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METHOD AND APPARATUS FOR | NTEGRATED MODELI NG
SI MULATI ONAND ANALYSI S OF CHEM CAL AND BI OCHEM CAL

WeBAGIbEASE RELATED APPLI CATI ON Thi s appl i cat i oRCTIUSR0US/005504

the benefit of U S. Patent Application Serial No.

10/ 783,628, filed February 20, 2004, the contents of
whi ch are hereby incorporated by reference. FIELD OF
THE | NVENTI ON The present invention relates to
simulation tools and, in particular, to an integrated

envi T ORI ANTP APPINIEA TE SRR NG (ROATRRAL IS B0
Rl p S b

substances i s timeconsum a nunber of

i nternmedi ate substances are traditionally fornul ated
before fornul ati on oRERAIFAIAIHEIACATIPON he desired
properties is obtained, and fornul ati on of each

i nt er Mbik applicaivbstaams thedwnefinkeV.h Patent Appleaiion Serial No.

] 0 | ati jncl udes ufact.ure qf .
{2 67, Py 26,005, 5h5 Rp ERRs M e Teuetyeiprorpgrated by
fehgedevel opnent of small-nol ecul e machi nery, sonetines
referred to as nanomachi nery. Biochem cal fornulation
i ncl udes the devel opnent and anal ysis of
phar maceuti cal subs i ndi vi dual ' s
quality of life. |n%§§@§3¥%n ]%ﬁﬁggg?ggﬁgus and often
error-prone nature of chem cal and bi ochem ca
f or mul at Tienpreseat mverdticnheheesf oedirdslafian éocddaid, impaticular, to an
difficulties. Devel opnent of chem cal subhstances an
lﬁéﬁ%ﬁﬁ‘g R Eomgpent for H’(EPEFIE% sirpylaag ﬁ'&‘? ?’Pajriéz-“&% %mca@an%

G aSRaBlEopot enti al |y dangerous internediate
substances. For exanple, in attenpting to fornul ate
bacteria that consunes crude oil and breaks it down
into one or nor eBARKGROWRED O VHEINENYIQNbst ances,
a researcher may instead fornmulate a bacteriumthat
breaks crude oil into a nunber of

envi r onnBatddgnyent of mevd clysnibat amteeciemical dubsthades titime-

Additi.OI']baH , chem cal, resegrchers are faced. wt }.he
consuming becatse 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
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

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 instead

formulate a bacterium that breaks crude oil into a number of environmentally-friendly
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probl em of disposing of the internmedi ate products
generated by their research. OQher issued faced by
wdesisgusss of nanonmachi nery i s that the target PCT/US2005/005504
substance nay nutate during forrmulation in response to
envi ronnental factors. Biochem cal research, which
typically focuses on identifying and sel ecting
compounds having the potential to affect one or nore
mecti ani sns thought to be critical in altering
mﬁﬁ%ﬁbés' acfld aCthQI 3. %@%ﬁ&?&llﬁf ch%rrﬁl%a? ?&%Qr&fg?scﬁ%%%&g with the
Faces challenges In additionh to the ones descri
pbiweof d&bp@mwff thle ugerdwdialtmmémtts ge;net‘zyaddgzl thyir research. Other
research dat cel lul ar, and
s A CSERER SHER BRI SR St BAY youtate
dding oethalaB6n ﬁﬂfésﬁ@ﬁs@ & eMi@fonMent4l BioRd. an entire
system Such data may not provide an integrated view
of the conpl ete biological system Moreover, the
nar r ow Bias @'rng@l Jreéwqalt, achiely ypicelly &lowsspsor mdantléshyg and selecting

c@bﬁ eo?ge ﬁam é)not ﬁ? atfec O?I}egc%tn\é\(? 2 [nﬁeégga%%/sy% tépught to be critical

inhilehiagspalifiQrcifRasbapedas 6f @&Géhsﬁpf@eisbﬂfa@&%dﬂéﬂ@s haddition to
t hose assocjated with chem cal processes, because the
the pnesdesgabed-ahove. r equire | aboratory experiments that

| ead AlRoRR iR de@éigﬁﬁpéﬁ glgg‘!{dt&l' % ! glla(inaga dre%%&ﬁ% cellular

t hese trlal and er | nts
am@abwlhﬂmsp]@cbmeﬂaﬁhméatmﬂea cmmdy:rs oalyran wokﬂed argifrathéraarrow view of

i.cal m Onl er numer ous, cos . .
i SPGCEP R ReSOY s 3t B SHRSCBGY ARt complete bioogical
S}fs%?ff«‘ SMBRoREL, fhe nb¥6wHdRies AdpoHS®arfnot 16 s\ ititedy Q&ﬁﬁz&!@%hen
for |l essons | earned fromthe nost recent” clinical
transiaggd tojtle whele hgdhigvélng adecj uate safety and efficacy
finally realized. This process ofclinical trial design

a1 PRGSO o bR b bR S8 even

meranseositriingethan dldsle ﬁ@ﬁclaﬁé& a/thichefical (Beocebded, BeBIse MR latter
produce a marketable drug. Wil e conclusions may be

scpeRRlb regpizedahaspipht W@n@%té fhahiead i andaeln cxpRIIAEN aush@imical

f I
o PR 8 sk o o) CORZR. A, uh Py o on
adewmaaudIhﬂ@mmgdgebgmmsyMamLdhﬁymmmhmﬁegﬂscbﬂbﬂﬂdbmdenm:

hem cal d bi I her e it desirahle
oo aad e RO EOR REME Bl MRy e RSPt ffgesons

leaRed AGal l
S L e o

realwgm‘hlmocess of clinical trial demgn and redesign, multaple chmcal trials and, in some
situations, multiple drug redesigns requires great expense of timae and money. Even then, the

effort may not produce a marketable drug. While conclusions rmay be drawn by assimilating
experimental data and published information, it is difficult, i-f not impossible, to synthesize

the relationships among all the available data and knowledge.

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

processes in-silico rather than in-vivo or in-vitro.
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In one aspect the present invention relates to a
systemthat integrates nodeling, sinulation and

wanelsyesas4 of bi ol ogi cal reactions. The syst em PATIUSA®S/005504

a nodel i ng conponent for constructing a nodel ofa

bi ol ogi cal system The conponent includes a simnulation
engi ne in comuni cation wth said nodeling conponent
accepting as input the constructed nodel and generates
as out put the sinulated dynam c response of the nodel.
An anal ysis environnent may be used both to study
properties of the nodels as well as to comrunicate
with the sinulation engine in such a way that results
from anal ysi s cBRIBeSUNMAROY &FEHHEANYENEIQNINNi ng
nodel . I n some enbodi nents, the nodeling conponent
al l ows construction of a block diagram nodel of the

bi ol olji on¢ agpest dm presens omenobntrhless tertmystcmetitas inttfyates

el s, commenent 1Pl udes g Lot 1 B0kt
LML Lo L OSSP DB 43}

&ap o rahclpdece sisRBatfaidrthih@ i chin RGN With s8N mdtling
anot her aspect the present invention relates to a

¢ranpoerftaccepiingasangpat thodenstrgsted imedad andrgeandites as output the
anal ysis, of a biological process. A mmdel .of the
%mi%%ﬂﬁxa?mﬁrfsmg of the Bodel A anglias ERyERHEN maybe used

| o j -
SR faly BRerti Ol A heRHdd o RAFR LR AR RRATRe
sieuditioadendige iheidiroviydadt uselts ifitihe bhdegs adidbé iRorporated into

recei ved user commands and data are used to construct
herwagingomodpe b sineyemhbdimeoyeshe mpddingneompenans edows

SR AR O Bk DB RO e o
EXBEHINTERE he %(ﬂ’ehng"&oﬁjiﬂdﬂenﬁpﬁqﬂfés a@?&?ﬁ%né B RGN ing a set
I antarticle o

Invention relates t manuf act ure havin
efiietae® dhéhizaBeactt@zp Ulleise SRidda bh ehdi© il AppRaiase that they
forintegrated nodeling, sinulation and anal ysis of a
PEmilaydie apphed se chanisabiicagtions asheelbast todvielagfical processes found
ctqﬁe are conput er -readabl e program neans

manuf
]Po%@t()?%f § odel of a biol ogi cal process:;

comput er - r eadabl e program nmeans for generating, using

the constructed nodel, dynam c .behavi or of the queled
g‘} ether aspecithe preseht mvention relates to a method for integrated

bi ol o

modeling, simulation and analysis of a biological process. A model of the
biochemical process is created. In one embodiment, a graphical user interface for
accepting user commands and data is provided and user commands and data are
received via the provided user interface and the received user commands and data
are used to construct a model of the biological process, which may be used in both

static and dynamic analysis of the model as well as in comparison of predicted

results with experimental data.

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

manufacture having embodied thereon computer-readable program means for
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and conput er-readabl e program neans for displaying the
dynam c behavior. In accordance with a further aspect

wofhodshe3qas esent i nvention, a system for i ntegrBCTAS2005/005504

nodel i ng, sinmulation and anal ysis of a chenica
reaction is provided. The systemincludes a nodeling
conponent for constructing a nodel of the chem ca
reaction. The system al so i ncludes a simnulation engine
that is in communication with the nodeling conponent.

TRl aULN, SRR RER 208 of ABoLHS procs. Bmbodicdon
grNetidlk &F ndhuErpeet L€ compatir-ladde progiig medsl conéftucting a
analysis environnent that is in conmunication with the

wiodal ef 4 bivlegigil peocesy compureddaidalle praperemeapeior geperating,

anal ysis and di spl qys ;the e cted t put . . ‘

s F o e tcton BROSIdYRBI A LALE oF Ui steﬁrbé%@ﬁtéal process;
od. | r ] iasieli;

SR RS A R R R

accordance with this nethod, a nodel of a chem ca

react{on_ is,;const.ru LS, : .10

gener 1 R GRE LS RESR A8 (oA TRE Blestls WAk a syprem for

nRésrhtitmoliBlige SXRERtSH B! dlysis Hf Al hehAse eadfoR is provided.

di spl ay device. The present invention relates to a

Wbt kysterhanclivd¢ssgmadelingrodepongnt i rohstricding amgdel of the

nalysis of c i cal and biqchem cal .reactions., A. .

G e THIOUAAT Grpip that is in

SARThIHOLEN OO0 el DoBRg ABERACTR CPhe A Efind Becepts s

Ipnetad eshstestld niclel bARRNIHehEchl Retdtiontndneenended ddekpected

envi ronnment . BRI EF DESCRI PTI ON OF THE DRAW NGS The =

putpertthiasad o1 thyonetleld Aurnalysihepdranmentibat i i gompeunication

appended cl ai ns. The advantages of the invention .
SRR IARGH £0eiR AUFLIRE RIS PIRRIETS peripns analysis and

hﬁ Eﬁ%}#@% FBYq RSt ter understood by reference to

t E 0 oﬁ?ng ges

I ption taken in conjunction with
t he acconpanyi ng drawi ngs, in which: FIG 1 is a block

i ot of ! ' '
i ot 38 pier G SRP5h AEALicBol ARcl beRE A RGP0 method i
Bisgdle Hor iR Bra0dd MIORIcBAR SichhillRAbn QhalPes SPERIMiEATRA®hs. In

usef ul
accordance with this method, a model of a chemical reaction is constructed and the

model is used to generate an expected output for the modeled chemical reaction.

This expected output is displayed on a display device.

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

transmitted back to the modeling environment.
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In connection with the present invention; FIG 2B is a
bl ock di agram of anot her enbodi nent of a personal

woansubsas4 usef ul in connection with the presenPCT/US2005/005504

invention; FIGs. 3A and 3B are screenshots depicting
enbodi nents of a tabul ar nodeling environnent useful
in connection with the present invention; FIG 4 is a
screenshot of one enbodi ment of a graphical user
interface that facilitates construction of bl ock

di agram repres ﬁgpm g@ﬁr@ ' or
bi ol ogi cal pr ogesses; I%bT Al Sﬁghﬁ]’;g&‘“&ﬂg@é?am

depicting a nodel of a dynamic system using ordinary
di f f er enThalnvenficat is positedruGwiBBpargcudariy ac thedipperdadiclaims. The

depictin nodel. of a. mc Sys usi nqg diff.erence..
aafieshar R fRienies pesPbR S0 U A ditesch 5 e Thvetion,
Hﬁg@e Hefterud¥RBITI Gy YR GIEL U tHRGoRSWiRB b @ipBiak &lke® IS conjunction
FI 6 is a flowhart depicting one enbodinent of the
yhithke acskomanying drawisgseimwhisbel ed bi ol ogi cal process

or chemcal reaction; FIG 7 depicts a bl ock diagram of

the all oﬁﬂﬁ.eldis%@%ﬁdiéﬁq‘ﬁmaof%gg\éﬁfbbdiﬁle% opﬁl ge%%a\&/éec?mgdeling,

bl ock di agriam of ocated nmenory for a
sinildtivg dndemplgsis enfiromment;y hol di ng bot h val ues and
references; FIG 8B depicts a block diagram of the

al l ocate ry for sol ver showi t he part of

menor y hg}%fsﬁlﬂd@ﬁ@é@ Cregthon ERe St ?ra?%(ﬂ gomputer useful
M&hk&ioﬂ&@ﬁﬁe@ﬂe&ﬁtiﬁ%ﬁioﬁ?ferences? FIG 9 is a flow
chart of the sequence of steps followed by the

illTustrative enbodi ment of the present invention to

i mpl enenFlGRB isediloriadingrammtsmaties pmpediment of a personal computer
execution, TAl DE 1. PTI .OF THE | NVENTI ON

Re 1%1ic§rgmeﬁ W?Vétkgﬁ%fre%%?émﬁlgﬁh’l evel bl ock diagram of

one enbodi nent of an integrated system for nodeling,

si mul at i BlGs. 3ACandr3® Hzistagendhots deplcting acibodintenadt a tabular

modeling environment useful in connection with the present invention;

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

biological processes;

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

ordinary differential equations;

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

difference equations;

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

algebraic equations;

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

simulate a modeled biological process or chemical reaction;
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bi ol ogi cal systens that include biological processes
100 is shown. As shown in FIG 1, the system 100

wonaelswdas4a nodel i ng conponent desi gnat ed as aPaoDaskiongoss04

envi ronnment 110 in the exenplary depiction of FIG 1, a
simul ati on engi ne 120, and an anal ysis environnment

130. The sinul ation engi ne 120 conmuni cates with the
nodel i ng environnent 110. The simul ati on engi ne 120
recei ves nodel s of chem cal reactions or biologica
process .
P10, The PR ARRRERSL gl o ORIONR EIORTEF bolver
refinements to nodels created in the nodeling

envi r onnElit. SA1dpicthe blekidiagian efitheradinpated megOry friarsolver

ommunj.cat i o ith both t nmodel i n nvi ronment 110
PRI ettty BRI b S5 e fAdeR
envi ronnent 130 naybe used to performvarious types of

anal ysi sFig. seCddp¥ct O bIver @lagrci 68ihedllotatédmenoeefor Agolver
envi ronnment 110. Al so, the anal ysis environnent 130

sheyving fsinvet ofmermrs delding baihvelsics rshiefarences Aud theingrallel
&ﬁgn%iﬂgo}gﬁyrrgﬁ;e%&mi ng the execution by the
Sl

tion’éngi ne 120 of a nodel produced in the
nodel i ng environnent, hi other words, the sinulation
engi ne 1P @einerfbweshattef thiysegoemceldlstps tollosfedtblysherdbisirative
and comunj cates at | east soO of this dynam c . .
SRR S1EE RS ArSraTn KBRS e T A Sybpsm prior to
sniLhignment 130 may provide refinenents to a nodel in
the nodeling environnent 110 and nmayprovi de paraneters

for use by the sinulation en&l@ne 120 when executing a
nodel . The i RESAIEEDORESERAEEION (F RBEdNVANTION

envirgnpent 11 Si ti i ,

S SRERRl A8 ERE 1S hH S50 8 A er U b et ot
fieéahted bpdtawfor theddling sginalatitg sandtagatydiegichemital reabtidas ahd

nmay execute on a nunber of different coqggtin%h .
protagienl gysterag bt inglude brolegicad prosesses AQY #rshgws. As shown in FIG. 1,

r .M-Ni , r i . .
BP0 NN NAS cof AL UE TR L Adling cnvironment
¢ borputhe esemplapt depiction od F@ A so siatulatiog éngined26) &tdoamt analysis
FI Gs. 2A and 2B depjct bl ack_ diagranms, of typical .
GRYTEIHIT b ol JESle0Bp BB beeranauBicats PR finofling
Bh@RDRtent TVE MThORmuiBion RA¥Re 190 Flctives A0d8R ST SBmiBAGBactions or
conputer 200 includes a central processing unit 202

hivdogicatpiavesrengeneraied usipgthe niadsfing enpitereren? 00.nEhe sinwdation
inclu ot her .optional el epent such as.one or. nore.
PTG P enED s B sagat 1 O dels el R R B Fgonmen
U$0.NThé @y G iro et 3 043 &) conditnidatécackigh BEMHRhY m3déling

In comunication with the . .

environment 110 and the simulation engine 120. The analysis environment 130 may be
used to perform various types of analysis directly on models created in the modeling
environment 110. Also, the analysis environment 130 may receive and process results
from the simulation engine 120 representing the execution by the simulation engine 120
of a model produced in the modeling environment. In other words, the simulation
engine 120 generates the dynamic behavior of the model and communicates at least
some of this dynamic behavior to the analysis environment. The analysis environment

130 may provide refinements to a model in the modeling environment 110 and may
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central processing unit 202. The central processing

unit 202 is any logic circuitry that responds to and
wonres@93B$ i nstructions fetched fromthe mai n REMMISYV05/005504

unit 204. In many enbodi ments, the central processing

unit is provided by a m croprocessor unit, such as:

t he 8088, the 80286, the 80386, the 80486, the

Pentium Pentium Pro, the Pentiump, the Cel eron, or

the Xeon processor, all of which are manufactured by

I bof |
LSRR A0 S R A ihek iy, e

miRtmﬂroB@ e60den thé moBel\mg eﬁ’@&@nmmm]el OpthessiROetde engihe 120, and the

NPCBOBe the 2C603e e NPCBOBr t he
e A MY B2 R o TP el
I\/PC750 the MPC755. the MPC 5500, the I\/PC74OO t he

MPC/ 440 inté %@te&@ﬁ?&ﬂ HepitRea iMPLT HBay REubS 4 Admbé T different
MPC7450, e MPC7451, t he MPC7455, t he MPC7457

compingqatiorals) sush apRIRercOREBIteraTDAaEEUE EMPYteRb T RigPRPULers,

I e i -
1aptaps O d st Bl di it a@‘ﬁtaﬁﬁOP\IG'sNBﬁQﬁd Zﬂﬂ&pﬁftfdlmaﬁagrams of

TMB300, or the Efficeon TMB620 praocessor, nanufacturgg
tyipjcat periesHaEP s detiion FasmpuEers 340 flaef@j igrthe Present fvention. As

o S S0 g R S A
aiffla tidjn tkmoBOMERA04. t Beeh I@GME% 200 hmyl%@ﬂﬁﬂﬂpd@othbheptlonal
R B oSl M S TS B
us\f%kefel‘éhcé ReAYR 130h eman, cabemAMBry/E 4trinRnfduricstion Math the

At hal on, or the AVD Duron processor, manufactured
cwraAgmnssmgmmsz Devi ces of Sunnyval e, California.
Main menory unit 204 may be one or nore memory chips

" ocadg st pRes PetRif 308 aly N R 1Bl BB o g
pEssesimghu@iondliféetied ffan dwmaﬁq*@aﬁony&mmma SiRANhy eﬂﬂbbéﬁments

SRAM or SynchBur st SRA é(SBSRA Dynani ¢ random acce
theereBirgl RTOFRARJE Uik & Proyid %a@lmmceﬁpwmmh as: the 8088, the

8%%@?5@?& %gt%g%%ﬂt pu%% g%ﬂftmgfﬁ“ tﬁg@gemn o

tHexXX emmdwerdc dSsdraalOof whitch BRARh{IBRE@eDRNhte]l Entpsmatech dIRAdIntain
%@fﬁ% Elgehé&aggég g%%%% %%%%g %%Agg 0489&1(3 %owerPC
601, the PowerPC604, the PowerPC604e, the MPC603e, the MPC603ei, the MPC603ev,
the MPC603r, the MPC603p, the MPC500, the MPC740, the MPC745, the MPC750, the
MPC755, the MPC 5500, the MPC7400, the MPC7410, the MPC7441, the MPC7445,
the MPC7447, the MPC7450, the MPC7451, the MPC7455, the MPC7457 processor, all
of which are manufactured by Motorola Corporation of Schaumburg, Illinois; the Crusoe
TMS5800, the Crusoe TM5600, the Crusoe TM5500, the Crusoe TM5400, the Efficeon
TM8600, the Efficeon TM8300, or the Efficeon TM8620 processor, manufactured by
Transmeta Corporation of Santa Clara, California; the RS/6000 processor, the RS64, the
RS 64 11, the P2SC, the POWER3, the RS64 III, the POWER3-II, the RS 64 IV, the
POWERA4, the POWER4+, the POWERS, or the POWERG processor, all of which are

manufactured by International Business Machines of White Plains, New York; or the
-7 -
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Enhanced SDRAM (ESDRAM), SyncLi nk DRAM ( SLDRAM ,
Di rect Ranbus DRAM (DRDRAM, or Ferroelectric RAM

WORBHAMpP363kN t he enbodi ment shown in FIG 2A, tRET/US2005/005504

processor 202 conmmuni cates with main nenory 204 via a
system bus 220 (described in nore detail below). FIG
2B depicts an enbodi nent of a conputer system 200 in
whi ch the processor comruni cates directly with main
menory 204 via a nmenory port. For exanple, in FIG 2B
D TR o VBORTRH GITERREAMID A fon 24 R ABDuron
depi ct’ enbodi ments in which the main processor

poeessai, aaredactired by Aylvenaed Mmmbemmﬁﬁmmvah?,&aélfomla
secondary bus, sonetines referred to as a "backsi de"

bus. h h i
commuMR Y G QXL He AP - Jer HErRG CHe: Satis soring
bats a3 Qllowaghey TR lo@Adntty BE aabdtly dvesssad f)}’?lﬂie&ﬁlcroprocessor

response tinme than main nmenory 204 and is_typica
%%\su@hs@rs %tﬁtlsmdpmasmw%mommw, Bugsh SRé%é 68 Smﬁ?/hBurst
SR (SR AN Pl BaB G AERE bty EORANE) B4 PgtMcle DRAM

(EHMG])JRAM)S S alanred DIRAMYEDRAMY, mmdmm ©emput RAM (EDO

B

1) HRAY EdtidficeCOREM Fgﬂz‘ﬁ% A Arickirdiéfis DRAM (SDRAM),

PCI Expr ess bus, “or a NuBus. ments in whic
ﬂ]EEEDCSRiAM rP@hOQ S@RAMeDodblsﬂ]meyRawﬁ)lﬁnAM@EBrSHm&M)

ke ot A8 EROTEMD. S Gl AL (ST B B U558 prav

CORPRANT) w%%&@&nukm(ﬁ LS eRbOdiRRAPEhoRAdn FIG. 2A, the
communi cates directly wt ‘devi ce 230b via

PRsessPr 20 permmuniaish withynorin mermqw 201 Banaisystemebus B 04dessribed in

q ecﬁn{ii t?ué §Floglﬁb g?ﬂé r?#] deepdcr;]ts \é\ﬁ g p c(l)l C;%E 8? ) ;%gsut%n sqys%h{ 260 in which

AIPrYSdsEa mtbditatéd Gredely indd B@dandinoR0a vidL Alemory port. For

i nterconnect bus whil e communi cat | nw%/ O devi ce

oxanpplgi inddE. ¢B the JpmangmesyeiQf By be s 230 may

be present in the conputer system 200. |nput devices

i ncl U@E GK VPR %? geﬁbt‘:&nb&ﬁtﬂ”rlfi ﬂg\%'hlc'ilrtﬂ&ﬁlgﬁf rocessor 202

m cr ophones, raw ng tabl et Qut put I ces
bumhunhmatasdimectﬂiy withagshe m@maﬂyé}él@ vm a kq:@hdwmus,esr)m,etlmes referred
Iaser“ nters, and_dye-suhli t' rinters. 1/O .

557 A 08 5. I et ool g galtp procErsgr 20 cortunicates
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,
BSRAM, or EDRAM.

In the embodiment shown in FIG. 2A, the processor 202 communicates with
various I/O devices 230 via a local system bus 220. Various busses may be used to
connect the central processing unit 202 to the I/O devices 230, including a VESA VL
bus, an ISA bus, an EISA bus, a MicroChannel Architecture (MCA) bus, a PCl bus, a
PCI-X bus, a PCI-Express bus, or a NuBus. For embodiments in which the I/O device is
a video display, the processor 202 may use an Advanced Graphics Port (AGP) to

communicate with the display. FIG. 2B depicts an embodiment of a computer system

-8-
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conmput er system 200 such as a hard disk drive, a
floppy disk drive for receiving floppy di sks such as

wa@a 2805108434 5. 25-i nch di sks or ZI P di sks, a CD ROMUS2005/005504

drive, a CO-R'RWdrive, a DVD-ROM dri ve, tape drives
of various formats, and USB storage devices such as
the USB Fl ash Drive |ine of devices manufactured by
Twi ntech Industry, hie. of Los Alamtos, California.
In further enbodi nents, an I/ O device 230 may be a

%b%@«h‘?&ttﬂ@ gﬁjabﬁ Q‘%"é%é‘f] &ﬁ%&é@gxﬁ;{@@@r&ﬁy %ﬁfl']@%llw]lge 230b via

conmuni cati o suc
BiyperBrandpsrt2 RapsldrO.adr InﬁmRand i BHG. 28 Sﬁcsﬂermts an ambodlment in
Fire e bus, a Fi.reWre 8Q0 bus, an Ethernet bu

R Parloaes g dereghasmm R PGS Bheed: Hhe PASSERE 20Aaus

ﬁﬁlﬁ{ﬁ‘fatw& Wdev?ce"ﬂﬁg la?iﬂé a 1§ca$ﬂﬂ%oﬂeap$ushﬂ§le ddmmunicating
Seria

bus, a SCI/L bus, Fi breChannel bus, or
aﬁﬁéﬁOa&vﬁbﬂéGhdﬂe@ball conputer systen1|nterface bus.
Gener al - purpose desktop conputers of the sort depicted

in FI y caI ate u the contr
of opch SRR PEUR RRR AV BT P Festf il R e 200.
gk setitds REERIS kel 0By hﬁéﬁ i elelas, afackBate) @edrophones, and drawing

oper at systens_include: M CROSOFT W NDOWS,
ﬁﬂﬂaﬁﬁaé}l&%ﬂé depgeqinslugs gideo displys o e rsHHHdet printers, laser printers,

% %ﬁ@ﬂn@g@f@tﬁﬁ ?\lﬁ(%? %19{/1‘39 nﬁ}(r ad(f??ﬁJ d&%gﬁ% §5rag£ for the

chhmumtsyﬂaaIZOBmacmmthmkrtbwepzﬁ Aopmndisk deve o rdceiving floppy
an ux, _a freely-avai] abl e r.ati

e i S i Iea ngh eRpor P Gy 2 COROB e, GR-RRW
AR PV RON MRl {abe V@s%f%'ﬂﬁ@&’é ﬂiﬁﬂﬁt% 4S9 SRR Rvices such

may operate under the control of real time operating
¢ sheFSBdilath g vl ofkduviaee manifackeby Ewintech Industry, Inc. of Los

uf ac KADAK Products Ltd.), C
=V%%ﬁgﬂﬁ¥actured by JM Software Systems, Inc.),
CNK RTX (manufactured by CMX Systens, Inc.), DeltaCs

( manufrRGhHh&EnbodEReRd, ek I@ﬁé\ﬁ%%d My be a Bﬁﬂ%e between the system
é%r,rlanuf actured by Red Hat, Inc.), errbOSémanu ctured

s SRGapRancsicHnd ﬁ@mmuneuatlcsyb% echastaySB brss @ Apple Desktop Bus,

(manu? %élﬁagg %{c{l}en’t W %W(n[r%gw%ffaalﬁgurg 8 Obus an
;&Ffmgts@t[ ﬂOA@plelﬁﬁbk, l;dsj\ﬁl' Efﬁbﬂf\gtglmmﬁua,;ﬁmAMChpnﬁmﬁnansfer
1Mot BRI b st Rt I Ty ASHRTSS i L UL bus, o

I%%S%éﬁ%ﬂo Ebgg trdgllt 5 rr}sQVA@%hﬁd shiRlPE ot PR b RGN (R EHRY bus.

General-purpose desktop computers of the sort depicted in FIGs. 2A and 2B
typically operate under the control of operating systems, which control scheduling of
tasks and access to system resources. Typical operating systems include: MICROSOFT
WINDOWS, manufactured by Microsoft Corp. of Redmond, Washington; MacOS,
manufactured by Apple Computer of Cupertino, California; OS/2, manufactured by
International Business Machines of Armonk, New York; and Linux, a freely-available
operating system distributed by Caldera Corp. of Salt Lake City, Utah, among others.
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(manufactured by esnertec, inc.), LynxOS (manufactured
by LynuxWorks), MX (manufactured by Precise Software

woeoalsnodagi es 1 nc), Nucl eus PLUS (Accel erat ed PCT/US2005/005504

Technol ogy, ESD Mentor Graphics), On Tine RTOS-32
(manufactured by On Tine Informati k GrbH), OS-9

(manuf actured by M croware Systens Corporation), OSE
(manuf actured by OSE Systens ), PDOS (manufactured by
Eyring Corporation), PSX (manufactured by JM Software

Syst e ’stig/&gl%e)é ﬁtg@é’t&ﬁg{\?ﬁ %%&gmpﬂiﬁfk 9}%}5@%&8 uﬁ%er%ontrol of real-

Sof t war e manuf act'ur e
$Snid oparatingysysens shtlday AMEK@ENdt, KiwikPea tall metufetdrddyby

T EEN N e e rroc
mm%anaﬁ{chﬁ% ﬁﬁgm%%ﬂéﬁﬁgml@)), Fakids EMmBiceld by CoreTek

snx (manufactured by cro'Digital, Inc.), SuperTask!
Syatenfsabicyy eConagusic8otd hmReil HatHneh ¢xbOfatudradactured by

Logi | fact d
SR TR e ke CHEN AN FRAER a5 R
Mﬁ?&{y@t@hﬁ! EBd.) by TElbsu fovtatms VWdurJoit), FYRN @habasictured by
manuf act ur ed by U'S Software), TTPos; (nanufact ured
e ey HoEE AT EGRAR KAy e ad oGt o0 Rl P b Geaknc.),

L e
DRIX |(nandiavtel by SO, RIEXREGE(fMenuédisy TereklsysyCaFtstytion), Jbed
TIEDRETETYE R e
| ! )

(i OSP4 A s
sechn@e gy, S HMeatdri Gi3piTio ) Onrtime RO dmbyufKetbrediiykPn Time
R, e ARy i P DS, o
JARANBRIET by O8ERGlents0), PDOS dnandfldtirtd PPESrife8igoration), PSX

the nodel i ng environment 110 accepts input to create a
ripveifagturediey BYé i Gwarecyyskinge Feni QAX Nengmodmanefapgred by QNX

| nul ated., | di t t.h |
B et LB P O Breg R e ypegms L
REDICE-Landx (n@mnufhchirsd BYREBSohag IndVRREWnukagnagetured by Finite
(SBM.). hi others of these enbodinents, the file may

iSate Aaapins Frbe Invir KT 1.6 Gganifactoiad i)V anirkogin), Portos

AL aaung N AL ks O
dRiperfiaskd(nmnufahaed by EbfSaswar)t Biroad ednpfadhived by Express Logic,
rﬁgil ’lLrggk AMX (manufactured by Elmic Systems USA, Inc.), Treck MicroC/OS-II
(manufactured by Elmic Systems USA, Inc.), TronTask! (manufactured by U S
Software), TTPos: (manufactured by TTTech Computertechnik AG), Virtuoso
(manufactured by Eonic Systems), VxWorks 5.4 (manufactured by Wind River),
SCORE, DACS and TADS (all manufactured by DDC-I), Nimble - the SoC
RTOS(manufactured by Eddy Solutions), Nucleus (manufactured by Accelerated
Technology), or Fusion RTOS (manufactured by DSP OS, Inc.). In these embodiments

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

Japan or the NEC V800, manufactured by NEC Corporation of Tokyo, Japan.
-10 -
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envi ronnent 110 nmay accept input produced by a user
via either a command-line interface or a graphica

wagers/osiser f ace. FI Gs. 3A and 3B depi cts an enbBodiusens/005504

of a tabul ar graphical user interface 300 that may be
used to receive input manufactured by a user for
creating a nodel. As shown in FIGs. 3A and 3B, the
user interface may include a nodel pane 302. In the
enbodi nent shown in FIGs. 3A and 3B, the nodel pane

302 | RefSriRSBak toMGE 1 RRIGHSndrB dtalll 88 ndelfd BiBronment 110
famliar to users of conputers operating undér control

adceptyenwit MDGMBeapmodeliaf ghesgiendeal ombinghervical isdctipn to be simulated.

crosof r f Rednmond, WAshin n_hi, t.he .

S odEBieB 5o iR IBR LYy i e Rt T cpfeined in a fle,
SRMels adile ¥ SPRBIS BiolbLRMdrRip Lﬁlgﬁ@?é BML).i Ih dthés 6PHREe
pane 302, indicated by the fol der [label ed
embediticotso tdile sntydesl in Hypestexidarkur bangapge (H Hvié¢ format,

ubf o oo ar t e ctlLons”.
B U SRATIOND FPESSHOA Py s oo
andialvadch 6akdk iafdelihifal byoiabpbi comhmbks eAltérnbtdrel ¥ ¢lge modeling

schenes maz be used to present_this infornpation to the
gaarongreny 1 §Q magmeqqnt Inpuh PEqsiweedbih d 4perein dihef feompag-line

Hng%%%%ﬁg’%%(phggﬁgg%}{ngrﬂ ber of folders representing

ction of a particular folder causes
the systemto display folder in the nodel pane 302
t hat Fé@s.Sg'emd PB depistsoh enitwdireenitaf arigbudargraphical user interface 300

B PR R S RPE R ek b g RSt s
BRAR) & MRS, BA AUSH, Wethet htdriRe iRAncRad & ntfddl Hhe 30aC h the

nmodel may be associated with a "radio button,” .
swhbedimaphslyfwn ineFiGed .6 and BBo theanedl ipares02iigthore ergyete models in

causes that el, and i it : b t]
GRS PRyl R 1o W5 bhEiBURk kR bR B {rtfe ¥rmmows
opeleling aystentli B phEy@areld byVIRYodoiCorpO6f Retmdidy W ashington. In the
transparent grey overlay indicating that they are not .,
patica p@bpw@{ deristedbydilGraM et Finale medek of @ Clguecalgpaction is

i ' : I ' es a
PO BERRE fhodd] fnd WAHAGECRP R ERCLAGYHACS, 2
fBetdd @osNejps®lodeD). iThaasmdel anesnsiihtds stibfeldeRe Coimparithents”;

f.ol der djspl ayed.i e ane 302. Simlarly, the .
s %qtleggi; abe ggmﬁgs&hégéﬁﬁgﬁ%ﬁremw%es g}pfi‘e led reaction.
Eﬁn%%gi‘agﬁ@a@ l1838 el fAcd BdehiRd ﬁiay%ﬁﬁe@%?reéeﬁt B formation to the

nts, collapsing the aSsoci at fol der causes
ube afalslystenol 09o tinsemdiesphiodineehts, Themode pene BO2mag displry a number

\?e? ﬁ%}g%s ‘%'%pz?s'ﬁgﬁﬁg miolzielts.h %s%r ge‘f@cti%ﬁ%@gip%%cuﬁ% %ld(iarnctagsfefs ac\ff‘eesystem to
display folder in the model pane 302 that represent pieces of the reaction, e.g.,
compartments, reactions, and species. In still other embodiments, each model and all
components of all models may be displayed in the model pane 302 and each model may
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.
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than in the same wi ndow as the graphical user
interface 300, as shown in FIG 3A. The reaction table

WwQ@205lw3d3s each reaction present in a nodel ed PCT/US2005/005504

bi ol ogi cal process or chem cal reaction. In the
enbodi nent shown in FIG 3A, the nodeling environnment
300 di splays reactions present in the

Fi el d- Kor os- Noyes nodel of the Bel ousov- Zhaboti nsky
reaction and includes four colums: a reaction columm

312, RekdrARE b&cH t%VFIGO bl&n'fhe?ﬁphlé‘al R&aAREBE S0V 48T inSThEes a

and a reversible col um row of the reaction
teablien Bbl Tidk am:.pemtsestt@bla 3par The tdaghion tabbst 310ns assheiates with the

?}g%a}c aj;id HLeor ma%gfxi i &9 d[ngq%(?Z}/ ﬁdglllblfy?g%( h[ﬁe gpee%ﬁats ta le 3201is

gEBeidtcaBS thet ‘B?eé'{&?l’%lcfég dﬁp MivEQTHTRB 'ino’d%pp dm03€ ﬁ@gdme
t he nunber and format of utms to di splay based

ﬁmboqim;f@t&aﬁoliaeoamgu the a@em@@ﬂé@ﬂdbycauﬁ@s the éable Rafod be dwglayed The

back .t o e enb [ t N FI h acti
8P 1% e P YR BN o e R Wm%ow rater
ehatih ded sahrwidoweisGhe gfephical Ber inkdifet B0, B¥hesH FEFIG 3

t he reactlon may be represented as a differential

equat i in st o?hastl c format, or as a hybrid of

or nor eé?acpﬁ%éa@ ¢ H} hiists caqheagtion Pé?ﬁsawnr?e\ﬁ?%eleq W@logwal process
Bfa%ﬁlea 2R, %@ﬁ@oﬁn&?ﬂ BB liH RG] 4 AT R 5G] &fvﬁonmem

reaction. For exanple, sone reactions can
86 displays rdagtianssubsinaincede Fi'didéiaratbegesr mpddoé ﬂt@blousov-

t b | f. B
PhebsPabu foatsh AtinchgsS Gur BuingsCoRAGIR FHBTBLS A nctic law
E@l@nﬁqu b PR BGRVhR 3 14, @nd 3AevdriiBle' @AGHA 918. thMlQow of the

310 also includes a kinetic |aw col um 314 whi
regetion fabkss3 tongoricspentdsdo apartionpr eeastion The numbﬁ:rtanﬂ ifeanat of

bR R S e el B EAREY S e B W, T i,

embo&iaidats, thoTaaddling dnhirbnient 19 0GARAS$HIRA tidi nudnbe@ b format of
control | ed by the paraneter_ "k5" and the anount of Ce

pelugmto display hasehebiietrn ofgpesiionisalestedbydhe usehe

paraneters for the kinetic | aw expression are |isted

int h%&&ﬁﬁgﬁﬁ&%tfctﬁé g o odilnt L Bed ﬂ‘?er}g&'tloh R61umn 312

reaction ta es a co um Tdentrtying t

disptaysﬁ rédvéiok n*emtsentddawaa&bsinacafc&dlaWeth @e paBt. i ]h:ndt]aaﬂr

e ion, mass tlon M Ment .en
EEREMg, FicHnstOh AL oF IR IR A8 b L 184 HEIAGRain glothastic
GRS MMy b R BEmoRd ihbdt &S, HGorkd B88EbRY the

paraneters are expressed, e.g., |/seconds, |/(noles
geaction table igclpdes a column 1dent1fy1ng modifiers of the reaction. For example,

some reactions can be catalyzed by a substance. This may be represented in the tabular

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

In the embodiment shown in FIG. 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
the Ce -> Br reaction is “Ce*k5,” 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,

the parameters for the kinetic law expression are listed in the parameter column 316. In
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Still referring to the enbodi ment shown in FIG 3A
the reaction table 310 i ncludes a reversible col um

wa28)5/00863¢h i ndi cat es whet her the associ at ed r eaTiuSLIV5/005504

is reversible. Areversible reaction is one which
occurs in either direction, i.e. Ce <-> Br. In sone
enbodi nents the reaction table 310 may include a
coI um i dent i fyi ng dynam cs of the reaction e.qg.,
"fast" or "slow. " In sone of these enbodinents, the

doBR ﬁo\fh if%fr@ ﬁ’@'r%ﬁ%m rtﬁﬂé:g I(Pﬁlcﬁﬁfékl b okudnr 1@@1&§ﬂy{ﬂgﬁﬁe Biine of the

a sca . In stil ot her enbodi nents
kigetic lau;asinceatpd &sﬁm mttwmlmeactmn, ée. Coassrasiion’ hait “Michaels-

|l owg the. rapidity o arious r nstobe o
Plane b Sepehfuboditbets, HeredPni it o) TR Erg sl Finidentibing
fhBenfiERAGIHhRA thaRingtid b pRYmeRed MdRxpresRUUERB., I RBconds, 1/(moles *
annotations or notes relating to the reaction. The

seodals),ste. envi ronment 300 shown in FIG 3A al so

di spl ays a species table 320. hi the enbodi nent shown

in_Fl hll?’teftelt‘nn St%%ﬁé &R P&%H‘{egt 51?03%?&%@‘1 8A, ﬁlel}@zt[%ﬁfl%blfﬁlo

322, anoun and a’ con

®eludedn BRErsiflbRoRPACS 8 vitatH @ditapiscilstlidn ¢hd a’$lsdid1ﬁbd reactlon is
condj ti ons and_anounts of material used L he .nodel
BVOSH: chIreysrsblsisagiondn ene BaLc eespis 1B sithepfliection, 1y §<>Br

R iR nd ﬁ: gﬁcgbtgﬁle §1|'(bem Aeled aklz'oﬁin%gicféﬁﬁfymg dynamics

process begins wt nol ar |ts of brom ne,
of the reaCid)Z. grut“fastflor Eslobyy” Av smgadﬁtlgsmmnbeilmeﬂ’ﬂsethe rapidity with
tant .col unm 326, i

t to "t "o he. | .
SRR S AR MHBAES P a3 Al L ip L8 BBl PiGempodimens,
Qﬁr\fsér‘}h‘e{}%e PRREHIES withi a 91dBRONOHDA RMsThé RPidERASTvatous

table 3 i hcl udes ot her colums such as a col um
jedetinmis ty ba getunelatiye (eorg anoidre dn st fither embodinteatss the reaction

B AR Bt Y BhoRR bt AU BEHE

input to the systen), a colum for annotations, or a

col unmhd ModeBhe snvitdhnSB0E Sl ERIGE 3 A 4160 displials agpecies table
envi ronnent 300 accepts as input a.file in a

may k
Path Jadbeerabadivanny eheven fBIG #4the spesics tablgSaPm Bijes a name column
f
G558 8 P14l i 50" TR
tisedBe tirusivial Zbaditonsaidamants ofmaﬂena}me& ulptHeamgis&mgléalolo gical

t hat corresponds to the |cular e nment
plioe;ssg’;xc arlpbigrofion A@a@ﬁm e Kybgdimg ﬂ% Hblf-‘ﬂt%f Sethe modeled

ok eBd BESESwITRY.008 hé1aY hstechitisthidés S, 0.063 multiplied b
|nfor ma?rl or? enbedded in the tags of the1 mar kup TP Y

Aanpadaeje nbinther. dhg constans goluinon32fpisset tREHOE’ tls model should
assume that there is an infinite supply of a particular species. In other embodiments the
species table 320 includes other columns such as a column identifying units (e.g., moles,
molecules, liters, etc.), whether a particular species is an independent variable in the
model (i.e., whether the species is an input to the system), a column for annotations, or a

column for notes.

In some embodiments, the modeling environment 300 accepts as input a filein a
markup language and converts that file into a graphical display of the sort depicted in
FIG. 3A. For example, one representation of the Field-Koros-Noyes model of the
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reversi ble="fal se">, to generate the tabular form of

the nodel shown in FIGs. 3A and 3B. In sone of these
wenhsdossnt s, a web browser may be nodified toPPaMUS2005/005504

files containing nodels witten in markup | anguage in

order to create the tabular formof the nodel shown in

FI Gs. 3A and 3B. hi other enbodi nents, a process may

accept the nodel as input and generate as output code

that is directly executable on a processor, such a

I [

S B e R e Y L pAicular

aotelimentisbowman FiGt 8.Ads slowniin AppendooApatiss domimerd

network for execution on those conputers hi these

enbodi ment s uters be connected via a nunmber of .

et wol % PBRGG] BECrRCRRtPR GBIt Gpfisctjfe Fyighiion bedded in

thepah@gi 65. tideniekwpdr kangaisde fig, | %Cgﬂ| arRotifet wamk="Reaction5"

(LAN), a nmetropolitan area net wor k (MAN), or a w de

rgv ersibest fadyed >( Wnrpneseietiha sabuips formefribe mosighishayg in FIGs. 3A and
%]%S%Ctol Yo f FRRULS lf’ocﬂl%gntgo rll%;ot bl;oQVﬁtepgn:ﬁgBM& igfgcg to parse files

rough a varrety of connections 1nc St an

dorltEping Modall N esitteh ANneirk Wy Ninphadesin (@dg- to cidate th3,tataffar form of the
kb, X.25), broadband connections (I SDN, Franme Rel ay,
mowgl shawg i Fifesd eadiétt i Rier earh?étrp%ﬁsa BHIesamay accept the

RIS SR P TR e JOMTLORERN B rocsor,

ficharcodt writiRoNEThe Eippegraiinshg idmgnage. Dat a | nt er f ace
(FDDI'), RS232, |EEE 802.11, |EEE 802.11a, |EE 802. 11b

| EEE 802. H d _direct asynchr.ono onn tlons

{ heseCBRiSERIP e mogef e SRUGEMERAHE 80 3K pRRlavnd Bode to be
Wirshii®s iR RohPREHAYR: a HBSvoTR S exXBRMtiBIE of Bhdsk @6Rfuters. In
froma hard disk or fron1another conputer accessed Vvia

t:lnemcmm&mcmrmplﬁcrs may be kennestadodp raemmbqrmf nepwetk topologies
[ user. usi ng,a.tab user
okkicBle Dupoaio o7 FRGatoPIcHif SBe gt oGk &b Sa"f gl fiea network

(servzf papggggﬁ%§ﬁ%%%?aggmgwﬂgﬂggnegégﬁgg € Code. E%ﬂmKN)sudl

sxeeulmehrtc odrl Pho despretiry coput®@s ttiy sennedt tmilshebﬁetwork 180
conpi | ed code, such as code witten in C C+, Ct++,
trougle aceripty eficemnections including: syendasd aelephonelingsy éAN or WAN

Eﬁfc tabl)jﬁe g%e ﬁ%ggg §§€5£L}arﬁa§lg,ﬂ&§t er s lrvengBX\I bFrame Relay,

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

connections).

In these embodiments, a master server parses a model written in markup
language. The model may be retrieved from a hard disk or from another computer
accessed via a network connection. In other embodiments the model is input by a
user using a tabular user input such as the one shown in FIGs. 3A and 3B or a
graphical user interface such as the one shown in FIG. 4. The master server parses
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enbodi nents the executable code is transmtted to one

or nore conputers via a network connection. The one or
wonns/008a3put ers execute the code representi ng Poe/usz@eilosso4

and return the generated result to the master server.

The master server nmay store the retrieved results for

| ater analysis. In sone enbodi nents the master server

di spl ays a graphical representation of each of the

received results. In one enbodiment, this technique is

kRl i I e

O L R e e oy EPTIRT LA le | i Bied by the

Rade g piranag dehcod Fﬂecﬂ) Qbdt, siebheiyvesdanditeinsRl @y @acO++, or C#

data point graphically in real -tine. FIG 3B depi cts

ind ¢erbpiled td simoreaduigehp mnspmh@pxmtahie cpde @apdluced by the

heat shock resppnse nodel ri bed ab ove |
BORHROENGh T hORT 6 Mo R OS5 AMEraBY coiiibo g apAVine In some

é{’ﬂgb IlrtSe ﬁﬁ:é ?)Egtﬁlé:htﬂéq!Oﬂgqs t%ll%flﬂ&é& rtbp(Sﬂé) BI.‘ @xlqgraesc%rﬂ%uters via a

transiation o at sho roterns as wel

ndttverlaconaansionl MRt osd o€ knpreot@npatass eRediité ahe@ddé atpresenting

denatured) proteins. As depicted in FIG 3B, all

theapoddmndnmpernntlas serarnisd khete dhe mt@mwear elhe master server
not Anot her

Rk Fet Rb ek SRS 4P BeotniotoBal 1 eoiBF (g fipepys the master

é@?%r%s |2P l‘a lied' @ es!:ﬁ‘taﬁbh' J)f eidhebr e odiciRAl Ssults. In one
t he noae Ilnge i ronment 300 allows a user to

¢rapodiasmit, thibicohadiweak uped ce senductdfieniedzdrla type bhalpsiasIn certain
a bl ock diagram FIG 4 depicts an enbodi nent of

¥ Biere GrRgHERSTH d e H’@S‘@h\ﬁ@f"@h TRAY collRclt FRSL Gk fashy data point
Reav&d s dlﬁplél g%tc%lf'dat &hpgllﬁg eﬁpﬂfﬂ'eng heat shock
. | I'S uUn

reaction | cte er construction. As

is well known, heat shock response in E. coli is a

pr ot eEkG.v3B depictd ar tabekyp dose réawtions for siohudathgstheds.sColi heat
gﬂsvat ed tenperatures result in _decreased E, coli

keresponse medgh pade SCf%‘?Cérﬁbﬁ’r"StUé Fﬁnﬁ?ﬁt&IUWHB H(G. 3A, the upper

BB g T SRBE IS0 885y 3G o e
2@ 5 BbEXSprot@ns RARRIIQR 8B ﬁ{tef%)éngﬁg bARENRSHBER i)%t%his Qﬁﬁi unfolded

proteins via proteases. The bl ock di agram shown in FIG
wrdiephcired X rotarpr dsslepictad if FI@. BBy all cedcHongbae mass action

F%Jgnces |Igev%t\&§g?ljé{1béé hg Eeat sglock re ponsegmgﬂ(F)%'Of
BB BB B UEARGS LRNEIN B PRSP Kagra,

expressi on of heat shock proteins ft sH Hsl VU and
ot herIn still other embodiments, the modeling environment 300 allows a user to

represent a biological process or chemical reaction as a block diagram. FIG. 4 depicts
an embodiment of a block diagram modeling environment. In the embodiment depicted
in FIG. 4, a block diagram showing heat shock reaction in E. Coli bacteria is under
construction. As is well known, heat shock response in E. coli is a protective cellular
response to heat induced stress. Elevated temperatures result in decreased E. coli
growth, in large part, from protein unfolding or misfolding. The heat shock
response, via heat shock proteins, responds to heat induced stress by refolding

proteins via chaperones or by degrading nonfunctional proteins via proteases.
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pr ot eases, respectively. The pat hways 4100, 4200, 4300
are activated by the interaction 4105, 4205, 4305 of

we3foswwsdi4 RNA pol ynerase at the pronoter of thecT/us2005/005504

respecti ve sequence. Each pat hway 4100, 4200, 4300

depicts the transcription 4120, 4220, 4320 of the nRNA

nmedi ated 4110, 4210, 4310 by the s32 and RNA

pol ynmerase interaction 4105, 4205, 4305 at the

pronoter and the subsequent translation 4130, 4230,

4330 Athis 205k Bk i

i nclu |€n]%;;18§(t(£l an ?&”P%ﬁlg?@?ﬁ 0 gggr gﬁ%&fg{ %Yen%amcular sene

sequeieeethvolvad imthe heatahodky rdspanses fn psst, Figurd 4 degigts pathsvays 4100,
i agr epi cts the pat hways 4400, 4500 ipvqglved in

LBV G Sibreton B maeeserBER VB o Brinshesresse. Pattways

HoKaodoes bheSanf thel r@ﬁ%&frﬁ@ﬁie@f‘s&fckz)li‘&eﬁﬁ %P, B8V T and other

I's activated 4410 by the interaction 4403 of s70 and _

[Rh&ags) espectivdly.alThe hahwapsdi €0, 420049 nrerRivaisl by the interaction

ran ' 4420 b t 32 is t | at ed.
B35S, DAL 20 N or S BRSNS e St P b echve
she&teep Eﬁélﬁflb?a{ﬂh\%}ahﬁ 005 42 608t RFictsThE tial@pichi4an0,4808, 4320 of
of s32 and RNA nmerase at the,_pronoter activate

|
(b8 DO Aaneciaess 0o 7 Uh 4480 BYche B did RN ngkemerase interaction
4?1%;2?(%6 ﬂgé)é/ %tﬁléé; Srio%r{o%}%ll@tthg %@%ﬁﬁ?grﬂgﬂ%n wzlﬁ@ 4330 of the

., may” el er ac SO as 10
Srofdakd. | e IRdtkshotk pritdased) indluding fisHeandrig§ 10/ d, sbrodiotdegrade

protei ns_unfol ded by heat stress. A _bloc j agram
EateisTeRdarel RO ienal py fitaf s Ss SRR B gl_aagana fapipts the
\Laeyss%ﬁp@t%@ in in ¥R eRpreBiorPb thi :hgﬁﬂ%h%l@gfo?éhﬁés 0’ and

epr ations of dynam c systens. Bl ocks ar
DPnadaegncavelyeTheeatressmn ef thawritgotwin & aclinstsd 6410 by khe
di agram el..oln of these enbodi nent t he .
RS ORGBA0T 7 o RN A REPEREES IR cFhey GEIRIA is
Micrited 44281anb) s%BL‘e%lu@iﬁgr, W [Udinshtacdaso. NeR-cldselyudlated 2pa‘chway
bl ocks are el enentary dynam c systens, such as the g3

4009, Bhepodhpdepmtan Dnakriadtanslated 1 e intenwtion 3665 Oﬁsa;2 and RNA

vi-rtual block may be.provi for ar.aphi

it o B Rromtl TR e 1 SR 550 0f Bnaig oA and.

sk éduichil P IhOfrarishifios Y158 @ 6T Wnaky UBhAIO A te@s fiialy REHertiitekdt 4600

bl ock di agram nodel,. For exanple, in the block diagram

withtofiesorasde siehibiew A chaattesnativelys mayotefold 470@ thegproteins unfolded by

g%pi cted in FIG 4, gene transcription nmedi ated by s32
t5F6¥uce proteins, represented by 4100, 4200, and

4300, may be represented as a single, virtual bl ock.

H er apalibgadiaPRASENRG: JRAGHuRSs I BeM8AnBlich actions as draw, edit,
annotate, save, and print out block diagram representations of dynamic systems.
Blocks are the fundamental mathematical elements of a classic block diagram
model. In some of these embodiments, the modeling environment includes two
classes of blocks, non-virtual blocks and virtual blocks. Non-virtual blocks are
elementary dynamic systems, such as the ¢°> and RNA polymerase interaction 4105,
4205, 4305. A virtual block may be provided for graphical organizational
convenience and plays no role in the definition of the system of equations described

by the block diagram model. For example, in the block diagram of the heat shock
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subsystens) may be used to inprove the readability of
nodel s. I n sone enbodi nents, the neani ng of a non-

woi20asuwadesll ock may be extended to include ot hePCT/US2005/005504

semantics, such as a "nerge" bl ock semantic. The nerge
bl ock semantic is such that on a given tinme step its
output is equal to the last block to wite to an i nput
of the nerge block. In tabular graphical user
interface enbodinents a merge bl ock may be conbi ned

WeFnidth bif EC %F@f ad:e:p?crtéd e @O@n geﬁle E’aﬂ%tﬁ)t{oqplln%dlated by

entry 1nto nu e I nstances action

E3RePprrdulch rdit%ﬁﬁst t@ﬁreseﬁterdarysqn 0p4 4@0Qfaafd 2306RNARY be
gene -> nkKNA -> protern whi ch uses

rdpresne@draptarsmgkt attroal ecka Higrtagchieal dnodcémgo(wunlg as the use of
d f d
S ey BE aperd i Eirmpmue Ml e BRIl R ghnrdte | any

regular expressron may be used to signal the existence

of a yydife Qﬁ%g)dlmgf?@ Uﬁh@m@iﬁﬂﬁ%%ﬁ"a% VARG Bk m ay b be extended

technlques used to COﬂpI ear gu ar expression i1n

talnchiele ®thaisdeanteiss, alicle agle “nrtrge Wbl dckksemutmticThae merge block
transcription factors to be used by the nodel may
ﬁﬁf@mt@e@swcbotﬂﬁaaoa at%ttr‘etsemq FESEY its QuEpYtds earaaltt@ t@@értst block o

put at.th ne the t S, _expande rate

oAt B inblf ok o msrse BERE ¥ dabTar SERBAGT et HERES
éﬁtb@&f?ﬂé&? d e Biscik Hla? bccl' obSbRIeH Wik @Wﬂ‘é‘lrba}@’at:haracters to
potentiall’y, causes a different gene to produce

mgaadnghiglRiblandtre ipoanaltipl @ drsramek af apeatienn. Faihéxample, the
techni que may be used to produce sets o f reactions
{@#2€BOMi ni mal i nput on the user's part. In still other

enbodi nents, the nodeling environnent 300 nay al so

ggﬁzgg§m£258§§§5%?%ﬁgﬁhanéer a?fggﬁgﬁbs§§ Peis t hat

control when in time bl ock nethods execute for a

sub- sebidhaneoF trhhripviehafattoplag ek wildgim)® AMewlhigomkltiple protein
diagrameditor is a graphical user interface (QJ

CXPIPSsivEN tto tbhadelatliiem@ amatiel ygingfa syngle king |re@3rtm rgédgft@ral any

FI G |cts an odi nment

Eo i oIS RO R R RBLELY BCROFY BL¢  ToLpreton Bular
t@@ ?&fo%s z}rﬂide Cte gﬁkﬁ?&ﬁ 0 I'H%ytﬁpﬂ@a %@Lé%dar cxptrgs%t%to multiple

S 1 nt varl o
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 messenger RNA and express a particular protein. This
technique may be used to produce sets of reactions with minimal input on the

user’s part.

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

the overall block diagram.
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tool s 402, 404, 408, various wiring |ine connection
tools 406, 412, an annotation tool 416, formatting

woaeals/¥id34 a save/l oad tool 414, a notifi cati oRCT@SL005/005504

420 and a publishing tool 418. The bl ock tools 402,

404, 408 represent a library of all the pre-defined

bl ocks available to the user when buil ding the bl ock

di agram I ndividual users may be able to custom ze

this palette to: (a) reorgani ze bl ocks in sonme custom
format, (b) delete blocks they do not use, and (c) add
cust om bl ocks they have desi gned. The bl ocks may be

dr agg€He blvakudigraaneditoiiaa-gadfidah &sdrnirﬁélfﬁii!éé( (€15 Jiibrﬁponent
a nouse or keyboard) on to the w ndow (i.e

datnalé@)fs dmfiang oh plack aliagramsnedelpby aheses| 536 tihdapists an
ERBERISeRiaa B TBES HadkahEemarisn thah fRtygs  ffgting clement
g:%l?&g BRkRE & %?ggEﬁﬁHﬁ' ABwA ihHe; Baggd 9‘9@%@ uﬁl&éﬂ: Qdrious block

of the I'n these enbodi ments oat i ng

o0, 404, et08e vadibwwsirigliercondectiag tbblet06di4d@r amannotation
el ement's from a pal ette and drop it in place on the

ol dd R, farmasons tetl 41k ssavarbendt taohttd 4, haratifirationiteel $20 and a

PrbEH o T 1 ol 60, Rl RIS TR R i Ot all the

?f@&&ﬂrﬂ:ﬁ BolQl NARIAS S BlO&kr tvvh@ntb'illﬂd_’ii'% €he Bﬁ%k%’%ﬁﬁm.
he systemto pronpt the user for the proteln be

Disdddnl dsees pay bmbhste quesrhize this paleng: tdhi(s) teexgamke blocks in

interface, users ite special scripts that

sERe ssrPELosmaL (& éalefq hl@dsb@%dpdﬁst Bﬁ: taﬁé ( ) aéchustom blocks
{

AT e A EERID5ER ik bE P R FoR G Phans machine

BRe/MRE] shds @Hﬁ)u‘é‘é BQEWHdéfd)%r{TRﬂﬁﬂe m% FDHRIR] BRYWas). The
be partitioned into nul'tiple hierarchical levels

%h:phwghvdrhen Lo Fllwblcﬁkhhy?% ecgmietcd ai tbs edntasris hdledl the icon for
|

tha @Pﬁlacﬁ%%%qyéaegé#%@z &nghs;dlnggéé ¥ g{@y h&%ﬁ@ﬁ%gfem%udlng a

FOSLL %PBIIO%CLO {ne&%%’gﬂl % %h%% afy fhee %&%Aé e thta ﬂgatmg

connec Ion to ow USGI’S raw

El'eﬁﬁ:ﬁt phidtte QUBRS GlustN® Wap IS diagith mﬁén@ Fidl dqmette and

In sone enbodinents a single wiring line tool is
plmp/ltdleglaan ontthe susen. dorsnertd thewciabodiments cthcm:gna}h also be a

LI EHot B acioh BaF BB HAt e PN EGHRR PR Hioigphica
QE‘XOP eﬁafsaﬁ@ﬁe,@ygglnga S ETROHLER Y, HERhGEAInkcause 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 model because models may be partitioned into multiple hierarchical
levels through the use of subsystems (discussed further below). In still other
embodiments, only a textual interface may be provided for facilitating the user’s

construction of the block diagram.
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FIG 4). Connections nmay be added through vari ous

ot her mechani sns i nvol ving human- machi ne i nterfaces
weuals/ass3t he keyboard. The nodel i ng envi r onnenPCBAB2008/405504

al so provide various fornms of auto-connection tools

that connect bl ocks automatically on user request to

produce an aesthetically pleasing |ayout of the block

di agram (especially those with high conplexity with

| arge nunbers of bl ocks). Connection of one block to

anot O i : [ ;

i rsti Shp AhErphithol oIS HOB) 212 BREK SRR R ilbired lines

thefdBsR bt thesblbelaigaté intstlel’s sviddiow N fiisointe ¢Mbodnand a single
bl ock. The annotation tool 416 allows users to add

wigngdingrtaobismopwided asd tloe vgriconsegablosksbyrelestipgkhe tool,
B T SRS RS TR ARRERL 1 B0 Himens,
%g{ﬂigh@goﬁrgcﬁah'togﬁ Fﬁ‘agf\éﬁcf%ﬁgedtr{s hg%ﬁh@ AU bRt cfeggged in

S may appear clo annaot at bl ock or they
&, hi)ddepnnddrtorfsanmpbd added ihodbug Gartnslib ther usehanisms involving
performvarious formatti ng operations that are

Iyenar-aiachingviardriseesush aamye kodoneht Therapaglingepvironment 300
G BHrid r BLb P e BPegRton I S T blocks
agﬂqgﬁl%ﬁ&ﬂ?rgn hlo (ii&?ﬁi)estsﬂf dARct B b@Bed Ny selsasd 1a9{|9_ﬁte of the

I gnment & j ust cation, color selection, etc.
tibeic Hiadi-amg ( espeaiatly eldse thith higbclosnplestity withHerdsl mokbers of
di agram generally have a set of functional attributes
blaglss) a K@nnsraQm ot ope plackdoarethsrisignifigs that the species represented

code-generati on, Th ttarib itin ' .
S RSO0 Bl AR E btk R oo
adit efehEnecsay eldgad tool 414 allows a created bl ock

di agram nodel to be saved. The saved nodel can be

reopened in the editor at some |later juncture through
a | odbherewhemtiomtoblstlGallrans wausetobiduickaeres rodudinegations to
pre-constr bsyste into a separate class o

cted s f
iUk _Palfta@? Hifs Dlosk Fgram by SO Y ARPFIEN A notes or
| u e K . .
ARS8 PS50 BLBRUTBRE Srcn vt
%ﬂﬂﬁﬁie@ﬂ foym@€ 4he Peeksteayhapéhiecibead fthoraddsllock or dhey may be
| ocks in a block-diagramthat actually reside in
hiddemr i es.

The formatting tool 410 enables users to perform various formatting
operations that are generally available on any document editing tool. These
operations help pick and modify the various graphical attributes of the block
diagram (and constituent blocks) such as include font-selection, alignment &
justification, color selection, etc. The block diagram and all the blocks within the
block diagram generally have a set of functional attributes that are relevant for the
execution or code-generation. The attribute editing tool provides GUIs that allows

these attributes to be specified and edited.
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A publishing tool 418 may be provided to enable the
viewi ng of the block diagramas a docunent that can be

wouahisiodsd i n any standard docunment formats ( KaTuSk@s805504

PoSt SCnPt PDF 3 HTML SBML XML SGWL, SBM. etc.). Those
skilled in the art will recognize that the w ndows for
mul tiple nodels and all of the tools nentioned above
could potentially be enbedded in a single

Mul ti - Docunment Interface (MDI) for providing a unified

sof t wepe ﬁmywaa%g%lé A0WE b LEald Odck gﬂgrﬁa(}n@dkf)ﬁ@bé‘swed.

user working on a ock di agramto sen message to

Thotded sl cah Be s rRAlAdhehitSs attsdendRtdrfiiaaturéthrough a
tool 420 causes the current version of the block

lvrd gneahanism. Bésersanpeshve blodke ingedingi prd-cosstructedoaibsystems into
killed j t t.wl| I i hat, e

SKLLSC e LGS bt Ll o HeconnLee, Hhat . oo o

We! stalﬂ%%@& inP{ RIMBEE of Eg%er %c‘ﬁ&ﬂ&% Gals rTh‘é 4/ QYL nfechanism is

series of operations t rmal 'y require
specrllpeyippedicd hatdie 16dding asd edvigg obblcks addblockadiagram that
bl ock del etion, starting and term nating execution, or
rasdalfyytepige i Bbferigs-t ri butes, etc. The nodeling

envi ronment 300 may also offer a variety o f other QU

o B e P B 381 B B e biock
HAEIMEGs o UBluBeh thdEtad BapubRIRE ihiaR{ shAULRUSOERIERE formats
such as bl ocks and lines wthin a bl ock-diagram (b) a
Cabugdsr Postéeripre PP, dEBML t98Méx Zadt| 5GME, SBML etc.). Those
Tl Vb ks oo b el all of
go@ls eghggle& rO\}CCOCrOa]Yd gmgﬂ%a.w [ﬂi @l%breﬁﬁg& §%a lm.'n%'lé h\/fulti-Document
executing a brock-diagram ypi cal base

Hatm&t qMDtI}Jf& prévidtadoh QfificaRYibArd epAifseRd as:
class Block { public:"/ / Access nethods for
setting/getting block data / / Methods for bl ock

edi t i Agnotificatian talrd0Stikmss: Bleo siotkiag arom blockyilingaan to send a
r%legs%gep %cr> %nngtth%{' 1[1)9?6tr.a IrBllsgglke%er;lggéj%q:%tts? rtﬁ)g tnggj}i’cation tool 420 causes

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

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

attributes, etc.

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

execution of block-diagrams, (c) a Revision Control Ul for managing multiple
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30

/ | Methods for block conpilation / / Methods for
bl ock execution virtual ErrorStatus Bl ockq utput() =

wO 200508638l Error St atus Bl ockDerivative() = 0; PermsSemb/005504

Error Status Bl ockUpdate() = 0; private:

Bl ockG aphi cal Dat a bl kG aphi cal Attri butes;

Bl ockFuncti onal Dat a bl kFuncti onal Attri butes ;

Bl ockConpi | edDat a bl kConpi | edAttri butes ;

Bl ockExecuti onDat a bl kExecuti onDat a; Al t hough the

[ tr i S. Wi i ’ .
(EARIER 3 g BIYRIRdhafl, B (] F PR TG ifin el while
egunigd eblodkadidgmbi uct ures witten in other |anguages

may al so be used. The najor data fields of the block

dat a Attypictllrase fatiatstingture fona blogk eepyrhearspreseniedshi cal
attributes field, a functional attributes field, a

conpi | edﬂﬁttr%butes field and an execution data field.

The grasifiedt lattributes field is responsible for

stori n@‘ll?l’f?f ormation rel evant for graphical rendering

of the bl oK Avicessimethiodls frarr setting, gettinglblagk alats GUI .
Attributes specific to the block icon such as font,

col or, nanmg,/ Methdds¥or blweEedRi@stored in this field.

It should Q&“ﬁpﬁﬁ%&%ﬂg m’kﬁfg} otnt(wjase attributes
does not ar.iec h nam of, t del ustng,this
bl ook ThavirtiaL Blog KRirafiT i Blokbe a”f‘fém%rjcéis?sor@i bl e
for specifying block attributes that may potentially
af f ect the/d;l%aﬂmbf@fbkohlscmwelaug@i ng this bl ock.

These att.r.ibutes are specified for the block as a
whol e and yheMiefifpds fanBloekeRedutioar t s of the bl ock.

times and %fﬁ}af frto'r ‘Sids BI92kOR thb sanpl e tines
specify if The 0C corﬁes_ nds 1’0 .an el enent al ,

cont i nuousYirgiRk EFeEatysy IRGHPFE Ram & system | f
the bl ock VistughEeoshemsdilogidpdaee- t imB system then
the attri.bute specifies the spacing between tine

i nst anpvaaé: whi ch the bl ock response shoul d be traced.

A restrict pygkdrashiéliPatd eneGLpRicEguffucdd; ocks in

certain mMogelh g, G806 bIkPIn G B ARE MY
BlockCompiledData blkCompiledAttributes;
BlockExecutionData blkExecutionData;

E

Although the example of the data structure above is written in C++, those
skilled in the art will recognize that equivalent data structures written in othier
languages may also be used. The major data fields of the block data structure fall
into four categories, a graphical attributes field, a functional attributes field, a

compiled attributes field and an execution data field.

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

Attributes specific to the block icon such as font, color, name, and icon-image are
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I mpose the restriction that there may only be one
i nstance of given block in a nodel. Attributes of

wohoeskopout s speci fy properties of the data thaCTiUS2005/005504

ei ther avail able or produced at that port. Block port
attributes include di nensions, datatypes, sanple
rates, and direct feedthrough. D nension attributes
are individual dinmensions of a multi-dinensiona
matrix that is used as a container for data el ements.

81K RRIs A4 R Uh SR Endiog ﬂﬁ%ﬁbé{}gﬁnﬁgfﬂﬁs@%ﬁ@u@m@s not

ata Int ata contal ner. exity attribute

iffecatiid aghahticspfeicf motél wathrhikablacie! give findtoraadributes field is
conplex. A sanple rate attribute specifies how when

tepponsiia 40t poeifidnp bherkmytribiterthanpuy potesidlpafiegahe dynamics
S B35 T RO RSP T R MRl who
fid ﬁ&%&ﬁ?%&‘ Bg&?ﬁ (f?%{srdf%& | ldc&. Eﬁﬁ'ﬁﬂ)lfek Sﬁbﬁgl(égt{r%gttes include

I nput ports an at es ether or-not t

Houktimple thhed vl Msativatlaga Blodk sargpleaimel $egifiv#the block
input. This attribute helps in determ ning the

qutaspABes iImampicateniiloedntimatonsddiseseisy Prhperid dgeynisgystem. If the
t he block d m ., The c

. . . e _
BBk Fo S B gl e e e D AT, e SR b Fissthgspacing
BeeWeb R WinSSiRfankds WhRhkhaBbcktr g\%ﬂe’ﬂié shduld ];%E dl.:ﬁg&ﬂ.o[ﬁ feb@ictive

functional attributes |listed ab This fie S

flig dealaws ttherdsa @f blaxdk il cagiamaaletipglcahtams. Bpr example, one may
utilizing the functionalattributes of the block in
Bepsathe resriGiammtheg sherg meay gHrbe 9rE lavBrRsicl @given block in a
attributes of the blocks that are connected to it.
%ﬁ?@'process of determ ning the conpiled attributes

manuf actured by the functional attributes is terned

at tri Br®ufsuradadit Ports ity PripRridsFatiaidafinthiabis either available
described in greater detail belowin the section on
ot peidudedgt drat ponpi Black port dirduwssscinahide nliniansions, elathtypses,

mai Nly responsi ble for storing the menpry | ocati.ons
Prle 5¥tes, g9 et edihpnehis IiRses HeousrER uil#nﬂgpgl,

| . . t r g
iibloby o oo - B AR Ebe PR BB (02 chnBlifior dora
dksenhaPRat§pé afibates agd eHeedhtdPpdofiachiedémemyoflthita in the data
cat egori zed as access nethods to data fields, nethods

cygdinen Adiomplgxitnatttibas is a flag to specify if each data element is real or

complex. A sample rate attribute specifies how when the signal corresponding to
an input or output port will be used. The port sample times may sometimes be

used to implicitly infer the block’s sample time. The direct feedthrough attribute is
specified only for input ports and indicates whether or not the Output equations of
the block are a function of the given input. This attribute helps in determining the
sequence in which block methods should be executed while executing the block

diagram.

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

field is filled in during block diagram compilation by utilizing the functional
-22.-
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used in conpilation and nethods used in execution.

Access nmethods to data fields help in setting and
waqebdsioasp3t he vari ous data fields of the bl ock. PéVEMISZ®S/005504

used in editing are called by the bl ock diagram editor

in order to render the block appropriately in the GU

of its parent block diagram For instance, this set of

nmet hods may i nclude a Bl ockDrawl con net hod t hat

determ nes the shape the bl ock icon has on the GU

L Conni ' onear ¢ .

o e e L B B grepuces

of the biddkd ah& drbeosneiettd RNEhfprbbds bl dekerindin@idife compiled
bl ocks on the bl ock di agram_ The met hods used in

atgiaget ingnufagoired by dhe fumssionalf attithites srermed-atimeute

nmet hods that. are regui red for xgouti on. T esis i.ncl.ud
PIPREERRIOBE KRB ProPAeRigda s R Bertrscietall helpHdidhe
seb A oh b2 iab e Qcﬁlgﬂﬁliioyp‘ﬁ‘ﬁgz Ex cqﬂf?)n%{a{avﬁ'éllf'i\{?mainl

equations di stussed earlier I'n fhe context o dynam c
re§pEistHIB for stoddglilid aRnidy Idatienseidatts %66\@ t@ber®t B€sources for

run-time met hods nmay be provided, such as the )
blgele bipugn oupes etaicarparZae et 84 otlaeyr, welabraas dpriggisixecution of
bﬂ itialize, Eval Parans (check and process paraneters),

"Cet TimeOf NextHit nethods. It should be noted that
ttiere is no explicit nethod for al gebraic equations

becapse biRRBtAEBu BRI AL I lseigse@ gof bssBEREES %‘i‘tﬁhbﬂs ¢hat may be
e

di fferent manner which w i scussed below in
cacegurizetliagncakist metlhedsdostasBtlds, méthiolde usierhih atdithmg, methods
eagine 120..1 n sqgne enhodi nents, the nodeling
usg

AVR compdation sodimethoaeysed IRIfFGFEIRTe puses3Bthedy to data ficlds
ek 1505 bt 4ok Rl PufBE el BB bideRe Msthds wedin

edifhg YAY ¢08 byaRe bleuksdiagrash editorGRIN8éSto kéhddrase block
enbodi nents, "'when a user begins to input reactions

appooiiatlyrin the GURofisspirehoblogk yitagrysi Fortihgrakoguhsdgeof

R AT TR N
' | f i .

bigh | R0 DG GUT: IOBRE AR B et A el Do Y are

callad B9 tthé SRSk dlﬁ'%t‘é&ﬂ &brﬁ?iﬂdﬂdﬁgcﬂc?ﬁﬂ@ I'Ehegth Eliptvalidate the connections
ot her enbodi nents, the know edge basé 350 may insert

ofpphe ddeclerosother bhtiks atitbe blosk dizgrewsiBid imgthiogls used gr extcution
iSSP ber il SO B S e e ard Seued tod Sxecution.

These include the BlockOutput, BlockUpdate, BlockDerivative methods that

realize the Output, Update, and Derivative equations discussed earlier in the
context of dynamic systems. In addition to these methocs several other run-time
methods may be provided, such as the Jacobian, Projection, ZeroCrossings,
Enable, Disable, Initialize, EvalParams (check and process parameters), and
GetTimeOfNextHit methods. It should be noted that there is no explicit method
for algebraic equations because these are represented and processed in a different
manner which will be discussed below in connection with the discussion of the

simulation engine 120.
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assistance to a user inputting a bl ock diagram

representation of a chem cal or biochem cal reaction.
woeans@easpl e, the knowl edge base 350 may pr eveRCTASRBSN05504

manuf act ured by connecting bl ocks inconsistent with

t he nodel ed reacti on. Exanpl es of publicly-avail able

dat abases that may be used to facilitate generation of

nodel s i nclude the Sw ssprot database (http://us

.expasy.org/ sprot ), NCBI (http: //www. ncbi.nlmnih.g

ov), the Protein Data Bank (htt p://ww.rcsb. or

g/ pdb), and KEGG (http: / /ww .genom

e. ad.Inpbkegghkediazentd)ttht InodeAhp ennadnmehy 116 ecludesra

may provi deﬁgrivate dat abases tqg act _.as _a know edge

knasdedpmtbase 850 4bit siducontgructentof imedelndasome ¢ Bk
[ .bl ock .di b { rtuyal irt. ;
e TS A B AT AR o
%l%crdbﬂ‘?lé l{gl%@se_t HEbEFHHHORShdn £f DIBIRGBBAPEEIcafRSIRconsistent

ynam c system ‘In the context of bl ock
whitla g macaded dbit gieealysis, tthe &nbwivele basd 350 mayodnteethstrherining

exations Oy ereser s ARSTERYOS. 416 IOBMSAE A JAppRay elipHydorent
bi.l.it d I it f .
SRR ) D O LSS LTHEAP ot

Bdek rEradmt g5 Lfrg&Uehcndn WithlvaBiGe levels REIeeS. inrdchial
subsystens, iiiport blocks and outport bl ocks, bus

anbadiarenhd, ook knawitdee daseadil) Galy andsropdrsmentss oF drdi¢agions of

may be achieved in a blo i agr.am by | rin he .
sV Ieloiley Aefr errtenrisagHiPnsh ghl% qwkégpogvgt mag als0 provide

b t faci.litaf | | 3 .
R T e o T A —
BibOGdmthlt Bad it E8NEk0MI1O the KnoRdddize DaBe 3601y giidlent a user

output signals of the subsystemare accessible to the
mansfittunehby bbooding blhcks intensisabsywitle the mosigleshyrsacian.

is a virtual subsystemif its constituent blocks are .
webaékubhfibaﬁ@[ﬁ%@%ahﬂ%@a% DB AS faciifptergrneration of

th del ' ' V.1 hi Yird

B e e b R e e G
@fih :EYM@.E%I@IQnﬂﬁfﬂ.g@%SﬂﬁWot@ﬁbe&@fBaﬁl&S to the
parent bl ock di agram hese i nport and out port bl ocks

(et £ Awevvardsbrong)/ ptb), and KEGEnal connection to the

@&Ew%.cgléngdrlnggdjg] /kegg /kegg2 html). 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 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 4o not affect the equations in the
dynamic system’s model. Such blocks help improve the readability and modularity

of the block diagram and wield no semantic influence on the mathematical model.
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As noted previously, to facilitate nodeling fairly
| arge and conpl ex dynam c systens, users may be
wablbwwesk3to | ayer bl ock diagrans. A subsystem PCT/US2005/005504

facilitates such |ayering by allowing a collection of

bl ocks to be represented by a single block with input

and out put signals. The input and output signals of

the subsystem are accessible to its constituent

bl ocks. By nesting subsystens within each other, one

. A
R e
BResurhBlotks,the dide6KbidcROiaNFrodd dhti@o@Rl blbckssubsyst ens

provi de a way of grouping bl ocks together and all ow ng
ot her bl ock di agram constructs to inpose unified

modul SHodiacs Tt S St HotBiPrhgieaH Tk Y ingghe block
S FRBEERET o RO B SRR lovin

arelleleidneshlacid tdi tsplepySeseddvad sihgledodwith@nput and output
subsystens. The process of defining the paranmeter |i st
sigtials hEhe it ahd jcsiopiti sgeadd pledhersabkistagn are accessible to the
B e SReB i B LR Rt i

I . of .
A B B SN IR PR curing e
i @telts ekycutidanWitliih uatirtaalbspsisedin ghgptayd ehtikes, atlled inport and

el emental dynam c systemwith its own executijon

REME Slqcketape provigirehtaedefmer signal coasections tp thepareat block
xecut i met hods i,n tur al,l .the executi met hods
Srecsih EBeCihPaR P fribR vidhs ifEa eSS ROt et

SYRSUSLAT® AE Darchk W& EH stens. These are simlar

to virtual subsystens, wth the advantage of grouping

functi onal aspects of nodels at a given layer. This is

useful in nmpdul ar design. Conditionally- executed )
subsy $saéwpsed previaisly g0 gﬁ?ﬂltavi edelings sy ergmtnd ¢pmplex dynamic

execut e onl en; a condition s fulfill.ed. Enabl.e
TG RaRE RSB & TR bty A S e Braclittes such
ee8RE byRAbwidlea CAMHOhUSHlo&s A6 M52 1@Plke P8 T tLsiNfl€ Block with
an enable signal feeding the subsystemis gréater than
mgr.and output signals. The input and output signals of the subsystem are
accessible to its constituent blocks. By nesting subsystems within each other, one
can create block diagrams with arbitrary layers of hierarchy. Ideally a subsystem has
no impact on the meaning of the block diagram. Additionally, subsystems provide
a way of grouping blocks together and allowing other block diagram constructs to
impose unified control on the constituent blocks. To enhance the modularity of
subsystems, modeling software also allows aggregated list(s) of parameters of the
blocks within the subsystem to be accessed from a single GUI, and defines and
displays special icons on the subsystems. The process of defining the parameter list

and the special icon is called masking a subsystem.
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Tri ggered subsystens. These are simlar to Atom c
subsystens, except that the constituent bl ocks only

wexesbes3when a rising and/or falling signal i BCTAES06M005504

a triggering signal feeding the subsystem Enable with
Tri gger subsystens. These are an intersection of the
properties of Enabled and Triggered subsystens. Action
subsystens. These subsystens are connected to
action-initiator (e.g., an "If or "SwitchCase" bl ock),

a bl ogi.that t%%%lgll &ﬁ%ecggﬁggﬂ&% H})eclé URSUS S%B}yasger?soand non-

t
contents to execu bsystens ’are si

Hrahl atbssitbsy s VerbalenbsRteni@tvd i ﬂfﬁ?é&%ﬁﬁbvi@idé‘ﬁle block

"enabl i ng" signal has been delegated to an
diggtaoniwitht 4 graphicahbicranhy M¥ery sirerd sdesysteasdeheve liljpan
f si |, called an_action signal that signifies
F’_éﬁ%g f@afgwce%tea} 81@;}%% S pgonBEess B, Update,
Plekivaives nétEB?ﬁ‘BEngéfagﬁﬂi&phleﬂ?Ads LFiLf:HPr%/ SHEAR ex $h methods of
subsystehs provide a neans of collecting bl ocks 1nto a

sdhsystiamnt bddckss only executed when cal l ed by an

owner bl ock. The owner bl ock nmay conpute input signals

for the subsystem before calling the subsystem

?ﬁdkiionaLhﬁ, the owner may al so read output signals
635358 Of RRE M, SHPESFERSAF] ng it. Function-cal |

subsystens define a new type of execution control

signal, called a function-call signal that contains no

Aabmic biibsystamne A licge daf dimtlaticevifselcsibsgserns | vaith esddvantage of

bet ween the owner block and the function-call

sihpyrg Emctipoalaspesis of masighet 9 givap layero Thésss gseftlein modular

thensel ves as an "interrupt” source. In sinmulation,

fF%8 si mul ate die effects of an interrupt and in code

FIN t Y
PRGN AbhAR LRELAER TR, L NRIP S B0 WP sy cha
srteasbalfEvhehNeprR coHBiSRtiCMEfBxECUt e the constituent

bl ocks nultiple tines on a given tine step. In other
Enbbhidnarhisysteins. Hibowd @dgenibase BbMicaybiysteusgekcept that the

facilitate further or broader understanding of the )
rRRpEreentRladsionly exasptewhem pa enalle é’&“@ﬂ%ea‘élgtthé spbsygtem is
%@eg%qm%ggroesent ation of the heat shock reaction in

X (I S

( bacteria, the know edge base 350 can be used
Teigadeed blitysyStdies. TIRAE hicBilhintd ARMMRALLSBREKS, L8RPt kM the

that use, or are inpacted by, s70. Alternativéely, "the
kooniteciy el bas onbbexecute when a rising and /or falling signal is seen on a
triggering signal feeding the subsystem.

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

Action subsystems. These subsystems are connected to action-initiator (e.g., an
“If” or “SwitchCase” block), a block that explicitly commands the subsystem
contents to execute. These subsystems are similar to Enabled subsystems except
that the management of the “enabling” signal has been delegated to an action-

initiator. Action subsystems define a new type of signal, called an action signal that

signifies which subsystems are commanded to execute by the action-initiator.
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may identify other reactions for E. Coli in which s70
pl ays a part, e.g., chenotaxis. In this way, a broader

wandesrmwiamndi ng of the functioning of E. Coli | RCYAISR@MEN05504

envi ronnents can be achieved. In still other

enbodi nents the nodeling environnent 110 provides
libraries fromwhich blocks may be sel ected and
included in a nodel. Mdels referenced by virtual or
non- virtual blocks in a nodel, whether or not part of

Pmllétﬁ; c lsﬁ‘ﬁ?ys'té}ﬁL ;‘\ﬁﬁ&ﬁ s é}g Ffﬁgﬂ%blde [ mEXRHAR %tm& blocks

For e |nents In e co e I'S generate

inasie sﬁl@@ﬁt@ﬁﬁﬂiat ROl %Xé@{t&! QeRENIBY &n icwrl $fck. The owner
enerated Virtual subsystens serve the purpose of

pdv iy egmiphige bipa lsigiiaksforn thanubisyssergriagtnicomalling the subsystem.
rarc Non-vi rtual subsystens. be i ke an
Kidhgh %ﬂ‘é(ﬁ%“?%‘k PR SISSAN Bt FaRstem after

S
i AT T
@fled Bgusaist- tdllggial bhacdoheaibh 66 datd 1okkisdd 28 H@iﬁl@ﬂﬁeéxecunon
has been constructed, nodel execution is carried out

r@lﬂ@pnalnpsmtwcsﬁpedlefo%@brt blaek apdithd wncdosenll ofibsystem. Function-
i fi t The executign begi ns whe
SR B LR DL e,
thER Eﬁnﬂ:lfiterfﬁg @gec%( BF 4h XA rARH b DVPLYES ga{&?% %%tl %g:ach
I gur g an

structures eva uati ng paraneters,-~con

thenpelged tong (kwnokrohauis) dhiefiupt. Cs, det er ni ni ng bl ock
connectivity, and perform ng bl ock reduction and bl ock

i nsertion. The pr epar ation of data structures and the

s Pse e P ORCANE T stenes iy Feb Ui Py Bipogpnstituent
t he bl k t | uat
Bprultte %?F%%?E%‘g‘?‘g?%ﬁ&ﬁ@t hod i s called for all

bl ocks in the block diagram |f there are any
unresol ved paraneters, execution errors are thrown at

t hi s Jsopther embpdngenth she bnpwigdgabred Hhthagrepmgdto Guilitate

Beshst PEL-aREs PRfraShHuier BE ragrd FosnEony Foa Crypel, efering
QﬂP Igosdid c}ia rce@%lsﬁ%atﬂ' g@f Bt h@?t‘:ﬁ'zh Rk Q€ tibAREOColi bacteria,

ports) are etup on t asis o e correspondi ng

the kabivdetge basd 850 uhe deaned th édenttify btlier @SactibnblDgieheat shock
(and/or ports) that are connected to the given bl ock

TEMFIGIAL ege O ahienpacted byitaOs ésltqmauvglyp éhefl@pwéeglge base 350
1{&{3{ %@I{y@oﬂ%ﬁr Qé:a%ﬁﬁnsdtéﬁ '.Ep%omn t“i%lé ooﬁ)k plg ky lgarp e.g., chemotaxis. In

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

can be achieved.

In still other embodiments the modeling environment 110 provides libraries
from which blocks may be selected and included in a model. Models referenced by
virtual or non-virtual blocks in a model, whether or not part of a library, are
included in the model for execution. For embodiments in which executable code is

generated, code representing the referenced models is also generated.
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bl ock di agram from one bl ock to the next follow ng
signal connectrvity. This process (referred to herein
wa0s@sss two purposes. In the case of a bl ocRCTh&R005/005504
has explicitly specified its block (or its ports')
functional attributes, propagation hel ps ensure that
the attributes of this block are conpatible with the
attributes of the bl ocks connected to it. If not, an
error is issued. Secondly, in many cases bl ocks are
i mpl AR i it - .
a{Ttp r ?gﬁ?% ggbsggtg Ef?sbslgoc kstezfgJ ég?égté]fgirrawgﬁg at\l/{e(;‘ﬂr]&?kné%ﬂagram with a
leineechy. t Wohhertahlt subbyst@ss Béhdvbikb a0 Ghén&aei &isheshic
to them This is akin to the concept of pol ynorphism
syskeo Medt itopve ereer tomogetrads{§utany Japdase, Dhvagiveass etc.). These

i mpl.ement ati,on of the block i.s chosen op.the basis of
CXHBUSP GCAPES 1) Bk <Al 5o SHRCHHOWMCROTHPhths| SoRtpeReblocks.
itself. Included within this step are other aspects

such as validating that all rate-transitions within

the adeh bloed diageine hodel bhd Bedrecatistrsiceddnidirt ekbeution is
appropriate rate transition bl ocks are being used. The
cysfpouaorare sresppedifed dateeipandesa stafaisebspseified inputs. The

connectivity. Virtyal blocks play np s ntic role in
e 2o dipesy ths oIt Riagy Patimpied; of 1€ S sfage marks
td Jeh R nRIRE léfeau&oh%dhm&ﬂse@%@gs_ ah8 spRdt£addaaMating

(removed) and the remai ning non-virtual blocks are
pamoenecoafigtringaal proparatagislogt tlatradtyristith) deteromphihgtblock

version of the_block diagramw th actual Dbl ock )
CoIfEYILY. 9nd Resforming plask rednaiqroand blogk ypsertiom Hrhe preparation

curion proc .. The _.way - n which bl ocks,are . .
of RS PR TR ABRHPE 0L parlireE be <pg Mifalize basic data-
GBS Mebded HEMHNOMAIR RILL FoleabhioFihd BRcRYUAhERRS forces the
(et hods) correspondi ng to the individual bl'ocks wll

bluek solevadate elaxlitsqehramdiees. dEhisahethodéy callsd far 41l Bllbyks in the

eterm ned _during the sorting step in conpilation.
b%?% &liagramc &grﬁvqraﬁreoﬁ%wsscﬂagd BHHBICE&EXCEHEOD; B X¥Qeg are thrown

er_.canpot. hanged f.or the entire d ti;on_af the.
Dl P LR TP Bt el it
cBdrd@eristics, HecdmEPRid hicbuRb AaRhVRIdEkeARINAUSA RERIUESnplexity,
linear nodels. After Iinking has been perforned, code

omsammule tines) ofetclhblaphr(endt edpotts) are detup Drgdredrasis edf thehe
nodel i.s sj mul at ed/ execut ed t{hrough accel erated
r##ﬁ%@ﬁﬁ r

CQUCERPE: ATERARESS |G UgssRAasksdardl/ogports) that
. pde™ | ! . i
RSB P it R B NREBLO0 SOl OT L ARG R Eperformed

through a process during which block functional attributes “ripple through” the
block diagram from one block to the next following signal connectivity. This
process (referred to herein as “propagation”), serves two purposes. In the case of a
block that has explicitly specified its block (or its ports’) functional attributes,
propagation helps ensure that the attributes of this block are compatible with the
attributes of the blocks connected to it. If not, an error is issued. Secondly, in
many cases blocks are implemented to be compatible with a wide ramge of
attributes. Such blocks adapt their behavior in accordance with the attributes of

the blocks connected to them. This is akin to the concept of polymorphism in
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code). If this stage is perfornmed, then the stages
that follow use the generated code during the

wexesiwsam of the bl ock diagram |f code i s noPCT/US2005/005504

generated, the block diagram nay execute in
interpretive node in which the conpiled and |inked

version of the block diagrammmy be directiy utilized

to execute the nodel over the desired time-span. This
interpretive node of execution is suitable for getting
ey . . | i _ .
(b iAo el g, LEACERD, el oAl B8 Bt Bl bk
éleden dinl 8 bakiX 6€ tid fpeciic H6tiediagreh Boahichadhidisotlofifds itself.
efficient than interpretive executi on because of fewer

Hadedest withinuthésssteare] etbseaspeeis snefnis vadidsang tlgdtralliate-transitions

engi ne, al thou he i.ncreased efficiency generall ..
St tie Dol S dermiBtic A58l Sad e BR SoP el ras yavsiton

. : ar R i :
P B8 O SESLRED 5 MR SRRt
sbragR ti0lty. aVelesdl Glodks lBGio sepbkatticrolsinpihe\eeeditidh 6t Block
expensive to track and fix once the system has been
flingraone fn dlais stephtireovietuel blagks initba dlaqgk diagreokargiapginaiged away
del | spf.tware.can be i.ntegrated with other

SN oS V1< GRS TORaY AR IOHR LB P @Iy other
e B e A PR S
pomicetipps Bai1sed froentlsy poaitdofvast iank eastitiohfpeotdss.eThe way in
Those skilled in the art will recognize that when
wbighsblgekseara interconaccteddy thaplogk sirgsamslass nos neesseagily define

urther.w th,the bl ock di agranls._executi.on. e
HifG 0" et B B e e e R oL g DG Yo Timal blocks
GRnbE @&36&&6)&@&6&?.‘31 §hieNGnSP b NR G EpKANIY Q8 BAIned dlirfhg the
normal Iy the last " step in the design of dynamc
sotsingrseep in @ nppittiondi @Qgeatheswhhpiltieonsagkhgeconiplede the sorted
particul ar enbodi nent the nodeling environment 110 .
prdsricaprotbe ehangad fomihegnairg duration efdhe blogkdiagram’s execution.
conplexity with which a nodel executes. Referring back
to Fig. 4 as an exanple, a user can be provided with a
choi ceopbwhreedidldonthiRBbRWeEe4EAle Afode] HhRRE hich may al
input-gutput bl ock “or exg%%?fng Eathmay 41€%ef% %hgmy "0
pooducddinand modélsr dfichdinbkirignhdsitgen perfoRatedy cadegnimpokntay not be
FIG 1, the nodel created in the nodeli envi r.onnen
greciaisipd G%%Eygepﬁ@t%CL_ngF 89 lwuﬁéecg/gﬁﬁcwﬁéﬁwg%
SYRIS IR sFHTR68S oA RAkERL BE Bfo%ﬁscﬁfgr%%odel (or portions of it) is

translated into either software modules or hardware descriptions (broadly termed

code). If this stage is performed, then the stages that follow use the generated code
during the execution of the block diagram. If code is not generated, the block
diagram may execute in interpretive mode in which the compiled and linked
version of the block diagram may be directly utilized to execute the model over the
desired time-span. This interpretive mode of execution is suitable for getting fine-
grained signal traceability. There are several different advantages to execution
through code generation. Execution of generated code can be more efficient than

interpretive execution because of fewer data-structures and lesser internal messaging
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chem cal reactions, are typically nodeled as sets of
differential, difference, algebraic, and/or recursive

wequEtwssls. At any given instant of tine, theseCcT/us2005/005504

equations may be viewed as rel ati onshi ps between the
systen s output response ("outputs"), the systenis
input stimuli (" inputs") at that tinme, the current
state of the system the system paraneters., and tine.
The state of the system may be thought of as a

ri [ f j j
QTR bl RO G I B <Al RATLAY CoEMRTML Rl of
akuredsedlex&sionnpratediliby) oSiamsdtiaal 6f padduldidesciipbons abeng
may be viewed as the current position and velocity of
eteeugendah balp ientifysanidyresadvesbggminphe sefwiargstages obardesign
t hat filte&f a signal would maintain a Eetdgﬁégrev'ous
PiEPEAts SHEh bRES BrocaMueh Bary EXREASHETRIHAE ARAAPeORGEhe system

DA BT R0 AR A e MRS i ot
EO1B¢ aittgraaRll With ic@RéSsoftvatd enipsireents tequad swittble f@rmodeling

the pendul um exanple, a paranmeter is the Ieggth of
pedh sigiulanizgepeciat classes bf systemse Xdpgels cam bsdesind daecilsin hardware

t.h lues of the filt t : i myl at i oy

e AR DEGHRLLEP B e SNES RN CRVBREBR grose skilled in
Tk L ¢ c%éﬁi ahhewheR e-fg‘geﬁ@&!?:\@'dlé,sthelyr}ﬁa Hoose to not
tick, N%s achusetts. The present systen1a3&s a fifth

piiecd furtindrheitia the Blockuliteram 3taxebiasdrn. c Theyl alag chbosd tretake the
types of mathematical nodels used in the study of |
a9dmmic degloy énputsidi fof shepentiies o the mosisling seftapgrwironment.
uations; al,gebrai c equatj ons; .and hybri d nodel.s. ,The
A BB R R B R R ar e R e Wigram

| e

Hﬁ%ﬂﬂtgﬁgkﬁﬁfy differential equations (ODEs) and is
depicted im FIG 5A The dynam c system 502 specifies

a set of two equations: CQutput 504 and Derivative 506.
The Qut put equation 504 facilitates the conmputatjon of
the syBpaaiPerta ambedipsas theamogdeling epvirgrpent,kkyprovides

s .afunction of its jnputs,. states, a S
FRorRlIOWRE b3l MR RRbOk iR a0 TRhA Ry .
tetdrahe Bhiilo BRuatdsoh ddpldllBuscdlBe pRIVRIEHIHAR @oice of
the defrivative of the states at the current tinme as a
txtingrpadiwayhel 00 pus simptlhmpst-atvesut plack ve eresitingrphthway 4100
tine. This cla of node|ls_is suitable for systens in
Mhﬂ%%ﬁ¥¥6¢§3wﬁg oI Fige f- ¢ he syst em response as

a continuous function of time. Such continuous-tine
systens are commonly representative of physica
syst ens

Referring back to FIG. 1, the model created in the modeling environment 110 can be
used by the simulation engine 120. Dynamic systems, such as biological processes and
chemical reactions, are typically modeled as sets of differential, difference, algebraic,
and/or recursive equations. At any given instant of time, these equations may be
viewed as relationships between the system’s output response (“outputs”), the
system’s input stimuli (“ inputs”) at that time, the current state of the system, the
system parameters, and time. The state of the system may be thought of as a

numerical representation of the dynamically changing configuration of the system.
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(mechanical, thermal, electrical) however, they may
al so be useful for chem cal and bi ochem cal reactions

weoeurals/ass3int racel | ul ar bi ochem cal reactions. POT/US2005/005504

exanpl e, continuous-tinme systens can be useful in
nodel i ng cel lul ar netabolismwhile stochastic systens
can be used to nodel cellular regulatory systens such
as DNA transcription. For sinple systens, it may be
possi ble to use the Qutput 504 and Derivative

[ 0 . | -& L.anafo
R R R R e i s
siestednds the kerre£SPeNSen ahd VElecisy 6T &8 peéndidiai BRSIIRY, a signal-
integrating the states through nunerical neans. The
deddensing oysterh that OBESs g signahwpelidimeincunpasss of pixidus inputs as the
impliGgit and explicit differential equations. The .
S5 ot syBiEt RAIAYIEGTS P8 s e AT GBIy OfHE e

[

Ry BANRLLON i anC Bl E bl Tp R BE e RRamsranc
keefieiguts i@Ght GystemBSRUaanss. fur thés peidilie ehtanhsie enparameter is
variables (e.g., states X1 and X2 nust fall on the
e length Oﬂpcmcgédmmmdltozmﬁlzet@@n)pk; aprrsmctarns thearahtes of the
ﬁ?n be a?fLie as a coupled condition to.the . ..

1 EF EPEntt SHPUERHPR: Fine PSS S HHOF RIFRRE taygntion is
i an
SSRGS
equations to sinplify the categories of systens.

Anot her exanple is the use of a Jacobi an equation that

def i nddeRiesanasysieniaglgs pididh (e lof mashemmati¢ad mogkel, stochastic

i ndependent _and/or differential variables. The .

SR 20 T 6 5P melhoryi D ets B0 T srpe of dyppemic syseems:
i ARG BAHARBLANSAR iR Ke @ldaﬁahé;'a%ai%gﬁﬁti&{s; 8fld hybrid models.
overall linear nodel of a set of "equations. Jacobi an
dipedirsotype af enathauatied nicatel sosveibbosysrenad usingrerdiaaly differential

i ntegratjon or producing the linear nodel once the

f
FEBRIOMAOPEaLrdisidepictecb il 2d e bherwramig spurm502 specifies a

c.Jhe QU 04 Der i N j 206 .
PO SR RS AT B on s
IBl etkees FRE cOMPIRIDON dMBe Akt RAPAE FRPoR At Véheﬁﬂlte instant

manage its states by defining a rel ationship ere i
res dusctideoSitainputsastatdspparaieous, apdaimit YhaDaivative equation

ecific point in ti or when a
%%6 1s an orginary diffjgrenti equation tgat 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 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 systems can be used to model cellular regulatory systems such as DNA
transcription. For simple systems, it may be possible to use the Output 504 and

Derivative equations 506 to obtain a closed-form solution for the output response
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specific condition is seen. Jacobians may al so be used
to performSensitivity Analysis of a nodel ed system

weenmsiovsesity anal ysis identifies the variabl e ecruiSe®b/005504

to the system s behavior. Another type of mathematica
nodel describes systens using difference equations as
depicted in FIG 5B. The dynam c system 508 specifies
a set of two equations: Qutput 510 and Update 512. The
Qut put equation 510 facilitates the conputation of the

?Y@.t Bift &1 P mpRE RONSRRE sggtegjtls\,’ Bk fés%?né.e%cf{tﬁg %Ysﬁé;r{l&}s

unction ofthe ihputs, stat Sone evi ous
phraned by sntegruingi the staldsehtpaet euweHalligennsl2 is a
di fference equation that allows the conputation ofthe
states at the current tine as a function of the

e, At Riadorse TS Bedin pagibRe SGiomkchand
Wbl diffetchda RIS, TRe LIAQCHF cﬁrgilérag%' affem &3 Qgﬁﬂ;t?%rgtmay

di'screte points’in time. Such e-tine sy
acquiteypldiabhal eneptieseot defineahe bysté s Geti EniddeRdc FVrc@hmple,
and digital signal processing systems. For sinple

§94atians called prgjeionsaBay by kequiredde impesOuepattaiBs Ongdhd
. i 51 bt a | psed- f al yt |
BREL T SRR 2 kel 7 Rt BR Gt Bhtel! deBged
; . . system | od
PRy T THeRPcd BRAARS Caulbe SictiR ek Sintfion o the
GifRrac@l 20Bhiied AlERSALeIbdntsAndaliMe R prbAer Mf{/ng o

response over a period of tinme. AnTadditiona

penveatenaldaho doogdr qiebifyrashasODE tthepandshelgdad defr aidifferential

e%ygtlons as depicted in FIG 5C. The dynam c system

8lEabICequAtions b Biaply &f catr e ies 16 sysiams n de@sherexpaple is the
C L tain the outputs. . VWile

30 YA B FACIRHTE 1h8 SRR B MRS oy o e

Blepthdihtl0d /ob diffrSheMvhMBILS TH05%iRY Eéuatﬁﬁrﬁﬁttgﬁ@ﬁﬂy used

al gebrai c_equations may best be solved iterativel

when @bsaininges lineir apptdxodatiow of ¥ inog-lhath npetel or babivent linear

ratig Algegégiq equati on sol ving techni ques

and itﬁ ns.
BOdg! PR PPt SOHRERRS: JRcaiaR FrEtgRs A reRytEld fog same forms of

' ' e il | ow. Far, nodelin
FL LB L BTl 5 00 RIS o s eached
adsteidyosiate dfgeling Eoih@,&ft@.' THO Ot pRdB04 968 DdrR8fves equations
systens using stochastic techni gues, such as
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 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. Sensitivity analysis identifies the variable critical to

the system’s behavior.

Another type of mathematical model describes systems using difference
equations as depicted in FIG. 5B. The dynamic system 508 specifies a set of two
equations: Output 510 and Update 512. The Output equation 510 facilitates the

computation of the system’s output response at a given time instant as a function of
-32.-
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G llespie, Gbson/Bruclc, and t-Ieaping. These
techni ques are useful when the conti nuous
wapprsosasat i on i nplied by ODE/ DAE systens i s nBCT/US2005/005504
applicable. This may be the case when dealing with
smal | nol ecul e counts, such as RNA pol ynerase bindi ng
to DNA to transcribe a particular gene. An exanpl e of
a chenmical equation that could be treated
stochastically is shown in the reactions table of FIG

) 3 - > : i.S i
itinpfed sracdif S eiisus Anc BRIl The Update
ciRd@siub B2 6f a Biitken easbmdhataigws tHB€ basbutaionyof thBistates at

reactionoccurs at a randomtine determ ned according
theycarrentabmbiab p fyneticn of thatinputst fates defend prayiousdanes on

Kinetics. Varioys.probahili distributions may he . . .
PREBHFCE: i BRHs HEIHER o MSGeblt SMcrplo do M aLer M gh i s
. . St LUt i . ; . . i £
EBORRT RerlhRthaoh e 3 IR pH® L.l B et time
syt&hs hltUlybiraBy rdpy@RhgeReel diseretd-gibid dutirislnsd digital signal

mul ti nom al distributions, negative binom a
pevessting aystemns, Fpesiowie sigtenes, dtmppbe possible perise thagatput 510

s i Pt s U LR FTecaIReE SOBEPB Q! i output response
ygt') SBht Mb%&rﬁ@l@x R4l %rldjéaéﬁe_ﬁis? Hid RBBondebfAhB8fstem is solved

fbodi ment's, 't user may definé a probability
tlakioiighi deviiidsiom. Theudeatpah &1 0deddd piate rguttiend b 1@ ascadppdied
for the occurrence of a stochastic reaction. Afifth
regpateddy torselie fritthe aystamdetpanse avercnpried ef §ipet em t hat

h hat fall i he .f . of del
A SGOERE R e Rhsce RicalPeR! JSSitGri BB ARtdIeS
eh@hdionsUsQepittsd FRFRGOSY: THY Fnahfs Systdm SN @R af @ebraic

tput, Derivative, Update, dand potentially other

eqqaatn 616 .th8ahaeidn go bersolvhé apedahuime o pbise thé oatmits. While
systens requires a conbi nati on of the solutiaon
sippIE SETeas ayslosare fopbialn a glosedréorsn selygendppihe sygssm

. ex | e of CONMPOSHt stem.is_one descrli .
T BRE st gRe e BT S o? Bt e esariveny
ubReth fhinbAEAMhBbIGAHSH NG BOR Perta SR afd §R¥Aid RN Algebraic
O “particular interest in biochemcal nodels is a

ehyintiomn selpimgomclimitjhet usedrit aha sotekhosdorngs systermmiodeling are
determi.nistic uations, which allows for the solving
dgcugss Hnﬁ%@ﬁﬁU&%@TgﬁHW%egulatory systenms in the sane
nodel . Grouped within the conposite class of systens

are many extensions involving rel ationships

g f g ;J gfdr gig?aelﬁ@ biBRshidal ptsesies Oihd BRéMicAlERLiGns28A additional
model is useful. This model describes systems using stochastic techniques, such as
Gillespie, Gibson/Bruck, and 7-leaping. These techniques are useful when the
continuous approximation implied by ODE/DAE systems is not applicable. This
may be the case when dealing with small molecule counts, such as RNA polymerase
binding to DNA to transcribe a particular gene. An example of a chemical
equation that could be treated stochastically is shown in the reactions table of FIG.
3B, e.g., $32 +Dnak -> s32:Dnak. This equation indicates that one molecule of s32
bonds with one molecule of Dnak. When simulated stochastically, this reaction
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exanpl e, one can define a limted integration

relationship for a differential variable. This
woeb@towsaishi p requires a set of equations that PCONS2®E805504

of the Qutput equation, an Update equation, a

Derivative equation, and a Zero Crossing equation. The

Zero Crossing equation defines the points in tine

where the upper and lower linmts of the limted

i ntegration occur. Another exanple of an extension is

e S s L e

&&%érﬁi@cﬁf fea266h kilegids. aVariceasiobybilied dBtHb b xegubd ased to

| nherent in four of the classes of systens (ODE, ) )

detefmbenwber ghardastien ogtuyeinughas expemdnsiab digtributions, binomial

SEBPEALE) o s R B B TR EAPLoE fons,
ifié‘%r%gﬁﬁ%g@&{l.ﬁ&ib%tfo%@' gt otftay d%ﬁ‘ilﬁft[o%g LG e biifomial

e systemare traced as tine prfogresses.
Biedishi thonss paRdea tdge igribaticns perdeaaiyehrntdsivd disgibasioas, Poisson
di screte-tinme system continuous-tinme system and

Hisbibhetiess pestering dﬁgﬁl@aicmgopyé?r disingionsct gl,iygit.mffjg)ns and normal
TN R TR —
%dﬁgfggbgtd@?élﬁm@%‘émwme £&H the Qﬁcxft&éﬁ@%ﬁaﬁ&&ﬁa@.ﬁ& $eaction.

trac niteintervals of tinme. Inthelimt as
the interval approaches zero, the discrete-tine system
becones a continuous-tinme system The intervals, of
time defiftbeypeef pathenpticalymogel is g gomposyasysierdhat has

non- peri odi ¢ t.e_systens, such as, stochasti S
SpRrpBPuPr e RSB O el B R RER i complex
Lty d e SR tdm ROdNELAIQHFHiPERe S ry MThER 145 B §RERNER Output,
can be triacked. A continuous-tine systemis a system

Derivatiedy Uhdateyabdipoensalf othiee equstienm Selyilg oraheoutput

conti nuously changi ng.. Conti nuous-ti si gnal s change

G%FPPB@F at :Sé’ﬁemsﬁt?@g‘f‘?étai ‘éﬂif.lbl;&ﬁtl@% @SQjpitign approaches

SRBLUSP 3 BERHEHSTR 205 SBRpILAA R e s on

SR SribRH S it P Y- SloBBRic ik EDIVESY SRidS con SR differential

wth both discrete-time and continuous-tine el ements.

Efuatieyssirehalgelsragndquatines. s@fphetidularanteirest s bimhdmical bwdels is a
ingle-rate, |f a system has ltiple sanple tines, it .

Ferbadagprenchehatsantiing beth Ngrsticang defrapupistic sAugstons, which

s%%ny gére@lfggﬁﬁghfgémgﬁh%{)ﬁk tLh§ rregulgﬂ.o'ilg Lfs’cérﬂss i1 38 same model.
Grouped within the composite class of systems are many extensions
involving relationships (equations) defined in terms of both outputs and state. For
example, one can define a limited integration relationship for a differential variable.
This relationship requires a set of equations that consists of the Output equation,
an Update equation, a Derivative equation, and a Zero Crossing equation. The
Zero Crossing equation defines the points in time where the upper and lower limits

of the limited integration occur. Another example of an extension is the notion of
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taski ng form of execution. Wen nulti-tasking
execution is used, it conforns to rate nonotonic

weoeehsdabd3mg principals as defined by Liu, C LPCTAIS2005/005504

LAYLAND, J . W Scheduling Al gorithnsfor

Mul ti progranmm ng in Hard-Real - Ti meEnvi ronment. ACM 20,

1 (January 1973), 46-61. Systens nmay al so be

categori zed by the type of nunerical integration

sol ver being used. A fixed-step systemis one that

26361 %1d KRALR QAR Bhar JdrbRdeliBRuA ¥fbie LURLR dahals
use explicit nmethods to conpute the next Conti nuous
stlehepats ¢f xg6tepe bicoaitivaiedt@dvddastivited daEng Axecution.
vari abl estep systemis one that is using a

vari abl e-step solver. A variable-step solver can use

either, {nplicit or licit t hods oppute the .

next . dBRETeRGh oG ol R slies bttt CODTE e Pifedesfiuations,
B A and GBI E R BRLFO LS Bt LY. The
shaphtedineds ties tinte incdredlanedsclatie iaphtseviace, ok butputs (collectively
practi ce, except for the nost basic systens,

weferrefdpias she resals 50f Bic systammte teaged aptimerpioEiesses. Based on

co ex set of nmathematical transformations lied.in .
e R
fsfs@&%fﬂfd"'l%ﬂirﬁf‘%rsf&ﬁ.mﬂ G abARUED RhstRIDGESs 0BGt a random
el enental transformation nay be’'viewed in isolation as

ains¢ dpteemdyathby en opstagive badbabiliryididteibatienof t he
categories |listed above. Therefore, a conplex dynam c
system may be nodel ed as an interconnection of various

Such INCRRRE Bl SR (WA NG SRS ORIPHaRe Ssem
Yol id &alll@l &l Mfite AkQOMABF rkC In PhOGHIAYE mgsgg%%oaches

ave now beconme a standard neans in textbooks,
paperthe discrataalmasysiah decompslia spetnfivwsatimengstem. The intervals of
communi cate the details of a dynam c systenis.
BEranaybe perndie Rr gpagresivdifo Jemestnes, aORDeriedisygtecsyptesns, such
represented schematically as a coll.ection of Dbl ocks.
PR rSF BTSSP S B P os PR i aTeript FeaRipe thac
PhérRYS nBfpetiodid@Ame &t whRhaRE r&PeRsOLEALEe HABERS S0 ESn@Mous-time
el emental’ dynam c system A |ine enmanating at one

bysverk ispdystemninnehichghatvantoheof diegystbireestlsadre thatinuously
second block is a product of the first blqock, Those
§§?1P$1eg- frentiggogs-ting ngnale elpnge AiringapumpEcal gitggration. An
gg%rgﬁreiofs %ES?(?IZUHIQP uust[t%r%g ;?ysg%(rgllgy 3hY %leycntb%deolyearﬂe Bb% There can also
be algebraic or composite continuous-time systems. A hybrid system is a system

with both discrete-time and continuous-time elements.

If a system has only one sample time, it is said to be single-rate. If a system
has multiple sample times, it is said to be multi-rate. Multi-rate systems can be
evaluated (executed) using either a singlc:-taskingr form of execution or a multi-
tasking form of execution. When multi-tasking execution is used, it conforms to
rate monotonic scheduling principals as defined by Liu, C. L., and LAYLAND, J.

W. Scheduling Algovithms for Multiprogramming in o Hard-Real-Time
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i nclude other nodeling elenents that aid in
readability and nodularity of block di agrans. The

wohewrogp3ask Di gital Signal Processing (DSP) focBSEAISZ05/005504

nodel i ng signals as sequences of sanples. This view
naturally fits into the tinme-based bl ock di agram
paradi gm by mapping the sanples u[n] to discrete-tine
points u(tk) . This adds the benefit of being able to
nodel the interaction between DSP systens and ot her

a . Cc :
SRy ALV 2R TR, £075) Ao Lo STk ACfatcgorized
By abE apeinhsedts iblegRrtoaseivdr dleaid aiahipaxdabttepamstem is one
signals and state variables representative of a

tyatarseea dixsd smp sthecrsBixadisowp (QAomrp tipacailp wsoexpligitrapshods to
responsg&hof t he nodel is obtained. eval at%ggltgfse.bl_
FEMRUCOHAhPHE GPENUPHHEAT#E RIHedl; igf rgaly pt fhe. A Variable
U rs'}f&@ﬁf:isfdrﬁgﬂ{:;@ Isq{shlglt 4 V%i'abqg-gﬁf)r&gﬁfeﬁtA Qariable—steﬁ solver can use
user - me". Eac

specifie stop t eval uation of these

eRhat ingplsdit pSetdicitahethodd td eoapule thdmexs coptinGdwsahts at non-
represent quantities that change over tinme, and these
qetindictinessvals of tiafd. feeradly, sanabjestepsolvarstysee fpangdenror

t he block.diagram s start and, st I.me; The

EGREP! O ePi o T5aPIE] G gHah St SeHet AP qlfraRce e
defiepgf by sets of equations represented by bl ocks.

These equations define a rel ationship between the

I nput signals, output signals, state, and tine.

I nherent in the definition is the notion of

par amERaITactichh FE¢FPA T theemegdrapiceyeams, prthematical models for
equations, It.is,inportant to note that .hl i S
iR SRsearuiv Dy omd st o R el R Rt pR8hg Botied in
QMﬁm&séﬁﬂmtwﬂh sige b@fpuRd BESorM®EghsfoRhations forming the
comput at1 on. For instance, #1om#charts are bl ock

dinpos afethasdEid dapeatad tpnsfoematibh avaydredviewed oisolation as a

general ly suitable for describing dynam c system
istRRlg] cyiana st AAling dete Qfcagl Bivcatieerist ek agam drherefore, a

hat .describ hi cal - | |
CRERICERFARR, Pyl 58 mBiael T D RORACLAR BB simple
I FnieedsysterhdliA st @eSre8ithtion oPbudl ACHtercWRRERIoA that has

bl'ock réepresents an operation and a |ine represents
exelvatioyar deppradeis ehie bbskrdingmog. Sueh dhlodadiagnamomodals dave now
fl owi ng between bl ocks. sed herein, the ern1b|oc§

eSgPA e thRARTS PFAS IR ASEROBKS AEsigP RGP its OHSRAY 2 tifleshan
SBRLRL s (DAAThERRYR! BIRIEHR S BhafhOS/sHTE HABLAGE. A

I'agram executi on €engi ne con to the
nodel i ng software task

A block diagram model of a dynamic system is represented schematically as a
collection of blocks interconnected by lines that represent the input and output of a
dynamic system. Each block represents an elemental dynamic system. A line
emanating at one block and terminating at another signifies that the second block is
a product of the first block. Those skilled in the art will recognize that the term
“blocks” does not refer exclusively to elemental dynamic systems but may also
include other modeling elements that aid in readability and modularity of block

diagrams.
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of enabling the conputation and tracing of a dynam c
system s out puts manufactured by its bl ock di agram

wonslos3ddm execution engine carries out the taskTmlk2005/005504

conmpi ling and |inking the block diagramto produce an
"in-menory executabl e" version of the nodel that is

used for generating code and/or sinmulating or

linearizing a bl ock diagram nodel. Execution of the

bl ock-diagramis also referred to as simulation. The

conpi |l e stage involves checking the integrity and

validity of the bl ock interconnections in the bl ock

di agr arhe theohhbf Dégied Sigridh @r@dﬁ@éiﬁ% (BISPY fe@rstsoh htodeling signals
bl ocks in the block diagraminto hierarchical lists .
thegquenecyeenmplen Idvisaewmptardy Bito ko itbe How-eased blockrdiagram
lists. In the link stage, t exgcution engi ne uses., .

PGP Pt PP ST 24 45 ShC i B BE A ol oChis adds the
R oo e At S I R Sor other
thegds afeinhetagxiessichnnelg. sbstibbesail Aruigtetbytichd €ontrol systems.

simulation or linearization of the block diagram
Included within the link stage is the initialization

of th del, whi ch consi.sts of eval uati ng, "setup’. .

met hod (RS ety B pladiperipy madsh 76 tm iied refifignobips
BORREANigRME RYY sARE BASDles rEPRsBhARYe BBY !El?ﬁlarﬁ?é%?éﬂeﬂng The solution
lists are generated because the sinulation and/or

(dowepniatam offsystenaraspdede) miishe enceleliiscotrhined byevhladisng yhese

tXpe (not by block) when they have a sanple hit. After
1Sl ARPRYIPEQVS iR pERES THRE St l§ At @ YselsResHICEN §Fasktimgy and ends

e ko thi s, e, ;the exegution engjne.nmm
BERTLE- Rt ot LIS, TP Bt PR B RS i Rerred o
RO RO 8tePl SighhlsirBpRs@it Bt HYRIBaABRIHNEHIRE, and these
har dwar e descriptions (broadly ternmed Tode). If this
quagsticsapatefioeddds; alt peimts hetisedgewetihdie blotk divgrse’s start and

the generated code during the execution of the block
qeRy LI%F rﬁlﬁpgnﬁftlagéewegmgm&&r@owemaws tisedeiingd by sets

I ' ' rpret | of . .
GEEQURBR ARRPRAR LB TBSESHt G TG Shapp beovcen
tee InpiR¥%idAls, BugsRak il thes, dtdint MBiRXERUA HM dnitiBA is the
bl ock di agram because they would |ike to deploy the
potioncfipsiratectens vdualh Arretheafoettiviertss of khaddqpytions.

software. Upon reaching the sinul ationstage, the

execution engine uses a sinulation | oop to execute

bl'ock yoet oS A} 8 fY:€ 'tﬁaecfth&a?dﬂggagﬁét «%g 3}1‘6‘8 WeisifAPBEEL for

hit to produce the systemreéspon
representing time-based dynamic systems but also for other models of computation.

For instance, flow-charts are block diagrams used to capture process flow and are
not generally suitable for describing dynamic system behavior. Data flow block
diagrams are block diagrams that describe a graphical programming paradigm
where the availability of data (often thought of as tokens) is used to initiate the
execution of blocks, where a block represents an operation and a line represents
execution dependency describing the direction of data flowing between blocks. As
used herein, the term block diagrams means time-based block diagrams used in the

context of dynamic systems except as otherwise noted.
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change with time. Determ nation of putative reaction
times relies on the size of tine intervals chosen for

woOheosgwsashati on. I n order to understand how t heCTUSP05/005504

size is picked, it is first necessary to understand

the notion of a solver. The solver is a nodule of the

sinmul ation engine 120 that is responsible for

perform ng two tasks: (a) determ ning how far

execution time should be advanced between consecutive

passes in order to accurately trace the systems

outputs, and (b) integrating the derivative of the

st at es\ bfockhBagyst @Rctfonkhaint doneribeies @b tisd AlRiBling software task
Based on how solvers performthe first task, they are

g€ aprbling the compytatian japddracieg bhs idynahissyetsm’s outputs

flg!? N é%{l%% é}%itgg Skg{i%éi‘g%{ g]ab&dl §ef. %ge chhg{le quggicqel,ﬁgrries out the task
oF ngn?)iﬂﬁ?g %E& Y}ﬁﬁﬁgctﬁg %?&&aﬁt #h;églg)ﬁ(igf? g?c% hRe@nl4i¥&flemory executable”

quantrty. e usef gener y specifies this
i dftheThedel that sarsed dvegeiseatii®coadald foaaubting or
systems that nust operate within a defined tine

linpaizing @ blodk dirgyam pepdaln dixgaedon ahthmblock-dideramakalse referred

1Y Bt SR AR ARTE L SR P she AR o vty of
B BlR At Arel-Corthkkribhs & HRANBEK S i ass é’c’ége,ttﬁg efiéine also sorts
stops safely; if the braking syStem does not neet Tts

therblgks ondie blonk sjagtde iner hivearclhicadists thax @@-1wedvhen creating
sol vers, therefore, are des%gned to hel p node

ghe blackanethodsrscyen listay dn the ok stegecths exesufion engine uses the

fixed 4i r-i.qd d the fixed-ste xecutl on .
BB RGBT a0 ieEyts R S b s of the
K 9sohd é‘om§8ﬁﬁ?t§ ofeid BIdEk Merke. d9kiRRth At §NsH Yréuces block

di screte sanple tine, in which case the value of the
necabod emeanidndlisse whalhcare atsed batthé sixadation er liatsizagbn@f the

fixed-step solver. However, sone reactions are
Bladk bastem. dackded witHBshe iﬁiwglggy% thewnigadization of the model
' | Bg urs . at (&i i nterval s
AT L0 YN A O RERAT S LA SRS et

BhdicBhZ@ne66RE Indéthels O THRIBIBER melheS$ 8xdca@bhiIRRSire generated
requi re use of variabl'e-step solvers, which are

besivga e simutatien and/iol uouzadys of asnodd meustenearte block
space ime step re needed to sinulate all
SHGRot bl ooy SO oYk e 1Bve B ot to

sinmul ate the path of a bouncing ball, where it
bounces,

After linking has been performed, the execution engine may generate code.
In this stage, the execution engine may choose to translate the block diagram
model (or portions of it) into either software modules or hardware descriptions
(broadly termed code). If this stage is performed, then the stages that follow use
the generated code during the execution of the block diagram. If this stage is
skipped completely, then the execution engine uses an interpretive mode of
execution for the block diagram. In some cases, the user may not proceed further
with the execution of the block diagram because they would like to deploy the code

outside the confines of the block diagram software. Upon reaching the simulation
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how high it bounces, and where it stops. It is known,
based on experience, that the ball's bounces w Il not

woeowvesdly spaced, and that the height of the Boumse®5/005504

wWill dimnish as a result of gravity, friction, and
ot her forces. Variable-step solvers are used for these
types of continuous systens and to determ ne what step
size to use so that the behavior of the ball will be
accurately nodeled. In still other enbodinents,

| y " .
SR HLOBR AN, TS ARERA LPElp B B TIEE o n
Sifef @&inied @ e B AN dnhadaniplehietepiddeat el tRtadt ghipuhses they
nmodel sinulation as a constant having the value of the
¢hamge widstime. As noted previously, stochastic
reacti ons occur at a randomtine based on an operative
probability distribution, which do not neatly fit
ert hef)e&%ﬂﬁflg%oﬁ %k‘éﬁfathv’c Ne QY tidn@s AARIGALAE %i me intervals
systens 1 ncluding stochastic reactions, either alone
¢liosas f@athte Ginudadmr Idosdes tté Mndaedratttl Agwht Beep size is picked, it is
stochastic and either fixed-solver elenents or

fist negsssang 60 vaderstantbHiesnotiore of alsplyal- nigrestobiss inmgndskrle of the

t.aken. The .si mul.ati on determines putati.ve tines f ..
OB BT 0R 12 PREL MRS G 15y it SO ks () determining
LER% 8R8ulibARInA KoL RInEQl beRRR N AR LETe PHssEJ‘fi order to
system the tines are sorted, by putative occurrence

ddcoeately ntaeearhs tspdtemdy s@puts had (6Q4)tegtaningrthe derivative of the states
enbodi nent, the state array is an _array of pointers

Qbheasysteir ErebiainHeeagtnpkstatendbnsed onnzow seletspsrform the first

inting to the,ohject t.0 be executed at.that point in
aheg e et efile Ui BuS HERE Bhr S Busb Po Pt o
Pifidbtestbp sdlvegtry in the array is executed (step
606). Because execution of the top object may affect

t he anmount of species present in the nodel ed system or
the putative reaction tines for specific reactions in
t het aBred-steR s pre eolversen Phicl ientipe stqpesiah Peiwesn; n

| cul d he . .
L8N B0 5o SR 2R LER AP B

ﬁgﬁu&?. RO CRBRIES afeQliscAYBI thbANAYpELETHHRAS the: ARECHS@ate within

tep 614). If additional reactions exist, the

sdofihat fioe @hgirete sy@emshebksintstandes @ antdodknbikimgfsystain may be

%&%%F%ﬁ%&e a pa?‘% l%gl%ggrsﬁg:%ge, %nglsttoee%egultg)silcﬁ fcor?t?ct)l’ in one-one
hundredth (0.01) of a second so as to assure the car stops safely; if the braking
system does not meet its timing constraints, the car may crash. Fixed-step solvers,
therefore, are designed to help model discrete systems that have to generate a result
in a fixed time period, and the fixed-step execution assures that the modeled system
can generate such results. Some reactions may be defined as having a discrete

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 reactions, event scheduling occurs at time intervals that are determined by the
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engi ne 120 executes the next entry in the state array
(step 606). Oxherwise, the sinmulation term nates. One

wofhowrodsazary skill the art woul d recogni ze t haPComIS205/005504

schedul i ng et hodol ogi es nay be used. In one

enbodi nent the sinulation engine 120 provides a

mechani smfor storing the entire sinulation context,

and a mechanismfor restoring the entire sinmulation

context. In one aspect of the present invention,

bigdR580:S bAthatibaRididist Achitiladod bRBrrbss. SBhesk ReddiBns require use
nodel i ng environnent 110 instructing the sinmulation
efivariabieretep sbhre, wisithne désigihal toomodehnt@xinudis Rystbias where
simul atjon finishes (either because the final tinme is
pegwvenly sprsadl dicdicriase inseded tsistlyy Alfignifeant behavior. For

SHASE 55% AT B B it S BE S bounces
Bew KIBh 8BASELs( Snd wheHS RTstdbpY St 3CkA AN VORBd B, experience, that the
simulation is finished). Once the sinulation Pinpshes,

bhid's bommtatwidhneolx extnlyrgyachd, sidtied ths haighi béthd Bownces will
or kspace paraneter, or .in sone other format. In one
it resli of gravitya e srdexther HregsorGariabde-ptiepsolvers are

= whi ch t he sinul ation context. i s, stored.
ettt Bl LR a0 6 0 i S R S o e
ko tieatvBY bBRavis £ Of Bl BANRLI BEhYcurdfR§ SbaeRge Mechani sm
for saving the sinulation context can vary from saving

the context as nmenory dunp, to saving the context

menor ¥n agll atlp¢ragrhbedinpentepeactants thekargalonsideyed Hslidly the

a conversion process. As long gs there are no )

Hode] tscbunmeditAdaHs S mpIT PR Pe G200t HBER BisPstigrtively means that
AL 86 | Fuicddn R, D9l L j

PR L S T bR e Ao R5 B i B FIEER e of the
finsitrexilt.as a pl atform i ndependent binary dunp or a

pl at f orm dependent textual dunp are also within the

scope of the present invention.The user interface of

the cofmerd PEi@shiistachastiardardorsiotsyur ot araidemithne based on an

simul.atio Lt h correspondi,ng ' conti nue simulatio
BRaF PP BB B da gt neioht ke Vgt solver. In
bRRr 0 aBBluFBR R 0HE &/5icBREShcR SRR e AMHI! %] er alone or as
way. A continued similation takes as argunents a
pag ofre dtybri sgsdat drcjuding beph istovhhyticodndaéithdri fiiedsolver elements or
simyl ation such as final time and additional output
yariapde-solver elements, the following steps may be taken.

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). In one embodiment, the state array is an array of pointers sorted by
occurrence time, each of the pointers pointing to the object to be executed at that

point in model simulation. Once sorted, the object identified by the first entry in

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
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To store sinulation context, a
"StoreSinul ati onContext' flag maybe set in the

weiznasloasdsen engi ne 120 or it nmay be communi cat edTUS2008/005504

simul ati on engi ne 120 by the anal ysis environnent 130.
O her inplenentations, such as using graphi cal

el ements in the nodeling environnent 110, may be used
instead or in addition to the use of a flag.
Additionally, context storage can be an activity that

Qb ﬂ?e enf‘di' LLIRY ﬁ&e ﬁntmeﬁ“lﬁ H%%taﬁerhtrﬂlyr it Pééaﬁgllﬁed (step

regalation S|nu at'i on) is end, the use

S cddidychpatdte atthpls ﬁets@fta@festepltﬁdmj ons (e.g., V\/nen a

certain point in time is reached in sinulation such as

t he achi evenent of a steady state or when particul ar

val uethesinpéon v%gmgbll?é)sc@/@kgfqr adplifiena geaciions $o lexequte (step

eque simulatio ont.ext files .wt
ByBF HE SFigRat st % SR0UR e il 1P ARRRNR) Gecermine
B B b SAuldidn fine 008 lfe'gﬁqgédﬂ:éﬂ r&te&@ Sl mﬂln%t @R simulation
engi ne 120 regi sters areas of that constitute
¢ripEns il Alleatduoes the niesx ent@nid the bmeguemt (syee 6065 Otherwise, the

procedure to store and restore the S|nulat|on cont ext .
frmubtionderBHsntOne (6 csivanashlh she v vesuld refognige that other

%%@ﬁul nﬁ??ﬂﬂo§£§ rgg%sﬁs%Fd before a sinmulation is

S1S by rerouting the genera
menory al | ocation caII through a registration

mec ham ciflenddbodiingit ille@kinanatioh &ileitid 129 o videss kchaigsrh & storing
si nmul ati on cont ext arlses when a%gregate vari ables m x
the eatiresiaslationicerieste and Faechanign fon 1eStoHNg thee@iige sgpulation

&Hl X{{lt Hérpsl'gsgéct oF 'hl% @ég&? 11&%&@ le\f C}afflgﬁ is sta?[eﬁ:"""ﬂag is set

errent at | "ass r| ve rom
Mah&mnaﬂigv@wwoﬁ]nemal 10 lﬂstlrm&mg(the EIﬂﬂﬂaMmerRMﬁnﬂnUIﬂ(b 1:0 store

&?1]%5 %{aﬁtsitx‘%?%} Be tsFIHF]té‘P% ?aﬁg idied Secteardne Fing t}nae i reached,
simulation was interrupted by the user, or otherwise). Alternative procedures for
querying whether the context should be stored or not may also be implemented (e.g.,
user interaction when a simulation is finished). Once the simulation finishes, the
simulation context may be stored as a file, in a workspace parameter, or in some other

format.

In one embodiment, the simulation context is stored to file. The file into
which the simulation context is stored may be automatically named. However, a
user-defined file may be used alternatively. The storage mechanism for saving the
simulation context can vary from saving the context as memory dump, to saving the
context memory as a platform independent textual dump through a conversion
process. As long as there are no architectural incompatibilities between computer
architectures involved there will be no differences in the results. Other
implementations such as saving the context as a platform independent binary dump
or a platform dependent textual dump are also within the scope of the present

invention.
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static const double power; The definition reveals that
an i nstance of RK45 contai ns value attri butes and

woebwroesse attri butes. The references contai n poTaS2s/005504

specific to the particular sinmulation and they nay

di ffer between sinulation runs. So, restoring these

may result in invalid references, and, therefore,

t hese shoul d be excluded. Figure 7 depicts part of the

all ocated nenory 770 for an instance of RK45. The

al | ocahedsd¥eiBiice dFthd AfisteeibratibR lidchidied bh/Hart

778, 780, 782 ang 784 and reference il e bt e
o0zt Witipa caivespording ‘cappinua sinagation’ sonfroand Thiskhamgbe

t he sinul.ati on context. menory, allocations.. A |localized
THRISTIoRlG1 &% R Ba el AR e FErpH TP b tHRF SBMUERgH onghy other
QRlyeslcohthfed sfmBldtidn @kes! ACareOMERN il AfiBERS ¥ Sda¥ory3nd optional)
gl obal table may be mai ntained. The first approach

PépriEitial senlatia such s finel Wive end additieral @yt dinmg.

par adi gm whereas the second approach is nore suitable

to a st yl cEl Nng; skilled in the . .
art PSR Sl £ R SRR R fis b kSt n e
ainghlatni engine @0 poittrhrise odmArimvazedus etk Sinuldin engine 120 by the
sinul.ati on cont ext y be enployed within the scope of i
ARALYSS SRERRIRR S icgrtﬁfsr 1mP1€W@n@§%S» stchasjrsypmgraphical elements in
ARSI S FHRent ' HaEARH .
i dentifi %dﬁﬂy a egpeg?’gﬁ%g?ﬁ%len tcﬁeyﬁzardgﬁg)é)fﬁor%}é%?se ofa flag
Additionalig conthet storapmeanyb ¢ gn adtivityahatchectis duling samdation (i.e.,

instead ofcallin andard run- ti al ] gcati on .

SeEGhigbthe ¢ FRubhERRaPUftNG do s Heisedtay sty

g@dtihﬁlaf §i6ragé LOARR IR Te B, WWRHH Sorfin FOREIOHMAE [WeatheddH kimulation
efore it returns, it registers the allocated nenory

suchysithgaqhiavement aflaesteagmtstate or Nbee pattigtilar Nelues omide] variables
?:)?ni .pﬁ‘gfs%gulla%es%;ig ig,ldslg d%e:ngzegoté‘ %{érg?l%@c%lal%ogﬁ%)%?yes with snapshots of the

Ion to

siggilgtfoat doatext dNeer BeCddurdeNEf LaRBXon@ina subsystemin a
nodel can be identified and restored upon request,

even in case of nodel changes el sewhere that affect the

menor I;Gﬂ PrgShodgnentnths siaylation engiae 42Qregisters aEeAs ol mesry that
Eé&sy irf i f

ey BRSSP oA 16RO bors o rsor
ihgesmmilatien confyxt.h It dwee exnbolodiareng, dbeé simuddtionrentaxtreslatedibreas in

sol vers

BBPISEY SisePaipied el A3 RPIAeh 1 HETe ntin BolpaBReded By perouting
the general memory allocation call through a registration mechanism. A complication in
storing and restoring the simulation context arises when aggregate variables mix
references and values. To illustrate this, consider the attributes of a Runge-Kutta 45
solver. In its C++ implementation, the class RK45 is derived from VarStepSolver. The

attributes of RK45 are

RK45

double t0;
double *x0;

double tl;
double *x1;
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di stributed inplenmentation has energed. In this
architecture, it becones desirable not to have a

wghoizab3dimdex of pertinent nenory, but to mai nParwsSkEM05504

locally for each object. A context sensitive object
I mpl ements an access nethod to make its context
avai |l abl e. Several inplenentations are possible. For
exanpl e, an object could produce an index to each
menory |location that is part of the context and have
the sgsgapipg operation performed by the caller, or it
could streamthe nenory content itself. This Ioca
i ndexi,ng .sc supports selective nmenory restoration
for pg? %ﬁﬁﬁg’nodel (e.g., one subsystemonly) as
it 1s object based .Indexing the origin in the nodel
of coboelxt pfajegrhemtlamgpt i onal |y conbined with a
conver si on nmechani sm bet ween type i npl enmentati ons,
al | ongafiesd Rt atd @0 between platforms and different
CO”D'&%%;&%ﬁﬁagﬂ1&%0&8Qe'3 Thi s supports, e.g.
a control reaéh a steady state operating

poi nt |n S|nulat|on in conbination with a detail ed
mﬁ@ 'agﬁﬁﬁ%h%{ré%?é thR} 30 insRYE! of @5'cagt4,ﬂ§ zﬁ&@%&ﬁbut@%d

hen after generating code for cont rol usi ng
tdfﬁeﬁearmtmlmrtéeﬂhet &f&rﬁmctesaddnlﬁntﬂ'm&wip’eﬁiﬂc&b thegarticular
The type ofthe indexing being used, centralized or
aidlat chies BT BeREesTRam iR TSy p akcetpring igee may

f d h I
BOR L el hEReb B S e R b SR 7
BEScRPate SHtht BBoERA Bmo PR Msfafte 8P RI@?J APRE allocated
is alfocated, 1t is indexéd as being part of

oeniex inchindestvahiel foakds TERL OF 4147 6,177 84 780k, & ISthﬁ(d) V‘SI&raﬁhd reference
gpproach i ndexes all the RK45 specific menory of this

§§§Z§€é7 79brbd22. si ze> tuples. Gven the base
?her gi’ ol eSIE gf}%lo S te§{ %}Icueac %tﬁg ?mTcﬂ ﬁ?ogl?{on('ge%x‘? tn%e\érpoeffy

menor S|dere

aﬂnm&mis A Ibc@liziaarmd@u@(ﬁmemettfwkﬁ efeqfemmnm gapablés ¢ifan object that
the nmenory allqcation call for the referenced

P OBt béltéwatlmlye@ glopl tablsrasebs mapidined dheyfirst
bfAbactIMi iBe LRAU HRELBEA L &dtam&&d&ﬁn%%yﬁﬂqwg second

plicitly excl u referenced parts
apppoazhdhimose sdﬂlabk:tto atpe@badurdhsgdw ef @@ingl\v@hosb IskillRH4b the art will
|nstanc I s, defi D3 dres ze> tg@ rks
qugg%%)er B?{Otpﬂg gfta Sptifymg an '1no 1ng e portions of memory used by

the simulatlon context may be employed within the scope of the present invention.

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

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

Note that the indexing scheme can be extended to store local model
information to facilitate selective context restoration. As such, the context of a
subsystem in a model can be identified and restored upon request, even in case of
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menory 800, including both val ues and references.
Next, when one of the referenced variables, xq, is
wdebisrwesh34i n Fi gure 8B, an <address, size> tupPeTius2005/005504

created that marks the nenory 802 where its val ues are
| ocated. In the sane function, a <address, size> tuple
is created as part of a parallel indexing schene 804
that keeps track of areas in nmenory with references.
Thus one inplenmentation of the present invention

u n c <addn > .
L "R VAR NP S BE TR, B 4By, pars. The
prfdiesl anbodehaiereds BROnanHcRNs haoddlhsarpathd thé memory they
this menory 802 that contain references. This
illpshtsywhicht is shembysignsdtaheniewgldsitifieron of al | ocati on
calls for indexing. Alternatively, the <address, size>
t upl eWith theenognariyaticidekthecusedirag svivels, aafl ehe idestve to
could b e partitioned when one of these referenced
ingrdasibplysipply elejetmedenttdicedingquincizles, themssHdpr avnere

TRt ER TR i Aorsyee o (Pl Fhieg arn E RFrgpacs desirable
ﬁ(ﬁpét EdELEHo éifuf'l&éﬁgf }%&Gﬁ%ﬁﬁe&%ﬁksﬁﬁt 8 maftth A HESlocally for
t t of the Bot

at are r ont ext . I ndexi ng schenes
aich dbjgt eArpheatt aahitiieesbjedt implymuietsi amnacsedsmeth@d to make its
another. Since the work arrays of user defined ]
sQnext aypidable. Sepene! iraplemeatatipge vedp Rtsibley Fonexample, an object

R
NAI BP |s&§arﬁ{n% é&?&h@é& ?eﬁf@frﬂé&gby teca@ndalidtould Siréak the
For exanple, the interface to declare continuous state

weniaplkestens itsdfSet NunCont St at es(S, NUM_CONT_STATES) ,

where S references the user-defined system and

NUM_ [T STATES t he nunber of continuous states. To

facil it F@Cﬁ%ﬁ%%mge%hsm PPPGHS SHEFBYF TSR desigrytiongfor parts

3t ﬂﬁ%%aﬁggcgg e(gjncvﬁfbis%éﬁisor?ﬁﬁ %qplsfél%%ﬂésgglﬁ}]%ﬁ% the origin in

I npl enen or user ["ocks

HIROBYHADLITONENR Fa@indnhe Sptesfallly CoREhBEY wiltah cBaeE LA

be stored and restored, a nechanismis required to

meelkesmh (hetwembetypn gmppencttatoors, alhuvs gestawitiont katween platforms

context restoration. It is i tant to note that the

At comailegarrsions o Redelbntus SUPROHF1 ¢ &) HgEkEed controller
. | r- -t . .

AEE s 3ALT o bPafHE pof RURTRn 1 ook ol Fich a detailed

Eﬁﬁﬁﬂﬁ@acﬂbgﬁﬂﬁﬂaﬁ@mbﬁel, etogidgtthe BofBexthave tikgeitdrattcrating code

e.g., a
or t?le controller, using the same context to initialize the controller code.

The type of the indexing being used, centralized or distributed has to be
selected. This is related to the coupling of the indexing to the memory allocation
calls: A table keeps track of the parts of memory that are part of the context. When
memory for an instance is allocated, it is indexed as being part of the context which
allows restoring it. A straightforward approach indexes all the RK45 specific

memory of this instance by <address, size> tuples. Given the base address of the
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different solver may have been chosen). The
restoration process is inplenented around the main

weizmsloatd3en | oop as shown in italics in the foPCoOWSE®s/005504

code snippet: int SinulateMdel (sl Mbdel *nodel,
Cndl I nfo *cmdl I nfo) { sm. SinBtatus(nodel,

SI MSTATUS RUNNING); i f( sl LoadCont ext (rmdel ))
ssSet TFinal (S, etCtxTFinal Q; while (ssGetT(S) <
ssGet TFinal (S)) { } sl CtxStore(nodel); / *store

i- . é
R e PR T HE e bagh oF mpcgmopy isgppiidered part
of HeReRudxput AndUpdat e(nodel ); if (errnsg !=
SL\ _NoError) return( errnsg); } return(errnmsg); }/ *

end Si nul ateMbdel */ Before a sinulation starts, it is
det er hi EdFriRSEpAPT tiferciirending part of oreraRLy rfbe d@em@%@locauon

a ca ext. whi ch
bk PGt PRaT Sarfokh 8 b Blafie ) TS S Pty thae
{V%%ICPB@IJ Bd wh&Ethe Qaeﬁlnﬁoﬁ%lﬁ&teﬁgﬁcM?%c@Hﬁg rreferenced
sinmul ati on proceeds a I nvoked nornal Iy Once
panpodemehory.HELis agproach isaHustyated irsFigueel Sy, Wieen the RK45
sl xStore call if the StoreSinulati gnContext flag of
{sEnse Wﬁmedg%ﬁﬁd@re%ﬁlzw typle mpgky themeurespanding pagt of

vvr ! t&ﬁe IQ clucimﬁl])é)ﬂ% Vallalgs %Cla rlie?exlteg%:% ﬁlréxjt P ayone ttl%e

'owc gure’9 eplc

kéi@tleﬁm&fa'b% 20, it Berd RS L0 Fakir® 8BTRE RaA sk, sIhs. tuple is created
context indexing is initiated when’a nodel attribute

shatuhaks greGontmexy 802 winte jtevalset are Thiased skt theerasuer fanction, a
quest ed, .the

LBl 2, A0 S0 T Lo POt o0, L ot ke
QLBEbM REs in llﬁemory with references. Thus one implementation of the present
invention includes two indexing schemes with <address, size> tuples, one for the
context related memory with both values and references 800 and one for the parts
of this memory 802 that contain references. This implementation allows the
exploitation of allocation calls for indexing. Alternatively, the <address, size> tuple
in the memory indexing scheme with references could be partitioned when one of
these referenced variables is defined. This requires a somewhat more sophisticated
registration mechanism. In an alternate implementation, the memory area is not
dynamically constructed but hard-coded as the set of variables that are part of the
context. Both indexing schemes are implemented and used in conjunction with

one another.

Since the work arrays of user defined functions are part of the indexed memory,
no additional effort is required to make a user defined block adhere to the restoration
scheme as long as variables are declared through the standard interface. For example, the
interface to declare continuous state variables is ssSetNumContStates(S,

NUM_CONT _STATES), where S references the user-defined system and
NUM_CONT_STATES the number of continuous states. T'o facilitate more flexibility,
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30

35

woul d be appended and the sane area in nenory woul d be
i ndexed an increasing nunber of tines (related to the

wauanis@o3ai tinmes a sinulation was run). A S sSoBATAS2108805504

context is witten to file by slICtxStore, or in case
of another exit path (e.g., because of error
conditions) sinulationContext is reset to indicate
that a new sinmulation run may start. When a new run is
initiated, the first context redirected allocation

. I .
PRI (RO S PR PR R iy LS LP dhbfmented
onseclefinedblatkocati on calls then conplete the nenory
i ndex:, including the schene that indexes the parts of

context nepory.that contain refer.ences instead, of

val uelve 16,18 dnin st f the Apdiimaonhaaged fqbg stored and
fdstoRed, adh&RaIB s £Bir6PidtiR¥dkel the RAbxing SperaBidhs Ald eefabilitate the
facilitates context storage. A determnation is then

perextaestorgtiovh dt i émpettant teseete theg thesnemory thatiipart Pdithe context is
m Qﬁéc{lﬁtye%f%lgen 'a i ngl a&i%ﬁ %911 bs,¥e turégteh.%ﬁa%o trc])tq?e)iltldgxleg grle\INfbefore each
SO, € el” ‘checksunt that captures the nenory nap

sihmiliidniv dedcurtl bebaiss tinges ©ahé exdeution Mk hdad Bdtnamdde (e.g., a
when it conplies with the checksum of the nodel to be

ditfaren selyer mpphavsheexehesed). restored. This is inportant
because the nodel nenory map has to be conpatible with
that of the nodel used to save the sinulation context.

The nghe rédeorakivhi g2B8cds® Bniplerhfieied Q¥ et @ath sitfilation loop as
conpleted the present sinmulation context is wittento

shaoven in italsdson itk fodlomang dodhsttippéte cont ext save has to
be done before the sl DoCQutput AndUpdate that follows
because in case of a fixed step size, evaluating

5l CORU AU ARSI PHIchcl s SHAP o ci SCT et e

ul'se generator to the next polnt tine, t restart
ontinues fromdie current point. Figure 9 depicts the
sequernce of ste whi ch the sinul ati on engi ne may

s b
r est os@_§inmﬁmmsfmﬂdéoﬁﬂ\éﬁi@%&fﬂww@dut e. The

sequence begins with the | oadContext variable set to

zer o ¢RGHPaYCO) texAnatie) SEATE (S, FeBRYEFRa3());0
whet her a stored sinulation context is avail able (

t . ' | ,( the | oadCont ext
var | abra(eCerP0Ds! SROPERAISE) " Nert . the

restoreSi nul'ati onCont ext variable is set to equal the
| oadCont ext vari abl e (step 926). If the

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

if (IstopRequested) {
ssSetStopRequested(S,true);
errmsg = sIDoOutputAndUpdate(model);
if (errmsg != SL\ _NoError) return(errmsg);

}

return(errmsg);

} /* end SimulateModel * /

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

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



10

15

20

25

si mul ati onContext variable is not set (step 927),
menory i s assigned (step 928). Next, the

weoiiznasloasdsenCont ext nenory is | oaded (step 930) PamaiS2005/005504

confirmation of the loading is nmade ( step 931). If

the simul ati on context has been restored, sinulation

takes place (step 933). The sinulation context nmay be

saved foll owi ng simul ati on dependi ng upon the user's

wi shes (step 933) determ ned either prior to

SRR &sed ' t ' ation _ cont ext

IS tg be savgg%Rﬁgkﬁgég%@%%ﬂ%£%§g€é§%%%%%énﬁﬁgISH%KHEd’

simulhtadr poGemds ex if iresked moanaliss €inct ombleted( fHledRd 36 memory is
ile freej t he signed nenory. If the sinmulation )

Sttt RSl CiislperdlE i S Sameialomianient dweon thodiock diagram is

\sad Biahb 8sét Thd cotfdxt tié’whlgéﬁ-to(a gfe%ﬂ%?}@n cX H?t%n 65 PSR

simil ation context may be used to run nultiple

amgleysatatibnom a common reproduci bl e point to test

alternatives. The restored sinulation context may be

used to run the alternative anal yses sinultaneously in

par al he|... ‘ i - ' i0n ntext ..

oy be ey e S ERIRES AR th Rt AHORY IR kS bration
mechaniain. Aihe@ontdxe isddXih@isiiftiaANRXA a VRS attribute
significant time over previous sinulation nmethods by
shsuptioRCartent Bayotaes pitt €hisds thandung thas whenranew simulation run
sinul at i for.transitory or initializatipn stages of .
3 B ey el rmetens Tomctsndieamyoit Ouervise, it
SaNaal bEE . L ual : . .
sinulatfggb?ﬁﬁshelg%ﬁg In %%%ﬁgﬁﬁ%%ygﬁﬁkgng?k%g%ég%8afaﬂng

nuarted pf kimes Thelatel Itoghe atinber efftiats ABhuBtiohWeaspues e soon as
i pvention enables sinulation of a wide variety of
EAHE XA Jritienit fileiby; dexSteres prin ¢ras eflamdtbekexit path (e.g.,

iagr . In_aneat.her, enbodi t, the simul.atjon of
BB B prrof cBRRHERY SERBHARThsere o Bdadicdte Bt a mew
@ﬁagg@ﬂgﬂh§nm&ng§tate array is parsed to identify
whet her "both directions”" of a reversible reaction
ocax r at the sane sinulation tine in the state array,
i.e., _the next two reactions to be sinulated are Ce ->
Br an®Wimn a segaunypimitiated; the digstgontensaedirected tllamasonrall resets

AR A5 R R ) ks 2 B0 e,
T AR 488 AR ARy,
Brelud?hg thiRbschefe. that indexes the parts of context memory that contain
references instead of values. This functionality is required at all times (i.c.. also
when the context is not restored) since it facilitates context storage. A
determination is then made as to whether the user requested a simulation
continuation, indicated by the loadContext flag. If so, the model checksune 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 simulation

loop is then executed and when completed the present simulation context is written
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Referring again to FIG 1, the results generated by
the sinulation engine 120 maybe used by an anal ysi s

wenvisroesasent 130. I n other enbodi ments, the anaCyRiS2005/005504

envi ronnent 130 operates directly on a nodel to, for
exanpl e, generate a steady-state value for a nodel ed
systeminstead of sinulating the system In sone of
t hese enbodi nents, the analysis tool 120 does this by
setting the derivativeof all differential equations to

& ard RehyhRghd HSte%lytﬁ%te@ﬂe %IO?SQ& ghedldsYo bler}i(gen)ee?(?r e
these en bodi nents, the analysis englne pertormns a
siDoMatpanAedbipahisibar flldws Heka@win cibetdre B, stdpsize , evaluating
determine the steady - state value of a system O her
SelaQwipmsAndbpagtearita the spatieofthadisteye pelse gphayted thythe next
éggm nq£%§is %nvironnent_120 i ncl ude using non-1linear

SR SPe, s festeit FoPYG ArQraithe CRIeRt R¥PEon anal ysi s,

par anet er scans, paraneter estinmation and network

i nference analysis. The result of these anal yses may

be pr Bigute® depidth ehesicoubmic cfibte3 By @hitBhasinkulditn EQkine may
its calcul ations. The anal ysis environnent 130 may
fasFarR sinplagen sonteres anskthien sxemier dhedeqyertdadegins with the

i ion_engine 120 or it i splay. the results
BP0 0B e oL, L AR M bR 85 o whether
£ 800 E Q@ BRRNAL Ir? CoRRYt HSGaiBPRANtY @E%' HB(Sl}eoiQ LRGN QHES
to identify to a user simlar pat ys. I'n some
ddinmentvsritlx és enad pae ésten9R4pnmdait, dR0ebtoteSihataSonContext

with data acquisition hardware (not shown in FIG 1)
V\%‘QE’FF ‘éISF‘bWseCtL}?i thprgSpateghyark p 9206)-t Babepar e

SRR AL oMLl D GRRSALTR S St s S

Next) 86 sibQulE@6HCEhteRF mBRRLY Al1BadedRHS] 990) JREIBRGAR of the
that is occurring 1 n situ.” I n sone e odiments 't he

londing inerdei (stgpfdlipt Edhosinaulaian oateayharbaangestered,
chi p.. For ex le, if _the existence of a given protein
?1%1'“%% ‘@F%%PEHBHEC Grom9Rd)- B %muéatmqmnt@étgmmm ived following

' Lndi t .t he.protei S hot exi.st, .
R A8 1L D5y P8 DadPBg PRl P e ror o
Adldtn & inYerBEtivelys UBHthy sinfll@lord Ehtkf i$itd be SR (B i%tﬁved (step

and the predicted response differ. For enbodi nent's
Wbt Jnd the sixpltion€lontexs vedabde otsedtoNELTri(sep 886 ywhildecing
t

at hered, data ma i ffer between m.crowells. In these
e e et 4 SO ooy et ps Fed it e

g : t t enbodi nent s,
?@Eﬁ%ﬁﬁxys.§h§%3#$%§%%%#t§§§®%§yP§F%%§§?a di fference
if the data froma single mcrowell differs fromthe
nmodel ' s predicted response. In sonme enbodi nents, the
anounthofestered siibhlatian tortcsnmey hetuseé tto trive niultipictanalyses from a

experinment and.the. predicted result _is . .
ﬁ?&g‘?‘ﬂ?&ﬁ?’f%ﬁ\cgﬁ? B?"Eito &sh é&ernatlves. The restored simulation context
may be used to run the alternative analyses simultaneously in parallel. In other
embodiment, the simulation context may be used to update a construction model.
The restoration of the simulation context saves significant time over previous
simulation methods by ensuring accuracy despite not having to re-run a simulation
for transitory or initialization stages of a simulation. Multiple simulatior: contexts

may also be saved from a running simulation without stopping the simulation thus
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enbodi nents, the analysis tool transmts the gathered

data to the nodeling environnent 110 so that the node
woayoslmesaswdi fi ed to account for the differencePCrmus2005/005504

still other enbodi nents, the analysis environnent 130

graphically di splays the expected result of the

experinment and data gathered fromthe experinent. In

ot her enbodi nents, the data acquisition hardware

allows the analysis tool to control an experinment that

c re S

B AP 6 Bk o SRl TR e ¥nlodBent of
thepresyms i wdikionrenables sifaBidih e ywideWariRes 6f systems and is not

enbodi ments, a nodel may call for in situ tenperature
limged o aime-basedejodediageamsnhei t. 1f a t her nocoupl e

nmeasuring tenperature of the in situ environnment

i ndicates that the tenperature has fallen bel ow 102

degrees Farenheit, nore heat may be applied to the

expe I St f i : i

Id Qﬁngtgirer g?itb%ar Qi feldiPuBabH Wt r@véi?%}ﬂe 1@9&%&? ﬁi‘aﬁurmzed-

of a nu waf e devi ces conpat '

e wmt

Irc thrgeel inbg dixhah s pthie seace atthy ixg phiveditotidgitify echatheettionl,
sinylagion, and anal ysi s environnment 100. For exanpl e,

dirertiomsd @f peatesible rapition Qe reriviie same simyRgor;tipe iethe state

it SR IRE SO BT FRE T hug Py ERBRIGERESH S B SAEECe. When
ﬂﬁi‘g@ﬂrﬂ%tﬁ MG n@Srel st Rayve ‘dh€¥ E!utﬁheé 2Be ahBmhed @l Using

acqui sition hardware interfaces w

welkaoRmacsizooptithizstiomRaghdiqi 765, his, coaceptrmby be Batedded e three

dat aacqui sition hardware can communi cate with
Of HOLe ASHPBS Hid, Wgplicrraaped Pﬁsﬁnegtcr@wtse-gl>éé?e>ﬁasl?r->l’b> Pb-
>E§IB), VI SA, TCP/ 1P, and UDP standards. Although the
Systens and net hods of the present invention have been
descri bed above as executing on a single machine, they

may Refe@ridptagdmad FIG. 1athelésatissehsated®y\thd simbiibn sapile B2 may be
X-Wndows or Mcrosoft Term nal Services. The nodeling

user by 28 ARRHs avironsehl Pa Ingrthengnhediments, tia analyry spyjrenment 130
C r '
of L] SERE0 on IR, P B U ol SRS B0 fIBC0 F Ricicled
syseahinsesd ofsimulattianthé eystann Iansomaof thesel embodimvank, therahalysis tool
de] i ng.environnent 110 _and the anal ysi :

10607 B it ateotaf aittant ot fantie flandaotyine te

R RixBhivdily? Tn 8RGEDE HRYEGH B &inRht theSBANSEE endlREHHrdBms a flux-
S*% thgse en@gdinenfs, the conputers ﬁaylge g%nnected Sa
balarxeanalysth @s isdfowatimibe lart, to Aetermine the steady —state value of a system.
Other well-known forms of analysis that may be employed by the analysis environment 120
include using non-linear solvers, sensitivity” analysis, bifurcation analysis, parameter scans,

parameter estimation and network inference analysis. The result of these analyses may be

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

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

acquisition hardware (not shown in FIG. 1) which allows the analysis environment 130 to
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t opol ogi es i ncluding bus, star, or ring topol ogies.
The network can be a local area network (LAN), a

woRbesopsd3it an area network (MAN), or a wi de ar ear/US2005/005504

network (WAN) such as the Internet. And the respective

conmputers may comect to the network 180 through a

variety of connections including standard tel ephone

lines, LAN or WAN |inks (e.g., TlI, T3, 56 kb, X 25),

broadband connections (1SDN, Frame Relay, ATM, and
}%{!@ﬁ’lé \% ﬁ@&feh@ﬁ%ﬂl%ﬁ%ﬁ&ﬁtﬂ%tac 3h tﬂé?ﬁi &ﬁﬁoﬁﬁhén%g] Qs gathered

usi ari ety of communication protocols (e.qg.,

TaR/ athgdnﬂg(ﬁx@E)ﬁenNe 1Rd@ScorNet BEtdnerafiMBnodel bethesdaction that is

ARCNET,. Fib []strb ted ta Interfacelsaagg, .

prevEHI i Fik 15 gome g ?‘%@Eﬂté  okpgrimentes Gepgucteflprt 4 ipjepoarray or a

882 chibd FaPek i GthASUNGINE PR Yiveh BRAGH §s'p963ﬁc)ted W‘a model but data

émbodi nent of the present invéntion rel ates

ewpped ﬁomshm@gmnpmtmmthcatesﬁhm thechiroiginadosomys @Kl@fs thee\adabs ool 130

R O B P B R PP R PSR SR ggrecice
FeRpaIdt Biffef Ol eﬁmsd]h@ntsfh@%cﬁnﬁ&mbhmeﬁ%aﬂa@dﬂem microarray,

constructed for the &grposes of the present invention,

B cethesed datpmeayshiiferde qcm migpvelly diuthaspembadimenis the anglysis tool

%%g%gﬁr%\%?gal&é%ft% é eres ddabz? I%l}a : nc‘g\%ﬁocﬁl@%@s the ana1y51s

aotirohmentt 180 niay: sighabnditfeenceid the datacﬂ’oms sibgle thichos/ich dlffers from the
s O%(%Pé dél@ﬁi WF&%‘P g@gggg'@% repcht t I C A n?glﬂﬁgabsig glfference

t |
Piteel et Gu RS el %%"Ei?‘nf%ﬁ"%zﬁ%ﬁ ChRAPIcE S other
dnb&chm;ntg&hwmw}stsn@dl sransoiitsdbe gatherbdiddtd b modemg snvienmthent 110

I,8 car.ds d. hardwa fe de ces t e )
o P o Gnee BbeoHB: BRI SHEERe YRy enbodiments,
8R48al §§é‘ﬁ1’n@§m€ﬂﬂ|3 AP @SSIhY the ExXpeBd ALGHLG d

AS?%S , field- p9§ga?’l§&mm%| gﬁg}gttee a)lryreays (Il%fliocsb}gJS &wehﬁleman
&lt@gathﬁﬂ@iﬁbl@th@?ip@ﬂmemces ("PLDs"), read only
nmenori es ( ROME"), random access nenories ("RAM"

erasa ?m I B%

and eple r| o Ea@gb?é%cﬁg‘lg&r{%ﬁa gérg rﬁlécgwoﬁﬁﬁ slstool to
w1l ale&(pémﬁﬁmv’lis th prdgresspheed offtheresghy gﬁ{ereﬁ@ﬂ@l th@siinulation
maybe enbodi ed on. such conputer-readable nedi a i ncl ude

Réing 179 dgre endhodiments BRRrRSSH BycogstEystipn plajanogpghinery. In these
Eﬂnt&ﬁme&gta%uéﬂ Hlag RN RY d ﬁea%mg&gﬁré tla_@t‘: aPl08 d@gl%swa&éhheu Ifa

a conputer usihg an | nterpreter exanpfe
thermocouple measuring temperature of the in situ environment indicates that the

temperature has fallen below 102 degrees Farenheit, more heat may be applied to the

experiment.

Data acquisition hardware may include any of a number of hardware devices
compatible with the computing platform executing the integrated modeling, simulation, and
analysis environment 100. For example, in embodiments in which the environment 100
executes on a personal computer, the data acquisition hardware interfaces with the local
system bus 220. In embodiments such as those shown in FIG. 2B, the data acquisition

hardware interfaces with the HyperTransport bus, Rapid I/O bus, or InfiniBand. The data
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enbodi nent of the invention maybe inplenented using
Java, C++, or other object-oriented progranmm ng

woOanguwass4 and devel opnent tools. Wiile the preBemtus2005/005504

i nvention has been described with references to
various specific enbodinments, it should be understood
by those skilled in the art that various changes may
be made and equival ents substituted wi thout departing
manuf actured by the spirit and scope of the invention

. L ai .
BB oD ARBERNA o Pt Pl Moments char use GPIB
QEBRY88NHPIBY VIS, TCPPPRSird UDPftafiddrter, net hod,
process, series of steps to the objectrve of the
present invention while staying within the spirit and
scopefbhongl thasistamomndme tadsiof vbel prdsertt inverfiair kave been

AR ERITSh A, ROk AR R I8, SPRESERS i i i
Q& eB‘%ﬁBnﬂl%ﬁg Eﬁégl?%e}‘g‘!iw&db%_fsﬁr?@&?os‘o‘?t Panlihs N edicS! ePse

In a particu [ e under stood that

, Tt W
inoelsBng taysommyntk] ¢ sirhulaedn esgliredi2l, dad analysis eavittairgent 130
to forman equival ent nethod w thout departing _.

man grdt EXACEEr O serEate aardhinggsobthey weaypheagaiegated in any

i nventi.on., Accaordi ngl nl ess eci fical ly,indicat.ed

b Bt iOp s Pty - S PRgraf 16 cais Paricigs b Edifient, he
hlodefifd eAMrSimERe] Y 858 Me AMRRIIRQIARRANS T 30 Axe&ctddbn a
version="1.0" encodi ng ="UTF-8" ?> - <nodel nane=

“dieal’t KochsoylakMbdsimitationenginessxedutes on a “server” machine. In
<hl >Fi el d- Kor os- Noyes Model of BZ Reacton</h]> -

hegh pwbpdiments; e copPiERERY §e coynesterd ViR of ngtwork

S P Aot 9301 o e
e tRRAX PLANY, b Inetropolitan area network (MAN), or a wide area network
(WAN) such as the Internet. And the respective computers may connect to the
network 180 through a variety of connections including standard telephone lines,
LAN or WAN links (e.g., T1, T3, 56 kb, X.25), broadband connections (ISDN,
Frame Relay, ATM), and wireless connections. Connections can be established
using a variety of communication protocols (e.g., TCP/IP, IPX, SPX, NetBIOS,
NetBEUI, SMB, Ethernet, ARCNET, Fiber Distributed Data Interface (FDDI),
RS232, IEEE 802.11, IEEE 802.11a, IEE 802.11b, IEEE 802.11¢g and direct

asynchronous connections).

An embodiment of the present invention relates to a computer storage product
including a computer-readable medium having computer code thereon for performing
various computer-implemented operations. The media and computer code may be those
specially designed and constructed for the purposes of the present invention, or they maybe
of the kind well known and available to those having skill in the computer software arts.
Examples of computer-readable media include, but are not limited to: magnetic media such

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

-51 -



10

15

20

25

- <td> 5 R J.Field and R M Noyes, J. Chem Phys. 60, 1877

(1974) ; R J.Field, E Koros, R M Noyes, JACS 94, 8649
wO0208052p3¢@4J. Field, R M Noyes, Nature 237, 390 ( BOTA)52005/005504

This inplenentation is taken manufactured by J.D.

Murray, "Mthematical Biology" (1989) page 181. <a

href=""/ > 0 </td> </tr> </tbody> </table> - <table

border="0" ce!l spaci ng="0"' cel |l paddi ng="2"> 5 <t head>

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

HEGCBVRLRORRE PRAS: m%cz{ﬁ'dgbh%ﬁ?ﬂc@%vﬁésr adt gﬁj(; 3l Dhedia such as

<t body> - <tr> <td> ersi on o oV-
ﬂ@tmblahshsséojadﬁ@mmammesm&as ﬂasln élhvb S cmmﬂmmtstmkd(ﬂb ciusls,

ically. ignored, dc be re
Mabhicnet, S hmaialilp iR ey ioriate faEe Bty
co]aﬁ?ﬁ!r%@ aR_LAd e)aec% 5 (%‘rdi‘n éocféBMe})l as éf)f)l‘ijcﬁuﬁﬂ %Se%lﬁ{c! thR8AYER circuits
</Table> - <tab er="0" | spaci ng=
("ééi[(ﬂqﬂ}a@dldﬁggﬁmablegamys (FPGAs) programmable logic devices ("PLDs"),
read only memories ("ROMs"), random access memori es ("RAMSs"), erasable

programmable read only memories ("EPROMSs"), 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 coxmpiler, and files containing higher
level code that are executed by a computer using an interpreter. For example, an
embodiment of the invention may be implemented usirag Java, C++, or other object-oriented

programming language and development tools.

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

steps is not a limitation of the present invention.
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- <tr> <th align="left" valign="m ddl e"
bgcol or =" #eeeeee">Rate constant </th> <th align="left"
woabisgnss3m ddl e" bgcol or =" #eeeeee" >React on</t RETAKLIVS/005504
5 </thead> - <tbody> - <tr><td>kl =i.3</td> <td>Br +
Bra3 -> HBrQ2 + HOBr</td> </tr> - <tr> 5 <td>k2 =
2000000</td> <td>Br + HBrQ2 -> HOBr 2</td> </tr> -
<tr> <td>k3 = 34</td> 0 <td>Br@3 + HBrOQ2 -> Ce 2 +
HBr Q2 2</td> </tr> - <tr> <td>k4 = 3000</td> <td>HBr Q2
2 ->Br@B + HBr</td> 5 </ - <hr> <td>k5 =
0. 02</ t a5 <tdsCo -> B f < ARPengpEAL” <L body>
</t abl e>
<?xml version="1.0" encoding="UTF-8" ?>
<model name="FieldKorosNoyesModel">
- <notes>
5 <h1>Field-Koros-Noyes Model of BZ Reaction</h1>
<table border="0" cellspacing="0" cellpadding="2">
<thead>
- <tr>
<th aligh="left" valign="middle" bgcolor="#eeeeee">Citation</th>
10 </tr>
</thead>
- <tbody>
- <tr>
- <td>
15 R.J.Field and R.M.Noyes,]J.Chem.Phys.60,1877 (1974) ;
R.J.Field,E.Koros,R.M.Noyes,JACS 94,8649 (1972);R.].Field,
R.M.Noyes,Nature 237,390 (1972) This implementation is taken
manufactured by J.D. Murray, "Mathematical Biology"” (1989) page 181.
<a href="" />
20 </td>
<ftr>
</tbody>
</table>
- <table border="0" cellspacing="0" cellpadding="2">
25 <thead>
- <tr>
<th align="left" valign="middle" bgcolor="#eeeeee">Description</th>
</tr>
</thead>
30 <tbody>
- <tr>
<td>Field Noyes Version of Belousov- Zhabotinsky Reaction. BrO3 is held
constant; HOBr is typically ignored, and can be replaced by an empty- set.
The stoichiometry f is typically taken as 1/ 2 or 1 (denominator 1 or 2 in
35 SBML) .</td>
</tr>
</tbody>
</table>
- <table border="0" cellspacing="0" cellpadding="2">
40 <thead>
- <tr>
<th align="left" valign="middle" bgcolor="#eeeeee">Rate constant </th>
<th align="left" valigh="middle" bgcolor="#eeeeee">Reaction</th>
<ftr>
45 </thead>
- <tbody>
- <tr>
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- <tabl e border="0" cellspacing="0" cell paddi ng="2">
<thead> - <tr> 5 <th align="left" valign="m ddl e"
wogoewsloosesd #eeeeee" >Var i abl e</th> <t h al i gn="1 ePCT/US2005/005504

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

align="left" valign="m ddl e"

bgcol or =" #eeeeee">CDE</t h> </tr> </thead> 0 <t body> -

<tr> <td>Br</td> <td>0.003</td> <td>Br'[t] ==
-(kI*Br[t]*Br3[t]) + f*k5*Ce[t] - k2*Br[t]*HBrQ2[t] <

<td;;g1>_51 sllifgz - <tr> <td>Ce</td> <td>0.05</td>

td (E’rd§-1>ﬁ*so(2k-5*|-ﬁ9ﬂ ¢ 2*k3*BrB[t]*HBro2[t] </td>
<td-B 7>- tr> - <tr>r <td>HBr02)<t?td> <td>0 Od </ td>

<tr>td>HBr@ [t] == kI *Br[t]*BrO3[t] - k2*Br[t]*HBrO2[t]
5<td %@%ﬂt ;'BfOQ[t] - k4*HBrQ2[t] 2</td> </tr> -
st 1o
</tr>
- <tr>

<td>k3 = 34</td>
10 <td>Br0O3 + HBrO2 -> Ce~2 + HBro2/~2</td>
<ftr>
- <tr>
<td>k4 = 3000</td>
<td>HBrO2/~2 -> BrO3 + HOBr</td>
15 </tr>
- <tr>
<td>k5 = 0.02</td>
<td>Ce -> BrAf</td>
</tr>
20 </tbody>
</table>
- <table border="0" cellspacing="0" cellpadding="2">
- <thead>
- <tr>
25 <th align="left" valigh="middle" bgcolor="#eeeeee">Variable</th>
<th align="left" valign="middle" bgcolor="#eeeeee">IC </th>
<th align="left" valign="middle" bgcolor="#eeeeee">0ODE</th>
</tr>
</thead>
30 <tbody>
~ <tr>
<td>Br</td>
<td>0.003</td>
<td>Br'[t] == -(k1*Br[t]*BrO3[t]) + f¥k5*Ce[t] - k2*Br[t]*HBroO2[t]</ td>
35 </tr>
~ <tr>
<td>Ce</td>
<td>0.05</td>
<td>Ce'[t] == -(k5*Ce[t]) + 2*¥k3*BrO3[t]*HBrO2[t]</td>
40 </tr>
- <tr>
<td>HBrO2</td>
<td>0.001</td>
<td>HBrO2'[t] == k1*Br[t]*BrO3[t] - k2*Br[t]*HBro2[t] +
45 k3*BrO3[t]*HBro2[t] - k4*HBrO2[t]"2</td>
</tr>
- <tr>
<td>HOBr</td>
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<td>HOBr'[t] = = kl*Br[t]*BrO3[t] +
2*k2*Br[t]*HBr2[t3 + kd4*HBrQ2[t] 2</td> </tr> 5
we20d5md3634 </ t abl e> </ body> </ not es> - PCT/US2005/005504
<li st Conpartnents> 0 <conpartnent nane="BzZ" / >
</[listOf Conpartnments> - <listO Speci es> <speci e
name="Br" initial Anpunt="0.003" conpartnent="BZ"
boundaryCondi ti on="false" / > 5 <speci e nane="Br G3"
initial Amtount="O |" conpart nent ="Bz"
<tdosngdasyCondi tion="true" / > <speci e name="Ce"

<td WOBRI YR ltr*é)r [P BrONRAL! EERE*B#K]*HBroth] )
bpuadﬁwgg@gj{t faI se" / > <specie nane="FHBr Q2
Lartial Anou 001" conpartnment ="BZ" 0O

5 bapasaryCondi ti on—"fal se" | > <speci e name="HOBr"
LpLhkal Amount =" 0" conpart ment =" BZ"

Qj%g aryCondi tion="fal se" / > </listO Speci es> -
<}n0 Reacti ons> 5 <reaction nanme="Reactionl"

3 <h§t%¥&5n‘°i Le=nfal se"> - <listOf Reactants>
10 <cS eren ,s}J>eC| e="Br" /| > <specieReference

E onmpa??r%enés>

- <hstOfSpec1es>
<specie name="Br" initialAmount="0.003" compartment="BZ"
boundaryCondition="false" />
15 <specie name="Br03" initialAmount="0.1" compartment="BZ"
boundaryCondition="true" />
<specie name="Ce" initialAmount="0.05" compartment="BZ"
boundaryCondition="false" />
<specie name="HBr0O2" initialAmount="0.001" compartment="BZ"
20  boundaryCondition="false" />
<specie name="HOBr" initialAmount="0" compartment="BZ"
boundaryCondition="false" />
</listOfSpecies>
- <listOfReactions>
25 <reaction name="Reactionl" reversible="false">
- <listOfReactants>
<specieReference specie="Br" />
<specieReference specie="Bro3" />
</listOfReactants>
30 <listOfProducts>
<specieReference specie="HBroO2" />
<specieReference specie="HOBr" />
</listOfProducts>
- <kineticLaw formula="Br¥*Bro3*k1">
35 <listOfParameters>
<parameter name="k1" value="1.3" />
</listOfParameters>
</kineticLaw>
</reaction>
40 <reaction name="Reaction2" reversible="false">
~ <listOfReactants>
<specieReference specie="Br" />
<specieReference specie="HBrO2" />
</listOfReactants>
45 <listOfProducts>
<specieReference specie="HOBFr" stoichiometry="2" />
< /listOfProducts>
- <kineticLaw formula="Br*¥HBro2*k2">
- <listOfParameters>
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</listOF Reactants> 0 <listO Products> <speci eRef erence
speci e="HBr 2" / > <speci eReference specie="HOBr" / >
we2b0sabsd3Pr oduct s> - <ki neti cLaw f or mul a=" Br * BPCBAUSR005/005504
5 <listOParaneters> <paraneter nane="kl" val ue="1. 3"
/| > </listOParanmeters> </kineticLaw> </reaction> 0
<reaction nane="React on2" reversible="fal se"> -
<l i st Of React ant s> <speci eRef erence specie="Br" [/ >
<speci eRef erence specie="HBrQ2" / > </|i st Reactant s>
<parahictd GhPhodyal sz sPopoababerence speci e="HOBr "
< Ab@irbhiaai®eky="2" / > </NstOf Products> - <kineticl_aw
</ kg{é{ﬂé‘_ 7 Br *HBr 02*k2"> - <l i st Of Par amet er s><par anet er
k2" val ue="2000000" / > </|istCf Paraneters>
<rea§?i@'ﬂ§ ' C—"‘ﬁ#‘? ﬁléﬁfarcétv'e% = t'Lon name="Reacti on3"
a -

- <listOf, <l st eact ant s>

<spec?é‘h%?ér‘8 f §JLnceppgsele="Bra” / >

<specieReference specie="HBro2" />
</listOfReactants>
10 <listOfProducts>
<specieReference specie="Ce" stoichiometry="2" />
<specieReference specie="HBrO2" stoichiometry="2" />
</listOfProducts>
- <kineticLaw formula="BrO3*HBrO2*k3">
15 <«<listOfParameters>
< parameter name="k3" value="34" />
</listOfParameters>
</kineticLaw>
</reaction>
20 <reaction name="Reaction4" reversible="false">
- <listOfReactants>
<specieReference specie="HBrO2" />
</listOfReactants>
- <listOfProducts>
25 <specieReference specie="Bro3" />
<specieReference specie="HOBr" />
</listOfProducts>
- <kineticLaw formula="HBrO2,2*k4">
- <listOfParameters>
30 <parameter name="k4" value="3000" />
</listOfParameters>
</kineticLaw>
< /reaction>
- <reaction name="Reaction5" reversible="false">
35 <listOfReactants>
<specieReference specie="Ce" />
</listOfReactants>
- <listOfProducts>
<specieReference specie="Br" stoichiometry="1" denominator="2" />
40  </listOfProducts>
- <kineticLaw formula="Ce*k5">
- <listOfParameters>
<parameter name="k5" value="0.02" />
<parameter name="f" value="0.5" />
45  </listOfParameters>
</kineticLaw>
</reaction>
</listOfReactions>
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<speci eRef erence specie="HBrQ2" / > </|i st Reactant s>
0 <Nst O Product s> <speci eRef erence speci e="Ce"
wetaismasamet ry="2" /| > <speci eRef erence speci erCHBISEDS/005504
stoichionetry="2" /| > </listCO Products> - <kineticl_aw
formul a="Br 3*HBr O2*k3"> 5 <l i st Of Par anet er s>
<par anet er nane="k3" value="34" |/ >
</listCf Paranmeters> </kineticLaw> </reaction>
Q<reaction nane="Reaction4" reversible="fal se"> -
<hohefiReact ant s> <speci eRef erence specie="HBr2" / >
<é%h§ﬁ§IREactants> - <listOProducts> 5
<$§pecl eRef erence specie="Br(33" / > <speci eReference
specie="HOBr" / > </listO Products> - <kineticlLaw
formul a="HBr2 2*k4"> - <listO Paraneters> 0
<par anet er nane="k4" val ue="3000" / >
</listCf Paranmeters> </kineticLaw> </reaction> -
<reaction nane="Reacti on5" reversible="fal se">
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<l i st O React ant s> <speci eRef erence specie="Ce" / >
</ Nst Of Reactants> - <listO Products> <speci eRef erence

wepewsioess3Br " st oi chi onetry="1" denom nat or =" 2" PCTAIS2005/005504

</[listOf Products> - <kineticLaw formul a="Ce*k5"> -

<l i st Par anet er s> <par anet er nane="k5" val ue="0.02" /

> <paraneter nanme="f" value="0.5" / > 5

</ Nst O Par anet er s> </ ki neti cLaw> </reaction>
</listO Reacti ons></nodel > </ sbm >CLAI M5 What is

claimed as new and desired {9, rotected by Letters
Patent of the United States 1s: 1. A systemfor

i ntegrated nodeling, sinmulation and analysis of a

bi ol ogi caVhaystlemadrsmeiraidulisisediodegsstested bt ctterg Patent of the

Sﬁﬁ% Eﬁﬁd by chem cal reactions, the system

a nmodel i ng conmponent for constructing a
nodel of the bi ol ogi cal systen1 a S|nulat|on englne in

h d t
i i 31 BV SRE IRG S G G OSLs GURAERS SEerSRp g eSa biological
model gtefnhﬁaﬁin%hf?ﬁk FhceSs LEIP d’ﬁ{&jbg 895%91%%{:{%9 gﬂlg{]ﬁ'l feactions,

behaV| of the cons ructed no as out pu
anal yshs sgsssthrconi@Bing: N conmuni cation with said
simul ation

a modeling component for constructing a model of the biological

system;

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

constructed model as output; and

an analysis environment in communication with said simulation
engine and said modeling component, said analysis environment for

analyzing aspects of the constructed model.

2. The system of claim 1 wherein the modeling component comprises an
environment for construction of a block diagram model of the biological

system.

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

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

4. The system of claim 1 wherein the modeling component accepts user

commands and input for constructing the model of the biological system.
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engi ne and sai d nodeling conponent, said analysis
envi ronnent for anal yzi ng aspects of the constructed

woundesi93ed4. The system of claim 1l wherein the POTRIS20§/005504

conmponent conprises an environnment for construction of

a bl ock di agram nodel of the biological system 3. The
systemof claim2 wherein the nodeling conponent

further includes at |east one block identifying a set

of related chem cal reactions. 4 . The system of claim
1 wherei kL e

and | purt e RpaEts e LPRRERCAI BEFARIGY Hifthe EPIERRCR:.

syst edliyhamititehayist efmiaf césatuttel fﬂ@dél&hﬁh% @isebchastic computational
simul ati on engi ne generates the dynam c behavi or of

t he comdaluct ed nodel using a stochastic conputational
nodel . 6. The systemof claim1l wherein said

simul ati ' : he. ' '

he. constrionen o aaRe 1o Reh G EHRAML P EIAKL Bhailces he
conputdghhar@eha®de bf the cdideruehst @BUel usih@ b Mistrdtd @HR)-Pased
said simulati on engi ne generates the dynam c behavi or

of t heoupmsitionel medabdel using a continuous tinme-based
conmput ational nodel. 8. A nmethod for integrated

or aceda BarnPELr Lt Aedl AR BE o Bl AP Bterpis che

t he metihadicaiiavios ofithd EenssheRs Bbdel @ing R6hfikEdhs@ma-based
model of a the biological process; (b) generating,

usi ng cohputasiostl moded nodel of the biol ogi cal process,
dynam c behavi or of the nodel ed bi ol ogi cal process;

and ( [ ' i G:. he 11O ' . :
2oy, L) Snah Al A5 AT AR REo Rl LA ¥ icogica
CONPr ipsScess QMapidies b pudliBl Sdhediiad redtiond ethe GhetBod comprising
chem cal reaction that is part of the biologica

pr oceghe steps offhe net hod of claim 9 wherein the bl ock

di agr am nodel i ncl udes at

(a)  constructing a model of a the biological process;

(b)  generating, using the constructed model of the biological

process, dynamic behavior of the modeled biological process; and
(c) displaying the dynamic behavior on a display device.

9. The method of claim 8 wherein step (a) comprises constructing a block

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

10. The method of claim 9 wherein the block diagram model includes at
least one block identifying a set of related chemical reactions that are part of

the biological process.
11. The method of claim 8 where step (a) further comprises:

(i) providing a graphical user interface for accepting user

commands and data;
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| east one block identifying a set of related chem ca
reactions that are part of the biological process. 11.

woheosrmesdied of claim8 where step (a) further PCT/US2005/005504

conprises: (i) providing a graphical user interface
for accepting user commands and data; () receiving, via
the provided graphical user interface, user comrands
and data; and (iii) constructing, using the received
user conmands and data, a nodel of the biologica

process. 1§ue>ner ac%c@%&? de I_he%r Vﬁeg I%‘%)ﬁﬁ%l uag'II ﬁge Fa@: user

conpri ses I'ng,<’ust ng

the biehagingslnB/HAELSAd dynan1c behaV|or of the
nodel ed bi ol ogi cal process usi ng a stochastic

conmput ational nodel. 13. The nethod of claim8 wherei
step (b) cEHpri 5@%8%@&9&% 1®§q0ﬁ§ef1h1éerc%9@trxaeéwaddata a

nodel _of bl0| C cess, dynam c behavi or of
the nBareleL B pRREBRGT PR,

rocess using a discrete
ti me- based conputatlonal nodel . 14. The met hod of

cl ai ml3. Wier mithat efcl{in) 8 vdrpeinsep e engirisng gensatige, using
the constructed nodel of the blologlcal process, and
dynanilke gunaviced mpdele! the pirlegicn) %Oééﬁsc‘él’naé‘iﬂé dihavior of the

usi ng_a ous tine- nmputat i onal

A ot RO DTS kr O B8 SRR PR B model

anal ysis of a biological process conprising a

pl ur allBt yI'lef mettend cfadlaine 8 atlienein, stdphih )rteiniprites: gendratsnggising
t he steps of constructing a nhodel

bi och& %‘H}S%HCE?@??‘@§ Plrpfathﬁ@éfépgwgl mr@ﬁ%némmle@fhavwr of the

analy2|n t onstruct ed nodel,. he bio ca
or oo LRI RAR pHSoeBC e € iftock PRnc eltb it
resul;nngLthe nmodel i ng conponent 16. The net hod of
claim 15 wherein step (b) conprises analyzing the
14. The method of claim 8 wherein step (b) comprises generating, using
the constructed model of the biological process, and dynamic behavior of
the modeled biological process using a continuous time-based

computational model.

15. A method for integrated modeling, simulation and analysis of a
biological process comprising a plurality of chemical reactions, the method

comprising the steps of:
(a)  constructing a model of a biochemical process in a modeling
component;

(b)  analyzing the constructed model of the biological process to

generate a result; and

(¢) transmitting the result to the modeling component.
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constructed nodel of the biological process using
bi furcation analysis. 17. The nethod of claim 15

wohers@oss3st ep (b) conprises anal yzi ng t he consPCcuaiSem®s/005504

nodel of the biological process using sensitivity

anal ysis. 18. The nethod of claim 15 where step (b)
conpri ses anal yzing the constructed nodel of the

bi ol ogi cal process using paraneter estimation. 19. The
nmet hod of claim 15 wherein step (b) conprises

anal ylgnorf N ARNELF e 45 DeLinaled 119 BalAgl 68l sing the

process using a non-I1near Ssolver.

cl ai mcbhstriteé® fbdet SPtl{cmio_llﬁ%mﬂ bSeesPfdhy bififtatibR analysis.
constructed nodel of the biol ogical process using

flux- ce anal ysjis.. 21. A systemfar integrated.
model ﬁ?g, msthad cl@ﬁa%éﬂé}%msst% () s nalyzing the
reacti [.SiNg; I onpo .. :
const 1T RGP e By AR pFAIRRIAR sorlivic anatysi.
simul ati on engine in comunication wth said nodeling
conpodéntThesmiethxl ofitlait df vange sepddbg eptipnigesamalynjig the

t he constructed el. of. the chem cal reaction and .
gener éPP?F(qué?f? &9@@ pEEnedRipigicah RERESHPSIRE BURBYET: csEmation.
an anal ysis environment in conmunication with said

si nul aoi, OPhERFHR SNElaith 15 AR SnRGLt B NDngHELO BN zing the
sai d anal ysis environnent perforns anal ysis and

di spl apsstriedrpelet efittwmbiplagical procEheusys b eowndineat solver.
21 wherein the nodeling conmponent conprises an

envir Qﬁﬁﬂg f constir.uct bon of. a bl ack di agram node

of a _?hém ceaw%#heoacg iﬁc&%l.nb%s 6“8 §?Peﬂ? oc_fOm o] r%lé yzing the
wher eicBnéthec e ARl deN8f ARIMMBRYEAL bHEdebehisihd likddamingd analysis.
| east one block identifying a set of related chem ca
reactions, 24. The system of claim 21 wherein the

model iZrlg ‘& &Y doit iIngearatsdanadeling simalaaen apd apalpsis of o ehemical

construct.i ng the. nodel of the chem cal reaction. 25.
The s§§ Ce%n%fm@rgfnr%'m wherei n said sinulation engine

generates the
a modeling component for constructing a model of the chemical

reaction,;

a simulation engine in communication with said modeling
component, said simulation engine accepting as input the constructed

model of the chemical reaction and generating an expected output based on

the model; and

an analysis environment in communication with said simulation
engine and with said modeling component, said analysis environment

performs analysis and displays the expected output.

22. The system of claim 21 wherein the modeling component comprises an
environment for construction of a block diagram model of a chemical

reaction.

-61 -



10

15

20

expected out put using a stochastic conputationa
nodel . 26. The system of claim 21 wherein said

weiznasloasd3en engi ne generates the expected out pRCTAWSR209§/005504

a discrete time-based conputational nodel. 27. The
system of claim 21 wherein said sinulation engine
generates the expected output using a continuous
ti me- based conputational nodel. 28. A nethod for
i nt egrated nodeling, sinmulation and anal ysis of
chem gal .on he h rishng the st

g ? . 'Irh%asgrétﬁgi 5% %lg%n %Dggxél}e?(gl%lccﬁg?%ééchngl compol AP Further

of : ( cons a chem ¢ i"on;

(D) geREIdRE b thastuShdBlocR eI GRIFEhE dGEEES FRAEY cHémIcliFreactions.

chem cal reaction, an expected output of the nodel ed
chem cal reaction; and &c) di s_plﬂ?lyi ng t he expected
out pu4orhs PP af claiay L4 avheygn trp anedalingFostparieat areegts user

st B S5 e BB HE 8y B SRS pencin.

of claim 29 wherein the bl ock diagram nodel includes

at | ed5t Tdresybleockf ¢ldiem 2l fwhareinaasiedimafationl aighek generates the
chem cal reactions. 31. The method of claim 28 wherein
step ECE)CCEShPRIPEEsing;a stpehastieirergPatagionghmedel user
interface for accepting user conmands and data; ()

recei ggn q?hevsjy?tehh 8f BLRY b Sfh SRl sald iSRS ¢ %enerates the
commands and data; and (1) constructing, using the

r ecei eggtcuskeoutpoummuings disdetaimne-basstbaahpafativhel model.
chem cal reaction. 32. The nmethod of claim28 wherein

ool 221 TR S SRR A S BB BB s
the n@g@d@é@i @@In g LAFIHRIBUY ShObed (BR{ARAGnal model.
comput at 1 onal del . “33. The nethod of clai'm 28

wherein step (b) conprises generating, using the )
const E8ctlemn forgntaghieted meedding, sigudatignandanalysis of chemical

OB S BH IHLLuS UL S, ShaL Gl eact! o uein

(a)  constructing a model of a chemical reaction;

(b)  generating, using the constructed model of the chemical

reaction, an expected output of the modeled chemical reaction; and
(c) displaying the expected output on a display device.

29. The method of claim 28 wherein step (a) comprises constructing a

block diagram model of a chemical reaction.

30. The method of claim 29 wherein the block diagram model includes at

least one block identifying a set of related chemical reactions.
31. The method of claim 28 wherein step (a) comprises:

(i) providing a graphical user interface for accepting user

commands and data;
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25

nodel . 34. The method of claim28 wherein step (b)
conprises generating, using the constructed nodel of

woOheosmasasi cal reacti on, an expected out put of PO®US2005/005504

nodel ed chem cal reaction using a continuous

ti me- based conputational nodel. 35. An article of

manuf act ur e havi ng enbodi ed t hereon conputer-readabl e
program nmeans for integrated nodeling, simulation and

anal ysis of chem cal reactions, the article of

manuf act ur g \conpr.i.si ng. : [y

nmeans for @3ns?i% ﬁ%‘?@% Vlgcrr?rlgg’gﬁg‘gg?a glg%ﬁglfﬁ%%‘g{’qgé%%r?r&% ds and
compuggh-fiRRdabl e program means for generating, using

the constructed nodel of the chem cal reaction, an

expect ed oytput of the npdel ed chem cal reactiopn; and
conput er - r GAHEMISEUSHBS R gEiEeceiged P lonynRyisiand data, a
expecte t +.36. e article of manufacture of

cl ai M3 e%ﬁtglr%&hﬁmé%ai}-gﬁaggﬂ%‘ut er - readabl e program neans

for constructing a nodel of tli-e chemcal reaction

conpr 33.eThe amgrhodroficbaiddll whpreig st@p (b aosptieds generating, using

construicting a block di agram nodel of a chemni cal .
r eact thsrrongyucted anagdeljof dac ghermigal eaetieib-engrpeqted prgptt of the

wkaer ej id co t.er.- readabl [ 0gr am s for
const PReR R Pe Sl e hph SRR T Solh A8 PRI B skl iode
reacti on includes conputer-readabl e program neans for

const 83ic lhagnathodedstaim2s herkn satpr(bi) typmpgisa geatravihg, using

rel ated chem cal reactions. 38, The article of
manuf Betsonstrugted modsl o the gheraical reariRR-An XBgg®PEtput of the

DY 001 ANAIRANS 9L JERBLALING ARLEXPEE 48R bobbublional

the no em cal reactl conpri ses

conpuiRydel, €adabl e program nmeans for generating an

expected result of the nodel ed chem cal reaction using

a stochastic computational nodel. ) . .
34. The method of claim 28 wherein step (b) comprises generating, using
the constructed model of the chemical reaction, an expected output of the
modeled chemical reaction using a continuous time-based computational

model.

35. An article of manufacture having embodied thereon computer-readable
program means for integrated modeling, simulation and analysis of chemical

reactions, the article of manufacture comprising;:

computer-readable program means for constructing a model of a

chemical reaction;

computer-readable program means for generating, using the
constructed model of the chemical reaction, an expected output of the

modeled chemical reaction; and

computer-readable program means for displaying the expected

output.
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39. The article of manufacture of claim35 waerein
conput er -r eadabl e program neans for generating an

wexpsmved4resmt of the nodel ed chem cal react POWUS2005/005504

conpri ses conputer-readabl e program neans for

generating an expected result of the nodel ed chem ca
reacti on usi ng an event-based conputati onal nodel. 40.

A net hod for integrated nodeling, simulation and

anal ysis of chem cal reactions, the nmethod conprising

the steps ofr (a) constructing a nodel of a chem ca
reaction; (b) analyzing the constructed nodel of the

chemi cal reaction to generate a result; and (c)

t ranggi tiliengtitleeofmesuifictire ofhdainpde kitmerein said computer-readable
environment. 41. The nethod of claim40 wherein step

(b) E&ﬁ?ﬁlins@éafb?rfﬁlf Fonsigictng acBrdedchedchrsinl r@ﬂﬁﬂ% comprises
chem_cal act kon using hifurcation. an

et oo ppEEREN s P hARER paf RS s bodaiadi model

anal ¥zh RHeti¥8] f£QRSEH UCE ed nDdeI of t he chem ca
reaction using sensitivity analysis. 43. The method of

cl ai m 40 wherejn stepf(b) conprlses anal yzing the
cons B uckhscpriplgert rarnuipen t%ﬁﬁ HH) 3¢ ahagycynsaidicpgpputer-readable
paranmet er esti nat

of d
wher EI'? ”%?‘e%e?%s) 68%%? %Cgélgaan §/1§ Hﬁéf‘f‘ﬂle consta%*‘t ehpmical
nodekeRfioh Mc168&MdmAbu L AGHLBIR P#SbAth anBatk fok REAktructing at least
sol ver. 45. The method of claim40 wherein step (b)
conppins ddockndeytafyng 4 bet of oclstedutiesdcalroctet tiods. t he
chem cal reaction using flux-balance analysis. 46. The

et h%gt olthecaltrglcfn o‘ko?%%u &H St {?u’n( g%gvgjf%r ) nggutcu -readable

generating, usin StPucteu

che %E@%raﬁl%éiﬂs%r oBRcBtRe ah RUpE@&dds 18t of E?e Ml&l‘jchemlcal

chem cal reaction using a contlnuous tine-based

conputaatipnweinprsdetomputer-readable prograrm means for generating an
expected result of the modeled chemical reacti on using a stochastic

computational model.

39. The article of manufacture of claim 35 wherein computer-readable
program means for generating an expected result of the modeled chemical
reaction comprises computer-readable prograrm means for generating an
expected result of the modeled chemical reaction using an event-based

computational model.

40. A method for integrated modeling, simulation and analysis of chemical

reactions, the method comprising the steps of=
(a)  constructing a model of a chemical reaction;

(b)  analyzing the constructed mode1 of the chemical reaction to

generate a result; and

(c)  transmitting the result to the modeling environment.
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41. The method of claim 40 wherein step (b) comprises analyzing the

constructed model of the chemical reaction using bifurcation analysis.

42. The method of claim 40 wherein step (b) comprises analyzing the

constructed model of the chemical reaction using sensitivity analysis.

43. The method of claim 40 wherein step (b) comprises analyzing the

constructed model of the chemical reaction using parameter estimation.

44. The method of claim 40 wherein step (b) comprises analyzing the

constructed model of the chemical reaction using a non-linear solver.

45. The method of claim 40 wherein step (b) comprises analyzing the

constructed model of the chemical reaction using flux-balance analysis.

46. The method of claim 40 wherein step (b) comprises generating, using
the constructed model of the chemical reaction, an expected result of the
modeled chemical reaction using a continuous time-based computational

model.
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