmis input stinmuli (" inputs") at that tinme, the
current state of the system the system paraneters, and :tine. The state of
t he system may be thought of as a nunerical representation of the

dynamycal |y 9%3%@?%61 anfl guration of the systgm For Pﬁg’{‘@ﬁ@é/ﬂ"s{’% a

physi cal system nodeling a sinple pendulum the state nay be viewed as the
current position and velocity of the pendulum Simlarly, a

si gnal -processing systemthat filters a signal would nmaintain a set of
previous inputs as the state. The systemparanmeters are the numnerical

representati on Qfe it BSettedlthEmbdeliz BRRMdAGXechR thrdligh addeRAtedkinlul oS Medeem and
may 10 be viewed as constant coefficients in the systens equatl ons. For the

pendul um exanpli&Whichthshjoglndipgrim model s prRinpR 4f i it eihies satrre he filter
exanpl e; a par ahghRE o rdWaR dedtBhiRS (RdadlyN§mbd tddey. Ifﬁﬁ%tagﬁsﬁérfﬂﬂﬁl&i iteR engi ne
useful in connection with the present invention is mul i avai l able from

The Mat hWér ks, thwgewafrf%l{%ﬁe RESSHd sedsduang %Se"Pﬁ‘él"BPE@eh‘Pd&‘i}%ﬁWé‘i‘n adds a
fifth type of npidaemBbLI geaérate@%lbaocﬁaﬁgﬂaﬁsﬁdy@xM% fterprétive hd@e inydRs Of

mat hemati cal nopdel.s used in the stud g nam c systens: differential
equations; di fft@@ﬁ@éc@&ﬁél?lfeéh’gmmé?@ ‘b?la‘? F)b‘?Fsd“e'aHd‘t‘H%F? Befidel s. The
first .type of h@hbRiskt ﬁ@hesﬂ’é&iﬁhe—ﬂﬂﬁ Cﬁhm %t 88e kLU islunas1y for
differential 'equatigns (OGDES) and |s delcted in FIG 5A. The dynamc

syst em 502 spedicftingduessraiged ggnal W%&U&ﬂhﬁﬁs‘“ soYsrabdtfistent asventagetfo Der i vat i ve

506. The Qut pUtex&ﬁtiéﬁthfbﬂgm& Ecnerialidrd, ExeutibI6F goramated dlié @R b norelchiRicay St em s
out put response at, l%‘Pven time instapt as a function of jts inputs, states,

g{v ters, IGndhan ‘PFEIP KeeXpRrips, bcpupe oifgMer g tracies aed Jessep ik, v
erenti aI

‘eQHidatdghia in thé adgird) dlmv@h&mn@m@mdneﬁgdﬂ&mnﬁ@ndeﬁtltr«aadokt\be of the
states at the curren tine he states,

et ors. andepetEd cpiten fresdicsy Sl Hhars e g pons e kSR | 1
which it is i nafhdapidedtiidy hrdaedalvbbegss:ymewmas& @Sighpofof lsnummgs function
of tine. Such continugus tinme .s %g re corgro %{ E1e resen atlv
physical  syst JiRCTHSR FQFF cERApsiY ‘ﬁéﬁa gnd 1% PR g sysffs enep nay al so
be useful fug dhmﬂdaﬁ:alAddmmhllb,lmhdmgﬁﬁxlmddemgtsbﬁﬂaesamaiauaegmtmwlaﬁcﬁdrul ar
bi ochem cal reactions. .For ste usef ul
in modeling celf %PCW%‘P%EB%ﬁ?ﬁ%%mP‘faQE"? ‘%glgqgia(? 5’“5’3} msl(?&ff used to
m)dtel cel l ;,I| ar syaend. asﬂmreyslcayl&tt tesnest dﬁumly irtisardobdfe Mra}n&ﬁazldxrmtprmaypmfarne@l nPI e
systens, it may e vat.ive equations
She Lo obt ai o REnEER SedieReBr iR Thot grt s B NN sl b I Bre R B | T
nost conpl ex  2#niie 268 8hEAbEGhod2E T ddGR0G0d RIh&@8th the block diagram’s

20  execution. They may choose to take the code and deploy it outside of the confines of the

modeling sofiware environment. This is normally the last step in the design of dynamic

systems in a block diagram software package.

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

in Fig. 4.

30 Referring back to FIG. 1, the model created in the modeling environment 110 can be
used by the simulation engine 120. Dynamic systems, such as biological processes and

chemical reactions, are typically modeled as sets of differential, difference, algebraic,
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real world systens, the response of the systemis obtained by integrating
the states through nunerical neans. The definition of an ODE used herein
enconpasses both inplicit and explicit 5 differential equations. The class
of ordinary differential equations may require additional equations to
define the system bei ng nodel ed. For exanple, equations called projections
may be requwoeosiessenpose constraints on the differentiRIT/usRasGsadBEs (e. g.,
states Xi and X2 nust fall on the nmanifold defined by X 2 +X22 = 25 ). These
constraints can be applied as a coupled condition to the differenti al
equation. Although systens 10 including the projections may conventionally
no | onger qualify as an ODE; they are included here as differential

al gebraic equatiqps to sinplify the categories. of systens. Another exanple
is the use of I REITSYE <Sheiens ot a%%wendﬂﬁ*ﬁnﬁ%‘i%eawf%ﬁuﬁﬂa@w% VR wi t h
respect to the isndajpensbiwaatthodysteinfsfoamnantipatse (auipaletethe syblem’siameobi an

equation is typically used when obtaining a,linear gpproximation of a

non-1inear nod t‘“ﬁﬁ(aﬁp‘ﬁﬁli‘ﬁé‘ﬁt bpe; Llli‘jei HEEH S‘ﬁ‘ﬁaﬁhew‘%& g@f‘ysgelm%am%mons.

Jacobi an equat | @dsimal EhelcQiof the dystedt mSouerhdughitiof ad nunietitat kdpfeadntdiion @ghat i on,

for producing the ] rlFah nodel once _t%e nodel \rhas reached, its teady state
Ay f P SHRPR]

oper ating poi nt2EpE WEBE CHEEHR 5 QF inaecdp A BRYSERSY maybe
extended to defimoRligd Hehple péndbiudNBBEEE nfap be Vibeedaks GRlcurrdrdpostticanid e, t he

Qut put equation . 504 . | p Janage i.ts, states by defiping a relationship
where it reset s 9K %‘i@%@“‘g@&!ﬁ %ﬂataﬂg” IR BRIACS y%f’?%‘ﬁfﬁgar%psé@lalfi c point in
time or when a s@fdnbinBinaGad pleoioud ispBLRithe staka Thdiystan piraietads 8@ fliee used to
perform Sensitivity Analysis of del ed syste nsitivity analysis
Pdenti 11 es 't he Ve raraifoRos & ¢ Grt Rl P Baemn bt Yebh ROBRLT Ty pe
of (Amat hemat 1€ al bermiohel agdensant basffidonstie fe syseanmigeqiatidne Fente pend@luvagx@iplgns as
depieted in FIG _5B. . Th m.c _system.508 snecifies a set of 1wo
equations: Qut p%?ar%‘fber gﬁ‘?qépp@]a?@eﬁ : afﬁgorgfﬁfgﬁef e’gcem(f%gét?%gnan%eieﬁmf&éeci litates

t he conput at i. ovehes of thefilsy Bipe A simplatipuengine spdn secoatecBomgvithethe preselt | Nst ant  as
a function of the ..ing . st at. Vi 0 ' s, and
i, The Updat Doyl Slpfuiad sohiie Mo R BB HE, denfec RASAIRCS | R0
conputation of the states at the current tine as a 30 function of the

inputs, states at sc A | I - Ll N ass of
nodels is sE?t abl e ggg p@%ﬁ&%ﬁs&ﬁf&f\ds\i\qﬁﬁﬂgﬁﬁfe? Fﬁé@%%@?%ﬁ?’{{%ﬁfsrgg@d%ﬁe system
response at di ®dhegymes phnatbanatical wiodels usSliphthainsly bdymamicrspstays tifmniat e

typically repregGifdldffrdite &ffanfi; ARG 2qBRdns Rl hitrrO0mROPRYR st type
of mathematical mode! describes systems using ordinary differential equations (ODEs)
_and is depicted in FIG. 5A. The dynamic system 502 specifies a set of two eqﬁaticns:
20 Output 504 and Derivative 506. The Output equation 504 facilitates the computation of
the system’s output response at a given time instant as a function of its inputs, states,

parameters, and time. The Derivative equation 506 is an ordinary differential equation

N
(\‘_ S

that allows the computation of the derivative of the states at the current time as a
function of the inputs, the states, parameters, and time. This class of models is suitable
25  for systems in which it is important to track the system response as a continuous
function of time. Such continuous-time systems are commonly representative of physical
systems (mechanical, thermal, electrical) however, they may also be useful for chemical
and biochemical reactions such as intracellular biochemical reactions. For example,
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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di screte-tine control and digital signal processing systens. For sinple
systens, it may be possible to use the Qutput 510 and Update equations 512
to obtain a closed-form solution for the output responsey(t). But in nost
conplex real world systens, the response ofthe systemis solved through
recursion t 510 and Update 5 equations 512 are. -repeat edl y
to sol ve fd%g?ﬂéﬁgg em response over a period of ti md T&ﬁgﬁﬂﬁgﬂ?onal type
of mat hemati cal nodel describes systens using al gebraic equations as
depicted in FIG 5C. The dynam c system 514 uses an al gebrai c equation 516
that needs to be solved at each tine to obtain the outputs. Wiile sinple
systens may allow 10 one to obtaina closed-formsolution for the system

i nputs and out ReH Hroxtd BsRmb, itedbspomt SRS Alsemasiotadinedbs iiSkYatiig He stafe sol ved
iteratively using a nuanerj cal net hod i nvol ving both perturbations and
iterations. Al (EBENREmEaEhe®R sol ving techni ques used in the - context of
dynam c systeﬁ1nndellng are discussed in greater ‘detail below 15 For
nmodel i ng bi ol ogi cal _processes and chenical reactionps, an addjtional nodel is

useful . This npdel §edefipifense @%&ewme@?%%§??t@mﬁ%ﬁﬁdcﬁﬁl§“ such as

Gllespie, 3G bs@nBhlghationthe Jasé @ﬁ:@dlﬂﬁly diFBRHR! bRGHINS G foq@iFadtiBisial  when
the continuous approxinmation inp wngDE/ DAE systens is_not applicable.

This may be t h&drakees o gefig dﬁééﬂ‘?“hbﬂ%"ﬁ‘ fral 9 eﬁB‘FPé"c grustsgited. such as RNA

pol yner ase bi ndirdjebtib ket mz&itawa,s&aohmﬁdaanédlff&kﬁfal@ﬁmes(é\@ exanpl e of
a chemcal equation that could be treated stochastically is shown in the

reaction's tabisetesfts mdz nag, falbonjthe mempldidofiped by, 530, Bﬁ%)«TheSqwﬂgtfaé'éﬁJat i on
i ndi cates” t hat 91?? %g‘ ?G&Cals'la@%u% ed %§r%1tt%8 AR Wrbddn @ %qu%acjmeggdl £ys[|9,§[ When

si mul at ed st ochas reacti on occurs a det erm ned
acQor di ng t® a imiwtingtthd }PIDJYCMIISN!M doovantienatihad lovgepeuatify agan O&Ecmﬂsozne ki neti cs.

Various 25 prolahide’ e B bR OB crsgyagp,gsltgag\ghfg%edgg{egéﬂ& BEsyYRRD 1 he

reaction occurs, sucC expone om a i buti ons,
Fdi stributions Axfotfequemply isdhsise phaderabing equ@emthettdeﬁnﬂsumulrﬁemwmmsth

hyper geomet 11 odlysh i Al ien bl AL iShE] PHLORAn cn BRGAL T Ve bi non al

di stributions, rcenta |str| butions, percentage cumnul
di stributions, tnmaélwwdmhsn ¢hitainjng olisar q@n@mwrl@rofmnswm@ump@ﬂhgr angverall

di stributiops, fneadCddbidis 'séi) Uf éq%ﬁm@ r]gcoﬂ% @alatl&ns Shely BP §:rme| f@m@tolﬁ er

enbodi nents, the user may define a probab dis utlon to use when
det er mi ni ng t henugnerigal ipteiabion, &y ptﬂ@l@db@hﬂe@m@e nogthe wéﬁlhassfﬁcbedrltéactl on. 29

WO 2006/ 025861 sPegf Waﬁ%ﬂgﬁﬁ% The Output 504 and Derivatives equatlons 506 may be

extended to define other relationships for the block. For example, the Output equation

504 may help manage its states by defining a relationship where it resets the state back
20 to a known quantity at a specific point in time or when a specific condition is seen.

Jacobians may also be used to perform Sensitivity Analysis of a modeled system.

I Sensitivity analysis identifies the variable critical to the system’s behavior.

Another type of mathematical model describes systems using difference

25  equations as depicted in FIG. 5B. The dynamic system 508 specifies a set of two
equations: Output 510 and Update 512. The Ontput equation 510 facilitates the
computation of the system’s output response at a given time instant as a function of the -
inputs, states at some previous time, parameters, and time. The Update 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, paraméters, 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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Afifth type of mathematical nodel is a conposite systemrthati has conponents
that fall into the four types -of nodels discussed above. Most
conplex!real-morld system nodels fall into this category. This class; of
systens has :Qutput,, Derivative, Update, and 5 potentially other

equati ons. oIV|n for the output response of such systens requires

conbi nat i on¥ BF'ngsgblutlon approaches di scussed for aﬂFT5§”p%@58Passes
above. One exanple of a conposite systemis one described by
differential -al gebrai c equations (DAEs) Wich contain both differential
equations and al gebraic equations. O particular interest in biochem cal
nodel s is a hybrid approach that contains both stochastic and 10

determ nistic Qﬁué@tettgﬂasoonmaﬁdu@tah gg\ﬁu ,Ereéesantgesy&awIms@.inelawtémsmeﬁﬁpol ic and
regulatory systens _in th d wwthin the conmposite class

of systems are WHV“’&"X‘Pé??éli“’()q)i“ép‘i‘ﬁ%q“élqﬂﬁ‘“e?%‘F%“t“?é%tﬁl"l%‘él eslhsdePBhs) defi ned

in terms of botRuasd Rkhe o@ﬂﬂrs%f;@ts@mI@ﬁlm@m@lexquoﬁésﬁ@msdﬁs‘l ne a
Ilmtedlntegratlonre at i onshi fferential variable, This

rel ationship rdglPRsesf e sistemds: Sog’(ﬁﬁ ﬁl"?“@h §e°‘t“ﬁ'8{1 Thg Quiput 4 0gpd ng@teOJt put

equation, ans UndadtRnesit atel sBplied fepedtfly 6 3blve/ Br &Gﬁy%iehpr@spoﬁé&@v& a%&'i&lo@f ossing
equation. The Zero Crossing equation defines the points in tine where the

upper and | ower™&nits of the limted integration occur. Another exanpl e of

an ext ensi on i sad fiRitidRdl iyPB ofthatkeAmBtS maid déd il bRtehid Wathd DPbraid@hatidfs def i ne
rel ati onshi ps -anpong states gr m%ﬁals when_parts of a system are activated
and deact i vat et SeRiftPhHg Flebc dbs am’l"ﬁl‘?é‘?“’é?}‘t"’ U545 ap leebraje e‘l%%"“cﬁlgél?és of

systens (ODE, dchcfstS Sé%ﬂlc@ﬂléa&ﬂtiﬁ{hio oaklﬁaiaroaupﬁts wmbeﬁm,ﬂa@s@mglmapﬂmm te) is
t he notion- g& st e ne interval
in

o any eh ot hED | PR L esea b matth e P FRCRARAR] VBN PRSI o as t h
r estl ts) of thealg?e&sﬁﬁoﬁbﬁha’mb& :My&fég;ﬂe edivell it RIS 3 Sameriddbnafodivebang| e tines,

a;systemcan b descri bed S te-tine s continyous-tine system
and hybrid sys?@mpeﬁgrbatfﬁ‘}f@%‘tﬁﬁfi% X@%’(’S@ﬁ%‘f‘?"d‘ Séé’ g‘f@‘“‘é‘@&ﬁﬁg ﬁ%. random
time determ nedcobtextaul dppmicayiste mofstiap Ao idlsirtsyeddn greatértdetail below.30 A
discrete-tine systemis a systemin which the evolution of the system
results is tracked at finite intervals of tine. Inthe limt as the

i nterval app$ oaches Faemalclitgigoldfcal hiErec2E0 Gild1R&RGA rédcidnk)S8 AOGGHABBGS is _
K S L I I K
as stochastic Gibson/Bruck, and 7-leaping. These techniques are usefil when the continuous
approximation implied by ODE/DAE systems is not applicable. This may be the case
when dealing with small molecule counts, such as RNA polymerase binding to DNA to
20  transcribe a-particular gene. An example of a chemical equation that could be treated
stochastically is shown in the reactioné table of FIG. 3B, e.g., 532 +Dnak -> s32:Dnak.
This equation indicates that one molecule of 532 bonds with one molecult? of Dnak.
- When simulated stochastically, this reaction oceurs at a random tirﬂe determined
according to a probability distributionhthat depends on reaction kinetics. Various
25  probability distributions may be used to determine when the réaction occurs, such as
exponential distributions, binomial dis:tributions, F-distributions, frequency distributions,
geometric distributions, hypergeometr‘ic distributions, multinomial distributions,
negative binomial distributions, percentage distributions, percentage cumulative
distributions, Poisson distributions, posterior distributions, prior distributions, t
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



systens, are referred to as non-uniformrate systens neaning that there is
no periodic rate at which the response can be tracked. A continuous-tine
systemis a systemin 5 which the evolutions of the systemresults are
continuously changi ng. Continuous-tine signals change during nunerical
integration. An exanple of a continuous-tine systemis one described by an
ODE. Ther e W8A%4{0386he al gebraic or conposite conti nuoFST{USPRISOEHSt ens. ™ A
hybrid systemis a systemw th both discrete-time and continuous-tinme
elenments. 0 10 If a systemhas only one sanple tinme, it is said to be.
single-rate. If a systemhas nultiple sanple tines, it is said to be
multi-rate. Miulti-rate systens can be evaluated (executed) using either a
singl e-tasking formof execution or a nulti-tasking formof execution. '
When mul ti-tasking execution is used, it conforns to rate nonotonic 15
schedul i ng pri nci paAsﬁfémemn@anmalquel i c@POSl&nﬁt@NhEWOI@OHWS
Scheduling Al A i ronnment .
ACM 20, 1 (Jaﬁﬁ%lrf@ﬂ%%%m%%w @3‘% ensg}?rglgld%glqgo %g"ﬂﬁ‘f}lé%yr"ﬁgg’gg V the
type of nuner i ovddelsifaitinigitis ¢atsgorycThitelashief sygernstasiOuthut, Demintivg, Epdatyydndem i s one
t hat uses a xplicit

nmet hods to cgcc)rrg’% ?Lnﬁ ]ﬁl%th%roéqég&%g%tslgﬂr‘{i&g%ﬁgc'?og{p ﬁpljeérlpgé% E%% %5&% |ro§1?cea"| nterval s
of tine. A var |camlbmamneqﬁtfsy®ﬁmapwﬂwh® disiqussed; far aligif thg caswaahoabl%e step

sol ver. A variaflgs 1§LPPco§1§%Ls\{t§ st bs Héeede?c'nb aly difBlo6 eﬂfa] e{gﬁe}doﬁét met hods
to conpute the ne§<t cont Fnuous st at e at non-perio |c Fhter s of tinme.
General |y, vari(®diEs) whidyronigip|bothdiffenentialpqiatipws avd elgeboric equntiang| Ofwﬂud]atlst t he

i nterval size Shelolilfbetkfiatificicls 8 Bb@hpprdatl G206, %ﬁfst@c% ligugd- 25 In
practice, except t he nost basic syst mat hemat| ca els for dynamc
systens i nv¥l vedetermoibisiit eauations, which phewrdpnthe @mmaqfhﬁmtah@hq apAseguBior ed in
sore’ prescri beé}st&ﬁﬁﬂ%{es“ﬁ‘néﬁo&é‘e outputs of sone transformations formng the
inputs of others. Each elenental transformation may be viewed in isolation
as a sinple dynamc 30 systemfalling into-one of the categories |isted

above. Ther ef o e, 2chaisbl s Bdtfosi il ST REmiFAReBlord Smfbing
i nt erconnecti on of varl ous Ssi ynam C S%St ens. sck emat| C

represent at i on’ isktiongkips (ﬁfﬂPaP‘PWge@B?ﬁlﬁé@WWbe e?EltPH‘aén‘b‘i%? Verexewale: gipe years i s
31 WO 2006/ 925864 dBbl USREPH gﬂﬁéﬁ%lau&rﬁﬁip Il Q@lre R AN B cSHE D kigEkipdi agr am

nodel s have now becone a_ stan nmeans 1 n
requlres a set of equations that consists of the Output equation, an Update equation, a

Denvatwe equation, and a Zero Crossing equation. The Zero Crossmg equation deﬁnes
-the pomts in time where the upper and lower limits of the limited mtegrat:on ocCur.
Another example of an extension is the notion of Enable and Disable equatlons ‘that

20 define relattonshlps among states or signals when parts of 2 system are actlvated and

deactlv,ated during execution.

o ' ‘Inherent in four of the classes of systems (ODE, difference equations; algebraic

equations and composite) is the notion of system sample time. The sample-time is the

25  time interval at which the inputs, state, or outputs (collectively re'fer;e;d to as the results)
of the system are traced as time progresses. Based on sample times, a system can be
described as a discrete-time system, continugus-time system and hybrid system. As
noted above, stochas‘uc systems occur at a random time determined by an operative
probability distribution.

30

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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t ext books, design papers, journal articles, and specifications: to

comuni cate the details of a dynamc systenis' behavior. 5 A block diagram
nmodel of a dynamic systemis represented schematically as a collection of

bl ocks interconnected bylines that represent the input and output of a
dynam ¢ sysiweoshasbn bl ock represents an el enental dynagrfssashieses A | i ne
emanating at one block and term nating at another signifies that the second
bl ock is a product of the first block. Those skilled in the art wll

recogni ze that the term "bl ocks".does not refer 10 exclusively to el enental
dynam c systens but may al so include other nodeling elenments that aid in
readability and nodul arity of bl ockdi agrans. The theory of Digital Signal
Processi ng ( DSRiiscfetrctireesystem bmodeﬁwgtimiommhssyatsm Beduendesf tofie marhsl es. Thi s
view ndtural ly t m by mappi ng
t he sanples uJ eh&ﬁc Jt):fl %RP Er[lﬁnc éé@eﬁg‘%‘fﬁ% ?&E A s?%éxﬁ@s%:ﬁ ag)%yéféﬁggtgenefl t of
being able to mysiehs aigecferred do mumfmumwtememmtmemelna)pdueth cl asses of
ti me- based syst ens 1t / qr n Systens.

Put anot her vvayrfg wlﬁ&kﬂg %EA%Q%%%Tagk%gr g‘cto 'l%nmi1 sEiIll%dgs' l?tgﬁéstal %%té I ps- bet ween
20 signals &nd \shldtthe mhtﬂ@bl@&mmprm@mmpwnmslacmmm@nawneme The
solution (corrp‘gg )0 lipd by

eval uating the ?agﬁo(g)“ﬁg séyg‘f\l}g'?(%t%ﬁg Anvﬁ%aﬁ-l@g? el llfd()ﬁ it %JSQSQS

user - specifi ed dhstimcltlbeﬂbm OQBdTiEred:sn dsolwalsbmwsp@mpbmwoﬂtsmgﬂ imeme" . Each
eval uation of t r r g Si gnal S

r epr esent quant%ﬁ’?{?‘gss ‘f@hhg%&mmﬁ&mﬁlhﬁ%&eﬂsﬁ%% tﬁgs%d;chlgﬁ%l?“ﬁ@}s% are defined
25 for all poi ndlemdnis. tjnme betvveen the bl ock diagrams start and stop time.
Therel ati opghi ps between signals and state variables are defined by sets of
equations represented by blocks. These equations define a relationship

bet ween the i nput sifgrasten hasenly@ne simgleding, it isseid tabe singlé-retentBa systeweiaent i n t he
definition i s tRGGHSLI @lesAAk SRPLHE SuulthllechuRle e CaRld haluf s of the
equations. 30 It -Is Inportant to note t ock di‘agrans are not

excl usivel y use@xdeeted) vsiageitsearingltaskingdonneef sxecajonni suliygskinesormuel al so f or

ot her model s of o CORGH il Al iking 32l 12086/ 025851 BEIL HSRANR! 005303

i nstance, flowcharts are a rams use to ca ture process fl ow and

are not geher aichsduling priagipas &dﬁﬁ@ébt EiupCrlg. aid b $tWnichediling or . Dat a
flow bl ock di agﬁlg%hm%PM% ﬁ:gmmm%%r RTH S DR 01 IGR D EmRn S BERM G /]
programmng par (?anuary 1973?;4% 61. Systems may also be categorized by the type of numerical
integration solver being used. A fixed-step system is one that uses a fixed-step solver.
Fixed-step solvers typically use explicit methods to compute the next continuous state at
20  fixed periodic intervals of time. A variable-step system is one that is using a variable-
step solver. A variable-step solver can use either implicit or explicit methods to compute
the next continuous state at non-periodic intervals of time. Generaily, variable-step
v solvers use a form of error control to adjust the interval size such that the desired error
tolerances are achieved.
25
In practice, except for the most basic systems, mathematical models for dynamic
systems involve a complex set of mathematical transformations applied in some
prescribed manner with the outputs of some transformations forming the inputs of
others. Each elemental transformation may be viewed in isolation as a 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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availability of data (often thought of as tokens) is used to initiate the
execution of 5 blocks, where a block represents an operation and a |ine
represents execution dependency describing the direction of data flow ng
bet ween bl ocks. As used herein, the term block diagrans neans tine-based

bl ock di agr ¢Fhéaas1i N the context of dynam c syst enspEpeRidsoasoPt her wi se
noted. 10 A bl ock di agram execution engine contributes to the nodeling
software task of enabling the conputation and tracing of a.dynam c systenis
out puts manufactured by its block diagram nodel. An execution-engi ne

carri es out the task of corrpi ling and |inking the block diagramto produce
an "in-nmenory executable" version of the nodel that is used for generating
code anhd/or si nitit blockdjagmam. Ibmim*ﬂlaﬁgman@eb@wedipﬁgﬁ@mem@eﬂﬂd1115311E3vecut| on of

t hebl ock-'di agr at@}tbé%kgldﬁé?%ﬁﬁé ;mat Qids, t%tomﬁnk%&m g asikiR9e

i nvol ves checkin e 1n and valT bl'ock 1 nterconnecti ons
in the: bl qck mfagiwmwwemfﬂbshmoage the engl ne al so sorts the blocks in
the bl ock -di agraminto hierarchical lists that are used when creating the
bl ock nmethod execution lists. Inthe _|ink stage, the execution engine uses
the result of the caonipodkaiihzsmeaygsiet of aalyhaiasystemmnmprgsen@sehemdwdlifasn t he

execution of th I ] . ; ki n st age
al so pr oduces b (l)l}é Olﬁlgamocggfe;;%g% fc%%?{rhﬁ ? %a%ﬁ%n@ig@ﬂ@@%ﬂ %@p%t hfeapm m%l ati og
or |inearizatidmamwic sydven. Badhdiockl irgpgasents anlcteoientdislynamit kystent. Adink iemknasnage is
the initializat I

R LT T s g e

met hods) . .The bfistkookeThvsaiskdle mthe Q‘hWIIlllrs:Dsmmtbatg@mﬁemé‘bbdc5250d§egfa'g’@e t he

si mul agion d/ S by
tye (ot B g e e R S
perforned, the @x@&mmﬂﬁabéﬁgmdenmlfng@ﬁbb@&@agm I n th| s stage, the
execution engi ne may choose-to translate the bl ock di agram nodel (or 30
portions of it) into either software nodul es or hardware descri ptions

(broadly ternmed codde thesryofiPigiteiSigpel Rrecepsing (BB Pdekusasive motltimg sispgdess t hat

foll ow use the dlaram |
this stage is S%E&E%%S%r?%&g? ehf S?/),Ig“} gﬁhpﬁéﬁﬁ%%&bﬁ%‘/%&gggw g
PCT/ US2005/ ()6)53@@“;O igx bemenping thersgiples #/zkbie diserctertimsmpintspiWeThivelds 8k execut i on

for the block d?&gﬁ&@h? é;zi?&gﬂﬁod&%‘?&em&f&ﬁbé{%%nﬁ@y a{lﬁﬁsf 8@%&.@#&1 fdLpher with

t he execution o I agr am because they wo eto epI oy the
code outside thtmebsed ssigmefe.-gt ¢patityionedndgr dispretertime faniwal wstempon. r eachi.ng t he
simul ation stage, the execution engine uses a sinulation 1oop to

Put another way, block diagram models are time-baseci relationships-between
20  signals and state variables representative of aldyna'mic system:. The sollution
(computation of system response) of the model is obtained bylevaluating these
relationships over time, where time starts at a uSerfspeciﬁcd “start time” and ends at a
> user-specified “stop time”. Each evaluation of these relationships is referred to as a time
step. Signals represent quantities that change over time, and these quantifies are defined
25  for all points in time between the block diagram’s start and stop time. The relationships
between signals and state variables are defined by sets of equations represented by
blocks. These equations define a relationship between the input signals, output signals,
state, and time. Inherent in the definition is the notion of parameters, which are the
coefficients of the equations. .
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 bl ock nmethods in a pre-defined ordering upon a sanple hit to
produce the, systemresponses they change with tinme. Determ nation of;
putative reaction tines relies on the size of time intervals chosen for the
sinmulation. |Intorder to understand how the step size is picked, it is first
10, necessaywy 2bdeobdeger st and the notion of a sol ver. Thecyalsy®sedssosa nodul e
of the sinulation v engine 120 that is responsible for performng two tasks:
(a) determ ning how far execution time should be advanced between
consecutive passes in order to accurately trace the systenlis outputs, and
(b) integrating the derivative of the states of the system to obtain the
actual states. Based on how solvers performthe first task, they are 15
general'ly cl asgndtineel tiovitcharisaes tieek idigrama yid & CaP%@é’&lCSScsé'ﬁWsaB‘I‘ yepal or

vari abl'e- st ep SehyANSuitable HERsRHER dmtn\rcesryaerﬁsamae} YataSlobibiotfd uﬁgmﬁl.be time

st ep-si.ze between consecutive passés Is a fixed quantlty The"user .
general!ly expl ias bipek diggesisthadeserities arpphieal prograniegsnaradign) Yeerssther e used to
model ‘types of S¥shaiForuRalofth Hon i 5 Rltékel kM 1@inffild S %e&hﬁ?o@o (discrete
systens). For |nstance an anti -Fock braki ng'syst em may designed to
control a char 'todkss, Mﬁfﬁgbby%teémeﬂﬁﬂd op@at@ne%dﬁ@egmeréwmpnl n one-one
hundredth (0. O3deoiedly sSERARAS Grddforl & atE BUI R Lé!@eenwckimes%dﬁa&ﬁm{e i f the
br aki ng syste oes ndt neet Imn constrailn e.car may' crash.

Fi xed- st ep. sol vtmbloqkrdqu@n@mansan@-m%@qbé:agr@rnﬁ@%nlrﬂm@mtextmfém% syst ens
that have to 9eR Eélﬁi&cébt hrisd it i xed tine period, and the fixed-step 25
execution assurées that 't m)del eé system can generate such results. Sone
reactions may be defined as having a discrete sanple time, in which case

the.value ofg the fe%%lé&&ag%&%&uﬁ&&?nﬁwnaﬁb%s ?etthéﬁl&?eﬂné&h%‘é%ﬁoys' ng a

flﬁgg-step sol ver. However, sone reactions are defined to
conti nuous- t i meengyling émcompation grckiracng OFé‘é)@PmﬁﬁESte%@@lﬁPm%@N@&gwﬂ@Y@écur s at

time intervals gihialdifbah A&t ANR&I N enilEcabid Vhiahd @ik of@é]ﬂhl‘ﬁ{”gbah@lu%@ m ze

accunul-ation of errors. These reactions :require use of variable-ste
sol ver's, whi ch the blogkeisgpaeg Prosuprpaéin-Teemary peeniabld y’slts@ﬁﬁfﬂhh@r)éﬂﬂwhlsevenl y

spaced tinme 34020060036 ardfel §1H§l%91%5:{r(ﬁgénﬁgﬁg a BboPAagdf ridggded to

simul ate all IO&?I]‘I cant .behavior. For exanple, One may want!to simnulate
the path of & bosestieg obte blockiagrem istalsp eeferesd fo astsimlation b compilentees, and wher e

it stops. It ﬁv&i‘!?l-;@\éﬁbckxi?é‘ﬁlgﬂxtéﬁﬁtfab&@%lid Gﬁhe El@éctmt%@nnt?@dohs ﬁﬂ%ﬁlﬁes wi

not be evenly spaced, and that” the I ght he bounces w il .dimnish as a
result of gravidigeram In gisstage. the cagiae %i%‘hséfts W@P@@@ in tye ploghytizgram &40 sol vers are

used for these myra%ﬁlcails@m%armemhammhe B0k theALkELAINRsMiAthe StEp Si ze
to use so that the behavior of the be accurately
link stage, the execution engine uscs thc r:sult of the compiled stage to allocate memory .

20  needed for the execution of the various components of the block diagram. The linking
stage also produces block method execution lists which are used by the simulation or
. linearization of the block diagram. Included within the link stage is the initialization of
(\, the model whichi consists of evaluating “setup” methods (e.g. block start, initialiize,
enable, and constant outpuf methods). The block method execution lists are generated
25  because the simuiation and/or linearization of a modei r‘nust execute block methods by

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

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

this stage, the execution engine may choaose to translate the block diagram model (or

<

3 portions of it) into either software modules or hardware descriptions (broadly termed
code), If this stage is performed, then the stages that follow use the generated code

during the execution of the block Ioliagram. If this stage is skipped completely, then the
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modeled., In still other enbodi nents, reactions that are considered "fast"
by the nodel are assuned to have conpleted at "zero tine," which
effectively neans that they are treated 10 throughout nodel sinmulation as
,a constant having the value of the final result. As noted previously,
stochastic reactions occur at a randomtinme based on an operative
probabi | i t yweisgdelobddei | On, which do not neatly fit eithaicrigépRsedssgol ver. In
order to adequately nodel systens including stochastic reactions, either

al one or as part of a hybrid systemincluding both stochastic and either

fi xed-sol ver elenents or variable- 15 solver elenents, the foll ow ng steps
may be taken. The sinulation determnes putative tines for each reaction in
the nodel (step 602). Once putative reactions tinmes are conputed for each
reaction_in. thefXgsusenamging niss an inteensetiyp modontesrgunianyorshe blotk/diagiast i soesce ti ne,
into astate arday kbl prodch Affer il AR o IRk BaErafibedifid S an

array of pointers sorted occurrence tine, eacﬁ“% _ poi nters
pointing to thehobyuitlike i dselogthecodeantside thetvanfingpofithe blorkidirgem softwark-at i on.
Once sorted, t%ﬁ)‘ng&l’ﬁ% the S@0fatidd Sfbe R¥e éx@&tiéménﬁﬂ‘le aak %)ﬁixﬂuﬁﬁsmo Lray I's
executed (step 606). ecause -execution of the. top object may ‘afrfect the
anount of speciecujsybiesk methods ip perendsiiaddeniesysunenn samplh kit opradndotke r eact i on

tinmes for specid,itmiQamtdsARs chdied BEn Akl €. the putative tinme for each of
the entries in %he stgﬁésar?gy gs recal cul ated (step 608) and the 25 state

array is resorted (step 610). The sinulation engine 120 checks for

addi ti onal react | ONBefefhyRiSh bt ksl RB:uB hes roleds oR LIl SPBe iAGKT ONS exi st

the sinulation engine 120 checks:to determne in final sinulation time
has been reachedtofes fethegmgyations Inpder torndergindiibw theptepeitg ismicka @ infreicut es 35
VIO, 2006/ 025861 RETLHS200R A0 3 Botidel ¥ 236 BHLSVeriidh hbE1SIRleRinliddy (St ep
6061; Q herw'se, the simulation termnates. One of ordinary skill:the art
woul d recogni zengiiai205ha isrespersitdefor PrEforRINg B@d1shy (B detgmmyinipghaysfy. | n one

enbodi ment t he SbibdihOMoRAGE R 2k 20N NIHRSAv TRERAR R foQbcuth@y i N9 the
entire simulation context, and .a nechanismfor restoring the entire.

sinul ation 5 coffcetie sysiem srgPuissgddb) inperatig thsdedwtive eiiletissohthe pystesy e

sinmulation is %aﬁﬁﬁ%eaemmlsaaasjm‘se%e&lhoiv@omé}@pemeﬂﬁhﬂ'emt&mime?wnt 110
instructing.the sinulation environment 120 to store sinulation context when

t he si nul at 1dn §enerplbtrassified intadyo brsicslasws: fixed-staprpalvers prrgaripble-ptensokists,
simulati on was interrupted by the user, or otherwise)., Alternative

procedures for querying whether.the context should be stored or_not may
al so be i npl ement ed Fpréd-gfep solvers are solvers in which the time step-size between consecutive

passes is a fixed quantity. The user generally explicitly speciﬁes‘this guantity. These
solvers are used to model typ!es of systerns that must operzlﬂe within a defined time
20  (discrete systems). For instance, an anti-lock braking system may be designed to control
a car's braking system, and to execute such control in one-one hundredth (0.01) ofa
second so as to assure the car stops safely; if the braking system does not meet its timing
L\J constraints, the car may crash. Fixed-step solvers, therefgre, -are designed to help model ‘
discrete systems that have to generate aresult in a fixed time period, and the fixed-siep
25  execution assures that the modeled system can generate such results. Some reactions
A may be defined as having a discrete sample time, in which case the value of the reaction

could be calculated at fixed intervals using a fixed-step solver.

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 may be stored as a file, in a workspace
parameter, or in some other format. In one enbodinment, the sinulation
context is "stored to file. The file into which the simulation context is
stored mayhkpoasek@edii cal |y naned. However, a user-defi pegyshesidosios maybe
used alternatively. The storage mechanismfor saving the sinulation context
can vary from saving the context as nenory dunp, to saving the context
menory as a platformindependent textual dunp through a conversion process.
As long as there are no architectural inconpatibilities between conputer
architectures involved there will be no differences in the results. O her
i mpl ement at i onstepiastiegdeddauimpligtera signifrantbrhavigy. Hoxapplatdnemay wadépendent
bi nary dunp or t"ﬁé}e I t he
scope of the pf%éugﬁ%hé%/ﬂgan%ﬁg%&q%%}u @é"r‘&gﬁ er ?'%(}:'?tb%ﬁn %éﬁc@ﬁﬁe&t
restoration is stapthi leiy kubvimybasedsont dxpggictdsethitdlierball'abovpreswiill hotde enlyespondi ng
“continue sinulg @Mp & ter for
t he normal nean g?d tﬁ&mg%lhtrﬁa{g?) P%X%ﬁllgﬁﬂ?hf%%%i@ oggra& élctgdr?lifl nued
si mul ati on tsakesd @theréargpant!m@leaﬂtdp salvers are mied fc(rrﬂmadtarpcsrof c:amuuanpwsﬁ@mal ) of an
initial sinula To store
i ml ati on conPig Slflaod WhRieeh IR <206 AR oe S BifucabdiBlay 2
si mul ati on engmméel&dzo or it maybe comuni cated to the sinulation engine 120
by the analysis environnment 130. O her inplenentations, such as using
graphi cal el enents mm&%&ﬁ%&m&eﬁtk m&cmymam&déé@fas iRGndiisee | NSt ead
or in addition to the use of 6 WO 2006/ 025861 / US2005/ 005303
Ad tionally, @W@éwha%etcemalj@dehﬁere@m avéltcwffwvwmeareélemhsy Heeaieg

Jatl on {0 - Qhrough¥hthld@ sinhuMtiSh b Pdohfieht Ravir@ it @lue QRS 'ﬁHM'réﬁl’t on) ‘To this
end "the user may specify particular storage condltl ons (e. g when a
certain point in tige_ is rea as, .t |evenent of a
steady state or wheff® ‘boé‘fdtﬂr?;vﬁﬂ“gy WF@B&“&?‘"W&%‘}” W%?H} 'é"ég]l? Thi s
could result i rbperaﬁ;feqmmﬁwtyﬂfstr&aumii &hiclodo mma&yﬁt élﬂhbt&ﬁpewffsd‘lve% nmmsdaﬁt s of the
si mul ati on contex %:I’]F cour se 8 atczl nul at i on # one enbodi nent,
the simul ati on '8 ﬂ‘ﬁ‘é“’ ’E VYRS ieleding Stachaslip reaghaRE-sit qggl[onegg(gﬁgqrﬁ dte the
si mul ati on conthgbitd sysem ireludine Gothriobhastizahd athzﬁﬁ:aﬂ@@l@dmt@eht@os\taﬁme and restore

t he si nul atison gere%mcnts tﬁcfoﬁowmgqepsmay e,éakénhe simul-ati on cont ext ‘rel at ed

areas in
The simulation determines putative times for each reaction in the model (step
602). Once putative reactions times are computed for each reaction in the system, the
times are sorted, by putative occurrence time, into a state array (step 604). Inone
embodiment, the state array is an array of pointers sorted by occurrence time, each of the
20  pointers pointing to the object to be executed at that point in model simﬁlation. Once
( ; sorted, the object identified by the first entry in'the array is executed (step 606).

Because execution of the top object may affect the amount of species present in
the modeled system or the putative reaction times for specific reactions in the table, the
putative time for each of the entries in the state array is recalculated (step 608) and the

25  state array 1s resorted (step 610).

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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f 10 nenory are registered before a sinulation is started. Thisis

I npl emented by rerouting the general nenory allocation call through a
regi stration nechanism A conplication in storing and restoring the
simul ati on context arises when aggregate variables m x references and

val ues. Towd hgebss@ue this, consider the attributes of parfRbasansselta 45
solver.. Inits C++ |nplenentat|on the class RK45 is. derived from

Var St epSol ver. The 15 attributes of RK45 are RK45 double t0; double *xO
20 double tl; double *xI; double h; 25 double *dX[ 7]; bool
projectinterpolant; static const int id; 30 static const double power; The
definition reveals that an instance of RK45 contains value attributes and
reference att tichetteslry e shefagrp (Figp S0G0 MtwNs e stsiatiospawidtisc Oneof he
particul ar si ﬂﬂ i So,
restoring thegué %?1&1 su \potald mg@?{mglhalfo er %ﬁ%&g@gg @éh%&%}e{; ﬁ%ﬂu‘%ge t hese
shoul d be excluded Fi gure 7 d icts part of the allocated nenory 37 WO

2006/ 025861 PCT/ USZ005 @usdigsnt lEmEngTD! 20Hrovides ¢ mechaniere for SPIIRK45. The
al | ocat ed MenDR ehi}s klﬂﬂﬁﬁod’ c'i’;hiéﬁt fdaed rgéhzglisgy for7 rzﬁmn e entu%%ﬁnul ofio: 782 and
: 784 and reference fields 788, 790 a WO basi c. approaches exi st

for tracking t Kentext-nong asmt@féshﬂmqentwv, be@r«t goalalions stad) plag)is b d
| ndexi ng sche%%as&ﬁn% Qﬁnr&ﬁﬁént f‘l%%sh%@cfn?ﬁ@sﬁrﬁnﬁtm BiBRh&eE i20F Qﬁ{ore 5 Is part

of the context ternaiively, abl e may be mail nt ai ne first
approach | ends sinulagiph copgerq whep ﬂteﬁéﬂ%joe Enisless (cithgr é’dcawdhq@abtav@é rfg?hedh er eas

the second apRLABGS: v By kRlsE, &%u@nﬂge?qﬂmwade k@b coding. Those

skilled in the art wll recognize that other t hods entifying and
not i ng t he por ArEYEE Whethe the £ontexs g}wu}g)})e stored or not may also be implemented {c.g.,
- 10 user interaction when a 51mulat10n is finished). Once the sunulanon finishes, the

simulation context may be stored as a file, in a workspace parameter, or in some other
\

format.

In one embodiment, the sixﬁulation context is §tored to ﬁle. The file into which
the simulation context is stored may be automaticallynamed. Pfowever a user-defined
15 file may be used altematwely The storage mechamsm for saving the simulation context
can vary from saving the ccmtext as memory dump, to saving the context memory as a
pIatform independent textual dump through a converslwn process. As long as there are
no architectural incompatibilities between computer a:rchitectur’es involved there will be
no differences in the results. Othcr implementations such as saving the context as a
20  platform independent bmary dump or a platform dependent textual dump are also within

the scope of the present invention.

The user interface of the context restoration is achieved by starting the
simulation with a corresponding ‘continue simulation’ command. This may be
implemented as a parameter for the normal means to trigger sirnulation or any. other

25  way. A continued simulation takeé as arguments all arguments (mandatory and optional)

of an initial simulation such as final time and additiorial outpuf 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

30  the modeling environment 110, may be used instead or in addition to the use of a flag.
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the sinmul ation context may be enployed within the scope of the present
invention. 10 In the case of a global indexing schene, the pertinent

vari ables are identified by a special call when they are defined, i.e.,
when their nmenory is allocated. To this end; instead of calling standard
run-tinme allocation procedure, an, internediate function call is wused that

cal |l s the a0 mesa2s8sm procedure as done ot herw se, but bef 0260505302t urns, it
registers the allocated nenory as being part of the context. 15 Note that

t he i ndexi ng schene can be extended to store |ocal nodel information to
facilitate selective. contextrestoration. As such, the context of a
subsystemin a nodel can be identified and restored upon request, even in
case of nodel changes el sewhere that affect the nenory | ayout of those
parts. The prefédiiedlly rodet semee ephersactivity that feupddene wrulgisadic.parts and the
menory they al hagai atcrmﬂingaregalam?ﬂmaﬁﬁdngnf&h@emmeer ? dgptifier. Wth
t he nodul ari zati on of e numnerical solvers,and the initiative to

i ncreasi ngly ap¥tigulaspprags copdiieisied, ‘Ehﬁljlaﬁgﬁaﬁ?l?%l"pﬁ"é%ls reaphed fresimulption o nor e

di stribut ed 'smh@mpwevmnhms s@a@éiomh@n{,m&u@mmsto?ﬁw eanamks becomes
desirable not to have a: global i1ndex of pertinent nmenory, but mai nt ai n
this |ocal |y f&¥stkaldis coWf esselt ing S@‘B‘ﬁlﬂfé)@fSllzglats@mmﬁt\ﬁdﬁso\bﬁhéwshowmnt s an
access net hod glgmgg&pmh&,aog%eee&“@g@sllﬁmﬁnn§ever al inplenentations are
possi bl e. For exanple, an obj ect coul d produce an index to each nenory

| ocation that is part of th_e context and have the: stream ng oper ation
performed by the B PResmbogiment; the et sgined A4 aEHERBIY L BiTmeR DAt sel . This

Iggcal dl Ind(eX| NQ caiBiteREneSihRNiIoH Sordal, aﬁdsuu@qﬁmapéamsﬁpﬁmﬁ@% fAbreb@irepaet s of the
nodel (e.qg.

ne subsyst em onl s it is, opject based | ndexing the
orjgin in the WGQ“WWY@B%%F%Q?)@W XA FOIE of cont ext
f r\algme nt's, 10pt iemalylaye regmtremmorwa Eiﬁu&u@rﬂlb‘t@ﬁﬁl qnusﬁmiﬁ.l@ﬁmeﬁea Bateeay type
i mpl enent at| 0

allows restoratio l-at f or d|f .erent conpil ed
versi ons of “niiseriers HRmaS alanRin & S Ky riro ity o PEPLFUGLR o ot eady
state oper at| ngtomig At rdsBringihetimalkti@cohlx G what 4pgrgitt tzdalaaeaﬁbcal | ed
phenonenologlc | ant

generating cod&Hr es[aﬁgnngqﬁt rof f“grgtentg’é:cﬁg‘“‘feﬁg' teéSﬁ{Ig s %#‘II tialize

the control | er sglogidn itf0e+ impdenenfatib) thecasRA{439s deeivatDfrdis VeakStepSottar.aliezed or
di strlbutegshas t.0 be J[ected This is related to the coupling of the

i ndexing t thét‘?}’é‘%f)vﬁgsl%%atlon calls: Atable 'keeps track of the parts
of inenmory that are part of the context. Wen nenory for an

RK45

double t0;
. double *x0;
20 :
double ti;
~ double *x1;
double h;

e 25 double *dX[7];
bool projectinterpolant;

static const int id;
30 static const double power;

The definition reveals that an instance of RK45 contains value atiributes and reference
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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10 instance, is allocated, it is indexed as being part of the context which
allows restoring it. k straightforward approach indexes all the RK45
specific menory of this instance by (address, size> tuples. Gven the base
address of the RK45 instance and the size of its type, the entire part of
menory is considered part of the context. In order to exenpt. the

ref er enci ngvpasos/osksrenory, the menory all ocation cal | pctsfoosioossne
referenced variabl es can be exploited. This prevents redundancy that woul d
be required wags.1y type definition would explicitly exclude referenced
parts of menory. This approach is illustrated in Figure 8A. Wen the RK45

i nstance i s dekd - - S | 26> l.e, . S JLhe: . Lng part
of menory 800?f7(|5 ﬁ)g udi ng_ccg)gt égvgmgﬂs&gtﬁ%“ré@?g{rlgﬁg%%.vg%g;(i?l,ggmﬁ?%ggaof t he
referenced vafV&ITB@IE2 d 784 andletierands ficlds 780, 748, G sdFP3, an <address, size>

tuple is created that,marks the nenory, 802 ere its values are located. In
the same functi Qn,{)‘é{o @W@@&&‘%F’?&Bﬂ%ﬁ@g% ?élp'élﬁtﬂ‘gbco& XJAFEO¥t a  paral | el
i ndexi ng scherBocRfighs! AAbcaieaPBddximCichddhe PHcROhe pEtIABTRENabls biarl S Q% BAEES.

Thus one inplenentation of the.present invention includes two indexing
schemes wi Ph isnse®f thesontexty ddtermpiiyaly ¢ glabakiablemay he misinaiesd Thedinat ed nmenory
wi th both val ugs.aq & [T ) 1 . ' ‘hi's menory
802 t hat conta‘nore?eéggﬁgesﬁlﬁhi:s bﬁnﬁ?@r#‘%&?ﬁﬁ%ﬁkgélg%m@g%%gthgﬁ%cfagét ati-on of
al | ocati on calapgrodobiis inerdewitably: to Alptaedaelistyd of codinp.e Thsd dkiledsin tlsi arewillt upl e i n
the menory indexjn h Lt er.ences | d.be partitioned when one of
these refere ngegcagr%}%rtﬁ%ﬁ F}t’g‘g m:éwsh ogse§fﬁ£rl1%% fymﬁﬁmg %ggmcﬁfihgégmgnssogl e A l.lse%?’ e

sophi sti cat ed thesiitndationtcomexteoterengioyed within thé fcepaatithe pregeheiredtiad.i on, t he
menory 30 area.is not dynami cally constructed but hard-coded as the set of
vart+abl es .t.hat are r{. of 2006/ 025861 PCT/ US2005/ 0053D3.. the,
context . BlI())t h i nde%qﬁegéaé%ﬂféarégbarggq‘%im FFBF\‘?%B YL EEY F%a,rgb‘%]’tfﬁ‘neéltniy,on W th
one anot her. aSperincilhehenahidy @¢ deinsd,ok., wae thédehienrely isuNedated/TFo thfsenpar t  of

t he i ndexed nenory, o additional effort is required to nake a, user.defined
bl ock adhere ﬂ‘&?@%@“@@%&?"&@*}rg n5limae ) I%T?Q‘iﬁ%e’a?é’-‘(}tﬁ??cgﬂee@nﬁﬁoé giis ar ed

through the stgadnddalistheafoasifon proved@ AMInG otHeRfse, bl IRESra Serlnfls gec ar e
continuous state variables is ssSet NumCont St at es(é, NUM CONT_STATES) ,” where

S references tgsters e aleopted appmoyy ascheingnart oftbwcomRrt.: STATES t he nunber of
continuous states. To facilitate nore flexibility, an option for the user to

3 te1[ ?ﬁ?dsg: lggigfj ;‘\‘/aN‘-bﬁ%éﬁhet Rd&nshk ch@m EdnliR e&&n&édstg stPloeATERI 8 infoHlafidy USer
to facilitate selective context restoration. As such, the context of a subsystem in a model
can be identified and restored upon request, even in case 6f model changes elsewhere
-that affect the memory layout of those parts. The preferred embodiment tracks ‘the
instances of mociel; parts and the memory they allocate, which is then assigned a unique

20  identifier.

f\/ With the modularization of the numierical solvers, and the initiative to
increasingly apply object-oriented coding principles, the need for a more distributed
implementation has emcrged; In this architecture, it becomes desirable not to have a
global index of pertinent memory, but to maintain t}iis_ locally for each object. A context
25  sensitive object implements an access method to make its context available. Several
implementations are possible. For example, an object could produce an index to each
memory location that is part of the context and have the streaming operation performed

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

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

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



Due to the indexing schene for the areas in nenory that need to be' stored
and restored, a nechanismis required to i nvoke the indexing operations and
to facilitate the context restoration. It is inmportant to note that the
menory that is part of the context is all allocated when a sinmulation run

I S request agp 20boBRS®3 t 0 be i ndexed anew before each 15p&tdodkiohes | S
execut ed because changes to the execution may have been nade (e.g., a

different sol ver may have been chosen). The restoration process is

i mpl enented around the main sinmulation loop as shown in italics in,the

fol | owi ng codeMW$-pPBE: 20 int Sinul at eModel (sl Model *nodel, Omdl | nfo

*cmdl I nfo) sm Sinttatus(nodel, SI MSTATUS RUNNING); 25 . .

i f (sl LoadCont esicontexidiapments; ptiomailyeombiied wih cconvrisien meyhanismbetiveen(tymeGet T(S) <
ssCet TFi nal (S) : - Lol vVath > ‘ : i bl e
continuation *)m&?ﬂ% ?%l%r%%ap éﬁ%ggﬁgwﬁ%%pé s@%ﬂ? %@o%%%%ﬁéé?%ﬁ? ‘éé,?tgﬁe) ;

errnmsg = s1DoCafpedelanthispupnosts recidpying ptontrelermengh 2 steadly stafdoFerating point in
return(errnsg) ; : . r.n g); .5 end
Si il at ohbol” BEYATE B oernl ol Fan + iy PR R b HEABREE REDOY o

si mul ati on éonteext, Arditen aftexgeperatingsedsrfothdyeniveliendisiog the soed dontexs t&| LoadCont ext
which is exec“&ﬁﬂli&&h&&ﬁn&ﬁ?@ode.‘c“nCt ilon call in cases where the restore flag
is set. Once the context 1s restored, 10 simulation proceeds as if invoked
-normal ly. Once corﬁget.ed the indexed nenory is stored-by the s1CtxStore
call if the StoreSithahRe P%@@H?@&bmsa&ddmﬁi@e%ré@wbaﬁe&baﬁmq sglectedt py t he

user. Tlie contgxis rélﬁted/\ibitﬁetcﬁﬂﬂfng ofthé inti&kin th the ARnFBYaIBIHBRNSIOMN fahle ONE
i npl ementation, 15 The_flow chart in Figure:9 depicts the inplenmentation of

t he_rest or at i oh*PHEEkShPEPATts PhECRY thaldre Rl e tgnied- VR meRwyoh#en a nodel
atribute sipmu lirtahd2 AAMBEARM] it is indexed as being part of the context which allows restoring it.

A straightforward approach indexes ail the RK45 specific memory of this instance by
<address, size> tuples. Giveén the base address of the RK45 instance and the size of its

lype, the entire part of memory is considered part of the context.

In order to exempt the referencing part of memory, the memq'ry allocation call
15 forthe r;:ferenced variables can be exploited. This prevents redundancy that would be
| required when the type definition would explicitly exclude refereﬁced 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 réferences. 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
o~ values ai_re located. In the same function, a <address, size> tuple is created as part of a
i . paraliel indexing scheme 804 that kecps.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 sinulation run is
requested, the originally indexed nenory is cleared and reassi gned.

QO herwise, it would be appended and the sane area in nenory woul d be

i ndexed an increasing nunber of tinmes (related 20 to the nunber of tines a
si mul ati on w@3Sookdizgs1 AS soon as the context is wittenptegkiohGookits
slCtxStore, or in case of another exit path (e.g., because of error
conditions) sinulationContext is reset to indicate that a new sinul ation
run may start. When a newrun is initiated, the first context redirected
allocation call resets 25 ContextlnitializationConplete, resets the index,
and creates the first <address, size> tuple. Consecutive allocation calls
then conpl et e thfconfevipPyth indeeing schevads artiimplemeried ad Meerin eonipnctiondehene t he parts
of context nmemypppdhat contain references instead of values. This
functionality is required at all tines (i.e., also when the context is not
restored) since it facilitates context storage. A determnation is then nade
as to whet her 30t hemneedisWark aiays pEperdetip IPNSRTedIR Of the HOPSHA MeMARY: cat ed by

t he | oadCont extnohlicEhnallcbfo & reduited ofRMEk nthEFHsd ANt CBRERSatloRe menory
map of the nodel of the stored context is validated:and when it _-conplies

with the checksSthemses Ppgasyarpbies ars dedareq thipugh e standad intergiee. £'9f expwpledlt or ed.

This is"inport ambriReEaMARe téHiniBas Sthte TRIBEYis SERMNIAT hGtRR(Ss, conpati bl e with
that of the nodel used to'save the_sinulation context. The main 41 WO

2006/ 025861 PCHWSIHHET-S353BE). Wik referpesss the bspdstined Hehmadcut ed . and when
conpl eted the pN@aMONSISTATES tRMuEBHLEXdntiBbus Witk T6 Bicllitud thdré flediiilighoul d be
noted that the cont e>%t save has to be done before the . s| DpQut put AndUpdat e
that. fol | ows bePR&RHoB fyrdheiserdo gfeam slpgied yauqbles tagnddromefile js glsp fr%emented
sl DoQut pti t AndUpdadralemet Blotize state of the discrete pul se generator to the
next point 5 tine, but restart continues fromthe current point. Figure 9
depicts the sequencg of .st.eps. b igh.the simulation engine. ng restore
il ati o cont ext <% (ErERted kel B pkdtedh TinBl fRaRRE B iRing
| oadCont ext  vaestadl, @msdtinitro iszequired ©timpkOBO indextnglebmtions aat to davilicge thade as to
whet her a stored 10 sjnmul ati.on n t ] val |l abl ...ste |f one is
Aval | abi o, "t he PEEeSlerR S Paft ol B URCAR By B utethegly °The
rest or eSi nul at i aiinloate whenesimelktion mirsis sgtested. [Elps & betildexed apewd Bfoeeach vari abl e
(step 926).,df | il ati varj.abl e i ( 27), menory
IS assi gnedlg( st“ﬁenh&ﬁﬁ%g%%x%é&e? E%%%%E#%ﬁ%{h?g%@r@ é’%& %ﬁﬁa%?ny'%%dg%' yaded (step
930) and conf i rdifdrenosohef mbhiave beedichgge)s made ( step 931). If the sinulation
context has 15 been restored, sinulation takes place (step 933). The
simul ati on context may be saved

" The restoration process is implemented around the main simulation loop as

shown in italics in :the following code snippet:

20
o -int SimulateModel(sIModel *model, Cmdlinfo *cmdlInfo)
k/" o |
sm_SimStatus(model, SIMSTATUS_RUNNING);
2 iff slLoadContext(model)) ssSetTFinal(S, getCtxTFinal());
while (ssGetT(S) < ssGetTFinal(S)) {
30 y

sICtxStore(model); /*store context for possible continuation™/

if (!stopRequested) {
35 . ssSetStopRequested(S, true);
errmsg = sIDoOutputAndUpdate(model),
if {errmsg 1= SL\ _NoError) retumn{errmsg),
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foll ow ng sinulati on dependi ng upon the user's w shes (step 933) determ ned
either prior to sinmulation or interactively. If the sinulation context is
to be saved, it is saved (step 934) and the sinul ati onContext variable
reset to NULL (step 936) while freeing the assigned nenory. If the

si mul ati on wonbm@wtsssis not bei ng saved, the 20 sinul ati pageRicesosial ue i s
still set to NULL ( step 936). The restored simulation context may be used
to run multiple analyses froma common reproduci ble point to test
alternatives. The restored sinulation context may be wused to run the
alternative anal yses sinultaneously in parallel. In other enbodi nent, the 25
sinmul ati on context nay be used to update a construction nodel. The
restoration of the sinulation context saves significant tinme over previous
si mul ati on net hods ensuring accuracy despite not having to re-run a
simul ation for trané‘%llﬁlﬁ?lyn%% initialization stages of a sinulation.

Mul tiple simulation contexts may al so be saved froma running sinulation

wi t hout st oppi ng eMeSiBpieMatsldh t hus hel ping i n debuggi ng and ot her types of
30 analysis. The illustrative enbodi ment of the present invention enables
sinmul ation of a wi Beforpasimtaionptatsy ¥ isalaigrmaiped Whethatshe sipplatiogoptextnpede- based

bl ock di agr ams. o 42::40:2A0ALALGARLN PCTLMRAARS AREBISecke: AR GRE _embod ment.

the sinulation of reversible reactions is optim zed. In these enbodi nents,
the state arrayurconflinensqsavierdiripsiae fpes srér OnGSHEtOBPHATIEIIRS” of a

r eversible T(ﬁa%hhlﬂﬂloﬁﬁﬁ)h'éed@és1flﬂ€ok§@-ﬁ@m§llynéh&tcbﬂﬂlefeﬂ ]~ lh&x&merﬁar%tse arr ay,
.e., t he next two reactions to | at ed CC .

V\h en this occurstoredfyie sieaipre sk g‘e §F°ées§kqlﬁ’§§@°“t§‘? fAreerfithedock disgiam ivn e

ot-her out .  Usieig tialsér: lRQshtea @deiRRtd 1118 ¥ith @met 8€MELAWSRe this concept
na.. ext ended to three or nore reactions that, together, cancel one

anot her out, e.[gPlemepiation B >ph Pb->Ce. Referring again to FIG 1, the
results generated by the sinulation engine 120 nay be wused by an anal ysis

environnent In er enbodi nen t he, anal ys vironnent 130 10
operates dil ctIy oﬁh%g chart gm?%h“%%ﬁWﬁF@‘mﬁﬁﬁ@FﬁggwéﬁgFﬁﬁﬂy state val ue

for a nodel ed sy&h@iB. Mhd @adxtqﬁdesingﬂshﬂtmétgwﬁehe nfoiSita@fibutd SimGlANEACEHtedthese

enbodi ments, the anal stﬁ 1t ool ﬁavages this EY setting the derivative of
al | differentiaf "Yaekatt HHSS faengrg P o PAYSIEHEIOSPR iRt el ai cal 1y. 1n
ot hers of thesexriirapgindeed Semérh & oamh Y r8asSipEHdNOthResk At \mhldibef dppasmdedal ance

analysis, as is own in the art, dete ne the ste | ue of a
system 15 CIheﬁ“'5 FWn%ﬂﬁﬂﬂ“?ﬂpﬁ%“ﬂ lﬁﬁngggguFﬁﬁﬁn éaﬂﬁfby t he

anal ysi s enyé r o8 ERMmBs2Of tihél sital@atiss wagruf)) As bdon @éthe sa;ltexers SmttSrEtlaiﬂlet Byity
analysis, bifu rs?(?bcétgrré O?'TI? cl'. cs clufsanotl?e?l;exaitrrp?attheé. gf gecause of error conditions)

simulationContext is reset to indicate that a new simulation run may start.

thn a new rum is initiated, the first context redirected allocation call resets

o 25 ContextlnitializationComplete, resets the index, and creates the first <address, size>
tuple. Consecutive allocation calls then complete the memory index, including the
scheme that indcics the parts of context memory that contain references instead of
values. This funct;ionality is required at all times (i.e., also when the context is not
restored) since it facilitates context storage. A determination is then made as to whether

30 the user requested a simulation continuation, indicated by the loadContext flag. If so, the

model checksum that captures the memory map of the model of the stored context is
validated and when it complies with the checksum of the model to be simulated, the
context is restored. This is important because the model memory map has to be

compatible with that of the model used to save the simulation context. The main
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paranmeter estimation and network inference analysis. The result of these
anal yses maybe provided to the sinulation engine 120 as input for its

cal cul ations. The analysis environnent 130 may further process the results
generated by the 20 sinulation engine 120 or it may display the results
visual |y orwaudici@ésstl | Y- For exanple, the analysis emp@rhaingnis;os20 may use
graph visualization techniques to identify to a user simlar pathways. In
sonme enbodi ments the anal ysis environment 130 interfaces with data

acqui sition hardware (not shown in FIG 1) which allows the analysis
environment 130 to conpare the generated results with experinental data. In
t hese enbodi nents, data gathered 25 from an ongoing experinent is used to
correct or genesimpletion leppditheroixequied andwulenicompleted the peesenbgmulatiangniext isi t u. 1 n
Sore eqbod! et Srddh, RIEDE Tt obis BAHLERER R s PHEWGANLAY G 8 oene
chip. For exa exi stence of a giv cted by a
model but data slﬁmmmmwmnhatﬁdlmpmammmaw mfcrad sep mﬂea&valnhtmgprot ei n does

not exist, the orially or
visual ly, that tﬁﬁgél%&ﬁh‘g?%%e%grl nen%(c’ﬁh%&l%et?% g:,ene{a?%ﬂ%%g ?exi’ cglléltse differ.
For enbodi neht stihe byttréstant coftauesfper heramtentipgintonduct ed on a microarray, the
gat hered data may differ between microwells. In these enbodi ments, the

anal ysis tool 43 WD 20061025861 PCT/ US2005/ 005303 may average the val ue of
t he gat hered dat a. Figuwt%plstsmsequeseomediwbhhQlesmatimnaigy@imy envi r onment

130 | i f
120 o o101 AT A el S L8 Bl o 1O
tol erabl e di ffevaenhieset eemdsep 220k A deteiningtianvpmadans it wizthdr 4 $ieredr edi ct ed
|
result is usgr- &ﬂiﬁler eé’;&?@:lt?s av&ﬁbﬁi?ﬁ%ﬁ SFhRAL TRk tﬁe'f&ﬁ%ﬁéxﬁdrﬁ 100

transmts the gat ata t |ng envi r onfent at t he
model may be noidisstiteene(sephe to UNaxt, therestdreSintilptianConted variabledy set to equahthe

erbodi ment s, |t ReicRRkuahBIG0M SRITERL shiuaraRNLAAkbY: Shankaus, shg expect ed

result of the experinent an data-g ere romthe experinent. In other
enbodi nent s, t heemery i assgpad &lep O Naxtdheﬁeulamn&mtextmemnats lpaded (ster0l to 10

control an eXpe%oﬁ‘E{atcoﬁt’i}ﬂxEudn%fh{é BRI gmlgﬁgm@mﬁﬁw LohtepaAngr at ed by

the sinulation ~engi ne . These e e use In construction
of nanomachilfer jeen Feﬁtotcﬁéﬁ@ﬂat@ﬁ%@ﬁ mhese {step 933 )nd e simplaiionceghtext nfag be payedsi t u

temperature to RAodhe HARLAGAIAERERAMURIbes |iind (u&BOSRURMLRifiRAS U i ng

tenperature of the 1nh situ enviro I ndi cat es he tenperature has
fall en bel ow 10priciépiraeiationsr wierstively. dtthesimelationnapterids tabpraved ittivsayefe 15

ﬁ; rpg\r/v:a?g néle D?teéteﬁﬁ_%j laid thé QRRASESRER vERRSIe!rbed tH R Med3 65w W FR g O
Vi
the assigned memory. If the simulation context is not being saved, the

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

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

" common reproducible point to test alternatives. The restored simulation context may be
used to run the alternative analyses simultaneously in parallel. In other embodiment, the

25  simulation context may be used to update a construction model. The restoration of the
simulaﬁoni context saves significant time over previous simulation methods by ensuring
accuracy despite not having to re-run a simuiation for transitory or initialization stages
of a simulation. Multiple simulation contexts may also be saved from a running
simulation without stopping the simulation thus helping in debugging and other types of

30  analysis. The illustrative embodiment of the present invention enables simulation of a

wide vanety of systems and is not limited to time-based block diagrams.
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conpatible wwth the conmputing platformexecuting the integrated nodeling,
sinmul ation, and analysis environnent 100. For exanple, in enbodinents in
whi ch the environnent 100 executes on a personal conputer, the data
acquisition hardware interfaces with the |local 20 system bus 220. In

enbodi ment swausdsnassi hose shown in FIG 2B, the data aegghsbdosmaszezhar dwar e
interfaces with the HyperTransport bus, Rapid 1/0 bus, or InfiniBand. The
data acquisition hardware can communicate with instrunents and experinents
that use GPIB (1 EEE 2488, HPIB), VISA TCP/IP, and UDP standards. Although
the systens and nethods of the present invention have been described 25
above as executing on a single nmachine, they may also be used in a
client-server envi Maraterembedmenishosinhladngos rprsibleasagtoss is opimizehdn Ser vi ces.
The nodeling - epuk Em%ts]ﬁlgstat@,hr?&ﬂrllsaﬁalthoqa&'tlﬂﬂvﬂealgr “b@fﬂq}n@a@w s
environnment 130 nmay each execute oOn separate rachines, or they nmay be
aggregat ed in SRYErEUASAGHEE PISHF b tie sases Fimylaionitimedn theetate aaht- che teat ive

par ti cul ar enbagiciBRko bd SiRusRARL & £os h EPWtWﬂeling&cﬁQ%oﬁir}@acﬁ&ﬁl ysi s

envi ronnment O 130 execute on a "client” nachine while the simulation 44. WO
2006/ 025861 PCRIY WiFpebsingubooanceang prnthes quc Usibg welhkapwnsedsaptimizetignhi ne. | n
these embodi mentgy; Léaethf;%megt%{a§b@aaen9@dtoae&rbeﬁioﬁedrea\emm%awgaﬁ& of network
t opol ogi es |nclud|ng bus, star, ring topol ogies. he network can be a

| ocal area net v@?%l‘(ﬂ_em\ﬂthefa“tn%gr%@pﬁﬁ&aﬁba acﬁetwork (MAN), or a wide area
network (WAN) such as the Internet. And' the respective conputers may 5
connect to the net mefémiagﬁgamMHGghttareéalfslgeﬁeyatdafnym@ﬂﬁratmmgné 120kadbarg
standard tel ephone lines, LAN or i g T3, 56 kb, X 25),

br padband connett] Wi MAFEERronEey R@I"%‘?mﬁg’?‘gﬂ‘ msaﬂ'&‘*%‘#“éﬁgggm’&e&hﬁgctl ons.
g:o ,,ect IT gg?ﬂ%arﬁpgiteﬁﬁéisﬁwd@hgldel tol ok a@nﬁ!e\gaxﬁdm@éa/swaay-mlf&a&ﬂoeﬂedor ot gcol S
e.g. t rnet ET, Fi ber

Di stribut ed DatSaSt?rﬁ’r“@F;‘gé‘E%ml‘l% “Sysﬁg'zg'?m"fﬁ‘ﬁy%e&“%?% ‘hq Bided 11 a, JEE
8?2 ﬁlb | EEE BQEd&eiguﬁd?dettﬂ}grtMenﬁﬁwmbﬂ differtifial eqauﬁ&mémaﬂsblvmme enbodi nent
of the present vention at C r sto ncl udln a
corrputer-readabﬁ}'lgl 'ﬁ@g?bfﬁ‘ﬁ \}PH‘S ﬁl‘? Eﬂ%n@?} 59’8 per%’ 41 °
various conput e]faiab&éphﬂfﬁ&fﬁs@ﬂm&ﬂﬁhﬁelaﬂ,ﬁﬁdetéﬁhﬁeﬂi?dbﬁya:ﬂﬁemmﬂi@ﬁterﬁode may be
t hose 15 specgia and cons ructed f oses_of the present
i nventi on, 35 t‘h%%)/'“ﬁﬁ?fﬂ‘gm PHaelsH E g‘“ﬁ&%}ﬁ%ﬂp gﬁﬁ&ﬂf&’n%lf%ose
havi ng skill i nintline uaﬁgmmulefar mm‘etsymsmvay dnalysis, Ebﬁ&rmb:ez&lalgsﬁs, pﬁﬂmﬁredans" eadabl e

medi a incl ude, balr“lagne cE gstugg‘.lton andm etwogc in et:ence a:garl-lyeé\its I 'fhe resuft gf tl'?ese analyses may be

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

The énalysis environment 130 may further process the results generated by the
20  simulation engine 120 orit may display the results visually or anditorially. For example, the
analysis environment 120 may use graph visnalization techniques to identify to a user
N similar pathways. In some embodiments the analysis environment 130 interfaces with data
acquisition hardware (not shown in FIG. 1) which allows the analysis environment 130 to
compare the generated results with experimental data. In these embodiments, data gathered
25  from an ongoing experiment is used to correct or generate a model of the reaction that is
occurring in situ. In some embodiments the experiment is conducted on a microarray or a
gene chip. For example, if the existence of 2 given protein is predicted by a model but data
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
30 resi)onse 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
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as hard disks, floppy disks, and nmagnetic tape; optical nmedia such as

CD- ROVs, CD-R/ RW discs, DVD-ROVs, DVD RAMs, and hol ographi c devi ces;
magnet o- opti cal nmedia such as 20 floptical disks; solid-state nenories such
as flash drives, nmenory sticks, xD cards, MiltiMdia cards, and Smart Medi a
cards; and wenohwarssidevi ces that are specially configpeedsioassiksame and
execute program code, such as application-specific integrated circuits

("ASI Cs"), field-programmabl e gate arrays (FPGAs), progranmmable'l ogic
devices ("PLDs"), read only nmenories ("ROW"), random access menories
("RAM5"), erasable 25 programmable read only nenories ("EPROV"), and
electrically erasable progrannable read only. nenories ("EEPROVW").

Exanpl es of corffRYREFIgE 8Q& %%@ewwa@n@@awré@t@wewm@mms@ﬁw%adam e
medi a i ncl ude nRGRIRAG $ARay sl B dSreRk AR ﬂQBﬁ afamgleﬁﬁurév@imfm%m theS

cont ai ni ng higher 1evel code that are ‘executed a cogut er: using an

interpreter. Fonodebspagicted fealwn?oh@ﬁ%ﬁnwémen@ﬂhqmmtﬁf/@h lo diffngydse

i pl ement ed’ USiyaGedAn s chper R 88 ORI QL RLER L Gl 81004 BFGF N | anguage
and devel opnent tools. 45 WD 2006/ 025861 PCT/ US2005/ 065303 VWile the
present invent |Woﬁﬁ@%@éﬁl@éé@ﬂwwh@Eatheéﬁdé’#‘éﬁtfh%mﬁﬂmwwme@bb%l fic
enbodi ments, ity oM Iqodeﬁnﬁrbé%ahagg aéwunt ROHE difi¥renck SH shmomér@ﬁbmm{shat

vari ous changes may be equi val ents substituted w thout departing
manuf act ur edby W@lysssmnwrmmaﬁ él3os%%’b’é3”d1d13?1§5é therppented BrritoE e pegrimgt ae

appended cl ai mmgath@magjﬂ{tﬁé@{&n@n{mdl fications may be nade .to adapt to a
particular situation, materia conposition of matter; nethod, process,

series of steps to ve .of. the present in entj on whi | st ayi ng
within the spirit a#&%&%%@%\ﬂ g, ﬁ@df‘tﬁ?f@}‘?‘? e ARV BrsmRlyss ‘é‘ﬁ"ons are
i ntended tw becon&dl!mapainenﬁmpmpﬁgrdsh&samp&mdﬁdtscgbr&ramihythaslﬁﬁraﬁdncul ar,

whi l e the met hods. ose av n descri bed w r ef enc

particul ar stepegg‘f’#yg ﬁ%f’ﬁ"ﬂ’ﬁ?‘ﬁ'ﬁﬂ@&g wg‘ﬁmfﬁm\%“ft’fmﬁé gﬁ&ﬁﬁat t hese
st eﬁsdrraybﬁ corﬂmbn@ﬁiants aimodtl m:aﬂ@ﬂ forﬁf(;nu empﬁﬁmedﬂteﬁt Mﬂegr?ear«maﬂm \IEd ent

met hod wi t hout artln manu acture t he teachin of . the present

i nventi on. Accotgd’g §“’é"",‘ule1°ftgg‘|“|?‘7nﬁ’5‘in81§?t cﬁtg?tg?tﬂ‘ the order and
groupi ng of sttapp:ranseimfallmHelomltmﬂeg&asRafmﬁditanmmaﬁiyhemmmlom n 46 WO
2006/025861‘fCT/U82005/005303 Appendi x A

expenmen

Data acquisition hardware may include any of a number of hardware devices
compatfble with the computing platform executing the integrated modeling, simulation, and
analysis environment 100. For example, in embodiments in which the environment 100
executeis on a personal computer, the data e_icquisition hardware interfaces with the local

20  system bus 220. In embodiments such as those shown in FIG. 2B, the data acquisition
hardwalle interfaces with the HyperTransport bus, Rapid /O bus, or InfiniBand. The data
acquisitlion hardware can communicate w1th instruments and experiments that use GPIB

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

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 environment( 130 execute on a “client” machine while the simmilation
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<?xm version="1.0" encoding:"UTF-8" ?> <nodel nane= "Field

Kor osNoyesMbdel " > ; <not es> 5, <h1>Fi el d ; Kor os- Noyes Model of BZ

React i on</ hl > <tab|e bor der =" 0" ceIIspaC|ng "0" cell paddi ng="2"> -I<thead>
- <tr> <th align="left" valign="m ddl e" becol or="#eeeeee">Citation</th> 10.
</[tr> . </ tweashgozssei<t body> <tr> 6Th -.<td> 15 R J. Fi pteiygdatsinossos .

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

i npl ementation is taken manufactured by.J.D. Miurray, "Mathematical Biol ogy”
(1989) page 181. <a href="" /> 20 </td> </tr> </tbody> </table>"' -]

<t abl e border="0" cellspacing="0" cell paddi ng="2"> 25 <thead> <tr> <th
align="left" v&NFRAFGHeHE} 2 SCHEC Hlaghme: #@@é@é’fé’b%%’ﬁ% "ft?tCP@ﬁ“tifFﬂ%be </tr>

</thead> 30 <rcmémedmﬁdmeﬁsfqha@o Hogpd}@e@&c}éerngbwﬁst&foﬁﬁ.lg%m fes.Zhabot i nsky
Reaction. Br03'is held constant; ypical ly. ignored, and can be

repl aced by an Té?rﬁt‘york%’tbe a logalaresngwoR w)wnmp@twa@awoyt dmoras 1/ 2
or 1 (denomi naTaQﬁde]a:&rne@voN'(WAN) such as the Intemnet. And'the respecnve computers may

5  connect to the network 180 through a variety of connectlons mcludmg standard
telephone lines, LAN or WAN links (e.g., T1, T3, 56 kb, X.25), broadband connections
(ISDN, Frame Relay, ATM), and wn'eless connections. Cormectmns can be estabhshed
using a variety of commumcatlon protocols (e.g., TCP/IP, [PX SPX NetBIOS,
-NetBEUI, SMB, Ethernet, ARCNET, Fiber Distributed Data Interface (FDDI), RS232,
C\ 10 IEEE 802.11, IEEE 802.11a, IEE 802.11b, IEEE 802.11g and direct asynchronous

connections).

An embodiment of the present invention relates to a éomputér Storége product
including a computer-readable medium having computer code _thereon for performing
various computer-implemented operations. The media and cérnpﬁtcr co.dc may be those

15  specially designed and constructed for the purposes of the present invention, or they maybe
of the kinid 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 Ci)—ROMs, CD-R/RW
~discs, DVD-ROMSs, DVD-RAMSs, and holographic device.s; magneto-opptical media such as

20  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

o configured to store and execute program code, such as application-specific integrated circuits
("ASICs"), field-programmable gate arrays (FPGAS), prograinmable'lo'gic devices ("PLDs™),
read only memories ("ROMS"), random access memories ("RAMs"), erasable

25  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 comptler, and files containing higher
level code that are executed by a computer using an interpreter. For example, an

30  embodiment of the invention may be implemented using Java, C++, or other object-oriented

~ programming language and development tools.
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35 SBM.)

= 1.3</td>

PCT/ US2005/

HOBr 2 2</ t d>

+HBr 02A2</ t d>

HOBr </ t d>

»

<tr> <td>k2 = 2000000</td> <td>Br

</[tr> 3 <tr> <td>k3 = 34</td> <td>Br03 + HSr02 -> Cen2
</[tr> - <tr> 10 <td>k4 = 3000</td> <td>HBr0272 -> BrG3 +

</[tr> - <tr> <td>k5 = 0.02</td> 15 <td>Ce ->'Brf</td>

10

While the present invention has been described with references to various
specific embodiments, it should be understood by thpse skilled in the art that various
changes may be made and equivalents substituted without departing manufactured by
the spiri‘t and scope of the invention defined by the :Iippended claims. In additic;n
modJﬁcatlons may be made to adapt to a particular smlatlon, matenal composi tmn of

matter, method, process, series of steps to the objectlve of the present mventmn whﬂe:

staying within the spirit and scope of the invention and such modifications are intended

10 be within the scope of the appended claims. In paﬂiculai’, while the methods

disclosed have been described with reference to particular steps in a particular order, it

will be understood that these steps may be combineél, sub-ciivided, or reordered to form

an equivalent method without departing manufactured by the feachings 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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<th align="left" valign="m ddl e"

.</td> </tr> </tbody> </table> <table border="0" cell spaci ng="0"
ceIIpaddlng "2"> 40 <thead> - <tr> <th align="left" valign="m ddl e"

becol or =" #eeeeee" >Rat e constant </th>
becol or =" #eeeeee">Reaction</th> </tr> 45 </thead> - <tbody> - <tr> <td>k

o7 SBlasd BT 03 - > HBr02 + HCBr</td> 50 </tr5c1§}]7l§\ﬁ8§0%g)jg§/ 025861



</tr> </tbody> </table> - <table border="0" cell spacing="0" cell
paddi ng="2"> 20 <thead> - <tr> <th align="left" valign="m ddl e"
becol or =" #eeeeee">Vari abl e</th> <th align="left" valign="m ddl e"
becol or =" #eeeeee">I C </th> <th align="left" valign="m ddl e"

becol or =" #eaemeaizzsdPE</ t h>

30 <td>0.003</td> <td>Br';[t] == -(kl*Br[t]*Br03[t]) + f*k5*Ce[t] -
k2*Br[t]*HBrO2[t]</td> </tr> - <tr> <td>Ce</td> 35 <td>0.05</td>
== - (k5*Ce[t]) + 2*k3*BrO3[t]*HBr2(tj</td> </tr> - <tr> <td> H

<td>Ce' [t]
Br O2</ t d>

40 <td>0.001</td> <td>HBr02' [t] == kI *Br[t]*8rO8[t] -

k2*8r[t]*HBrO2[t] + Kk3*' BrO3[t]*HBrC2[t] -ik4*HBrO2[t]A2</td> </tr>
45 <td>HOBr</td> <td>0</td> <td>HOBAPReRflixA= k1*Br[t]*Bro3[t] +
2*k2*Br[t] *HBr Q@[ t] + k4*. HBr Q[ t] A2</td>’

. <?xml version="1.0" encoding="UTF-8" 7>
- <model name="FieldKorosNoyesModel">
-1 <notes>
'5.<h1>Field-Koros-Noyes Model of BZ Reactlon</h1>
- <table border—"n" cellspacmg—“o" cellpadding="2">
1<‘chead>
- <tr> :
<th align="left" valign="middle" bgco!or—"#eeeeee">C|tat|on<jth>
100 </tr>
</thead>
-'<tbody>
--<tr>
- <td>

15_ R.1.Field; and R.M.Noyes,J.Chem.Phys.60,1877 (1974) ;

| R.).Field,E.Koros,R.M.Noyes, JACS 94,8649 (1972);R.J.Field,

. R.M.Noyes,Nature 237,390 {(1972) This implementation is taken
manufactured by J.D. Murray, "Mathematical Biclogy™ (1989) page 181.

<a href="" f> _

20 <ftd>
</ftr>
</tbody>
<ftable>"
- <table border="0" cellspacing="0" cellpadd:ng-"Z"
25 <thead>
- <tr> ;
<th align="left" valign="mlddle" bgcolor="#eeeeee">Description</th>
</tr> ‘
</thead>
30 <tbody>
- <tr>
<td>Field Noyes Version of Belousov~ Zhabotinsky Reaction. BrO3is held
canstant; HOBr is typically ignored, and can be replaced by an empty- set.
- The stoichiometry f is typically taken as 1/ 2 or 1 (denominator 1 or 2 in
35 SBML) .</td>
<ftr>
</tbody>
© </table>
-'<table border="0" cellspacing="0" cellpadding="2">
40 <thead>
- <tr>
<th align="left" valign="middle" bgcolor="#eeeeee">Rate constant <fth>
<th align="left" vallgn-"mlddle" bgcolor="#eeeaee">Reactlon</th>
</tr>
45 </thead>
- <tbody>
- <tr>
<td>kl = 1.3</td>
-<td>Br + Br03 -> HBro2 + HOBr</id>
50 <ftr>
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25 </tr> </thead> - <tbodyer/os2edsinssos<t d>Br </t d>

<tr>



</tr> 50 </tbody> </table> 48 WD 2006/ 025861 PCT/ US2005/ 005303 5/ bpdy>
</notes> - <listOfConpartnents> . <conpartnment nane="BZ" /> 5

c/tistOF Conpartnents> - <listOspecies> <specie nanme="Br" initial Anrount="0;
003," conpartnent ="BZ" bouhdaryCondition="fal se" /> <specie nanme' ="Br03"

i ni tial Ar nopobsosniderl” conpartment="BZ" 10. boundar y Copgifusfsiosiosue” />
<speci e nane="Ce" initial Amount="0.05" conpart nent="BzZ"

boundaryCondi ti on="fal se" /> <speci e name="HBr02" initial Anount="0.001"
conpartment ="BZ" boundaryCondition="fal se" /> 15 <speci e nanme="HOBr"

i nitial Amount="0", conpartnent="BZ" | boundaryCondition="fal se" />
</listOspecies> - <listOReactiohs> - <reaction nane= "Reaction 1"

reversl bl e="fglBe"> 29 <list Of React ant s> <speci eRef erence specie= "O" />
<speci eRef er eTfeekA TR0/ | > </|istOFReactants> - <listofProducts> 25
<speci eRef er eﬂéE 5 HAtHraZ b f‘\»zfét‘:‘i:kspeci eRef erence speci e="HOBr" />
</[listOPr o%uctt - <kineticLaw; fornmul a="Br*Br03*kl ">

<td>k3 34</td>
<td>Br03 + HBro2 -> Ce’\z + HBro2A2</td>
</tr>
- <tr> .
10 <td>k4 = 3000</td>
<td>HBr02,2 -> Br0O3 + HOBr</td>
</tr>’
- <tr>
<td>k5 = 0.02</td>
o 15 <td>Ce => Braf</td>
N </ftr>
</tbody>
</table>
- <table border="0" cellspacing—“o" celipadding="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" valian="middle" bgcolor="#eeeeee">0DE</th>
25  <jtr>
< /thead>
- <tbody>
- <tr>
<td>Br</td>
30 <td>0. 003</td> '
<td>Br" [t] == -(kl*Br[t]*Broa[t]) + f¥k5*Ce[t] - k2*Br[t}*HBr02[t]</td>
</ftr>
- <tr>
<td>Ce</td>
( 35 <td>0.05</td>
- <td>Ce'[t] == -(ks*Ce[t]) + 2*k3*Br03[t]*HBr02[t]</td>
<ftr>
- <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>
<ftr>
- <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>
</ftr>
50 </tbody>
</table>
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- <listO Paraneters> 30 <paranet er nane="k1" val ue="1.3" 1>

</listO Paraneters> </kineticLaw> </reaction> - <reaction nanme="Reaction2"
reversi bl e="fal se"> 35 <listO Reactant s> <speci eRef erence specie="Br" />
<speci eRef erence specie= "H B r02" /> </I|stO Reactants> -

<li st O Pr om0 t@sof@si<speci eRef erence speci e="HOBr" st opehiesmidoyis: 2" />

</listOProducts> - <kineticLaw formul a="Br*HBr Q2*k2"> - <l|istCf Par anet er s>
<par anet er name="k2" val ue="2000000" /> 45 . </li stof Paraneters>
</ ki neti cLaw> </reaction> - <reaction nane="Reaction3" reversible="fal se">

- <listO Reactants> 50 <speci eReference specie="Br(3" /> <specieReference
speci e="HBr 2" /> 49 WD 2006/ 025861 PCT/ Q52005/ 005303 <f I|i st ot Reactant s>
<l i st Of Pr oduct 5%9%%peci eRef er ence speci e="Ce" stoi chiometry="2""/>
<speci eRef er eJ CEOSaCi e—" HBr 2" stoichionetry="2" /> 5 </||stCOf Products> -
<ki neti cLaw fDPHi $ lzll%rO; k3"> - <lIistCf Paraneters> <paraneter

fames= Z -

—_n " Qmp me
name="k3 V%l 'j:gﬂls Cempartments>=

- <|lSt0fSpECleS> '
<specie name="Br" mltaa!Amount “0 003" ¢ ompartment——"BZ"
. bouhdaryCondition="false" /> -
<specig name="Br03" initialAmount="0, :I.“ cempartment="B2"
10 . boundaryCondition="true" /> '
<spec:|e name="Ce" initialAmount="0.05" compartment—"Bz"
- boundaryCondition="false" />
<specie name="HBro2" initialAmount="0.001" compartment="BZ"
boundaryCond1taon—"false" />
- 15 <specie name="HOBr" lmtlalAmount—"O" compartment="8Z"
Q)  boundaryCondition="false" /> -
: : < /listOfSpecies>
- <fistOfReactions> :
- <reaction name="Reactionl1" reverslble—“false">
20 <listOfReactants>
<spe0|eReference 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-“l 3" />
< flistOfParameters>
. </kineticLaw> '
</reaction>
- <reaction name="Reaction2" reversible="false">
o 35 <listOfReactants>
Wi <specieReference specie="Br" />
<specieReference specie="HBrO2" />
</listOfReactants >
- <listOfProducts>
40 <specieReference specie="HOBr" stoichiometry="2" />
- </listOfProducis>
- <kineticLaw formula="Br*HBro2*k2">
- <l|stOfParameters>
<parameter name="Kk2" value="2000000" />
45 </listOfParameters>
< /kineticLaw>
< /freaction>
- <reaction name="Reaction3" reversible="false">
- <listOfReactants>
50 «<specieReference specie="Br03" />
<specigReference specie="HBrQ2" />
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</[listOf Parameters> 10 </kineticLaw> </reaction> - <reaction
name="Reaction4" reversible="false"> - <listOReactants> <speci eReference
specie ="HBr02" /> 15 </listO Reactants> - <iistO Products>

<speci eRef erence speci e="Br03" /> <speci eReference speci e="HOBr />

</list O Praglyssosiaasgey <ki neticLaw formul a=" HBr 02A2* k4" ?CT/U 2005/005303

<li st Of Par anet er s> <par aneter nanme="k4" val ue="3000" <7s l'ist O Par amet er s>
</ ki neticLaw> 25 </reaction> - <reaction nane="Reacti ons'

reversi ble="fal se"> - <listO Reactants> <speci eReference specie="Ce" />
</listOF Reactants> 30 <listO Products> <speci eRef erence speci e="Br"

stoi chionetry="t" denom nator="2" /> </listOProducts> - <kineticlLaw

f or mul a=" Ce* k5'<HIstQfRegciagisef Par anet er s> 35 <paraneter name="k5" val ue="0.02"
/> <par ametetsiffaeucts> yal ue="0.5" /> </listOfPa ra neters> </kineticlLaw>
</reaction> <@edgRefesqnce pRESEE | G SichiomsturE 2" />

<specieReference specie*“HBrOZ" stoichiometyy="2" />
5  </listOfProducts>
- <kineticLaw formula—"Br03*HBrOZ*kB"
- <listOfParameters>
<parameter name="k3" va!ue—“34" />
</listOfParameters>
10 </kineticLaw>
</reaction>
- <reaction name="Reaction4" reversible="false">
- <listOfReactants>
<specieReference specie="HBrQ2" />
./“"\ 15  </listOfReactants>
e ~ <listOfProducts>
<specieReference specie="Br03" />
<specieReference specie="HOBr" />
</listOfProducts=>
20 <kineticLaw formula="HBrOo2~2%k4">
- <listOfParameters:
<parameter name="k4" value—"3000" />
</listOfParameters>
< fkineticLaw >
25  </freactioh>
- <reaction name="Reaction5" reversuble—"false
~ <listOfReactants>
<specieReference specie="Ce" />
</listOfReactants> '
30 <listOfProducts> -~
<specieReference specie="Br" stoichiometry="1" denominator="2" />
<istOfProducts>
- <kineticLaw formula="Ce*k5">
- <listOfParameters:>
( 35 <parameter name="k5" value="0,02" />
— <parameter name="f" value="0.5" />
< flistOfParameters>
</kineticLaw>
< /freaction>
40  <flistOfReactions>
</model>
</sbml>
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</sbm > 50 CLAIMS 1. A systemfor inproved sinulation of a biological
systemconprising a plurality of chem cal reactions, the system conprising:
. a nodel i ng conponent for constructing a nodel of a biological system
including 5 a first chenical reaction and a second chemical reaction, the
nodel including a specified constraint provided in addition to the chem cal
reactions that constrains dynamc behgyi f the biological system and a
simul ati on engi ne accepting as input said constructed nodel of the

bi ol ogi cal system and generating as output dynam c behavi or of the

bi ol ogi cal syst erh ussystena fér inproved Girylporodt aClsivjogicat syeteal compidding or t he
first chemcal reactjon, a second type of conputational nodel for the second
cheni cal rePMpll of shemicalreaciions sthe Bystesm SUPRIHRE: 2. The system of claim 1
wherein the nodeling conmponent allows construction of a block di agram nodel
of the biological Y, | i b
conponent furt hera1 rlﬁ%%efhﬁ (Sg g'? H%E&I%gg{?ﬁcgﬁ%gb?d %&%@ﬂﬁ{% %@‘eﬂg@h%@ ¢

rel ated 6herifoal chemde reanton dnd atveosdy sleariva freactian,thd modelriatindinge spedféd ng
conponent includes a graphical. user interface for accepting user comands
and data. 5CORHRMRLPEQUHS dfiomta g ebpmical Eartipnsithat copsipnsshynasifout at i onal
nodel is s : g consisting of ordinary differenti al

equati on ang’:egg‘{“g&%?ﬁ%ﬁ?gg’gﬁ@?%?@nti al equation analysis, difference
equation anal ysis, al gebraic equation analysis, and stochastic analysis. 6.
The system of cl aisimblatibeerdine saeptigeasdnghttsyideoaftrieainubddd obtrlbisiogiehl i s

sel ected fromthe group consisting of ordinary differential equation

anal ysi s, pavtteml andgeem@#léa@f avtpe‘gdymbe&ﬁm ef the biplpgiepl systemaising:s st

anal ysi gp ahBRAAorERABHlAIRNE Bros BTN TRLGE ARG BRRLY ST 5: 7. The

systemo ereln sard second type onal’* nodel
sel ect ed fr eonmiphetigna wpoded figitlsd se0ondEheatichl Reacionli ahl el tidled e ghstitairon
anal ysis, partial 51 differential equation analysis, difference equation

anal ysis, al gebraic_equation, analysjs,. and stochastic analysis. 8. The
system of claim % f KherSpetemcy giinsh wherals themogeling compangpiadiatvsicanstruction

of a block diagram mode] of the biological system.

3. The system of claim 2 wherein the modeling component further includes at

15  least one block identifying a set of related chemical reactions.

4, The system of claim 1 wherein the modeling component includes a graphical

user interface for accepting user commands and 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

51



I3

communi cation with said sinulation engine, said anal ysis environnent
di splaying the 5 dynam c behavi or of the biological system 9. An inproved

~nmethod for simulation of a biological systemincluding a first chem cal

reaction and a second chem cal reaction, the nmethod conprising the steps of:
(a) constructing a nodel of the biol ogical system including a first chem cal

reaction and: r |ed
constrai nt %ifger%rﬁgd\ql) ?@ua&%?%hglggl ’tcﬁgﬁ%{\%% &h em caﬁ’ h%gg%%%% ﬁgrﬁﬁ{%@s
constrains dydawtleastiehmalisis. of the biol ogical system and (b) generating
dynam c behavi or of the nodel ed biol ogical systemusing a first type of
conput ational nodel for the first chem cal reaction, a second type of
conput at i onal model ThegysteReot, §@é‘8ﬂdﬁ1€ﬁ@rﬁ0€&rls¥n@é’@twsﬁﬁBVllf‘Pfén%élt| fied
constrai nt t

constructi ngc&%nﬁ?ncaﬁ@ﬁm er ggsnl%l e}:)ﬁ%l?é ﬁ%%‘@ %@%ﬁﬁré@?ng?n%%ﬁﬁ%e met hod
of cl ai n510 dwhaneibehiHer df the kiotbgd@nl aysteiwdel i ncludes at |east one bl ock
identifying a set of related chem' cal reactions. 12. The nethod of claim?9
wherein step (a) conprises: provi di ng.a g[ aphi cal user interface for

accepting user ¢ Srethiprgyes mE@P‘éf"r&sHHu‘(‘F‘i’f) Ofabigtagiat FW&%‘%@&g pfirst he
bi ol ogi cal r A ¢hem cal
react Lon us he AR cAZIcH Y Becrd il b, iREhbEPpaR B BRI S® ey oi
step (b) conprises: 25 (i) generating an expected result of the first

chemi cal reacti ofajusi rgnsiructingrp uicalt:l afithé biashigedal sﬁtmﬁ%dingmﬁrdnehgnimlp
consisting of aordinary differentjal equation nal ysi s, gartlal

di fferent i alfaHpmpRGRHSeRaf gagmicalfeagtione én%iahlalf Hzghspegdied constgEbr ai ¢
equat i oRpan pect ed
resul t g? t e@%@oﬁ%ﬂg‘he%@ta}%%trhg%gfép%lﬁwd ’thaq[%ﬁ%&ﬂamsh gﬁ‘rﬁ catge'lhg‘i(ri Pnﬁgft\%ﬁer ein
step (b) comlogies sy&eft indyenerati ng an expected result of the first
chemi cal reaction; and (ii) generati ng an expected result of the second
chem cal reaction, usin ut at a el t.ed fr m t he group
consi sting of or )nar %El?rfltf‘ L%ﬁ"ﬂ ﬂ1 ‘?f%le;ﬂs 1glogb:3 S@P“éﬁ%ﬁ%r enti al
equation anqiéytsf%, Hp%%a%ﬁ?’l Iﬁ&!@%r%e ﬁf&@blﬁ(e?ﬁléal red HBAr AL onfGPaLE ON
anal ysi s, astlc ana

computatlonal model for the second chemical reaction and the specified constraint.

15 10. The method of claim 9 wherein step (a) comprises constructing a block

diagram model of the biological system,

11. The method of claim 10 wherein the block diagram model includes at least

one block identifying a set of related chemical reactions.
12. The method of claim 9 wherein step (a) comprises:

20 (1) providing a graphical user interface for accepting user commands 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:

25 (i) generating an expected result of the first chemical reaction using a

computational model selected from the group consisting of ordinary differential equation
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10 15. The nethod of claim9 further conprising the step of displaying the
expected result. 16. A system for inproved sinulation of chem cal reactions
conprising: a nodeling conponent for constructing a nodel of a first

chem cal reaction and a second chem cal reaction, the nodel including a
specified constraint provided in 15 addition to the chem cal reactions that
constrai ns dynam ¢ behavior of the biological system and a sinulation
engi ne acce d C action
and gener at e P R afTRice S35 i€

conput at i oneduatiomdedlydigand kiechdstis tnadyedsriaadl reaction, a second type of
conputational nDdeI for the 20 second chem cal reaction and the specified

constraint. he systemof claim1l rein the el i ng conponent all ows
construction of é)lgle’é%ﬁm&ﬁ %?%%@PF@%%C%@@F%@H%T&Wreact| on and the

second chem cal reaction. 18. The systemof claim 17 wherein the nodeling

conponent fUI’the[4l’pﬁéﬁﬁg%d%qfclag§9|‘%§émg{$? ?j%ﬂsg@ntl fying a set of

rel ated chem cal reactions. 19 he syste m 16 wherein the nodeling
conponent includes a graphical user interface for accepting uses comands
and data& 53 20. (iflgengytugm efpectedirasull 6f thediret ahemadali refactiat; ahgpe of

conput ational nodel is selected fromthe group consisting of ordinary

differential equation ana i differenti al uatl on anal ysi s,

di fference equat ?érge'é‘f{ﬁ'il% eXpﬁthg é‘ﬁ@fgﬁ&ﬁ?qnéiﬁhﬁﬁ’éqa}%‘? Hon USing &t ochast i c

anal ysi s. 5cc%ﬁput5ﬁ’tﬁlalsﬁﬁ%ﬁﬁ%ﬁt:teﬁ |fﬁ§rr[‘1h%%rﬂﬂi%oﬁb@hﬁ@bi%r@ﬁﬁ%ff@éﬂﬁal@ uation

conput ational nodel is selected fromthé group consisti'ng of ord| nary

di f f er ent i agnadypisapantial f&ffateyma]sequpmn amlysisdiliffeemmeneqedtioequalysiernlgbediysi s,

differ ence e uation analﬁﬁ gneel rai.c equation analysis, and stochastic
KoEhRlifRny

anal ysi s. ﬁ*ﬂ’éa’?}}%stl% Yikherei n said second type of
conput at i onal nodel is 10 selected fromthe group consisting of ordinary

differepjial equpsiphe RBAYDF %Ialrﬁ’@rﬁlﬁﬁér coﬁ?ﬁﬁ‘ﬁ S d oﬁﬂkﬁlﬁﬁﬁgtlﬁnal ysis,
di fference equation analysis, algebraic e atl n anal ysi s, d stochastic

anal ysi s. 28pedied resplit em of claim 16 furt her conprising an anal ysis
environnent in comunication with said sinulation engine, said anal ysis

environment dis ph&yzlknsgstteglefor improved simulation of chemical reactions comprising:

a modeling component for constructing a model of a first chemical reaction and a
second chemical reaction, the model including a specified constraint provided in
15  addition to the chemical reactions that constrains dynamic behavior of the biological

system; and

a simulation engine accepting as input said constructed model of the chemical
reaction and generating as output an expected result using a first type of computational
model for the first chemical reaction, a second type of computational model for the

20  second chemical reaction and the specified constraint.

17. The system of claim 16 wherein the modeling component allows
construction of a block diagram model of the first chemical reaction and the second

chemical reaction.

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

25  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.
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. g A A ) ]
15 expected result. 24. An inproved nethod for sinmulation of chem cal
reactions, the nethod conprising the steps of. (a) constructing a nodel of
a first chem cal reaction and a second chem cal reaction, the nodel
-including a specified constraint provided in addition to the chem cal 20
reactions that constrains dynam c behavi or of the biological system and (b)
.generating an expected result of the nodel using a first type of ]

conput ati onal nodd) Fhersystem dficlaim hehdrelalsaiddirst typmof ecompudmaak mpdel i

conput ati on I r e m . tion and the.specified
constrai nt . siectE i I e R RRE oSN R Oty S BB

const ruct i ngliffelehilkequatfordinalisRdiMReRke eduatibe ahdlyss, atlebiicaduatieatdlpis, and

t he second chem cal reaction. 26. The nmethod of claim25 wherein the bl ock
di agr am nodeindistehagiiegnalysiseast  one bl ock identifying a set of rel ated
chem cal reactions. 27. The nethod of claim 24 wherein step (a) conprises:

54 (i) providin L.cal J ace. f cept 0 nds and
Gt s and (11) oo TRAHER! of il bR SR sPLoraRREN huliRRop AR

second chen @ikctedfRAE tHeQRowStdi@istig ofis@inaePMfR G aPAflalat Analyxis? Bartithe net hod
of claim 24 wherein step (b) conprises: (i) generating an expected result of

the first chifffieatialeguettdnomalysisndifigrengopgiatian poalzdis, migebraisequatior dndlystm t he

group consi st f.ordinary differential equation analysis, partial
differenti alang%)é:g?%ﬁ ag?llggﬂs/'si s, difference equation analysis, algebraic
equation anal ysis, and stochastic analysis; and 10 (ii) generating an
expected resul t of2 tTie yeeenst ddhamwhertiaaeidisefond 98 ofldtenpiidtiondl @bdetiai m 24
wherein step &b%? conprises: (i), generat ing an expected result of the first
cheni cal 10 easetectsd:framm the(grpyp ¢pasistiag pherdinaresibeandal saugtion ansdysisaparsiak ond
chem cal reagkd .Usi ng.: u L.onal I |, f: N LOL
consi sti g onrraH a0y ERER: - haRE PBER ey ARG Al CbipF st
di fferenti al arigubhfie sanigkysi s, difference equation analysis, algebraic
equation anal ysis, and stochastic analysis. 30. The nethod of claim 24
further conprisi nij the step of displaying the expected result.

. The system of claim 16 further comprising an analysis environment in

communication with said simulation engine, said analysis environment displaying the

15  expected result.

24. An improved method for simulation of chemical reactions, the method

comprising the steps of:

(a) constructing a model of a first chemical reaction and a second chemical
reaction, the model including a specified constraint provided in addition to the chemical

20  reactions that constraing dynamic behavior of the biological system; and

(b)  generating an expected result of the model using a first type of
computational model for the first chemical reaction, a second type of computational

model for the second chemical reaction and the specified constraint.

25. The method of claim 24 wherein step (2) comprises constructing a block

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

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

one block identifying a set of related chemical reactions.
27. The method of claim 24 wherein step (a) comprises:
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) providing a graphical user interface for accepting user commands and

data; and

(i)  constructing a model of a first 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
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
(1i) generating an expected result of the second chemical reaction.
29. The method of claim 24 wherein step (b) comprises:
(i) generating an expected result of the first chemical reaction; and

(ii) 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.

30. The method of ¢laim 24 further comprising the step of displaying the

expected result.
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