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WD 2004/ 027674 PCT/ AU2003/ 001232 -1 CONDI TI ON
ANALYSI S Background of the Invention The present
WO poogfoeiedn rel ates to a nethod and apparat us fPET/AU2003/001232

determ ning a programfor_p_subject, 5 and to a

nmet hod and apparatus for determ ni ng subject paraneter

val ues representing the effect of a condition on the

subj ect. Descripti [ S§wt The reference to

any prior art int i ' is not, and should

not be taken as, an 10 acknow edgenent or any form of

suggestion that the prior art forns part of the conmon
Bamgr@@ﬂ%?éé‘“%?’ﬁ’é%"edge. .Currently, it is known to
The prédedtivehiig BREs i ethop raod pppamttsdonddiaminirg g sroganbier 2 subject,
an £ T i B SR s A e et of s
conditiéryd tB@kdbject equi res 15 years of experinentation. Even

then the reginmes are typically fairly sinplistic and

rely on the patient taking specified quantities of
Descrip@i cTahd Briloratrtvari ous tinme intervals. This approach to

dication adm nistration._.suffers fro nper, 0
The ISR R KEY TBPT €1 5, CEnEPo RIRa 0 PRI IGaa otk a5, a
acknowd&dgamhént of emeforth of sugzettiondid iti@nprivn drt feins e aif flieccanona general
- 1respective patient. This is 20 inportant as different
OWIG&ti ents often respond differently to the sane

medi cation regime. Tail ored nedication regines are
ometimes pravided. wever, this is, currently onl.y.
cumenfif SRl S B TG e el N Rl t Shigyed o
differeffabdiat copditidns eowdvet the detrhieation ofitfiectiug prvghienseyracally requires
sears SR, L0 9 HUBER S, S0k BESLAge gpt b on o
patientadkivip\spedifesd Quintitiesgfipaadieation & Oaridus fime imtdrvald. ways possi bl e

to determ ne exactly what the effect of the nedication

has 25 been. This is exacerbated by the fact that
This apE6abSmtidication hmiekfraoh soffensefhne atnumber of diswhdcky. Firstly, the

. Subjective, and is.not ntified to.allow the eff .
medlcaglpn fiRes alie! uslil?li]ly gerBaéél &)e% (:eo?l#]?iﬂ% ancfa ogs eﬂP% }oya. re%})ﬁc ve agle%g. tIihlS 18
importSHe e diffeyent pdtients oftgtpresmind fddiferaudy yo thelsame tredicationbyegimef Tailored

. factors to be taken intp.acgount en. t ining...
“me%%HP%%¥$%ﬁ“r%ﬂFﬁE‘?p?ﬁ&%?-fﬁPW%%%ineF %ﬁ%&{egg‘rcs%?% after
monitoting the@ffee of e tapintd enctifvetionri@xds wn thegos@t, tiath ceahase detrimental

iyen to. a ienat .wWthout. ris ev. th h i .
etet g B8 el 3 By ool S04 S e TR gy
apparefiyo lteis bt Awaye poesitdé id detSmirfei axadtlyywhat thei effechi dffthe mledication has
b predict the effect of the nmedication in the long term

“™ to anything greater than a very general degree,
t hereby further conplicating the possibility of

This is%%%?%%%g ég?fﬁ(ﬁg Ig%? 'ctlsisé)sgmé:/r\ﬁ) og 819 éﬁ,&% (7)f6 nzéldication is usually subjective, and

is not quantified to allow the effect of medication to be determined absolutely.

Secondly, it is typical for only a limited number of factors to be taken into account when
determining medication regimes. Thus, for example, the researchers will often determine the
maximum dose that can be given to a patient without risk, even though in many cases a lower dose

provided over a longer time period may be of more benefit.

Finally, it is difficult to predict the effect of the medication in the long term to anything greater than

a very general degree, thereby further complicating the possibility of determining medication



10

15

20

25

30

35

-2 regimes. Al of these issues are further

conplicated by the profound non-linearity and
w@eowphzir4y in the dynam cs of many di seases, PCT/AU2003/001232

i ncl udi ng di sease progressjon and adaptation over

time. 5 Summary of the Present Invention In a first

broad formthe present invention provides a nmethod of
. determning a treatnent program for a subject, the

IegiMeSnpt hod i ncl udi ng: a) Cbtai ni ng subj ect data, the
subj ect data representing the condition; 10 b) Using
he subject_ da

ta and a | of the condi.ii t o
All of G JFiPh B SYRE AP ORIFTEd Pt BOGNPT g TR DGR by in te
dynami€s) of Beh @ BiFtReNBcl0fiag dikeasDfregrtssinend adaplstor @pr@sent i ng
the progression of the condition in accordance with
the nodel and the determ ned system val ues; and, d)
Summd?¢ betHEIPFedRgt BivbitRat nent programin accordance with the

determned trajectories. .15 Th ubj ect .data
In o g e DT e P BE GHERIop ey a gt CREp Rk & spepprogram
for a subjR&P@E hiewdd ietlidigdual , in which case the method
i ncl.udes _det er m_ni rraj ectori.es.representing the
o) SGEFIBE ST A (e PReh T LAfeD SBHR P SHGENi ' ¢ he
b) IUnglighhélsidiect 26 dnae hodyl ot tincoratition to Ygerodde systere paleseeiresenting
a quantity obtained for the neasurenent of a
rt%es??é‘g’thf’@?e attribute of the condition, the system
c) ViddidtRenihd) Gheldi ﬂ@)_‘redlaajecﬁbﬁ‘ﬁs erepradeitily) thevigbgtesion dof bthe condition in
representi rapi changi.ng attributes:. an
sarereerh e g ad e SRS SRR &y T ng of
d) aoAGhadihg afréatthdatiprégramab acbbrlametwithdhaideteatlngd trjedtortbes
determining control variable values, the control

vari abl es representing attributes of the condition
The subjBaidate dypidatly eoptessniethd ¥ medindlconditbeh. forlthe raypaigve igdimigna) inywhich

i ncl udes e or nore nodel .equati ops representin .
case e ARG BHen BT POFTR G Dt B oS eT bt Sredical
conditiBOWEhiS tY ieditideguat i ons in accordance with the nodel

equation(s) and 30 the system val ues. The nethod of

determining the treatnent programtypically includes:
Each s@stericwalubl afgidally trdpeesbred a\quanitity obtained feedhomiegssrement of a respective
bt CPLESEN L ng,sol utions of1 (ti.he_ subj ect equations; and,
atiribuig P e condition; e SYSIFE BHHBF 8988t r ol programs, each
a) CState vadiably wlicarpicsatinghiapiglyahseimgatcbutef and35 cont r ol

i abl e val ues_t hat It int tories havi
) B iR G S IO bR AR B! 001292

The method usually includes determining control variable values, the control variables representing

attributes of the condition that can be externally controlled.

The model generally includes one or more model equations representing the condition, the method
including determining one or more subject equations in accordance with the model equation(s) and

the system values.

The method of determining the treatment program typically includes:
a) Evaluating the behaviour of trajectories representing solutions of the subject equations; and,
b) Determining one or more control programs, each control program including a sequence of

control variable values that result in trajectories having desired behaviour.
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-3 Typically the nmethod includes determi ning a set of

target points, the target points including stable
w@oioans7efor the subject equation(s). The desi rBdI/AU2003/001232

behavi our usual ly includeszat |east one of- 5 a) The

trajectories are acceptable; b) The trajectories do

not nove away fromthe target points; and, c¢) The

. trajectori.e inally .approach t tar [ ;
vl Pk SE SR SRt B GE Releh P B IF P b gh g s
points for thie &utij@t e@atibrgs)be acceptable if they are: 10 a)

Non-chaotic; and, b) Sufficiently snooth. The nethod

of eval uating the behaviour of the trajectories can
The desired beldheioua)subdt ieclndes btrigpst @giofns of control vari abl e

aﬂ%/tror pararret er tgzill,ues for which the trajectories 15

a)a CHESTF e AR tbs Det erm ni ng ranges of the control

b) VHiel tapcriandt! it mose avagtiem thatargespdins; andi ch t he

t.f.aj.ectorie an_be de non-chaotic, or otherw se

o) TR 8Bk nel oL BE SR HE  hod ¢ ypi cal 1y

i ncl udi ng determ ning one or nore control prograns in
0 accor.dance.w.,th the determ T .
he m o A AR e P R e BB PP R e
a) ONen-draotigrad,cont rol prograns, although ot her
b)tggggglgyesso%y al so be used. 25 In the case in which a
LTEpURoY FURCti on is used, the method preferably
i ncludes: a) Defining a Liapunov function for which

t.h radi ent .defines_ traj.ectori ing towards the
The m?ﬂéo%gogtevag%a%ﬁ% gh;e%ﬁk)laVBlenf ?fﬁ]?éntga?eé’ goﬁl gfgaggrg(%{%d@bn t he contr ol
a) VReteabhieg vagiane of cantrd], vaciblDetddormaraimeter valnts fot whigh ihglstagectories
vaqfle%%%ﬁt_ggé result in trajectories travelling down the
radi ent’ 0 of the Liapunov function in accordance
b) WDtthrntihieg cemsss r &fi the sconffbie varahlt aral/ant pargrester adliigs for which the

include limts on the treat ..can be provided
Bttt o Ut Tk Ml SE A Bl RRE DGt
determining a treatnent in accordance with one or nore

.of _th 35.det er.m.ned .contr r X .
in ity B B0 RGO 585 RbGY T o org pu programs in
accordarep math diret detaroinedfangehe traj ectories, the representation

including an indication of the chaotic regions; and,

The method can include using a Liapunov function to determine the one or more control programs,

although other techniques may also be used.

In the case in which a Liapunov function is used, the method preferably includes:
a) Defining a Liapunov function for which the gradient defines trajectories moving towards
the target points;
b) Defining constraints on the control variable values; and,
¢) Determining control variable values that result in trajectories travelling down the gradient

of the Liapunov function in accordance with the constraints.
The constraints generally include limits on the freatment that can be provided to the subject.

The method typically includes determining a treatment in accordance with one or more of the

determined control programs by:
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b) Selecting a control programin accordance with the
represented trajectories. 5 The nethod may al so
wo eootthzrs74 ncl ude: a) Determ ning one or nore NeCT/IAB2003/001232
val ues, the Nature val ues joeing quantities of Nature
par anet ers and/ or varlables representing attributes of
the condition that will cause the condition to
rogress in an un%

i rable, ner: an
o Rt FaeroReAY OR FOP b GPOPEe AL RS ThA i fion of
MRtcHESic Yedidh8Sind 10 c) Eval uating the behaviour of

nodi fied trajectorjes r res tions .of the
b) SElaTIEa qon S BioGET B GG R R KA PPRPRTRY at

| east one of: i) Deternlnlng one or nore contro

rograns, troI program i ncl udi ng contro
The me aﬁFﬁbﬂg)@%ﬁﬂég’ result in nodified trajectories

a) m‘e@rrﬁﬁlr@e&ier&dmb@m&meufalueﬂﬂdﬁ; Nbfiré v3ludebaingrijurintiges orfeNature

or nore undesir, rans esir
Ao A R e e e o s 1 RORElgRt BT AT cause the
tcﬁlﬂiltﬁﬁtt@bfog&sﬁﬁ\éhﬂ@ddsﬁ’@&?hdnﬁ& hﬁlhaw our. Typ| caI | yi( in
this case apunov funct i s nodif o take

b) iMedifving s spiegtsauahigR tP grggmorla}egﬁ? T SFMEE Naﬁ‘ﬁfe ﬁl‘éeshet hod

c) IRARLRl Me bRGVGIE ST BRtifiedrirlibagia reEtsentingustiedny efithe modified

poi nts, the undesired behaviour including at |east
dW@“%FWﬁ?mﬁh@ﬁnodlfled trajectories are unacceptabl e;

d) h’)erfa}lﬂﬁngmdéaﬁﬂcﬁeofraj ectories do not nove avvay fromthe
undesi red, poi nts; and,

i} aP@E’E“BP’P&?nF iR 2 °%ﬁ§f|8f8r8§‘%?mts’h%a°ﬂ%8‘ét§11 PEQgragy fpcfuding control
Thevsimblaealubyhiteasult in nsifieddagctotips stngidesigd dclzevunand,
Li apunov. functi on for i, E t he gradi ent ,def

AP BT PE Ao B MR OB TS (A TF g gy nluding

Poi Nhie Rdiebhaledultth B@diied1sdjctiriet Baving undesiibehadour.

val ues; and, c) Determ ning Nature val ues that result

in nodified trajectories travelling down the gradi ent
Typical®, ihBisSACHREE ILiapPhovofindtisn ik imudified @cbs daoaeconht the trhelified

constraints. The nethod usually includes determ ning
trajectofifs t r eat ment programin accordance with control 35

prograns and the Nature prograns by: a) Deternlnlng

The mgtg(?é tg%{éx%ﬁ? d&‘ir]lé%é %gs?}l‘%l?m eg 6g Hl%fék&%ﬁﬁotu?tg the ungeslrc\alg1 t)eciqavmur

includiflek1AM2003£: 001232 -5

a) The modified trajectories are unacceptable;
b) The modified trajectories do not move away from the undesired points; and,

¢) The modified trajectories finally approach the undesired points.

The method typically includes:
a) Defining a second Liapunov function for which the gradient defines modified trajectories
moving towards the undesired points;
b) Defining constraints on the Nature values; and,
¢) Determining Nature values that result in modified trajectories travelling down the gradient

of the second Liapunov function in accordance with the constraints.

The method usually includes determining the treatment program in accordance with control
programs and the Nature programs by:

a) Determining starting points having modified trajectories for which control programs exist;
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b) Determning starting points having nodified

trajectories for which Nature prograns exist; c)
wOoR@wozrg7a representation including at | east oPeT/ati2008)01232

The nodified trajectories; 5.ii) The starting points;

and, 5 iii) The chaotic regions; and, d) Selecting a

control program i n accordance with one or nore

resent d tra ories.. The netho i ncl udes
o) o BRGFRTR TphP e e eia oo et B ivatpagroms it
c) pHietvirgla rslﬁéseﬁlﬁtuﬁlyimtlﬁﬂhg/ﬂﬂéaa’:‘oné 60m t he subj ect data; 10
bP) ﬁgl & (? nore nodel s, each nodel i ncl uding
g 5338 ?ﬂfﬁ ons representing the effect of a
Cﬁ))’ldlhéstﬁ)ﬂfln@ﬁmﬂiﬁ dnddi vi dual ; c) Attenpting to determ ne
a.. ete set of system vaI ues in.accordance with the
lé‘ggl?‘?rfl}?gi&”eﬁ’gf’st’ia%‘f set of systemvalues and the
d) r Bdgpeing 4 aatrelqitedriig iSsccaidshee dith 58 @Ghdré@pRsdBAdatajdcfdries,
accordance with the determ ned conplete set of system
values. 15 The nmethod of attenpting to determ ne the
The methuipisexdlle inchldeedetdrnpiigapalameten cdldeg: a) Deternining a

c di dat e set .of stem val ues .in accaordance with the
) CBGHREPh Sir g YRl el SR e e and 1 he
b) efplatin®6rE;or Akt mbﬂel@@ﬁﬁhaﬁcbdégmblhﬁng aingé &%&e%@ﬁaﬁ@ﬁs re?resenting
s%stéfem[v o %1“) at (e t one of: 20-i) The partia
i

L i) Predeterm ned

c)t hﬁm&imﬂg dnsdeteaﬁdle aebmﬁeie@ettdf BgtehNRIuRP delccdrlandé G@h €RMERrmined
arualst fSretg,u t of dhtéer{ arison. The subject is
t§FFAL 35 PPy EeIR At And ¢ eB‘@‘aﬁ?Jﬁ’a?? or non- human.

d) A$d1€et1mw mmkall in, actdréanseljtie G dB@Ynined2oMBIY seBET sydieny VdlkeR.
sanpl es, such as cells, or the like. The treatnent is
typi cal I y the adm nistration of nedication, but may

The methdd@f almﬂpviag 1, defERyinb ﬂletchlﬁpletﬁ ehlacsTypedlymitides:.cat i on of

2) aﬁé{ermmler fa 1Iotre %foff%c the condition, such as the
requ andidpte s %SLFB} s {hAcPe, @CQ&I%F%@FWQEWM set
m;ftsystdmmluesexxcemee@ﬁuoreranuhe like. 30 In a second broad

rmthe prese enti on rov es apparatus for
c{mep A can% dtqieé Oﬁ@ﬁ# epgon 0'é‘ubj ect, the
ap)pﬁhe@mlse’aofsydteﬂgraalepm&;es& ng system adapted to: a)

t ect. data, the subject data representing
qﬁ ?re@ete melé% ld %nﬁ’g t he subject data and a nodel

c) cﬁelepm the:mdddi inorcdrdande tvith e RGuls ySthe tonvalikes
representing 35 the condition;

The subject is typically a patient, and may be human or non-human. Alternatively, the subject may

comprise in vitro samples, such as cells, or the like.

The treatment is typically the administration of medication, but may alternatively, may be the
determined modification of any other factor effecting the condition, such as the requirement for the

subject to receive predetermined nutrition, exercise, or the like.

In a second broad form the present invention provides apparatus for determining a treatment
program for a subject, the apparatus including a processing system adapted to:

a) Obtaining subject data, the subject data representing the condition;

b) Using the subject data and a model of the condition to determine system values representing

the condition;
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WD 2004/ 027674 PCT/ AU2003/ 001232 -6 c) Determ ning
one or nore trajectories representing the progression
wo@tooherecondi tion in accordance with the nodePCEHAU2008/001232
determ ned system val ues; _gnd, d) Determ ning a
treatnment programin accordance with the determ ned
trajectories. 5 In general, the processing systemis
ted to perfor t r S
©) a]?e? e g nvégﬁ i'on- ﬁ&oﬁ% g?‘%se n?)éag“ ® &b%?&shogel pr egé%{lmmn n
i aveedtricowith thowodelsind thealefsuieed gystog valnespansduct f or
@ IBHETTLBL £eoerd HEBLARRLoRLARLAMH R afrlilh Bferolde
corrpu1 prog ra ud| ng nput er “execut abl e
code 10 mhlch mhen executed on a SU|tabIe processi ng
&M ca £
In gonl KSR PR IR SPARFEEY PRRIT AR R0 ATLoAF orm of e
inventibourt h broad formthe pr esent i nvention provides a
met hod of determ ning systemvalues representing a
subj ect's condition, the nethod including: 15 a) ‘
In a thiphbaid fong tisui¢settincatien providessudvjnpuier pragrammpegiueisionddtergining a
t he con L4
ncaimiyBrog@TIbE Ofiee e b RHE b BroBh bl Bland ol WA coce
which Mpt esentd onp witghlaptoctsying sysinnesdsds thmecesmémstemﬂ perirm the
methodof the 1r%tor}r(5a\(/i%01%‘}3irth§iﬂ¥f§1ﬁ§£. the .Condl tion c) Sel ecting
one or nore nodel's, 'each nodel including a one or nore
equations representing 20 the effect of a condition
[
Ina fgurthaIPro% %I‘I}/l tﬁj ﬁlleSengznﬁtg/og]nﬁréng%ng glgglgzrl ?an@g%ﬁl\}mlﬁmﬁ styr]g]tem values
represquéing & aibjesfést con@homylstreﬂhadahdmtnﬁnd t he respective
eguati.on ng a nodel
2); %Hfgcn Cor g‘%}eﬁ% g&%‘m ?%"’QP ﬁa Q§ m e )t%eo%ﬁ'lﬁ(ﬁﬁéﬂé set of
b)SlbsiteBnmm&Iaumlal 26 oﬁhﬁst@ys@lam rainuths stipétcdatd, yeach system value
[ a \ p r y,
ﬁ%#é?qﬁ 3) quhl Conffdaty e BERERERPEEE HLE A AR Yor the
ramdawe,ntl ng sl owy changi ng or constant attr| but es.
c) TE ﬁ‘g@g ?Igegcl)rgrfé T?B{O?%g It uggrg&i)eé %%%ﬁ{n%]e r])?xe toPﬁxo&%EH&t%B?represenﬁng
cm@@ffdabéawﬁiﬁomorsgdsmélmdvdl ues in accor dance with the
d
d)egjttaljth OE%SJ d&gé'ﬁﬁeg’% co%gatlete Qeft ﬁg éﬁ?{gﬁmggﬁ%é dltﬁﬁgct:(gfi’%cé G/ﬁ? the partial set
s ybtystemvaluesend the reﬂpecttefasquaom, fof each impdeffpmdparti al set

e) o%e&é%@% & q%o&%e#gc??ﬁd%%g %ﬂh'tﬂe cP fe ﬁﬂﬁ&@&% éjse‘i Qf s?ét@rﬁ lvglﬁgs

I'n ac dance wtht

result of the conparison.
The system values typically include:

a) State variable values representing rapidly changing attributes; and

b) Parameter values representing slowly changing or constant attributes.

The method of attempting to determine the complete values typically includes:
a) Determining a candidate set of system values in accordance with the determined partial set
of system values and the equations; and,
b) Comparing the candidate set of system values to at least one of:
i) The partial set of system values; and,
ii) Predetermined thresholds; and,

c) Selecting the model in accordance with the result of the comparison.
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WO 2004/ 027674 PCT/ AU2003/001232 -7 In a fifth broad
formthe present invention provides apparatus for
wa@ledogozicd Nng system val ues representing a SubPEUDAU003/001232
condi tion, the apparatus iqicluding a processing system
adapted to: a) Obtaining subject data, the subject
data representing the condition; b) Determning a
artial set of systemyvalues fromthe _.subject .dat
Ina ﬁﬁb@f?aé;fg% fhevREPsFR! InKenition IRV 3pgaraiug, é‘gn%%‘m 5t Sgi%tﬁgldval‘*‘es
represellﬂihgta_r},ﬁbj BB SbdRTRthe Sfpafits @FRAGIg a\pRocEsingisiuikine adabtet] ke
condition; c% Silse%?%a one or .rmtlije gg)l s, each nodel
2) iQRtaining priest Bifetig A BN Fé{ﬁﬁ Bnting the
b) Bdi@inid a aG@AN ekt tdfOystom AiMuck NEiny itk albject Jlatdt éehpyysterg value
to determ ne a_ conpl ecgﬁys t of sgst §m val ues..in bute of the
AERTECEERCR MY OPRmEh Oy | e MSRPUTCTIRT OF A TRERSSIYS, AP RY

ajadaitie respective equations, for each nodel; and, e)
Sel ecting a node rdance. .with the deter

) RSHFGIVER G SBETOE Myt B AR S PR FGeLon Foprsenting
ARPETRE M3 cosdimantagthdivadper f orm t he net hod of the
fourth broad form of the ti\/qgventi on. .15 I% a Si. tF il set
Q) LAUERP TG LRI A SQERIE S SP AL YU VHIFSR AEERcs ST e parial se
TR EHi IR AMieR diiCthe fe@fecﬁi&teﬁiﬁﬁioﬁ}a ¢ esglﬁh@'ﬁl; wid, ues
representing a subject!s cqnditiaon, the conputer
€) pﬁ%g%%ﬁ 1&3‘?‘%5’315‘&9“‘1‘” LN Ee 3@&%&?@%&%@%@?&0 S@emc‘éa&b“-
whi ch when executed on a suitable processing system
. causes the processing system, to.perfao t met.hod of,.
Typicalf e popt ‘DrGaE PaPRe bt REe OLRE oafh Peat BrBg, B iy Siton

broad fromthe present invention provides a nethod of

.determ ning the effectiveness of %Otreatms%t .
In  sixh GUPAGHT B O bPEEIOD PHE G E AP AT A grooay: or deermining
system Galudd 13br8@nBid RBjkctbabaditiér) theSulp@et préi@in proédt @semdingrgmputer
RPN TE RN KL RS TR TN SO
to perfélﬁﬂh@gletihbdl 6@Ghe foliéh lﬁﬁi&i@fnﬁ of thé lgﬁerﬁ'ﬁﬁ.di ti gn; c)

Providing treatnment to the subject,; Repeat i.ng.
I sevpy oo PEE FerheD B MO ALy Te A igoess of
treatmé®} ploRIAIRBI0iaRGhbiédnehddasiRsmEhandingl ues and the nodifi ed

system val.ues; and, f) Determning the.effect of the
o) ORI T A B SRR PRESE G S SATEE t he
b) COsM@ihk S@ect daldd BRidaelbiatie cdadismio detagnihd ey sisyhIems representing

val ues i referably a nethod according to the fourth
b&ﬁﬁ e"tgéth??:ﬂnijﬁn@?’ the invention. In an eighth broad

¢) f Plofidingerepmeseithe kiiyent i on provi des apparatus for

det erm ni n he effectivenes f treatnment provided
Dy gﬁ?&ﬁ%ﬁ@@?@ a‘ldﬁg) tggﬁtg?%flﬁlgo‘?lﬁ%&?@ﬁmﬂa gl36s’pr ocessi ng
¢) SgshpingtaphathelcOvahi) akdihaimotifigd syseirealuedabdr, t he

) SBQ el%%}lingt te %ffgc? 8%’ tﬁg terga}trlng ir} ahcgor gnrc]:g thltia M results of the comparison.

The method of determining the system values is preferably a method according to the fourth broad

form of the invention.

In an eighth broad form the present invention provides apparatus for determining the effectiveness
of treatment provided to a subject, the apparatus including a processing system adapted to:

a) Obtaining subject data, the subject data representing the condition;

b) Using the subject data and a model of the condition to determine system values representing

the effect of the condition;
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35 b) Using the subject data and a nodel of the

condition to determ ne system val ues representing the
we@tdogo2760é t he condition; WO 2004/ 027674 PCT/AU2003/001232

PCT/ AU2003/ 001232 -8 c) Ryoviding treatnent to the

subj ect; d) Repeating steps (a) and (b) to determ ne

nodi fi ed system val ues; e) Conparing the paraneter

val ues and the podjfied system val ues; and, f)

c) @&V@?ﬁ‘maﬁ’@e@%}‘%ﬁ“ﬁé@i of the treatnment in accordance
d) Weﬁé&ﬁk%‘ﬁeﬂﬂ%ﬂ %) &f detdh@inG awaETel SPem vaueTy pi cal |y t he
1z%{;para us perforns, the nethod ‘%I t he ajev_enth br oad

©) {COPwRiENS thrAFAYRTFIETFRd i OdHSHHSHP SUESH BPm t he
f) Debs@iting thY&Mici FhelfeiictEis adcotdaniqulieh threndts afithp cadpacison.
for determning the effectiveness of treatnent
provided to a subject, the conputer program product
Typically ¥ Mfpaiashs pd@ori@ FHR uieBlod @ 86 Wévalth ®rdae damuwf it hnvehiton.
executed on a suitable processing system causes the
processing systemto performthe nethod of the seventh
In a nid?k 8REd FRRMMObrebdiLinkehviBm biovides BeorRutddesadiinD pioditt @r deteemining
awi ngs_An exanpl e, of the present invention wil

Dr . OW, ..
th ciiggvetegopt BRI THONEA dP entiIeh TheoHRLGaaRggoseet Hiuding
computElf 8¥cli@Sle dole WhidhhwhenFé@uiited bni 6 sé@itableOpvoedssiig system causes the

outlining the proces f the esent inyention; Figure
processgng;sgstem EpFERER Fbé’ nH’Fhé(a PgﬁF B?Ve%fﬁ E’@‘?g Eoﬁ‘f“é’?ﬁiﬁ YeRIA: em f or
i mpl ementing the present invention; Figures 3A and 3B
. _are a flow chart detailing the process of determ ning
Brief Dgsqripgion of thsP13r88f am 20 Figures 4A and 4B are a flow
An exa@hp® & HElpRdsérit MSvehthtR WA QLRSS &scritl evith efertged toethe accompanying
~solution trajectories for the nethod of Figures 3A
drawingga i v8Bch' Fj qure 5 is an exanpl e of a representation
generated during the process of Figure 4B; Figure 6 is

) a flow chart detailing t process aof determ ning a
Figure lisf floyt shH %ﬂ@@‘ﬁglﬁpff%’g?sl?g ﬁ’r‘?é’resg’é 56 ng for Nature

Figure ¥ & iRBematie dilgi Fan HAnebf 4Byade foa irfhplementingthie present invention;
detailing the process. of determ h '

, . i ng .the sol.ution )
Figures 34pmd 3B#r a Loy hatt qefpllingdha preregy of gr’t@ iing a megligafion PEEraLD,
FigureP4A S a Tlowdthir® Mt thebiotdts gedvidratnat thkisdlnign trajectories for

rocess of Figure 7B; Figure 9 is a schematic di agram
menwggd%WHSWF%?%§%4$% exanpl e of a systemfor inplenenting
Figure 5 €an dfxﬁh’tri Bt Qfé'pre%?éﬂiaﬁbrggﬂ'nerfaﬂsg_dhﬁng&hg@bgﬁﬁdiﬂ Rigt?d:'l@r am of

. oneo e end statjons of Figure 9: Figure. i s an :
Figure &b M8V of ] lFar o KR TS e FEBHICY A gpeluding
accounin@ @2 Naste Rluek;0r the prophetic

Figures 7A and 7B are a flow chart detailing the process of determining the solution trajectories for

the method of Figure 6;

Figure 8 is an example of a representation generated during the process of Figure 7B,

Figure 9 is a schematic diagram is an alternative example of a system for implementing the
invention;

Figure 10 is a schematic diagram of one of the end stations of Figure 9;

Figure 11 is an example of a convergence map for a range of values of P against R, for the prophetic
example outlined in Appendix A;

Figure 12 is an example of a second set of convergence maps for a range of values of x(0) against P
for fixed values of R, for the prophetic example outlined in Appendix A;

Figure 13 is an example of a number of levels of magnification for a selected one of the

convergence maps of Figure 12;



10

15

20

25

30

35

exanpl e outlined in Appendix A, Figure 12 is an
exanpl e of a second set of convergence maps for a
w0 a0vg@2i4 val ues of x(O against P for fixed PeEi/aE006001232
R for the prophetic exanpje outlined in Appendix A
35 Figure 13 is an exanpl e of a nunber of |evels of
magni fication for a selected one of the convergence

) maps of Figure 12; WO 2004/ 027674, PCT/ AU2003/.001232 ..
rigure 165 o GBI 4 1 A AREI G BOLR ROty AP AR A
shown iﬁ)%?eyﬁda_% a@ﬂ‘E’a!l@é&:t)iolﬁir;@?fd':,lg'mf eI out!i II‘led in Agpeg_di X A, 15

. shown in greyscal e and false colour;. an i gur e o
Figue T2 HringRaRpI el SR O S 5 BOBB s By gt in
AppendiD'&; prophetic exanple outlined in Appendix A5 5

_ Figure 15B is _an exanple of alternatjve solution o
Figure Hl%}seﬂgteé'fxrp]élg of glierpatixe 1619}1' drajegtorics %hg pg{?sftfcneé%m‘alﬁ outlined in
Amwmﬁppgﬁglx A, and, Figure 16 is an exanple of candi date

. solution trajectories for the prophetic exanple . :
Figure 46,9 ?rh@@n}p}? ofAﬁBng%}F )gol}gg tr%eg:t iesy g%&fl%pligpg%]ﬁ r%%}nple outlined in
AppendiXAGkin® B doddle Dapwiol @ghctidscri ption of the Preferred

Enbodi nents An overvi ew of the nethodol ogy utilised by

the present invention to determne a programfor a
Detaileﬂll?ﬂsﬁﬁtiolﬂa)‘flﬂkﬂ’l@feﬁ@ﬁ@nﬂifoﬂﬁ?]eﬁ L o deterni nedpar anet e:rI

val ues representatiye e subject's ondi.tion w
An OV 96 RACRRRPPMREY i D o PGP T SFIOR R GBS Gregem for 2
subjectlhavflrx_'é égloﬂc&ﬁéﬂ, Cdl tar dege}t\:hi'nle Sﬁare&rh:&rt@hi&ﬁlirﬂﬂ@nm\ehof the subject’s

_.applicable to_apy suybject, .or any.condition, the

condm?lb\?#rﬂoafdteéesca%f houtpt W@{?ﬁ?@’&e FOFIGEE &1 i i ng

medi cation programmes for patients having nedical
i R B i S L5 SRR, B IRGE e i
are idehIBCENeE e SeterBMBE nR¥it R0t PEbgtanradsyfos pidvieats thaviag thedingl conditions,
i 537 S b Bt i o Tl g8 o s
may belekRh&d tb ¥ny $ubfecf Sidmngtondhensubj ect data will vary

dependi ng on the nature of the subject's condition.

Thus, for exanple, if it is suspected that the subject
In any bven® & §i0tvh AgstEy Mt Arediagais faaoigedt idaa teheaddtaimd.

Par ki nson's Di sease, the Subject data will typically

i nclude information such as MRl brain scans, 25
Typical i Ghe ok @ sheGlibjbit dhta wildpayiaendiay eb te neturet dfehd sulject's condition.

wever, .it.will be appreciated fhat in other "
Ths, (PR AST S rReEPLRE Bt bt ald g o Baredlg!sgnpiop sueh o
Parkindda¥ Dibecase, €reasipjeet datnwillhgpicAlyendfdeainfoanationisoch assMBhbmm scans,
. .. leukaem.a, the subject data w.ll typically incl n
indicafo LB DRI o (D8 ISR 11 RO ot ot
conditiohd @iffofdnt @it dve will be bellestad] Fats fonyxdnelan delheta,a dondition
ich case, the condjtion. ma e the relative .level

such s BRSO P S5 aeh eI S an i Eaot R i i 8 blood catl
counts! & thdlilieC Allemativly, tHeautpdty mbgd an athlete, in which case, the condition may be
the relative level of fitness for a race, with the subject data relating to indicators of the physical

condition of the athlete.

In any event, the subject data is used at 110 to determine equations, variable values, and/or
parameter values to represent the condition. In particular, the parameter and/or variable values can
be inserted into equations representing the condition to determine ome or more equations

representing the effects of the condition on the respective subject.
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30 condition of the athlete. In any event, the subject
data is used at 110 to determ ne equations, variable

waQ 200u@37674nd/ or  paraneter val ues to representPCiaUv2003/001232
condition. In particular, tfe paraneter and/or

vari abl e values can be inserted into equations

representing the condition to determ ne one or nore
This q:&gtion% 35 reg{es nt i the effects of the _

RISHET b oRfrioRed Quqluicplly) @ i rrrwsricalyBoalytis, /of othe ybject data.
Furtheridie Al 83 QRId 287be poffofindd @08 s, sdduietypREMPEIMBE calculations are
cmnlanalgtl II% Q&BV a nuneri cal anal gls of the subject )

P f SOPPHERHOPHA MBICE 25 BOPSRRpESYSEmIHpSd.2g Wi e frspribsd fragore detail
belowmanual |y, al though typically as the calcul ations are

conpl ex, a conputational aid, such as processing

systemis used, as will be described in nore detai

In anyteebroVencd the patiitigte VEIOEs, vRHABIE vAIDE RABREBEnsMBIESn determined at

st lﬁﬁ%La?le v%qu§ %ng/or,eq ations have been determ ned
1P igPeppositle Tt B betmiotr i e Ppere et B erdtis taots deprmined

in accomd@ncerwithDthe eqodtiohd, OAriiHlaN S OmtBS tHeOpdeAndl@t RiluEk REdep 1150, In

. accor ce wi.th the equations, variable values and/or )
pamc"?‘ﬁ’e ngﬁﬁ%gﬂlgpo aFfrtﬁl"éEV“gif ‘%"ld%‘Bngl My cqnditiop 4t the gpbject, et gelution
trajectbrive gegptiadd Hnwhedd Me tguatbns Wi dkdstm Potchial GANGY Iriptdtrdfion of the

0, trajectories generated b

.1 he .subj.ect .t | utiqn _ y
°°nd‘t%’8|v¥}|ﬁ‘%{‘gjt ehlé‘a‘éﬁ{‘}g't ffg‘ﬁss G fo}‘F’é?b rRAESIREY oY sHEtaPly Bedeb dow the
conditioh will pgensiaky develop. t he condition within the

i ndi vi dual . Thus, each solution trajectory wl|
effectively nodel how the condition will potentially

At stepl @M ltf@pequations taePorlBO solufid ©fesakicd A% BB {DIetdrRfhe a medication or
are used to determ ne a

Lution.,trajectories t Y
neatmetB ety | T B S, P 4THFAn G UG GRS bt cancpllened from
the sulijset cannsnidients, itgs hisfible keslect tfaflREEOhAI@SaylrBdt i€ ADinRovement, or at

owed.from e subject's current state, it is
leaSta%eggéllog [othp Ba?es%q J@Eepoﬁaﬁ%d g@?&f‘@%‘gsf%"mﬁay result in an
I mprovenent, or at |east a reduction in the rate of
condition. The sel ected

rioration of the _subject' ) .
e s FeT DA FiPetss FELRA AT hoeaue * BoQetieR oF sapont regime
Thus, foeckamate] mg; 104y ter &Bhie’gﬁl’ﬁy cgtt%@‘hiﬂiﬁ_g the&@veTEﬁ’cﬁtiypé Qﬂl'mé‘di%ﬂpﬁ fhat may
i e.achj eve termning the I'evel and type
be oro e EFs B oS it o < ieBtes i hs et peie i dhan the
others @l Hedollcoved. @fitetnhivetie eChedbd usad @gﬁ@ifﬁfyﬁﬁe Mj;je@ﬁ’s] 1ty 5 as diet
rs, to, be foll oned.

ficial. than the othe , | d..
and exSEE el il UoRp, Pornd, PESida oacioR T mescsompnee vt an
approptiaté geogtérg, such as diet and exercise regine, to
t hereby inprove the subject's condition, again in
accordance with an appropriate trajectory. 25 At step
At step1 0 if i possiipe ssprblide hediption itel ehevabie@ ah a€drdafice ¥8h the determined
regimesubject in accordance with the determ ned regine. The
et hod can then return to step 100 all owi ng the
process to be repeated. It will be appreciated
The method can then return to step 100 allowing the process to be repeated. It will be appreciated

that this can be performed for a number of reasons.

Firstly, the determined parameter values, variable values, and/or equations may only be accurate
over a short duration of time. Thus, as the condition progresses, it may be determined that the
condition is no longer following the selected trajectory, for example, if the determined solution
trajectory is inaccurate. This méy occur for example, because progression of the condition causes

an alteration in the model equations such that the solution trajectories determined above are only
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30 that this can be perfornmed for a nunber of reasons.
Firstly, the determ ned paraneter val ues, variable
wo adowes767eand/ or equati ons may only be accurat ePCDXER003/001232
short duration of time. Thys, as the condition
progresses, it may be determ ned that the condition
is no longer followng the selected trajectory, for
exanple, if the determned sol ution %ﬁ.trqlectory i S H
accurate foa Ehe gpEeng SubaRst RHEGN- oAeaerdiney 241 HEICLIOnPEELGEE, e cquations,
variablP Ve E58loP ParBhetbRLEONEIH hb@B new WaRstoriemal fieed aé bo taléulated to
t he nodel equations such that the solution
reflect the pyveebisetc@8diH¥ er mi ned above are only WO 2004/ 027674
PCT/ AU2003/ 001232 -11 accurate for the current

subj ect condition. Accaordingly, as the conditio .
Secondps gl @804t oh VB A GrEore s o mBIegE FiRd MR sgps soluion
trajectoPied ABBLiSE. val ues, and hence new trajectories may need

to be calculated to reflect the new subject

condition. 5 Secondly, new nethods of treatnment may

Thirdiy? RGRIVEL ARl EnalBilei fEHIARY SohaidY anfeaRaedse 20t bdingfollowed, for
f&gﬁectories accessi bl e. I be det

> . Thirdly, . it na r m. ned
example fgfoat g eGP BEGARGEPS6 BPopies s ElTererad (e ety Jefimyred
followed, for exanple indicating that the actua
condition of the subject is differept Q that .
Fourthigy it gap de| dyteerained Hizh 1§ orisingl pesametes| ¥plues fletprpmageare inacourate, for
exampAhEHHBRh thbatigihdl@uigedt gatnal parameter val ues
determ ned are 1 naccurate, for exanple due to errors
in the original subject data. It will be appreciated
It will bd¥pbre6ihid@that (RS SSorR WAy alss exiexi st. 15 In any event,
as the patent's condition progresses, either inproving
or worsening, it may be necessary to recalculate the
In anyP&AITRE @e NS ToRIEAHDProgRttRS, | & InDralingdvt Meviesiag it may be
nmedi cation reginmes to be produced., 2Q This also .
necessigg qsFAARLte PEemECEAleD Ardor RS AP RPe gt isg cpiph regimes
tobe pHRh&IM ne if the selected solution trajectories are
being followed or to check if the subject's condition
has i nproved or worsened. The present invention nay

This 3} 8160 BEpekio@ebdith reddVaRible SlidjRtaméRr MR Es dagnidedihe adlected solution
ps. 150 to 170.

~ ste , In _this exapple, the subject's
sty e PERS FUgNFY P Ebvslst e A PR T iRy ey 3 Hsened.
are calculated at step 25 110. Medication and/or

treatnment is the roposed for and provided to th
The prsst BEPIGR T U5 ASHES R SoUBAR AP ORE GEL T fig® 50 to 170 o

this exBRAPIBNRS &bje¥B| edSBiony HhiriAR 1@lue g labid6r, patiindbied valtibeare calculated at step
equations, that the provided q%gicat' n ﬂas ca eg

10. Niglhcaion Feir Tomentan e RoRones fof FEEredse g fe St Baep 4o
and/or treatnent to be assessed at step 170. 30

At 160, the changes to the parameter values, variable values, and/or the equations that the provided

medication has caused are determined. This allows the effects of the medication and/or treatment to

be assessed at step 170.

Accordingly, this can allow drug companies or the like to physically quantify the success of various
forms or medication by determining actual parameter values representing the change in the subject's
condition after being treated. This helps overcome the usual subjective assessment in which a
subject often has to simply indicate whether they feel better after being provided a drug which does
not necessary provide the drug company with useful information regarding whether the drug has

caused an improvement in the individuals medical condition.
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Accordingly, this can allow drug conpanies or the |ike
to physically quantify the success of various forns
w@eooamliceat i on by determ ni ng act ual paraneterP@Hhuamymnzn

representing the change in¢jhe subject's condition

after being treated. This %elps overcone the usua

subj ective assessnent in which a subject often has to

sinply indicate whether they feel better after being

provi ded a drug whi ch does 35 not necessary provide
Similatljein dlnel,@se‘:ﬁfrmﬁ‘mynamd dmimaefthis chmbosedtd dﬁﬁermﬂ@&ﬁdéMt of trammg

ot A0 GO WIS IO i v

ammalﬁ’ﬁﬂ' ﬁvAtdBOOB/e@@xllﬁlﬁﬂer to dtRaibifeddbauk| rygardiy thB@n@@&ec@ent state of well
performance animals, this can be used to determ ne the
effect of training and diet to inprove their race
fitness and health This is especially usef ul when

even harder to

A persgng %ialllecg ]1 bac agwgrg%aiieﬁaat aﬁ%ec‘grﬂf l,‘[,gs%bogﬁ Ioptélﬁcfd proggdgregpay be
performesl inandilljoeHngever, iA opder s achsdt kied win b%hleceagaify Yérlah individual to

perforri?ll AR, cfar% ly om)P?iBateds E‘gﬁ?%?t??fé d’g R’g‘}?g 2‘19 ?égaly%léﬁl;\%@gg ect jdata, obtain the
paramedwrd end/bo cqutions vandt thers determihd thebediOgios Sad/pr ﬁl@itm@ﬂ regime. In
conplicate

erfor ni f.icant |
partonl B ol B s o it B e sHP B e Bl methods that are
beyondotht sdope ¢ftwe ikdivipat.amet er s and/ or equati ons and t hen
determ ne the medication and/or treatnment regine. In
particul ar, sonme of the cal cul ations generally can
Accordmﬂlsy the inveltiveds tmaaljy perfamicd allsmgfatﬂ’iMSmﬁgh@tsteﬁf fhat 1s adapted to

e.SC an. indivi Accordi n
receive, ?%gégg Id%t?f elmzi s@echca lcp teﬁlglrn]e o da l%qd}:f@tmél Bti, %Eaégggqtdgogram or
parame;(;grs\tad;ws tthed tare mdﬂ;dumct eftl the astatisSoff @ @ehdigorS UNne&tanfhat 85 a suitable

gqg gﬁ-% deternmi ne either a nedication or
pnmestreggheﬁ p?%“ﬁ% gr par anmet er val ues that are

indicative of the status of a condition. An exanple of

For the%)uﬁ%ltsi %? !sigqlplhp é'gs gg%an%%¥$ t%?e %ér?qhﬁlg O n A U@Teterfznh@tion ofa
medlcadelsmogtpm fm atitnt, Hud G uall b afpheiatetied ﬂ’ieﬂa:lhh@ﬁesﬁfzﬂl @quadl® apply to
other f(gﬁ)g o?@éa‘h‘ﬁ’éﬁt B{dg&{ ?%(hndl fond patient, but it wll be

appreci ated echni ques MA|| equal ly apply to
other fornms of treatnment and other conditions. In

In part@\%%xt t l'o%g 1n% g%te{ﬂ{ ee%gl @QE%IXé megs(g ﬁgﬁ)g?%grlﬁy a msppory ., and
an input Agytige 2@esmplu:® aZQ:yb@ut; lan astpwt dléﬁyeb?fﬁ &6th 288 d&plafﬂ,t&)uﬂ&i/ﬂogé%her via

a bus 2% %s s}ﬁ%h Aﬁ%pﬁlo&% %rg@f ‘int a«i:r%)agg % P]ﬁ%\f%g? e:] ]%hﬂég@ a%gﬁlrhﬁpxplamed n

nxnedqwsbﬂ@e provided, as will be explained in nore detai
bel ow. The subject data is provided to the processing
systemeither via the input device 22 or the externa

The suljjent dpth dscppoided ta nrdmessrrgrspaem lefthepiriacthe inbutSdeivﬁe ax Bﬂ tﬁé’ €flernal

I subj e
mterfac\é’bk ang ?E%%%)%g%pq? (X)H% % jggc éevgg E‘?dﬁpﬁ’é ‘r%f 8%}7[“3 &5{115 subJect data.
Thus fq:;equgplann VIR| case aﬁthe tsh‘taeczs clain bety sheMRLRh, B€ scan may be supplied

directly to the processing system, which is then adapted to analyse the scan to extract the required

being.

information. Alternatively, a medical practitioner may be required to evaluaie the scan to determine
information such as the total brain cell mass therefrom, with this information then being submitted

to the processing system.

In any event, once the subject data has been received, the processing system 10 is adapted to
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directly to the processing system which is then
adapted to anal yse the scan to extract the required
w0 ndoaroemrd on. Al ternatively, a medical practitPONap208/401232

be required to eval uate tE? scan to determ ne

i nformati on such as the total brain cell nass

therefrom with this information then being subm tted

to the processing system_ 35 In any even once
execute gRpjoBGA!c YIS RBLSBEEH BRI ORIOERY 2y § %’g& Gaffy o be
analysed B th&eRARRLRfhe R PO RS, Kﬁﬁ&l@ﬁfﬁa&d&@/@%&ﬁ&%ﬁmg&&

execut € appropri ate appllcatlons software stored in

the nenory 21, to allow the subject data to be

Accord®pB! Ytlegﬁil Eeoaﬂp%fa%a Ydéa;@ ghe bf&&ﬁné Q?steﬂﬂ hafeieCdny Vidtnil @8 processing

vari abl e val ues, or nedication
system AgiteglydiTAgRgEmed fo pgriorm e %b’ls’éﬁsa‘f”élobet ﬁ‘%g?“%f’n}]& more detail below.
The prdeEs@ﬁlg $5488 nd %{e?e%rérBé/ a BEtBRYoréRidined cdMiReeI8)t61Y phlm computer,
system suita programred to_ _perf n1the anal ysis, as
or the Ligh Nt%atﬁ’é]é’csrpf:%’deq i Feordes BB The
processing systemnmay therefore be a SU|tany
programed conputer, |aptop, pal mconputer,
In any ¢veRigan wap@%erfeﬁthwprytw% Qs by SaRE MAPHuElr S JHTEHE meéwatwn
regime %Yn&@bé‘@é@%beh th B8 dEMERIth refdleRY &M@ totéhe operati on
of the processing system 10 in determning a
nmedi cation 10 reginme will now be described in nore

In partifhAthe Weltda r&f(ﬁfeﬁﬂﬁﬁ taOmbdi B8 Se@mb Qal be lparformed at two levels
particular, the neth oé of determ ning g.a medi cati on

dependmggn ke raedicabeongisipt s tedera! of argurpenegired gependi ng on
the nedical condition and the | evel of accuracy
required. 15 In the first scenpari utlined in gyre
In the §reheenario piined TEURIREA A 4t S(THEE 4h S8 FEECY e Feaica

conditiOERipadlive. TRMHHetRRly] HisRAGSipYi6n infleuss BbftREmbaa )tondﬁtl’lin&vﬂl not
assunption i ndi cates that the ﬁgﬁlcal ndltlon\M4 £ th
responch it an YSEPAGHFA THAHRSANC UK DET IR caln-t ARy i pstneq that if the

medlcaﬂf)n RBAlI E@itdr A thel BESis ot thé SoRBSonBitE Ednattion fwill MGt then respond to
medi cation w || counteract the effects of the

counteragfipg ¢ifests of thpaedisH@it i on will not then respond to
counteract the effects of the nedication. 20 It wll

appreciated that this technique jsS ngt necessar. .
I will AEP ROt TSR EOPTE 680" ReGrRcY POEle SR R PR g but wil
in any @V&R brdWdR\ et Bvdl bf sdpré@M@tonChatpR beXied8h idewrniifiag aGAsdication
be used in determining a nedication reginme. 25 In any

regimeeyent, as shown in Figure 3A the process begins at
step 200 when subject data is obtained by observation
of the subject The subj ect data

i s then used . .
In any gysnp phEAN Bigie 341 heppcest b egtﬂé@%ﬁ%%ﬂb AP RsUbiES] (ﬁ?gasls Ppfained by
observatithh dTMANBEA! THELUBRSt d4ta is 8en SERR0 3ét9rm1ﬂ'efb6pﬁ'ﬁiaakﬁ of state variable
vari abl e and par anet er val ues z,

values ) 4R ippramistcp elagsed 2t B7P £He f%%@@tee%ﬁ‘fle ° g o P%@B‘s@f Vifaes z A

represéit fidnBdsQbraitled Fd? e TREHs GBher QP lishde@Vb attrBhtbdlof themBaiEd] icdddition,
set zp, V being those that can be determ ned fromthe
with the phitielcdet dB0A being those that can be determined from the subject data.

In particular, the state variable values z are values of measurements that are subject to rapid
changes, typically on a day to day scale. Thus, for example, in the case of Parkinson's Disease a
state value may reflect the current level of dopamine within the medicated brain, which generally is

subject to significant fluctuations on an hour to hour basis.



10

15

20

25

30

35

30 In particular, the state variable values z are
val ues of neasurenents that are subject to rapid
webangesy4 typically on a day to day scal e. ThuBCT/AU2003/001232

exanple, in the case of Pajkinson's Disease a state
value may reflect the current |evel of dopanine within
the nmedi cated brain, which generally is subject to
significant fluctuations on_an hour to_hour_ basis .

In contiagh, 2OpAERStE7RIRET AePBley 0b meapremer e Ephiq a%liam f ively

constanP 8h %n@ag lﬂé§§ l%vﬁf; %nl&aioklg Ser@f vaeBEs ETREY 8relthaéfore slowly
ten t re In re at|Vey const ant on adaé%to da

changitgasiuss iy piRglORTebinen el oera BETSh el myHBS® Sgiie Thus, for
example hﬁ rt}ﬁaf &EEo dﬂ’a‘?ﬁ%%ms PRAG] anﬁ(ﬁetb’@%lﬁehﬁiy fn}z’]ﬂﬂ&ﬁxle |anB‘ér|df living

ge gra over a nunber of nonths or
doparmfrmus brsipeelisen ahﬁpmémdpa% el bis epPEReinfeA R PIBRETOL bréin cells will

typlcall?‘décﬁg Q)%Iaarf@\tv GEar VAl W OB rd 108 bubgiRt ol xgyﬂblﬁl!h gdf

pam nergic brain cells in the individual.
It wll be appreciated this nunber of brain cells wll

It will l{e%ﬁprg%%tlff%t}ﬁ%@aﬁﬂﬁ? S0 u? t|at¥ N %a%;eapl Sr‘é’ﬁx)éi%%aﬁu ?l}d AP therefore
be deteRRREES b ahRferlof @lantche masr tdr 3kangfd, tlesu&EéHd@ta viay lsﬂ{@ﬁyeoeqj’ﬁdmded
par anet er val ues zP, may_ therefore_ be det

to the prRcessipg Fesism &F: ‘ﬁlﬂﬁh@% exﬁmtﬁsfhe pRffialeseh ppFiale BRI Hﬁ%?metef

values. d@ilﬁerr{ﬁﬁye@'ﬂm‘yer Bee BaAMI Sedf shik baridbReadd pEOE&EMNGhIues can be
system 10, which then extracts,the partial set of

determigemanuglly Py pssr #ifdheyrnisioipe piorsrsiag sylerelnat i vel v
however the partial set of state variable and

paraneter val ues can he determ ned manualai\é gy R USer - ed
Furthergiqee, eiatabass ﬂ@?reﬁ?f?@“teﬁétaffr@@églg i ‘SP%@%&H ay be mamtame
for diffEidhd REHIPEQGitRNS AR RARIBteMhindl RIURE BfafiTbb Bkes b2 tifa collected from a
vari abl e and paraneter val ues may Qiﬁ I ntai ned ?{1@ dical
numbey gf sypjecte P%fhe’f?&ﬂ? éoas @Wtqa@n@gar %n%‘r BRETE M ¢ medica
cond1t1¥1@in%es§mﬁﬁ)f)oﬁﬂatbﬁ$ﬁﬁer @A EgdcHic @atalcBfdefihgf thOpRogressith b ehe medical
subj ects, and therefore forns generic data

Condltl?‘é’@é‘rféipﬁﬁ“’?Fféh‘ﬁﬁh’@br ession of the nedical condition in

a sanpl e popul ation rather than specific data

concerning the progreSS|on of the nedica caondi tion
Accordinglys thissplews i the Mehitl ireRtisPner 30 SaEiof dPRE! §°t e varble and
parame@érlvgl\&@s thixeorBGosPd Y AGtAtlERNET prbg}eﬁﬁh € the &}neﬁf&ﬁltdoﬁdltlon in the

set of state variable and u&? Jre r val ues g i
individug)y Wik isrip trp deierained fiewyihe uBiFel dagy ?fbid’tﬁsg?aé% &5 BR dgprmyined values
are reﬂfﬁ‘s@htﬁﬁkl*e 60 R k@8] icBnditie ni Elcﬁeﬂerﬁluﬁd)pula%m Cdhyi Getdrifiinkd Imiedical

deternm ned from.the sub ata. Int as the
progragtill pp hespeciiin to de mdé‘fl@ ‘@ﬁé)ﬁ Eeherig 0 B¢ mF%&asf U8y

condition in a general popul ation, any determ ned
medical programw ||l not be s eC|f|c to,th

Howereh dhiy e, o B Ui PRI LR SREA 10D Rrpgem dgimoagy cases. Otherwise,
the parGAINEN dfis@RR- Vaﬁﬁﬂé‘lﬁid@!ﬁ@ﬁletei Villes AR YlefivédRcthsithdyi 84 Béifiyto the
ﬁ&ur ate nedi cat j ong[f ram f or ga %;{ 1cases O herw se,
subjech ploving ¢ puRjeckpecifiy med RFQFERSP B° d5Y8 OB%E]r amet er val ues
are determ ned such that they are specific to the
In any event, having determined the partial set of state variable and parameter values z°, A? at step

210, the processing system 10 operates to select one or more predetermined models at step 220.

In general, the processing system 10 will have a number of predetermined models stored in the
memory 21. Each of these models will include one or more respective partial and/or ordinary

differential equations that represent the progression of a medical condition for a subject.
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subj ect, allowi ng a subject specific nedication
programto be devel oped. 30 In any event, having
waledenmioned the partial set of state vari abl e BEAU2003/001232
parameter val ues zP, 2Y at.step 210, the processing
system 10 operates to sel eCt one or nore predeterm ned
npdels at step 220. In general, t he processing system

O will have a nunber redet er.
il frpmprvEt DS P IV E R G S MR8 SR P oA on o
this, st dBferdiP D16 BRYGE |p¥<ﬁ/1dééilfdrlaajespaﬁﬁzk @bnditiah, ﬂﬂﬁymaﬁﬁe necessary

different| al equations t rep t.
for cxagplef hochfion olcuAENLIOB s RgEreal LR P04 Gore Pt of
cond1t1<Prgz{r1@$J%@&§ﬁlgg l)?rigtﬁe curként kiateVfl the bmdﬁﬂmrﬁﬂhlﬁttﬁaj sri‘b_h:ait Fhus, for

pective mpy be e con
example.Ahafit quﬁﬂ%riﬁon%i?issase g%@brérl% f“flﬁ fegfifo {;i'b i git #gn carly
stage, Rnd¥icdad dt Qr lager rs&%é)eﬂieh e 6&uddiohi 128 prargmssednaythae Accordingly,

necessar for exa if the effect
conditige g GrRerkReca i gt e e sergeny SR L oinary
differerrri‘ai ééiﬁatﬁﬂﬁi dlhﬁﬂgQﬂltléﬂ%Edg%ofCﬂl&Flﬁﬁ&ih&gwﬂéh dobpared kg e tinati@l i@ which

e condition Wt Thus, for 5
the Coné&l%b"rsé’roﬁf%éﬁdéf@gi?ﬁm leibénrtE? H’gﬁjﬁieugl Di sease on an
individual will tend to be very different at an early
stage, conpared to at a later s e mhe t he giti n
Accordirgl, Pe dgreasme Y et R arlects e oF HioFFg‘%)}  PEHPTeE RS ich on
the fac@Sf 1Pﬁ£}kin8§él) heSobAiGQAEehMubikct! TRk fobedamprR lﬁthc determlned condition
significantly different se L ordinagy differentia fferent
is Parlgnort PSR M5 PIOPESTEg SSIHY LY Ot SR SSSFbOPY B maleritoren
Parkindo@BDaeRd nlogelk.he situation in which the condition has
progressed significantly within the individual. 10
Accordingly, the processing system 10 sel ects one or
In ordémf@cr fald the ﬁ@le%lfo.ﬁ dﬁitﬁ %Edifbs@i?g 10Ree b?rforﬂ’d’th@ Ebkl)ﬂitlon bh ﬁaeftﬁ@ife of input
of it nodel the condition o e.s ect or
commaggRFRIES] bY £ HePrc s B AHPRIOA AP el gt BgHiog e own
assessthdnS 8RE8 ,cohdiBéh. | ARcrRAtREIE I5WE@r HeShrodassitk eBtens101nybe adapted to
sel ect one or nore different Parkinson's Disease
select modidd i, aceerdpmee orithethe trertigted of Hateswariakle jaah panepeter values z7,A°,
. ocessing 10 can performthe selection on the basis
prowd%];a Ftﬁlbgit

commands provided by a user. Thus for
exanpl e a trai ned nedi cal user nay provide their own

assess condi tion. r e th

ineny G5 CRSEPH pde ARt he e o i PRt 1 lr S g s
of statd VArjAIE HMARRGR teMvhlest FPEAP RS bidlof #RImdAbLs ST at e Var i able

and paraneter values z" , XP, 20 provided at step

210. In any event in steps 230 and 240 the processing

fit. t

i orad {ARRYE R HETPAT i fropstind e S BB Y ARGHRY et st of
state variableh@lueod ehdpar@bettrnvaluede fromchapdiidset dffsiag atialdt epl @Beters

t he processing system 10 attenpts to construct _a

values @8 | &ndghastsgpetive madsh eguaigns: Brse thy SAvAkiens Vil PGy spesifieyarious
relatlorbsg}pg%%‘i\x%eﬁ rtl?en'hl%fgrento Qatrt-: al% pg’r%x]petglf vﬁ&é%f gn(y QJCOI%Q‘lgE’, %dprocessmg

system uses these relationships to determine values for the state variable and parameter values z, A

that have not been determined from the subject data.

At step 240, the processing system 10 evaluates each model in accordance with the determined

complete set of state variable and parameter values z, A.
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val ues zP, a, P and the respective nodel equations.
Thus, the equations will typically specify various
w0 edoan2mmshi ps between the different state andPCT/AU2003/001232

parameter val ues, and accqrdingly, the processing

system uses these relationships to determ ne val ues

for the state variable and paraneter values z, k 30

t hat have not been determ ned fromthe subject ta, .
Thus fose el s RERoPRE St LL BTGy PR g ntlr HE gt i remine
whethe P @terhiined 6& Qv AACand JabindcRe vaheds @) s e€lf consisprhieind t6 @dtermine

of state variable and paraneter values z, X

WO
if these2MOWitHOBT GFAGIRETHALRE 0B 103128 Raramgtgr Thues F ok’ drigmphed from the
. the processing system 10 will conpare the equations
subjectfdgfa. each nodel to determine whether the determ ned
state variable and paraneter values z, 2 are self

.. consistent, and.to termne _if th fit with th
Ititis Grpinat Cglongpt ¢ R0ty HFPHiSP VG AL L M BT YR S (o tp 220
to allow & dflent@b@ B hradlebie@NBlie22030Djless theRiapeatal Uil b kuitable model

. determ ned that none of the nodels are acceptabl e at
is selectgdep 250 the process returns to step 220 to allow a

di fferent nodel to be selected. Steps 220 to 250 are
then re ted until_ a sujtable nodel. is selected. .10 .
T will b e oD b3 P S BT e R R B PABPERRBTE | termine o
new moyal ﬁ'ﬂlg |isFachieE&ﬂbyi f)erfﬂﬂr)ﬁin@@. x{jﬂtﬁﬁﬂ&‘i alﬁa%llysismfdateevaﬁahle aAd p?rameter
new nmodel . This is achi.eve performng a nunerjca
values Jgcg1spL Sieric Som s PRER oM BRATEY. VORRRE i pargmete
and statdHpdrigsle lvﬁlués‘ Set Hghefaf® ﬂ&t@rhﬁleﬁ,eﬁidaﬁdn wed ¢ génegate patial or ordinary
. particular, variatigns, in the parameter .State.
cittereg payefoss gt HELmEpLP ETaREeSdF e GREGT VP URE: il Refioed at the
developiCslubitdng SRe fith EbeP@ed it@ lpredict Giirthen aliayigesdinf pagansndri @llues, thereby

.equat.ions that best  nodel fhe changes in fhe val.ue
olowing ) GiffFaees PVePIPFedisdeq B pades YoRE o saisoc opuepR g B model.
equations can then be used to predict further changes

[ t her eb

i n paraneter val , [l owi.ng the differences
In any (e BRGT 451 ERHPARY B PeTASRIIR AT VS 1rs o B ROSE Gerio Siep 260
to allow HRPEOCEREg tsiienOBiR deterrhifie A BYbjeevPBadific OB, o tiUfbinabl e
nodel has bgegia%%eptﬁd at step 250, the process noéﬁs
on to step 2608t f828hMd t he processing system 10 t
determ ne a subject specific nodel, of the form 20

dz/dt= f(z,u, X;t) (1) where: z is a state vector
wheref ormed fromthe state variable values such that z E A

c 91" Ais setf.of al] possible sta ariabl
vaiaeti st et tah eR sl DRRTI 6T 1l TE DR o
VAnLJ 21 & Y posiftSe S DarlabRlvables= U ¢ 91P U is a set of
all possible control variable values Xis a paraneter

ve tstacontfad vessat fhnexhitomecoptol apmidbée valugs sieb thatie ks Vhafi™XE A
Rq

CU is'a set of all possible control variable values
\is a parameter vector formed from the parameter values such that A\e A ¢ R*

A is a set of all possible parameter values

t is time

The subject's specific model is obtained by including the state variable and parameter values into
the model of equations determined at step 220 to 250 above. In addition to this, the equations will
also include a time dependency represented by time t, and a control aspect defined using the control

vector u.
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30 The subject's specific nodel is obtained by

WO pkizlienyg t he state variabl e and paraneter vaPCEAUR06/001232
the nodel of equations detjgrnmned at step 220 to 250
above. In addition to this, the equations wll also
include a tine dependency represented by tine t, and a

contr ol as ect defined usi.n e
The cof3| S0 FOBTBR PP RIS DO 5 oot isThie MR pe prodRssion
of the dbﬁd:ltl&{ stthlae ﬂfeaﬁ}ﬁﬁhﬁoﬂ\/(ﬁ'rnhddibﬁtum,( tiethe Hke. fAtdhiostagd, Itta:tcommi vector
nce progression of the

i nf
is gene 36 s ngt iR §p‘tcﬂlgvgblﬁf| cation of nedication, or

t he I|ke At this stage, the control vector is
ener al i sed .and, does ec ific v
Once (B aghitns D ST SRS s IE SRR dyfond 2 BE fred i sonerte
Yo omuetinatd @ns N g bR used to generate solutlon
SOlutlo{lpgchct og)l es ,degch)\fﬂat 0 (z, u X t) c 91 . At
step 270, the processing system 10 operates to |ocate

At step E’@F hhaeb;Lrgcegs%g éyjstg{n' m&&afgs tlaqaca%el%% hglgie enghlSHlﬁn bPbthbN&esired

ect spec e equl rirum Ints are
points gxr\ﬁawsuwct pmwftcsmadtel Wiieciquilihgum goipts ageQeivsh bc'tmn@featothlwbe rate

of charip¥ %;&aggub ecﬁsgggéaﬁd %ngta écbtoru%rz@%to LQulhdi® s zero,

IS is achi éved by conputing
an initial state vector z for which z E A and for
which 15 Lo EU K E A such that: lint->T 2)
Az,ur, ¢%& -* z’r EA for some T <cc (3) vmae
u p , for all t >T. 20 Thus, the processing system

This 1s a?% vedat)t i?s,'on% ot(_l){l:% lar(f ullm‘%%le stjatgl ect%L Stf&t @/hl\éﬁ‘rio ag lAe Xrﬂll R Swhich

fron trajectories can be ste

gu&’égM@Wd§AQQQJQQU|I|br|un1or ot her deS|red p0|nts as the
time t tends towards a sufficiently | arge val ue.

These sol ut i t¢@’ act,dc'i ep—cp” eeprfesent Pregr essi o®
of the condition that |ead to equi li brium or other
desired points. 25 It wll be appreci ated however that
wheret N€ trajectories cp may not be trajectories that can
be followed in real terns by the subject as they may
regglia®, %apse| wealleval s of drug dosage, or the like.
I n .

Thus, the processing system 10 operates to calculate initial state variable values z° for which
solution trajectories ¢ can be steered towards the equilibrium or other desired points as the time t
tends towards a sufficiently large value. These solution trajectories ¢ represent progressions of the

condition that lead to equilibrium or other desired points.

It will be appreciated however that the trajectories ¢ may not be trajectories that can be followed in
real terms by the subject as they may require excessive levels of drug dosage, or the like. In
addition to this, not all of the equilibrium points would represent desirable outcomes for the subject
as some of these equilibrium points may correspond to situations in which the condition is
significantly worse than at present. Thus, for example, a equilibrium point will typically occur

when the subject is dead, which is obviously an undesirable outcome.

Accordingly, at step 280 the next stage is for the processing system to determine those solution

trajectories that could potentially be followed by the subjects in real life. In order to do this, the
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addition to this, not all of the equilibriumpoints
woul d represent desirable outcones for the subject as
W@ o0ve/02if674 hese equi l i brium points may correspoPdI/AG2003/001232

situations in which the cqrdition is 30 significantly

worse than at present. Thus, for exanple, a

equi libriumpoint will typically occur when the

subj ect is dead, which is obviously an undesirqple
processpgt ysimm. 10Amobing |an<g>lr1§ham&ﬂ restge of 28@% Frarighisxyaluss oy e adsparameter

fqr t he stemto det ne tho sol O, i
values 1Y e R VR BT BB GHEPADFy B 1 BFT GG Ty g o
Accordfidl, @Gé Soﬂré@pdnﬂéiko Hétéreninihg trajectoriest @natlatirighfren ah hmtl‘dll}tate z° for

004/ 027674 PCT/AUZOO%ﬂ001232 - 18 processing system
which theyirgeqiories 2 b RAJR&TFREPHEd range of control vari abl e

val ues u and paraneter values 2 for which solution
In this ig%ge{, gq%%ﬁg‘t;lg %&U%erl[‘? g%%é?é’e a{qﬁog,ltl E]?J%%%b Ehstc ziure ggn-cl:hre]tottic! e?nld which
are sufft@drl Rinbbth go tlﬁﬁljh@f)ddl{dt adveaRBettnig fubjech arnpammﬂaralt is generally

state z f h the traject es ca
not s RIS PRI S 08 PHER APIaN: S BORBP R ffectory s this
will redulltdih @83i@ Ch@§esaih @heSabjetisOgontiitian @dichrwittgehdialy B etrimental to the
_ pon-cg oh%c and which are sufficiently snooth so that
Su@e“ﬁﬁ&?“ it adversely af fect the subject. In

partlcular is generally not advi sable for a

ndltlon to be in
In orde& Fpa%fg}eﬁ%aaﬁ gﬁe @acgsp)r,lg g?t% pRera W tPI esf, g)g at%l? 1ﬁyﬁis 31‘1316 pl? gametéf values
A varychanges in the subject's condition which will
generally be detrinental to the 10 subject's overal
health. In order to achieve this, the processing

In partﬁﬁﬁ%lt Y RRERETsthR 10 @Bbrakedio cf&es’zhlﬂin'e iphima@r Vdhees Pafanmeiet chaos
lues X vary. 15 In artlcular t he groce33|ng

emerges yg@@yﬁsg@félf},gqsgplggta{e@né BIATAFIRSSENTRPEr val ues 2 f or

whi ch chaos Bges, @M @ subset of all possible st

and paraneter val ues, given by: Oh (r)Ah CO (r)A (

where: 20 (r) is used to denote the Cartesian product

of subspaces Once a position has been determ ned for

whi ch chaos occurs, the processing system 10 operates

t ® isaseiidenotd thedartkian produdt of subspages, t) and

constrai ned control and paraneter values u, X such

that the eigenvalues ,(z, u, ),, t) stabilise the

Once aspositieiihasThees dét@mirles doruglach dhaodesirgiht procsonglanes lé)etpsrates to

25 A= AA (r)AA (5)  where: A are the av0|dance:a
compumﬁlgepyq&ﬁ:s & (au, N\, t) and constrained control and parameter values u such that the

where:

eigenvalues &(z,u®,\°,t) stabilise the system. This is also used to designate avoidance sets:
A= A* @AM (5)
where:
A are the avoidance sets

A" @A™ c A,

Thus, this process allows the extremities of chaotic regions in state space to be determined. This in
turn allows the chaotic state space regions to be avoided and/or responded to by the control

programs that are subsequently determined, as will be described in more detail below:.



10

15

20

25

30

30 Thus, this process allows the extremties of
chaotic regions in state space to be determ ned. This
w0 poo402msmd al | ows the chaotic state space regi oOPGI/AD2(98/001232
avoi ded and/or responded tg by the control prograns
that are subsequently determined, as will be described
in nore detail below. WO 2004/027674 PCT/ AU2003/ 001232
-19 In particular, the processing system 10 deterni nes
In parti@@drsthélprodessifig exstest Haietvainesonts rldi, %arﬁ’@ cmﬁ%m@tcentrol ved ppsameter
U X , and uses these sets to determ ne a regi on of
values uo,r%f r ehd udoé theseyseﬂ to @twmqem rgg1g1; af (g)ﬁg@l@blhtyrﬁ <= i\ In state space.

This i herped i 1 G 450 65 SBGTRLFE Gt o LUt Gem Hjostries
(pmﬂnﬁng&ﬂgq%mﬁugghaV|our 5 Accordingly, this allows the
processi ng system 10 to determ ne ranges for the
control variable values u and paranmeter values X for
AccordiMélyc Boid Qﬁ’oﬁso{he tr QRssin Ay Q6r Ol 18 SdefePmE Gakpes) f&NBObbrrol variable
hin the state spacé. 10 Having determ ned regions
values Qf aﬁchpzﬁsmaér witvep A2 96, wisehdhe sdution Seftctiotiesy b nde tlwond wihin the
state space regions where acceptable solution
Statesr’f‘?‘ajectorles cp exist, the processing system 10
operates to determ ne a fanily of control progranms p
Havinggjg] eg}nﬁ\g pegi%ﬁg olggx? aif}f:pa% e %nguﬁs%c? &tsot deetenncflg)e S\Mfté %)age Tegions
where BR§Reb10Bollitd frARYRRs @fextsb &h&pﬂ@ﬁ&sﬁlﬂg @ﬁdenc d)@ltopcﬂrhtes to determine a
vari abl e values u for which acceptable solution
family of egraol progemselk| §ur whidh aFprptablecolnsian migctorigst @ Al be gbtained. In
vector z E R the control prograns p can be determ ned
particulaycthe gérgtol prqgean@op uﬁl‘ed?ﬁlsqdr%t} thetrangee of #s eopgrained control Variable
non- chaoti c: .%ﬁ R--* U(6) where: 20 Oz, p
values uz for Wl)lcl}@cf“jptarbée SﬁB‘ﬂ"‘b gstqries e¥iglyvi ng det er mi ned a
famly of control prograns p this allows a specific
control programto be used to determ ne a nedication
Thus, giegi amg isitialstagpveddd z° ERS tbanorire]l peghios pbehniba dgtermingsesuch that
of different ways. 25 Thus, for exanple, the
the solwiogdiaissiories @ #i§EHTIROtGoul d be adapted to generate al |
possi bl e sol ut.i rrajeectories cp that are acceptaphe
and then pr@séﬁ phgségﬁ% a user allow ng a user toﬁb
where:S€l ect a solution trajectory cp which appears
approprlate However, this will typically be
co i aizi Wndl A yt)vlenqn chestirensi ve and tinme consumi ng and
therefore woul d be undesirable particularly if the
systemis used

Having determined a family of control programs p° this allows a specific control program to be

used to determine a medication regime at step 310. This can be performed in a number of different

ways.

Thus, for example, the processing system 10 could be adapted to generate all possible solution
trajectories @ that are acceptable and then present these to a user allowing a user to select a solution
trajectory @ which appears appropriate. However, this will typically be computationally very

expensive and time consuming and therefore would be undesirable particularly if the system is used

on a day to day basis.

Accordingly, Figures 4A to 4B show a particular technique for achieving this using a Liapunov
function.
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30 on a day to day basis. Accordingly, Figures 4A to
4B show a particul ar techni que for achieving this
w@gionm2@m74i apunov  function. WO 2004/ 027674  PCT/AU2003/001232
PCT/ AU2003/ 001232 -20 Asgéhomn at step 400 in Figure
4A, this is achieved by hdving the processing system
10 select a set til of desirable target points zT for
the subject's specific nodel dz/dt = f(z, u, X t). 5
In general, the target points will typically
e by HaRink iR J6desiiipOdEBAQD s€lfct a set
As ShO&ﬁgt %ggggq} %%%Apglﬁsﬁ?gdﬁgjeﬁ@m neg atlﬁst ep 270 above.
7, of defikdbirtagttipoiityz” fooihetssbi¢chadpeafiemoddh de/di &z, udet @r mi ned
to formstable sets may al so be used. However, it wll
be appreciated that this is not the only criteria
In geneydd tEéRaﬂg@U;bcdntb@ilU@pldaltymoseﬂpaﬁi to tseleqyet pqi!(t$ mtthe melghhpwthoad of the
articul

equilib Wy rp gﬁ% 218 eﬂ‘&m%d g %8 t 40 o:ng‘? |r OAﬁ%ﬂi’% ?Ppmts { a are Ic1>thervv1se

determiBiedjoefoitn Satdeisetsondy adwriaivtddo Moweldr, lﬂ_ﬁ'ﬂglgne@pmbia‘ged tﬂ@t th1s is not the
excl uded. However, this may not bg the case if th

only criferisj whigh fquld berused iorsalect; taprgcﬁé)ggmtsf B an Wc& ar, | agy Fgﬁl]ébnum or

stable Mﬁ@aoﬁé@oh&hg teasdrRbtien ﬁ/ﬁéﬂ'ﬁoﬁmﬂi&& t(bﬁ?le BEHj&Es st dohdition will
ject's current conditiaqgn they e the best

— eg@bgd@cbtﬂeweh élps%n%n%f&%.ﬂ@a/@se it e R e e Hilféss or

examplR &th @64 £R8 vHilstthesti Siflts RO} BY Wordd thifBthe BdjReddueé@dondition they
aut omati cal |y by the processing 15 system in

may bebclssith#idles sHPicr cpp Besfa 458V eriteria. Al ternatively,
the target points zT may be selected by a nedica
practitioner, for exanple, by evaluating the

In any seent, #i de]et:ty)ncff thettergettpainisez pmsnbesacla@queavgmatw@ibu byttke processing

s S BTSSR RS, 8L ) B 3 gy e e

by a nRASADrviitities, fof exaipdd, by a&amaen@eiaawtawtty 100 tHeestdblepmsedas target
on systemtrajectories and it will therefore be
points @Zppr eci at ed that a nunber of different Liapunov
functions may be selected for any on particul ar
scenario. It will therefore be sonmething of an art for
At ste1ﬁ4nmSthas potesting syt detertnies e Leaptndvifenatios tVladﬂadﬁ@gew@nction is
Li apungv function, the first tine respectijve ﬁFt
based 574 P BREYeafeha Rl jukr mPBRRE 9B ﬁystq%ﬂ@sﬂ%f}ea@n {j &l therefore be
appreclaR@UBHY al KifnbeP 8L HifffeenElibiRinb® Atc@ns tnhtg Feegdiecrll feromgliohi pafticular
will vary between subjects it is generally possible
scenarPor sinilar equations to use simlar Liapunov
functions when solutlon trajectorles are bei ng

determ_ned. Accordin fy § punov fu ctions usg
It will fpergforsbesopeibing 4f ap ﬁ%%%% the ssxst?fﬁ 4% ssiect g mesh advagipgeous
LiapuriW flrRBb€ thel fRRUMRA thipoGive 18f é@aﬁn@ @fe%dlvecSUHS\%Wﬁ i deyieral even
Li apunoy functions can_ be electeﬂgfrom

thoughhe SBEAS SqaawE T Aienedionl s g Sl Vo theN PR SYs 1t is eenerally
possible4ACEimA etySatidy 1868 fMaithr Mﬂn&vh‘&{cﬂoﬁﬂ&v%rsblﬁucﬁ?/ﬁaj dctoYies are being

determined. Accordingly, any Liapunov functions used will be stored in the memory 21 so that a

database of suitable Liapunov functions is created. Subsequently, Liapunov functions can be

selected from the database as required.

In any event, the Liapunov function is determined such that:

V,:A®A >R, ‘ )

In any event, at step 410 during the creation of the Liapunov function V, the processing system will



10

15

20

25

30

35 In any event, at step 410 during the creation of
the Liapunov function V1 the processing systemw ||l WO
WQRMMIB7H674 PCT/ AU2003/ 001232 -21 operated tpCOaii2008/001232

constraints on the paraneggé_values ), and the state

vari abl e values z. These a det erm ned based on the

regi ons of chaos determ ned at step 280 above. The

S fet constraints are determ ned such that k E AT,
°Pera‘6\£f8 0% GRS gR Rerametersiabs fivad thesstatg vasiahle vilvgss. These are

deterntifddbadell Bh € Iréors BY SHa¥ L SotdiRindd aBtepYR0 88fve Of the set of
constrai ned paraneter values Ac, determned in step

280 above, as will be outllned in nore detail bel ow
T t get oi,nts is
he s%‘&?ecpl?ﬁruﬁgl are %h&:krﬁ‘ﬁgcp s&c% thaq eg IS) @oy@de&? s?tvsuch that

g B AThus( s t?;ﬂelgal fvofves ggm% f}g?b se!tJ Cgthe sé’} of cggs%uged par@rtneter values

st'ep 420 processi ng oper at
A, deteheisadrin step ZR0nbbvea bWl WRduilingl i6 aidkd &Itall\’o%[dm@m e 15
val ues u. The constraints are generally defined in
accordance with the constrained control variable
Furtheuadrel eslodedtset eitarper@dintsls sdi@pind@Cucalrayv.e, al t hough
addi tional constraints may al so be applied. Thus
addi ti onal 6oﬁ§FPé(%%%<&Z¥VMGIhay al so be defined (8
based on limts on the control of the condition that
can be provided to the subject. As control is usually
where:pr ovi ded in the formof 20 nedication, it will be
aEPreC|ated that the constraints are generally f ocused
Pi Grispeh thagrz"tehs . provi si on of the medication to the
i ndividual. This may be based on factors such as
maxi mum drug dosages, maxi num drug dosage rates,

At step‘r&&(] ﬁnmr@hess@ga@s@mpto Optrdiddt 18 deRyminb @old@dis &Pﬁﬁ: Sontftf] variable
in other conditions, other

values 2 T o i G SBRBHD! PGIOR BRI e g R mariabl

values exdetephiged inltepi2R0 sighve LGhduRh a@ARINET BBstathtd A8 Qﬁﬁ’&‘e aﬁf)hed
hi gh chol esterol |evels or heart disease. In th
case, restraints will be defined in accordance Mﬁth

Thus 28%86:l Séhsk B0k MBS BF QRISEY § 0? V\#SQ? %4 1%%' Ele Sonirol of the

this it will be appreciate
Condm@% et &1 Ye provisied te dhet hibiegtk o s;pwml af udlraﬂ,lgsarmdadt inethe form of

medlcaﬁ&arlmﬁ %E'aﬁﬁlem%@qw%ttﬁe Ehstdfs 1o & ngé’r#egalﬂgofb%use ﬁg g for the

S ener al y cover any
provisigp oftthpem%q@gpq todhe individueli Agisfomy bebaseploe facttiresuah ys max1mum drug

dosages, SESHABIBRE HosBX 46, $Bixi {]iljﬂg Léoﬁﬁmn rgfsag}y th%\fje?y, é’of_‘f S the

constraints are defrned suc
like. Af step 430 the processing systen110 t hen determ nes
one or nore control progranms p*, which are WO

2004/ 027674 PCT/ AU2003/ 001232 -22
However, in other conditions, other factors may also be influential. This may include for example

obtaining regular exercise in the case of high cholesterol levels or heart disease. In this case,
restraints will be defined in accordance with exercise regimes proposed for the individual. From
this 1t will be appreciated that whilst medication generally refers to the provision of drugs or other
pharmaceutical products to the individual, medication will also generally cover any form of

treatments of the condition including for example, dietary requirements, exercise, or the like.
In any event, the constraints are defined such that u e[u~,u* ] U.

At step 430 the processing system 10 then determines one or more control programs p*, which are
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effectively control variable values u that are
constrained to provide a desired solution trajectories
W@peo4/0T1ee4 control progranms p* are generated toPdEaU2®E/001232
solution trajectories thaty_  Are acceptable; Do not
nove away fromthe target point set z1 ; and 5
Finally enter the target point set il 1. Thus the at
~this stage, the processing system 1Q effecti . .
cffctvelyerab sseblecRBrUHBoGE1 BTG Bt feged pfdioheispigres o
The coﬂﬁ%‘l’ﬁ‘ro?}éﬁyp’f 50 Rrehedita dgatd fitdh tajedtortict thatdo not
final enter the target set tit, or are not
* Arepoewpbbl e. 10 As described in sonme detail above,
accept abl e ' jectqrkes are trajectories that
* Dogggnﬁgﬁwwéﬁégb%%&g%é%gggfgug%ﬁciently snoot h.
o FinARFH Ut phiht 4 k. be appreciated that the desired
sol ution rajectories will effectively be a sub-set
of those trajectories deternmined to be acceptabl e at
st ep. 280 .above. .15 : | AR irai '
s 3 3 g5 R s koSS ERRPLER! ERRORRY AR ajectores
that eithed RfivE @wvayefond Sleasrpétebint vl e rdt Flellpienter thegargantlr gl or are not
program p* al so being a sub-set of the contro
acceptablgr i abl e val ues, UEU. This is required to ensure that
the desired solution trajectories are acceptable, as
wel | as ensuring that they do not nove away fr.omthe
As desgriledén sprog Attaik alpove, accenipble fakutionyragshicErs #1R drajegiogjes that are non-
chaoticPRli e SBlcientiy smol. ReBEAREH it Rl BE ARt GAtd that $hbB@esired solution
processi ng system operates to deternine the cont

[
trajectapienyyHlaficptvely hgra(sy-yet offhogertraicciogies defpppuned & be ARFfLTe 35 grop 280
above | V- Cl denotes the donmain of state vectors that fal
outside the target set tit a,* are the constrained
paranet er val ues determ ned such that X* E AT and,

Thus, tg? 'écg@!is&?%dipgran@%eg YathePhd I%ER ,51eh® b G RIRYR of ie@hstrafh¥d phrameter

rovenent as the trajectori es nove C| oser tOc .
values d.ee\“tvath et coptod] iprogsmt pT disaretitty 2 BY-s¢t @ fhe controd varkable values, u'eU.
contours of

This isvﬁg?tgrg ito ensureYlil_geﬁ the) deli'redo olu@ign |I:r§ cstgr'ies ?ye}r%cég&abq)e, QQ ?vell rehs ensuring

ng-as e trajectories “do no away fro
that thdyaloG@t m@eiaivhy §6in tHd targed folht k@ S and fidatly biter thontgetpenteét T,.
V1 (z) ). In any event, once one or nore contro
prograns which result in acceptable solution

Exprestsé'ﬂﬁﬁgiﬁﬁj:a@@, 1A FroMLiRO QAR ohErifes REEALIAD 83/cOfHR Brbgrands:
p*(A®): A\ty — [u-, ut], )

where:
A\t; denotes the domain of state vectors that fall outside the target set 1,

A* are the constrained parameter values determined such that A* € A®

and, for all £>0, p*(A*) attempts to achieve either:
dV, /dt< 0 (improvement as the trajectories move closer to the target point set T, with
respect to the contours of V|(z)); or at least,
dV,/dt=0 (no worsening as the trajectories do not move away from target point set T,

with respect to the contours of V,(z)).

In any event, once one or more control programs which result in acceptable solution trajectories are
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determ ned, the processing system 10 generates
candi date solution trajectories cp for each contro
w@e@gnzmsrp*. This is performed by the processiPOI/ay%108101232
10 at step 440. In particuysar, the solution
trajectories are determ ned in accordance with the
control program p* and 5 the constrained paraneter
values X*. In addition to this, the solution
determingdhj the, propesaiae aystemy b emRiates Fandidatesgalgion TGO, g fach control
prograrﬁ#i“‘r?ﬁllts i53cAbee@by R ro%b@in%% sten‘("m ghegatd.nes an initial
ate vector z, suc t hat 't solution trajectories
are as follows: 10 At step 450 t he behavi our of each

In paﬂ&@l@rd kﬂ%gﬁhép&aﬁgctoﬁgs drf abt&GliRaNn §R otdn B FFAIELSntrdiPrSerdB¥* and
be achieved in a variety of manners depending on_ the

the conjstryhesmarameter grives iy dn peditienda s, dhe tohpbion frajederds pep detetmined in
accordasﬁéé t;v?tﬁqtﬁ]eQuﬁ'éh@ st% o?‘fﬂ@ Q&b? Rxgn QIR Gn th ‘&1 §t9tle %ét&rk such that the
rajectories to predefined criteria. I's may include
sohMOﬂUWe@waprQS@ﬂwwarrng end points of each candi date
sol ution ;g apectory cp to see which end potg% IS
cl osest to Iect d one of the target points z or
to determ ne which sol ution trajectory end poi nt mould
At steptbéﬁlo gi%st{ehgv?%? ]é)éegilg}gﬁlzaﬁ glggty g{ig?ﬁn é ¢ o&/ 92 Cfnas%gsgdt Jl‘l%s may ge achieved
in a vafi&l ef mhnmerswipenling amnthe daplemandtiohi on traj ectories cp
remain furthest fromthe chaotic regions at all tineg,
or the Iike. 20 Alternatively, the candidate sol ution
Thus foif ﬁhﬁﬁlbpﬂhé ecdtBiyg Heteaseaadd atiyptal tU$ennpaﬁJé tHe helutiyrstrgentories to
I n, orde roces St an, ..
prederft G5 RS GhUE Spedmple FPuBRESRT bt Y fiE Bhotftaf Wntion

tra;ect&yspIt@xe@%hlcre@n@mmolsecws@@rts%erere@rea Qe io$ tHEhiaMet b(ﬂnts z*, or to
gure . sh own, t he rep resentati on wou

detemg@n’ér@ﬂ sob@matrm ooy PretpRiRioYRald @rra?ﬁﬁ pengficipldpyy the @rbreﬁt i I@rrddltlon
to thisOfhe tpﬁ%essﬁltg Ay &ert V\z %e %ﬁ&ﬁ%dqﬁ deBBm B0 WHidhQandifiAd SALtRI! tBectories
cp, and regions ere solutions to the subject
¢ remagpiethést &Omélqwh%qhe regicus et adliies, pcthelikeThe represent ati on
could al so i nclude exanpl es of the target point set
"d , and optionally the initial state variable
Alternatiyklyethe gandBigte Flitgonvifajdctogibd mey ke aveadied By 2 esep ef the system.
select a solution trajectory that would appear to be
most beneficial to the subject. Thus, for exanple,
In ordar Iﬁteacﬂireaj: thist the progessing sigtent Hotan bhedapieid ¢ ganergtegrrepressaipiaon on the
t, and woul d
dwmaf% ore %g&%%e é%g% e ?gﬂg? é?gsolutron trajectories
92i 93 whi ch do not lead to the desired target point
As sho%rfr‘rt the %préﬁ@‘lté“tgn %ul'a% gecﬁe@aﬁ FT Ii E\%ﬁiﬁl@&idﬂgf %rélgllicaﬁe?rregentaﬁon of the
However, Tt w e appreciated tha
state chrbhcrvang thnsoloﬁor@rﬁl]qsrtqri@n ot andjr%ioror\ﬂesf sehyiond wdhd@ibject specific
sel ec 35 shown . at 94, WO 20Q4/ 767
cauat GRS 1 TS eBT Pt oSBT gl set T,
and opg&ﬁlbmeeinﬁlﬁl sBRlBfibidvAgsLr ed trajectory cp, or nodify
he control program p* to determ ne alternative
trajectorles cp based on either the qualitative

This WAB AWM ne@ikall BBert (REE&E AT doRion trajectory that would appear to be most
beneficial to the subject. Thus, for example, the trajectory @, leads from the initial start vector z° to

the desired target point set, and would therefore be preferable to other solution trajectories @,, @3
which do not lead to the desired target point set, or which do not start from the initial start vector z°.
However, it will be appreciated that combinations of solution trajectories may also be selected as

shown at @4, @s.
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((z, p*, a,*, t) or through quantitative optim sation.
This can be achi eved for exanple via 5 anal yti cal
woreiohoeis74 such as Eul er equations or via adaptP@EAU2003/001232

nunerical methods, such as,sthrough the use of genetic
algorithms. At steps 460 it is determned if a desired
solution trajectory cp has been determned. If so, the
processi ng system 10 operates to provide an indication
of the desired solution trajectory cp and the 10

In addlamsmahﬁﬁﬁd alk® fidjsﬁlble P ENPE Bdegred &hje@b, 47 BhodifMhs c¥tdol program
l.ude a nunerically conputed solution trajectory

p* to d?tgrmuﬁpcaltegmth tyajegipees ¢ PﬁFd ebfitheiothe appligivabshaviour g ﬂ\ﬁéﬁa] ectories
&, pgs 28 ) @Ruef qﬁdnﬂfaﬁ?e \G}S)Lﬂltllgmollabt]}lé ¥n %% a%gléred for exaéllple via

eterm ned such
analytiaj methgdsy suphps Elﬂer eqw}on%@m%a a&ﬂgtlve]zslrr@lhaé mgfhods, sdwb as through the

u%0f$ﬁgg@g&ﬂmh§ysten1nndlfles one or nore of the Liapunov
unction V,, the constraints u-, u+ and the target
poi nt set zl before repeating steps 400 onwards as

At step'é ngb“ltr ﬁche&hnﬁg@ ﬁ"oA’gegrre T&U on't?ajgc ﬁl Cagaeen &Y Fg‘njt'r]lg%l ! é<o, the

to 4A as ga n, 'on 0
PTOCeSSUIgI’SS‘I$t¢IaI 1ﬁtoselatesjtotmewdeaangledlcmn i ﬂlesﬂel';lreﬂaﬂlubéh egitey odnd the

assoma{eg a}t&lljjég%am b atgga 4370 such as via analytical or

met hods. Alternatively, this can be
achl eved rranual I y via consideration of the
ra| nt s an the t oints set., Thus
s wE RS Bty OB APk ke Wont voh n@d final control
progratﬁofp‘susakzv@ﬂ Sasdgt REidh n&dﬁﬁ?es% aﬁln (}%5 A e%e% fd such that
such as the nedication avail nd consi der etsner
Vz° e RRilsngcanglebpadap) ed z” Emsfonﬁneannpl e, can
alternative drugs, or higher doses be used. Simlarly,
if the desired target points c, cannot be reached,

O R IR N I L A L T T —
u,u’ taﬁ@ tl'fé%}gétgpbgglp setP ec' 9&01@@%%51% steHg Wo S gvar&s as gega%erdc ag BtSP] 6%0 This

he 307c ti oh p SStve and o ns
1srepre$emtedmlitlteamktbmck064Alaeshlowhe to attenpt to counteract
the effects of the nmedication. Thus, for exanple, if
medi cation is provided to a subject, the subjects

Again, godificstionrofrthy cdnstgdits agaihe Sﬁrg&tﬂﬁmﬂé? Edt @kn 6¢ adhied in a number of
avl our patter ns in

ways, SRR P Bl AP TericBr PEERE: | UCRBUF CaloRt be achived

manualljtvisconfiddratinaiithe @onsirsints bed haseoedpoihtdBaine defi ci ency
conditions, the provision of drugs to kill a virus may
result in an initial increase in viral 35 |evels as

Thus, fomecampreus meelmabpfuﬂmSndrrbaﬁI&oﬁdeemﬂH ccﬁagtra@lﬂél BétehAcel a1 on the
t g S. X\D 04/ 0 76 PCT/ AU2003/ 001232
tm
treatme 2&%& atser 0 qe eica f’ti/gvaél?b £and epns eryils g2 b adspted. Thus for
exampld, htaﬂi altdmeatisy gtugs)ob ﬁigﬂétl dbbhfs wdapan d&n@lﬁrlﬁ QfTBre Ab R target points 1;
cannot NLAL bcLe or, glrggﬂeig "r]i’hj whi ch i s neasurable only
i) %c C?'Pa‘?bqp ‘%eé‘r" qfareqipomiheseachese  scenari o
inherent in this margin of uncertainty nust be
As descRBats a%ove th1s example relies on the condition being passive. However, in many case, the
condition is not passive and instead responds to medication or the like, to attempt to counteract the
effects of the medication. Thus, for example, if medication is provided to a subject, the subjects
condition may fight against the action of the medication by altering it's behaviour patterns in an
attempt to counteract the effects the medication. Thus, for example, in the case of immune
deficiency conditions, the provision of drugs to kill a virus may result in an initial increase in viral

levels as the virus reproduces in an attempt to counteract the effect of the drugs.
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5 1n order to account for this, a nodified nmethod can
be used which is classed as a "Gane agai nst Nature"
wa e/ 0pisobl em Again, this form of probl em canP@EAU2EBN01232
with in a nunber of ways. wever, a specific exanple
10 will now be described With reference to Figures 6
to 8 in which Nature values w are used to represent
the action of the condition to counteract the effects
of any medi cation. This may be achieved by using a

AlternMREY! ﬁeﬁé%b%o Wlafy %ﬁ@eﬁvéca[eﬁ %Mﬂy@taﬁﬁfeﬁ;ﬁﬁ‘&l@ rdeﬁéﬁhé»'&ﬁsome state
such that wE " ¢ 91’ particul ar, "Nature"

variable gk parampeier@lug, Whigh vSéﬁftaS%%%?féh ¥ el Qe { h%WOfst case
scenarg%ﬁ{ereﬁpﬁsthlphﬁrgﬁh&‘u%@erﬁfntyaiﬁus‘t/@é Messdd@owOpposi ng the
forts of the clinician wthin the determ ned

const raints. Accordingly, the Nature vector wwll be
In ord88 baagst Ok Snddted nREeALM b Akl AWScHSH ClisRE a8 ¥ SEEMR against

noi se uncertai nty, instrument uncertainty, drug
Naturez §ipp Rio®lefat i on noi se and condition progression as well

as other possible sources of uncertainty or

pat hol o%y 20 The Nature values are therefore _

Again, d@aﬁm PEobFm sgat Ry doalp Hith frbt ayraben A MaYS- NERWVE @ specific example

will ndibl AREBBed HWARMBRANEd POFigltd b htked Whick Raureted!w are used to
condition that will cause the nedical condition to

represgyf Higrasden ph the o iieR & FuBIECHRTOECt T A%y, megicafjop) This may be
f t h h { [ ane - m
achlevgcﬁl% L?s?nﬁ% I\?aq%I cl)ﬁ\xéf;brml\ladftj ﬁ.% eﬁalt-afrjnr%%% \‘;%‘rlel%a hg}é\gtﬁv = C R
r api dI y changi ng attributes. 25 Accordingly, at st ep
In partg:glfr% “&\Ih@?égan esnstlo ¥ aars?grg{)ﬁtrgpg/g teﬁé tsrf?a cglaf;leg éh%%}pst go@{ie choice of
values \fcarl apptssm'getye Eféorﬂkeif éTenrlimeieln Bithia thmi:d:tectainedl S(mst;ramis tAheordmgly, the
o oo B BEARE T Pt By ROBE R0 3D 0l SR Sl
mstrumt aotedinty, odmg pdmohestretion mes: Nait vorditical pregesﬂ@heasnwcib ds other
30 At step 510, the
possm{e%é%rgés%s?hﬁéeﬁalgﬁ%?rpah(ﬁ Lﬁ%' ilises the Nature values wto
determine a nodified subject specific nodel:

The I\ga%l{rg tvafh.{e areV\{'h {" e (qé r)hpess 50f At%u 1l t'prgnsie er‘g’ys’ntd’%"orrn Nature yariables
equat 1 ons generate on tra] Sctor g C? 2R T A &
represetn)lng: aﬁgwutes WOth2 Guiedlic8icp6dtdorEAt/ lelZ@tﬁbB HEO0AKBA! conBfiod\® progress in
an unthQI%bi% %a\sﬁh U%T[hsg( ﬂr{;&h %e aﬁ#‘e%g?edgﬁagﬁqs Il@agur ¥:«t§rta e{:?eré are glo&lyechanging

attrlbubve,rvaﬂl tmeathmrvathessmmg epidischepgng éttrtbutmdel dz/dt, at

step 520. The processing system 10 then determ nes a

range of control variable values uwWwand paraneter 5
Accordingipiest &t 500, thhipcdresoligutystom datajnget oriies Natareeparameter and/or

variabRGGRRE abl e.

The specific Nature values may be determined by a medical user, or the like, in accordance with
observations of the subject and/or condition. Alternatively, Nature values may be selected from

predetermined Nature values determined for specific conditions.
At step 510, the processing system 10 utilises the Nature values w to determine a modified subject

specific model:

dz/dt=1f(z, v, w, \, 1) (11)

Again these system equations generate solution trajectories &2, u, w, A, 1) < R".
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Again, this will involve testing the solution
trajectories cp to find regions of chaotic behavi our
WO 00492 mV£ space, in a manner simlar to that PEFaD2ivedo1232
above with respect to Figuse 3B. The processing
system 10 wil|l then conpute eigenvalues ~ (z, u, w, Kk
t), and control variable and paraneter 10 vectors u"
, uch that |I| esthes
o in HESRYEL LBl 20 BB R S e
systemvghay@sir fop tk@ehl@eqﬁsmpsectﬂwenmmmhmcaelsﬂ% Ah such that
Ach (r)AA' ¢ Ad" Having determ ned state space
regions for which acceptable solution trajectories
The prosdssitg sieepi tlethehaetenfifiesct Eang:f oft dvatrdlatartinkle WRllEO L™ Viind Phrameter

by 40, the pr.ocessi ng noves on to step 550
Values?\o%%e@g%ﬁohgoﬂ%mg&?%%q e ‘?9% E‘]t rol programs pWin
accordance with the determ ned ranges of control
Agai vglrialg values u ' and paraneter values XW In
gain, {is il ipvglve tesfiae Hieseldey H@e@grse@éwpfmdéw dcheoticdghayipur in
state s@f;e GONEkHel Sililhi tb%ha%%édcﬂbeﬁta%\% WilaeHectdy Elkurel IR TR YELssing
initial state vector z E R, the control prograns
Systemp Hiethe seupys et%’é""&?htﬁr(@l u, ‘on\ﬁérqnémoetr@lavaue@e and parameter

vector59u°(’ '0‘0 Q"{;\P’ éha{%‘ (z) °WS uc;}f : 1§1 f L%léelr %frs]te}t;?gﬁ{' evﬁvtg%[#. g%lpeo]i)rocessmg
system i ugets gﬁs%%gt?eg %(?eteinhl‘%e% %&tdgnco%eési g?l syg-h{}ll% Mgég ﬁ%\rgs

pWi s used to determ ne a nedication reglrre
d
o 0 e A M o G e St o
effects oktharhiere \]tcehtar Pl QGRS ﬁmn @eﬁ)j&%ﬁiﬂgdjﬁtﬁﬁ fHoth@Snao &é}ﬁ@ﬂﬂo determine
apuno unction that is use 0 .represent

o famify GRS FHOREPUPe, BAfERIARES FHH (b AERRars ofsartiohrisble
valuesa%mﬁpalrmtawdluest)ﬁér noi se or uncertainty factors. 30

Thus, as shown in Figure 7A, at step 600 the

processing system 10 deternmines a nodified first
In partibdl @B B césdinE kst MLWnR0Es £RETE SPARYLRGi R TRTe!; % %

set TI",. | ngt%l S casgé t%e&%loapunov %:t?l on m@ %ge, such
that givenraoy |111i1t1€1dstale rvsqtaunz D& RT atheiwontrd lp[‘dg'ramH’lpCVJardJ B436d bfl the control

has di fj ed tg,take .,

variaolf s S Al S o R e e 6P B B v, 0 are
non-chekba'elﬁ)rmm Bt edpitd thee R GeHS NagrSwsloe 10 t hen operates

to select a set r2 of undesired WO 2004/ 027674

PCT/ AU2003/ 001232 -27 points z2 at step 610. These

At step36i] eisd fautily POieleb@d ZonrolbrbiraiOp T @SRENE db@rrhifd NakdiBftion regime.
extrenely undesired points which maybe detrinental to

the health of the subject if the subject's condition

Again, W peoctdir@astout i Figuig It thdy@R @cHtQaRl PN FumBer -ghﬁlaﬁ’&tfs cI—fowever in
can be determ ned based on:

d ts T
this exaf‘??ev%(: %feozjzglgg gé«}ni gcttﬁr}ne%& pecpnd Il,léqqny)a\ﬁtgxctqu)lat 1&,\%@} *@ represent

the effects of Nature, such as the effects of the medical condition and other noise or uncertainty

factors.

Thus, as shown in Figure 7A, at step 600 the processing system 10 determines a modified first
Liapunov function Vyy, and corresponding target point set 7. In this case, the Liapunov function
Viy is a modified version of Liapunov function V; used in Figures 4A and 4B, which has been

modified to take into account the Nature values w.

Once this has been completed, the processing system 10 then operates to select a set 7, of undesired
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10 C2 > 0 AT2 C A This allows the processing system
10 to define a | arge avoi dance set A = AA (r) AA such
W@ bat/028TR2CAA CA ti 2cAA cA. 15 At step 620, theCT/AU2003/001232
processi ng system 10 dete[?y@es a second Li apunov
function V2. The purpose of  this second Liapunov
function V2 is to nodel the operation of the Nature
. . values w as a hostil entity, to there nbod .
points' i app CHE RHFPOTIeied RO B PRSPy oA o At e undesird
pointsPHAEH 05HE ABrimeME O R@ltY of thBeut§&e dnikk dubjkptin@Mdition were to pass
thr functjon V2 determ nes solution trajectories
oughdhise 0&aiofhg t he 20 progression of the medical
condition under the influence of the Nature vector,
whi.ch cayses a rsening .in the nmedical condition, as
The s ghdes i Rors PRGE ATCBPESOFTRAG the subj ect’ s heal th
is concerned._ algtyon trajectories wll
hereinafterq%e %@?é?#@d’? ’as undesirabl e (12)
trajectoriegs Thegecond Liapunov function is definggs
such that V2 ;7 A(r) A->91 25 At step 630, the
processi ng system 1,0 determ nes acceptabl e
whereCONstrai nts on the Nature values w. As descri bed
above, the Nature values w are determ ned on the basis
of©2Pdct ors such as the system noise, instrunent
uq@grtginty, drug adm ni stration noise, or the |ike.
Ac oFﬂlneg, a nunmber of 30 these values will be
determ ned based on the manner in which subject data
was obtai ned, the nethod of drug delivery,
This 4llewe dher pro¢essing systbmu0 daldefiriest largei aypidanse sodd ' ®HE such that
A like. ,This gan be used to determ ne the areas that
S fit Sofube=the=rbst uncertainty or |ack of confidence
into determning and treating the subject's condition.
Thus, for exanple, if it is determned that 35 there
At step §2¢; thei pyprepsingedystem 18 sltermaiaercresegmnd d éapanediungtion \ex i T ipaggose of
s B e e b STBus] S ST [ L vt g5 8 st
entityt {patherghs smbedyi frpesy hbpltaviont of apisdimsemantiome eenditipm treogression.
AccortBRgHUE TBEdhd TARRAN §ESton™0Y hleldnes &bRtbrY Bhikcthds! ##@&ﬁﬁng the
Accordingly, assessing the Nature values I'n 1tse I'S
prograsgert af the guedical gpndition| undoy te deflicrse ofghe Sghure yector, which causes a
worseRiaB fih RNEIIED BRaHHENE i 8 cor@bliBWoR PrdsBERE the \%}Eﬁéct’g Realth is
be addressed in preference to other issues 5 I'ch
concefngd.r Brgsrcwelutian fajeipresgvill hereigafier bessferred tprasandgsirglotrajedtasies.
processi ng system 10 determ nes one or nore Nature
progranms p** which cause the undesirable trajectories
The sezond Ingpunond@nctiongs defihbdiewl thabV, th® Ai-aflnov functions
V2 to nove towards the set of undesired points 7-2.
This is perforned at step 640 to all ow the processing
At step 630, the processing system 10 determines acceptable constraints on the Nature values w.

As described above, the Nature values w are determined on the basis of factors such as the system
noise, instrument uncertainty, drug administration noise, or the like. Accordingly, a number of
these values will be determined based on the manner in which subject data was obtained, the

method of drug delivery, inaccuracies in drug administration methods and the like.

This can be used to determine the areas that introduce the most uncertainty or lack of confidence
into determining and treating the subject’s condition. Thus, for example, if it is determined that

there is a high level of confidence associated with existing tolerances in measurements of ligand, it
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10 system 10 to determi ne the worst effects of changes
in the nedical condition. Thus, this effectively
WO eresemM s the circunstances in which the nmedPCEAU2003/001232
condition deteriorates or_gg_uncertainty presents
itself in the worst possible fashion, as far as
controlling or preserving the subject's health is
...concerned, 15 In particular, for a given jnitial state
wil b, SRR el TRy ST i B Bing oo, P e g e jerances
would be ket lyvorthdat ur e program p** given by: p**:0\ (i 1UAA)

e T AL S s
confidaeBit6\1e i@dntinEy; ‘alléiMrg thedd issudd 16 dRtAleGEd i PlRfeddnce to other issues
.. undesirabl e trajectories nove closer to the undesired

“%whﬁﬂﬁﬁwmlgﬁpn??e with respect to the contours of V2 (z))

; or at least, dv2 / dt = 0 (no inprovenent as

undesirabl e trajectories do not npve away fromthe 25
It any GHORLA' FIER S8 T PRRESIAS SR 1D SRSIER ORI (PR QD BROgTamS D™
which @husY zhe(unigsirabl Aggevtétied @tting vhbie thetifflheyiceddf tINALidp@ov functions V, to

move B RRH PR PoruplE RS 5 F e s Yl 4 LB e processing
systent 10eto @pigrmiddthdivost &fecBDP clidigesih G ichIosdG6E MTLLE, this effectively

operates to determne one.o re control prograns p*'
represiufs 1€ e olstapds T BIGE 5] RRPR BSeripras qE aB PSPy prosents
itself @Nthe dGorftOfosdibIY Eashivay ad FAMst dd@irblAALGE pRedriihg SBE sdblect's health is

Thus, this corresponds to finding solution
CONCEIPEGj ect ori es representing the progression of the

condition in which the solution trajectories are

non-chaoti ¢ and smooth, and, after which the
In parfeulasy dds? Sivedutel siRie VRgiPs & FA\@Rdh) tthe Pioeespiag sydem gppigtes o

deternffe ANt Srogdion PO ¢2RAH027674 PCT/ AU2003/ 001232 -29 In
particular, for a given initial state vector

zPEON(1i¥3 )2y > ¥He processing system operates to (14
wheredeterm ne a control program p*Wsuch that: p* W
cd\(til,,UAA) . ,[u" u~] (15) 5 such that:

A

| Arts dRGpPidawe sppswyh that t2IA™ t) - *zEti I W; for T>0; (16)
V2AT W

and, for all t>0, p** attempts to achieve either:
dV, /dt<0 (deterioration as undesirable trajectories move closer to the undesired point
set T, with respect to the contours of V,(z)); or at least,
dV,/dt=0 (no improvement as undesirable trajectories do not move away from the

undesired point set T, with respect to the contours of V,(z)).

Accordingly, the family of Nature programs p** represents the set of the condition's strongest

"choices" of control strategy to resist therapy.

At step 650 the processing system 10 operates to determine one or more control programs p*" for
which the solution trajectories are acceptable and do not move away from the target point set Tyy.
Thus, this corresponds to finding solution trajectories representing the progression of the condition
in which the solution trajectories are non-chaotic and smooth, and after which the progression does

not worsen, despite the best efforts of Nature.
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VWE[W,W]; 10 where: AA is the avoi dance set, such

that ,t2<AA and, for all t>0, p* Wattenpts to
wa@ehieysTei t her: dviw dt <O (i nprovenent as tr aPEDATRG08801232

move closer to the target,point set Tl, with respect

15 to the contours of Vlw(zz)); or at least, dVIWdt=0

(no worsening as trajectories do not nove away from

the target point set clwwth spect _to the t
in pariglony Fo S G <Pife B o Ty D) SREri e 2R, Bt o
determifi®} 8RS grbRiptt lch &bt € functions for which a control
0 _program can be determ ned that steers the sol uti((l)5
o aj A6 ord s> lotdr ds the desired target point set V7T
% despite the best efforts of the disease to achieve
deterioration or stalemate. The control program p*W
such thather ef ore represents the clinicians' "strongly-w nning
i al@@yps WL Iherf okl y@f such control = prgy ans
p reptesenti’ng the set of fthe clinicians' strongest
choi ces of control strategy to %eENEVe the desired
target point set tii,y. 25 Accordingly, fromthis it
will be appreciated that the pr‘gg"e%@?'r@vs]ystem 10
determ nes one or nore Nature prograns p** and one or
nore control progranms p*Wwhich represent the
where: st rongest control strategy for the condition and the
sta.ongest..cont I tagy for the clinician
r slf)ectaivg\)/lgifng.eEeé%hc&t%%?%s% 660 the processing system 10
operates to determne a region WL of initial state
variabl.e .val ues z* f whi ch control prograns p*W
and, fore%{%p’.p Thaltjtgm%tls ¢ |‘\7/eeﬁ%l?r'the processi ng system 10
PG (/dt<®s (inproesract Betrdjdveprsomutd deset oahetger poirg setrrg, with respect

determ ne values, for .the control, paranmeter and

Ngﬁlaﬁcgnvgﬁsg&@%}» LR cont rol programs p*Wexist. 35

ThwS/di=toN8o RoBEESSIsNgjeSiytidseininbOmopeivay &smithe theteyomit e T, with

WO 2004/027674 PCT/ AU2003/ 001232 -30 WL={2*

pagRecite thegapours L Yivi@ar p*Wexi sts.} (17) At step 670

the processing system 10 operates to simlarly

det erm ne regi ans .of fnitjal. state ectors z** for
Thus, ippeageree y Sop g oy -denispiy it sits BT PR, Fr Gy & Control
prografltén PE Q&€ EhddGhat Qtety® tHeSsolutibn trijedtorids teWadethy @esirod farget point set

which result in undesirable  tra] e,ctorieﬁs th

fol | ow
T1w despligthriBesh POt of e slisgasp fo-achisye dateriopation oy glemas: ""#*&rcom‘f Sfperam
p*" thdrbBreOhrtich@Mhe dlihRiafE ! oh@F-wiklihOitateh", 6o tietthm{ly Gf$uBRBontrol
* W,

programs p*" representing the set of the clinicians' strongest choices of control strategy to achieve

the desired target point set Tyy,.

Accordingly, from this it will be appreciated that the processing system 10 determines one or more
Nature programs p** and one or more control programs p*" which represent the strongest control

strategy for the condition and the strongest control strategy for the clinician respectively.

At step 660 the processing system 10 operates to determine a region W; of initial state variable
values z™* for which control programs p*" exist. Thus effectively, the processing system 10
operates to examine the solution trajectories and determine values for the control, parameter and

Nature values for which control programs p*" exist.

Thus, the processing system 10 operates to determine:
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10 The processing systemthen generates candi date
sol ution and undesirable trajectories for each

W@ o6 7Hpr ogr am p*w, and each Nat ure program PET/AER003/001232
step 680. The behavi our of ;gach candi date trajectory
is then assessed at step 683. 15 Again, this may be
achieved in a nunber of ways and may be achieved for

exanpl e aut tical l Y. havi ng the processin yst em
anal yse t he%ﬁa%&&\%lwvzaa Sé‘gl? BriRSs e’élﬁtg' choose &h
solution trajectories that will nost benefit the
suhject. However, typically this is achjeved by having
At steg 53{’ Srecirersiing syeisat L presesttp SHuRBRelREt Aepiops ool imitdl state
vumxggbr@ﬁeﬂﬁ@gmdwaeﬁﬂgﬂh@g*ié%%tregions W, W2, the chaotic
regions C and the solution trajectories cp as shown
in Figure S. Thus as shown, regions of chaotic

Thus ERBEMWIYY e REcSMBMY RérkCout Whitid] stahSvdeRE A9 whfch YR HfAtkirable
point set Zlw ang initi

. point s i 2 and target tial
“aJeCtBréﬁi %ﬁfs?%‘:v 0 NEre RERFRTS 25| WU VEHES fedifrayhich the solution
trajectﬁtﬁe%%lildei'theeénﬂprﬂoﬁrafﬂx@b’e"fm ne the subject’'s initial
state variable values that form the state vector z.
The nedical practitioner then selects one or nore

The pidcddsRigt GEteSthbn @BAckdMsScaR@HAS soltfieH atd LhdebitdbleBdj8tofies for each
| | ow t he sgg%%tt's medi cal _condition to nove towards

controf AR Ryetan abygg progipm p** atep|4§0+¢ hi s exanpl e, seven
different trajectories are shown as cpl to ep7
respectively. In this exanple only a single one of the
The behagpyr of 8?‘%@%“‘{“]%6 EAFOEORS thep BFPtsRbatisPOPAl starti ng
point z to the target point set zl,,,. However, this
.trajectory 93 enters_a chaotic region C that can )
Ageing ey G i B ATPPOB &ﬁagﬁﬁf@_ééad’gb%ﬁsh%dfebﬂ%@?@V@mﬁtlcaﬂy
by haﬂﬁg / tRéJ%@&Qt és@@é%&%mt ﬁl?alysa- S[Ee .Tcﬁrﬁil(ijcﬁfet _ﬁﬁj?&@rie{spiﬁ@da%o%hhe solution
_ulti en .undesired point se ie an
“meagﬁﬁﬁ%?“%s%ﬂﬂﬁpﬁ%ﬁ@eMEWHEsirable to foll ow or even
approach these trajectories. Accordingly, it will be
necess for the subject regqi to_ cause a subject to
HOWew»oaPlééi}y O RGReBREeo Bayingie Profspeeal dhdas! Epft mempsr gxpmine a
represédiation §BdvARg Wk régischstinew,f Bé LitiORGioat Clde derBiuB6t RfjbdaRies ¢ as
(£4, Cps to the target point set't1W In this exanple
shownip Kigifef-ect ori es (pi, cps both near regions of chaos C
and accordingly, the trajectories 92, 94 would be
se] ected. Once an acceptable trajectory is determ ned
Thus agshesyme io2ig0 Of Frolt brbedar Ayshoyarbhn woh fieacgiens of amiesiteg point set
1, and tdREHt H8iht R0+, Qbnd MRiaABSbAEH,, $0) WM traj ectory and the
associ ated control prograns p*W It will be
appreciated that in this exanple, two solution
In use! th&hRELA I R8tiE woRH Hitb:SfinARd bl ﬁjﬁtﬁs? %tXtBtVX\@able values, that form
correspondi ng control prograns p*"" w e required.
the stakenvetctor 2°i e anecl@al fringitibrier Sten celndts oe @IHRGE aBedbrids from this point

that will ultimately allow the subject's medical condition to move towards the target point set 7.

In this example, seven different trajectories are shown as @, to @ respectively.

In this example only a single one of the trajectories s extends from the initial starting point z° to

the target point set 1y, However, this trajectory Qs enters a chaotic region C that can therefore

instantly be dismissed.
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cause the subject's condition to progress along the
trajectory (p2 with the second control program
w@am8i02m374 he subj ect trajectory condition to NMPVEAERWAGO1232
the traj ectory 94 thereby Pdl ng within the 15 target
point set 'CIW In the event that a suitable solution
trajectory has not been determ ned then the processing
system noves on to step 720 to nodify one or nore of
The trejegioniqs pLame vo-fuliiaately nd/pt the mdesirag aeiBY St e hdopgainy X, would be
ure ararrete on |nts W, w+, the control
“nde%@a‘ffet%’ﬁ‘&t’v% tﬁegtapgro?ﬁh gﬁegﬁicg the 20 target point

set 'Clw. The proceSS| ng system 10 t hen repeats step

00 a S as requi.,ted Ar chi ecture
Aceorlggly AUV B5pe ity TS bions Seih ool S eSkch e o of
the trafddtBEiey ¢.0%, & the espeonl WiramIMBEs followvus of ﬁenxaﬁmﬁad @4, (P@to the target
respective processing system 10 nay be provided
point ’é‘ébh Frethis carmpie HersChres ¢ Pnbath tl%ar fegians ef gheas Qy@t é%prdmgly,
the tra]éBtoﬁesQ;th!) dy Red BCRIeE¥@d by supplying respective
applications software for a nedical practitioner's
computer system or the |like, for exanple on a
[ [ :
Once bl AR Ao ey @gf 7Aoot e foE 6 Broyides an
indicatigraef the Hesired seluiign tr'caeptcpv ot th asyodiated soufrol tmegratigp®”. It will be
appreéM’ﬂédC ﬁa@%'ﬂﬂs 'Eﬁé’mﬂﬁ@ ft%e ?oh?%ﬁ' &@&to%e’s R r&lldﬁ[pds ram(P accordsl’ngly two

manners. However, rnative architectures, such
correspiinging icpnitob rogiaskipt twill egaquired. Intais instaece, tha;ﬁrsé Fepgrobogram will
[ f S Fi
cause 3‘[@}%&6@% Etgh e pég%gzés%g:ﬂéég gh%s Lé@to tp% \évﬁgg%@q ecﬁtd éogﬁ%l%rogram
causing dlieadubisel thAfecROY ddrdRios Tel meET: dl&ngﬁBé) 86660232, theragl éﬂimg within the
; tg owtded at a base station 1. The base station 1 is
arget PSP vt 0 a nunber of end stations 3 via a
comTunl cations network 2, such as the Internet, and/or

a nj cations networks C
In ther‘? fi‘\‘}\g’ta{:m 1%.&&@?“2“ FHeROY asvt}OF Pef’Bép Eﬁﬁt‘%ﬁtﬁ’ﬁ’t 81& Hrtfﬁtsmg system
moves! dho thF26 tJTﬁMdtﬁp&{@ @rﬂndr@&fecﬁaﬁtapmtaethEltsn at e ct%tn&ttv fiinction
surgery, hospital, or other nedical institdtion. This
V,, tid Ngue pabeneree @bﬁ‘sﬂjamts5wp [t} bt icome] patatheRe c&is&kiﬁ{s e, at and the
| ocations remote to the central base station 1.
target pgjatsetdfingl y, in use the end stations 3 nust be adapted
to communicate with the processing system 10
positioned at the base station 1. It will be
The praggssiegiyatemd Ottheatrerichis step b00oonsvasls aurehy@redof di f f er ent
forms of end station 3 nay be used. 10 An exanple of a
suitable end station is shown in Figure 10. As shown
Architekgmresnd st ation 3 includes a processor 30, a nenory
It mllg)l]?tagﬁxgmgtge :tl%@ H%Sp%gﬁéc h§c?m§;“§cp g ev@d léno% % méer of %q"{eﬁent manners.
Thus, {dr sxampha, ¢ r@Acctinsprotresing syAnnllﬁmay |ba brquqiteé fdr aauh r%lca]aaractlttoner

that is 1o/ Rk %lsgréferg.r Pk gcﬁﬁid lt)eoachieved by supplying respective applications software for a
medical practitioner’s computer system, or the like, for example on a transportable media, or via
download. In this case, if additional models are required, these could be made available through

program updates or the like, which again may be made available in a number of manners.

However, alternative architectures, such as distributed architectures, or the like, may also be

implemented.

An example of this is shown in Figure 9 in which the processing system 10 is coupled to a database
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allow the end station to be coupled to one of the
comruni cations networks 2, 4. 15 In use, the processor
wWQ@ous2maapt ed to conmuni cate with the processPEyAU2003/001232
system 10 provided in the,y,base station 1 via the
conmuni cations networks 2,74 to allow the above
descri bed process to be inplenented Accordingly it
wi |l be appreciat d that .if_ the A nlc anE S3Knaa
11, propdqdgt ¢ fgse stafierof-n&pe Dash platiqf | fs @ ‘? c8I3 “&‘“b ved sy
commuxkl@ééioﬂegrllétxb&k basehsk Qﬁd mfbrriel‘f] %&/&téﬂfa cmhmmaqﬂms hetwake 4, mah as
i ca ract|t| er o t he en t
local ar%%\ff@k%&‘*}‘fs ) it fr g 5&%’@&%"%’? té% t{‘%g{"ﬁf' 2y, fgrom an internal

networks hiad 'd%&'s%u@iry, hesiitar, ree chitfer @RedRAly instititicab| Ehispillowesisd mgdical
ystem such as a suitably rg%l%mretd PCl I nt er net
practitiqrigfeig Pfaﬁlmatha?ﬁ Jqcgions Fegppie jodh &SPl i ke, which

is typically operating appllcatlons softmare to enabl e
data transfer and in sone cas

Accordalygingsa s bR BIEE P SHE HAE LR AOSRY SRS N BT e

10 pos1a§ne\dl%t the@sisd diRioh 1CORFANGS aplff&}{at&ﬁthsuﬂiﬁl dlledrs almiblaeof different
medi cal gractltloner via the end station 3, before
forms of gidptipR AREY BF 6 to the processing system 10,

| ocated at the base station 1. The proceSS|ng system

t hen operates_as descri bed_abov
An cxamgle pf § SRl GRS AEHE 1S CHPOR TSRO0 et F b, Sl fpoes o

processBEL, § MlenFyait dntliaf ot ddvive BDisschags &eyblohrdy\ad d»utfﬂe device 33 such as

recj ated that access to the
2 displ AU PEPRE P oD ST T HIETS) BTl R@elcgrovided o
allow (N4 Un8 Bai @AY bé &fipled & GRWTERcoRMuRicitRes AdwakeBRSis a web
site hosting tﬁe process. This may be achi eved using
a password systemor the like, as will be appreciated
In use, l@ﬁéejﬂ?&fe%@ﬁ% skidhpt&itio cemniuRicitd &vit e prV@sﬁx@éMsﬁﬁ?ﬁ)Mowded in the

AU2003/001232 -33 Furtherno nformat i
base sty e (1 SHETGASHRIEMLS S aPPY hAGHEE EICRY Pt t be
1mplerriéﬁtte@baﬁ:eoraﬂaglypftG;Villd%dap@feciaﬁe thb&&ﬁt}ﬁto@hmﬁlmcitmrls hietwork 2 is the
dat abase 11 pled to t

iterncy 1 A0f RIS D5 GEieveFi PO P B Trs Dl Sae] g poses o the
medicallBhaditioh® o ke%nd S@ficr3ri ned paranmeters, or the like.
This allows the nedical practitioner to maintain a
record of patient's nedical condition history, which

Accordnily, Be vl 86 Ql@ﬁ%&i&edi?ehd% ahH brice flatitins SSUbﬁjEdee(btmddl frers .any suitable
Thi's maybe used an accu(ﬁﬁﬁ record of .t.h

procesREFERSTEh 2 bUi e BTSN 1 TIFBF ORI opiend-held PC or

the likd) ¥hic8 M typiddl§ opérapUepbBehtivhstsbft@art @Corble dita trawsfer and in some cases
nedi cat i on actually provided to the patient, this can
web-brgipigy t he ef fect of the nedication to be determi ned.

It mnll be appreciated that by anaIyS|ng dat a
| ected for a. nunber .o iswll 10 .
i this G OIS OReH APEO REAEPEILE B S Thpetisndsy ey be supplied
by the |rﬁe@fcﬁtﬂréé:gt1&feﬁ §R%Be endl sBitios B efdre Bﬁﬂé yﬂlsﬁmeéltb thalpgoessing system
|t|onal to be dev e for
10, loggted) Yisthpase F4iRge o?ﬁ'ﬁ %mce@?l%ﬁ%s %?:Pe(ﬁ}e%ateggaé "Rerfbed bbove,

transfedt@RaRAe&lts toHetsl. station 3 for presentation to the medical practitioner.

In this case, it will be appreciated that access to the process may be controlled using a subscription
system or the like, which requires the payment of a fee to access a web site hosting the process.
This may be achieved using a password system or the like, as will be appreciated by persons skilled

in the art.
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Exanpl e 15 A prophetic exanple of the techni que as
applied to a colony of cells in the human body is
W@ bawn2iend Appendi x A, below. Variations |t w PCT/BE2003/001232
appreciated fromthe abovegsthat the techni ques can be
applied to any subject, and 20 this includes, but is
not limted to patients of human or other mammali an, ,
or non _.mamal i an. _specgj . a [ l.u ; ib ”‘{‘t&étb 11
et B BB S - D U8 0
providefl at the bhsa yiatidni 1o the dSabasalbl eovpledjtetht $ANYaLr 4yl dthenfuitabla database.
. the_scope,of .the, jnvention _i.nclu tor M E1RO This all th
This GalCHP REBRF P SRl o JLURGT mhis allows te
medicah p@ptitichaWs , miintmis e recomdoofkeyisnt’ spingdigal chmdifinmalistony, tirh can be
ani mals. (.e r abhi o r ' ' .
scoes (il gt gy ey ot ShteglP B T8 ol 8o o MR B of e progression
of theafdalidaV eonditionl within ried mti¢re, apd,if fcogled witl eaecordiofithomsdicatiop actually
W, al so . appr.eci h he ' be
providun i it Pt REGS b Sfied e hGCHER N MERGRE, 0
sanpl es. Thus for exanple, the techni ques can be used

. noni t or, e reaction of cells. to res [ . S
1 wil e e oL o e VO ot s (B b PR o gents, i wil
allow'ibfd RehdtcdhoddiCiol bek@veloped angh itb@ivep@icéss. Statistical analysis can
conbi nation of nutrients, to thereby alter the cells

also plesp addsionglmppelrteobe devealopgd) forpexamipde byt Balysinga rags of age

terns “patient” [qedi cal condition” where wused do
groul?f'gtf’ Cfe%?oé;?etdﬁg%ndse@{nl%?%én% are present, or that the

techni ques shoul d be restricted to nedical or

bi ol ogi cal conditions per se. Instead the techni ques
Exampl¢ be applied to any WD 2004/ 027674 PCT/ AU2003/ 001232

sptieti€ ARG bI | §fplied 102 0loh9'of SRR Be hlifin body is
Apr?pélééﬁg%g%lreléle%grt]l%tghgg%ﬁj%dﬁ%gleper? o?rcr)a ge subj egt S, o
showaiia Appendik A, étles,. to determ ne the subject's response

to training. This allows a training programto be

devel oped that wll be able to prepare the subject for
Variﬁﬁ&fl rmance events, whilst avoiding overtraining and

the like. 5 Thus, it will be agé)_reciatedthat t he .
It will bedippieoiatedfiranh resabojadhatrihy teshnigies canbe enplighipany gpbject, and

. condjtion,. and.particularly t readi f [ )

this FRFsSs BU Fo% HEEF bt AR o foal was Payhaffh. or non
mambizliaf isP&iestind dhelienesi ihtlizadday itd dedteddo teamli® or treat using the

athl etes needs. 10 Thus, it wll _ be appreciated }hat, )
methpfe of b nvpaten. obifablse subiesds dhag fall ﬁY’&lW dee Seape g the invention
. t hod t 1 0l NG L, Cafdan
inctuJ5 B orBrts SRR U8 Doy RO Bl TR Bhoe oy horees
donkde$, & g8)N labgratory et ranhmely (erdi wabitymipe,ogtsapuinea @gs, hamsters),
comglagﬁqn{g%ﬁ%g{gf(gé%g%g({fpgg %}drggg{igea\lzvilg %Qigl’lla s! é.ng’., f%)rggs, tdger,a dingoes).

It will also be appreciated that the techniques can be used in vitro to examine the reaction of
specific samples. Thus for example, the techniques can be used to monitor the reaction of
cells to respective environmental conditions, such as combinations of nutrients or the like,

and then modify the combination of nutrients, to thereby alter the cells response.

Furthermore, it will be understood that the terms "patient" and “medical condition” where
used do not imply that symptoms are present, or that the techniques should be restricted to

medical or biological conditions per se. Instead the techniques can be applied to any
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determning |ivestock paraneter values representing

the effect of a nmedical 15 condition on the subject
wapionmk7674 3) a nmet hod and apparatus for deter mPCi/Ay23/001232

non-linear control programjfor pharmaceutical,

phar macol ogi cal or physi ol 0gi cal processes, and to a

nmet hod and apparatus for determ ning a process’

conditii TG Stbigito | G0 Rl ORIt Ceebridie e F ek FRBHES 1 performance
subjects) fshit1e BE 8iMte£ Y& BbteRRink NRe \sﬁé} Ccﬁr Oxﬁgﬁﬁx(se% kg ‘ajiaﬁ‘ﬁ"n§c a§6is1lows a

himans, the conditions to hni ques” are
trainingnypglatete by deseloped thanovillde abiotpteparsths satjedsor performance
n.s Di sease i zophreni a Bipol ar

evens RINRLT: ReRFRfe by “Bor i ac ai sor der s
Myast henl a gr avis Neuro nuscul ar di sorders 30
erous.and tu ous cells and rel ated
s, i FE Lo blea G ks e ekt o Sysieaihysical condition,
and parlicsiatlyl &fe&eadlnleﬁbatbt facElfiBOdsdRTtB theAtddn@hi fro@MBelnl ANeRekd training

ns 35 O her disorders or di seases
progra%ﬁ%%cg{ég{]}@?fﬁg 'g %ﬁ 1562848 are capable of being

reduced to a WD 2004/ 027674 PCT/ AU2003/ 001232 - 35-
An. exampl e of a mathemati cal nodel

. emat i C I del
Thus, I{m’lﬁﬂﬁéfmﬁeﬂ %glgt tﬁ‘? fsghmiquey Qitlined abaye capraidiendi x B. I n
t hi §1) iﬂgtﬁbdjandtablbﬁatﬂlﬁoﬁdbt&?ﬁﬁﬁﬁ’@ Em&icaBoPAS HemTbr A aBent.
%@ |ntefn§q to be limting, but instead
3 Fiafhot @nd Porembs iy scisonivke veierERy Fsgiseion fwegram for an
Hovvev ednimalt su¥fbrlilg Hem appedied] abedtidhahd ihe Iﬁétfﬁﬁe% sphratus for
be i rrp(? nment e respect to any condition

whi ch erﬁ“&“%o&%‘?st?h‘é REmelh st ‘l?étre%feﬁ?ﬁtt‘%eﬁﬁt ?féfét %émdwal
of thecoﬁmndmbnﬂhélsub'ﬁhﬂ;&1m§ not therefore restricted to

medl itions, alt h the techni ques are
i de{a n%%l?‘% 8Ppaf‘ﬁ‘és g FIENRBE & 6“’“”118%6 i9aireli piggram for

such amadnmaaﬁaspmﬁn@bmfcalrmqshya&ogbas @fdé@srs& alﬁﬂt% H method and
initial cons on. of a mat hemat | cal el

subsedBBHE™Y ?r 408 FhPEPess ygpascter dfa]elas ﬁ'eﬁresentmg the effect of

some physical, biological or chemical intervention, influence or event on the

process.

In the case of humans, the conditions to which the techniques are most ideally suited include
conditions such as:

e Parkinson's Disease

e Schizophrenia

e Bipolar disorders / manic depression

e Cardiac disorders

e Myasthenia gravis

e Neuro muscular disorders

e Treatment of cancerous and tumorous cells and related disorders
e HIV/ AIDS and other immune system disorders

e Hepatic disorders

e Athletic conditioning

e Treatment of pathogens

e Other disorders or diseases whose significant processes are capable of being reduced to a
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the form of paraneter values may be achi eved usi ng any

sui tabl e techni que, exanples of which include: 15
wovael2ieef er ence Adaptive Control (MRAC); NeRCEAU2003/001232

Net wor ks;  Conpl ex Systenszanal ysis; and, Kal man

filters. 20 In this regard the term Neural Networks

w Il be understood to nean any nethod of creating
th ti cal nodels based on a supposed anal ogy with
m#ﬁ@mﬁgﬁ ning of the brain. In general, thisis

achi eved by nDdeIIing the condition using a

conbi on-J | functlons I nc i.ng a .. :
Ao exGRTE b Byt hiod] gl BE PerkinbES GFESe RGO 1 rpeiix B. Tn this
regardgthisdg sh exhiiplelolf 8 besks@mple hﬁdﬂpﬁﬂl is fdt igterfdied &ibe limiting, but instead an

r.oxi mation. | a nerlc nodel that can be used to

wmmﬂgﬁiﬁ@%ﬁqﬁg?mgkém€g C{P%h. Thi's can then be 25

trai ned through feedback and associated restriction

of .paraneters. s
Howedh RO Roiep s hab X pivieSSsad B iRl Bl et any condition
for whidht ietsgbsiblEiaeonstiyct i a hnavheinhtldfaerrﬁmj rod oiieatoﬁditlbﬂ] aTh1§ it tsrefore

ey FRAECE 10 -0 OB B! SR SR 5

conditdhosveh ad diswases ar oaérhexdrbl dwtdersodel f or the condltlon
Wthin a respective subject to be determ ned. Once
this has been conpleted, the nodel is used to derive
The inftiah p@Gtrottior o1 & emremeuiﬁal mgddl head Bnlcsgqteﬁsdlemamnmfandm subject data in
condition un ffer nt .circu
the o B b VA P PR T3, RSB0 P R iR AP of which
includar other treatnent. 35 It will be appreC|ated t hat by
ating,tr.ajectori or the subject's current
¢ MB%:I gFFlS’Ee&?G ‘??8“%4‘2‘%“&0{/@@%‘54/ 027674 PCT/ AU2003/ 001232
o bku&@ywaﬂhable values, this allows the progression of
e condition within the subject to be deternmined. In
Rl SEEmaARAYSiS #d he subj ect is al ready receiving
. _Kﬂﬁgiﬁﬁggon this allows the potential success of the
exi sting nedication regine to be assessed, or in the
case of an untreated subject, the progression of the
In thlé:%gydt HRMeinl Neli@1 MeRioRG! wﬂlelS'@ahﬁlﬁrs%H rt@ %éﬁg any nidYRVE oreating
in addition to this, it is also possible to determ ne
mathelawah@g@%%baéec}]mévppeﬁedamﬂ?@r\éﬁl@ theifpmgtieing of e bragr k general,

this is heH\Rd 8 n‘liﬂiﬁﬁflﬁ%r @8 tcorﬁﬁfoﬁ‘ WRhEes ctﬁﬂqna"-‘tfoﬁ'b?nc\haﬁﬂeﬁ%ﬁctlons including a
val ues. | ows undesirable trajectories be

suitably Jaige imber afhtprat fiedugeetismpish csEsmpite tise emsfee tméyl gloa first
approx¥@htidn9R8 gdreri@mdHA MaBcR M used to model almost any condition. This can then be

trained through feedback, and associated restriction of parameters and the like, so that the model is

constrained to model the respective condition of interest.

However, it will be appreciated that this is not intended to be limiting and any suitable technique

could be used.

In any event, the system described above allows a mathematical model for the condition within a
respective subject to be determined. Once this has been completed, the model is used to derive
trajectories representing the progression of the condition under different circumstances, and in

particular, under conditions of different medication or other treatment.

It will be appreciated that by calculating trajectories for the subject’s current parameter and state
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poi nt, or because they denonstrate chaotic behaviour,
whi ch woul d represent rapid fluctuations in 10 the
waeoendiozicon of the subject. Once this has been PCT/AU2003/001232

conpleted, it is possible _tzg_define stability sets,

whi ch correspond to sets of paraneter and state

variable val ues for mhich the remaining sol ution
varlabéeo x%!rlugzg,gc 1|§] aﬁ?v%satp %grcee kfltheetcﬁ%&lp (glr\gltﬁﬁ% lﬁhe S,V\%oc‘tt to be de: darmmed In
this insteseel if thensubjeet is a]nchldy lremalvmg nictieatlon, ﬁmsb}l]ews theqmmlntm guaess of the
cisif 0 S PR SHE I BBt B0 B RERLBE, i pogepion of
the conditibraifi fedubjtavérmgnsdmtreateh ned the stability sets, it is

then possible to determ ne the changes required to the

subject's current paraneter and state vari abl e val ues
Howeiver, or akklﬁtimcxoethisuftds blsatpossivée for degurs®i o Bfest henumBe of different

traj ecé%ﬁ Qsdf& cep tfral f?erré]t g’c]i%or gagr}d S a?%azg% VaLuef glg ﬁ’(lﬂ%‘@ '&ndeSIrable
trajectoyesjietbendemﬁnrg a@l domhated, fcpremgmalmbe@pxeememﬂcb nq lhehleto a stable end
point, or fbgc%ll e etfr%eya(ﬁegﬁo%%tp %eechi?(gtf}c% bgg:?vg(? 3 1%h woqlﬁ éepé% ﬁlftrr%lfld fluctuations in
thecog)dltlgrdrthe sibgetvel oped by nat hematl cally nodelling the
external factors, such as the effect of nedication,
and this can be achieved using one or nore of: 25
Once thigpasrisen Pompltiednis js pdsyiviamd deﬁaats'tahilis;atdts; mlﬁihg@nia@b%to sets of

param%ﬁg gllrﬂc} %’}%tﬁéhx?ab'lz'e P]/aehéessl‘r%g ﬁ'ﬁ ekrgmflmrPg &ﬁ%}ltlgtl Ijirgxrectgﬂ? aé% F(‘é;eptable
Thus, ghig ovill tchmesp&el fbhtmmdmtes d:Hat fre ogn ahadnh enéfreul il elipr @REILS of the

subj ec\%rjéaglﬁﬁg e{@ﬂ%blg on% Sél%fll; it a] s@%{e. or peréo ng%lglrF] v‘rgﬁ%l ‘gﬁlgl% téle con.dmon

remalmla‘a@ﬂseummnge@ to be nodified towards those in the
stability sets. This therefore allows nedication or
the like to be prescribed on a case by case basis, to
Having igtentiyed 36 sy ectd, litas teulposifls tor dtemite the dlhamgdsi reapmed to the
- [ i Qe [ . th b heI
subjod S} Dbl Bd RS Shrl B L A8 i oG TP EE PR iein of e
condiigfn withan dheadyibject gnds e@ﬁolld#ﬁlﬁ&Méme 66’(4:ptable trajectones Thus, this is

. 1 be, a
achle\@ﬁ%%{%ﬁ;)%{ngoa %1%%0 pé%% 1%1 represgl% ngﬁlée Qf?%:?sp%f? X enba§ 11‘1?1&8}085’1011 the
subjeqt’e paremetot andg:tattmrlaldb wvathesa Thoronobl prhgramandtiveloped by mathematically

din

model'fﬁ?%ﬁb g&mhrggggétgﬂrsysugggs t?é }9%)(;? ofpn? %?célg n(j raPcﬁ gustchg%e P%é‘eaec{ %smg one
Ormoa%(lsft abl e end point or region within which the synptons
\%unc I§ffect s of the condition are either
m sed, cont ai ned, or stabilised. Persons skilled
. Dirrrmrﬁch@ptﬁnisatmnlalgoﬁmpfsmelaisethd hatr-IigrmpoMsthed) | at i ons

 CGBPr R bt Febsl KOS wh oh become apparent to

o APESBARGitble Aldogithnh.n t he

The control program therefore represents a treatment program, such as a medication regime, which
will cause the subject’s parameter and state variable values to be modified towards those in the
stability sets.

This therefore allows medication or the like to be prescribed on a case by case basis, to thereby
ensure that subjects receive medication according to tailored regimes, thereby helping the subject

progress to a condition state defined by one of the stability sets.
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art, should be considered to fall within the spirit
and scope that the invention broadly appearing 10
whedoaneredescri bed. WO 2004/ 027674 PCT/ AU2003/ OPAR3R2003/001232
Apendi x A 1 Problem statenesy. Consider an isolated
conti guous colony of cells in the human body, of popu-
lation x(t) cells for t > 0. This col ony goes through
successi ve generations of cells, whereby given
sufficient resources, the rate of increase is
It wifrtgpopietiand that it wilt ealgxicsd tong stpldp ehdpoianor +dQive \teresenting the
L ' et i-f | far .t inite
climipSFrELR RS Her Bl B4 bReETOHGER ftmay be necessay
to selpai/irajestomes that kadito s stablateed pbint orciegias evithi wlmch éesdyfigloyns and/or
on_expands
effecgsg)??r{ qglgiﬁ y e(?thgrg&%(?g%ﬁd ?OH%HP 8"toﬁ gtal?lg?eg of growt h
beconmes negative, as cells die frominadequate
Pers 0 Wl AR ar m; B A ML hn s Y %ﬁsgargaﬁmsﬂgga%%ﬁsa&ﬁl become
appaggaft i Athsuch S{emt@ne endoodifientiond whiyh betbme iapigaraX @ pdtedns skilled in the

t
R DI T IR ——

bﬁmﬁﬁﬁﬂ@@ﬁrt mechani sns and used el sewhere. Rate of
secretion takes the formof M chaelis-Menten
kinetics, with the rate saturating to a maxi - num once
the col ony's popul ati on becones sufficiently |arge.
Thus we can wite a sinple formulation of this
systeml s dynam cs as being x = x(t) (P - Rx(t))J
(x(t)) (1) =Kix(t) I (x(t)) - p Y(1)j- (0)) (2)
K2+x(t) where P is the uninhibited popul ati on growth
coefficient, Ris the population retardation
coefficient due to finite resources, Kl and K2
represent M chaelis- Menten quantities (nore usually
denoted VM and Kn), 1is rate of uptake of S by
transport nmechani snms, and -F(z) denotes the one-sided
Heavi side function. Equation (1) is a nore
conplicated formof the fanmous "logistic equation". 2
Medi cal problem A pathology is observed anong a snal
per cent age of the popul ation, whereby vy(t) fluctuates
sharply w thout apparent physical cause. In the
medi cal com



munity this condition is known as "Y' s Disease". In

case studies, it is ob- served that in sone sufferers
w@amh/otlenct uat i ons becone progressively worse POVAD2@3/001232

ti mespan of nonths or years, totally incapacitating

the patient, until they becone conpletely erratic,

| eading to death. 38 WO 2004/ 027674 PCT/ AU2003/ 001232

The three fornms?2PeNE& dation at our disposal are a

hor mone (denoted ui) to stinulate the rate of

ung9nstyrf4i ned gro the cel lular popul ation; a

P ﬁlb? g@féﬁﬁﬂ&strongly suppresses the rate

of uncon- strained gromh P of the cellular popul ation
Congider awisolated oputiigyousseodonyi of cells in theyhvmanthadya of popu-
latiandz (t} oelisefor itona). Thisi edonyo Boes through bidcedsivngémalatidns
of@usswhmbﬁgﬁeﬁ@qmﬁ@ﬂ restfhircdsl) €hd ﬁ&@ oP{ncH&is@ tdpoption-
ateytfot e Rl RatiolO NGl MRS ke

B K’&{xfg dyet%L}f Hhvi éed by th n| %5 gmrgémlﬁ%tllt %nd
§>PS éB‘E’easé’d\S HF@&SIP% mem gm‘?wn Grpapds; For

a S%ﬁp@ntlwémed?OWﬂWméthpﬁgthMb becomepppgativegps cells

dlelmnﬂﬁdeqaateomumshmnto and in vitro: These dynamics

agyoceqlsvmthlna V|n 3 e
ba% @bf & 9 %habh “;;Vd{“f’r%%%géﬁ?‘éd k

Fy@‘ ?% ﬁfﬂ@?&ﬂn o8 extgrnal gpvisgnment at
malag FFH%Cé’étfP-HO'?/ tlot stoage beeveatizallyctpkesnp by nearby

protmatsawoyt mr:hgmsmwm, ugedaelsorheran &bt@fof Bgpcretinn ttakes
thedformsofnifichanlie Mentem kisdtivs] sdthcthe raté batiratihg ar o neixds
mufts bhéBtlie0tolony'§ ipepubitBonVbédotits | syfidsit BSFargél (Thus R can

wrifd hGiipleaARNatidR SFARN S46dm I RhnAGUA biihgns and a
dynam c identifier algorithm (process illustrated in

Figure 3A)z -G )_,5?1) (® _s%g(ﬁ)ﬁ(,}(;/))l arge tine-series(pf

nmeasurenents {y(ty (j_Z) yél ~, We are
able to esji Bate_}-tﬁ_pa  ya{tyds(yf our speci {2
patient to vvlthrlﬁa +z§i{t)acggr€22y pa??l y( é%erned by tge)c

whl e%t h*@%f n tasle,.iéﬁ as the no mﬁ%t 2% fhlepopuiashon
‘et%fé‘ﬁ%P ‘?fwu@el“é we tofi aﬁéresom% hPB #ﬁ»fepﬁ%ﬁe%%d@eh&
Megtqnuwmtﬁ;es dmayaruspglly deneted Wwcand Kng), as israte iofwptake
of Sty tlassyuy shendlanbyss, eid i () edewdtest thienoneofidod ddaviside
funeomt msaa x@ﬂmg@s 8ol @cyxﬁ liglted §6:9% Of TRE [fRdLS Fldgistih
equitihnX( t - x2 (t)) f (x(t)), to confirm

2 Medical problem:

A pathology is observed among a small percentage of the population, whereby
y(t) fluctuates sharply without apparent physical cause. In the medical com-
munity this condition is known as “Y’s Disease”. In case studies, it is ob-
served that in some sufferers such fluctuations become progressively worse
over a timespan of months or years, totally incapacitating the patient, until
they become completely erratic, leading to death.

38



we have the best match of nodel to patient. Sufferers
of the sanme nedi- cal condition, at the sane stage of
W@ b@4poziedd ti on, shoul d have nodels with a conP@NAU2003/001232
structure, although the actual paraneter val ues may
vary from patient to patient. Having obtained these
parameter estimates, they are substituted into the
nodel equations to simlate the system This is to
check for validity, 39 WO 2004/027674
PCT/ AU2003/ 001232 by generating output fromthe nodel

diibe ¢threedbahd obmedicativhtaft Juredispdsal &Rl  pati ent
output. This identification process is repeated on a

o faf haxingontel (dehated e, pop stinhilate thef rabelofumcnsarained| growth

an@ Qgﬂﬁscdlm;ﬁbtﬁﬁhﬂiﬁ/oﬂ he effects of the avail able
medi - cations (listed above) on the system As a

O3S Repian e (denbtdds uf ottt SthahglyeapprssésCeieethts Ysft @iton-
Ca@tﬂ&ﬁl l?‘goﬁv@ﬂ P of thd Edlld1&f pﬁpﬂiatlonu(g%l)t coBre?ﬁ(:itolelff used

qé)b}e X’ééqf%&s%jz S)?mere ul E [oO, 015] (5) W

Fo {:Bﬁéenthaﬂne&i}caﬁﬁﬁs td’lélhﬁ)l[t gdewgotgll ugyér %ﬁ’xﬁgfaté ?%%ﬂtote%

re I npose ru
con %an}a%r ?%F’] e c of u2, the Iack of f| ne

'I‘ré‘aQBIeh@sl invOlvigs EneRs hﬁwléd%fbnaqxawe%ttb%eﬁ Erti QA Offec jve.
b ng%s@)t géa A i drldL l%z{lr ﬁ.ﬁs%g IEY g'un;q; -

54 W s, z"'ﬁfe[%? il ”Eet%wf&% eeﬁpf(q‘ﬁct i wﬁﬂn

u3(t) ud(t)] T and A =[P, R K1, K2, For our

??##eﬁ%‘ﬁﬁﬁ&dé’”ﬁﬁiﬁ Wl i ”"aﬂﬁ'ﬁ:}"{nt%%éyo

he form quatlons(l] (2), vvlth normallzed
Thﬁ%ﬁéﬁfﬂé&fw cping within pliving patient: With presentifeghnol-
oy R, Ka2:and sft)gasnot be measured: inj wva dinestlydatasy meaningful

way; K can be estimated in vitro. y(t) can be measured non-invasively using
fMRI, to a tolerance of +8y.

Instead of using conventional statistical methods of parameter estimation,
which are virtually useless under the circumstances, we construct model equa-
tions and a dynamic identifier algorithm (process illustrated in Figure 3A).
Given a sufficiently large time-series of measurements {y(t;), ¥(t2), - .., y(t.)}, .
we are able to estimate the parameter values for our specific patient to within
an accuracy partly governed by the length of this dataset, as the model coef-
ficients converge to those of the system. If no such convergence takes place,
then this may indicate a structural disparity between modelling assumptions
and the physical system. Different forms of model equations can be em-
ployed and cross-correlated (e.g. & ~ z(t) (P — R £2(t)) J (z(t)), to confirm
we have the best match of model to patient. Sufferers of the same medi-
cal condition, at the same stage of the condition, should have models with
a common structure, although the actual parameter values may vary from
patient to patient.

'r

Having obtained these parameter estimates, they 'are substituted into
the model equations to simulate the system. This is to check for validity,
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4 dobal stability analysis As illustrated in Figure
3B, a global stability analysis is conducted on the

wa@aeomorere£ of equations (1) and (2), across a PENAB28/001232

values for Pand R (Figure 11). The top illustration
of Figure 11 is a convergence map, of 40 WO
2004/ 027674 PCT/ AU2003/ 001232 repeated iterations on
x(0)=1. Dark grey denotes stability (the sequence
converges eventual ly); black denotes extrene stability
(the sequence tends imediately to a final val ue,
by getalakngtitpitc froafheaddehah@ coprebitig this withathe original
paﬁ&&vﬁftgﬁﬂce after a designated nunber of iterations -
In this case, five thou- sand - either due to the
<Bhjsddedifithtion girocpss i regiested he aosmflicienily darge popuiation
of heinkharer ddimal silogiesitd quimifyahe effocts of dhe masilable medi-
HOPEEEN ove] oh 1he sFRBMETACACD ncd, ehidefoadd hbae the

ca >
meﬁ%\géeg%swﬁgfl%et@ﬁt&gependence (it any) of these naps

Pnhour ! ! ch0|c? of x(0), a second, d
oSnedusr boaLd] 5l £ SEPSIORINE ITBARLS 9erer 2 ed)
depictgd_in ﬁlﬁ(ﬁ)e_ﬂﬁ(tﬁ_c@n}_b‘?ﬂfggrb(ft)”ﬁ&yl(ﬂg)? (4)

struct tre of;Fa@®)e at™ 1. s ‘syste

suscepti ble both to chaos and to extinction; 2. That,
whemnsequent |y, the manifestation of strong fluctuations

iny(t) in "Y' s D sease" need not necessarily be a

di sease at all, but & pf,0X4- tion of the dynamcs (oF

an ot herw se heal tjy éy%.eml@_?ﬁo? regi on of (6)
at,

instability or extinction; 3. Ti therefore the
unexpect ed deat hs %f $a ’Qrﬁ?ls under ul grow h- horm%)e

therapy need not iwgplg $mP.Ijnherent toxicity of the(8)

hornone, but be due to the inducing of chaos or even
Thicke causitiaietis iaps impodetl bysgnigeyafetyioteensf ar, ilPthe piselndiuag
thelzhest fine dofftolinilelfve¥inlihe (tdorghonk to thé locabon. 4. That,

iven _the SOZZEI ex popul ation dynam cs of &lhe

ff#wqansn@ c&4) constitute, the, statarauatigng of the sygteny, more
formallyowritieant rol 1 i ng x(t) are futile; hence,

nodi fication of the @eklf(mopWN,4}ion using hornones y9)

e B, R, 0L SO B SR K

and u4 that alter uptake of y(t) can only ever be of

|8 b sPEa6d bafibntySke ifhd B! rdfetdiide \ihbdel of the identifier
‘algorithm converges asymptotically to ODEs of the form of equations (1),
(2), with normalized parameter values R = 1.6; P = 2; K; = 10; K; = 0.8
and 1 = 1.2 when the patient is unmedicated, i.e. u=0.

4 Global stability analysis

As illustrated in Figure 3B, a global stability analysis is conducted on the
structure of equations (1) and (2), across a range of values for P and R
(Figure 11). The top illustration of Figure 11 is a convergence map, of
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5. The nost stable region of this systemis in

nei ghbour hoods surrounding {P =1, R < 2}, although
we@@n/okmsre t here exi st dangerous zones of chaPtT/aU02003/001232

structure (marked white in upper illustration and

black in lower, Figure 11). 41 W) 2004/ 027674

PCT/ AU2003/ 001232 For specified values of P and R

there exists two pairs of equilibrium points [x*7Y

*1T such that x(x*, y*) = y(x*, y*) =0, (10) nanely,

[ X, ]T =(0, 0), (11) and * *T_ P K1IP [x2, y2] (R
re alt@c%-{elﬂerﬂ)loxﬁ]en 'Et(@)q‘:l r Darkf grefredemopei stabilitpr(tes papince
comwerfed mntﬁam alblelddnobss sherérhe eﬁuln@ 198 sebidhce tends
lmﬁﬁﬂ%@l Qﬁi’iﬂa Cué?x%ﬂ c?ﬂﬂ Iah 9«% ?éeno%il;o final

ﬁf‘*@ f*a %‘ o & gugf P ltﬁfa"iboalﬁovwctﬂ Hhdu-
sa xfﬁg@: up °t eé s% eéb%eweﬁ @%t%h*a
botsomillustrgtionds p alseerlowrcantpash ephancement piefrhis epnvergence
m&ibﬁﬂndfkredmh@tdwm BWess dep| cted in Figures 4A and

B8 il et adbiflente, GE %1 8t bies® Farico %ﬁr@m@? gho 53«9
of af?eeg{l% rF’%eﬂ“‘Fflba of jqgr¥erganes apy inetnesatede
=(Qaeainst £ for fixed valp eﬁtefhﬁ Mehinds depietediin Figuge 1&al e

Ae%an e so2h 3rhithy st uée\ﬂla%ﬁ&ggu&'i}[@,i]l 19], even

W|thnt ot c donaln srrall

hooplid ¥ystbmbl SuitebabROVSIRORAS 20 Qﬁaftot&tﬁalﬁ In the

case of this patient, the ce colony is to have its
grovvth param eter permanently translated to P t-> 1,

| h ? &]I}}i xéﬂe m]a.n\ﬁaTtii%nbAgEgr ﬁ 1 ngzrl l(ﬁ}b
1 L%ll? \?Eg dyamics of an dpheryiy ?lsa&tﬁbé Cyeiem g8 o vegion of

sté‘bﬁ? F%BP %“’[x(t) y(t)]T is mapped left in

t he usual ~grey-scale (black = extrene convergence

ure to conve and _ri ght usin
%l b ?fﬁ re e, .‘Wﬁxwteg ﬁ%ﬁﬁ@ of paidents dggier 1 growth-
r ehgrgue thexppy pesd notyisnlyaay inberent boxgty offthe hormone,
eqbt bedugite the i upmz of vhads oseveadle éxtigctionel the system
evident for P + u, being pushed to too high a value (e.g. P+u; > 3);

4. That, given the complex population dynamics of the underlying cell
colony, attempts to control y(t) without controlling x(t) are futile;
hence, modification of the cell population using hormones u;, u; is fun-
damental to medicating the patient. Contrary to expectation, conven-
tional medications u3 and u,4 that alter uptake of y(t) can only ever be
of limited practical use in regulating y(%);

5. The most stable region of this system is in neighbourhoods surroundmg
{P = 1,R <« 2}, although even here there exist dangerous zones of
chaotic structure (marked white in upper illustration and black in lower,
Figure 11).
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poi nt, and can be seen to he on a thin curve of
relatively stable points. The elliptica
wmedoghtmwo hood that constitutes 7-1 i s shown. PECT/AU2003/001232
points that reach this neighbourhood will converge to
[x2, y2]T A Liapunov function Vi is then constructed
around the geonetry of TI, and a control program p*-
conmputed using W1.f(z, u, A t) <0, to use the 42
WD 2004/ 027674 PCT/ AU2003/ 001232 constrai ned ul, u3
and u4 to steer the patient's state to Ti. Candi date
&%ag spékt 4 ified Ma%eesf ¢ b4 RrF ehmmdgedw?mw 6S|e@\:1hﬁrmm
T g. see i gure a, for a solution
po%%aFP gr§h?2§u§%g fromthe point [x(0), y(0)]T =
[0.001, O]T). If i+ 0l Lr@j ectories or p"
in sone sense unsagpg?) %f 3 )ngntltatlve (207
na@@#'n]zat'on i's perforned (e.g. Figure 15b shows a
Yghtly different t eg; é% eered fromthe Sawﬁél)
initial conditions tidith é set, in which so
jobustness is sacriflced in order to abandon any

reliance upon t i caPi ons Kk ud). The set of
2(0) from whi o ? i °b din

ggy%% roI i's p055|m

com puted and denoted R4. ubl e-Li a ontro

Thrdrstcaf tbesearointscopresnanslswitle the ridaleanil; %ﬂ of extinction;

theuserond aoha \dyabmitc noheepy eqmbbmmabfj thef mpq;tatxqm i(sisihlg in

théfradi¢e of Figack drDamnal libk wf bladd dois).pr eventing t he
identification algorithmfromattaining a nore precise
estimate of Rthan RfFSR, or it may be that the

5 paSimg Mqaggunmamnm@botentu al 'y adverse

response when is nodified via hornone therapy,
ThehRke bisiRsaetdaatidoy theSsystdih f stedrily itFifits A btabl cifiguaption
to ﬁ%ﬁm}es t atient’ E%oﬂ&ﬁﬁﬁs theof)rM&SHahMteﬂt inl Figdres 4A
Phe o%o lﬂﬁgnl on lal déstreRCGRgatAset HO

(S)
%t ot et gﬂﬁsﬂ% Ly B gt
wm %\ISF%lﬁs"f e ?2’5";@
stamtanumbﬁmfor I e Ao v whtha che ehm,twwfl
(1.2, betamatl Iocallyitablempighborhoaly azpes ta et 1)) (13) =
@“ te) e'of (t)f]gst E)Atlent( @he cH¥ colo%) is ngtl)avé ifs éxjo)lv):h (p%lm—
eter permz:il tly translated to P — 1, by setting u,(t)] = —1 Vt. In the
XY plane for P = 1,R = 1.6, we then define 7; to be a neighbourhood
of the stable equilibrium point [z}, y3]T. This is illustrated in Figure 14,
where the relative stability of points [z(t), y(t)]T is mapped left in the usual
grey-scale (black = extreme convergence, white = failure to converge) and
right using false-colour shading to enhance differences in relative stability,
rendered here in B&W. The equilibrium point [z3,y3]T is tagged by a dark
point, and can be seen to lie on a thin curve of relatively stable points. The
elliptical neighbourhood that constitutes 7; is shown. All points that reach
this neighbourhood will converge to {z3,¥3]".

A Liapunov function V; is then constructed around the geometry of T,
and a control program p* computed using VV;.f(z,u,A,t) < 0, to use the
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where w E [-w+, wt] and w+ denotes the maxi mum
possible fluctuation in R, estimated for our hunman
w@adoueeite74 0 be w+ = 0.1. In this "Gane agai nstPCEAURM®3/001232
it is assuned that these fluctuations are depl oyed
intelligently and aggressively against our control
strategies by a player designhated "Nature", in an
attenpt to disrupt the system The task is then to
design control strategies that are robust agai nst any
such interference. The target set rlw and Li apunov
cohstP&ihe®s, Vii; and alsetd sdeenthico phtientiestmderto as. Ghdidate so-

0P 4 DR o f ks Red/ AHEAREd QRU2Bresentdd t¥lthel elisicinde.g1pGae
gg% ci%ra 3hEa %Hgit StrBﬁEtJrglsiﬁxgéjft%mlﬂh@ﬁ&n{: '[ﬂ@ (03T =

ffﬁ@&ﬁ%s 'roPetg ™ ‘fropea%l n%fl 0 g,)fn%sa&g-
fa@a&m |q}1a§@t¢‘aﬁ% REtmizAt K?é‘tﬁr%e eﬁ shows a
slighthe diiffierentdsaiecior steersd fg@grut $aane Halﬁc ifigng,fo the
tafhet \set)Ginx@hjch sinhéresbustness iy sacrifived rmxc(rd)ar to gbggd(xb any
rellare dporptHeemedicktions d5,41).s chosen, and a

nei ghbourhoog around, thi s n?n nate as r

apbe opF phakk z(Q)ssomoyhich such C %?’éﬁ é’d’sslhﬁds com-
putied and demptadeBles p** generated such that W2.f < 0

and p** attenpts to obstruct our con- trol efforts.

The _control strategy p*" is corrp ted, based on the
6cri Doubleshiapunov vendatelw (points [x(0),

y(0)]T fromwhich p""' steers tra- jectories safely
Névitconsider tikgpidtiémathere thaei dtists wncentdinty abpot theprecise
valud fr R.y( @hisTmaly’ Bendubi tebarkgraine factuntipas poeveating rihe
idddifles Qggiﬂzhrﬂoﬁ%biﬁal’ﬂ ﬁemﬁfeo t@ike estiendtefcirR, than

R 6%?” H dsQh alpRbRE4IR ddverse

K ﬂ&n% be | Fndidby Gt bR s
regho gﬂ “Whep @%;E%e gﬁk bl
shafg by PRk P?ﬁ's 15{ sx y i is
a parakbedy ngqghampgg | B e@g;sség?,rg d?‘ Wﬂ? e]tah &heqcontng
prooesstafr thtet previons, sethessncs@ﬁhra)rw to be

robublj fpiindt suoh Snotiwionk {sherprotess mmm Ergu@ﬁ (Y "éaeand
7|5ywe constraints [u7, u+], [w, w] nodified to-

rove clinical control of the patient. Thus it has
b cmvabieas (b dd) pFeFe-VHESE: t 00l s can be enpl oyed to

trans- formthe medication of_ patie

(a) dynaki & palthtdE? ¢rus ame) st bRet uésﬁ(tf)af%&y)g( b) thé&l3)
cal cul ati on of;s(H)al ction contr t he
conpu- ¥afio ) bﬁé‘fﬁ oritl et U iy i“ae’/ a‘ggéﬁi)e (19)
random or acti vei phostl |l e elements. In nost cases

wg&%hw g ﬁrat 121 aR@NH¥ Wensties he rBEmiink lpoSEbIR MRictuitibnyin

LighSLEN for our human patient to be wt = 0.1.

In this “Game against Nature” it is assumed that these fluctuations are
deployed intelligently and aggressively against our control strategies by a
player designated “Nature”, in an attempt to disrupt the system. The task is
then to design control stra.tegles that are robust against any such interference.
The target set 71, and Liapunov function V3, are taken to be the same as
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fromthose of conventional enpirical nedication. 44 WO
2004/ 027674 PCT/ AU2003/ 001232 -45 Appendi x B The

weouwankmmns set out bel ow represent a sinple 3-BOUAURWMA/001232
nodel of exogenous dopam ne pharnacokinetics in the

synaptic cleft of a dopam nergic neuron. 51 bb r~1 r
d[ eJbb =Asin(W+O)- 'b~1 eJbb -PbbLQa I b dt kl2+kelb
r 11 bb dopa L~ d LI e Jsyn - kl | e b .kl Il Le

1yn 1 bb dopa 1 - ~Csyn k e L; dt k12+ nn ~Kel b k12

[)< yn 18 dl deJsyl n kdlopa datlde Syln (/ \i =1ke
1, Vi~ ecid¢ uponpppropriafe cheices for me Kiguregd andequxze
12 are ie@xanm +Eden at Repel.1]iteis clear thatvfoddPa= 1, domains
corcespondingato ertindtibh anesiot aaRil¥ be k&@h@apﬁy tNﬁihi@Qliiectly,

the R0 RhHediats WyStd HRREsP b fgmﬁm%gﬁ is by drivin réa(rf)

mﬂé,@“? o Sl Lfn'cx?n% & dh vehich b L4dp s

st'%r dopa decar boxyl ase

a@é 1ia \ﬁid@kﬁln‘?:%ﬁfl’cise&ga qd, aﬁ}icﬁgﬂﬁe strategies
tnc .g hevrid pr&gf_f:sarag-gg;atr&r A g i o
l‘O n

%oz*ts«% JRute the criterion
|Q:|§£F bHﬂFﬁ% fP @)r] {"«9 Wlﬁﬁ'&d’ steers tra-
Jecte'm éﬁie mte Mef agAinFianll ipessibilspwiiand W (poimts: [z(0)nw(0))™
fromawhigh |p?% steers trajecidries imtol nvdmipita a.lhposdible(n) are plotted.
As before, given [z(0),y(0)]T, candidate solution trajectories are computed
under p*“ and presented to the clinician (e.g- see Figure 16, for a solution
trajectory issuing from the point [2(0), y(0)]T = [1, 0]T, giving successful con-
trol programs for u despite the counterattack w). These control programs
can be subjected to another layer of optimization, or else the constraints
[u™, ut], [w™, w*] modified to-improve clinical control of the patient.

Thus it has been demonstrated that these tools can be employed to trans- ,
form the medication of patients through (a)dynamic parameter and state -
estimation, (b)the calculation of single-function control and (c) the compu- :
tation of robust control in the presence of random or actively hostile elements.

In most cases such medication control strategies will be profoundly different
from those of conventional empirical medication.
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15

20

25 Accordingly, it will be appreciated by persons
skilled in the art that the above nentioned equations

w@av4bzreised i n determ ning a nodel representiPOI/ALZ003/001232

progression of Parkinson's gisease within a subject.
WO 2004/ 027674 PCT/ AU2003/ 001232 -46 THE CLAI M5
DEFI NI NG THE | NVENTI ON ARE AS FOLLOWS: 1) A nethod of
determining a treat rrenaff)r oﬁﬁqﬁ for a subject, the
met hod including: a) he ‘F‘i? subj ect data, the
subj ect data representing the subject's condition; b)

Usi hg the subj.ect data and. a del .of t C It t .
The. cgBviBRisHoos BBV YERIRL ¥ AP aRBI" BOFh e Cauar P opemine
pharn@8dokRti &rifihe ky@ptiuefos atopaminergjceedron.i es representi ng

the progression of the condition in accordance with

the nodel and the determ ned system val ues; and, d)

Deterqmi ni ng a treat programin accordance with the

def%__@LEQggint(ﬁ,ﬁ;ng, i E‘f]“’ )- /8, ]rgL hod according to

claidm 1, the subjedt ﬁlzﬁfieibrepr esenting a nedi cal

condition for the 10 respective individual, the

nmet hod i ncluding determning trajectories representing

the. progressi an of_ th di cal condition within the

[ n@ﬁﬂv sualk,, ﬂbbA_rreltlho@egEcgr [ E@Lt o claiml or claim
Wn g

2, ch sy%t val yera dpriese W’ quantity obtained
forecgt he ’%r\éggzgf:]"é t c;lf[@ “t espective attribute of the
condition, the systemvalues including: a) State

vari abl e vadlpgﬁs]:repr e%%gltrjbng rapi dly changi ng

atgpd pbute ;.20 15 b Lpeter val ue epresenting
sl (L ot D[ BLY a%yn[ﬂau;téza.’osﬂ) A et hod
accd{tdi ngit0 ™ @]:y;on 1of" claims 1 to 3, the nethod

including determning control variable values, the
control variables representing attributes of the

where¢ondi tion that can be externally controlled. 5) A

e d according to. clajm4, the nodel including one
or&ZEﬁeleY?Sﬂ@iCOQQ?BEQWOB%LIP%%ﬁ‘?é%nti ng 20 the

condi tion, the nmethod including determ ning one or
noke » ubijlevedope taesppib Rayamepfers eEe RIS AIMPAATt he nodel
equati on(s) and the system val ues. 6) A nethod

acogpr diink] ceadfici¢maifonleodersdn pleedsterdf det er mi ni ng t he
tr@giment program i ncl udi ng; a) Evaluating the

belalyi, oarodera copegnietion in gaptiesiedlsent i ng sol utions of
the subject equations; and, b) Determ ning one or

o &% @i T-ebnverstgrpanmeterafohdape ddatboxyissegr am i ncl udi ng
a sequence of 25 control variable values that result
| NI ajsekt edeffesenn A levgdapesi ¢lefd behavi our. 7) A met hod
according to claim®6, the nmethod including determ ning
a Eﬁeﬂs ofiopamirgebndeniraion in dyheptictcfiget poi nts i ncl udi ng
stabl'e points for the subject equation(s).

dat 4 dat . .
klf , k1: : dopamine transport coefficients for neuron mass
Mgy - "sink" coefficient for dopamine in cleft

<d o> : mean concentration of signalling dopamine

A, w, @ : control variables for introducing levodopa into blood

25  Accordingly, it will be appreciated by persons skilled in the art that the above mentioned equations

can be used in determining a model representing the progression of Parkinson’s disease within a

subject.
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8) A nmethod according to claim7, the desired
behavi our including at |east one of a) The .

WO e@jtez160¢ | es are acceptable; 30 b) The traj eceOr/AE2008/001232
not nove away fromthe targgg_points; and, c¢) The
trajectories finally approach the target points. 9) A
nmet hod according to claim8, the nethod including

o EEAR SRR AN P S Pl ARERSAIWS G 35 1y

1)

2)

3)

4)

5)

6)

7)

8)

9

ASudthedeifartetyinipgs ot dmeniEr 2000 2 7ibhjebt, H@He&ldﬂ@x&&idﬁigl 232

o} Sty 215} 38 B35 At e BB aHE A b B eBHo® ( ne
b)t r@lwﬂ’n@ sibgst datecdndcli mcgiel of)thdendition f detprihing isgskan Odlues representing
cqﬂé Ll AT i abl e and/ or paraneter values for which the

raj ectorl 'es are chaotic; and, 5 b) Determ ning
C)r d?@@mxroﬂg tohe oc aumtre miajevianesatﬂpesmndg ahe prigrsRdéebf \idd b@lition in

faqr ' ri.es non- chaoti c,
o?acgatqﬁdél ?%‘ngtgﬁlg %g&l%ﬁ ed det?ﬂme SX%?IHB u%?c%“gir ding to
dc | RetermirGng 1 heatmeat prograinric hedidageedethehadeorinnficdRE e@briesDI €
C I a olefe] dan w th the det
AT acorRRENE Thicl T, BECTRER s St e’ G Tfagtiien for te
reepcctﬁeamdwﬁmal ththmetired molhding dbwldmlmgg tsjectoriad rd:prclasﬁmtﬂ@\the PrBeression
b e. the, ogne or nore contro
"%y%%%%lgﬁ Cglﬁdﬁtﬂskﬁﬁﬁ;}t ﬁe ad dlz}’lcdclfl glr ding to claim12, the
Apestlivdicheeandingithiciegm 1ay cleief 2, mhahgsysterh Ivﬁipelfepﬁeséntiﬁg:i qlfalﬁt1ﬂ°y®btalned for

oS8 ARk, SIS o S SRl P LS

a)c ditte viriably rvalabil reprimhtuesapldm dhanging @ﬂnnuwsﬁmm ni ng

.resul ectories
b)Y ?g/ae :ter \/’Q{l‘%ﬁbpén&? e gl‘r%gd i Apsiyg or Cp ﬂséang?%ﬁﬂ%%v function
A| meﬂazdc@p@i dimg ¢o gmiyt dme toli éleaﬂnmss i a6 By the mbthpd Auchidingaitermining control

A5 09,1 AU el Nn BN U SIS ToB i gt o o
extarglycontrdB). A net hod according to any one of clains
A]nQetﬁ&l a:l:élord& % %&hép ‘o:(!le&J mcfl]lgmg g)geg {rprm Erlgr}xgoéifa]e%qrﬁtﬁ)téla representing

accordance
th@ @m¢mn ﬂtedgﬁmmdydmg)iet&ﬁnemmgl gn@or epceskjadtaliidndin accordance
sent at ion including an
W&ﬁ] gle télgot%% 0 ﬁﬁﬁ{oh@andﬁﬁ%zétgﬁ (t\:, glr €gi ons; and,
A method according to claim 5, the method of determlmng the freatment program including:

a) Evaluating the behaviour of trajectories representing solutions of the subject equations; and,

b) Determining one or more control programs, each control program including a sequence of
control variable values that result in trajectories having desired behaviour.

A method according to claim 6, the method including determining a set of target points, the

target points including stable points for the subject equation(s).

A method according to claim 7, the desired behaviour including at least one of:

a) The trajectories are acceptable;

b) The trajectories do not move away from the target points; and,

c¢) The trajectories finally approach the target points.

A method according to claim 8, the method including determining the solution frajectories to be

acceptable if they are:

a) Non-chaotic; and,

b) Sufficiently smooth.
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b) Selecting a control programin accordance with the
represented trajectories. 16) A nethod according to
wa@pop40ems7Hf the clainms 6 to 15, the method i ncPCMALZN03/001232
25 a) Determ ning one or nofe Nature val ues, the
Nat ure val ues being quantities of Nature paraneters
and/ or variables representing attributes of t he
10) A% me dlﬁtalcc%n | h ;abn\iglm eolnén%fcn tﬁee c;g’lalmés%to %?@%gﬁ@ of eval aﬁmg 1% haviour of
thstndgp@mteseq:hmltngons to incorporate the one or nor e
re. vaI ues ) uatin he beh f i.fie .
o) ekl S8 e ni R M Ll PGBy Vit RulRR iy Blectoric
3@re$htmtle;:¢ndequat| ons; and, d) Perform ng at | east one
b)g:i))ﬁ err}q ngr)%trgnr @Sa(r)n tﬁ%cc 0 Iv(r%rdab(l:% C%Qrtar\rl/lgtgrlvg g%or%g%ﬁe trajectories
thatberreazielnbn-ichaorrcgdr 6thedusb|sta]nhsmori es having desired
hehav n i i e or nore undeS|r
1) A rﬁétﬁ‘od gccotdl ﬁo’ clﬁtgz 196 ﬁl pr O(i:]dp glr%ﬁl;alrl]lg de rmﬁmﬁaf) - o n‘é)ge control
prvghmem at:d:tmtlanpcewulh the dﬂemmuhdfrargeb traj ectories having
i e VI our 04/,02767 03/00123
12) A%{ég@ﬁ aif%?dl \!3 (g‘ K g(ljnrlgg ﬁtg Cl?.lgl @1,4h Cgl[éo% % tfs e Usjie o iapunov
funqtmhttddamyrnpentﬁmnﬁprngomhmmpﬂogmelmf any one of the
Otol cco nc th the nodified
13 A regmggf rduegstoc% 512,6:’{)h l%cg%&gﬁrgdl ng to claim?116 or
a)c lDaﬁmng F ,L1dphm)vnfendtloxd far mllchdﬂnmgacﬁﬁtt defimen irajgeterics @tovinky towards the
u | poi nts, the undesired behavi our including
E]l‘l(ij%%g&ggone of: 5 a) The nodified trajectories are
b)ubefvieg tadstrants by th?hmmimﬁriabledaltwsajnebt ories do not nove
a il | dified ..
c) \f%yeeci%&?ctoﬁ%}l ltllgrgﬁ%fe Vaﬁtgs f?lgtl' %%ajedt eess)n'ra'séegl?n&gi:%ml Stfte gradient of
191)e Mapmohﬁdcmmoawwrd@ce mth ttmcnmsiriﬁntsr claim18, the

14) Aﬁeﬁl@)@?&gé&? g q%qglnha t%(gc{n%ir %ncglgl rilml&; gtHff‘ ge%ment that can be

Pned
providgdee thersilggect. 10 novi ng tovvar ds the undesi red points;

15) A & hlgg n{:ér’(}td?n% t&é{agattn{e%lf C 1lrjnesgﬂ tt(%] li]f tl}eerg% f“{d 1n8u no%defte%%g ing a)treatment
in ta«tca]rdemteowleeletor awelof tha geteiavimedt dostrg) rpaccgreemstbyof t he

S Q/cfeQﬂg Jfr%]e?peléé}g%l)oh Rpt% %r%gcéb Sat?lg 9 r ese %Ston 1ncpudmfg'1n n%dhcatlon of the

constr accor di
mehdetidrdgroob;wdd,ng det er mi ni ng the treat ment programin

1 I i . n e Nat ur e
b) or §8lg&ﬁ1%€%§lg\fo? ggxlg%glt 1§ rgclrlngrr[‘]dlgtrl]cge R"glﬁl ei rrerﬁre?en%d cht I‘ICSU
16) A mothiofl perdrdingzip enyt @riothe Lloims/iodh, th@mbuhod inplodigg:a nrs

eﬁe’&l‘mlm )oxBe{; e&@e%ﬂﬁe%ﬁf E I g I@a?tltrtre]tvsalueéfjl Y)(:l{lg quanqltles 09 Nature

trajecto ies Tor wh e prograns ex
parameters and/or variables representing attributes of the condition that will cause the

condition to progress in an undesirable manner; and,
b) Modifying the subject equations to incorporate the one or more Nature values;
c) Evaluating the behaviour of modified trajectories representing solutions of the modified
subject equations; and,
d) Performing at least one of:
i) Determining one or more control programs, each control program including control
variable values that result in modified trajectories having desired behaviour; and,
ii) Determining one or more undesired programs, each undesired program including Nature

values that result in modified trajectories having undesired behaviour.
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c) Viewng a representation including at |east one of:
i) The nodified trajectories; 20 ii) The starting
w@einnsre7and, iii) The chaotic regions; and, BQT/AU2003/001232
Sel ecting a control programggn accordance with one or
nore represented trajectories. 21) A method according
to any one of clains 2 to 20, the nethod incl uding
TN aYe r ter 5 : er m nj a
17 SRR AR AE e HnUER e Bt h SR g e of he
etk forlg imapsordenoawvith throukelifeed temctoriendel i ncl udi ng a
' ent i . the effect .of a .
B o e TG e % R P oAl PR oq S anuta  gpamesied
raingspthp uadesirgriehofiows yrstudimg wilkasesnciaf: accor dance with the

agetﬁam&ﬁgduag@&oyeégreﬁ&gce Lpfystem val ues and t he

respective equations; and, 30 d) Selecting a nodel in
b c Elesraedified tiiackprichéo it thevad weg dropothp lustesiraigiointf aly st em
a . ' laim 21, the nethod
o R b TR DA SRGh B BBl s
19) A methedipoagrding)fo Cleimel ndr plaing 1 % theanedhadatdudieg: of system
a j i 1. termned patrtial . .
o DUEng 8 sACRPTERRAR Mot sl e B0 BEich oo wectries
Conpung tewyards thegmdetirddpointset of system val ues to at

epSHni Ll ' et of system val ues;
bgmd, e _28%51& s N S b 001952 S 1 )
cpr Rejermaring N@@rqxfahyggth@ﬂ regt immadified trifed@it iragllingdown d@lgradient of

i
A nethod according to any one o s 1 to 22,
20) A pmathpd pererflingniel daimny; theapetiDelt ipelnding defesiniby Itiet tyea®@hs program in

a ' t nt in,accordance with
?ﬁgiag%&;%?hl %ﬁagﬁ@sfg?thk%&e%%%aér 3}838¥'di ng to cl \g: m

ap Peterpining Hyiing poynts bavingmequlifeed émjettogescfonbhiniat dn@bispreédrams exist;
b LB E AN I for. whi.ch. the resultin -
fr ajteg:t ofrijgl Ségﬂg e %gg%%@gﬁ%?ed%ﬂe%nﬁf’ %‘8‘2‘0%@%%{;&’?%83"%5&’“5@
ck | GPYHing 3 renresehtation inddydintetwe least bhoaf: i ncl udi ng det er mi ni ng

a i§ofh& RbdiniP g@gﬂ .h accordance with the stability
sel%:s. 10 2161) Agrret Yod accor di ng to claim?24 or claim

250 Thestnhpaintsmefudi ng: a) Consi dering subj ect state
vafij *hd SasiidpahanRi ers values for the subject;

d) Selecting a control program in accordance with one or more represented trajectories.

21) A method according to any one of claims 2 to 20, the method including determining parameter
values by:
a) Determining a partial set of system values from the subject data;
b) Selecting one or more models, each model including a one or more equations representing
the effect of a condition on an individual;
¢) Attempting to determine a complete set of system values in accordance with the determined
partial set of system values and the respective equations; and,
d) Selecting a model in accordance with the determined complete set of system values.
22) A method according to claim 21, the method of attempting to determine the complete values
including:
a) Determining a candidate set of system values in accordance with the determined partial set of
system values and the equations; and,
b) Comparing the candidate set of system values to at least one of:

i) The partial set of system values; and,
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b) Determ ning nodification of the state variable and
paranet er val ues required such that the subject's

waee@ue2as i abl e and paraneter values fall w t hPeT/ADZ003/001232
stability sets; and, c) Deygrmning the treatnent
programin accordance with the required nodification
of the state 15 variable and paraneter values. 27) A
nmet hod. accor di ng any one of the clainms 22 to 26,
tH)eq)ﬁ%jteWB’am?‘ﬂt eﬁl%oﬁ%garlﬁ%term ning a medication dosage

c) I S¢ledtig the nvdeldh devorianad with thdvesuttedf érervbmpdisst.abi | ity
sets. 28).. A nethod cor di n ne qgf ..the clains

B)A Te{hSd agording fo RS ?f%ﬁ S%ﬁ?fﬂ%& E%él?ee%%g%l 1H§u‘gn%o nt r ol
a) pDewgindifiing stalsityceeis; «dd, nore of : 20 a) Li apunov

functi.ons; . b nam c .optim sation. techniques; c)
b) C@ ﬁf\?"é’%n%%f; trg%tﬁ‘%til? ﬁ%ﬁfdar%ﬁ)“’%ﬁ}?gtaﬁ%lg Sggs(‘:or ding to any
24) A ameghodf actdréing | tai dlEm123, ah 8tabilityesessutppeestnting i combimations of state and

atient. 30) A.nethod.according to a one of the
pefiileh s oy i e RS B el et s B ni ¢ rat i on
25) A atiethod Sacb@ding ab i o 281 pr Alaitre #otlle afietlbedt melaling rigteAmining a control
t reat ment  progr for.a subject, the nethod being
pragR s WU RPN EBr or o descr i bed. 32)
26) A Apthad sdcoisligas cldi B ovi civin @5 ,ahd mehddipelbdipg:ogr am f or a
subj ect., the ar at I hcl udi n rQcessi ng system
o) ot aoesHRls bR et e BA RS ERE s oy et
b)dBkarniiaing esdificatian dfitke tatd dhtidbtengnd paradeten galiserequite] @adh that the

data and .a nodel of the conditjon,tq, deternm ne system
e e O A
c) 0 Detenmiging tle) teatnent @ogmrpt eserdhnca gvithitke poagdesslifeatiafof the state
t he. (Ié%nd'ti on ti n ,accordance with the nodel and the
dSFEP GRS LTI ues: and, 35 d) Deternining a
27) A i@t riecdrdipg og bgnonenofaibe elatanz®e tond, thd hethdé tiiudingedttermining a

t .al.ec& ories.. WO 200#/ 027 I?@FPC%T/ AU%O?%[ 01232 -50

Mo (PSES FERme ST AT HGS V81 B Srra SPRE 6 essi ng

28) A stibé necbelinpgo atia@iced tHeelapsy 012/ thoeetivd otiddg detammynifg e control

of the clainms 1 to 31. 34) Apparatus for determning a

pr%raégfl%‘fne&r&ﬁ’ ea(f%ofor a subj ect, the apparatus being

a)s Lptrantfiratibns; as  her ei nbef ore described. 5 35) A

b)C ut.er program ﬁ%odel.sj_ct for determ ning a treatnent
programyor & suls88{> t he conmputer program product

c)i Cohwedlisetglgontipist er execut abl e code whi ch when execut ed

29) A Win8a g’c%'o%d?nbgl t§ any one of the claims 1 to 28, the subject being a patient.

]

30) A method according to any one of the claims 1 to 29, the treatment being the administration of
medication.
31) A method of determining a treatment program for a subject, the method being substantially as
hereinbefore described.
32) Apparatus for determining a treatment program for a subject, the apparatus including a
processing system adapted to:
a) Obtaining subject data, the subject data representing the condition;
b) Using the subject data and a model of the condition to determine system values representing
the condition;
c) Determining one or more trajectories representing the progression of the condition in
accordance with the model and the determined system values; and,

d) Determining a treatment program in accordance with the determined trajectories.
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processi ng system causes the processing systemto
performthe nethod of any one of the clains 1 to 31.
w@ajo4esoanput er program product for determ ni NRCEHAU2003/001232

treatnent programfor a subggct, the conputer 10
program product being substantially as hereinbefore
descri bed. 37) A nethod of determ ning system val ues
representing.a subject's condition, the t.hod

33) APREFIRHOE 45 B 3 o€t B e S dQyriog the method of
agladie of ¢kt todd. t he condition; b) Determ ning a

partia t of system val ues fromthe subject data, .
34) ABREHE o 3 in PP Bl o Sobipda s DA G o aoggptialy as
htrembeferadedcalbadnt of a respective attribute of the 15
one or, _npre nodels, each no

condition; c) Sel ecti el
35) A Rt APEREETST MhsFEnBh A BRE L BPESENEF AGuOEHhghe computer
pevigfadt prodiict dndoding tomputanettuthbiélicvdedwalch wienAbtetlifpd oAt suitable

fo deternpine a conplete set of systemvalues.in )
Pl EREE UEh T R B PR lepetim G SEUHT o5 gue o claims 1
t¢Jle respective equations, for each nodel; and, 20 e)

Sel ec ccordance with the detern.ned

ting a nmodel  in ,
36) ACcOom et gl%grg{n %rf)guﬁl gotr éiﬁe%lpﬁlg & treag%aflt Pogra H 2 SEReTds @omputer
ptogran] @oducHéingtshisstamyi sityernheeinbeforeidoetivgli, ng: a) State

vard abl.e val.ues representing r.apid ¢hangi.n ) ]
37) AR oA R AR e BB S RBUR hegmetiod including
a)s | Qhthiying bibjegi dugp, die soigers tian tepRkdntihHiht e6nditd3) A met hod

rding to claim37 or claim38, fhe thod of
of otk b sl ol B ot et i, B S BRU b ocech system value
| mepresginting: a ajuaddizy ebmimet ngy theCambdindabe sfh Ripesinet 8Mbute of the
v Ioﬁﬁﬁo i.n accordance with the determ ned partial set
of sysni’em val ues and the equations; and, b) Conparing
c} Hilectngoind at encgetnoddls, eyt rodey Akcluing tanator hdes équatis @épresenting
| )ipnd ectpo%tc&giit‘ set of. ds‘ﬁgt m val ues; and, 30 ii)
Predeterm ned thr8sAdige®™®nd, ¢c) Sel ecting the nodel
d) Mteoptnglanieerming i cdrysiete e of dystefn vafues i@ QBGRAdanEOWith the barflel set of

ne d of determ ning systemyal ues representing a
susgjggnétv ﬁ%egﬁlﬁ‘ls Féeﬁ?ecttlgeee%?c}%oforbeé‘fﬂh O‘ECE’L?B& antially as
ohefeirtrigefmode] id@sordabedwitithy dedapated coitplb® ket byRter valuag

m val.ues re ntin subj.ect's condition, the
38) Ai%%%"?é‘ WD C?ahrgﬁﬁgﬁ%sa“&%ﬁ ?%Eségé\“ﬁlég: syst em adapt ed
a) GBtatayari@hlt salnésnepresajreabpidigtimnging etrsbusemt dat a

b SRLERENLIG LSO BiangllR 20 0P R es.

39) A method according to claim 37 or claim 38, the method of attempting to determine the complete

values including:
a) Determining a candidate set of system values in accordance with the determined partial set of
system values and the equations; and,
b) Comparing the candidate set of system values to at least one of:
i) The partial set of system values; and,
if) Predetermined thresholds; and,
¢) Selecting the model in accordance with the result of the comparison.
40) A method of determining system values representing a subject condition, the method being
substantially as hereinbefore described.
41) Apparatus for determining system values representing a subject’s condition, the apparatus
including a processing system adapted to:

a) Obtaining subject data, the subject data representing the condition;
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b) Determning a partial set of systemvalues fromthe
subj ect data, each systemvalue representing a

W@ e@an216y4 obt ai ned by the nmeasurenent of a respPEDAUN®3/001232
attribute of the conditiongic) Selecting one or nore
nodel s, each nodel |nclud|ng a one or nore equations
representing 5 the effect of a condition on an

' |V|dual Attenpting to determne conpl ete s
o PRnife oaptid ', OF St PrRiee o0 Dl i e value
syspresentiey Wegantity dbbnedeSpeiet méssugigat bD BSnesﬁe@ﬂivee&&ibute of the
rmo(l)ell Hol and, e) Selecting a nodel in accordance with
gl‘ P& i ned conpl ete set of system val ues. 42)
C)Nﬁm‘cahg,l&leaﬁ&mdmgeli @acH model 4tludinge @Blbﬁﬁr&irél 5(*\1@ brid Gepresenting

apt d t erformthe od of any one t he
cI a| Recch 2 g 'f)on 4"?)“ %%g?agt us for determ n| ng subj ect

dp ahiumaties & cfe&pfuﬁs en Idimpﬂqe k1o gfsfe@Ctaluad indicldtin€EWitB the partial set of
ubstantial Ly as

c on
glenr?bg]fl raéld g‘&%spf%leﬁequﬁ{l‘)n%&%{:‘?fﬁ]b{?f’ S5 Bfogr am product
e)‘ o‘.%elcﬂten@er model mgwewmmmatha GSteﬂhﬁﬁHde:Sﬁﬁlbte REL oF sﬁskﬂﬁi RFles S

) AR Ly I e B R RO B et B S hogigtany on
oﬁﬂhe tlalndsd7ps 4cessi ng system causes the processing
) AT BB TSP s B B o i s Eollion
mdé:bébeihgnkuhgamby ﬁdierep’rﬂ)[eﬁfede@‘frﬁoed epresenting the effect
the c o ut er

40 Ao M RO TR S B O At ondion
théﬁ:))mputmeptb@'akn@fochied iaelnding ogmpuie erédiRbleicv@NRBBh @hen executed on a
sx}l{ ﬁ?ﬁ} Gocessmg %/e&%eag.?e:s] %ric%ﬁn%%%rétﬂé?o}er m‘%g Lljftﬁzl@ét()f i ope of the
clamprﬁs‘.e#ﬂl ng the condl tion; b) Using the subject data

49 A0 PVl 5B T B R G et o
subgqgti:s chn[hyom Iﬂ&@bimultbr ﬁrOgrtaﬂnqbr(Biuhtjbemg subdtantiblly Repeeihbdigte described.

40) S5, (b AN i Bl SEIT 00 LB YT et
inglpdingm val ues; and f) Determ ning the effect of the

t rgat.m n crd with th sul ts. of the
o), ORLIRE ol BEC R SADET M bersi it BE Sl 46° ¢ he
b)TEIfSltr@dh@fubxéeiidatalmd e mgpde e tiseyhdifioy @l ddREmibe syrgnavaiek P@@esennng

acLo one of the clains 37 to 40. 30 48)
C[ﬁ%erf%‘:ﬂgt Igdrqt?ﬁ hing the effectiveness of treat rrent

C)perw@iegitrttaonealt@um subjept the nmet hod being substantially

2] | bed s for
d)g g%eggg%g% %}prp% aﬁd gtﬁ? CCETES é%og figg's f% aﬁ?ﬁ’t provided to
e)a Goulppeng the pdnaneamp’a]uai and the modified system values; and,

) Determining the effect of the treatment in accordance with the results of the comparison.

47) A method according to claim 46, the method of determining the system values being a method
according to any one of the claims 37 to 40.

48) A method of determining the effectiveness of treatment prov]ded to a subject, the method being
substantially as hereinbefore described.

49) Apparatus for determining the effectiveness of treatment provided to a subject, the apparatus
including a processing system adapted to:
a) Obtaining subject data, the subject data representing the condition;
b) Using the subject data and a model of the condition to determine system values representing

the effect of the condition;



i ncluding a processing system adapted to: a) Obtaining

subj ect data, the subject data representing the
waeendioricon; 35 b) Using the subject data and aPema®R006/001232

the condition to determ ne_gystem val ues representing

the effect of the condition; WO 2004/ 027674

PCT/ AU2003/ 001232 -52- c¢) Providing treatnent to the

Zoggogﬁ{ngﬁggmﬁg?ng@gk Lgteps (@) and (b) to determine

alues;” e) Conparing the paraneter
dy aRmstn@rsttm (apanddbl) tb |dadrn$y<smedtfmdadystaa valaessl, f)

1 Ni t he th d

ol e S ek e Rt BRire RO e A e

facloeemiimgg the effd:cabffthd@@aﬁhh'e irpacc@éase With thy sdseis dfehd@mparison.
. f t hod of . f th
IR TEERCASEETTY LN TR NG S —
amoorwmé tierckimeffried®nt i ng the effect of a condition on a
' [ bst

1) ARHRLEE for acBRRAL AR CDRHR S AR AR e Y50 g s mgicisnga e subiect
aprorateseicmg mubsiantplly lae heréifileafore dewsissl. of t reat ment

5 DEAMHB 0 el RO TRA S, ot o

10 S@X@G uthe dcompuiar $>mgtaa1blpeoqmnb tetglinggedipatct NxeaHRS cédeewhich when

H{?%E Pﬁh %’taﬁ% %%ogggiltéxg sgs rng %uréneshge LRrg?essbl}gosa/th%t%p%g{?}gt?hcorfnethod of
afiyoenecpé theclrinms 46go #he ef f ecti veness of treat nent
53) AP ' t, the.cogputer. program rod
R pe L S T C T
subject, the computer program product being substantially as hereinbefore described.
15



