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WD 2005/ 083618 PCT/ US2005/ 005505 METHOD AND APPARATUS
FACI LI TATI NG COVWUNI CATI ON W TH A SI MJLATI ON

WEDMEBEMMENT 5 RELATED APPLI CATI ON Thi s appl i B@t/u81005/005505

clains the benefit of U S. Patent Application Seri al
No. 10/783,522, filed February 20, 2004, the contents
of which are hereby incorporated by reference. 10

FI ELD OF THE | NVENTI ON The present invention rel ates
to sinmulation tools and, in partlcul ar, to an

i ntegrated enyig
anal yzin a@%{&
pr ocessegotf\4

simul ati on environment. BACKGROUND (): THE | NVENTI ON
Devel opnent of new chBELAZEDMNBPBIGARKMN cal subst ances
is time- consum ng because a nunber of internediate
subst dhide spplicatibn ablimé tredichgfitfodilhd] Reted Alichtaino$arial No.

B PR S R B P S vy

ssfbhanice can takes hours or days. Chem cal

formul ati on includes manufacture of traditional

organi c or polymer substances, as well as the

devel opment of small-nol ecul e machi nery, sonetines
referred to as nanoFEELD OH VHEBNOEMNION! f or nul ati on

i ncl udes the devel opnent and anal ysis of 25

phar maceyt i cal substances that af f a IVId | -s

qual i ty dfePresent inXentipmelatss 19 g lonttgglﬁ 8{5‘3’ BR ’St‘taéﬁo an
%té@"ate@reﬂﬂﬁoﬂﬁ&ﬁtrfﬁr ﬁfod&l'i}%”fbﬁﬁﬂat @'aﬁﬁl Q:ﬁbtmcal reactions and
formul ati on, both of hese face a |t| onal
didchpmidal prosessBe et fqgrtéatt:s cxfmmhmnatm wily b sinawleléen enydronment.
nanomachi nery, in addition to bei ng time-consum ng,

can generate pot ' ﬁﬁixg te

subst ances. For e%%bgg%% mggtNa

fornul ate bacteria that consumss cr ude 0|I and breaks

it down ipnto, one enV|ro nt al | ri endl

subst ancggeve]a’ppgggﬁf%%fz Walfagagteﬂ h? ‘%{11 SU[?&@P% 15, Hpe-
tcBAdunbhe BKSwuSE HH8nBbt of iRtePnadile BB tarRks are traditionally formulated
environnental ly-friendly substances and a | ethal

tefare forpmditianarial supstanteanitlc tie desizasroprstics igobtainadeand

Wil iihe 005/ 083
5068 BBk e BERYSS N REeSTovns ariysy Ghemical
Eﬁl@tﬁiﬂ@ﬁ(ﬁl achdeaiaduiytut el thaditkiRbsGhnic Ok Pelynics Sulﬁsdances, as well

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

and a lethal toxin. Additionally, chemical researchers are faced with the problem of
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by designers of nanonmachinery is that the target
substance may nutate during fornulation in response

wo eoossicionment al factors. Bi ochem cal resear cPCT/RE00%1005505

typically focuses on identifying and selecting 5
conmpounds having the potential to affect one or nore
nmechani snms t hought to be critical in altering
specific clinical aspects of a disease processes faces

. |. .
SIPhLSERERe Lo ALAL ARchs pLARSRNES ISP LR DAY fued fce
bgslesipgadrs dbtiamonaghinekyrigthat thiel tatgat substhnselhagnhutht@arduring
gheqﬁnena, the data aoften %Q§|ders only an isol ated

SHORAR IGFRPRSWP CHOTRRERt f1agftSent i re” system  Such
data may not provide an integrated view of the

conpl et e B PLRANE Akse SIS WAL NGO Tbeused8n MRALEiBMg and selecting
findings reported are not always éntirely accurate

whispowida heviag g paterttiabtomifickoneo dymombchammhemght to be critical

current net ng data _for bi.olo
5 MGl BB PO C g St eSSt Redribost HRRS P eifhgss in addition to
AsS&ek dbRabvd hkbvehem cal processes, because the latter
for 15 bi ochem cal substances general | require

| abor at ortheughalrugdstielepmanhis tyraesly meptiva regsepbrdatpgrpgasding

Qﬂﬂaﬁ‘aﬁcm ﬁgéﬂu%faé &nerfe:g da ne%e% c&;ﬁlc ?orgfﬁh isolated an rflﬂ)}ernarrow

experi nents are o gal n, usua
fvizous an entide syeteni. Sach data pay hooprovite dniinteggiedatieve ytheromplete

after numerous costly -and-error clinical
ﬁqlgﬂigal Systn- cHQEI0K R ﬂw&a@gwﬁﬂ#rggsafqurwg a3 qtialuggys gagirely accurate

%heh%nsw{émﬁ@wme%@ﬁe%ar | essons |earned fromthe
nost recent Inical trial, is a drug having adequate

20 safety and efficacy flnal[y realized. This process
of cl il\ﬂicbreca&rer,tqurrant righodsrof ahtdiniag dstador blnispgtcamrecesses are even

C| | n P’ﬁ I’? TlQum Fh%gg%ﬁﬁls gis%)(%g‘%gﬁgléh %}GI‘IPF%,@I’%CSESGS ﬁ}fﬁ%@;elﬁ% latter for

Ei/d%ﬁeﬁlﬁﬁlrbubétbl&eﬁ Fér@fﬂly%dmf&bb&ﬁﬁﬁyl e£perintFAts¢BAtABAE0 animal
drug. While conclusions may be drawn by assimlating

SxpEineAng|cligigeldriakid F{ﬁ!ilbthe% iply @FdoPpatmenis, dafa grg obtained

et} el 0k YT bty b oY P60 e, Onty utr

kometoasigatly @ial-didesron tlinisabtrial phrldesngsant ralesgniby ofthe dirgadl use of the
nd b|oche cal searchers nake it desiraple
%ﬁ%cowﬁ %g%anwéﬁo %mOﬁbrece@r ?mv%%mﬁblsaﬁwgﬂamg adequate

iy B s BB RS L A=A B A it

BHbieH trﬁldl\mﬁ;msdﬂ&'e S'iﬂdﬁldn%ﬂﬁiﬂéﬂrdglredm@lamgm grdatexpense of time and

%ﬂ%‘g r‘%\fe gh W‘fggé&?""a@& L ?atglé.t g&?liefcxlilcqgsigns may be

Wﬂ))‘@sﬁﬁxﬁlanﬁg %eh&eﬁﬁ[‘@it@ﬁ&ﬂpﬁlﬂlsﬁéﬁ in'i’omﬁtl&h titlis dlfﬁcult if not
experiment conducted on an experinental platform A
dinpegsible, énsyathgbige the relationships among all the available data and knowledge.

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

processes in-silico rather than in-vivo or in-vitro
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generates an expected result froma nodel of the
bi ol ogi cal process. An anal ysis environnent

wa@ omosdeeat es with the sinmul ati on engi ne, gat hee BUSEDH005505

froman experinental platform and conparing the

expected result to data gathered from the platform

10 I n sone enbodi nents, the anal ysis environnment

di spl ays the expected result generated by said

simul ati on engi ne and the experinental data gathered
fromthe platform In other enbodi nents an event

(such as an alarn) is generated when the difference

bet ween t he exp®RIEH STEIM AR YDl TAEIN VIENTHON

simul ati on engi ne and the data gathered fromthe
platf?rn1exceeds a ggedeternined threshold. In stil.l].

ot her RONEARGH ARAPLESSRITIVERAQRIFAtHI0 MRSt {BR B9 diying 2
SRR Y BB Hhe B e e b bRl oy amin
ot eRp@BRthG USRI G0 AIRRpG irAatadshdoln. A0BshldEdn @ngine
nmodel of the biological process. In certain of these )
@ebodiarantexpeethd resd e wedek ofriire hiolpgicpln process. An analysis
communi cation wWth saig?gg$delin conponent, and, t h

SRR PSP AL o G2EBRS Shimfrosyan
R erijrﬁtsf’i’taggltatfsﬁﬁgar{c{ Q%Egﬁ%%ld%é eBRed!rBsulEd G @Mthered from

[
ones of these certalin I ment's, the nodel i ng
cherpbfentn. uses the transmitted data to refine the
gener ated nodel of the biological process. In stil
further enbodi nents, the analysis envirgonnent gathers

dat a fARSAME smbodimenssy the alaalwflewéﬁnmenr ﬁlsm%%}t; FfeXpected result
g . . ;
%%g%%éﬁcfn %‘a% gié%ﬂrr%tggex? Xlggﬁllg %.glld g;ﬁ% %'Epce?zllrﬁe%tﬁ ci'%ta g%ghergcrl from the

PIOCess _
ERRAS | MeoflRr exbRdimemsah dvestlsheh seneilaiad i@%er?é?aﬂeﬂ when the
p

Situ experinment conducted on an experi nment al atform
Aiffezper beterten tlse expoathdotadt gdivated byrthesinoutmipn dogine and the
exanpl e, ke conducied on a gene chip or m groarray..
ﬁﬁ@s@tg%eaﬁaan itﬁe PlREfosMY eXgEEds agg germinsdrtagshalis In ill other
i.S,.N L.t 5/ 0 .
SRRl By Blscuh EStagts Kodine Walthent for consupcting a model
D ikl BiolGgicA pIbees, 3eGeR haydntRdeh gRdpHib usdt Ritedh&dor accepting

process and generates an expected result based on the _
msetetonpmandeandiah sgicoastrprtacmedel dfahea bfalogidahprocess. In certain

EE ducted e eringpt ggf at hered and.conpared. t.o thgl .

F SERRNTERTS, 1o IpaDsRESHABRCAER{E CommauBicaEen ayth said
r o a g
e AT A B SR oy P R hciing component
dhe ghayeehertd fivin the platfbah. dalpacidiiiches off thbsy dBriatn
triggered when the difference between the
embodiments, the modeling component uses the transmitted data to refine the
generated model of the biological process. In still further embodiments, the

analysis environment gathers data from a microarray or a gene chip.

In another aspect the present invention relates to a method for modifying a
model of a biological process responsive to experimental results generated by an in
situ experiment conducted on an experimental platform. An experiment is
conducted. The experiment may, for example, be conducted on a gene chip or a

microarray. Those skilled in the art will appreciate that this method is not limited
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generated, expected result and the gathered data
exceeds a predeterm ned threshold. In further

wensasiset s, user commands and data are accepPemUSmOLWS505

construct a nodel of the biological process. The user
commands and data may be accepted via a graphical
user interface. In still farther enbodi nents, the
gathered data is transnmitted to the nodeling

Vi ron t,..where it i,S.. -t 0 e a _refin
FRAERE TR o b Bt ot BB e R e o) O e

BRF166ical frioCedaBE Prhelafis@RldxPBcteE réduShdsed *h MelihetEl X the
15 manufacture having enbodi ed t hereon

booipgicelr proeesdaidaa frooy thensomelmate df experimputit iy gath esednodkbtompared
of a biol ogjcal process responsive to experinental

te &g F@CCEféfrf@P‘élf-ed by an in situ experinment conducted

on an experinental platform The article of

manuf 36 LI dRGbHHRS S SOMBElad £AHRDL S RILOLAM AR tion
for accessing a nodel 0 & bi 0 ogFcal process;
capRidteid-the 26 p&if eRiabdi@ FatRaasd el sae phicirhnE dfplayed. In stll
expected result based on the nodel of the biol ogical
pitlavensbodioreptt, en-alaread sliggerpd odearrhedafiereneg between the

at heri data,rel ati to the chem cal experi,nent,;
Fbeietip sreserbirqubinad e GrdtTorEaia Roreck et Rgmineg

e

spasrae i SRR bR R e e
icoMeAddt@nmbdelpsfi the &iblogicalrbbespaMihic aigeatdmyndnadlstahe data may be
appended clains. The advantages of the invention
aecrprebud 2 gseplaicalamser ingerfaser 1a¢ul fedrisesbodipents, the gathered
invention, . e bett.er understood reference to
P arepamir i i O PR Bl SRER AT MR B U R fherare a
E%&&%%H@P&W&l@%iglbg%ﬂﬂ%ccésﬂ whi ch: 4 WO 2005/ 083618

PCT/ US2005/ 005505 G~ 1 is a block diagram of one
enbodi nent of an integrated nodeling, sinmulation and
anal ydhstilnuotlommspdct, the @res2it inveatidn oclkteditagnanrtide of
one enbodi nent of persopal conputer useful in
m&t\l@mwgqemhegﬁéég@ﬁpni%ﬂtﬁrolfﬁadsblpmogmn inacags for

I -di aqr f-_an ry e [ .
Dok BRI Gl bR ER RhiPh o8 sRELTPRtal resules
igdMentddPPy af lifFitu Sfpedinten? Boadced RS EFird@RblhlafBrm. The
enbodi ments of a tabular nodeling environnment useful
iartido ohsenutatwietincltdtes: poeymrttr-readeblt ipoograeh Greats ifer accessing a

o | _
scresnshot of_ang enbodiment of a raphi cal USEr o o @ crating

an expected result based on the model of the biological process; computer-
readable program means for gathering data relating to the chemical experiment;
and computer-readable program means for comparing the generated expected

result to data gathered from said platform.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is pointed out with particularity in the appended claims. The
advantages of the invention described above, and further advantages of the invention,
may be better understood by reference to the following description taken in conjunction

with the accompanying drawings, in which:
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10 facilitates construction of block diagram
representations of chem cal reactions or biol ogical

wee@ses®es; FI G 5A is a bl ock di agram depi ct i PQI/ES2005/005505

nodel of a dynamic systemusing ordinary differentia
equations; FIG 5B is a block diagramdepicting a
nodel of a dynam c systemusing 15 difference
equations; FIG 5Cis a block diagramdepicting a

D T e

sinapistidnedodnnklgsis shvitdmaient;a nodel ed bi ol ogi cal process
or chem cal reaction; 20 FIG 7 depicts a bl ock

di agram the. al | ocat.ed nmenmpry for .a sol yer; |G 8A
depict s SIBIie hISh Saam Tie SribOCaRaE oy pgpgter useful
SPEMBECticHNON 18 phddenP@vinth; menory hol ding both val ues
and references; FIG 8B depicts a bl ock diagram of the

al located nenory for a solver showi ng the part of
menory hBIGi 2yistadtleckdingrem ofraotber emnberimente{d netsenal computer

93060 bEsms e B GO B Pus BBRIOE & °5°TS a1 ow chart

of the sequence of steps followed by the illustrative
enbodi meRIGHBALdne 3B &8 cticenshuBricpioting embogihensnif atthbular
restorati on nmechani sim prior_to ,_execution, DETAILED
Brederneaanientyseil AveNmeeiorsvi thereiegt WG FI G

1, a high-level block diagram of one enbodi nent of an

i ntegr at efl; WRhLeMcbRAhoMBESd dibodfh 8t i gbhi@Nfser interface that
anal yzi ng chem cal reactions and biol ogical systens

favalitaien consttectiinod fddocdkadiagrrmaeprsesntat@s o chengeal reasd ons or

@h wn i.n FIG 1, the system 100 includes a nodeling
5ﬁﬁgﬁgﬁpxﬁg§ﬁgnated as a nodel i ng environment 110 in

the exenplary depiction of FIG 1, a sinulation engine

120, andFa®. s20alasibsk didganvddpivtiigatmddd of 4d@¢namic system using
sinul atj on engi ne 120 comruni cates with the nodel i ng
eFnary difssentipd oquatings;si nul ati on engi ne 120 recei ves

nodel s of chem cal reactions or biological processes

gener at egryisygg Jﬂi@cﬂmggﬂg{ﬁ]{m&gﬁ@ﬁﬁ% rgQﬁ('r;ﬁe:e? brd glrgnarﬁw t@}(f)stem using

simul ation engine 120 I cal’es I nenent s
difflebrcecqedions; i n t he nodel i ng environnent 110. The
anal ysis environnent 130 is in comunication with both

the m)deﬁ(ﬁ].gSC 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 talken to

simulate a modeled biological process or chemical reaction;
FIG. 7 depicts a block diagram of the allocated memory for a solver;

FIG. 8A depicts a block diagram of the allocated memory for a solver

showing the part of memory holding both values and references;

FIG. 8B depicts a block diagram of the allocated memory for a solver
showing the part of memory holding both values and references and the parallel

indexing of only references;
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15 environnment 110 and the sinulation engine 120. The
anal ysis environnent 13 0 may be used to perform

WO 200508818 ypes of anal ysis directly on nodel s PeRES®EAS/005505

in the nodeling environment 110. Al so, the analysis
environment 130 may receive and process results from
the sinmulati on engine 120 representing the execution
by the sinulation engine 120 of a nodel produced in

t he modelg@go (VALY 'EH% éf the @et?.{ehgé ofv%g%)q 3'0115\9&1 by the illustrative

simul ati on 20 engl ne generates t

rathadinomt of thelpeesenidial eraiod te dmnpignicatthe sesairamc&ﬂ&bchaﬁmmepnor to
of this dynam c behavior to the anal ysis environnent.
fﬁ@“@ﬂ%ly5|s envi ronment 130 may provide refinenents

to a nodel in the nodeling environment 110 and may

provi de par angteAf I DESCRIPYIONOS THHE RIVIINTRNG! ne
120 when executing a nodel. The interaction between

t he m?@étrnng new\tp FéGnbrthigh-svet blocls fiagiant @ﬁnne@mg:]qoudenent of an

d 5 130 l. |
38Rl BS ApRORE b S, AR B e Phicay Pigtions pn
deflbgitaldystBmE kiat nﬂclmxbl@zsg@umomsea 100 iowdf As shown in FIG. 1,
different computing platfornms, such as

dhipwrieanif iselidenamedslingoamnaparicicsinaied e d de g environment
Ci'lH?ﬁ AL W&é Sidhl FHIEN T8 si iR 3{ r%nISZO andan analysis
esk

genera - purpose p conputers,
pevisamaint dB@i Tht smﬁﬂatﬁinaflmgme 12D @Smnﬁlﬁl(&fﬁﬂ vﬂBl tdie maﬂblmg

bl ock di a of. 30 typi cal ner al - pur po eskto
CBYIERRTS 1380 hesimiation etllﬁglepl%§§%‘iﬁ"$ FRAdk{s o8 ﬁge%cal reactions or

hHHC
B s FE e S Bl 1 e nacion

RAZINEIS20 c@mmsa@'@s ra?mnsentsetb mmlmgatmmﬁh@mddMVimnment

et et Ao Rig LR Eortidn it iR Batyhe modeting

230Rorhan 1( ganetalinulbebeengae 170, T MalykRfaiBOERent 130 may be
nuneral 230), and a cache nmenory 240 in conmmunication

wiedhtotresformy aatipwl typesofenaliysig diretly gomodds metedelm theghodeling
%5‘9 ? %én@%bmm 02% angl g‘lg%njxlln(%ﬁ g 156 ' t r Cteé‘f'? eaaldfprrocess results

processes | fro

tﬂm ﬂﬁlsﬁnﬂlaﬁm yngitd 12k Aresitingahy e)&ﬁ’@@&i bRetheSimiilagon engine 120
central praocessing unit_ is provided_by

mf mysiebpreducsd 1 g modgling eayiropmentg é%sthglt Werdsghe signulation
8P 230 By e AL Qo TRIEROR R, lcRDEdToRniCdR at ast
6m\a,b|f tihs dtyrfammbeﬁ&wmmo teb dmplykistealir@ongor Ahe amlpsﬁs env1ronment
tain 1 i f h 8000, the 6
Hﬁ@rﬂ@%'d% iide g s b TlE oSt BEm SBOR Y aplemay
Qtﬁetefsfl%r Ut tﬁQ@Qﬁ‘Lﬁan&f%MD Cl@@%@hente&@cuéglg a r{lcr)]del The

t he I\/PCG the MP t he MPC6
we:@o@on Petwenpipagdeling emponas:nt § he thedrsttion leagine 120, and the

ﬁﬁgﬁiiin‘;l{]q%glq{}g&g@g@n be Hlscuss élon%re de%11"éPF7410, t he

The integrated system depicted in FIG. 1 may execute on a number of different
computing platforms, such as supercomputers, mainframe computers, minicomputers,
clustered computing platforms, workstations, general-purpose desktop computers,
laptops, and personal digital assistants. FIGs. 2A and 2B depict block diagrams of
typical general-purpose desktop computers 200 useful in the present invention. As

shown in FIGs. 2A and 2B, each computer 200 includes a central processing unit 202,
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the MPC7447, the MPC7450, the MPC7451, the MPC7455,
t he MPC7457 processor, all 15 of which are

worvafssstigir ed by Mot orol a Cor poration of SchauP@mug2005/005505

I[1linois; the Crusoe TM800, the Crusoe TMb600, the
Crusoe TMb500, the Crusoe TWMb400, the Efficeon

TMB600, the Efficeon TMB300, or the Efficeon TMB620
processor, nmanufactured by Transneta Corporation of

FATh Pl Bhoe it oA "p i DGR R R RSP olfpionst
ElelmentsheucR@ABRS o mord i@uiRitpdt deViced 260203 0BQW¥R4llytrBRrred to

PQVER4+, the PONERS, or the PONER6 processor, .all of,
WANg Fefareace mumerha(lr @l ARACheIEmARY £4fhis) copumirieation with the

190%& i; -Iai ns, New York; or the AM
%gn, et E%%E%Dhal on 64 FX, the AMD At hal on, or

the AMD Duron processor, nmanufactured by Advanced

M cr o Thevemted podceSummnynial@, is @ay 1dfgir eirauitrviahresgonls yo and

SRR S S A IR D0 B3R fpimens.
B8R Ehfr@GirbYesHiag @8R eSpRRYided 8y ainﬁmgg&@m Bhit, s02 as: SHCEV8S, the
as_Static random access nenory (SRAM, Burst SRAM or

§0%h ter 83386 IRaB0¢ Esra entipyn Bertoim Bred v RessiwesiLitbarbeleron, or

¢
g3 S Vb A SRR
%f%u?lggﬂﬁ[?ﬁp\ lﬂw(ﬁﬁpﬂa@ [BRAN), thdB8020, thy 680%%E thd B8040, the PowerPC

BEDO DRAI\Q ,. Enhanced DRAM ( EDRAM ,
&Y hiah BoseED CSHAAE BORANIC 0040 b esotie, PeMIEH AP MPCS03e,

GEATESTY PR RN RO SR CTL RAE B8 3o i

PO JSSEHBRARI, 5500y the IMIFETAD0SthDRARC 74 IDRORAMPC 7441, the MPC7445,

RS2 i RGO Mmook e SR TeolPAY Plocessor al

TRORIch 220 thath BcRr &Y S RIRRYR CoetbrifGs6f $afmbite, MRASES; the Crusoe
detail below). FIG 2B depicts an enbodi ment of a

doti0ethedyrusasi G604, mha/\ﬁhhxs@ﬁ BMI5A80,.she Eessoe TM5400, the Efficeon

i cat dir W in Ly~ 204 via a
TR0 8 fifiogey Tg 0 S e R g FRBY0 RGethd ofhamGeypred by
A0shsfiRYa @@ﬁaaaeﬁw S bht@T1ard AC AT6mPA3 tERS BDO @ PRI EHsBE MR S64, the

in which the main processor 202 conmmuni cates directl

iS¢ Botbn 828EniheP . R ﬁleéf%édHn@@rfng@&&Edh@RS , the
:ggoo Ikgdthe %\t@ﬁR§+ &@‘ﬁfﬁvﬂﬁs, &ﬁﬁagéﬂ\é]%’ﬁngﬁ%chsas?% Sall f6 which are

nent s, € nmhi N processo
wdnhfacacéEbyrinenytichdh0 Busingsy Mdvhirky sf 8Vhiteuaing WNew doHe or the

TSTE 0, e s ) BB B B

BRReMor, YharePiRANed by Advanced Micro Devices of Sunnyvale, California.

Main memory unit 204 may be one or more memory chips capable of storing
data and allowing any storage location to be directly accessed by the microprocessor
202, such as Static random access memory (SRAM), Burst SRAM or SynchBurst
SRAM (BSRAM), Dynamic random access memory (DRAM), Fast Page Mode DRAM
(FPM DRAM), Enhanced DRAM (EDRAM), Extended Data Output RAM (EDO
RAM), Extended Data Output DRAM (EDO DRAM), Burst Extended Data Output
DRAM (BEDO DRAM), Enhanced DRAM (EDRAM), synchronous DRAM (SDRAM),
JEDEC SRAM, PC100 SDRAM, Double Data Rate SDRAM (DDR SDRAM),
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In the enbodi nent shown in FIG 2A, the processor 202
conmmuni cates with various |/O devices 230 via a | ocal

W@ yms®esdslotis 220. Vari ous busses may be used t oPC/BES2005/005505

connect the central processing unit 202 to the 1/0
devi ces 230, including a VESA VL bus, an | SA bus, an
El SA bus, a McroChannel Architecture (MCA) bus, a PC
bus, a PC-X bus, a PCl-Express bus, or a NuBus. For

BT AM e S S8 (S ol Bt Rambus DRAM
@RDRAN) RaReroAletlic tRA MABRIAM). CiattBe whnbbditdeat eHoSlAYIG. 24, the

FIG 2B _depicts an enbodi nent of a conputer si)/stem 20
PORPESSOr dhF EoMPRBICAES HithreriB Sarory 694 atﬁmﬂﬁteera @220 (de-%rlbeCl in

A S, 11O Ao A0 PP TEAIRR 00 n wic

dryndeasent cdnnnmvibdte}fﬂﬂsaﬂy withussie snemsy 04 &t a memory port. For
conmuni cation _are m xed: t pr oces r..202
TR RE 2B pemaerRon D 70k %ﬁ?%‘%w ocal

i nterconnect bus while communicating wth I/O device

230b giGECHA dnd 21_5; d6pi¥ HeboERnERS Y RhichehdBYinGRScRRf 20BY

be present in the conputer system 200. [Input devices
|<>ﬁmnumlecar@yb®aﬂ3dw1th whehe, memeryikldass a secaufdysiblus, sometimes referred
oro hope gmd dr abI ut devi

8 DR N L8PV SR, e mih BiSesiiBy o Grmmunicates

héthedachs tri&htbﬁ’ji 240 il tﬂ&%yﬁbthﬂiuﬁalzﬂ) OQa¢He éR6:S. 246|’dy1h@lly has a
deV| ce may al so provide nmass storage for the uter
%@Téﬁﬁmt)ﬁﬁ e Fhaggnan mempry 24 ap isvigvicg Ly prem@yd ay

ving floppy 30 disks such as 3.5-inch,
?Sfé-l hc{1 18 Es or ZIP disks, a CO-ROMdrive, a
CD-R'RW 8 WO 2005/ 083618 PCT/ US2005/ 005505  dr i ve, a
DVD- ROMtdr émvispdimengahotwi weBI(of2 Ay dind musesﬁmrit@tepnnmnﬁicatﬁavith

stora eVJce such, as the B h.Drive line.o
SO RIEO MR RS A TER o ssrotn B4, N iaml biss kg b aged o
BbANECE B cofi@ill Jr@de@dlﬁ%uﬁlﬂzéy{otthg /ORI s PBOifcludflg BA/ESA VL
device 230 may be a Dbridge between the system 5 bus

bng aad8 Admsesn BiSfabuse o MhigreiChatined dArblitectuse (M Cao bas, la%ll bus, a

P B GCICERERs P o B 3L BT s PR G ti wegh the Qg ovioe s
Rusdeoalispihy) EhdBocdBBST: 2(nnné5pm3eaﬁa&d«zahc& G Ngﬁicg a'bttt(AGP) to

Et her net bus, an Asynchronous Transf er

pmpunade with dhestisplay. FHG. BBsiep&tss@? @raqulmgnuﬁfél coalputer system
2% hl&'%hq}ié Haﬁl C}g%bé%%@f sys e utt c:‘]a\{tes re@tl?%ﬂ%qu/q Sevme 230b via

ftac ace
(EEypef]arhnswrtpRamdm lok dyfirdBafal) t FIGS 28f aldohdepsads 4n elepodiment in
e’ﬁgﬂFle 2A and ﬁB typi cally operate _ under the

¢ gealdrusgssand dir celperigiflion AT RICH PP SFoSERERA i ng

bmnhidddefesdiith BORTRe t290§ﬁ(s‘iﬁl\§ NGB RESRect BIR VAR communicating
CROSCOFT

operating systens incl
with I/O device 230b directly.

A wide variety of I/O devices 230 may be present in the computer system 200.
Input devices include keyboards, mice, trackpads, trackballs, microphones, and drawing
tablets. Output devices include video displays, speakers, inkjet printers, laser printers,
and dye-sublimation printers. An I/O device may also provide mass storage for the
computer system 200 such as a hard disk drive, a floppy disk drive for receiving floppy
disks such as 3.5-inch, 5.25-inch disks or ZIP disks, a CD-ROM drive, a CD-R/RW
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W NDOWS, manufactured by M crosoft Corp. of Rednond,
Washi ngt on; MacOS, manufactured by Apple Conputer of

w@asngiono, California; OS/ 2, manufactured by BSEI/US2005/005505

I nt ernati onal Busi ness Machi nes of Arnonk, New York;
and Linux, a freely-available operating system
distributed by Caldera Corp. of Salt Lake Cty, U ah,
anong others. In still other enbodi nents the

t .
SATPLE 5.0 006K 24 MAEOCHIRNSIORLE, o RSk Tovices s
anthel(38B Biashl Dirive liwbLAdeHe@duamdadtiu@dd by Tovintech Industry, Inc. of Los
%ECUTI %’%gk nufactured by JM Software Systens, Inc.),

PWanuf act ured by CMX Systens, Inc.),
Del t aOS (manufactured by CoreTek Systens, Inc.), eCos

manu I
E)y SE%&%H&ﬁ grpggcgﬁtﬁggs}'% j7e] S%/%gi%r%gg %éi‘ﬁﬂ?@%ﬁ%eﬁ%e system

el @tﬂm@@el‘bg'l cdKamvlication pus.cmsh as mUSB bugTsh Apple Desktop Bus,

e R AL onpYanit & NRER + FHeug Pl p S s @ug,n

IEithdrset 5§, tanax %)Ile'fd]l@ bﬁls ad3igdti EfRfre} bhE @il Atsf/ﬁ’@)ronous Transfer

ext ensi on to ndows( r manuf act ur ed TenAsys

drdsdiusta BHEL busRy S@R blisup Sgnwlué‘,@y 2§ bus, 2
FIERCHEHN B ony s S AR iR sl daterfpec g o

by LynuxV\brks) MX  ( manuf actured by Precise Softvvare
Techn Q}engdabpuﬂpns:e) desktopl cempuidrd S thécar depieteé th FIGs 2A and 2B

Tech 0 ntor & phl cs), On Ti RTCB
??Elfw@%#ee f@pt P REOSPOTAIPE NP R svéleduhng of

Q:ﬁﬁ b Podobdsad sBiterdYlrEoBURE ETRYigA! ra@ﬂ@ RAk&thd ﬁ’l@iude %ECROSOFT
9 WD 2005/ 0836 8 PCT/ US200570055 (manuf act ur ed

VEENIBY ¥t e meany facRDAEDY M pwokeilt Corre d)f Redmvpnd, iy ashington; MacOS

B Bl R AP GO R 41 it L0 By poctured by
Betbinansml BusinessMbétnds of Aitbnk MRBRW Nk UnadiRyx, Qtely-available
Sof tware Systens Ltd.), RED CE- Li nux (rmnuf act ur ed by

REEISHE &ystann disiribuger haderedionp aftSattdenkp (it Hiaheameng others.
State Machine Labs, Inc.), RTX 5.0 (nmanufactured by

Vet 8 onEPEA AR R QGBS Y, FRR SRy of el
tineempieeating rsys:telhy sMh&sS&MDQVKWﬁkNef[ Hﬂ'vﬁkﬂég ((aﬂmmml&ﬁum@’dy
Wé@ga E@éAC ]TL‘%C;JTWE&E‘R“ g?)&l\/ﬁcsto%:ware ggllstems Inc.),

@mlrﬁ’?ﬁt(h'l%ﬁlgfa@lﬁré@ St R8s, ¥, ﬂéTt‘éOB (mhh@RdRRE by CoreTek

(manufactured by U 10 So tware),
Swretams Ao Y esthsifamitaetutedtynipest Hat, éaxhh sﬂnb@S)(mMﬂactumldny

d ks.5, 4
SRR Mg R T RIS ha et s
(aictosymanié, ans ek G¥addifetdrd bNVERNRComd, Y R @manufactured by
Eyring Corporation), INTEGRITY (manufactured by Green Hills Software, Inc.),

INtime® real time extension to Windows® (manufactured by TenAsys Corporation),
IRIX (manufactured by SGI), iRMX (manufactured by TenAsys Corporation), Jbed
(manufactured by esmertec, inc.), LynxOS (manufactured by LynuxWorks), MQX
(manufactured by Precise Software Technologies Inc), Nucleus PLUS (Accelerated
Technology, ESD Mentor Graphics), On Time RTOS-32 (manufactured by On Time
Informatik GmbH), OS-9 (manufactured by Microware Systems Corporation), OSE
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RTOS( manuf act ured by Eddy Sol utions), Nucl eus
(manufa(--tured by Accel erated Technol ogy), or Fusion
w5 0g3seuf act ured by DSP OGS, Inc.). |n thesePCT/US2005/005505
enbodi nents 15 the central processing unit 202 may be

repl aced by an enbedded processor, such as the
Hi tachi SH7000, manufactured by Kabushi ki Kai sha
Hi tachi Sei sakusho, of Tokyo, Japan or the NEC V800,

AR O sPmm e MOg hyAltadhed 8Py PeBboration), PSX
(mmdﬁdmtm@d byyMISufevie S}k@emadn@)g IGNX Neutri ho (memafaetused by QNX
ST 43y G ebroht S8 e T,

REDICEANHARR gmMa&ﬁl%@ ?%Eﬂ%&ﬁc GRL, Qiﬂqgtlk'(nﬁnﬁfat:ﬁvred by Finite

such as a e In I ol’ogy” Mar kup Language
S(agBMiayhiné h.ald, fer. s Rde § N smnefrboddienY sytvirGens), Patasay

@@%ﬁg@@@ig@Lan%@%ggag%m%@%w Jpsdy

bk ! (RBALAGEred Yy @ StSftward)! Erehcﬂb(‘(ﬁhﬁ'&fafduﬁ-le@ $yFx@ress Logic,
elimted b?/ tabs or commas. Alternatively,

Ilwdd&qch (@nﬂniufa@hm&]by Ellmwrﬁaytea@&éﬁg% Impl,:tT f?ﬂkd\dml‘@@/OS -II
(Ianu actiliEh by i r?é"‘ggg”g}ag' skt (el LS fe?‘c%?re?rby% S

rap I Ca ser | eplc s an

Seﬂmﬂ:b rml‘ftoso(mam&“édwb@by grTaebh c:ainpu&machﬁﬂcem@ad&rﬁ&e@o
nay be used to receive input manufactured b

CERB e By By SRR WO 4 oo ars Ly W Eeen).

SEORT, PGS Sha TR (ool by DO IIRAGLHBRM, 306
Rminamﬁaauﬂﬂz)y EdidysSaluitors), Niwtens fmdei fsctured hy tAceelerated

RO by PO R LR COPRISNS S b LA @030 g hese embodiments

t@%ﬁ&ﬁ%ﬂ@@sgﬁg ﬁgff 20@ Hﬁa&%'reﬂa&\’i%yeéi‘ﬂ enﬁﬂ%ﬁlﬁeﬁ%yée%gorb Yuch as the
M crosoft Cor Washi'ngton. In

HptaehiiSHI0R0, mamfmmdtbydéqjmhlédelyha:H@d@ASelsal@sh@ log Tokyo,

S NS S R SR o

FleIdKoroshbyesNbdeI . That nodel contains three

subf gle@tefifg badkaBWG! TRMUSH morddétiigakd imotieling @Adironment 110
"Speci es". The subfol ders represent pieces of the

a%a@u&}lt te greptecrmodahof e cheminsl @%‘I’lomlqahfe@fiﬁi%@ be simulated.
S er&aﬁbmeﬁﬁ e ilgog%ﬁPg Eﬁﬁfo%}ne}nl_gi iép A&&%@fﬁﬂ#g@&nhgn%dﬁﬁ a file,

a system sone e
syrhres a2 1mﬁystefn$Bicﬂ(yg}al\/Iraﬂ{dpdbangmigef(SB&ﬁL$ repthesarftthasg

| | fol
oftFaas it FeyDE Tty A isper e Mepopre ey O hnEDgsma
Ekf%ﬁ&bfeelﬁ%ﬁéﬁ TanPhRe M) foliBat! £8fdptieRry Bndtku ﬁ)iaglg%lage or a text

npartnents reacti ons, and speC|es In sti
ﬁlmbordunle fitkls arsadshinitsddly tabsbraiommaso idermeatieelpfthe modehng
nDdeIs n$ﬂ)be di %% 9 ig tq% nodel an 302 and
may acc produce Yy a user Vi €I a comman: 1’16

interface or a graphical user interface.

FIGs. 3A and 3B depicts an embodiment of a tabular- graphical user interface 300
that may be used to receive input manufactured by a user fox creating a model. As
shown in FIGs. 3A and 3B, the user interface may include a model pane 302. In the
embodiment shown in FIGs. 3A and 3B, the model pane 302 lists one or more models in

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

10



10

15

20

25

30

be associated with a "radio button,"” Selection of the
radi o button associates with a nodel causes that

woaslosmngl i ts constituents to be actively di spCHYSIN5/005505

In sone of these enbodinents, unsel ected nodels are
di spl ayed in grey type, or may have a transparent 15
grey overlay indicating that they are not currently
the active nodel. Referring back to FIG 3A, the

PRBRIAE St Mo AR MitlRe0 T MR, WEBAHERP n e

PaRicubar ambod:lirr&hedepmémby REG. SABeaasiﬁgleﬁﬁ)delfdﬂ atiemical reaction is
dls]aéedlnthe nodel pane Simla

I
spiamed 14 thsneodehpageg’ 02a§1§19ete§tbéféh@«fqlﬁertlr )f@dSpem es"
e ﬁ%ﬂg{orgéﬁ@e@(/ﬁﬂff”n ThBEMbRI ebntR R ¢nrdl %ubffg e300ty artments

nment s col apsi ng t he assocl ate er cau
‘Reacmns” a:tld)“&mmdsé mhsmbeﬁyldets rdiresent plsp@aifithﬂambdddbémactlon.

| ayed ir own graphi.cal i.nt erface
e RE Stepthee Shesan@e e S G Stpeaa thig dhloRnati o the
ﬂﬁﬁm'a“s%telﬂsl@ro IML6hE 8mBodRentsatheTHUM parle FoLEnaBdispldP & number
reaction table 310lists each reaction present in a

@ﬁﬁdﬂ@@l repiresenogng aiodgls. oUe@§eleohorch%axparaculme®bie|r oauses the system to

RH1FIRRE 05 aiethal B0 1t riieechd e RSP iicHction. .,

Ebﬁbdﬂﬂﬁ@ﬁt@&eﬁ&kﬁﬁ e dpdcial Ihbﬁll Bﬂie@aﬁleudlmﬁﬁpéacnsimﬁel and all
reaction and includes four colums: a reactlon co

gemponents ¢feall wodelgymay §e ditplayed in the pegdghpaner302sng ﬁﬁCh model may
%é gSSO@BPCdaW'%]FX Q@Eﬂxﬁto‘ﬁo’l gg’i@céﬁc;'nt of tﬁ@ﬁﬂlc{ [0 fasgcn:?ates with a

reaction t corréspon a particu
meaiet camses thhtemodeiiaed iteochstinenstto bt actwﬂljadilsplayleds pllna:ymd of these

b e reaction tabl be_ sel ected by the user.
8%;11?851“%1 %Hﬁiﬁg‘?“ﬁ“éﬁpe‘,?elﬁ HE daplade H};g@ﬁ\ﬂ'ﬁéo REAY baviee ngﬁparent
%?i VeSVerih ) SndAdHIR: "[heﬁ‘ f2f MRtcuttbn 1&%%& 1844 spl ay

ed on the type eaction se ected by the user. 11
WD 2005/ 083618 PCT/U82005/005505 Referring back to
t he erR@@unng beclstodily. 34, e @rapBical nées interianei 300 absolinendes a

Forigf B! B96° ofy b S3G1 Ut S8 CRENL A8 365 £86kiates with the
FRa&dtoAE” foider esplBd 8508 hesdehsand 302 SenRay, #he species table 320 is
equation, in stochastic format, or as a hybrid of two

@psontstesl with thee Speqiey rfaldst displaxeshin thamodelmane 302 Fesome
ﬁ‘ﬁ)‘c‘)ﬁ é&é%??fl%ﬁiﬂ%ﬁhé’%%écﬁte{i ?%)lﬂémcahge%'}fxé Ia%ieﬁg n%PQé Ihbgﬁyc’ed The

or exanple, sone reactlions can
cespattyeaablbymay de ldizpruyedin théir & witesyapghecal @psr elsterfh@dwmﬂow rather

the tapular format as ani n
han it g%%\ﬁtﬁewsﬂﬁowsas ﬂ@a&@%‘gcgﬁlswn%ﬁ%é |aﬁ§ aIfIﬁ? 3A.
t he enbodi nent shown in FIG 3A, the reaction table

310 a3 rbfrfbH¥dIe 310 llfétQ@Jch%alcﬁ% SRsERMn %%d%d%ologlcal process
identifies the kinetic | aw expression the identif

D0 chemical; reaction) IImWse embedithent shtyoa imElT. 3dh thenmpdelmg@nvironment
%O dlsp‘laays reac%lons presen e FICECF %oros-lt}oyes model of the Belousov-
Zhabotinsky reaction and includes four columns: a reaction column 312, a kinetic law
column 314, a parameter column 316, and a reversible column 318. Each row of the
reaction table 310 corresponds to a particular reaction. The number and format of
columns displayed by the reaction table may be selected by the user. In other
embodiments, the modeling environment 110 may select the number and format of

columns to display based on the type of reaction selected by the user.
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the Cc -> Br reaction is "Ce*k5," nmeaning that Cc is
consuned at a rate controlled by the paraneter "k5"

wae@swgssiamount of Cc present. In the enbodi nePtCT/ERINGI005505

in FIG 3A, the paraneters for the kinetic | aw
expression are listed in the paraneter colum 316. In
sonme enbodi nents, the reaction table 310 includes a
colum identifying the nane of the 15 kinetic | aw

ass0C Rargtindbidl 8 RAUADEInE: HERA Pe. £ Ghe da{lgéeo%tcolunmm

tlfsplalye actdction t@bdsentadm amatﬂsudetsfoanzttpé pCei-ei@nt I ythag

LI ST, 1 D A8 M1 AT B
Rirtdat, b %'11 d &%&%@%&@ R rnSROVA sbite %tn@odl%i%nts the

the reacti o %{e 310 20 includes a reversib
mbtmntab]lﬁnclumsdmlmdn odeng fyingetoddrers btﬁhasmmrat B example,
reacti o ever '

NG Fregheten PR SEPDREY DUP AULTHBR, THdaneEs ispSepted Rlfe tabular
SRt 88100 AN Br! MGardif@iat 812 préfehee SQ” GRised 06 kdieifhivert into Br.
coI um i dent i'fyi ng dynam cs of the reaction, e.g.,

"fast" or "slow In some of these enbodi nents, the

rapi dilt {hogmbedimgt shoven meBS 3én thscisastion; tablp d 40 alse incdndes a
?ﬁleac ?afv@l:&ux%l 3&4‘\&%1&1 delll essttb%]iﬂngﬁ‘]b E&S@Q foﬁetﬂ%ﬁi lin%flised

user nmay be resente r ol
adactivs fdlhﬁvsr @pt}ﬂlembodfmma shows in FERGA, dinskihetidlawsssociated with

relativ 0 ohe ano In still further nbodi nent s
t]}?eg gf Fegetion; la%PeLIe% mﬁa@mg that Ggds aoreameﬁﬁ t 3 gt controlled by
Wﬁhé@ﬁ%@ tand BleSondik 8F EBYr gmésemt li&tﬁe%%ddﬁﬁemm@m in FIG. 3A,

el i ng environnment 300 sho al so
mmﬂrwstea felptee kewstic &y expr8in dre 11‘sthé netib(pdxammhetr cehown316. In

Fl G, 3,,. 20 I
s0mg sibodipiehl, TR EFTRn be 217 Hoassa SOtk O H g Ditime of the
&RletBMav? 2 ociale8 waRerpRactldegetion, YO ZRAR/LE8RE1R “Michaels-
PCT/ US2005/ 005505 epicts the i ni tial conditions and

Mantent-’s Inpthenembodimensetheirerctine tabdmél Geigclyided peplumn identifying
0Cess. ofr ' eact on. Thus n the e

@h IERTY W'I_altcgtﬁgi’{l {% a%%imélgtersoar% Fiépg %sgﬁ, epg bggecongre ly(moles *

b&@inds), wict h 0. 003 nolar units of bromne, i.e., 0.003

mul tiplied by Avr ogado s nunber. The constant col um

326 is set to "true" jf_the deI shou assune at

t here Sﬂi | tgferming todhg gm betaeyt wa 1}3 ANEi %& '3? reagten @@ﬂ 310

hﬂbh%e'g ar e@émgl‘é'c ﬁir?ﬁ% 1Shi %ﬁi(ﬁ% fh% r 32 Qsddefkdidesction is

ot her col ums such as & co entifying units

tevegsiblend| esersiblanieadioings pné¢ whshccwts ¢n yl,thewlde‘ed:tmn, Be. Ce <->Br.
ara(térlpg ut!n%édiﬁpeem %@%gqﬁgtaélﬁgiiaen%’elgglgﬁa bl & 1getattl[il’gng dynamics

of ﬁieef@iouoﬁ & gl uER” He Fs18R MO LRI rRNSE thede e?nbd'élﬁhéﬁf@ tIEeQxfapldﬂy with
notes. 10 in sonme enbodi nents, the nodeling

erhiely DraReien BOBS4e Hephedien h Apl o& 14 1& sl other embodiments

the user may be presented with a slide control that allows the rapidity of various
reactions to be set relative to one another. In still further embodiments, the reaction

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

The modeling environment 300 shown in FIG. 3A also displays a species table
320. In the embodiment shown in FIG 3, the species table 320 includes a name column

322, an initial amount column 324, and a constant column 326. The species table

12
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mar kup | anguage and converts that file into a

graphi cal display of the sort depicted in FIG 3A
wo-00508mnp|l e, one representation of the PCT/US2005/005505

Fi el d- Kor os- Noyes nodel of the Bel ousov-Zhaboti nsky

reaction in markup | anguage that corresponds to the

particul ar enbodi nent shown in FIG 3A is shown in

Appendi x A to this docunent. 15 For exanple, a process

. t ' ' in
PRt Bohi (Ridid Rl S0ub A0 h AR HRER B D gical
pautess orehahican@ictione Vidius, ih ltkesErhbd dimént, shown ge REE A3, ¢hd tredeled

abul.ar form_ of. the nodel shown.in_ FlGs. 3A 3B.. ..
i»w?%ﬁé PEcetsthegis Sy PR ok WA R0 RS &F- ﬁ_&& B@Et_lphed by
m&%&&q nlabRA Bk e‘dnggﬁt cdih 3L ENG: P98I itht hoRBI dhbuld
mar Kup | f

anguage 1 n order to create the tabular formo
tbsam20hatbithed issinonfinitesippGsof Bpertewlar3Becien Intdilear embodiments the

enbodi nen . rocess accept th ndel . as i nput

S i 41 nRuRe R a ool et TS aeo iRy wil ., motes,
SetutcdnltBrsOftc § WHARR SSticuldUpBeids 16 af endepbAdeBvarbldia the

C progranm ng ['anguage.” Conversion of a nbdel into )
eodeli-ah Mhetetitie speciessis eh énpak e spitemb ¢elunan fos annotations, or a
transmtted to nultiple conputers via a network for

89(18% Pro]ﬁoetgsn those conputers. In 25 these enbodi nents
conmputers may be connected via a number of network

t opol Ggianse émboditientg, the snodstiag envaronnieny3 Glogrotpsig aeput a file in a

The network can be a | oc area netwaork L , a ) .
e Janguags anf} eoaves gt gle(lm\‘l) gragpica] ‘{;\ﬁp&"é’ Q’ﬁ%%soﬂ depicted in
@%Wﬁ.kf‘&r%#p?éﬁ 6fe redPestitatibMbeihR &held AMod RByes mode&) of the

respective conputers may connect to the network 18 _
Betonsoyh Zhahotinslet gactfondo mmeekup bngudgedhal domespshdmiwdhelparticular

t h | , WAN 30, | i .Q.,. 11, T3, 56
SRR e A SN AAIE A Bt el
13 WD 2005/083618 PCT/ US2005/ 005505 ATM, and

W I el §55 cii16Cd poBsss NP Bidvadidl Bauske tRSihefnatitiedmbedded in
using a variety of conmunication protocols (e.g.

fiep/ s oPX thesPrarkyg Blaoguagdet BlEU) ©-2sVBIeagtioRe riate="Reaction5"

=1 ' ' C -
ST 4, B, S B2 6 B i 5 v
882. Inl gorad df dhése cmirslyments,0neitd bilowsenmag tbeomsgifietino parse files
GPREREG PROSHRIRUSH i ERGRATGBDS RS rOBET ihgatsane Goular form o the
ddel Sheeh f PR 3Gy 9BSKEPbHEF SAbAMAIART aGREBE Say accept the
accessed via a network connection. In other
entiloH asriptis anch geneoate [as iostpiuh pode that & dinently axscutgbla on a processor,

t ahul ar, user i.nput .such as.the one shown in FIGs. 3A
éﬁg%@%ﬁwg{%ngl?ea%ﬁﬂ%%ﬁpﬁﬁf ace such as the

one shown in FIG 4. The naster server parses
Conversion of a model into executable code allows the executable code to be

transmitted to multiple computers via a network for execution on those computers. In
these embodiments computers may be connected via a number of network topologies
including bus, star, or ring topologies. The network can be a local area network
(LAN), a metropolitan area network (MAN), or a wide area network (WAN) such
as the Internet. And the respective computers may connect to the network 180
through a variety of connections including standard telephone lines, LAN or WAN
links (e.g., T1, T3, 56 kb, X.25), broadband connections (ISDN, Frame Relay,
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the nodel to produce executable code. The executabl e
code produced by the naster server may be conpil ed

weows/swugch as code witten in C, C+, C++, or PBHI/USZ0A5/005505

conpiled to run on a target platformor the executable

code produced by the naster server may be a in a

byt ecode | anguage such as JAVA. |In sone 15 enbodi nents

t he executable code is transmitted to one or nore

t j et ' ar .

20, S wlieaeolifchBhY 26MAEbLE Ben REsRRRG AL g yariery of
le8hitiinitfteor) PR&AGB A el £5 TP M1, tIIPX NESE ENe SIS NetBEUI, SMB,
master server mnmy store the retrieved results for
|EthemegnARGGEINET, | FibsoriRisaitbudd nPatas InteefanmgFEIDI )5 eRE232, IEEE

[ ay | C epresent atjon ach of the
Roatt Cei e i L e b B DB ek nafie  anwad dsihiagmshronous
[ conduct Monte Carlo type analysis. In
SéPﬁéﬁﬂnﬁgf t hese enbodi nents, the master server may
coll ect and display each data point received and
di spl ay theehcmbbdiments) aghaypdd ealdrypdriesr €@hoddlM@rittbh Gn markup
3B depicts in tabular formreactions for sinulatin

tangugge.Cdlbic redel mashbe ketrigwgsbiiem abarsl dislher drose anodgr computer

above jn connection with FI.G 3A the upper .25 table
drtes Be FRETTaR Stetictifey GREPpBPOUIRRH® thf Mot iinput by a
tursﬂnﬁﬁfl%r%\t{a%ma?riﬂef PARE @lchoR @k ddesiiRAl iRhaels. 3A and 3B or a
proteins as well as the interactions of heat shock

prajiacad sisev interfaot ehdeds tooondsratnire BYGpdot Ehd1mastds server parses
depicted in FIG 3B, all reactions have nmass action

kheieneed wnproshive eeeuiabliefedn| elhavprecataiencogde eprgdiiced by the

Anot her. net hod, of _representing chem cal. or .

ShobtatsriE el coplRHERE W & SR RbiskodnaGe G G or O
VR 200411838 LRinFsd A YRR AR APer thd edddutdblOLB&E produced by the
enbodi ments, the nodeling environnment 300 all ows™a

wsastert servepneserite a b ok dgitealdeplapmage osuchhasi JAVA. In some
reactjon as_a block diagram FIG, 4 depicts an )
ERRLmERt Be axeerable epdegis dRnsBYErd A9 QIR PF BRFEROMPYfers via a

tsn:%gwgrquc%n%e{fé .g g@imc tggg ori rﬁo%:e:]cggng&%el%? Q}lé%cgliéee ?tf;-la%{)één representing

oW ng hea K'Teactio 2"
WRE efode] GRATEMYS (thO BendatdSred@lk ko KROWhstdtQ@REves NAMEe master server
response in E. coil is a protective cellular response

tngayherate thedwteayed treeds. foElaeairedysise njpesahe eedadimahts the master
in decreased E. coil growth, in large.part, frqm
SFIGER RPN 1 FRARICHY rISEBidoROr g848Rk shrseted Tesults. Tn one

r . r . .
AR5 8 Ao B0RCk-260 SR ERERII LR Dt 1 conan
of thysede@badlimegtsnaind wittdr GRBler RhoY @ollsctViral Aisplagasss. data point
10 The bl ock di agram shown in FI G 4 depicts the
é%ﬁi‘@#@ﬁlséh}’feﬁaédﬁapﬂné graphicglbnin reglidiiences i nvol ved

in the heat shock response. In part, Figure 4 depicts

pat hvayg;, %%Oc?epicts in tabular form reactions for simulating the E. Coli heat

shock response model. As described above in connection with FIG. 3A, the upper
table displays the various reactions involved in transcription and translation of the
heat shock proteins as well as the interactions of heat shock proteins with unfolded
(or denatured) proteins. As depicted in FIG. 3B, all reactions have mass action
kinetics and some are reversible, while some are not. Another method of

representing chemical or biochemical reactions is by way of a block diagram.
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4200, 4300 for the expression of proteases involved in
heat shock response. Pathways 4100, 4200, 4300

wo epsessnt t he expression of heat shock protei PET/UERBE/005505

Hs1VU and ot her proteases, respectively. The pat hways
4100, 4200, 4300 are activated by the interaction 15
4105, 4205, 4305 of a32 with RNA pol ynerase at the
pronoter of the respective sequence. Each pat hway

4320 3 Slioublpb iRty SRS m RS EhPh iyt g0 e dser o
38steANCa BRI PER et BrehamidaPreadiditas AA08k didgHm. AIG BRlepicts

pronoter and the subsequent translation 4130, 4230,
4830boflinggné of pbkwls; dingrarTmedpling enstirvariept oindhe ebodiment depicted

R L Ao AR PP Sis0 e BE I A R e e

lebﬁﬁfu%ﬂbﬁl ek & well ReowR aﬁéh‘ﬂ@hiéclé&@;@onségrﬁ@ icouas ¥ 9@6tbét1ve cellular
t he expression of the heat shock proteins a7 and

Degpidnse &5 peattindudeyl. strFbre Ebcmteéstmpenafumheesakznmeateesed E. coli

i S a&b ﬁ%gg Qértl{gr P{I%}OE%B i W%%%Sfé%@}* ijeat Srf]lock
5{5@’8’%% '\}i)aege 4_%1?18 k T: pat tt!) hea@i%ﬁgg%d Et’fﬁ% %k%t%ﬁjdmg

’n"a C OSE eat

heeknpriotiiperdnsg Férlbey dergaz[tﬁhgheﬂﬁmwenwleﬁaﬁ& viarpréeQses.

of a32 and RNA polynerase at the prom)ter actlvate

4510 the transcription 4520 of DnaK nRNA

subseduelogk dipgramishaws inFlG it depuds te e@ﬁ@ksw@ﬁsﬁve paticular gene

t r

St O ol B Rk A0 e iRy s s 4100

@i260,64308 fonthe Ieximdsdu;n ofheatcast iedvedlib he¥d shOASIBHRBd. 8Pathways
ameditor allo

PCT/ U 0 05505 A bl k .di
08 A Diremoskat fhorrPiessifn SRS BRI gt ot FEEGE and other
qﬂ&e&reg %speyﬁvé@_J/ OBke SHIRGLARM 1@@942%%3@ ar8 rd@tl@.{tedjmg‘uﬁeractlon

syst ens. are the fundanental nathemati cal
el 16408, fb?rOSaowa awith RN pelynutiasgabifhe prordeter of thegespectivie

(5t g6 Byt B0 SO el R g 26,2820, 4320 of

\the RN A Bledfdisd 4 NON4 0] B3E) bipthe GRS arl BN AS) R Biade Mteraction
d%nam C systens, such as the a32 and RNA

Do 4205, 4105281 06, promeiss and BsUbsayetaFlalp & K3 Grgd (4330 of the
B el B S Rlgo Rt SERAR! ARN Hd HEPPA-A B0

gaoRins earlethdamhiietdondd pyhbst sodessc KSinhilagy e dixgedm démicts the
exanple, in the bl i)ck di_agram of the glat shock 10

rAsEAYS 4709, 45R0 inygly edalaé%eeqxupaesaeﬁ ot the eﬁwlpplepm&em@@ nénd
U RS GEd Qéti\%g}g/ MR ALRLsiBY of ﬁ%ﬁf grogéiﬁ’ %%V%e U8 M8y the

represe ted 4100, 4200, an

rinferaetiem 4B @S’ 3 asd Rt}lwepolymetasaat the prdmotbir éﬂwra? AIMRAA is
a%(s?clzri ng 4&38 %Irl]d asﬁbsteauenlflls 1s translated 4430. In a closely related pathway

4500, the heat shock protein DnaK is translated. The interaction 4505 of 0 and RNA

polymerase at the promoter activate 4510 the transcription 4520 of DnaK mRNA and,

subsequently, the translation 4530 of DnaK. DnaK, in turn, may either interact 4600

with 6*2 s0 as to stabilize 0°° or, alternatively, may refold 4700 the proteins unfolded by

heat stress.
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subsystens) may be used to inprove the readability of
nodel s. I n sone enbodi nents, the neaning of a

woenswsisizial bl ock may be extended 15 to i ncl pdEUSL®005505

semantics, such as a "nerge" bl ock semantic. The nerge
bl ock semantic is such that on a given tine step its
output is equal to the last block to wite to an

i nput of the nmerge block. In tabular graphical user

interf odl ent. rge y. e conbi ne .
it aoPst ARy BolE 0= % PO IR OF aGRAR By, ot
emhbYate thie, %Htéﬂrﬁit%dt mﬁé&rlﬁﬁgraﬁf représ@Afkibas of HPhamic s&stems.
exanpl e, the 0 reaction: *fTranscription_factor: RNA

-Bloglerge the fuRNamentqg modtbematitil elemeses of a classic block diagram
*transcription_factor as_a "wild card,” allowing

APIFp) &0 sPEeitrihess,gonbadimsngs, the Modelisenyirerment: gcludes two
r@egg«%s olfsbll&s,ahéﬂ-ggtueal Ibic%%s 5&&‘9&{1&5‘ blc;cjlls.gf\{lh r—%'r‘tualel cks are
regular expressi on nay be usSed to signal e exi stence

Qllerfentiy dyraatid systdRaguhal a@fhe R PARISHENANSoly8&dsd Mraction 4105,
techni ques used to conpile a regular expression into

M206j 4306. Aivirsearidesk why begeovided favegiaphicalvergafizetional
transcription factors to be used by _the nodel. may

y . be :
FOGVEY crangRIRYSRR Epla s tlgﬁ,@? itign of e syétl;enb?f gdgAtions described

i . o : p
A3 b Ao CEbEGAE L HEMARIE R, oo peat shock
We: 20 bH B3B8 180 PGhLER Qﬁ?i{c&%ﬁpﬁl&fﬁc‘g&e tia@ériptfon mediated by
provided results in a different reaction that,

I etet pradiige progeisesreareseitetl diyehi003 4380 angA3acmay be
nessenger RNA and express,a_.particular protejn., Thi.s
CERARFHERL ShaginBle YEBR DIkl derburciseiamplelngspirh g the use of
‘ﬁuh&s@gﬁ%%y bR M&Sve efea&ab‘iﬁ‘yof modds Still

ments, the nodel1ng environnent %OO may
al so provide for conditional execution, which is the
concedh soinecaanblodinosmas, the thdah1gadfl a/eon sivosal Mlerksmhhbe extended
control when in tine block nethods execute for a
Jounelade peier semanties, swdy 3 3 “prigsk Mledgsemantico Thganerge block

bl ock..di agr editor.is . a graphjcal user interfage

CEDRE SRR o R gieR Rate R RYC Breabrbonhglass Plosk to
PR D BAVinfutstihe Iﬁln%‘e HodePiftpubip gfr ol s& Tht@fac@

GUl for a block diagram editor that atures a

fdnoladdimgnesl, e menrpe bpadkamntye be comtbiree dewlhrb diwikehtardh olmractors to
FIG 4, th qu tool s include various block tools
gpand p singleprable gptripingo Frylripls ipstarces o AdEaGtion. (e erample, the
4%81k§}2, an annotation 15 tool 416, formatting too

4 ., a save/load tool 414, a notification tool 420 and

a

*transcription_factor:RNAP -> gene -> mRNA -> protein

which uses *transcription_factor as a “wild card,” allowing multiple protein
expressions to be identified in a model using a single line reaction. In general, any
regular expression may be used to signal the existence of a “wild card.” Regular
expressions, and the techniques used to compile a regular expression into multiple
instances of code, are well-known. The transcription factors to be used by the
model may be provided from a database query, a file, or by user input at the time

the reaction is expanded to generate the executable model. Each transcription
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publ i shing tool 418. The bl ock tools 402, 404, 408
represent a library of all the pre-defined bl ocks

w@r@siosdsie to the user when buil di ng t he bl ockpdi/agrasnossos

I ndi vi dual users nmay be able to custonmi ze this palette
to: (a) reorganize blocks in some customformat, (Db)
del ete bl ocks they do not use, and (c) add custom

bl ocks 20 they have designed. The bl ocks may be

h ' . .
G0 B O Y TARA A P LSRR ot

Ciafferast gent® profdabd hfeddenyeF RN exdigsstl @&rﬁcﬁlﬁ@ﬁrdtéin. This
rendered on t%e canvas is called the icon for the

s dkqueTinay e nvagd be pdodifeersetstof eedstidnsrmnthsmiimmal frgout on the

bl ock palette including a tree-based browser view of
APF P4 Ehe bl ocks. In these embodi ments, the floating

25 elenment palette allows a user to drag bl ock di agram

el eme ﬁh%fi%lro‘%ﬂ&aerﬂ?l)@%ﬁe&t@, g gg{cﬁeﬁﬁg tgnjézﬁoﬁlln@ﬁ? 360 nliegf%éséo

Screen. sone O se ‘e ere may al's

protié foradonditi Giidl @gecutionl) whidess thd contspandsotdigibnall dndterative
interaction with the graphical editor. For exanple,
drnbgygicny thapedymelrsken sl ek bleck methaskekeerty fernuseb-persion of
sfﬁstemaﬁg11 rqﬁgt the user for the protein to be used

itHe OhE ‘%]Fe &@8"eaction. 17 WO 2005/ 083618

PCT/ US2005/ 005505 Using this textual interface, users

may wite special scripts that perform automatic

edi ti rMcheolpleclatiagiam @ditbh&s biapkical wgr atrerfAcel$EUT) component
generally interacts with a set of w ndows that act as

A fc%r@ﬁmgﬁef H@ﬁ@diagm mc;d@#rbmuﬁﬁ;r FIChdrdemess gn
YRGS 0Py B0k R A B P Sl OB pement

?‘ﬂ&ﬂé? e el IRSHERBE sHAWA REFTQSL Ok-GUM 85k lihclQ8d drious block
nbodi nents, only a textual interface nay be provided
frools 4AQL KDt a0 gvarioas waeng dine comsdationt toots 436,412, bh ankotation

diagram _ The wiring |line connection tools 406, 412
4Pp b QrfermattnzdonhAlD s sevedioarseel 414 newitbien thakd20 and a

o) | L ol d nbodi ment.
SRk Aol 1 ot o B0, D3 B SERRU A b of all he
GRERELS] BIREK svMbRALARE REE Whd beMing t5E/bESA disk@m.

start point, and selecting the end point. In other
didivitiuab nses maylbd ahje eo custosizd this padatis tovey) bergarsseblocks in

(such as the enbodi nent depicted,in FIG 4).
ORISR ORI &5 gfﬁ%‘@d’q?ﬁ?séhahdﬂ% 8Pf Y8 29¢c{&) add custom blocks
Corm. | nuolyi ' . ; ; _ .
R Rl i e Mo P R ST BEREAF l BhEh SR i lpfinine
RARY26€ (s¢@h 129 d Smb@¥eBy 1@k baatdy vaaBRRE WikdowdDt.$ mdiRl canvas). The
connect bl ocks automatically on user request to .
@raphicd varsicreef thet blodk that i keadened drathsutanyds is lkalled the icon for
the block. There may be different embodiments for the block palette including a
tree-based browser view of all of the blocks. In these embodiments, the floating
element palette allows a user to drag block diagram elements from a palette and
drop it in place on the screen. In some of these embodiments there may also be a
textual interface with a set of commands that allow interaction with the graphical

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

system to prompt the user for the protein to be used in the polymerase reaction.
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bl ock di agram (especially those with high conplexity
with | arge nunbers of blocks). Connection of one

whb@sksicos anot her signifies that the species PCT/US2005/005505

represented by the first block, or the output of that
block if it represents a transaction, is an 20 input
to the second bl ock. The annotation tool 416 all ows
users to add notes and annotations to various parts

of t ey b 9k SLARLATL TRE ROAGKAL L ARS oHRY, ARBSRE: D cfiom

notes or “anno uvm  whe

laf temhEOedifih g PetBions Witthe\BloMEdiabim IAARRE §8herhBf Hﬁéracts with

the notes nay appear close to annotated block or they

rmesgt bEw2Bd dnis do@mct Th earfvesardior thegnoddl The® emaid eore than one
arious fornma

userst tin ope tIO
é&“@ gerer amﬁ%@sm% RO %lﬁy%e Sattstic L m@ﬂ@g%rarchlcal

I QUS:
SRS SRAL Pl ACoEb Bt e @H%}%@%@- oHstiother
R 35206/ Qﬁgl@ﬁ_éxt@dl agiepire(Rg be ?@@&1&&&1%1{&&11%&1%)&6 user’s
such as inclu font-sel ection, i gnnent
joosstirfi¢toat ohhe Wotlodiagednect i on, etc. The bl ock di agram
and all the blocks within the block diagran1general|y

have set.of unctional attrihut that are re| eva

for  t HEie Wil RO Foe a0 a0 gR HOP aEL A AT e G Praralftected lines
elhd dhelCBle 151691)@ iH6he ?r&d%l’g Kahdl! WMBome tﬁﬁ@@dmmnts a single
attributes to be speci and edited. The save/l oad
tvaieing4ilé tabl ﬁ\ps:oalded aatl elle bicocbnteay bistksbsiatletindehe tool,

saved. The saved nodel can be reopened in the editor
é@les@%alsw'epomn@tdﬁe@cmgéh@ BOG pOMa&nrfﬁéﬁlaﬁmbﬁdlments

save ks incl udi nst r,uc
gﬂﬁmﬁ heRiPs o PP B R B fisidps dgpiceed in
e:g ! Cgflﬁéétﬁﬁls e Be AR PIr&Se dsdduist ther hREBSihs involving
10 thé same block in a nunber of other bl ock-diagramns.
THhendeathchmedanreficenienas she kqybored.| Yhe quodutieg dnvironment 300
handl e | oadi ng and saV|n? of blocks in a bl ock- dlag8
Rz alsaprayadle yfarr%u fgems A wterca)mégﬂomt bﬁil%ﬁioﬁge%t pcks
ena

PRI B R BR s b Best i sl aslp M Pt e e

9516&@&&9 a0 CAUFR L H{dIBtvﬁth High (c%ﬁmlarsmtﬁqgg@%rﬁ f

PDF, 1 g gﬁ Xg %BNL et c. Those sk||f§%°

iblod:l&sél é]’dnnmﬂldm (o7 ong bl(Ek tt)laabthdn mgmﬁﬂMt fherspecies represented
Itlple del s al | the Is menti oned abqve .

L‘%}) lgggk 1 Cl%lt &l lpﬁk 1g FeRjFgents a transaction, isan

# KH&%% M4 blderface (M) for providing a
ed so war e enV|ronnent

The annotation tool 416 allows users to add notes and annotations to
various parts of the block diagram. The annotations may appear in a notes or
annotation column when the model is viewed in a tabular format. When viewed in

graphical format, the notes may appear close to annotated block or they may be

hidden.

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

operations help pick and modify the various graphical attributes of the block
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A notification tool 420 allows a user working on a
bl ock diagramto send a 20 nessage to anot her user.

wo osossienbodi nents, the notification tool 420CTESEES005505

the current version of the block diagram to be nuiled
to the specified user. Those skilled in the art wl|l

al so recogni ze that bl ock-di agram packages of fer

SCri pti ng Ianguages for witing out prograns that

AS per.ati on
SR GRR <obrAfichy bRl PSS b B R 58 SRE St elBRmen: &
ST cAfioR) &ﬂlsr §4liclon0Ric. bHiacklodr Hﬂg’ré}ﬂ andlt A thie MiodR Yithin the
term nating execution, or nodifying block attributes,

dtlock diagiath 2605408 B6dBa REDE HSRODERDEEDE s Ther ammhéetu‘ang for the
envi ronment 300 nmay al sg offer a variety of aother
CHBFEIQIHGY anprB@mra&l% B pebutgredifing goq @rﬁﬂdw%ﬂa that allows

ock a Exarrpl es of such GU s
i nc%gagmb%(tg‘f T:ls%ecf ngﬂl%{@cﬁeel ps find various objects
such as 5 bl ocks and lines wthin a bl ock-di agram

(b) a Debsgegloatitabl N84 pBoWED ukatddebloXle ditleirA bdel to be saved.
bl ock-di agranms, (c) a Revision Control U for managi ng

ritha jayeé mods)icaih bnseepenetdn thoeditel aigoarm lataﬂndumczltylreathrough a

Profiler for evv|n timng.re (i‘mv\hlle executin

BPHL RGh Y Lm Sﬁrstlp%r F b %uafile SIFECONFEaFE] Supsystemms into
I a

t?l s%%%rgg;gla%&f" l%g&l? ?ﬁ%}ﬁ% ﬁﬂﬁg ggatrt?%s ng&%ﬁé@‘k&hgi fa@ﬂﬁ@%ﬂ; Feuse of

NBE bads bledk il Dakmeei bf dghel blockrdisigdandsr The At 4sve mechanism is
Bl ockDrawl con(); virtual Bl ockParaneter Data

Bpg@kltkwapa t@hmadla d9ading aAndyeavirgief blockin klock-diagram that

conpi,l ati. B [/. Methods for bl ock execution
actually resi em braries. virtual

ErrorStatus Bl ockQutput() = 0; wvirtual ErrorStatus

Bl ockDe gﬁﬂﬁﬁﬂhﬁg (t%ol—éﬂg may 'U’etgt‘é{udgﬂ k8§ eRhBlk 8e viewing of the block
Bl ockUpdat e = 5 pfivat

diagram as a docurnent that can be published in any standard document formats
(examples: PostScript, PDF, HTML, SBML, XML, SGML, SBML etc.). Those
skilled in the art will recognize that the windows for multiple models and all of the
tools mentioned above could potentially be embedded in a single Multi-Document

Interface (MDI) for providing a unified software environment.

A notification tool 420 allows a user working on a block diagram to send a
message to another user. In some embodiments, the notification tool 420 causes

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

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

attributes, etc.
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Bl ockG aphi cal Data bl | && aphi cal Attri but es;

Bl ockFuncti onal Dat a bl kFuncti onal Attri butes;

w@k@sk&wnpi | edDat a bl kConpi | edAttri butes; 30 PCT/US2005/005505
Bl ockExecuti onDat a bl kExecuti onDat a; Al t hough the

exanpl e of the data structure above is witten in C++,

t hose

skilled in the art will recognize that

equi val ent data structures witten in other 35

| anguages may al so be used. The major data fields of

the bl ock data structure fall 20 WD 2005/ 083618

PCT/ US280 91 nvirdnehdn@ B0 0GALL IS bEex aaargét?%%%r GUI tools
attributes field, a functional attributes field, a
cdrpihprbvat theiabilitg ©f ket do bndd andenamgtiloge dddck dingdaohs.

eld is

T hi_cal i butes fj ible f ,

< BEATRGS P Par I brinF e aht Fdsr (RaAPCaRd yeiuahigrts such as
| ' it t di I,

AbloHREuFL BAE MehiH SoldshahER, () P iRleBet AL Beffghiebde che

coleRlitioN ITDlocNdiab£:00s, i IRORekBN CbMESIUT Porl RbSadin® hthltiple

I't should be noted that nodifying these attributes
deessionstof the detk-diagragy,vadi (cl9 ad?rofitkee fondewingsiiming feisslts while

bl ock.
f oYccpR At

. Th ;a]g_ctional attributes field is responsible

dRZE¥R- attri but es t hat may potentially

af f ect N?E%c%?%mcﬁf’a—st%ctﬁ&efogg %?%crl&?lhg ggﬁ‘%&g&se@t&f K.

These
whol e

at es are specifi as a
10 and the input and output ports of the bl ock.

Exanpl elassoBlookgck attri butes include block sanple

tinmes

R S G e T

conti nuous, “di'scre

bl ock

attribute sp/

ap@bn@estrictive flags. Block sanple tines

Sys If the

is an ?errent | discrete-time system then the
C Stfi‘?ébi‘rf&(ﬁ Zbetween time instants

at whi ch t heirpiab&krar8eaen Sdockidamdcd)s r aced. A
restricti vevirtudl BlockdagmhdtosiBath BlotigeetPhranlcaei3ata();
certain npdeling contexts. For exanple, one may

i nst ance of In a . Attributes of

i npose the r/eé?%érﬁﬁ(%ﬁsg%ﬁ%m%n%ge y only be one

bl ock.

port’s cjf roperties of the data that is
ei ther avai ij%dl%gs%fgﬁlfé‘éée‘é&m?rhat port. Bl ock.
port attri-but-es-i-nek-ude--di-vensi-ons, dat at ypes, 20
sanpl e r at esirtwhErchrbects BleedOutpugh. Hidgensi on
attributes ireudl BitorSehtad BlodkDRASA@RE) 010; a

mul ti - di meng{ gpaeFRSEHRS BRRKU ; ?i&gﬁd ag.a contai ner

for data elenents. Datatype a

tes are the

dat at ype .of " each el enent of data in the data

Vat,@\

cont ai nBFY2'& conplexjty attribute is a flag to specify
i f each dat §l@¢l&rp@ﬁhlcali>art@d?ﬂ<6raph1calAttmbutes;

BlockFunctionalData blkFunctionalAttributes;
BlockCompiledData blkCompiledAttributes;
BlockExecutionData blkExecutionData;

I

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

skilled in the art will recognize that equivalent data structures written in other

languages may also be used. The major data fields of the block data structure fall
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conplex. A sanple rate attribute specifies how when
the signal corresponding to 25 an i nput or output port

wowdos/okssi1tised. The port sanple tines nay somet POEESHO5/005505

used to inplicitly infer the block's sanple tinme. The
direct feedthrough attribute is specified only for
i nput ports and indicates whether or not the Qutput
equations of the block are a function of the given

SR o Rl Bh b BirBuRThuts BELL Bt el Wl 4. «
. ahebh@s BeleaRFM etecwiibhelaexgayt i ng the bl ock
di agram The conpiled attributes field of the block

data structure holds the attributes of the block and

i ts pobhe graphicakiattributestfisld isrrespomible fartstoring mdornpagicedrelevant
ove. .This 5 field.is filled in durin | ock di agr

d P BHIELET ReTHFTIG §F SR AIOTHEI RIS PesRar blosk Chagsii SC B

he.. . . oD i h o oy

B Syl ROHACBILR Rl B 8 For b KBl BBhe A0 fcon fmage e

ts@oret. in thissfiddd ot ehsulf belgadedrthai medithiegebes dc@tbutes does not

attributes manufactured by the functional attributes o

i dlecethredynamics olithe podplagang ghs blackr iThe funptionrd gettibutes field is

I s described in .greater, detail helowin the 1 .

ST A RS CIOTaR A0 o A BUSES St 1Y AHEN Gl Ao dynamics

AHife Th&Ud st ROk BRAR MY e £E sééc@ﬁécf‘ﬁ)rttﬂceblock as a whole

menory | ocations that are going to serve as sources

famd thielinpkt amp otigyutquetrpudfahe dladke Exapples ok bisck, atatidites include

ot her work areas during execution of blocks. The.

leelk saapls tipesandrestigiye thas Blogkisapplegmes ppaceh if the block

net hods_that may be. 15 categori,.zed as _acgess, net hods

reaarandy & Al Bl L RLER GRS R B RERR BB g, 16 e

| Blo€lOf¥RIn @binRAtA b PRERRAS sy4aSS then @KE GHEibAR: spREfESthe spacing

nmet hods to data fields hel’p in setting and getting

theeween iinusindenas 4t whidh thé biduk despaaise sivailtd detstracedd A restrictive

editing are called by the blaock diagrameditor in
éfa@e#lsa%ls’w%héé}se o b?ckﬂl%emceraaea repRslmgontexss. tias cauppls, one may

i r . QC i.agram For i nstance, this.set Q
BBy Ak e Sl PR Bb 31t Blockha
dabgeim nes the shape the block icon has on the GU

Met hods used in conpilation are nethods that are

call ed by the bl ock di agram conpil ati on engi ne. They

hel p vattribates affidodoponss speoify prajfertireofithoclata thadisrdther available

bl ock he bl ock di hod d.i
BEEORPETHL 55 Tk BRE S SENBER BIIGHET EFBHE GanEPRp datatypes,
R RS SR L S T A

rdififedsiont lbfih multi-dimensional matrix that is used as a container for data

elements. Datatype attributes are the datatype of each element of data in the data
container. A complexity attribute is a flag to specify if each data element is real or
complex. A sample rate attribute specifies how when the signal corresponding to
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
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realize the Qutput, Update, and Derivative equations
di scussed earlier in the context of dynam c systens.

wo pooaashictis on to t hese net hods several ot her r uPET/UREOS/005505

nmet hods may be provi ded, such as the Jacobi an,
Projection, ZeroCrossings, Enable, D sable,
Initialize, Eval Parans (check and process paraneters),
and 22 WD 2005/ 083618 PCT/ US2005/ 005505

' tH t et h . u ed -
FRQHLE b NS HlodE IR P IR P el o block
bﬁ%}bjﬁle these are represented and processed in a

diftferent nmanner which will be discussed below in
connection with the discussion of the sinulation

engi nelheogmpiledathates fisbhphet Bock Hetasbastiradpolds the attributes

e BIREAGE bovtoriah ists the FHRStitel BFoipes doied above. This
i t- , - bR .
S A

et ibadiceeol the blbeloiracdigencthggivith the fiungldnat 8t tompBed attributes
consistent 10 with a nodel for glycolysis, the

lod 6k bliasks baareargsonnesfed e & Thiseprosersiof idatprmiringithe pempiled

for.the user. Alternati vel t he know edge base .350
P SGRRFBIER Y o Jeriosrl THEDTES & FORSY GRS

g@%agaltir@ms ONRriBhitd %&%@ﬁgﬁ@?g'd@?&b%d ihNgeatf 86&4 below in the
dels represent the target reaction Wwth varying

Isestédis onfbloket diabrant nomiphietioeibdicxenition dire fiekbisinedgly

base 350 nay insert paraneters or indications of 15

responsibl fartsporing thmmemary deeations faat ayh gologdRl sEges sources for
se 350 may _al so_provide ssi_stiange to.a user . .

A5 PRy DRt Bl e B aBUTIER: BrEra uing pigeodion of

Mlocki ochem cal reaction. For exanple, the know edge

base 350 nay prevent a user nmanufactured by

connecting bl ocks inconsistent with the nodel ed

r eact i Oime bloEkalmpd grsuashirepald had 4 seavodiabsabolacedaediatsebat may be

fcgga’e}ggglg)e/@ gg a&sﬁggg%?lgécﬁ&gtc%gggldg,egg{hag s%geé) gn ezcs.)mnng,d r%lefhods

( e X r . .

P bR ARaR A ek BAE B in'bughucion, Accotspgthad fo daca filds
(HelpPin setting GAd, gktitl B Wariotd HakdEt&ids of the block. Methods used in
(htt _:,/./ww.,zenone. ad. . p/keg ke _g2.htinl).

Aditngare callkg bytthe bladr diagipm pdiowi ideorder taateaddatiatzleds
o RO P SEEaF R o 5L b B iy o
Bftettlods lﬁ‘ﬂy REIARTY Motk BRwIcORGn AR IR 4B Hines the shape the
block icon has on the GUI. Methods used in compilation are methods that are
called by the block diagram compilation engine. They help validate the connections
of the block to other blocks on the block diagram. The methods used in execution
include a number of different run-time methods that are required for execution.
These include the BlockOutput, BlockUpdate, BlockDerivative methods that
realize the Output, Update, and Derivative equations discussed earlier in the
context of dynamic systems. In addition to these methods several other run-time
methods may be provided, such as the Jacobian, Projection, ZeroCrossings,

Enable, Disable, Initialize, EvalParams (check and process parameters), and
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a block as non-virtual indicates that it influence the
equations in the mathematical nodel for the dynamc

waeymsmesd61d n t he context of bl ock di agram sof t waeBUS2005/005505

is 30 beneficial to include other virtual blocks that

do not affect the equations in the 23 WO 2005/083618

PCT/ US2005/ 005505 dynam ¢ systenmi s nodel. Such bl ocks
hel p i nprove the readability and nodularity of the

[ nd weld.nog s ntic jnfluence on the.
R AT M e ROREIB hiofed Mot HRASR BT ehlic metbod
| 106 hderalt b HaioRURY$aNBse 4B QQF[BIteséﬂt@& kSd pRstesRUtRAldifferent
bl ocks, bus creator blocks and From and Goto bl ocks. 5

Mpdoherwhighmayl Heediscisseeledownnaonhedkomdivatgrthendizgussion of the
| ayering the bl ock diagramthrough the use of
LSURC %glgsyst emfacilitates |ayering by
allowing a collection of blocks to be represented by
a single block with input and output signals. The

i nput BNsbrRd tRBodsheRa! thedholiBlen S BRGYSIBAMAIND includes a
accessible to the 10 constituent bl ocks within the

suissyledenbask Frbehas nsindogsaudtion obh nsedvdy 51 eome of ilicse
OB L Bl Y S0 DS B 8%, .5
gy HPRSL SRSk el 8l i 1o concn

cwith aGhbaéistol glylcbBsivatiRindwWledke BhsrPB50nay be&e thd RPhdining
and outport blocks indicate a tunnel -through signal

IBaetirnsdor Hamuses. eerpativeht, the sorwitidggrbasn 39Q nmmytadter different
reviously, to.faciljtate deling.fairl | arge an

RBRER S e bR T b S TR ighd epyiadiyel Hhe offered

| . Y DE ' _

U8 DS AOLATE ASU Ad LETE ohe

ranbediendnsl thy kaosiduileebdot 360 rhyt thser? Patantérsatdndications of
out put signals. The input and output signals of the
sigperpibiliintar entgeerbreartions. t Bhe kgowlndgeitrerdd0 blayalkes. preyide

o ohEh BRI PR bbbk St M e o
'tﬁ%@l‘nlﬁﬁic@l RUBsYS! 8B Basn 1@0tﬂermﬁme§§ey bie ImARkL ggegff:n% a user

the bl ock diagram Additiohally, su stens pro

waynefacgired by kgnhéatiesblookeinkonsistadt withaie agoduldtbreaction.

bl ock di agram constructs to 25 inpose unified control .
orampleg @gﬁubh@wval@b&c@.abals@s g apyebe medrfodagibifarg generation of

of .subsyste nodel i of t e al so al | ows

Apgrh dpdar i SuRHipt debiie SR 67 b Risy piRAigR NGP!
tmtgz?%m%mgga@gﬁ@? 8RApfdeM Pasl Bgle GU, and
defi'nes an I spl ays spécial icons on the subsystens.
Tihetpy demss.rab.alef/pdbhandNEEGAs anet er | st

(http:/ ZWWW.gC;]inC.ad_.jp/ /kegg /kege? 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 virzual blocks that do not affect the equations in the
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and the special icon is called masking a subsystem 30
24 WD 2005/ 083618 PCT/ US2005/ 005505 There are two

woranos/083epes of subsystem bl ocks, virtual subsyBCEDS20851005505

non virtual subsystens. Virtual subsystens serve the
pur pose of providing the block diagramwth a
graphi cal hierarchy. Non-virtual subsystens behave
like an elenental dynamc systemwith its own

??fgﬁ;ﬁé %&té}ﬁtst}ﬁgael( QuLp BI({C'I%J ggl%ltlgngrgvgﬁ{e' Ve?&zlt\lﬁ‘gtsy’ and modularity

ese executron ne urn ca

X eidblsk dibhadan@tvielhe seRGitdiaitnd QAf s mINMRmatical model.
cl asses of non-virtual subsystens are: 10 Atom c

sixbepiceatsuchnegsaldrlecls inclugle vitualisnbsyatensy bgyst blsks and
witht dvant age of glroup'ngfunt'onahl4 a%pects of
QueRrs Rlpcks, bng erraropRlpckspnidsFiam g feto blogksdul ar
design. Conditionally-executed subsystens. These are
non-virtual subsystens that execute only when a

pr ecomiddiutitity sndyubd ddHi@kd ih% BiBabURGraH BV Sf LS the block
These are simlar to Atom c subsystens, except that
dirgramorigpiigh dhe ubd ofkbspsibms ek subsystonh bwiliatee ablieg by allowing

si gnal .f eedi t he ,subsystem.i s reater .t hap.zero.

Pl Berioh o DS IS 18 ORHELTT Y A ielP HOR VAR St ind output
S : t . ' )

SRR T ap AP AL 08 oFESLLLUER oY RSk

gonfulehit Hisiks RGtish ghabubadin g\ Siteyselsy s tveial BaBREsRm if its

with Trigger subsystens. These are an intersection of
chBstiEpe Placks apt mored beddiniadhd mayy bled dagrepsmedsl during the

SRR FHERNGD i g i) SUBRACS el ERe e calied Tnport and
R8st b1, Q&kpﬂot}ﬁfed%m&ﬂetsk%ﬁtg CORBMRS nt Be ﬂ%éi%&lxgﬁr 18k

25 ‘contents ' to ‘execute. These systens are si

idingknabTass iy s bedduepae plocks edicitha tmnegerengh signal
the "enabling” signal has been del egated to an acti on-

cARBGcEiQR to tes pyanshieskstizgrandef i ne a new type of
signal, called an action signal that signifies which
subsystens are comanded to execute by the

acti opyd Rbtddirtioudy, M aéidnt WG aHyYRZRANIAdMARK dynamic
systems., users may be allowed to layer block diagrams. A subsystem facilitates such
layering; by allowing a collection of blocks to be represented by a single block with
input and output signals. The input and output signals of the subsystem are
accessible to its constituent blocks. By nesting subsystems within each other, one
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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Function-call subsystens. These subsystens provide a
nmeans of collecting blocks into a subsystemthat is

woriog/ogdeex ut ed when cal l ed by an owner bl ock. AGCEUS2NE005505

bl ock may conpute input signals for the subsystem

before calling the subsystem Additionally, the owner

may al so read output signals fromthe subsystem after

5 calling it. Function-call subsystens define a new
on contr

type ofy,§x g‘?ﬁu Lo ghaé? tyRe Iof %ﬁgﬁgf%{e’m bk 5 ratlaalls%lbsystcms e(L]nd non-

function-ca {7 ¢ont’al NS no I’s use

VR t68 sl B/ stns. EYR A k@Psystefl Pl RNERI P&V ol fitng the block
owner bl ock and the finttion-call subsystem  Function-

daddraovwmihs graphighlsuedediygNoe virhedsebsyssnmdbedave like an
"tnterrupt” source. In sinulation, they sinulate the
é*%%‘%t%tj %fnaéqumtmml g v ﬁxchal@ng%?%Péﬁ e pdate,

. flac t S .
PO aE b TR B bl B R MM S ccurion methods of
slhbsysitRaeneENlReKd. € the constituent blocks nultiple
times on a given tine step. 15 I n other enbodi nents
t he know edge base 350 may be used to facilitate
ﬁﬁ%qer or . broader understandi ng of the nodel ed

¢lpsEs O AU S SUDSTS e #Png  to the bl ock di agram
representation of the heat shock reaction in E. Coli
bacteria, the knowl edge base 350 can be used to
Ad@mhicf sa bRl fitems! EThetd ARSirhilard tdevieal subb@ekns,eidlg th®idvantage of
that use, or are inpacted by, u70. Alternatively, the
gmowpiegdenbiacesal asp'hczsooffmyodieéemtai diverolapear Thésais usefnbiof mpdular
. Coli in which U0 plays a part, e.g., chenotaxis.

S12fthi s way, a broader understanding of the

Gt Rt Blechrod Bt R RS oFL DR ot S8 e
eRVdte B vhéA A fre@idlasnlid Rnamdes from which bl ocks
may be sel ected and included in a nodel. Models

Bafabled cabsysgrem5Thesetara binnitarrtomtoirit sabsykteosk exdept ehat the
nodel , whether or not part of a library, are included

rRnstiaerp Rlacks gplysxssutc when mp enabls swnabfeedingthgispbsystem is

execut balne ecode is generated, code representing the
Peferenced fiodel s i s al so generated. Virtual

TS YSle@GubIPitémst MRRUIRABRIIHN tdPARHE s0BsysREnd) |e9@é§>t that the
diagramwi th”a graphical hierarchy. Non-virtual

sobstyisicatrbldokh anly dxicketcanhal erBitgadndfordatling 3 ndls seen on a
2005/ 083618 PCT/ US2005/ 005505 systemwth its own
sagsering pighph isediasthaspbystedpdat e, Derivatives, etc.).

EAe M D A0 T e P G A e o
@ﬁmmq@ﬂgggﬁ gﬁ%fg}r;gt&ﬁp_st ructed, nodel execution is
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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5 carried out over a user-specified tinme span for a
set of user-specified inputs. The execution begins

wok@s/08ses bl ock diagramis conpil ed. The conpi PET/BERQGE005505

marks the start of nodel execution and invol ves
preparing data structures and eval uating paraneters,
configuring and propagating bl ock characteristics,

det ermi ni ng bl ock connect ivity, and perform ng bl ock

g%ggﬁg oéallagllgbssrlspenas 4 (L,tsﬁ ste oﬁpr@)&?&“% | ok cr)fl collectmg blocks

ructur éva par arnet e
Gi8at s%baﬁﬁi:m%tat &ldd Fy% cRASHEd dleA-caBéd B?taﬂrﬁﬁuéi}%@&&d Thie owner
the conpile stage. For each of the bl ocks, a nethod
blrckesat tven phtotiput sigaablfoatlee aibisysémi tbesfomacraﬂn‘g hesubsystem.
ThIS éﬁﬁl égls called for all blocks in the block
Y, ghe; pwper BRE a&ﬁyfe%fﬁ P@%}t\ﬁwa&ﬁaﬁram’@ isgbsystem after

t.i r 0
%EJ?? b Lo FERBeRH ShPop R Ranfon bR Sl Rbeostbh Sy oienat,
¢l GheaAeESHL &l Snal the &%ﬂh& 8d @kd. e huied t()siéﬁhe e execution
di nensi ons, data types, conplexity, or sanple tine)
oﬁflatiuzr[shipbbmkeeélaﬂnd/wnqrwlo@ amd eheshingpoorratlsebyyasins bfinction-
tgf correspondi ng. function attriputes and the
53 PIVBEIS SR AISB I dSERBAARAMSF VLI ) g upta sgurce. In simulation,
ﬁ?ﬁ%ﬁ%ﬁf&e thx Eﬁgctg bygﬁ] f.l?(l ta.{’]ﬁ?ﬁlggﬂé g@&&mgﬁ‘ %he can ; attach

rocess
ﬂterﬁiémh@@hnf(um{chm@éusa&ﬁﬂem@&es rlpple through the
20 bl ock diagram from one bl ock to the next foll ow ng
si gnal connect|V|ty This process (referred to herein
serves two pose In the case of

ation" r )
$Pnif seforems fag %%W‘&WF%%S’E%SF SRBSYstemsiXs i (B¢ constituent
propagati on hel ps
E%ozﬁlf?e 1{@%\1& {nﬁgﬂ){l hh{é #%Qé hi s bl ock are
conpatible with the attrlbutes of the bl ocks

connected to it. If not, an error is issued. Secondly,
i n ZSImdycmaabedmm shakeowledlge reset 300 teaybize used to facilitate

q%if;rﬁ)da@f\ﬁﬂe& i ffrg“féeﬁ%a%’f? fieﬁnaé@tsﬁ I!I‘Iéﬁb?éu’t@%\?m Eq?uegcg@we referring
1?(& IHE](J, ?f&? alé)%o It te g{ &%%PC&%B% %tegfj sﬂ&ktxjggéﬁon-rﬁ' 8. &8l bacteria,

ynor phi

ey Redwiedge Hassl350 @ah eTisBd tb @d@iﬁg @ﬁherﬁ’@@ct@fﬁ@ﬁ the heat shock
i mpl enentation of the block is chosen on the basis of

rmtlgp ghitfuse, br exkingpargedihy i @ OahAli¢mativedy, thoknowlpdgisase 350

30.1n th t
IS RO, AR RACRESS e ot P ik £ BheFs ShAT e Gftiotaxis. In
MORAH 8363 8d SRR LEFERE Bunciibhidis b IH €olles @hridtis®ndironments

determnistic results and that the appropriate rate
eambssachieyd- bl ocks are being used. The conpilation

step al so determ nes actual block connectivity.

Virtu ' ' o
oL Bh o 25 BB AR TRCH Tk b B EX G e s
ont Rdidy s1edeksl] h@gﬂfk"@d’dc@ecpﬁﬁdl [ﬂchﬁﬁ:cﬁf@d/ 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.

Virtual subsystems serve the purpose of providing the block diagram with a

graphical hierarchy. Non-virtual subsystems behave like an elemental dynamic
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5 (renoved) and the renai ning non-virtual blocks are
reconnected to each other appropriately. This

wa@ eowpiogasas ver si on of the bl ock di agram wi t h acP@ES2005/005505

bl ock connections is used fromthis point forward in

the execution process. The way in which blocks are

i nterconnected in the bl ock di agram does not

necessarily define the order in which the equations
(YREAAG ' LY Ok PEREk Sk

TR e i PRl PR i LY Oty LRESRIS, etc). These

RaedtRIn mettRider i tiesl call Ehdgxdcifion $0éthblg of HePcdidtituent blocks.
conpi l ation. Once the conpilation step has conpl et ed,

the sorted order cannot be changed for the entire
duratigon of, th | ock di a m s execution., Followi ng . .
the cdma Bblogk ‘g‘f‘%@g} Mgty Rgs Resdeforsrigtcsh apedslemmtion i
il r y I t LinkiF :
L o B SRl R L LR s The

egdation igghey wihed, cht todkodiabrans issdothpiddde AT B @6#1?@@ stage marks
t hrough accel erated sinulation node in which the

the errtdvizgedeh ensdution andpgnyelvemprepiring yafasstructanes had evhluating
into eithgép§oftmare nodul es, or i ons

hqr war e descript
FBIERF Y COMHBIE ond Propes RISt gt iR offgmining block
B8Ry SLROBEbARInd BldcRYe NS SidulEn R 69UT1R Y reparation

during the execution ocC agram code

rdidagenarcatres antiite e alaktionicf parimdren @xre uhd ihifialize basic data-
interpretive node in which the conpiled and |inked
vErsiuses Rfeded anghe crmiptilggitage. negr aseh gif the blgckstd mieghayl forces the

TR R O
fHlo& diggahi el HeB e Ldd %araﬂ?:@ér@, é{e@uﬁ&g gﬁ%h are thrown

di fferent advantages to executioh 25 through co

genles poinan Dirxeg whe configwgaoaaadqdopageictast bleckand port /signal
efficient than interpretive execution because of )
fcaMartersics $he sompiled atfebytes Gwichiap dimansions skatayivpegs, complexity,

i he, enginee, _alt hou t i hcreased efficjenc

PRI LR SR CRRE A ol §F Sl P e ehe
icbAe§Rding HencRidhal 8Bl fanBahe WAk ud&SSH BIBEKQ@A /or ports) that
during execution can help identify and resol ve bugs

iare ¢drmestdt tnahe sivayblark throkesh Hnes30L Nk ajteibtite Saghis performed

bugs prove nuch nore expensive tq track_and fix once
R e Baiccss ST BB Rhel TP LR B ENES SUEp IR ABrough” the

i ' re. . Additi.onall bl ock. . .
e R g e B G
Pirb&ss Geferdt® Béréid A RBpagddiRl” ) as@vaU Hok& In the case of a
nodeling and sinulating spécial classes of Systens.
lberk thathas dxplicatyt spetcifieddtst blpck fomhiss povas’ fundtemabsttributes,
maki ng .pr ot pt ypi n f new systens st and . .
@6%1?&33?5% Befpistsyfiohac dRt pitblufn ofshiiogh reompatible with the
%ﬁfﬂg&lszo? th% ?Ioé’l@ Conte&kd 858 effeﬁoet, &9 gﬁbr E?ﬁéﬁeﬁ?ySecondly, in

oose to
many cases blocks are implemented to be compatible with a wide range of

attributes. Such blocks adapt their behavior in accordance with the attributes of
the blocks connected to them. This is akin to the concept of polymorphism in
object-oriented programming languages. The exact implementation of the block is
chosen on the basis of the specific block diagram in which this block finds itself.

Included within this step are other aspects such as validating that all rate-transitions
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proceed further with the block diagram s execution.
They may choose to take the code and deploy it

worosigis1of the confines of the nodel i ng sof t WaeBUS2005/005505

environnent. This is normally the last step in the
desi gn of dynami c systens in a block diagram software
package. 10 In one particul ar enbodi nent the nodeling
environnment 110 provides a tool allowng a user to

te
SEHE Kok ARt ML B TR SSBE. 88, g ansicon
[H16Ks Aecibdiichase dC MOl CoMpilatRLES LRE Ra&yRYs 4409 118
si nmpl e i nput-out put bl ock or executl ng pat hway 4100 15

|cnnntxmvwr ev. nieia:h blaedts phaymcsmmmmcrrdﬁt o the. exRedittoi ofig block
k toﬂgﬁgi , the nodel created in the nodeling
3 3toP cths wieual Rlgeksgy tha blegkdingramy ﬁff-‘éP@?fﬁ@Cd away

\ Lens SUC |caI [ OC S es a
iﬁeemv%smﬁ‘ga BE g PR Aoy E R MR esfth rter
dbpfsprRidly alThig taslfngnam GErsiohl @RiPleall6ck dfdg ?Sﬁlq/\@ﬂl actual block
recursive equations. At any gl ven i nst ant of tine,

thasectequ a$ neavk fromy thie poinit éwerchrd dn ithé atdcomiehipprecess. The way in
he systeni s out put, response ( uts"), the
@B%E Blacks ﬁbfmnt@icpﬁmtefa in thpbios ok )d%ramwgq%tlmem@wﬂy define

an% BF&ET ﬁk%ghg@a%gﬁatfgrfs (grfgsthégsg co%%%ﬁgﬁr&?z% t%rEﬁ% %c‘r?mdual blocks

avill ben®lvied Alexe @REER eMhaht@al @Lfdetr E@p:ﬂflﬁ §t%h|nYned during the
changi ng configuration of the system 25 For instance,

|8ﬂrttalgmy[s i abn}pylstlem @m?lhmn gom[sla{uph@tg?haﬁmmpletd‘tb the sorted
e na e a e cyrren I.O
PutEpOb PE AN EER G B chermniziio, S bjid dRgrans exccution.

pr ocessing systemthat filters a signal would maintain
a set of previous inputs as the state. The system

par amidiiosviageht bempilaeoh sabe) 8 phe seviad linRRtapl Wiieh may also
statlc (unc an |n ). configuration of the system and

pEgduee licansao st inkinghapbeen pstfossed scode may or may not be

PCT/ US2 OO 505 ff t th ten
PR S0 S B S LA B e

t f -
S ST e i O

siamslagdd iD6o e@bﬂ sofusgeuhodiiles on heaiwme d&sdr%ddme (broadly termed
present invention is Simulink, available from The
PVoHithis stags is perigamicd kthembe stages shatdollewTise the generated code

T A R N A R
Syg}%’l@ﬂi’ﬁ?h}? akeREG &tHﬁﬁgml'cnmbB@ i bHvh Ble Qéiﬁﬁﬁéd: 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
in the engine, although the increased efficiency generally comes at the cost of
decreased execution traceability. Simulation of hardware descriptions during

execution can help identify and resolve bugs in the software stage of a design

project. Such bugs prove much more expensive to track and fix once the system
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differential equations; difference equations;
al gebrai c equations; and hybrid nodels. The first

wo ys/0gde1srat hermat i cal nodel descri bes syst ens BSI/NG2005/005505

ordinary differential 10 equations (ODEs) and is
depicted in FIG 5A The dynam c system 502 specifies
a set of two equations: Qutput 504 and Derivative
506. The Qutput equation 504 facilitates the
' h S . n t { Y
B el pRREE, QB FIBO0R ol SRR software

pal BERitegftedREh 0N sofiParPeinivitahined teaad hiOshitadRfor Snodeling
an ordinary differential equation that allows the

sndpmulatingspstiat blesséSoliarstems.i Moddls thiebs testeat datctiynie hardware
urrent tjme as a function of th? I npyt s, %Pe_stahg;, . .
@Har%mb S IREPLYRIRE O PIsivE SYSieras fask and gettsetfestive dhgpeskilled in
' ' ' [ ' I t L
UL S ah AL s SR k| BcF RSICHIE o no

Prisdeed E@fthé I wieh shed bldek _Sl@%lﬁﬁ‘ﬁs ak@uEiORTOIhéy may choose to take the
representative of physical systens (nechanical,

coda mud deplop itauiteide of oveenfines dfethemagdeligdsdfevars @hvironment.
t .chem cal _and 20 hi ochem cal acti.ons such a .

1S Bermaei e eteanane dsia o g SV B & block diagram

&ﬁﬁk. -time systens can be useful in nobdeling

ce I%%ggyﬁg%abolisn1mhile stochastic systens can be

used to nodel cellular regulatory systenms such as DNA

transcription, For sinple systens, it may be possible
to usénone paicplar ¢ grmnt Dhe meddling esyreningms 130ropides a

ORI By o T BB U L Pl F2RRREE
RERRANS a0l «d 118, SUSLRTSpIOD! Al et B B RRUANNG chBRe of

states™t hrough™nuneri ca ans. The Initron of an

&X¥cuting pabievai 41 Enasagiags e sSnpat Gudpiie bilsdkd ovetcuting pathway 4100
explicit differential equations. The class of ordinary

1 teaners detpileshiioam hesniy Figet-r equi re addi ti onal

equations to define the system bei ng nodel ed. For

exanpl e, 30 WD 2005/ 083618 PCT/ US2005/ 005505

equations called projections nmay be required to inpose

const Refefirfs Kbk t0HEG. Ui thé @n&iRt érehted BT tha Bl odISlitEerfironment 110 can be
states XI and X2 nmust fall on the nanifold defined

bsed by thegimulatiorsengineTiR8s > ymamsicrsastams, suh dsebialngli¢abpragssses and
coup] ed condition to the, .differential equati.on. .
AT AL SPeife THEHTUPTGIAFLo b BetPFa inAligetence, algebraic,
' | n i f Ho» = :
s R DA A ch B8 B P Rudidhs may be
sicwrtliak yelhtienshjisdgoweastlod spyahBroutpAnadspenscelanmppes? s the

the use of a Jacobian equation that defines partia
gy stinpesstmuli(riappsc) atshehéme; drepureiiritaty od ey system, the

?}%;Eﬁfng r&%?%l!l%éréégr{d tz_ilrkr)lle?%he Er‘ggtejo%ctﬁg is;%?en%%%tr Lg r'ghcin?ght ofasa
numerical representation of the dynamically changing configuration of the system.
For instance, in a physical system modeling a simple pendulum, the state may be
viewed as the current position and velocity of the pendulum. Similarly, a signal-
processing system that filters a signai would maintain a set of previous inputs as the

state. The system parameters are the numerical representation of the static

(unchanging) configuration of the system and may be viewed as constant
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when obtaining a |inear approxi mation of a non-Ilinear
nodel or an overall |inear 10 nodel of a set of

weouansmns. Jacobi an equations are required f oOPCHURBE05/005505

forms of nunerical integration, for producing the

I i near nodel once the nodel has reached its steady
state operating point, etc. The Qutput 504 and
Derivatives equations 506 may be extended to define

t I
BB BOALRS b Rl RO ARt ramere s
dBé 1enictty oﬂﬁérﬁlﬁhhpﬁﬁfﬂo@ tha IR iekarhplef 8 pAkSnédag 1s~°dh€tv§lues of the
back to a known quantity at a SpeCIfIC point in tine

cﬁltewtﬁeaa & sigydatidni engion gisefubin csmmenn wWisle ol pr@emm;nventlon is

us. sitiyity y
fﬂi% Pl B RS M@%%Qﬁa ysiof Nl MR bpipsts.
varl abI e critical to the system s behavior. 20

Anot her type of mathemati cal nodel describes systens

usi ng Thef frescain e tera@dds iacifeh afpedeMetiRenhdtitaRinedelBtochastic
The dynam c system 508 specifies a set of two

auedeld, 6p she Opep of mBuiemadcalpoedas Bscal inTihe sGudypof dynamic systems:
ation 510 .facilitates the. conputation of the
Ssrendal gty o i ERreceuations; YBRORIGRAYAROPS AN Ly brid models.
f te :
340t 08B oS58 5000 N o A

@qﬁi@wrfsr(@eDEq)de Briepivaéd ah lei@S 51Ahe Teerduhatit oysterh M&peaﬁes a
states at the current tinme as a functl on of the
ﬁtpeﬁtsvo equations:fOuEmid O avd Hlesivetivied 0%5}%@@@ eqalﬁaon 504

|
%ﬁtﬁt ¢ ggﬂl?ﬁ%&ﬂpa‘ﬂ%ﬁ&w%bi39%?&%%%0@&? FLE gD gl instant
di §%1§‘étﬁ‘)rp<91' it g’uﬁ S fiR, P%ﬂktgfss chetisid TR Déﬁ%&%ﬁaquaﬂon

are typically réprésentative of discrete-time control

ém)d islagiotdinay diffalen8fl guaessiing alyet enscomputaionpbfathe
stens, it may be possible to use the Qutput 510 31
YG0s/GShe $QTEEt NoOEEEES aamcwpmféh@ HRRIL.GhS states,

512 t f lution, fo out

rpégaé%e%% a.l'xlf% Fl)‘ﬂ gj Sﬁ%&{loag%ﬁ S taPL f]ﬁ) I&S IIEJ Wthlch it is
$MPbATE: td HEN BRR ﬁéﬁ &% bh& RYSEHAND WS Fh&sbn bPERIIBuch
recursion. The Qutput 51 and Update equations 512 are

apptinecus-timpegitents yrd a>matwdy freprel;d]ﬁatsgesd)fephysmbgnms
over, a quirlod of tine. 5 An additional type

rBcRRARieal cRiermal élccmsg@rh%%V%y@le@rﬁaMM e éﬂS@@B fogj chemical and
E}Txﬁﬁxehﬁ% r@a%uﬁﬁ? Elgctheaq ﬁlgragélﬁlarg)&gil-é—elfn &Y P& égsyﬁérbexample

uses an a rarc equation nee

%@hﬂﬁ@o@u%%%t&ﬂnﬁ‘éaﬁ Bealikfilin trﬁk?déliﬂﬂgﬂiéﬂﬁlal W%tb@ohsm while

sinple systens may all ow one to obtain a closed-form
stichastisrsyftomstche beystd o mogeltcsllalad regitlpors syspemac suchads DNA

al gebraj c uat i opns may best be solv iteratively

tra%scnptlon Fbr stlmp[]e syste%/ns G may Be poss1gpe to use the Output 504 and
Derivative equations 506 to obtain a closed-form solution for the output response
9(%). But in most complex real world systems, the response of the system is

obtained by integrating the states through numerical means.

The definition of an ODE used herein encompasses both implicit and
explicit differential equations. The class of ordinary differential equations may

require additional equations to define the system being modeled. For example,
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10 using a nunerical nethod invol ving both
perturbations and iterations. Al gebraic equation

W@ 003i08331% echni ques used in the context of dynBoi/vsS2005/005505

system nodel i ng are discussed in greater detai

bel ow. For nodeling biological processes and cheni ca
reactions, an additional 15 nodel is useful. This
nodel describes systens using stochastic techniques,

. : . : ’ T : Thase
PSR calRd B Pl B B SRl s Sl JTER
ARRrexdidTRhtiftled (F.1 Sbel VX, Gl DA &Y FiP6B thé n@iifold defined
applicable. This nay be the case when dealing with
by, 1 + xpl emsul @hessudstrasuctandse ligbhyareodsled cbhditiongto the
to DNA to transcribe a particul ar gene. An exanpl e of
diftdremtiad ahju@fore Aldtough ystamsdodiudline the patjedions may
stochasti aIIX is sho int eacti ons ggﬁ%ﬁhof FI%% )
spnveatipnally no lopges qualityas anGADIE; gy areps ere as differential

i di . S3 S X .
bERT it o SoglEh B0 G Gl 6, yoRALE  AhhsPfpepgle s e
6@ 6f h Pitob@ECafifatiah that’ ddichesTpArdTe deelefivdsRaEeh agpetttiontie
to a probability distribution that depends on
irctependentiandgior défferviatiil yaatdeso dalvd Jacopiagi euaitiontis grpically used
be used tp 25 determ ne en the reacti,on occurs,.. ..
SR B EREF APPERLPRISR T 8 TR0 BRRRPgRel or an overall linear

. . / LSt : ‘ .

S sl b B SR for some forms of
hypergelonedgrittordifst prdaliicingndie limdak infiedB]l @ince the model has reached
di stri butions, negative binomal distributions, ]

e steady aigte epretingpeinnetc. pEhe M@y SOdrandaPieviEatives equations

st ributions 0i §son i stributi.ons, ppsterio

GoBuhisphi FERSde Ry S5 ofiel IRhrohuPs folBE biosly Fongxample, the

. i i . .
O pCERiicAl ik Siah HOH) R Ao A B J3 e gfion B where i
26806/ 108 3t 8 bREHUBROGEN QRODEKY dt ;a siseifihpoind i €@ ori wihien a
the time value for the occurrence of a stochastic .
pResiflq emdition fsiseem {3gobiags maytaheonkeiused tepgiormsSegsitivity

onmposi te systemthat has..c onents,that fall into ..
PR e RS M i S GBTRSNTRE BishiRin i vl eitcal o
?heé §RteRbkHaiyst em model s fall into this category.
This class of systens has Qutput, Derivative, Update,

and potentially other equations. Solving for the

out put response of such_ systens requires a . .
combi AEOLesT BPe oh glaélaﬂrmticeﬁmaésl dsspibes sytemp ysiag diffgrence

Al flns A Bl RRPEoRRONE. 1018 RANPLE. O RLOIBIR LSer of o

_ one “described ( erentl braic
REHA RN OUHNES] 0 Whdl Tipduens B2 NTRE thuult feql8Rbh Bl 0 ¥ikilitates the
equati ons and al gebrai'c equati ons. particul ar
icopugestion of thieogstemt’caltprotspenssataa ghvghrtime appagasha function of
thaf contains both stochastic and deterninjsth
éléfugiﬂuéh $tat¢yAt sgme previous time, parameters, and time. The Update
equation 512 is a difference equation that allows the computation of the states at
the current time as a function of the inputs, states at some previous time,
parameters, and time. This class of models is suitable for systems in which it is
important to track the system response at discrete points in time. Such discrete-time
systems are typically representative of discre te-time control and digital signal

processing systems. For simple systems, it rmay be possible to use the Output 510

31



10

15

20

25

30

allows for the solving of both nmetabolic and
regul atory systens in the sane nodel. G ouped wthin

WO b@sogisposi t e cl ass of systens are many ext enBCDNS2005005505

i nvol ving rel ationshi ps (equations) defined in terns
of both outputs and state. For exanple, one can
define a limted integration relationship for a
differential variable. This relationship requires a

f ti.ons t nsi stis_of .t he put .. equat i on
3 e R BRI EhPuR ST ol R f B LR response
?Yﬁ) SBlPfh RebadRPlex T wolRl §stehfsS $h SesPBHA! bLMASERER solved
he points in tinme where thé upper and lower |linits 20
chraugh retwisioad Thetgpat bd6 aoddlipdatnaiuacione %a Bpire applied

an ex&gnsio |% &Pe noti on of Enable and Di sabl e
EERFAGTDNEC PPEE 1A ST BB FEPOHHS RVHs2 Bﬁ%ﬂ‘é ®%s or

i . SYS are,activated.and .
R ar 098 PP e Be Rb R RLAr By PR i
chasses Afdepist EFFICHT. diktfBnhanse spasatsd BNEses adxlgebraic
al'gebrai c equations and conposite) is the notion of
sysaton §a0shat ndedeto Fheolvednptaslt time toohithia thiermtputs. While
interval at which the inputs, stat or out put

cERple s¥stee 3Ry Allarepnedy ehyams flﬁéeg-é”%msg ution %ﬁéhe system

r C 4

P T Bl e Lol AR RS e PAE P Maive i ety
s¥BlgeMMuBertd @Hsd idvdtving botie Petiebitidis shdSiy&h86hs. Allgebraic
not ed above, stochastic systens occur at a random 30
eqnetior selymgriechiigquesrmsop an thd santexobhdynanig system modeling are
%St ri Quti on. 3 .V%IZOOSI 083618 PCT/ US2005/ 005505 A

€ é@tgr%ers@fé%ﬂe P¥-a systemin which the
evol ution of the systemresults is tracked at finite
intervals of tinme. In the limt as the interval

appr oddresodd@igiologiatpseestLahd dReysl esnceasm@sadilitional
continuous-time system The intervals of 5 tinme nay

eogrdis wwefel. oFhinmedgkddsedbes sysigmes nsing stasbastjseterlbaiiques, such as
S 3B e B S e P B R
SORRRGHAPAR IR th MAEH  AZPBASS At kgl Th

evol b tlen@isoivheheesliig) withrsasillhelant aanits,such sk RNA polymerase
changi ng._ Conti nuous-ti nme si?nals change durin )
ipRing ¢aDINA gransrabe 2 partirylas gemsl dAnexample of a chemical

%ﬁgt?flé&lg %ﬁscétf’?[)ae b‘% g%ﬁ%ﬁgg@%ﬁ? isg%g@? {rg%earrf]:aguaoEﬁs table of FIG.

%smtei.ggy%;binaﬁ -SY3L. DBk, ARYEGHicy IRt Schat She h§dlecule of 532
wi th both discrete-tine and conti nuous-tinme el enents.

IHonds swidt ene hadeantd of Dnak. sBehesitiuleed istodhastiaily, this feaction
single-rate, If_a system 15 has nmultiple sanple . .
{ACRSS at pirapdom djmpe dereyained) acrosding to prepabilifedisyrihusian that

%%BCI?C?S on reaction kinetics. Various probability distributions may be used to
determine when the reaction occurs, such as exponential distributions, binomial
distributions, F distributions, frequency distributions, geometric distributions,
hypergeometric distributions, multinomial distributions, negative binomial
distributions, percentage distributions, percentage cumulative distributions, Poisson
distributions, posterior distributions, prior distributions, t distributions and normal

distributions. In other embodiments, the user may define a probability distribution
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eval uated (executed) using either a single-tasking
formof execution or a multi- tasking form of

wex@s08ico$r. When mul ti-tasking execution i s usedr/us1005/005505

conforms to rate nonotonic scheduling principals as
defined by Liu, C_ L., and LAYLAND, J. W Scheduling
Al gorithnms for Multiprogramming in a Hard-Real -Tinme 20
Environnent ACM 20, 1 (January 1973), 46 61. Systens

or d b pe

FRbGrieh QRcERhTER hE Ry o P A RGBTt EPspss reaction
one that uses a fixed-step solver. leed step sol vers
typically use explicit methods to conpute the next
contimwﬁM$ngaﬂhnamcﬁmmedIpedﬂddh@ohqksﬁvaySEmﬁdnﬁlns
A variable- step systemis one_ that us
vamp&s%tﬁ ﬁ@éﬂi éntoetfle four pesp @@ﬁt@piwsv@?q aRoys. Jylest complex

el tr[]de { teﬁptno%fe[ at?.lg ?pr_lhis catege'g%& h’fﬂt% cia% ggftrgs #tgs Output,

next ContPiuots™s non- odr ¢ IRt
D dFRatifeE @S dild Yandvsdte cﬁ‘h@)pec?lﬂt‘i/&fss sulsrﬁl @fdrahoRkput
error control to adj ust 'the interval size such t hat

réspodesofr sedh systems tajudrea ncosanetionof ey sguti@0 approaches
TR N AT NUON O L A
%@%&M?&%&SCE fi aﬁlg%ﬂl'gfr?s uﬁt}{g{lse QB z%}{& @or&gﬂpi)(?ﬁﬁ differential

[Ted 1n

RHE&Esshed ABIHAGE elirhtlonsh€OPPiRi¢utar GhtecseiEn blochermcal models is a
transformations formng the inputs of others. Each

dlybridappioath almtfconma bothmagclissti nadettt¢rministic gghationrss which
le d nantc tem i nto one of t
Soah iR Be YDA SBEthhald i Gl Sshim fF the same model.

dynami c systen1nay be nodel ed as an interconnection of
various sinple dynam c systens. A schenatic

repr es@oupéd eithaf dsuedimpaositerdlas ofspeeans are nAay ek@nsions

evol ved over the years i1s the bl ock diagram Such

insdving irelgienshinsdefsatiense dagued ﬁet@n@ dgtsfttb P dts magrssate. For

SHRRP: O3 FOHAIES L BmieR e R iy b Bfeaal variable.
§ Rfon Pq'&ll%fcs a st oft eﬁﬁ;ﬂ{i&hsddﬁg Eéﬁ@l&? de ‘:hcobu@put equation,

namc system'is represented schematically as a

aﬁIIUpdratte equarforhladoddvattivt eqeaivigeinelh Byrd Oresidghequation. The
represent the input and output of a dynantc system
l?e?éﬁ (ipene saptionatriiney eep@ﬁ@rmdvmsyﬂmw %ygp@tmndolower limits

bl d
i i BREE b ehfion EEug BBttt 3y (Rl ghe Hotton of
tHifabld 4Rf DRhGIE e qudfioserhak Héﬁxf%dréléhéﬁkﬁlﬁratm&\ﬁé btates or signals

recogni ze that the term "blocks" does not refer
edwinysirselfy sysicml aronotieted ymd deactbpsddeduribg exemyioal. So

Inherent in four of the classes of systems (ODE, difference equations,
algebraic equations and composite) is the notion of system sample time. The
sample-time is the time interval at which the inputs, state, or outputs (collectively
referred to as the results) of the system are traced as time progresses. Based on
sample times, a system can be described as a discrete-time system, continuous-time
system and hybrid system. As noted above, stochastic systems occur at a random

time determined by an operative probability distribution.
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i nclude other nodeling elenents that aid in
readability and nodularity of block diagrans. 20 The

wo b@sog3eos Di gital Signal Processing (DSP) focPEEESING/005505

nodel ing 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

cl asses of time-based systens, e.g. continuous and/or

di scr et gisdrbfPrse r%%t@lln i3 X%%r,ﬁgiﬁ-in vRciPHe @eLAshH ke system
bl ock di agram nodel s are tine-based rel ati onshi ps

bestilve ésntradkgd at finaa dhtstvatseofitane.dhl ths linepasedenimeiwbamiroaches

a dynam c system The solution (conputation of %¥stem
Eeish GG disciste-time Sreiget beconstaGonsaupys-ging sestemg [hnatervals of
el ati hi ti . t i t .at.

)8 PR G Bl St P e, s

U$ HocBREE syt &Hs, " $¢ eleirbdBo as FOEMnE¥Ah YAl %ﬁt&ﬁs Irﬂ:@ﬁi%g that
relationships i's referred to 35 WO 2005/083618

EICFE $S20 PBriodis 586 at achich thanespirsp caibbg akkedepk esmtituous-time
quantities that change over tine, and these .
SUFEFRIiE # SSteam & aDrG R oftigns %&hwgﬁ% ¢S Becapdpuously

C %pggg : r . .
%gﬁgg#gﬁé I ps Igg%égﬁhgpgna Sg%§%8£%gkgﬁgg%rggfggﬂgPéAn

dedrhprbdiyconéihdoudtin@issten® Ronceits sl Ba AYO DR Clifere can also
These equations define a relationship between 5 the

baplgebsiig naktempositpeontiiugattame sstenas. Amgbrichsystem is a system
In&grent.in t he definiti.on is.the, notion of
parLbediscretgrimp agf COPHARUSHMESIEREYS of the -

equations. It is inportant to note that block diagrans

are not exclusively used for representing tine-based

dynanil£a systdne s Oilly cHlesanfplé tlﬁieP &fis sidled betfingle-rate. If a system
conmputation. 10 For instance, flowcharts are bl ock

diasngrdiiple syoplettimes pt 19 seidgpdeanylti-fasey Multi-arte systems can be
eneral ly suitable for describing dynam ¢ system .
BEnueet ( Expilies) Aihg BiRsER SREISHTERE (OB o OERIGPAGF ArRult-
r . .
ISR 05 RO ER n A ABABITL 0,008 L0, S Brme
irfte WS@EbtoRid sahédwling; pruecipAx &cddfined bfLibl QCKS., and /A TAAND, J.
bl ock represents an operation and a |line represents 15

Hetiedniinmdigeridencpr désieirgrayming i Betrddiesdt Tigen a
AP ek Ao et S B A LS e
Vi S s AU BB LR SO Sy o
e usedle hikedystepfsbvar.ikab ktep solvers typically use explicit methods to
compute the next continuous state at fixed periodic intervals of time. A variable-
step system is one that is using a variable-step solver. A variable-step solver can use
either implicit or explicit methods to compute the next continuous state at non-
periodic intervals of time. Generally, variable-step solvers use a form of error

control to adjust the interval size such that the desired error tolerances are

achieved.

In practice, except for the most basic systems, math ematical models for
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20 of enabling the conputation and tracing of a
dynam c systenis outputs manufactured by its bl ock

walc@gnsssisrodel . An execution engi ne carries ouPCT/082005/005505

task of conmpiling and linking the block diagramto
produce an "in-menory executable" version of the
nodel that is used for generating code and/or
simulating or linearizing a block diagram nodel.

' 1 he bl ock- di i feryred 2 <1
SEREH Pl b e =SBl U BT AR LB B R e figot frpticd in
IsOinR Predc¥ibad thatdlel Yithythefouthik8 POk tisRIARMIBRIbARMg the
in the block diagram In this stage, the engine al so
supts of ptherd|Eack slémerthletrdistknadioagnayrbe miewed in isolation as a
hjerarchical lists that are used when creatin t he
BIaRlg dyaumissysear g eig of fite %qﬁ%gqrrqailswa%eo,vet Haerefore, a

' [ r |t i . .
SPETA, TR b FrodeRa s thi BB Silagpus simple
dfRaBR dyaehRUA scRERARe ptesehtatidd dHlsQEl aflidgf @ nethiBn that has
I i nking stage al so produces block 36 WO 2005/083618
rEIVEIS2005he58685s thedtlhdddisgmautSush blpgk diagiimimadels have now

sed by the sinmulatjion qr linearization, of the , bl ock
AeEgPaMSTATRrd Rednhit ¥ribadie Gt }ga@ﬁ&en@nﬁlhémc?esa and
| 2 f . . | (a) .
SPAHEhbEEL Qaplutof; RESluVt FBRNe Pyl behavor
initialize, enable) and constant output methods). The

bl ock nethod execution |ists are generated 5 because
the sifrblogkidiagramanodellafpalynamae sysrennfs preseratednsbematically as a

A bjgégﬂgfépﬁﬁ?c&ﬁf s R reBes B g Put Aind output of a
ORI Bhent I RARSUL BREATLARITR APARLAE G888 A hik
thi s st ge, t he execution engl ne rmy choose t

tenamatiag et bhe blldkainddeaginating @t alstékr §ighifies thatothe seéond block is
it) into either software nodul es or hardware

aavedngrofchs firgthloddKhoseskiberl sode)art will raspgnizedgat the term
L B G AR P8 e BBl bt el may lso
¢hAGA@Bhek imd V1D oS @HEN $hatSEd BPRIASATR/ ﬁkﬁﬂn)bddl%l% of block

the execution engi ne uses an Interpreti've node o
eleggamson for the block diagram In sone cases, the
user may not proceed further 15 with the execution of
t he bl ock di agram because they would |i ke to depl oy

Lo B BT AR S 3O S B g s
& e&ﬁk&)@& SNGhMesUTBE Bevd hatrally 8 ih@OiheliinEAR6Ed 8lock diagram
bl ock methods in a pre-defined ordering upon a sanple

iplatadigm fryodaepeingtbe sarsplesyfesodisestet timy pohatrsge ik This adds the
ti 0
bleggﬁt otzbeing able to model the interaction between DSP systems and other

classes of time-based systems, e.g. continuous and/or discrete-time control systems.

Put another way, block diagram models are time-based relationships
between signals and state variables representative of a dynamic system. The solution
(computation of system response) of the model is obtained by evaluating these
relationships over time, where time starts at a user-specified “start time” and ends

at a user-specified “stop time”. Fach evaluation of these relationships is referred to
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Determ nation of putative reaction tines relies on the
size of tine intervals chosen for the simulation. In

wW@e@s/0836o8 under st and how the step size i s pi ckedr/us100$/605505

first necessary to understand the notion of a sol ver.
The solver is a nodule of the sinulation engine 120
that is responsible for performng two tasks: (a)
determ ning 25 how far execution time should be

van et: n._consecutive. es. in order to
TS e RO RS a8 AR b Be B g and ehesse
iqHaREIfied drBGiehREd HSdIMAMihME8n ¥md PevwekAtBS bRk did}gam’s start and
systemto obtain the actual states. Based on how
sthpvans. Por tdatonshépsthateten sigakls andhepptavaiapbnarattined by sets
classified into t stic c| asses: fixed-step solvers
&f eqpationsyrrresentpd Sy Rlecks. Theseegupidp goksiasionship between
PCT/ 0 Fi xed-st e ve re sokvers in_ .
TR R85 S RS IRRES, DL TeBul s

dotionest fkanétetsy whidheard $RE c8EMERAts|of tRX Bhhifidisy
specifies this quantity. These solvers are used to

nodel types of systens that mnmust operate within a
defined, t.i di t .. F i nst ..
ant | - HoBKITHORIP P S0t Wi Ry Nsbiaswie TGt st s for
g ' . I i .
2o Bl LY AU P OB LS, AMELnFROALP o Bpucacion.

tHe isainl 006-datwlyes blokk digrbhakidddo &ysirePréQrsowt and are
meet its timng constraints, the car may crash
Fiot @gnetaly seitablefor deseriting dynamicasystemelet hywimat. Dotanfidyp block

e AR D o IS Bl
IRRdLE EiRe E\QéﬂﬁbﬁiﬁﬁofaQ§ K&‘[jeﬁm 3)? ascﬁ{]jkeﬂgrlﬁ ﬁ?écﬁtosiﬂftﬂite the
results. one eactl1 ons may b def I ne a aving a

@ixsaithineof sadl ehkid®bldch riptesdhtcasepéftor ahde e repeesents
reaction coul d be calculated at fixed intervals using

Exe¢uti depspdentydascribiogahe direetinreor date flovarg heeveen blocks. As
defined.to,be a ntipnuous-tinme system  For 5 these ..
B BEGi g S SBEk A MG Bt PSS RSk g yEpdised in the
(Batex@ 0P dgﬂrﬁirc@}rﬁ%s R¥cdpiGs oftidfsailopdy.engi ne to

m nimze accunul ation of errors. These reactions

requi re use of variable-step solvers, which are

desi gned to nodel continuous systens where non-evenl
spaced blagk dizgspn cxeentireergine sortribykestte themodeling software task

sianif4cant behavior. For exanpl one want to
St s opataden and biani o et iGRaTdn F dhtpus
BRSOy RV I B AidglaR GHHEAS An RREMRRY &hrditic SlrABSout the task
It is known,” based on experience, that the ™ ball"'s
lodicoogsling did hokingehe bk ydisgranad, pradded faf'in-imentoey gkecutable”
of the P&ynceg Wl . . .

version of the model that is used for generating code and/or simulating or
linearizing a block diagram model. Execution of the block-diagram is also referred
to as simulation. The compile stage involves checking the integrity and validity of
the block interconnections in the block diagram. In this stage, the engine also sorts
the blocks in the block diagram into hierarchical lists that are used when creating
the block method execution lists. In the link stage, the execution engine uses the

result of the compiled stage to allocate memory needed for the execution of the

various components of the block diagram. The linking stage also produces block
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dimnish as a result of gravity, friction, and other
forces. Variable-step solvers are used for these

WO 2ess83is cont i nuous systens and to determ ne MBUSEDEMSS05

size to use so that the behavior of the ball will be
accurately nodeled. 25 In still other enbodi nents,
reactions that are considered "fast" by the nodel are
assumed to have conpleted at "zero tinme," which

f ' : hat th . ed t hout
e A e T e ST
Hldl disgaaml. Tnclde Q209 M OBIOIBe P kh /iR B0P/88a2héenodel

not ed previously, stochastic reactions occur at a
méndomitsisteofbambritiog “aetupspeethpdy ée.grlbabitaitt ynitialize, enable,

3B SEPSH O BB et b e ARy EHE) gt e generated
e S5PL B/ P F L B 0BE B B

endtheds by ¥pe-(aet B? b1k R Schey hive/agandblk @itsol ver
el ements, the follow ng steps may be taken. The

simul ation determ nes putative times for each reaction

in the node|l. (step 602). Onge putative reactions

ti res AGRE ﬂElS’FP&H*’égDCFB PeHRERCTOREGHERITan fHane Byg gsprate code.
t i r [ i R, 3

i s SRS, B TaBOIE el BTN, REGUAIARH: bldtR diggram
sti@det (& pAyions ofit) aftodaithel sefwaieahsdsles beHalywatddescriptions

occurrence tinme, each of the pointers pointing to the
dbjcadly teumpd ceste)e lif dus siage isgperfopoicds then thedeges that follow use

R i W o e .
Eﬁﬁggé@ @or?iﬁﬁ:"t‘él 1 9Rn%he EREWHOR & K Erlrst():'(gjrg?{ gg&g@eﬁvé B®de of

nt of “~spetCies present In stem or

tekecupiohdbt ve: bleak diRarhi Iesorhe tasepabit fuser mepabt prigetdfurcher
the 15 table, the putative tinme for each of the
avitly thesxpentioreof thet logl diagrane beeavat chayavewld(lkegp depl®)the code

.th t [ t ed t 10). T . .
S TeGioRRg RbHEoTh SRRtR oo R (b B e Bl ths sgnulation
g XUk Phgi il Gl i RARioH 180 ko ESARL BRSHbas in 2
thg ﬁ%lne 120 %%ec d t he

sinulation e s to determne 1In
fprerdefisddnoddetingrupionnesdngsie biten predabethe(syitem @dinsed they
not, the sinulation 20 engi ne 120 executes the next :
churge wih tiee.st ate array (step 606). Ot herw se, the
simulation termnates. One of ordinary skill the art
woul d recogni ze that other scheduling nethodol ogi es

may bedie@dinatidn %Euﬁﬁ?f@ Fe4RiBh dii€s RLEGAhOHzEBPHAR intervals
120 provides a nmechanismfor storing

chosen for the simulation. In order to understand how the step size is picked, it is
first necessary to understand the notion of a solver. The solver is a module of the
simulation engine 120 that is responsible for performing two tasks: (a) determining
how far execution time should be advanced between consecutive passes in order to
accurately trace the system’s outputs, and (b) integrating the derivative of the states
of the system to obtain the actual states. Based on how solvers perform the first

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

variable-step solvers.
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the entire sinulation context, and a nechani sm for
restoring the entire sinulation 25 context. |In one

waspsos3eos t he present invention, before sinmulBECT/OR2005005505

started, a flag is set in the nodeling environnment
110 instructing the sinmulation environment 120 to
store simulation context when the sinulation finishes
(either because the final time is reached, simnulation

was i r , o

At er BREFED Fo B ol LIS Py A5 TR S8R e beoween

P& TS HITH @ Fixe @ YRBNIITYI TUO @bdrarenle RBly Pl sSdtafitlsdhis

be stored or not may al so be inplenented (e.g., user

gnartiticThese sevems aresisad itaniasiel fypes oh syshady thaOnost pperate within
[ .nishes, the _si.nulation conte

lati. b
3?&%@5 ég{]%g JAEFe SyHems hot WSPSIeRCSH AR aREe Fff( Laqmgﬁygm may be

e . ; ; '
Sk08tcq LU 2B IR RELIR to LSS Qb RhR i onc-one
ShAbkedth 00.009 B @%kcdifd §3 DHItOthssiyY thecautepsahufedalif the braking

named. However, a wuser-defined file may be used

systam dars net yceTe tisiing agestrabtthathicsiar frow cseshi dxadhesep solvers,

BT RSl P i A SR FafO e o reule
; ‘ _ ‘ .

oL Sl PRAD SRR B Rep SARATH B Tt AL FHGHRR system

carc gemahdelsukh reRts b Sonkeracivig uhsr be defiid B8diamgsa discrete

i nvol ved there will be no differences in the results.

ahple timexgharkish sasedhs valueof e xaviion conldl bornalated gt fxed

| at f orm i ndependent binary dunp or a platform
Bléfﬁgéﬁt“%ﬁ??fgfteaﬁ Y*hre al so within the scope of

the present invention. 15 The user interface of the

context restoration is achieved by starting the

si mul &ovoeveny ddmarcoctivespeddfingl tebaticongnsomsitiaieispstem. For
conmand. This may be inplenented as a paraneter for,

thrse seachians.AvaRt sahsduling gequrs atiims insavady thahgreglasemined by the

Yﬁ’\?‘ﬁ{}ﬁ%‘?ﬁ ggéllﬁlg ﬁg g{lwzg%lc%gﬁagﬂgﬁ))f%ﬁgg . gﬁﬁgs%itr??cgons require use
SF P -9RpSBRRrASVHid N Rle debiBRe@BS nftslidl LR oRW RS where

tinmes. 28&?’0 store sinmulati gﬁ context, a

nSheaveddyrsphatd tmEsndpsxi¢ néddad tomimuletesat sigmifitdrer behavior. For
simul ati on engine 120 oy it may be comruni ch%ed to the
SX3RPIS: PBA MGV HY tosgmplate the pa niYlfe it bounces,

PBh g | ﬁr} gf 9 SPEnERG] BRe
élgg'nhel%‘l Sn.e f)%ﬁnn?eﬁganr?n@fo ‘ggrt:ffeolp Sc’t’oRg“uft is %ﬁogf%li Egs’eg.ro%f)@)@%gence that the

. . nmodel’ g™ envi ronien may be tsed
A BRUNOEs Will Astdbd vl Patdde aHE @h&f the Helg-of the bounces will
Addi tionally, context storagé can be an activity that
doninish dur resglt oif grdvatlyi, Givtion, and ogerWbtcho uVariable-step solvers are
interrupting a regul ation si mul atd'ongl. To.this end, .
tuﬁeéf {Qg eseehyPesyRicganpnuous systems and to determine what step size to use
so that the behavior of the ball will be accurately modeled.

In still other embodiments, reactions that are considered “fast” by the
model are assumed to have completed at “zero time,” which effectively means that

they are treated throughout model simulation as a constant having the value of the

final result.
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particul ar storage conditions (e.g., when a certain

point intinme is reached in sinmulation such as the
wacehsesmment of a steady state or when parti cuP@r/us2005/005505

val ues of nodel variables exist). This could result

in a sequence of simulation context files with

snapshots of the sinulation context over the course

of a simulation run. 40 WO 2005/ 083618

PCT/ %%%%%gé %geg?(gl.?sl R LB BRGi & g%%%ﬁg r%%a%xl N8 éh%%na{lﬁ&? e'il)ased on an

engi ne Ps-ar eas hat” const |

opbfitivt PedBiHiRy EaAbatbn, WhHECHS HBSRAURALY Yit eathbStype of solver. In
procedure to store and restore the sihnulation

ogdenttexadeqatebnmodalysticms mtcludieg stonblastid wachoms, eiher alone or as

Dafi NI gtegt s uelne Yre S AsRY Sl sitbeF fyed-tolver elements or
1) - I ' call through

VAo, Akl e o TS A DBl D81 T o

and restoring the simulation context arises when

aggr dgst stmvigitiodld @srnfings prieftbreati®ies f@dich atdigidn il @he model
illustrate this, consider the attributes of a o
(veap §82kuQnreqB1tativs] rgagtions rties ag+eoinpplashionmtcach tractiomin the
class RK45 is deri\clleg from Var StepSol ver.. The

SR Bt W2R AroRRAS I P DY B TRIGISCHBTHICE RS, IntRpg Bt gy, (step

6b2) denRhe chlbodRIdAt §he ¥haie agﬁzkfi &n Biray %@?Blirﬁ:te;sfighz«li by

20" bool projectlnterpol ant; tatic cons
ostatréricetimsf eath witltke poivedrs paihtiheod®t iabjddt o beexealtsd at that
t hat an instance of RK45 contains value attributes and

pettdp anedel simplagne Onceperted.ahe mbiect ddentified Hothetfspsentry in

ecific to. t arti.cular simulation and they may
t@‘??"fr@flsbeé(f:c tsa?%ﬁg%bgﬁi on runs. So, restoring these
may result in invalid references, and, therefore,

t hes Beehel deb@iAXGEABE - objeBtiifdy Affect the amount of species present
in the modeled system or the putative reaction times for specific reactions in the
table, the putative time for each of thie entries in the state array is recalculated (step

608) and the state array is resorted (step 610).

The simulation engine 120 chiecks for additional reactions to execute (step
614). If additional reactions exist, thhe simulation engine 120 checks to determine
in the final simulation time has been reached (step 616). If not, the simulation
engine 120 executes the next entry ima the state array (step 606). Otherwise, the
simulation terminates. One of ordinary skill the art would recognize that other

scheduling methodologies may be used.

In one embodiment the simulation engine 120 provides a mechanism for storing
the entire simulation context, and a mechanism for restoring the entire simulation
context. In one aspect of the present imvention, before simulation is started, a flag is set
in the modeling environment 110 instruacting the simulation environment 120 to store
simulation context when the simulatiora finishes (either because the final time is reached,

simulation was interrupted by the user, or otherwise). Alternative procedures for

39



30 depicts part of the allocated nenory 770 for an

i nstance of RK45. The all ocated nenory includes val ue
wo c@bas3eT¥2, 774, 776, 778, 780, 782 and 784 amdr/US2005/005505

reference fields 786, 788, 790 and 792. Two basic

approaches exist for tracking the sinulation context

menory allocations. A localized indexing schene

tracks the pertinent variables of an object that

B SR i 2 SRL TRt he o E%W%ﬁ%?&%@%?@b%%ﬂ Cg.

BREST/1hiS20084 G065 0 Sinpponoia dinished)d Vndedrd fimuttion tmishbs the

obj ect -ori ent ed od| ng, par adi gm whereas the second
é‘ﬁ%ﬁ%%qnéexﬁﬁ}a@ Srsthse? §a g, B %WB@@E‘EFF&’I” %I%eﬁreordp some other

¢qgigng. Those skilled in the art will recognize that

ot her nmethods of identifying and noting the portions

of menory used by the sinulation context nmay be

enpl O)Ile engienibaorlititat,sbo senwhtion eopress srstored ve fild. dihe file into

1 case of a gl obal indexing schenme, the pertjpnent

\VVEF §1 qncFéth‘F’?t 1%%“%&/“‘&3’ é‘élF%fPa Y DGREH- ﬁ?éf‘gﬁ"er >4

ﬁg&-&j ngﬁe eDC’ LS f %k’ély HQ gé/Ol () I@JCLI?%I?%I sl%ng the
Yerd™S Ing’s an run

ginh@leGdmh aanﬂé&@@ﬁﬂm fro@m sdvit S tHEeEh b £ asdiabiyadubp] to saving the
is used that calls the allocation procedure as done

eohwxpirsmonyes 2 plafaneindeperdantrisxtupk dyrepitbtomgh a ¢rmversion
al | ocate

bei art f the c ext te
Bhaesy S IpRaa g 9t A ipt i s e Cortputes
LRl ARESkvolvBl BTBLRCR, SAEHLICEEPISSLER Ghher

context restoration. e context o

suphyisdnetions sachasl edvigathet@nteberisiaf pledoramn mdepsﬂc&rrﬂ: Ginary dump
upon request, even in case of nodel changes el sewhere
oratplatfarae depanslens riyal Idayaparectisa Wb Harseepe qfidie present

ref erred enbodi nent tracks the instances of node
%&FPEOQnd the memory they 15 allocate, which is then
assigned a unique identifier. Wth the nodul ari zati on

of t hgnpwEEiheAhcSOH HE ESnte@HektbAAoh I dchRV bV By Etang the
I ncreasingly apply object oriented codlng principle

shieulaéaowith p carrpspoadingi‘gantinbe swlatml eomnmand.i This may be

OB hoa o bt G0 M Fpbe AR SRS AGRY TRl o g

WRiyNAdofitibltdsithoRebh YakEoss 2BuBasts al brgt@ﬂents/(nfaﬁ&itw and optional)
sensitive Oblj ect inplements an_access nethod to make

jof an indtig same aﬁ%mca@ﬁ dnaldape pad addifionahapiput imes ar e

possi bl e. For exanple, an object could produce an

eSS IR ol 5 S Sl AL Tl g n o
isineulatadr engineok20i ar itmay tle semmanicated to thersimylatiomereyine 120 by the
iaflgl%ig environment 130. Other implementations, such as using graphical elements in
the modeling environment 110, may be used instead or in addition to the use of a flag.
Additionally, context storage can be an activity that occurs during simulation (i.e.,
without interrupting a regulation simulation). To this end, the user may specify
particular storage conditions (e.g., when a certain point in time is reached in simulation
such as the achievement of a steady state or when particular values of model variables

exist). This could result in a sequence of simulation context files with snapshots of the

simulation context over the course of a simulation run.
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25 This local indexing schene supports selective

menory restoration for parts of the nodel (e.g., one
wGeumsypsieesn only) as it is object based | ndexi nBCT/H82005/005505

originin the nodel of context fragnments, optionally

conmbi ned with a conversi on nechani sm bet ween type

i npl ementations, allows restorati on between pl atforns

42 WO 2005/ 083618 PCT/U82005/005505 and different

conpy,

pa| oo SRR, o GRS oML SHEPRIE Frcls B memory tha
cqptitite the sihuldatiad cmextmﬂmnbs;dqaént@ma\m ahpracedieiaid fore and restore

phenonenol ogi cal plant del, storinhg the cont and,
th@ﬁgﬁula?l?%Forgeﬁe (PR hsHEt the SHHUAEom EaFR LR ?ati?% figgs in
ﬂl%ryS Qt'@:fe I'e%)%tefd?rg a sﬁhﬁl @&ﬂ %%tawaﬁ RIS %;Lfém&ﬂgcﬁby Ferouting
e type t e i ndexing being used, centralized or
tlﬂlﬁhembmbmdmdk)ctmorbwll MUghtaedgmtTettwm msx:hmalisam ed d¢omplication in

t he coupl f the indexing to the neno al |l acati on
storing 850 Rlome dho AmLAPR St AR et PR R rgiet iy
reféBnd@ahd Yhlubd eT &€ ARk thi¥RRsidSBAR hrikiREs GPa RASLEKGRta 45

is allocated, it is indexed as being part of the

sdut Byits G amplemientotien.rtbe eloss RG4S is denived fraig MarBienSelyer. The
lfggﬁﬂ?t gexes all the RK45 specific 10 nenory of
§ Ance by <address, size> tuples. Gven the
base address of the RKA45 instance and the size of its
type, the entire part of nmenory is considered part of
RKH@ context. In order to exenpt the referencing part
nﬁ é% he nmenory allocation <call for the
refe gRRlEd™ear i abl es” can be expl oited. This prevents
r edufigiable y*¥®at 15 woul d be required when the type
definition would explicitly exclude referenced parts
of ndswbl¢. tThis approach is illustrated in Figure 8A.
VhendgﬁgkRKﬁﬁ i nstance is defined, an <address, size>
tup k the corresponding part of menory 800,
|nclu8|ng Ebth val ues and references. Next, when one
of the referenced vari ables, x0, is defined, in
Flguﬁ@ub@ *a¥daddr ess, size> tuple is created 20 that
mar ks the nmenory 802 mhere its values are located. In
t he baok bpuvjetiloerpalantsaddr ess, size> tuple is created
as part of a parallel indexing schenme 804 that keeps
traC&nﬁEc@ﬁﬁﬂﬁtkﬁ menory with references. Thus one
Rresent i nvention includes two

i mp t1.0 t he
|nde%?ﬁg §%ﬁéﬁ%ﬁﬂﬁf?we<address size> tuples, one for
the context rel ated nenory Mﬁth bot h val ues and

THERARRISAA0N, B0 0B8R SNAPSELRAR valnd MAHIRIUN

contaln re er ences 1S 1 ment ati1 on
reftle¥s afthibutes XPhotdfadeh ot @hntdh |p@@1ﬂ:t:tsQ;peﬁﬁt t® therparticular

i ndexing. Alternatively, the <address, size> tuple
simulation and they may differ between simulation runs. So, xestormg these may
result in invalid references, and, therefore, these should be excluded. Figure 7
depicts part of the allocated memory 770 for an instance of RK45. The allocated
memory includes value fields 772, 774, 776,778, 780, 782 and 784 and reference
fields 786, 788, 790 and 792.
Two basic approaches exist for tracking the simulation context memory

allocations. A localized indexing scheme tracks the pertinent vaxiables of an object that

is part of the context. Alternatively, a global table may be maintained. The first
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in the nmenory indexing scheme with references coul d be

partitioned when one of these referenced variables is
waledosogdis This requires a sonmewhat nore sophi sSPCT/EEEAS/005505

regi stration mechanism In an alternate

i npl ementation, the nmenory area is not 43 WO

2005/ 083618 PCT/ US2005/ 005505 dynam cally constructed

but hard-coded as the set of variables that are part

%ng%glelgﬁ&q{s%ﬁ{welﬁgﬂye 63}9&— Bredi ©08 ?’ﬁfzd? .Wﬂlee Entg%gcond

I'n conjunction~wt one an inc
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i ndexed menmpry, 5 no_additjonal effort is.required to
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standard i nte For e interface t
decl are conti nuous state variables is

ssSet NumiBoodsStodin edgta)] inddvir@ghe SEATES)crtinkbatr er@bles are identified
ef erences the user-defined system anpd NUM CONT STATES )
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itthd . om.for s X .
LS Y i B bR o 8, LM

fuiienrAtll edusedahatisds thehli@dollRekaiurOueddte biteerwise, but

i ndexi ng scheme for the areas in nmenory that need to

befose orrethrasdt ragassers thelallecapwtmanicayms beingquirt efdthesontext.

i nvoke the indexing operations and to facilitate the

conte restoration. It ig inportant to note that the

meror y Th afhaf sff%ﬁa Ot F]cz“eggéﬁtcﬁf\b? sexi%ldgfil t%lslt%rc?arc’&al model
MBSk ! ALiliPRe rsHl@ct'iﬁ: EEAKEE tEdordtonN 38 LG he context of a
I ndexed anew before eac simul ation I's executéd

belesasism hamgede] tcan beadexieiad amd résayred ayp@nbeeesmdecn in case of
(e.g., a different solver nmay have been chosen). The
Fezct%érﬁtangﬁs slsswasks thati pffecnin aecaeBuiryorheoindhese parts. The

BV R RSBy PSSPt Bt memor e
aNRded witelid theR asdld Miflue idgmifey) Si Mt at us(model
SIMSTATUS RUNNINO) ;“i f (sl LoadCont ext ( model

55 TS B L TP Ll 3 i
ISERNTdy P Object-BFic PRIy SANERYANE YRed for a more
distributed implementation has emerged. In this architecture, it becomes desirable
not to have a global index of pertinent memory, but to maintain this locally for
each object. A context sensitive object implements an access method to make its
context available. Several implementations are possible. For example, an object
could produce an index to each memory location that is part of the context and
have the streaming operation performed by the caller, or it could stream the

memory content itself.

This local indexing scheme supports selective memory restoration for parts
of the model (e.g., one subsystem only) as it is object based .Indexing the origin in
the model of context fragments, optionally combined with a conversion

mechanism between type implementations, allows restoration between platforms
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(!stopRequested) { ssSet St opRequested(S,true); errnsg

we20i0e3eut put AndUpdat e(nmodel ); i f (errnsg ! = PCT/US2005/005505

SL\ _NoError) return( errnmsg); 5 } return(errmsg); }
/* end SinmulateMbdel */ 10 Before a sinulation
starts, it is determ ned whether the sinulation
context needs to be restored by neans of a call to

%.{él{i QRESRAL g&%pﬂ\vﬁd x(f:et}sii?ﬁse §£ 5% teﬁd'lﬁ} asg E?glstg,gcfg, %\;}8 | eﬁcgontroller

7N _cases ere _ rest_ore _ _ce t
ctheXdteddy stR8 bPERGingoIMH Al fiARlRIRGERGIHSatdn bv[ﬂii%k&%ﬂed

normal | y. "Once conpl éted, the indexed nenory is
phoneaiehglogivel gl msidel, staralg thefcantiext, and then after generating code
?toreSi mul ﬁti onContext flag of the ,?]Iéock di a rﬁm IS

@ theycongrollgs awingrihe samscoRfext o wtipkizethe sogtroflercge; L

an ntx extension in one inplenentation. The flow

chart it EhouE thelndBARG R BLATRAEAE Albebudelhas to be

restorati e context indexing 1s

iseletted! EHisWheihted 6@ eed cAlplinguf e Shdxligt tootHeant@sty hlfocation
not yet set. This is to ensure that when a new

silisy Aatablirkeephtraglks of dgupsstsedf memeriohiag preapartyof dgecoatext. When

nmenory is cleared.a reassi.gned. herw se, i woul d .
BB oR 8 TRAAICE oL o 0 70 B g o Cnteke which
[ i fAC ' ' ( t

S S hg REA SRS RAT prich IERes 1 STa0T Sl
tnienmogndfatkis insande byt exddressf sike> bypled. Qixdt thiechas@bddmss of the
case of another exit path (e.g., _because of error

Fdith instaney and the sre @E@ﬁﬁ’@xﬂ’-ﬁ entire patt efgnemarcisicensidered part
tEx:Enlit1 a_new simulation run may start. \Wien a new run

% MR Sted, the first context redirected allocation

call resets 30 ContextlnitializationConplete, resets

the i NH&¢derdbxehPRIES réf@&nﬁﬁllgsﬁariféﬂﬁhﬁﬁﬁﬁy, the irﬁfﬁﬁoryhallocation

tupl e. Consecutive allocation calls then ctonplete the

welirborythic reerenced nafiabdésngunt breexpddiertt THiaprevents xeduridaacy that
R 8 TR Waeh e KRB PH xPc b gt e refprenced
G By BB PR ST 3, W e s
instance is defined, an <address, size> tuple marks the corresponding part of
memory 800, including both values and references. Next, when one of the
referenced variables, x0, is defined, in Figure 8B, an <address, size> tuple is created
that marks the memory 802 where its values are located. In the same function, a
<address, size> tuple is created as part of a parallel indexing scheme 804 that keeps
track of areas in memory with references. Thus one implementation of the present
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
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45 WD 2005/ 083618 PCT/ US2005/ 005505 determ nation is
then nade as to whether the user requested a

W@ owlosdeiN conti nuation, indicated by the | ondCosiex005505

flag. If so, the nodel checksumthat captures the
menory map of the nodel of the stored context is
validated and when it conplies with the checksum of
the nodel to be sinmulated, the context is 5 restored.

-lc_{gh%g%cp%lé* ggr?srt}u%?eq ﬁ ﬁaar?e c}cp?h Mee g t%?%é les Blggas ta%t of the

ebAtékft Beth GRRLPXS!schdi@s iRl 1th‘ié1ﬂéﬁt€él 88 usk@epc@ﬁuhtedh with
execut ed and when conpl eted the present simnulation

oontaerthers witten to file. It should be noted that
t he cont ext save has to be done before the

sl Do dUpdat e t hat fo because |

1 od SRS IACT OB R s of i er i ta B SRR pi ke B8 e ed memory,
QBtaﬁdﬁlhﬁal%‘ﬂ%}teis Rafquh B8 tFHnakE 8LSrRBISR KBNS MR toltRe tl®ration
next point tine, but restart continues fromthe

sehomesras lpeg fmvantablgo pee dechiegsd tranghitee sengaehinterbice stagggample, the

I atio n St ation
YRS cbdlfre oM s S EPHR s TR S AR QRS RIS 71
NTEMLEONRSTNTES)] wharel Self@eset t}temsaledah{eatssrﬁel%am A
determ nation i s nade as to whether a stor

SONn Sdéwk e theingmbep pf %ﬂil“é“‘(usssfaé‘ﬁﬁ 4o zf?clhtate 1gpwe fexibility,
?M %gtﬁggi thd %gr td SQI%%I%Os'He%%gd 5151 {oSnld n%.lé%( 1? af¥38mplemented

est o ation
\fmrusabtﬂceﬁneéblmksto equal the | oadCont ext variable
(step 926). If the sinulati onCont ext variable is not

Noxt - o Bieti e b medot Ciratkar o et Buharnaed g pe stored and

Pere@ N 6PRhisi B kéirel o IiBke tlﬁ@ﬁ’déiﬂlg ShebRIdRs andtoPRcilitate the

931). If the sinulation context has been restored,
shhtgktaestoratipadbs 1ptpaotent(tg mete th33he memergihatisatrrted the context is

dfoI oW N S t. on ,dependi
A S hed Tl £ R i Sibolh A0k Dete 1t B o BER R PR fore cach
BiodlktidrOis eﬁédﬁtﬁdajdcém;e%am%& &6 efetek¥@itipn ndy Have been made (e.g., a
sinmulation context is to be saved, it is saved (step

deffayeut)solygrmey ays baenshpemdont ext variable reset to
NULL (step 936) while freeing the assigned nenory. |f
the sinulation context is not being saved, the

si mul atheqR$seRitRYt proakdsss iplehientedSabuh@ A daix sisti@Rion loop as
936). The restored simul at1on context may be used to

showmih italitsenahe fglipgingreode anippet:common r epr oduci bl e
point to test alternatives. The restored sinmulation
context 46 WD 2005/ 083618 PCT/ US2005/ 005505

int SimulateModel(sIModel *model, CmdlInfo *cmdlInfo)
{

eol_SimStatus(modcl, SIMSTATUS_RUNNING);

if( siLond Context(model)) ssSetTFinal(S, getCixTFinal());
while (ssGetT(S) < ssGetTFinal(S)) {

}

sICtxStore (model); / *stove context for possible continuation*/
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may be used to run the alternative anal yses
sinmultaneously in parallel. In other enbodinent, the

W@ RowlosdeiHN cont ext nmay be used to update a  PCT/US2005/005505

construction nodel. The restoration of the sinulation
context saves significant time over previous
simul ati on nethods by ensuring accuracy despite not
having to re-run a simulation 5 for transitory or

initi ﬂJ(isﬁ%ﬁf{é’ e gefs of a simulation. Miltiple
simul atii o s&?ﬁ%&é& na | so, be saved froma running
si mul at i onSFt e%*%B%K Uhe sipul atjon t hus
hel pi ng i nCdBsEgyi Ry QA peapErodsl);anal ysis. The
i |1 ustrat i féeentsgdi=rfdnt NofErrem) eeure@emnsg)nvent i on
enabl s sinmulation of a wide variety of systens and is

not Ilimted to tine-based block diagrans. 10 In
anot h SRP jgent, the sinmulation of reversible
reactﬁ%ﬁs |§H%g§inized. In these enbodi nents, the

state array is parsed to identify whether "both

/v ead YmalatgMode} &der si bl e reaction occur at the same
simulation time in the state array, i.e., the next

two r Eufeliearssmulatibe stgitenit mtdetbrmmed @dether Bre simdlaBon context needs

ot e Do b oS AR BB o AR T R afr Bl G sme
cod@uEibh GhIE A ¢4885 WREH MckeStdre fdY i 60 MTRRthdBINtEE is restored,

extended to three or nore reactions that, together, i
c atiedptighprogends e i ipyeked @ogmallycélnspeompletedpphie ipghexed gaemory is

LU FOBRA R B Sl BuI SR BY 8 0BLk digram
anal ysi iy thevikéroThe 8éntd:3@s whittewtdefileomitioa meRrtektentibe in one

anal ysis environnment 130, operates directly on a nodel

to, for exanple, generatdTRICHBEIPIst ate val ue for a
nodel ed systeminstead of sinulating the system In

some of these enbodi nents, the analysis tool 120 does

this e Rkt el ihBighed 9 \dapicverhefimpldmenthfion @ftth@lestoration
equations to 0 and solving the system al gebraically.
mechatisms The contese ingleising inmitistedtvhlzeran mquil sttehgtene

?erforns a flux 25 balanﬁﬁ§anal sis, .as i.s known .in

RIHANCOY Y SORYRESE DS {eSIET Bk Whep feP QY sigpulation run

BTy S Ble ALY AR e, PR 1 ol Qhherise,

weiuhbe eppdridedaindsible ¢&mns ar@enghémvl woakbbey idexed an increasing
bi furcation anal ysis, paranmeter scans, paraneter
sumbenof Gmea frelated o ithe hwmbeeat Bmgn alsysilgtionyeasras | As soon as

AT B B S R 3. s
BOORAOBREL 8, Ec%ﬁ(')&lh’%gf%ﬁﬁgﬂééﬁéon@@ PR ND iﬁdilcate that a new

environnent 1 may ‘further process the results
giendatadrechbyat Beart.

When a new run is initiated, the first context redirected allocation call resets
ContextInitializationComplete, resets the index, and creates the first <address,
size> tuple. Consecutive allocation calls then complete the memory index,
including the scheme that indexes the parts of context memory that contain
references instead of values. This functionality is required at all times (i.e., also

when the context is not restored) since it facilitates context storage. A
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simul ation engine 120 or it may display the results

visually or auditorially. For exanple, the analysis
wernwsogsnent 120 nmay use graph visualization teChDSZO®805505

to identify to a user simlar pathways. In sone

enbodi nents the anal ysis environnent 130 interfaces

wWth data 5 acquisition hardware (not shown in FIG

1) which allows the analysis environnent 130 to

. . r N . a.

AT BIE AT B 36d SRS ol b e TR

cOX @GR indiSatbd 8¢ the lcudUoReéxt Fag IO, dhE nd PB4 that

the reaction that is occurring In situ. In sonme ‘
captbossi the muemotyenex pé themmodel f thosthretd edntaxt & validated and when

T E AT IR A N
Bl deRAD RSN S L Lo BRI B 80 EPAE Sy

wiythat efdle @modeltlsed @b ishey theuthtatibaldoyitédt. Miheuahih¥imulation

that the in situ experinent and the predicted
loagsis sher exficifest anctwﬁele sboplated tize preseuti sihutation context is written
experjnent i.s conducted on a mcraoarray, ,th t her ed
GRS ol oot atatieds o bt betbie 1he

I$5ERS EE?RRE UplRE BRI HePlse ifRYseAYE! @9@% Y&l 48luati
Sof tﬁ gatﬁepg Jgta. I'n othefﬁ of %ﬂ%se e %%?%eﬁfg;uaung
siDeO atpalcad ¥ plbtegpiits tiastetetof 1RO disayets ipgisalgederator to the next
difference if the data froma single mcrowell differs
PP HmadutFedalt conpRae tomdhe sypsAs POINtN sone

enbodi nents, the anount of tolerable difference

between the in situ experinment and the predicted

resulpios ouseices P dGUEAR! 6F stdpd 18 Whlch GRRAHIERA Snei

t he an%l ysi s tlcool t regnsm' ts St h% tgﬁat hecr ed data to tﬁ%me may
revookel simglaeibuicoatexerindl it nsaetitat THeeseqndrte bepindweith the

nodi fied to account for the difference, In still other
e smtertritasiable 3gr oneerarsiiep 928) e dvdetermmationdpmade as to whether

1
QBB sORisRY S AR LR RBAT Hhobs Brtiiie e ¢
l(galtdl@fnt@mgﬁ% B4 Sot tb Qﬁxeﬁ@tﬁeg 9@%2}'” Rield, e BRESSIRulationContext

ows the analysis too ntrol "an experi ment
vadfitle isset o pouod itles bad @omdexn vatiflde ( &8p 928 ) géfidreat ed by
the simulation iraEngjne 120. These enbodi nents may be
siagatiPnCAnEeEhEriabla s BOt 8¢t (SERTON PIFERQLY 13 Assigned éstop 928).
odi_nents.. | A al | _for ln_ g re
B8 TR o RGHRASE oMol (8o 93 ARETBE AL or e

16WRIAS Isi S d 03I Bf Ple sthiBlatiBn Tohtex@Més bedRitored,
i ndicat es tﬁg?ﬁthe91 tenperature has fallen bel ow 102

silmgnees tfas phieitep A88p Hbatimmulytite capfix etiythe sahwl following

SSRGSyt B fior o
Sl Svtees o t .

SRR B RLALHRIT BXAEU I DRSS B SRSt W

9843 60H €he bith@aRAATSRBLSvarAbeesdt tb NEUENY sk 9B whilOfreeing
48 WO 2005/ 083618 PCT/ US2005/ 005505
the assigned memory. If the simulation context is not being saved, the

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

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

common reproducible point to test alternatives. The restored simulation context
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executes on a personal conputer, the data acquisition
hardware interfaces with the local system bus 220. In

wenisagiseht s such as those shown in FIG 2B, tpPeT/datoas/005505

acqui sition hardware interfaces with the

Hyper Transport bus, Rapid VO bus, or InfiniBand. The
data acquisition hardware can communi cate with

i nstrunments and experinents that use GPIB 5 (| EEE- 488,

hioFhe o bl fcersB 2L SRGAEAR0U) L BHAC! 18 other

Q&S&d&&@ﬂt ahe ¥en@sti & e6nklekNghaP bedised G P dARGNEdMBLrubtisty model.
may al so be used in a client- server environnent such

ahexewionatows obtheMironbsiohtcoRegxtrismals sigaificanesmeTwer previous
npde] | ngnzq%l ropment 110, Si rrul ati,on engi ne 120, and
éH’éPI%P% PAD RFERTLSFCEBIARE gleapitenas: Eetopfg-run a simulation

ptaid att%rg%? Erhﬁ&]f‘zau% stagey of B ¥in?ila 98" %/?L%Sf% én%uﬂa%n contexts

ween macii nes. or exa In on

Ji dlsa/bakavedifsth MBRhnidghemulmidel Wﬁﬂo@ﬁtbﬁ@ﬁg&ﬁé sﬁﬁhﬂaﬂon thus

the anal ysis environnent O 130 execute on a
htllpuagm dnlmggmg andh |dtberttlylpesgpfmmab'tsxso i hen@ust@tm @mhcmisment of
&B ‘server" . machi ne. thesfe %dl mantfs

ﬁﬁaﬁsewsl%@zﬂ%e%%%%@ﬂ\?ﬁé) % WoRDaReGrot e endds ot
el star, or ring topol ogies.

‘P%%ncg%v\g l%gjﬁd]gl&g g{%aﬁl area network (LAN), a
nmetropolitan area network (MAN), or a wi de area
network (WAN) such as the Internet. And the

respectlve conmputers may connect to the network 180
t hr oudh 9@ |e@@®0®me@5ﬁh@ém@ﬁ§on 9E FRYGFSHiRje seagHi@as i optimized.

tiel hone r VWAN 1ink T1, 13,45

08 SR od T, st o ant Bl BT ety Va3t
@fe@ﬁ@nse’TMa re%@&lﬂé f&kass o%&ﬂ‘lﬁ%b Qe siHANRESH HANSINGBR state
be established wusing a variety of communication

ey pice) the(gexy two TERtORs td BX sinSiXtedNet BleOS, Br Ned BEWUF Ce. When
SMB, Et her net, ARCNET, Fiber Distributed Data )
th%sacml@e ?‘ﬂ'DBPWOHSF?SQ skippedssmaghey qancelpne gapthen gqut. Using

ﬁ- O(%ZW% %(2 e OEE Orl?b gghnr%gﬁ%sd gé_l% %hgceg?é&gfhl?e 8€Rded to three
'd}\iﬁ&te' r‘é‘&‘cﬂcﬁis%@ts tbgetBerC QAR Bhe ah@&@g@upreogucje >Br, Br->Pb, Pb-
i ncl udi ng a conput et - r eddabl e medi um havi’ng” ¢onput ér

cdde thereon for performng various
comput er -i npl enent ed operations. The nedia and

d
Comer rterBRg fe G, by 62 auipSerdiet fy B RHERR R Eing 120 may be
Qlsed B3 ARKER enﬂiodﬁe%t k30040 Welet eljﬁB(SHMielﬁQ 1 dhSMRlysR kéhﬁrdrﬂlent 130

those having skill in the conputer software arts.
\WDeRB9 Siresene: IRGHF t%ﬁacesmﬂs@aera@@aﬁqaﬂwta@fvalue for a modeled

sgé{gtﬁtéﬁsttea?e da a%nrgrgﬁl ﬁ){stlerrr]lc &rlljsome g esd rer%boc%men{s rrt!hte gﬁjalysw tool

120 does this by setting the derivative of all differential equations to O and solving the

system algebraically. In others of these embodiments, the analysis engine performs a flux-
balance analysis, as is known in the art, to determine the steady —state value of a system.
Other well-known forms of analysis that may be employed by the analysis environment 120
include using non-linear solvers, sensitivity 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 input for its calculations.
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as hard disks, floppy disks, and magnetic tape;
optical nedia such as CD-ROMs, CD-R/ RW di scs,

woYwseEIEs DVD- RAMs, and hol ographi ¢ devi ces; PCT/US2005/005505

magnet o-opti cal nedia such as floptical disks;
solid-state nmenories such as flash drives, nenory
sticks, xD cards, 5 Miulti Media cards, and Smart Medi a
cards; and hardware devices that are specially

confi

appl i ety SR ASBHEE i bRAEATHE R SUEN Ay he
fsixmhlaltiq(:jnr e:mgirmrm?bf i3 ngag;déspMyIﬂ&%j&Ssu(hlE Pisasl)y ormud'@dérfumya Ebgaexample, the
| ogi ¢ devices ("PLDs"), read aqn nmenor.i es (" ROM"),

PEMIYF RS e Ranaveise grapv g lizateneeBYqes FOig Pttt Wser
rsﬁﬁ‘ﬁ’ar%%%a >R 5bke efnbg(lﬁm "E})e’cfnglﬁ'ﬁs ehifonhdeti®] d0¥interfaces with data
erasabl e programmable 10 read only nenories

(@ @EFREMBArIwarBXaotshesn of FIGo hypwitielr albydethe reelysiseopvivenment 130 to

%gn%%gliﬁ ec%ealon grsé eégﬁsﬁlﬁgg}iltbr%&r _Fgr 'eggag?agégtg | %piér}%%ldig%gtts, data gathered
fiton€8n 6okl dtpaen bt GRed td ¥Rt & @Erith 8 InFIEEo ANERHIRY that is

by a computer using an interpreter. For exanple, an
@pBtngBriituofn sonee ¢mbasimentytheraxpepmentis icendsted @nagnigeparray or a

J .Ct .ot her, obj -oriented 15 .progr 1N

B chigeror feullbal hsiskRat e A Voo en R Dy dnodel but data
iaoydredifom the sxiegiend Belivhteb tet the blotdie tiedsaine etst] e analysis tool 130

vari Qus, specific enbodinents, 1t should be understood ,

BRRv ek uier cither auditeripdly 9F visuallyy thotdhe By sifu cxperppRs angpihe predicted
-and i val: . j -\ ti

EP RS, FOMN BB IS It Rl B R iroarmay,

dief gatleiedodatd iney diffee betederciniroveells] n thelati enibodimeik, the analysis tool

nodi fi cati.ons, may, be de to adapt tq_a particul ar .
T3, AYETAGH A OF e Eoigies daint Ibstbge of fhste spbodkaetip fhe analysis

REPE&RRent $50 i siBhal MRS erlc it thedRPFBMd F§p10midebRell differs from the
present invention while staying wthin the spirit and

suasist's pfedicted résporset ilpsonagembngirhents; dhef angaint oftelegable difference
iLnfended . to be within.the sco of. the a nd

HRhTERR T S pbetinett he i e ARErRit o PR REERle i other
hanedhests, 8 98dlReotiridimite e caMeRd dataRe el rkoteBhg Siv@Pament 110
in a particular order, it 25 wll be understood that

s & themagslel may bemodifien tmessouns st diffarsdce. di stilb ethgierabpdiments,

_ . ) 1 )
8 AL PO ATl ot PR ABRBERIR e cxprmcnt an
idatesiattietsd. frofs herefperiphent. unl ess specifically indicated
herein, the order and grouping of steps is not a

limtatign of the present invention. 50 2005/ 083618
PCT/ USB 66T %%%ﬂ@e&wﬁ%% geaisison ﬁ?rd\vvéfes%\ﬁgfvé-ﬂf galysis fool to
RBAIPH 2R Iz de'éllg‘:t:hgt’-) 1 in progfPRadfke \HME restitderated by the simulation

Kor osNoyesM
engine 120. These embodiments may be useful in construction of nanomachinery. In these

embodiments, a model may call for in situ temperature to be at 102 degrees Farenheit. If a
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
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- <notes> 5 <hl >Fi el d- Kor os- Noyes Mddel of BZ
Reaction</hl> - <table border="0" cellspaci ng="0"

wa@edospsadds ng="2"> - <thead> - <tr> <th ali gn=pPCEU82005/005505

val i gn="m ddl e" becol or="#eeeeee">Citation</th> 10

</tr> </thead> - <tbody> - <tr> - <td> 15 RJ.Field
and R M Noyes, J. Chem Phys. 60, 1877 (1974) ; R J. Field,
E Kor os, R M Noyes, JACS 94, 8649 (1972);R J.Field, R M

T A T A
Bysﬂdm@y ZZQ%Q)nbbagﬁn&Sﬂch astleosh BI&vai' ih HIG. 2B, tisé tlata acquisition
</ t r> </ ody> </table> - <tabl e%l?é)r der="0"

Cos{ilytap Hypgidrangportbus, Rapd Uprhusgpr InfiniBand. The data
aE{m%“ HgouBeean LTV Pimments pd epippa o ugp GPIB

;IEEE%PSS , HPIB), SUEAFTEIPY IROY S DIBP Staidasds. Bel ousov-
haboti nsky Reaction. Br03 is held constant; HOBr is

typlcally i gnored, and can be replaced by an enpty-
set . ughothetsysems epd mathods of dwl prysqnék@rﬁna@nﬁavg been

c{escnb(e ¥ %r‘rfle e tegcrcu%'mg ronza émgle mac%_me theéy ma%jf also be used in a client-

server environment such as X-Windows or Microsoft Terminal Services. The
modeling environment 110, simulation engine 120, and analysis environment 130
may each execute on separate machines, or they may be aggregated in any
combination between machines. For example, in one particular embodiment, the
modeling environment 110 and the analysis environment0 130 execute on a
“client” machine while the simulation engine executes on a “server” machine. In
these embodiments, the computers may be connected via a number of network
topologies including bus, star, or ring topologies. The network can be a local area
network (LAN), a metropolitan area network (MAN), or a wide area network
(WAN) such as the Internet. And the respective computers may connect to the
network 180 through a variety of connections including standard telephone lines,
LAN or WAN 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 802.11g 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.
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</tr> </tbody> </table> - <table border="0"
cel | spaci ng="0" cell paddi ng="2"> 40 <thead> - <tr>

woedsagiegh="1eft" valign="m ddl e" PCT/US2005/005505

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

becol or =" #eeeeee">Reaction</th> </tr> 45 </thead> -
<tbody> - <tr> <td>kl = 1.3</td> <td>Br + Br03 ->

i EBGRS g A SOOI D ARRER e

Hﬁ]ﬁm‘ﬂM{B dYoppp diskd, and magitetiz tapt;bpkical meddbshititas GID-RBYIE,ITD-R/RW

Sirsp2r BV PtoB RO Sagholaziipspdp esagiei pistal nedia such a
Hopticat Aisks; dsk@ state I@iorlel deh a8 FdsH Fives, BEMdT5ER, xD cards,
MultiMedia cards, and Smart Media cards; and hardware devices that are specially
configured to store and execute program code, such as application-specific integrated circuits
("ASICs"), field-programmable gate arrays (FPGAs), programmable logic devices ("PLDs"),
read only memories ("ROMs"), random access memories ("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 compiler, and files containing higher
level code that are executed by a computer using an interpreter. For example, an
embodiment of the invention may be implemented using Java, C++, or other object-oriented

programming language and development tools.

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 situation, 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 and such modifications are intended
to be within the scope of the appended claims. In particular, while the methods
disclosed have been described with reference to particular steps in a particular order, it
will be understood that these steps may be combined, sub-divided, or reordered to form
an equivalent method without departing manufactured by the teachings of the present
invention. Accordingly, unless specifically indicated herein, the order and grouping of

steps is not a limitation of the present invention.
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</tr> </tbody> </table> 20 <table border="0"
cel | spaci ng="0" cell paddi ng="2"> - <thead> - <tr> <th
wa@badognsdsheft " val i gn="m ddl e" PCT/US2005/005505
becol or =" #eeeeee">Vari abl e</th> <th align="Ieft"
val i gn="m ddl e" bgcol or ="#eeeeee">I C </th> 25 <th
align="left" valign="m ddl e"
becol or =" #eeeeee">CDE</th> </tr> </thead> - <tbody>
- <tr> 30 <td>Br</td> <td LnQRBa</td > <td>Br'[t]
== (kI *Br[t]*Bro3[t]) + f Be?fj"
k2*Br[t]*HBrQ2[t] </td> </tr> - <tr> 35 <td>Ce</td>
<xmb0eBBOA"dP" entattiGe=[UTF-8=?> (k5*Ce[t]) +
<ipoger RSt tHielkBotosNdyesModeRpt r > - <tr> 40
<ratdsHBr 02</td> <td > 0.001 </td > <td>HBr02'[t] ==
5 <1 >Be|d-KoBpsNayes ModeBof BE Rérotivint<]/h 1>
<teBfcBr@8ptd "OFBe@ating="0a4t¢BadingF "2/ t d> </tr> 45
- <tead><td> HOBr</td> <td>0O</td> <td>HOBr'[t] ==
<thb*Br[t]*Br0O3[t] + 2*k2*Br[t]*HBrQ2[ t]
<th align="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.).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>
</tr>
</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>
</thody>
</table>
- <table border="0" cellspacing="0" cellpadding="2">
40 <thead>
- <tr>
<th aligh="left" valign="middle" bgcolor="#eeeeee">Rate constant </th>
<th align="left" valign="middle" bgcolor="#eeeeee">Reaction</th>
</tr>
45 </thead>
- <tbody>
- <tr>
<td>kl = 1.3</td>
<td>Br + BrO3 -> HBrO2 4+ HOBr</td>

t

1
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+ k4*HBr Q2[t] A2</td> 50 </tr> 52 WD 2005/ 083618
PCT/ US2005/ 005505 </tbody> </table> </body>
woLwene® 5 <l|ist O Conpartnent s> <conpart nent PCT/US2005/005505
name="BZ" /> </I istOCompa rtnme nts> -
<l'i st OF Speci es> <speci e nanme="Br"
i nitial Anount ="0. 003" corrpart ment ="BZ" 10
boundaryCondi ti on="fal se" /> <speci e nanme=""Br (3"
<|7 {tJ al Amount =" 0. 1" conpart ment =" BZ"
undaryCondl t| on—"true" /| > <speci e nane="Ce"

glktzl .aI 05" corrpartmsnt =" BZ"
",tf ﬁg /> 15 <speci e name="HBr 02"
unt—

5 Jc |aI conpartmsnt =" BZ"
undaryCondl ti on—"fal se" [ > <speci e nanme="HOBr"

<ti ni | ak@nt =0 corrpart ment =" BZ"
> </| t Of Speci es> 20
<§ n§r>be re gfé : "React i ons"

r3| ble="fal se"> - <list O‘ React ant s>
peC| eRef erence specie="Br" /> <specieReference
E 7> 25 </1istOf Reactants> -
<t9 "'ﬁ"@%‘%dﬁ&"@ is'ﬂ@?i"éﬁ@?er ence speci e="HBr 02" />

H@m eRef erence speci e="HOBr" />
- <tr>

15 <td>k5 = 0.02</td>
<td>Ce -> BrAf</td>
</tr>
</tbody>
</table>
20 <table border="0" cellspacing="0" cellpadding="2">
- <thead>
- <tr>
<th align="left" valigh="middle" bgcolor="#eeeeee">Variable</th>
<th align="left" valign="middle" bgcolor="#eeeeee">IC </th>
25 <th align="left" valign="middle" bgcolor="#eeeeee">0ODE</th>
</tr>
</thead>
- <tbody>
-~ <tr>
30 <td>Br</td>
<td>0.003</td>
<td>Br'[t] == ~(k1*Br[t]*BrO3[t]) + f¥k5*Ce[t] - k2*Br[t]*HBroO2[t]</td>
</tr>
- <tr>
35 <td>Ce</td>
<td>0.05</td>
<td>Ce'[t] == -(k5*Ce[t]) + 2*k3*BrO3[t]*HBrO2[t]</td>
</tr>
- <tr>
40 <td>HBro2</td>
<td>0.001</td>
<td>HBro2'[t] == k1*Br[t1*BrO3[t] - k2*Br[t]*HBrO2[t] +
k3*BrO3[t]*HBrO2[t] - k4*HBrO2[t] 2</td>
</tr>
45 <tr>
<td>HOBr</td>
<td>0</td>
<td>HOBr'[t] == k1*Br[t]*BrO3[t] + 2*k2*Br[t]*HBrO2[t]
+ k4a*HBrO2[t] 2</td>
50  </tr>

10
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</1istCOf Products> 30 <kineticLaw fornul a=
"Br*Br03*kl "> - <listO Paraneters> <paraneter
wmaoso836i8 val ue="1.3" /> </I|ist O Paranet er s>PCT/US2005/005505
</ ki neticLaw> 35 </reaction> - <reaction
name="Reacti on2" reversible="false"> -
<li st Of React ant s> <speci eRef erence specie="Br" />
<speci eRef erence speci e="HBr02" /> 40 _
Mtbedy™ React ant s> - <Ii st Products> <speci eRef erence
speshle="HOBr" stoichionetry="2" /> </listOProducts>
-</odpet i cLaw f or mul a="Br * HBr 02*k2"> 45
< /instdgbPar amet er s> <parameter nanme="k2" val ue=
5 <listOeCUPtmbrts></ | | st Of Para neters> </KkineticLaw>

IrhB@eheANTamaQ gpeact i on nane="Reacti on3"
<r@¢§?§c AT o) agr P53 WO 2005/ 083618

- <IRedF4422(2Q9/ 005505 - <listf Reactants>
eci geRef erence
<§§J&%Chaﬁ'ﬁ§iq;|3'?ﬁ a%‘? n@*t(gbgacérglﬁ?r ﬁ%n%e&

10 SB&HdSF dRGRRN= |'s
o WD mﬁmﬁeﬁsrﬁ%g% USSR
%&jnggkmwt,ym s<specl eRe ence spec e— HBr O

< SfRiChi rREEtd ey ‘IFl%aIAFrﬁounfU' gﬁ‘lgg}'lc%e%iﬂBZ"
boundaryCondition="false" />
15 <specie name="HBr02" initialAmount="0.001" compartment="B2Z"
boundaryCondition="false" />
<specie hame="HOBFr" initialAmount="0" compartment="BZ"
boundaryCondition="false" />
</listOfSpecies>
20 <listOfReactions>
- <reaction name="Reactionl1" reversible="false">
- <listOfReactants>
<specieReference specie="Br" />
<specieReference specie="Bro3" />
25 </listOfReactants>
- <listOfProducts>
<specieReference specie="HBrO2" />
<specieReference specie="HOBF" />
</listOfProducts>
30 <kineticLaw formula="Br*BrO3*k1">
- <listOfParameters>
<parameter name="k1" value="1.3" />
</listOfParameters>
</kineticLaw>
35 </reaction>
- <reaction name="Reaction2" reversible="false">
- <listOfReactants>
<specieReference specie="Br" />
<specieReference specie="HBr0o2" />
40 </listOfReactants>
- <listOfProducts>
<specieReference specie="HOBr" stoichiometry="2" />
</listOfProducts>
- <kineticLaw formula="Br¥HBro2*k2">
45 <listOfParameters>
<parameter name="k2" value="2000000" />
</listOfParameters>
</kineticLaw>
</reaction>
50 <reaction name="Reaction3" reversible="false">

53



- <kineticLaw formul a="Br03*HBr 02*k3"> 10 <l
i st Of Para mneters> <paraneter nane="k3" val ue="34" />
wLdosesIoiar amet er s> </ ki neti cLaw> </ react i onBCT/LIS2005/005505
<reaction name="Reacti on4" reversible="fal se"> -
<li st O React ant s> <speci eRef erence speci e="HBr02" />
</[listO Reactants> - <listO Products> 20
<speci eRef erence specie="Br3" /> <specieReference
- <li HOBr" /> </listOfProducts> - <kineticlLaw
E‘W&ﬂ%\r 'ELB% g_ o>3. <li st Of Par anet er s> 25
é@é}g l e="3000" /> </listOPa ra

&
er.n
eﬂf{ Q? cLavv> /'reaction> - <reaction
5 < n @f‘ I'on 5" reversible="false"> 30

- : act ant.s>, <esp%8| ﬁo [ enge §peC| e="Ce" />
sgm BfSRES SPSHES € | L
<S§Z‘E ﬂ‘éfﬁ BPBRYE™ 'B%c?%lc %{egly}; r/nst ry="1"

PR of Product s> - <kineticLaw

v Lw "
- <Kinstigtkavy T Qm?ﬂ%a'RSBrog‘*"?g Qé '6’3 ar anet er s> <par anet er
10 <“ﬁ%araﬁ”53te‘§?5| e="0.02"_[> <parameter name="f"
<PREIRLer pagie /53 XBluer| 34t €% Par anet er s>

</listOfParameters>
</kineticLaw>
</reaction>
15 <reaction name="Reaction4" reversible="false">
- <listOfReactants>
<specieReference specie="HBro2" />
</listOfReactants>
- <listOfProducts>
20 <specieReference specie="BrO3" />
<specieReference specie="HOBr" />
</listOfProducts>
- <kineticLaw formula="HBro2,2*k4">
- <listOfParameters>
25 <parameter name="k4" value="3000" />
</listOfParameters>
</kineticLaw>
</reaction>
- <reaction name="Reaction5" reversible="false">
30 <listOfReactants>
<specieReference specie="Ce" />
</listOfReactants>
- <listOfProducts>
<specieReference specie="Br" stoichiometry="1" denominator="2" />
35 </listOfProducts>
- <kineticLaw formula="Ce*k5">
- <listOfParameters>
<parameter name="k5" value="0.02" />
<parameter name="f" value="0.5" />
40 </listOfParameters>
</kineticLaw>
</reaction>
</listOfReactions>
</model>
45  </sbml>

54



10

15

20

</ ki neticLaw> </reaction> </list(O Reactions>
</ nodel > 45 </sbm > 54 WD 2005/ 083618

wWEONSSRDH5/ 005505 CLAIMS What is cl ai ned as pemuszods/ 005505

desired to be protected by Letters Patent of the

United States is: 1. A systemfor nodifying a nodel of

a biological process responsive to 5 experinental

results generated by an in situ experinent conducted

on an experinmental platfor@ A System conprising: a
simul ati on engi ne generating an expected result froma
nodel of the biological process; and an anal ysis

envi r onndVitat isicleimmadasireat andriesir¢dtodmi pototsctedi batlicters Pa@nt of the
gP%in sai d anal ysi s environnent gathering data from

i) @iggﬁ?ﬁﬁntal platform and conparing the expected
result to data gathered fromsaid platform 2. The
system of sede@dhfol nifRida BRIG BPRIbYSIbSicAIPHOESR MBPbnsive to
outputs results of analysis performed by the analysis
expdrimemehtesulls gdingaeyldiyean iof sitl @iperithenh eordnctethon an
anal ysi s environnent includes a 15 graphical display
eareraneyRhpiRHO I EhesysEat EOMPESIHEt generat ed by sai d
simul ation engine and the experinental data gathered
fromthe pl_at 4 [ [
said analy $i ?sg&g;]a\rﬁorn oer%1 r%emne?g%gezge% glfé e%é]&ltéeav%eﬁtﬁﬁ \?\’I:]Ogllﬁ Qtnﬁ%dd of
dhd brIesied [}}@&m,e;{hd he expected result generated by
the simul ation engine and the data gathered fromthe
pl at form exceeds a predeterm ned threshold. 20 5. The,
syst em of @inznwlysisfepvirRaMEBbHHEIBMYERiIRteBHEIh srjd simulation
envi ronnent . f.or constructing.a d of the .
RE T Apy S badrohed Bt ARG FrorR ap Beimspi placform
3AY %ggﬁ%gme AL TR: oV g8theed HRAPRILBlatHBR!
I ntertdce for acctepting user co nds and data to
construct a nodel of the biological process. 55

2. The system of claim 1 wherein said analysis environment outputs results

of analysis performed by the analysis environment.

3. The system of claim 2 wherein the analysis environment includes a
graphical display for displaying the expected result generated by said simulation

engine and the experimental data gathered from the platform.

4. The system of claim 1 wherein said analysis environment generates an
event when the difference between the expected result generated by the simulation

engine and the data gathered from the platform exceeds a predetermined threshold.

5. The system of claim 1 further comprising a modeling environment

for constructing a model of the biological process.

6. The system of claim 5 wherein said modeling environment includes a
graphical user interface for accepting user commands and data to construct a model

of the biological process.
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WD 2005/ 083618 PCT/ US2005/ 005505 7. The system of
claim5 wherein said analysis enviroment is in

W@ eomsdeeat i on with sai d nodel i ng envi ronment . P@I/UI1065/005505

system of claim6 wherein the anal ysis engine
transmts to the nodeling environment the data
gathered fromthe platform 5 9. The systemof claim8
wherei n the nodeling environnent uses the transnitted

data t t he enec at.ed node Q
o ocess. T Sk 86 SERTS P T L Gl miofpgt
adh MidinScaBidWi WRR @ﬁﬂtmgaéM@eﬁlsﬂ%%eﬂtr om a mcroarray.
11. The system of claim 1l wherein said analysis

envi ronment gathers data 10 from a experi nent al
devi ce8. The spstept hpdaiiwb Wlhuitbifnytihngmalynis @ngineftraasmits to the
bi ol .ogi cal process ponsi ve perinmental results

gBReF %an‘eyoraﬂe%ﬂsq a2 gHHSFS ﬁfn rf&%réqr@e on an

experlnental platform the nethod conprising the steps

of : q%ds%ﬂeh{‘Sf Alink B ﬁﬁ&gm%g%bgaﬂ{ > enviohMent uses the
g VR

acceSS|ng a simul ation engine,
birhsgittedl dat{p to e, the @engReal ﬂiddegof the BibBgidahpiloatdson
engi ne, an expected result based on the nodel of the
blologlcal process (d) athering data relating to the
exper i Hgntl; hegetenpof d g hareiRgaidhynalysispmyirpgment gathers data
Qv ronngpt t he generated expected result to data

LPRet BHPPERY sai d experinmental platform 13. The
nethod of claim 12 further conprising the step of

di spl ayl nGhehystehhef dniad Y Siler€inVdalPATERs enviBn@%AE gﬁ@i@rs data
result generated by said sinulation engine and the

efxper i engpreriaherdak devgest hered fromsaid platform 56 WO
2005/ 083618 PCT/ U82005/ 005505 14. The nmethod of claim

or aph b51 PP B mgeie iﬁe@%&f‘) el prsessrggponsive to

b
Srchtai il e g 3Rafag el ot oo
rmmplaﬁdmftalqﬂmfmlﬂ Sthleunédher conpising tg: dtbss ot ep of

generating an 5 event when the difference between the

generated, expected result and the gathered
(a) conducting an in situ experiment;

(b) accessing, by a simulation engine, a model of the biological

Process,

(c) generating, by the simulation engine, an expected result based

on the model of the biological process;
(d) gathering data relating to the experiment; and

(e) comparing, by an analysis environment, the generated expected

result to data gathered from said experimental platform.

13. The method of claim 12 further comprising the step of displaying, by
the analysis environment, the expected result generated by said simulation engine

and the experimental data gathered from said platform.
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data exceeds a predeterm ned threshold. 16. The net hod
of claim12 further conprising the step of accepting,

WO 2@5/0836model i ng envi ronnent, user conmands anBCT/EBZR0$/@5505

construct a nodel of the biological process. 10 17.
The nmethod of claim 16 wherein the nodeling

envi ronnent accepts user conmands and data via a
graphi cal user interface. 18. The nethod of claim 16

furthery c Y - St £t LEt red.

dat ot e AP BB PO whLichd BEHE of Blolap Ry itises

%'r@gbﬂltﬂl@f djbﬁ&l_hﬁﬁg tBOERpdcse N Eshit@etbRPePby G8A6hAllRGGR eRYine and
5 the nodeling environnent, a refined nodel of the

tho kspirtabntpl date gathiwed gramh eaidtexperdmientad glagiara.  20.

The nethod of claim 12 wherein step (a) conprises

om0 B0 S BB R VoL B8 i o
GOOGUEHER %?&é@?ﬁn&%%‘:&k ﬁ%%;g%ﬂee?nﬁgao} %EﬁdQEsult and the gathered

experi nment a Vi ce. difying a
radetxetdaa braleogntatd plieslesls. r esponsi ve to

experinmental results generated by an in situ

experinent conducted gon an_ experinental platform _ the . )
syst erh@onpkha meghod o Flaim di2 lyrthen gpmerigegahasicppiagcepting, via
expegted result from a nodel of t he bi gl ogi ca
3850 ARHmbls TP 0aTeed el fuadfodnidoeRogy] of the
Hidlopilappitesd. ONMENt i n communi cation with said
simul"ation engi ne, said anal ysis environnment gathering

data froman experinental platform and conparing the
expectled r eEl¢ metlood af alagntlifewberein tm mafding environment accepts

experi nent al latfarm 5 23. The, system of claim 22
ER SATRRAs aaf RIS ScopicHmSRE I LEay s ¢ he
expected result generated by said sinulation engine

and t eXReL 9 e
hes.exR %{Eg?%i%f fah 6 % oth rfsgg %{égiterg %_f?: transmitting

experinenta orm 24. e system
wheliaked dabetcatirl piedslirgnemviaimesait. i ncl udes a graphi cal
di spl ay for displaying the expected result generated

by said simulation 10 engine and the experinental )
dat a git-héhedngtheshal w@l@xﬁ%ﬁ}rﬁlﬁﬁgmxmsmg @ierptep of generating, by

the modeling environment, a refined model of the biological process using the

transmitted data.

20. The method of claim 12 wherein step (a) comprises conducting an in

situ experiment using a microarray.

21. The system of claim 12 wherein step (a) comprises conducting an in

situ experiment using an experimental device.

22. A system for modifying a model of a biological process responsive to
experimental results generated by an in situ experiment conducted on an

experimental platform, the system comprising:

a simulation engine generating an expected result from a model of

the biological process; and
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25. The system of claim 22 wherein said anal ysis
environnent further conprises an alarmthat is

wo eoog@eeesl when the di fference between the expeCt/@s2005/005505

result generated by the sinulation engine and the data
gathered fromthe platform exceeds a predetermn ned
threshol d. 15 26. The system of claim 22 further
conprising a nodeling environnment for constructing a

model of the Qna?ys?sgcn 1ron%ncin%%§séon§zunizﬂ?o YRhS r:ﬁdgéilmulatlon

cl aim 26 wherei n’'sai o enV|ronne |nc

gma QA dhaBsisicnROhARAL ggﬂleﬁﬁg%ratd RS LExfRimERslatform
data to construct a nodel of the biologica

pamdaessparﬁﬁg U8, exphetedystidntmiatel gailmred fidhesad mxpaimental

dggalysns environnment is in communication with said
%%@?%g envi ronnent. 29. The system of claim 28

wherein the analysis engine transmts to the nodeling

envir %Te@’g%ts?s?ﬁgla&adgﬂ{ be Rﬁ‘%r&ﬁ%m Lh Qﬁ(ffrgﬁfﬂ%ﬂ% displays the

pl at f orm e system of arm ere nt

?e&&dgemgémmatbm&ssmhﬁau&ﬁeﬁgm@aﬂm theekgbaingental data
i ne the generated nodel of the biol ogical process.

@thm@drm@h@emrm@&b@mossos 31. A nethod for
nmodi fying a nodel of a chemical reaction respon3|ve to

| d .by
oxber | SEn TR skt SRR MBS Bt b upsac ipglades o
nRhHIedaICARAY ﬁirrlﬂ gﬂ%ﬁnéﬂ@@@xﬁctec‘ Rulf %@gé{ﬁ{édnl%r &Y sithulation

S|tu experi nent accessing, by a sinulation
einxgmteanchtl‘[mﬂqiermieﬂthi&lam eniheadd fromattici eaperifnehtal platform.
gener ati ng, by the sinulation englne an expect ed

result on t e nodel of the cal reactio

(d) gaﬁgf hegystear @ iy Jghersin i ERgipgpvisomant forther

g (

e%\&}ffé%%?@%% tala@{}hﬂljag is t?x?gg%?%?@fléﬁ gl%e %ﬁffe%cg Ayl thte expected

result to d

deédle %&Qerﬁfe@l%}sﬁiedslﬁﬁiﬁfdnr@fgui’é afd e @ftigadred iBm the platform
met hod of claim 31 further conprising the step of
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27. The system of claim 26 wherein said modeling environment includes a
graphical user interface for accepting user commands and data to construct a model

of the biological process.

28. The system of claim 26 wherein said analysis environment is in

communication with said modeling environment.

29. The system of claim 28 wherein the analysis engine transmits to the

modeling environment the data gathered from the experimental platform.

30. The system of claim 29 wherein the modeling environment uses the

transmitted data to refine the generated model of the biological process.
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envi ronnent, a refinéd t he m cal reaction
usdangohhe transm tted data.

(c) generating, by the simulation engine, an expected result based

on the model of the chemical reaction;
(d) gathering data relating to the chemical experiment; and

(e) comparing, by an analysis environment, the generated expected

result to data gathered from said experimental platform.

32. The method of claim 31 further comprising the step of displaying, by
the analysis environment, the expected result generated by said simulation engine

and the experimental data gathered from said experimental platform.

33. The method of claim 32 wherein the step of displaying comprises
graphically displaying the expected result generated by said simulation engine and

the experimental data gathered from said experimental platform.

34. The method of claim 31 further comprising the step of triggering an
alarm when the difference between the generated, expected result and the gathered

data exceeds a predetermined threshold.

35. The method of claim 31 further comprising the step of accepting, via a
modeling environment, user commands and data to construct a model of the

chemical reaction.
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36. The method of claim 35 wherein the modeling environment accepts

user commands and data via a graphical user interface.

37. The method of claim 35 further comprising the step of transmitting

gathered data to the modeling environment.

38. The method of claim 35 further comprising the step of generating, by
the modeling environment, a refined model of the chemical reaction using the

transmitted data.
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