16 March 2007 -1 CONDI TI ON ANALYSI S Background of
the I nvention The present invention relates to a

nmet hod and apparatus for determning a programfor a
subject, and to a nethod and apparatus for
determ ni ng subj ect paraneter val ues representing the
effect of a condition on the subject. Description of
the Prior Art The reference to any prior art il6Maithg007
specification is not, and should not be taken as, an
acknow edgenment or any form of suggestion that the
prior art forns part of the conmon general know edge.
Currently, it is knoWPNRHIONMANALYSIS pdication
prograns to allow drugs to be adm nistered for

okl Pou it R CONdi tions. However the

termnation of the dr ug}pro grans typically requires
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tw@toeateﬂiyi dnchappdrypusdior dpéringing eubjan garangekey vabees tia@entifabd gt of a
t 3B orsReghidcl. ed quantities of medication at various
time intervals. This approach to nedication
adm nistration suffers froma nunber of drawbacks.
Hpescziptian of this Briorrdgtli cati on regi mes are usual |y general
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oa?lFO\%er%g%HSlento Orl]' any dts IFI* of HP&%%SFonnt% %S ﬁrlor gta ent ngt&? Fogﬁlon general
rkaglerge: Tallored nedlcatlon regi mes are sonetines
provided Fbmever this is currently only possible
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Cgtll on 0oses on
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adatﬂ@tytﬁm{g @@gf e!dBﬁuaan& ';'uﬁﬂzatmnsaﬁgh&eu? ?{g l ways possible

t'o determ ne exact the nmedi cati on
has been. This is exacerbated by the fact t hat
ddsepmrento woddicttoe adiifigeionohfferefinC ahingher ofSdravdardd. | Firstly, the

ShiicR6d § teMfies aérllgallyl ggneﬂptg a gﬂﬁ{ﬁllaﬁd n%pspéc@xc & r&i‘\écttwjg satt f’Iﬁ& s
of medication to eter ed absol ut el Secon
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breedicaike megings are gomtioest provideds  Hbwever, nhis isngurengyl iodlatpbssihle after
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m,ne
ST R S e R WA T e A B vy sty
| 3pRoEsnt, 8POi6 s nottwsyy Reesiblego determing en@le rwhtt ithpeettprd pf thelmeggrgtiol das
Geenor e benefit. Finally, it is difficult to predict
the effect of the nmedication in the long termto
anything greater than a very general degree, thereby
FTbISHSROTBEHBY 1o B HRSetEenbef dheiethct O mpdicstioneeysealypuble gy, and
Negbt uadtifieo 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



16 March 2007 -2 reginmes. All of these issues are
further conplicated by the profound non-linearity and
conplexity in the dynam cs of many di seases,

i ncl udi ng di sease progressi on and adaptation over
time. Summary of the Present Invention In a first
broad formthe present invention provides a nmethod of
determining a treatnment program for a subjeci¢Makk 2007
met hod i ncluding: a) Obtaining subject data, the

subj ect data representing the condition; b) Using the
subj ect data and a nodel of the condition to determ ne
SEEY€m val ues representing the condition; c)

Det erm ning one or nore trajectories representing the
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npdel he determ ned sSyst'em val ues;
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detern1ned trajectories. The subject data typically

pﬁépﬁgghﬁhéﬂﬁm cal condition for the respective
|nd|V|d whi ch case %he met hod i ncl udes
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Sysd emtmﬁgjsebj&vcmaqw shb?ecfd@tﬂfeﬁ@s@xﬁﬁ@th@cog&iﬁﬁt ity obtai ned
e
vari abt endignues representlng rapldly changlng
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usual 'y I'ncl udes tern1n|n vari abl e val ues,
t he® cBtPHIng § Eatmsy Pegran Bafceees Yilidhe deerminpdyticaerienf he
condition that can be externally controlled. The nodel
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aogigiogsiddetheibditidublne nodel equation(s) and the system
val ues. The nethod of determ ning the treatnent
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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 2 sequence of

control variable values that result in trajectories having desired behaviour.



-3 Typically the nmethod includes determi ning a set of
target points, the target points including stable
poi nts for the subject equation(s). The desired
behavi our usually includes at |east one of: a) The
trajectories are acceptable; b) The trajectories do
not nove away fromthe target points; and, c¢) The
trajectories finally approach the target poi ni&Mathao07
met hod general ly includes d&term ning the sol ution
trajectories to be acceptable if they are: a)
Non-chaotic; and, b) Sufficiently snooth. The nethod
o Picalts fl Fethogociudes SBEMNE A o OlgRregt RYint th et Rofsdrslugiggstable
i points fd éhe sugpct B@ateni ni ng regi ons of control variable
and/ or paraneter values for which the trajectories

erm ning ranges of the contro
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i ncl udi ni ng .ope or pore control prograns in
accr g’ “mn %hghﬁ@m%%igﬁﬁ?%%ﬂlranges The net hod can
i ncl ude u5|ng a Liapunov function to determ ne the one
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may,, also b %ed In the case in which a Liapunov
on—chao c; an

funcétion 'uséd, the nmethod preferably includes: a)
Defmn$¥ﬁPQ¥WEWaEUnov function for which the gradient
defines trajectories noving towards the target
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varla l'e va erm ni ng control variable
val BeRerriahe fegigns|of copfpl taf e /ar REgerer VAl Ifor ivhigh de tricctories
gr adi @adhactiofand, he Li apunov function in accordance with
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subj eB¥eoRR R RRPHB B ST HIPPIHEHfs determi ning a

treatnment in accordance with one or nore of the
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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 treatment that can be provided to the subject.

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

determined control programs by:



the chaotic regions; and, b) Selecting a contro
programin accordance with the represented
trajectories. The nethod may al so further include: a)
Det erm ning one or nore Nature val ues, the Nature
val ues being quantities of Nature paraneters and/or
vari abl es representing attributes of the condition
that will cause the condition to progress i nl&March2007
undesi rabl e manner; and, b)y4Modifying the subject
equations to incorporate the one or nore Nature

val ues; c¢) Eval uati the behaviour of nodified
t r aP e L EBPE & SPIERpRtoR 8‘2‘{‘? FriecQBTs i peserAtion ingluding @n frdisgiion of
subj et cegfgagioonad, and, d) Performing at |east one of:
i) @eg&fcﬁﬂgﬁlc&golgﬁgmg fn amafdﬁlc%ﬁttﬂe(?épre@eqlgcgﬁ@émmes each
control programincluding control = variable val ues
that result in nodified trajectories having desired
ek athagumy alsprdtheriiicludedet er m ni ng one or nore undesired
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Nature values that result in nDdlfled trajectories
tTypivedly.| in rilgs cheathetLiapuigy didict@ntis modifidihte tge o akcduhtapel modified
fudjagdde@n i n accordance with the constraints. The

nmet hod usual Iy i ncludes determ ning the treatnment
programin accordance with control prograns and the
Na¢ medodygengalla rinslufay detepminia tagseing! rindrsired tpaints,| thegungeirgdt tehaviour
havsulinga adbdeb@d traj ectories for which contro
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b) The modified trajectories do not move away from the undesired points; and,

c) The modified trajectories finally approach the undesired points.

The method typically includes:
&) 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 medified trajectories travelling down the gradient

of the second Liapunov function in accordance with the constraints,

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

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



-5 b) Determ ning starting points having nodified
trajectories for which Nature prograns exist; c)
Viewi ng a representation including at | east one of: i)
The nodified trajectories; ii) The starting points;
and, 1iii) The chaotic regions; and, d) Selecting a
control programin accordance with one or nore
represented trajectories. The nethod usual |y ibMakdh@ea7
determi ni ng parameter valued-by: a) Determining a
partial set of systen1va|ues fromthe subject data; b)
Selgfﬁ;%% npre nodel s, each nodel including a
one”o né“g étﬁrﬂ'égtpi‘”ﬁﬁ baving mpdified piscipges forpbich Ntee progerms gist;
coneli tViewing ervpresantitiagingledingadleastone ot t enpti ng t o det erm ne
a conpl ehemsufted Mecddst €m val ues in accordance with the
deter qﬁdmmpartlal set of system values and the
respelt i Ve EGRATTHME: and, d) Selecting a nodel in
accor daFbechygpi giensandiet er mi ned conpl ete set of system
val we SslectingAQonffBltphREm & actdu@OPitH OHQOIHTBIE:Q%FG%Q Iprl%cttnﬂ:?
conpl ete val ues typically includes: Determ ning a
candi date set of systemvalues in accordance with the
dEe ertedredilyeaudesdpergining prdmesyrgluesvyval ues and t he
equat Defrmining B partiaDgst cfﬁlg,aiaamdaﬁr&h@e seiddglat e set of
sys e artia
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patie als@{bqsy%}(vaﬂlgs ZJH&JMS %V&%lﬂtl&gqg(p Al ternativel y;

t he suq%ect E¥ nprise’in vitro sanples, such as
cel Ps>elgineamed ‘i“R‘igOrdaPFFé”“beé&%“‘l‘i‘E‘ﬂ%d cpraplqt A8 o sy by vafupse
adm ni stration of nedication, but may alternatively,

MY m&ﬁodtohﬁtemﬂlﬁé e ﬁé!énﬁﬁdmﬁ& Flﬁtje Qaﬁxteé tﬂ;ﬂcaﬂ;f mé’ﬁ{&% ot her
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nutr|ﬁ@ﬁWmVé%em@MQewmmnswﬁe like. In a second broad

f or§n thpafifp@is embiddd WRPlykiQiv-REQY k l8S oRRPar at us for

det er r t ogram for a subject, the
apparglus |ncluapﬁ$mngm?6§%55|ng system adapted to: a)

Cbtalhhﬁ@*ﬁﬂﬁ?@é¥“@%¥3ﬂithe subj ect data representing
t hec) C sandiiri ikt Bipdebih addsriiAng: with e SHRjoEES cofldi@nand a nodel
of the condition to deternine system val ues

rep resentlng1 t he 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 requirernent 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;



16 March 2007 -6 c) Determ ning one or nore
trajectories representing the progression of the
condition in accordance with the nodel and the

determ ned system val ues; and, d) Determ ning a
treatnment programin accordance with the determ ned
trajectories. In general, the processing systemis
adapted to performthe nethod of the first brdadafa2if7
of the invention. In a thirfd broad formthe present

i nvention provides a conputer program product for
detcr?%Q&E a_ Lreat nent pro%ran]for a subject, the
c on‘§ uter prégram ProdretoThErTathg e FRSTIEr °bbs cordiigr é
code asRpriaae With én medeband the deteprined swgmtvalinh;endor ocessi ng

Sy 'S e DeSritER S tbdh@nipReRSSicidinty SHAM dLmRl oLddhe

met hod of the first broad formof the invention. In a
fourth broad formthe present invention provides a
MBtEFSHL 8F PYessE SYsiAyRdand teperfor thromethod efyhefires fprdach fyrmm of the
swizpat ' s condition, the nethod including: a)

(bt ai ni ng subj ect data, the subject data representing
the condition; b) Determining a partial set of system
Vi a third bropd fpsm threpréspbipesation gigyides 2 gnmpRerPRgTaBProgust fgedetermining a
I epumes Qnogrm &r asqubk:arﬂieicﬁﬂjpu@kﬁr@i'aﬁ@ebdﬁhy i_nf:l!itﬁlgﬂﬁﬂﬁld{ Rl &fe
AGSREFLLNE AL LD bBeclng LA o500 Bhe hlolling Gl Rl
one Qr e nodel s, each no el “inclu i ng £ 0ne or nore
eﬂﬁ%ﬁ?@%%ﬁ¥QEP£§EHPFH@$mPﬁe effect of a condition on
an individual; d) Attenpting to determ ne a conplete

SRta Bifrth YR & R présent i'ullaena&l gv‘i.@{]g ﬁletm)d.t& dtztlé}ﬁljnﬂl ,rs;sitcﬁll values
m val U?h% d respecti ve equati ons,

set af syst and .t he,
f OF g S’}rir%e tgsl conditiony g)etﬂ§‘é1‘°3’§’l“¥:ng a nodel in
accyr Qbtriies ybitchdatahbe sditcedapirpegnigg tpkatidgonset of system
val @egr:emmlg SHEtem valuas vh%@if@ﬁgt}]y sub {8 | del SeachBdysicat e
vari abl e val ues representi r api angi n .
bt s Bt 3Rl SPRERE by Y wolfamel of §FRRahe s of e
sl owl feuéif®hgi ng or constant attributes. The nethod of
at t @Mpdldcti oheDor GidtetioBllN Qctl RQIIGRITIES 6he\bAhE Sultdii rkdnbing
incIuQ@Q%m%}aQE%%Bghgmﬁ?wg%candidate set of system

a

val ues 1 n_accordance w he determ ned partial set

of Yy StEpingp frirgmingaromplee bl arsicmrvaues frpscordace Wightranaltialget
t he cafivghteghavhlaes sieitthe@dspesiins qpamionsafot tAG niodel;ahd, | east one of :

i) h §el&§1{gta Im@!iel ) gctcor Infeixtﬁ ‘.h@ @éc\l'rﬂllnéﬁ%§mple%arggt’ of 4ygt<),m values.
Predetermned thresholds; an
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.



c) Selecting the nodel in accordance with the result

of the conparison. 16 March 2007 -7 In a fifth broad

formthe present invention provides apparatus for

determ ning systemvalues representing a subject's

condition, the apparatus including a processing system

adapted to: a) Qbtaining subject data, the subject

data representing the condition; b) Determ ni A§ March 2007

partial set of system val ued- from the subj ect data,

each system val ue representing a quantity obtai ned by
p@ﬁ%u%e né%of a respective attribute of the
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Sel ectinfigor rmdel i n accordance with the deterrri ned

co I m val u Typi cal |
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i ncPudf! W@ﬂgéawwné?cord@%‘ewﬂw%t@m@wm$ setPf gefem values.
executed on a suitable processing system causes t he
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broad form of the invention sevent rom.
the present invention provides a nethod of deternining
the sahfreed forehessseny invertipreméviverd coppuo ipeherdm podet BidRjemading

t @@exﬁrﬁtumsbréséﬂﬁdgléqﬁ% $ Calhltlgpthébd?ﬂp[&g' p%é@]n%ﬁ)ﬁucglﬁéhﬁlmg LJ?rE:uter
g;ugbq athabrﬁgr esent i ng%t he condition; Usi ng
TdA A AR AN PA R S AR R R ca?festﬂef e L
sty sﬁtrfem thahqtied ofitedoueth baadifery of thdavemtoh.ect of the
C]B A ebivénkhBRsad £om dH% @36k inA@ridnpRRRAE RbthddQr a%&g?ﬂm@ﬁﬁcnv&ss of
?'%nk ﬁ%oea%%% %%me odgnglll to determ ne nodified
Sys 116 5

d”fhe par anet er val ues and
t he®nBpipingybierydetaghn Svla?cmﬁl@ Teppgyeeking fhy cqbditiaey i ni ng t he
ef f BC Usitf thd slitgect da@ aldribidtiel bitheR GAMHAI0 AG@mIsk $yRerk Rficd r&Sdddntisy
of thg, Akl SQhon: The method of determning the
system val ues 1s preferabl y a nethod according to the
f ouPt Rroifipstsamensioghesbietthe i nvention. In an ei ghth
br o&d Répedting tepe(a)pnd®an tetdrmivanddifodsymduivees appar at us

for e)d @Brﬁd'afﬂgmeggmﬁe&?vaﬁlfe; aﬁ&:lthé M&iﬂﬁé%stem values; and,

f) Determining the effect of the treatment in accordance with the 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;



of treatnent provided to a subject, the apparatus
i ncl udi ng a processing system adapted to: a) Qbtaining
subj ect data, the subject data representing the
condition; b) Using the subject data and a nodel of
the condition to determ ne system val ues representing
the effect of the condition; 16 March 2007 -8 c)
Providing treatnment to the subject d) Repeat itMashapE
(a) and (b) to determine modlified system val ues; e)
Conpari ng the par anet er val ues and the nodified system
val %@ @ %%Deterntnlng the effect of the
t r eHt HEATPS Mt BT SIEE Wi th the results of the
c onpaRépsating stepsTgpnE@l th yeterrhiae regdified astarsvappes f or ms t he
et aodo@m@mpeﬂ&nmemm&%mygtm by Lavention. In
0 R L S S5 SR S5
effectlveness of treatnent provided to a subject, the
CT/PRANY B apArQe paFBri tRGhbbd e bevshitt Hbad ol B dle Sivention.
execut abl e code whi ch when executed on a suitable
processi ng system causes the processing systemto
e fBhProehEmhibe Prefent deniprerraEgserrompity orerah giedpeidpr detyignining
I tm/ anttivaisss oBlikdhenDRGEde B b @ﬁbje&f the REmgeA Yot @S pAlluct incinding
ﬂp 3tk 8a AL Bhen! RYER! bOD bl ROMDC, IS CLIRGHE
ference acconpanyi drfawi & N
vﬂﬁ?ceﬁng SY%& pegform thegnegiod ‘I’fé‘WS“dfF&‘er"a form Pfrtlreﬂge'tlwe process
of the present invention; Figure 2 is a schematic

dg 28hAHR gfm@lﬁw%e of a systemfor inplenmenting the
present |nvent|on res 3A and 3B are a flow chart

ot ERTGY erPes it ’(5‘25‘“'@%%‘ ‘tﬂ nofeteestenTinet gh Zefeneace; e B pespmpanying
phraydnsamwhicki-gur es 4A and 4B are a flow chart detailing
the process of determ ning the solution trajectories

for the nethod. of Figure d 3B, Figure 5 is an
St T B PR T G GERBISR (ur i ng ¢ he
prigyeads sgfemitic diagran of By exmnianf esy@erit Hr anpemeingshegresent invention;
cgfusth bA @ 38 B2 HWAGRERBA: tﬁtetoetsmfeaaﬁmﬁag Erﬁshme@tl bf@gkam;

| udi
E{ %.L%: 2121 am}%ﬁ lél a Ifln char? ge?mqm¥ {hO%V& s%{ t%e e%ﬁngﬁeﬂ'levsgutloft H’%ectones for

ﬁWU@@@éﬁ@ﬁm@eﬁewﬁﬂ%lng t he solutlon trajectories for
tHigrerTB4 df @ mPIE offairgptibctiakvn sdnbrgkel dirink theproads @¥aipis; of a

£ t r r t.he s of Fi
Rk B Al QARG Mo Ababillc R 5555 Poprdl Bl e
e%?%?ﬁ‘ﬁp%f%qiamée‘@ﬂ‘}%*t em for inplenenting the invention;

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 1{ 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{(}) 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;



Figure 10 is a schematic diagram of one of the end
stations of Figure 9; Figure 11 is an exanple of a
convergence map for a range of val ues of P against R
for the prophetic exanple outlined in Appendix A
Figure 12 is an exanple of a second set of convergence
maps for a range of values of x(O against P for
fixed values of R, for the prophetic exanpl e daMarahe€i07
in Appendix A; Figure 13 is?an exanple of a nunber of
| evel s of magnification for a selected one of the
nver.gence ps of Figure 12; 16 March 2007 -9
B 140 ol 01 1o P B prombriciesamgla st grendls A
tW@mvPaﬁﬁ@kwmﬂﬁwaﬂpkem®utI|ned in Appendi x A, shown
[ Figl@er 5}&3@&1' RanipleChf ERbiSE: SGIQ&&%Ject&ledfor il ﬁbﬁh@ﬂc%%pie%utﬁ&d in
%gﬁm g.of candidate solution trajectories for
pr 1 c exanple outlined in Appendix A Flgure 15B
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t hgpcqaxophatf i ¢ exanpl e outlined |n Appendlx A, and,
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Description of the Preferred Enbodi nents An overvi ew
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to determne a programtor a subject having a
cOhEFT AT the F“e'f‘?ﬁ‘“]&@t"@l*%“r‘i‘ h’é‘hi)afﬁsé?fé‘t"é‘}m‘v@l dgfetguine a program for a
r gpece Seimgat touditinf of edestilijecgtamster CimBiepresomiativnd bi he Qijdads
d@Sditfoh Rehot Be &L&lteu Rutthd kbl S0EEd © Figure 1. 1In
particul ar, whi the techniques are applicable to
any subject, or any condition, the techniques are

i Id eatidular, ouhilst theltethpiqebe tre npphtmblng: anpghbjeditor a1y cRIdDig, aHFE@Eniques
fzﬂ{ ld&ﬁ} bRt (s daéx\’linﬂg miBidn ogﬁlﬂ%gy bl [Qnﬁns hamln%nlczw‘xlnlimons
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apy begxispded to anypidechind arygerdition.on. I n any event, as shown
at step 100 the first stage is for subject data to be

I the farm o e subj ect data will
\?Ig%@ gtbgﬁh nat %% O%‘H’é ‘Rat'tr'e g} EJ?CL%ESEOU Wy
condition. Thus, for exanple ifoit |s suspected t hat
t Hygicalybliedarin of Hie ﬁlHjExft edtd Wil vry &H&nﬁni@:dh&ﬁdure%ﬂﬂdﬂuﬁ;bc@d’bomtﬂ
aﬁlus, E)@ ){gslnﬂg' Qﬂ[ N5 dpp(keﬁglfatﬁa? the tSuI'l])eect%usQ %%%frcg at aed\évI cal COII;_]dltIOIl %uﬁh as

|ca I'nc or mat I on Such
ﬁ’a‘f“&“&f B BF Sthlea'i G2 8 piapirefeinfledy difgmatigp sich as ¥R Ibgain scans,
Hmdmnms pf tirdin WdphrhineDlevea,pgp nteqikat Helvelrdaajt wulrbe Qpgdcated that in other
ccgmuogg BRtSent qu{e& %@mﬁl béwie&gat Al 18 St r%, te. Rﬁhe CQJe lbBF G tion

%s Ior exanple, in case Q
suc| eukaemia, the subject data w111 typlca.lly include an indication of red and white blood cell

counts, or the like. Alternatively, the subject may be 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, andfor
parameter values to represent the condition. In particular, the parameter and/or variable values can
be inserted into equations representing the condition to determine one or more equations

representing the effects of the condition on the respective subject.



such as | eukaem a, the subject data will typically
i nclude an indication of red and white bl ood cell
counts, or the like. Alternatively, the subject may be
an athlete, in which case, the condition my 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 dat a6Msrchgeay
at 110 to deternine equatio¥s, variable values, and/or
paranmeter values to represent the condition. In
pﬂgstlrgcléslsacgﬂ b%he ar a%r@ter and/ or vari abl e val ues can
serted YUY el aumHEa Rt dhsnerbies oA
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f;,h 2007 -10 This process can be perfornmed
analytically or via nunerical analysis of the subject
data. Furthernore, aspects of this can be perforned
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one_or nore solution trajectories efrned i
QWY HHRR R dviqopte Thug rathi sghidon wisriors itk e%trvalé gnogeh Ay :the
tchwlitomwid pestngnllydeeloes at step 120. In particular, wth
the equations effectively nodelling the condition of
the subject, the solution trajectories generated by
SO E%J \g‘h%‘l“%'a’tfai‘t"?’?fﬁ%" e e B bR R “P@WP@SW
dieatpenprygims sihgyforgkaniplecby copsideling diffenentvrdjchtbries thix@an be followed from

|tlﬂ:dhl:\j’dcﬂ Uﬁ}cnt sthid Uﬁs po%ﬁﬂého §Q&t %ﬁ]écgﬂesttﬂa%ﬁrqésQ{ i aﬁ/ﬂnbllovemcut or at
ditionwill potentially

ect.i e
Siagt educ ¥ the rtate oil di%ran{)rhoz thg au% tis(boH nogn d/ or the
sol ut| on traj ector| es are used to determne a
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ectori.e
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' ' SCONEition. . The sel ecte

R} Bl Rl Mok g el ORI Uy i A 370 %
ﬁﬁ‘ﬁ‘?"lﬁ'ﬁ??“&ﬁ“’%r treatnent regine. Thus, for exanple,
this may be achi eved by determ ning the | evel and type
Q’ft stEBEﬁlb Q@}J ﬁo@sﬂ)let tB Qﬁ)vﬂmmedlcgﬁn R)rtﬂavsluﬂ&gmta&mtd ge 1%%&?&{&&11%1
al |l ow one of the selected trajectories Ichi's nore
B&Ef i cial than the others to be followed.
Alternatively, this may be used to nodify the subjects

IThd Sitod |c§1 thc§ H:EJB] t@&cﬂjﬂoﬁ E.llow Qne %&:EsQJ) &qeﬂeggll Ewin ﬂeodpprecxated
thet[ue‘aix ‘ﬁ S ij s condition, again in
accor ancpe orﬁﬁ"mﬁm 8Pt ate trajectory.

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 may occur for example, because progression of the condition causes

an alteration in the model equations such that the solution trajectories determined above are only



At step 140 it is possible to provide nedication to
the subject in accordance with the determ ned regine.
The nethod can then return to step 100 allow ng the
process to be repeated. It will be appreciated that
this can be perfornmed for a nunber of reasons.

Firstly, the determ ned paraneter val ues, variable

val ues, and/or equations nag only be accur at e 16 Magth 2607
short duration of time. Thul,- as the condition
progresses it nay be determ ned that the condition

i ger foll el ected trajectory, for
e%‘é“‘“? i F““P‘hs“b%e? "F&f‘ n‘g‘: "@’Bﬁ%?ﬁ tyyfondition pragrgsst. vy eguations,
| YE® Jﬂa%sémd/qrma@mﬁﬁyﬂ%@m hefico meve w@evpotie®, map e@d we calculated to
preibgt eSS GBje@EontiiB@. condi ti on causes an alteration in
t he nodel equations such that the solution
trajectories determ ned above are only 16 March 2007

- Spqondly ¥ aredbods §f treamentaupy tesame aygibsple artakinmmaté bdvargeous solution
Acganits sgdsyible. as t he condi ti on progresses, new
equations, variable values, and/or paraneter val ues,
and hence new trajectories my need to be cal cul ated
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advant ageous solution trajectories accessible.

Ephﬁ$l§, i% may be determ ned that the predicted
SOPTtY By PafTrny ies the premloracaper iglugs seprNpedjare fggeurate, for

esxanplldee tp erobrsdiathe ovigintlldbfectilne act ual condition of the
subject is different to that originally determ ned.
e determ ned that the origina

Ig‘?“gh?eatpéécmg F‘lﬁté’é’ero‘%af"é? HYAEY™St e i naccurate, for

exanple due to errors in the original subject data. It
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rt%'?f’é’F‘E“&fP‘bte the paraneter values and/or equations to
al |l ow revi sed nedi cation reglnes to be produced. This
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val ues to determn &d° o1
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subject's condition has inproved or worsened. The

BE sed in an alter
man%%l&;t énlv&g(ﬁlro}ﬁv\% g.gc% lgggltye{elﬂl a%gdé tl\}é %r as s own thsEegs lréclﬁl r}é(ﬁ e
CHLQTrl; e BoEe beqiplp g yer Ao P e loied o e
P&t dfrdicatipn apdlbrresman ig thegirapoiedibdd prbvidet @fthe sdbjddt.at step 150.

Medi cation and/or treatment is then proposed for and

prg%gg % to the Suqtht at step 150. At 160, the

N ARy bpngeshige i Yuply é@““ e ar 4 pavatiopy thab e provided
amdigatin wmusmmuemmd tThia tllowk the gffe@y of e cheditiB6hi a6 BdriOdimddars
Gausath A4 ket ermned. This allows the effects of the
nmedi cati on and/or treatnment to

Accordingly, this can allow drug companies or the Iike 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.



be assessed at step 170. Accordingly, this can allow
drug conpanies or the like to physically quantify the
success of various forns or nedication by determ ning
actual paraneter values representing the change in the
subject's condition after being treated. This hel ps
overcone the usual subjective assessnent in which a
subj ect often has to sinply indicate whether {h¥grehg¥y
better after being prOV|de& a drug which does not
necessary provide the drug conpany w th useful
information regardi ng whether the drug has caused an
i mprovenent in the individuals nmedical condition. 16
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and fial 18 impirévee Sheit @dke Aeskl S@iChedld. Cibis & Abatiatlyt 3eul ke 8dali@fwith

tohHafd iiﬂ“xgm%.&}ﬂg oidh Bhael ob [fe%&ia%ckt %h%‘dﬁ: [ szl &GS &at?ﬁfdweu

heal t is1s espeC|a usef ea I ng W
éﬁ?ﬁals in whichit is even harder to obtaln f eedback
regarding the animals current state of well being. A
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rbeypiditbe scopa of ap adividealy| ar, sone of the cal cul ati ons
generally can only be sol ved using nunerical nmet hods
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Palaneatvatat By aRNEiddHe of liticSstatud ofl @ tebrditibi) € ARiekdiBle ¥ a suitable

qﬁa&ggg &g” m&ﬁgﬁéﬂg?t program or paraneter val ues

t ar catlv the status of a condition. An
exanpl e of a suitable processing systemis shown in
FHogiti¢ @irpigses SE@implidig e tiinameee 8f tixfdessiigiipl will Fdciys,on thh @etenmination of a

I fldRdBEI5b mfoxtJbgnegteﬁJ?ﬁ ylitek Qiarelthild haf BEHImiGRS ﬁi%quauy apply to
etern1n§¥|on nmedi cation programfor a pati %

tﬂEfF‘fP‘l‘m\ﬂﬁ'Tef‘th’éanﬁﬂtb‘?é?PfhﬁT“éd that the techniques wi II

equal ly apply to other fornms of treatnent and ot her
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ener udes at a
98 ey ek 2, St ooy P of S 57 G b sip g s v
Cubtupifitas showi. 02®nal syl msrizge 2 may lhlsybe povided) @ dilt wgetdined in
VihdRe de@il By, 24 as shown. An optional external interface
25 may al so be provided, as will be explained in nore
detai|l below. The subject data is provided to the
phe exbisd idpieyis gapuided it the Briressing/fygien ¢ibervigthetinpplalgiee @2 orxhexiernal
tifverfaeoXt5e4nd bk manner in which this is achieved will depend on the nature of the subject data.
Thus for example, in the case of the subject data being an MRI scan, the scan may be supplied
directly to the processing system, which is then adapted to analyse the scan to extract the required
information. Alternatively, a medical practitioner may be required to evaluate 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



interface 25, and the manner in which this is achieved
w Il depend on the nature of the subject data. Thus
for exanple, in the case of the subject data being an
MRI scan, the scan may be supplied directly to the
processing system which is then adapted to anal yse
the scan to extract the required information.
Alternatively, a nedical practitioner may be tedaich 7
to evaluate the scan to det’drmine information such as
the total brain cell mass therefrom with this
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of medication. Thus, it is assunmed that if the
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subject to significant fluctuations on an hour to hour basis.



with the partial set zP, 2,P being those that can be
determ ned fromthe subject data. In particular, the
state variable values z are val ues of neasurenents
that are subject to rapid changes, typically on a day
to day scale. Thus, for exanple, in the case of

Par ki nson's Di sease a state value nmay reflect the
current |evel of dopami ne within the nedi cat ed® Maghg007
which generally is subjectl¥o significant

fluctuations on an hour to hour basis. 16 March 2007
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subj ect, allowi ng a subject specific nedication

An @@eralmhe orolpesing exsedPedll bave 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.



In any event, having determ ned the partial set of
state vari able and paraneter values zP, 7"P at step
210, the processing system 10 operates to sel ect one
or nore predeterm ned nodels at step 220. In general,
the processing system 10 wi Il have a nunber of
predeterm ned nodels stored in the nenory 21. Each of
these nodels will include one or nore respect il¢&arch 2007
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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.



system uses these relationships to determ ne val ues
for the state variable and paraneter values z, R that
have not been determ ned fromthe subject data. At
step 240, the processing system 10 eval uates each
nodel in accordance with the determ ned conplete set
of state variable and paraneter values z, X. 16 March
2007 -16 Thus for exanple, the processing syd¢dhmch@007
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u is a control vector formed from control variable values such thatu € U < R?

U is a set of all possible control variable values

A 1s a parameter vector formed from the parameter values such that Ae A ¢ R9

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 230 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.



The subject's specific nodel is obtained by including

the state variable and paraneter values into the

nodel of equations determ ned at step 220 to 250

above. In addition to this, the equations wll also

include a tinme dependency represented by tine t, and a

control aspect defined using the control vector u. 16
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various external factors thht- can be used to influence
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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

trajectorics that could potentially be followed by the subjects in real life. In order to do this, the



trajectories that could potentially be followed by the
subjects inreal life. In order to do this, the 16
March 2007 18 processing system 10 contains a
constrai ned range of control variable values u and
paranmeter values X for which solution trajectories
are acceptable froma particular initial position.
Accordingly, this corresponds to determning 16March2007
tra“xtM|esemmaHngfrodanlnnralstﬂe 2 for
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chaotic regions in state space to be determ ned. This
in turn allows the chaotic state space regions to be
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Once a position has been determined for which chaos occurs, the processing system 10 operates to

compute eigenvalues & (z, u, A, t) and constrained control and parameter values u®,A° such that
the eigenvalues £(z,u°,A°, t) stabilise the system. This is also used to designate avoidance sets:

A= A* @A 5)
where:

A are the avoidance sets

AT ®AT 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.,



In particular, the processing system 10 determ nes
sets U, A of constrained control and paraneter
values u, 7,. , and uses these sets to deternmine a
region of controllability R a A 1in state space.
This is perfornmed such that for z e BY, the
ei genvalues ~(z', u, 1, t) stabilise the system
trajectories (p into non-chaotic behaviour. 16March2007
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t,B‘ise, to a user allow ngca user to select a solution
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time consum ng and therefore would be undesirable
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funct PEN:P %M Mar'cl 28 9heoticon As shown at step 400 in
Figure 4A, this is achieved by having the processing
system 10 select a set 'r, of desirable target points
ZHaving fetgrgigedd fppilycqf contel programs B Hisglews @ 2pegific confiql progrgm tobe
t ysed 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.



In general, the target points wll typically
correspond to selected points in the nei ghbourhood of
the equilibriumpoints determ ned at step 270 above.
Alternatively, points that are otherw se determ ned
to formstable sets may al so be used. However, it wll
be appreciated that this is not the only criteria

whi ch woul d be used to sel ect target points z'l63agh2e)7
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erated to define constrai nts on par anst er
viEqugh e specific payatjens of the medical qondifjop W\‘}%\Yaﬁ’e@“‘?m “"F*P:I*§§ gt i, gegerally
O@bsibteriornigdlarloqeidgls 10 nsetsimdar Lagingrfanctidns elea ogutichetagriticn eel barig
SdeRiNink® OA@bf@ng, aty1GapSiRdl %Afml%%bﬁ Mlﬁterttoed A e SIS 1084 a

A h
S&'flxtapase (Q' su1taléle ?_,mpunov mgirox?s is created Sugsequently Egl}unosvufgncnt}ns %zgn be

selected from the database as required.

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

V,:A®A SR, Q)

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



At C A Thus, this typically involves using a sub-set
of the set of constrained paraneter values A,
determined in step 280 above, as will be outlined in
nore detail below Furthernore, a closed set of target
points is determ ned such that: T,

=(zlV,(z,X)<C }c%A , (8 where: C1 > 0, such that z°
aTi . At step 420 t he processi ng system 10 opeMatchg007
to determne constraints ortlthe control variable

val ues u. The constraints are generally defined in
accordance with the constrained control variable
VEFHEEC tPIGRPUPAT PEbF BRHRST &P 80N GBBYRS VaHOle gt These are
addintiiedradd og B stiva pivh®s degymised sGep2B0aw.i ed. Thus

addi tional constraints u-, u may also be defined
based on Iimts on the control of the condition that
CRp SHBEY W@éﬁ? @eéf"!iﬁé ssca bﬁ“aé A€, A‘Asvherem it ol boimﬁedu% syich ghat
p pw d the '

Do o e i i B TRb RS B ccontile oo s
OXf, deuemﬂe@mfs@p 280 Awve, prwiliiesutlined dfmotehieinedivcat i on to t he

i ndi vidual. This nay be based on factors such as

maxi num dr u osa maxi mum dr ug dosage rat es,
n%ﬁ?emffﬁ’ﬂﬁﬁgisﬁtﬁgﬁg P‘i’”BsrfS?e&T"é%e‘lB‘if t'fe body, costs, or
the like. However]v,izm eidipn<anditions, other fqg:)tors
may al so be influential. This may incl ude for exanpl e
obtai ning regul ar exercise in the case of high

oheleest erol |evels or heart disease. In this case,
restr V\f_lbtg be defined in accordance with exercise
regi mes E;r%‘ %d F8r the individual. From this it

will be appreciated that whilst nedication generally

rﬁfs%£ §Zd e E)xlggessgl% st e§il 19 Q)p&);tes QJ H@e?mﬁé coﬂ%&:ﬁt‘fs on the épntrol yariable

har haceut i cal pro uct s di vi I catl aon
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tvages@bdeaintined in siem 240 blghivan githfugh additiemirossiraigli redy aksqg/be applied.

requi renents, exercise, or the like. In any event, the
constraints are defined such that u E[u -, U

}
A pddigonabeninpipts B oBe &Y pltp wydstinstbapel enHistts g the rCPﬁ"ﬁ’e‘éf the
odaamm.ﬁ tRDER b6 QR to ﬂfeQQB“éifTBAsp EontrMid GlalIR (peovill&l iVBKCIBrm of

ar A c%ug?i—sg W1 1fﬂ:ee %E)rlec\{a?ed){hag %n 5n9tra(1:}'1€ az{ré g‘e(%zl:rglgvta l U S u Lilmtitls:] 2-f‘cl:r the

tHEHjsier pidhg feeéwwn fﬂﬁ@dtﬂém r s msy Pf‘d%"-“&ﬁ%“ fﬁ*"“'ofi‘“é‘ ApBHEN T ek
t ddsag® Sthax@emSdlgUibiagiratksl Ajp@BinOdrLbscifiad fates W tBe body, costs, or the
aggceptable; Do not nove away fromthe target point

set T, ; and Finally enter the target point set T,
Thus the at this stage, the processing system 10
eiidwet, inv@ley coofitmg bbb ficorsenag hlsoche irdiodntidl.i Tis rhay drjcladd for ax@gple

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 it 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 requiremnents, exercise, or the like.
In any event, the constraints are defined such that ue [u”,u" ] cU.

At step 430 the processing system 10 then determines one or more control programs p*, which are



that either nove away fromthe target point set T" do
not finally enter the target set T" or are not
acceptable. As described in sonme detail above,
acceptabl e solution trajectories are trajectories that
are non- chaotic and are sufficiently snooth.
Accordingly, it will be appreciated that the desired
solution trajectories will effectively be a sdaset2007
of those trajectories deterddned to be acceptabl e at
step 280 above Thus, the constrai ned paraneter
V%Iues 2, * at Ieast be a sub-set of the
cBFETFEFREY Vi&’é‘?l%tYi‘B‘FséJr‘ha‘ fFafogwaiey igprovide g igskpd sluiop Baiacions ¢-
p Ti@grrenc godgrages ls*@retzmmgd @ dsiikisdaton djeciohe taont r ol
varisghl&pl ues, uE U This is required to ensure
t hat the desired solution trajectories are acceptabl e,
a8 Repet mgee appyfipmthrgarect poipt set heyd do not nove away from
t pe T, and finally enter the target
p0|E%Qfgﬁ&¥?gh£hﬁ§§%%ésed mat hematically, the
processi ng systemoperates to determ ne the contro
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oS RFEmE R 8V e S e tasgst popt set 3¢, do natfeﬂtyweterdafﬁsrw ét’t ﬁear are not
patapare.er val ues determ ned such that 2,* E AT and,
for all t>0, p*(?L*) attenpts to achieve either: dV,
[ dt < %;lnprovenent as the trajectories nove closer to
t AedeecEPegdl somsideteil sheve. ecepigple pplutipr Sgisiotiestary trafeetoriep ety wpo-
Ofhadic mﬁd.Za):e sufficiexitly @hockhe aStardikhy, it AL berﬂrd'&ﬁteMﬁt&ﬁJHeﬁ@d sbBution
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athf*®event, once one or nore control prograns whi ch
result in acceptable solution trajectories are 16
Wﬂg Qhe%Q(QrZamed Eﬁmﬂ@ \edfugg ln‘%st of ﬂeﬁt 1R QN2 e c§n¥ Sagnee&n eter
generates candi date sol ution trajectorles ¥ gac
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S s are deter
ol ot Sy R B Ryt = R BRD wir B ey o .
paranmeter values % . In addition to thls the sol ution
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current state of the subject, which I nes a

state vector zP* %bdﬁfﬁﬂaﬂ”the sol ution trajector®es
are as follows: N(z , P*, X*, t) (10) At step 450 the
bghavi our of each candidate solution trajectory q is

assessed. Thi s maybe achi eved
Alr; denotes the domain of state vectors that fall outside the target set T,

A* are the constrained parameter values determined such that A* & A°

and, for all t>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



in a variety of manners dependi ng on the

i npl ementati on. Thus for exanple, the processing

system 10 can be adapted to conpare the sol ution

trajectories to predefined criteria. This may include

for exanple conparing end points of each candi date

solution trajectory tp to see which end point is

closest to a selected one of the target poi nt 96March@f07

to determne which solutiofftrajectory end point

mould be nost beneficial for the subject. In addition
this, the processing system may be adapted to

d SBPRTNEe Rpfethe S8R0 AreRssmdidy PPIYPm riR OBt 9 cagf)control

r pogannpf [hit i pesfornfed he pheesgizaptemao begp 80s at all tine,

or the like. Alternatively, the candi date sol ution

%%%P k?rleﬁ % be assessed by a user of the system
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bée edapheatugerg enes 3t dn alditienn esehd @lvti@nrapfortelfe determined in
d&c&f?&ﬁéé W%ﬁthe &\ﬁcr@ %&Q@H'ﬂ% stﬁar\ﬁl‘?’cﬁ Hé‘fﬂgslaﬁ) Hnt al%tal% Q%chnz such that the

shown, the representation woul
g%ﬂ@?ﬁﬁwﬁgwémTﬁﬂmHWhenS|onal graphi cal representation
of the state e@agershowing the solution trajmgtories
cp, and regions where solutions to the subject
speci f equati ons are chaotic C. The representation
coufen 4%?| thepehapipr pfrachasndidie wtionfiraieqay ¢ i pyested pispray keephisyed
aind voipty bDfaheks\iefefiingion the inplem&it-a6re vari abl e val ues z o.
This will allow a nmedical expert to select a solution
trajectory that woul d appear to be nost beneficial to
t Hes bpppale he ?Wﬁgsmgﬁﬁfeméﬁ 5P adaptediia cqmparF e salttign gipctories to
I gealned erivain.t T‘lm mam firtchudel forSkampk: cangpadng kndzoints ©f eathlRend @S solu€ich
| and mo there preferable to
oPHEE DL oR%H end 0, SR B SAFRELR ol S ok
t ‘E‘Y"OF‘F}E@ ey isqhé'aﬂ F%ﬁﬂgﬁfﬁnmiﬂh‘tfouls‘é? mos@benvﬂmabfbr tekouteot Ilsztdémn
f 1o QIM, R @rokdddidgi sﬁsltenﬁlhﬁbrb% adhpied @ rdet&wfmne H.ﬁmeé‘aﬁd'xdate' shlutih |trta_|ecl&ﬁms
a C L SQmbinat i ons o ution trajectories
g Aol e RPN R Ple B T, 16 March 2007
-24 In addition to this it is also possible to sel ect
aAlkaiiveR dhed chrdjdRe dotifidh thafetorRf maAFBElistelsed H3Q uePiT b Ystedr Ogr am
p* to determ ne alternative trajectories cp based on
either the qualitative behaviour of the trajectories
clpEier tyachievgthis, thy presessingygygseny 1 cep g adaptedie igsneralp prepraterizion oythe
Téispiy e MnBemgle kpesttlioh BehoexAFRIR5Vi @ anal ytica
met hods, such as Eul er equations or via adaptive
nunmeri cal methods, such as through the wuse of genetic
af tOPYe Hifiprespyiatin woyld igsperal pe g two dimensionsl granicy! Fepigsepation pigh
SOdtpace shotvingjhe edhaiby irdjgotofia §, e Rfiord elhes Fiuiad to thd subjers spedif

processi ng system 10 gper at g3 t.o_provide an indication
R B BT eant o et 6 - Bl Prarte o s Y,
ass ogio@lletle igigia bnaw baripnogiani. p* at step 470. This wll

i nclude a nunerically conmput ed solution trajectory

CREZ P and final control
s will allow a medlc expert to select a solution trajectory that would appear to be most

beneficial to the subject. Thus, for example, the trajectory ¢ leads from the initial start vector 2° to
the desired target point set, and would therefore be preferable to other solution trajectories @, @4
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 @y, @s.



program p*, as well as a region of finite
controllability RO cA determ ned such that Vz E R,
limey (p(z, p*, X*, t) ->z E Ti, for sone T>0.

O herwi se the processing system nodifies one or nDre
of the Liapunov function Vi , the constraints u-

and the target point set T, before repeating ste 400
onwards as required at step 490 This is repré

by the |ink back to 4A as stiown. Agai n, nodlflcatlon
of the constraints and the target points set can be
achieved in a nunber of ways, such as via analytica
or adaptive nunerical methods. Alternatively, this can
b8 adiitigp e figli isalmepatitiefo sleat adlevired trhisptery iPom modifyttperontrol program
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.Caboflgeddaptiees. Thus for exanple, can alternative
drugs, or higher doses be used. Simlarly, if the
desired target points T, cannot be reached, can other
shi gyt #60 il e Jgerimed if alobsged Riugratirajpaemn pdastieenr de@atred. IfAS, the
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bei ng passive. However, I n many case, the con I'on
@”ﬁ sgukrRemm e & epdPead responds to medication or
the I|ke to attenpt to counteract the effects of the
PREH GidlhRie a-EmhlaﬁcaIII/ Q(Kmpﬁé@@iu% trzichtoMi" C@‘t k’pr?) s!.ntct fmal control
provided to a subject, the subjéects condi t'i'on
f}?r@fﬂm aGasngell phe regpani ofnfinitf cohrollabididi Rt éndew;zmaeldt @ph thgt
{6 hehgVi Pak ter N s 20me3Ld €NMPt to counteract
thé effecf§q%£g medi catioh. Thus, for example, in the
case of immune deficiency condltlons the provision
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increase 1 n viTal evel s as the virus reproduces 1 n
an at hlﬂil’mbttargeﬁpcﬁm)hbﬂi: afeaﬁetrephalﬁ@ sibd 480 bowafds fsheuiehd digtep 4900This
7 ver steps 260-460 may have

rlé{? reiemecflq’ F}hef"%i km@ "Sehavi our depends on sone
state variable or paraneter value, which is
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"Gane against Nature" type problem Again, this form
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f or med fron1Nature par anet er values such that wE S ¢

945 descritbell atjp@d; this @xainglE relics Matheidosdition Seifg@l«aiRe. tHDwler, M many case, the
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choice o
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.



val ues for opposing the efforts of the clinician
within the determ ned constraints. Accordingly, the

Nat ure vector w will be designed to take into account
factors such as system noi se uncertainty, instrunment
uncertainty, drug administration noise and condition
progression as well as other possible sources of
uncertai nty or pathol ogy. The Nature val ues arl@March2007
therefore quantities of Nat &ire par aneters and/ or
Nature variables representing attributes of the

medi cal condition that will cause the nedica

condition to progress in an undesirable manner. Thus,

i flegaivelypiepaBretpathas revrind hahtbe ssieny bebavinar depqadsemoorpy state
Stafistleyor pRAREE AT, waich fsinfabtreSs oniiup B A degid\acéHamtyV @hd vkt &5

bRLG ifiRhSH s GRADH VBBl FulsW L8 Reeq fgCOr di NGl y,  at

step 500, the processing system et erm nes vari ous
Nat ure paraneter and/or variable values. The specific
Natotideero u@buner ihiays didifid® inafiodicanad uldy waichrB diagal as U S@4me aBinst
t REurl ipeproliidh. @Ccordance with observations of the
subj ect and/or condition. Alternatively, Nature val ues
may be selected from predeterm ned Nature val ues
dégaay this fred off eblegyyarchefdealt wGib inch duinten sf wad. Hotveer, b 48cifid dag@nple

pmqlea Sk aacma@meégnaatta hgﬁ&% thR€n Nﬁfcy E@tueé @hh@% 1 b
determ.,ne a fic nodel ; dz/dt

£ G BP s il i R B Gt Ay be
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16 March 2007 -26 As in the previous exanple, the
processing system 10 operates to |locate equilibria and
qUaFHEEE i “dyderihbp a FraiFRioBRenphat cqk@latey e egitposible choice of
Staded fbr opposibg ke effdy ofl the clidicia® tvidhin thedBtermide cqaé@GR.S Skddflingly, the
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values u ' and paraneter ues A
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Wpoksiible spurat of @ncbredity anppttiolegy. Sol ution trajectories tp to
find regions of chaotic behaviour in state space, in
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t effects of the Nature vector w, at step 540, the
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At step 510, the processing system 10 utilises the Nature values w to determine a modified subject
specific model:
dz/dt=1(z, u, w, A, t) {11

Again these system equations generate solution trajectories @(z’, u, w, A, 1) c R".



val ues u' and paranmeter values A "". In particular,
the processing system 10 conputes a regi on of
controllability R in state space, such that given
any initial state vector z E R, the control prograns
p' are based on the control variable values u'(z, w,

)?, t) such that solution trajectories tp(z, u' (i W,
A", t) w, X', t) are non-chaotic for \/\Nlél\@chmﬂ'f’
despite the effects of theRature vector w At step
560, the famly of selected control programs p ' is

uged det er m ne nedi cation regime, Again, the
procas LIJ’Ir“:‘(’emsus SEIPls Lﬂ.’e =R %%‘356%108&%1.‘% gndjpelisptive
nifitseEhehagourieg e sybiect's birsoibemadel d/dr, at 149i520. exanpl e, the
processing system determ nes a second Li apunov

ent effec

f that JoSpdsed to r

NHR Bl i oy 36 § GRS PP Flo it et B g

Wwe%fwﬁewhﬂbtosleoucswe@mer traacwptgble fact or s. Thus, as

shovvn in Fi gure 7A, at step 600 the processi ng system
erqg tc&gfledflrst %unovfunctlonVW
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These undesired points f2 VVI Il correspond to |ethal or
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Lmtarekbi ?féanhfsbprﬂsrsnsw?’ eawo@ecﬁeﬂewﬂmm@ame qﬁnontrplZvanable
Shids M2 oid, PihmesieRRues (*12) A sct 200An (13) where: C2>0
AS2 ¢ A This allows the processing system 10 to define
a |l arge avoidance set A = AA 0 AA such that Ac

Aap@acutaR ARG essinkt sysre]d dB@ites b Ingiop pO@esdlatily BY'S incsmtelPace,
fyB [ oV, function VZ, aahe purpose
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tfdn-tHAGHE €0 Y weTB Ol ipite BERRYs of BERAWE Retbr 0
noi se/ uncertai nty and condition progression.

Al step 560, the family of selected control programs p™ is used to determine a medication regime.

Again, the procedures set out in Figure 6 may be performed in a number of manners. However, in
this example, the processing system determines a second Liapunov function that is used to 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 systemn 10 determines a modified first
Liapunov function V,,, and corresponding target point set T;,,. In this case, the Liapunov function
V1w 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 1, of undesired



Accordi ngly, the second Liapunov function V2

determ nes solution trajectories representing the
progressi on of the medical condition under the

i nfluence of the Nature vector, which causes a
worsening in the nedical condition, as far as
controlling or preserving the subject's health is
concerned. These solution trajectories wll  16March2007
hereinafter be referred toZs undesirable
trajectories The second Liapunov function is defined

0O.A---) 9 At st 630, the )
SFBR s g Uy pBRIO S Hap s ) WlsoraRuEP i By Wi
oneings réichmpybe detirephigles theyhealfisof dhe sebicciibdie abien'econditive wiiattupas
Vildb#p8 theddi@4tiBnsdet erm ned on the basis of factors such
as the system noise, instrunent uncertainty, drug

adm ni stration noise, or the like. Accordingly, a
nihaseef upesired ppingsa. qpabedetermined Baseen: det er mi ned based on
the manner in whlﬁpf <q9 data was obt ai ned, tQ@D

met hod of drug dellvery, |naccuraC|es in drug

admi ni strati onAhet®elds and the like. This can be (sed
to determ ne the areas that introduce the nost
uncertalnty or lack of confidence into determ ning

“treating the subject's condition. Thus, for

exaane>0|f it is determined that there is a hi gh

| evel ,af _qonfidence associated w th existing
tol eranceés in nmeasurenents of ligand, it 16 March 2007
28 w Il be appreciated that nassive investnent into

| erange

AL, HRLRRBGEUNT0 & BRASHLAIEkOLE W0 e VIR
I\Ja?lg;r/é"ga\luessﬁ?gﬁtself is useful, as it will all ow
areas of low control confidence to be identified,
all ow ng these issues to be addressed in preference to
otritEp 6%%%%%%\%%%“ Hieterrnge e sepoad iaruppvdupetion V. Hhgypurpose of
ethi@ Bgnd dAfap@ibe pndidO Y, & lem@kioBegsitivg of 1hs Newe klues w as a hostile

detGr 1 RESy QRKIPFentRF ScliAbld o8 nbleRM-ARRy Brd condifith %Pogresmon
cause the undeS|rabIe trajectories acting under

i METRENe & Sreorhe oy SISY e dRETshe e tfaéfcmli‘f”ﬁ\'i"@resemmg the
t roegEessife of the needital énditiordedir rigdinfrench b the Naturf [yecgor,i vghich causes a

pﬁﬁ%ﬁ&ﬁﬁdmﬁhaﬁﬁﬁgmﬁﬂﬂ &Qmakk&Mb%ﬂﬁmRﬁQ&ﬁﬁ?%@Qmpéﬂ%&ﬁﬂﬁs
ects of

oot T R s o ep e Pt gL Pl St

the circunstances in mhlch t he nedlcal condi ti on

Of GLdn@ EALRS, fudR MRESLLAMDYY AP RSSH S itself in the
wor st possible fashion, as far as control ling or

preserving the subject's health is concerned. In

P& step 630] tR procésGiig spte@il 19 Bdterthifds bidcépkab tabtRind 86 th&Nature values w.
zed\ (r 2uAA) the processing systemoperates to

determ ne a Nature program p** given by: p**:A\ (Tl UAA)
As[ d‘ﬁcnw aliolqﬂ_)hc Nippre adres 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 determnined 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



AA is the avoi dance set such that T2cAA and, for al
t>0 p** attenpts to achieve either: dVZ /dt<0
(deterioration as undesirable trajectories nove cl oser
to the undesired point set T2 with respect to the
contours of VZ (z)) ; or at least, dvZ/dt=0 (no
i nprovenent as undesirable trajectorles do not nove
away fromthe undesired point set T2 wth redpaagchigd?
the contours of VZ (z)). Ac®ordingly, the family of
hbture programs p** represents the set of the
Iﬂ%eg l%nla 5 Z}t rII'II(E%SSI (7 [~ t%% " Of Cont ! O| St [ at e]g%?
= ErPLep o g R S LR MR B0 AR ST PR
1®W@¢Eﬁ%mﬁ%ﬂﬁﬁmﬁetern1ne one or nore control prograns
PAccorliadly, a3skifethd NurS Qliudd in Gegeleti€ &jaf@lc EsQf RS ?{eas of low control
a&;ﬁt%%cgl?o & lﬁ.lengﬁeg ozillﬁ\?fi%g esg ?ssua\/\@yba ess he]a'gfgre € to %r ggues
I'S” corresponds rng sol utl on
tW@?@%?@F?%%ﬂm%bresentlng t he progreSS|on of the
condition in which the solution trajectories are

an gﬂ Ue%p Lt Sﬁip gfﬂ)d th§ EA%&ESH]\%D)%QIQ 1@ E ga%nmhe {} n%oreg\é m{e per(fgf OF PS

pr 0 ression
OV IR e orgesicabfs raFFtepioRpting uply therintfyaics picheLigpuacy fypetigns Vs to
ginwve mwhmld thé @l of Sidagired po@Gtc rThis Ts@Afoniddwiisfef)s4(t th @low the processing

PLAGERSS &Qnﬁyeiﬁeﬁmm@&g&%f%nge&n thiﬁlaﬁéaf@ognﬁu ? ﬁfamﬂ& %kf el

program p*' su p*

STt cireyrsiggees ipylpich thggmegjcal Gpndifion detpriossies-py %“ﬂceﬁ%w preseyits
(6 in ¥ A(grstﬁpobsmle\wlg)n[aaﬁar as \sentrollifpegrgiresding e tub@ct's health is
avaledance set, such that rl!'& and, for all t>0, p* w
attenpts to achieve either: dViw dt<0O (inprovenent as
trajectories nove closer to the target point set 'C
wint garticwds,pfec @ giverpinttinlestaorettour sAVGIUAU t piodessingrsyadm breast fo

d&%&mﬂghhgm%ggmmghﬁgghgg as trajectories do not nove
away fromt g ta ﬁ; point set Tlwwith respect to

the c8ntWGHs ot z)) Thus, the processing systéh 10
evfeect i vel y det erm nes initial state functions for

Whi ch A8 GO NVola@lee REBHPIR AN be determ ned that steers
the solution trajectories towards the desired target
poi nt set

and, for all t>0, p** attempts to achieve either:

dV, /dt<Q (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 7, 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 Ty,
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.



TIw despite the best efforts of the disease to achieve
deterioration or stalemate. The control program p*w
therefore represents the clinicians' "strongly-w nning
strategy”, with the famly of such control prograns
p*w representing the set of the clinicians' strongest
choi ces of control strategy to achieve the desired
target point set TlI.. Accordingly, fromthis ilfMegdh2007
be appreciated that the professing system 10
determ nes one or nore Nature prograns p** and one or
re.c ranms p*w whi ch represent the
P8l 3 f{’fc%ﬁ‘? d?‘“a? SPF AEpy ‘f%‘?’lwt’ﬁ’g ‘IEf’oR’i‘EfFSFIF%ﬁS‘%{h QPefafe to
s&*@mgesmmehnmmmmﬂeumdmegy for the clinician
respegtt Xel YayALnSi*ep 660 the processing systen1y9$
operates to determne a region W of initial state
vari able values z* for which control prograns p*w
ewrlgba: Thus effectively, the processing system 10
oper ags, &0 ethigeﬂghe 0! ¥l on trajectorieg;and
det erm ne values for the contfol, paraneter and
Nat ure val ues for mhlch controlvﬁﬁégrans p*w exi st.
Thus, the processing system 10 apeLpl-€g+{0 determ ne:
16 Nhrch 2007 -30 W={z* E Ak(tlmuﬁwo such that p*'
exists.) (17) At step 670 the processing system 10
oplereat es to simlarly deternmine regions W2 of initia
state, A¥ﬁggg[ ;§m£ y@kch Nature prograns p**
exi st. s effective the processing 10 works out
initial state vectors z** whi ch result in undesirable
t;[na,jfcﬁ@!lﬁ-nipegatteiﬂﬁitofidhje{re&]bhef he Nature prograns p** and
ol | ot Phs? (el %a?"ftg‘ﬁ‘?é % R e e b B e
t hen &ebreprituessf ¥atttigaicatsol ut| on and undesirabl e
t r aj eavQKi=e toofenBR Girajef@idd do@bt nRNOGhPINe targedfifiht R4 with
hbturedga%g&“mmg*;ﬁ@ @tep 680. The behavi our of each
candi dat € traj ec ory then assessed at step 690.
Again, this may be achieved in a nunber of ways and
Ny, i@ preRiifV@dent Or efRARAIPIRmsts iRl itgaduhdions By What ialRGntrol
t 1;19 4 ¢ ﬁé&{equgn §¥h§ skl Al %hxén traﬁehtgneg % grdsdtﬁe esued target s‘pomt set

ectories an oose the solution traject
spiif the beprsEerts gihedisease o prbiew dprisattion qrgplemater Thqoyrmobmgrayl
t 1**"‘ &eﬂeﬁrca@l‘bheﬁﬁd @ cliyeidiaéirdgly-arinpih OIS ST, MAE the PBEY Gtﬁllch control
Wp@n{s s@t e cinfeldhsS s%'gnggs?zhm (é)gt{oﬁ Q;gte chleve

c aotic reglions i on
t¢%$%%§@%ﬁ@§méﬁfas shown in Figure 8. Thus as shomn,
regi ons of chaotic behaviour as shown at C, mﬁth the

rE% % ns, of - yndes F poi.nt. t2 an r
oI V\% yé : nsl 1 & arp% I1a oens at e prws%syg 1% g one or more
Nature programs p** and one or more control progra.ms 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 o 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:



In use, the nedical practitioner would determ ne the
subject's initial state variable values that form the
state vector z. The medical practitioner then selects
one or nore trajectories fromthis point that wll
ultimately allow the subject's nedical condition to
nove towards the target point set'rl . In this
exanpl e, seven different trajectories are sholmMash Q07
to tp respectively. In this¥exanple only a single one
of the trajectories tp3 extends fromthe |n|t|a
starting point_z to the target point set 'tlw
However, this Y& ecd'GryAd8ouht BY &xisslchaot i c(kgi on C
that can therefore instantly be dism ssed. 16 March

2&%%% 6703tk ;t@ssﬁlg QhBE E O bhcBs Bﬁﬂuﬁg&d elcRineYL didn R, %f %ﬂi@g&e

undesired ‘point set r2 agaln, it wou
"ﬁﬁ‘é"%? r afvaich G PERPS BT “¥en appr oach t hese
trajectories. Accordingly, it will be necessary for

thgs gfmlv&,c the LREALEE 10 QokPUB RN sBild b&%&t ﬂ*tk thﬁﬁ Qgﬁt%xsﬁldcsuable

alon he_ tra] ectorLes t he re
T s e Blow, f Sregomire o s b o 5] whih ey uton
tthagsctories fybiaw thqpotyot pregeams P, V. I n this exanple the
trajectories cps, y, both near regions of chaos C and
cordln I ectorle z
i L R e R R R
apmg%@wgmww ﬂﬁ@ﬂbﬂ@@é@@ﬁﬁ@ﬁﬁy@PEﬂmlo provi des an
i ndi cation of the desired solution trajectory and the
Il be
REREL LTS PR e R AP e sl o o) it on
trajectories are required and accordingly two
CAain 5P GunyChie chieRalril & MimbfoD Giya A nfaff e athidvid Lextufiid kutomatically
Ilﬂ' ﬁaml tﬂe %&éﬁ&esystgxn %nJl)Jsg ﬁ'Ie Qlﬂﬂllatg Q[IBJB!PJH'QQ Erﬂg%h}%s!: Ithe: solutlon

cause the subject’ s condition to progress ong t
tW%ﬁ%%?@WV”W“““F??“?ﬁ@W§%cond control program cau5|ng
the subject trajectory condition to nove along the

U RleRE ttﬁ:ﬁc)ﬂly( #ié id RELLDYy ﬁd%ﬁi% B Grofbsidih ekl siaff MeB6E LRIRT

set 2¢".. I'n the event a suitabl e sol ution
rF“é?@x‘f‘P‘Ei’r%"’“ﬁ%é“ﬁ%ﬂ°“b@é N 2B BIOHT Y Ciehibt Nty BEdNst fy
shstngnFiguad/es on to step 720 to nodify one or nore of
t he Liapunov function VI, the Liapunov function Vz
the Nature paraneter constraints -
COHt ¥ 6}r°wbé?gg’ﬁse‘if gpote SrerPa psiten g O ih thﬁ frgios I’?E““d‘t‘sﬁ“rdg’%‘f“ set
% i tar S ertoinGetv, afidigitig regios 36 Wigs syat em 10 t hen repeats
step 600 onwards as required Architectures It wll
be ap recl ted that the above net hod may be achieved
Rkt PBTHUERCE YR ISR HRG i &Pt 's ‘"1‘1‘?{15@/& VPRsPle S3ug{ptdorm
acher mp@&érl z\9 e TRY aRs qafaa@m&yﬂi&namcﬂstmme&raja«&més aedlihis 9fint
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applications software for a

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

In this example only a single one of the trajectories @5 extends from the initial starting point z° to
the target point set T;,. However, this trajectory ¢, enters a chaotic region C that can therefore

instantly be dismissed.



medi cal practitioner's conputer system or the |ike,
for exanple on a transportable nedia, or via

downl oad. In this case, if additional nodels are

requi red, these could be made avail abl e t hrough
program updates or the |ike, which again may be nmade
avai l able in a nunber of nmanners. However, alternative
architectures, such as distributed architect urlé3jarabr2007
the like, may also be inpt&Emrented. An exanple of this
is shown in Figure 9 in which the processing system 10
is coupled to a database 16 March 2007 -32 11,
ppﬁﬁﬁﬁﬁﬂwﬁﬁﬁ%@th%mﬁﬂh?ﬂdhmiumW%@iBﬁ%éﬁé%am¢aﬁmrtwgﬂdbe
CauRiBM J B RHIDPSProRh mEBHaShAki ons 3 via a

comuni cations network 2, such as the Internet, and/or
via communi cati ons networks 4, such as |ocal area
néeodings it(WilANgcessary 1o the subject yiigiim tdyause p pibjeet ogtratsstaload one of
t Ih@n'zljeetlbﬁe %, 1526 theQEdnAR, &S Dty on@ﬁ{twa{gct@ks &, qu {hg IEarg%t

sur hospital, or other nedical institution. This
af%F "t H&thffémlaﬁhe TAECRLiEs €15 9 Ak gﬂ%raglﬁéo@ﬁaoasﬁ@oﬁccatdmgly
| betadectoms of, @nble bé @ledtdde central base station 1.
Accordingly, in use the end stations 3 nust be adapted
to communi cate with the processing system 10

pOST 1 BREHPIE fraegnsy 15 feemmined ot stsp 740 the proggsfie sygem 10 provides an
aippirat@i @ tte diesitsbdolutidni thjestbrly @iSthaassveintabdontodl pirhisap@nt will be
f@[ax@aiatéafm&w i Q&hﬁé‘ n%o @aaﬁop%ajs@oﬁgs m@@eqaé@'ml gcca}gm% two

suitable end station, i s shown I n ure .

¢ SR P! BPEras PACTL PRIV Brﬂb%‘ ‘E?r‘h%fﬁft cogtrehefogRRy wil
Schusarid sebfects mpﬂhoﬂ@\prmssabnguucﬁmea@ryapz kel e adehd c@ifrol program
0 ' I to et her
Vélz{gsplg‘&hgglgo\felétqgj tﬁlﬁxgonaé Kﬁ‘%l nt% @%{ectl%%::{pgr T %g w1gnn the
t HIET EUREY Tpr ovi ded to allowthe end stati on to be
coupl ed to one of the comuni cations networks 2, 4. In
?Jﬁgle 6%2%%&3? ; ?uﬁt%o%essgé?on%aﬁo agag §°t§ dfge erg th%arocess}{\ﬂgts?rséeﬁ
1mepesepntthgep@Prieumeiibaing ormeerand tﬂwaklswﬂfunmort 81 die Ligpynpvhfienction
Q,o crl bed ‘%Eocess to. be | ement

Ac%:or TTDe ap prﬂéec‘i"’étfngﬁ"”lmﬁtﬁ‘i copyjraipty, 4, u" and the
Ctﬁt@mymm@eatﬂwons network 2 is the Internet, this wll
typically be achieved by having the base station 1
present web pages to the medical practitioner on the
eﬂ’dp@feést“ﬂé’ﬁ‘eﬂl AEREFA st5p PP onpapds g reqrirade  appr eci at ed
that the end stations 3 may be fornmed from any

suibiallgs Processing system such as a suitably
amred, PC, Internet term nal, |ap-top, hand-held

Pl soaepiaicd Jyeghe sRRe cbpmes, g bisradyh b s igereat manvers.
afips, for extainple) 8 regeétve\@vcessingsyadaltlney tafr@ided fansadhaedigan phadtifoner

ztgm% t&@éﬁésystae@ bnd@ LS gaamveh By shg;yly%lg@e@@ﬁve Lpgﬁcatﬂ,ﬁ& gome fora

ata, and any other inforpation as we
clafﬁﬁ%}ﬁaﬂg““°?fa§°°ﬂ*@“t§f&ﬁmﬂi ¢ I forfeepls e eé‘iﬂﬂsm%% ﬁ“?dfao?fé’n‘a
vdognlpdde Trethi caxs¢. aft addjtiond , modedf a7 requivel, frgpe boulins fneder adlablo thtohgh
Pir&YeRS P or30e3iké& 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



10, located at the base station 1. The processing
systemthen operates as descri bed above, transferring
the results to the end station 3 for presentation to
the nedical practitioner. In this case, it will be
appreci ated that access to the process may be
controll ed using a subscription systemor the |like,
whi ch requires the paynent of a fee to access iaMaai 2007
site hosting the process. -3his may be achi eved using
a password systemor the like, as will be appreciated
by persons skilled in the art. 16 March 2007 -33
F{]r Rrpvidedpiadase stptop [L-tiebesn stpiiRy 1 iFecoupled pocaghuimper phpad eiionstardizes
Lbmmamdtidnb hGwdiRy, s aeihé B®knet BR/o6 @k aﬂﬁﬁlﬁicaﬁans n&ﬁr&l(s' fedh as
lt)caf zl}c% npt@§r§s mg) 40 th.l"’S it \t;Jl1 Eﬁi %srgc?a?e% may % IRe) Fn ernal
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4, ‘or any other suit 'S
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mai ntain a record of patient's nedical condition
hi st or whi ch can be accessed as required at
SR 15t Pred statippy Sanysighy 2d3pted 8 ppmpaicaiwighshe ppoggsdng system
r Bqosidbnaff at thia dasp staign @S &ivolhbe Ppredideg e dis aBdws @amdbet bfatifferent
Wolnflbftnd RRioPAhdy@Bksea.@and i f coupled with a record of
the nedication actually provided to the patient, this
can allow the effect of the nedication to be
désrt expmpilernd @ suithitle apd $titiodpie shopm mdigug 1@ dAs shevtn theyendagmtibny/Singhgles a
Oiftbcabsdz 00, @&l 31 QB arfinghtdERSd 32Qfch RAL ueﬁ;a;r& an bulfiuSdeVibe 33 such as

ur at queIs to, he d

nor,e
|?‘leIJ f"% TR togo'g’eer ¢ a%'§ FeT SPVE A1 SHE ff%cggﬂﬁtyp‘%ﬁﬂggov‘ded o
afllpwike a\édtﬁttqnmFOUMePnﬂpﬁhmwmﬂmwﬂvor@ dr exanpl e by
anal ysing a range of age groups to create age

ph
@%nﬂee %Boeﬂ&% is afialpgﬁ( %rrgmmumcatfz e Ergcles(’éPFe ? n;'Elllf[ﬁowc}%:B in the

hi que as ed to a
b‘awtaP%ﬂ 1 §ﬁ6‘9\ﬁ°n?“ﬁmﬁ65‘9‘@rﬂl€fr"%k%@ 46%11119% the\AhpVe destrivpdsprocess to be
Vilmplemdaed.a ppdoritiziat ie ehilfl beQipréched 8oy éhe chbi@inichtivds network 2 is the
t [ C [
ﬁ@l{aa &iﬂ%ﬁ% g@@anp%e m+eh & hsv@gwba&%& i pre%ng-,ﬁﬁggkegztro the

i ncl udes to patients o
o‘f‘?‘?ﬁ?lpﬁﬁﬁ’ﬁ‘&f‘?“éli‘?endosfa“??&n- nmammal i an speci es and
i ncludes any individual it is desired to exam ne or

t Ac%@}&néilys '1@9111@3 ecnppraﬁ{e@ Q-QLS thQ fendt Qa%oﬂs @Vlﬁa@t ﬁeof‘grmefgﬂbﬁl %D)l ﬁntable

subjects that fall wthin the scop I nvent
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| thejigs.twhick 1sm;cﬁh|ogara(ug zgphcat@ime@pvaremle dao rrenefer and in some cases

domBleRWSing Pi 9S), | aboratory test animals (e.g.,

rabbits, mce, rats, guinea pigs, hansters),

conpani on animals (e.g., cats, dogs) and captive wld

alnithisgehss, tegoatignt dath, @ndergy otigpiaformatitnrag welksy input pammpajds,| mag pesoppbe

a@ﬂﬁeﬁﬁ‘ddﬁztl gaaiua@; vid 1€entl RGN B ISR bERN raRRerid® @ Ghelpfbcdddiral sPstem
R) ?ocaf’%leq| %he base sta%glnml o[ﬂe processing system then operaies as described above,

transferring the results to the end 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 reguires 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 skifled

in the art.



of specific sanples. Thus for exanple, the techniques
can be used to nonitor the reaction of cells to
respective environnental conditions, such as

conbi nations of nutrients or the |ike, and then
nodi fy the conbination of nutrients, to thereby alter
the cells response. Furthernore, it will be

understood that the ternms "patient” and "nedi daMarch 2007
condition" where wused do not” inply that synptons are
present, or that t he techniques shoul d be restricted
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ashowinia Appdnda s, belovnal ; (3) a net hod and apparatus for
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phar maceuti cal, pharnmacol ogi cal or physi ol ogi ca
pYatdieses, and to a nmethod and apparatus for
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the effect of some physical, b|o oglca or ¢
i this dpcyusles. i b9k is notfliniisA R nefienisyenlumgn o Hsher spagwralian, of mon-
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Tt O R i Shisbiecnued B CBenicih s & B i

dinﬂﬂfed'm‘t&re/ ndfBRiricted @ fpemste Mivestock animals (e.g., sheep, cows, horses,

donkeys, pigs), laboratory test animals (e.g., rabbits, mice, rats, guinea pigs, hamsters),

companion animals (e.g., cats, dogs) and captive wild animals (e.g., foxes, deer, 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



Cardi ac disorders Masthenia gravis Neuro nuscul ar
di sorders Treatnent of cancerous and tunorous cells
and rel ated di sorders H'V / AIDS and ot her i nmune
system di sorders Hepatic disorders Athletic
conditioning Treatnent of pathogens O her disorders
or di seases whose significant processes are capabl e of
bei ng reduced to a 16 March 2007 -35 mat henmtlé daich 2007
model An exanple of a mathe¥atical nodel for
Par ki nson' s di sease is set out in Appendix B. In this
regard, this is an exanple of a basic sinple node
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of the condition. This is not therefore restricted to
medi cal_condi ti ons, althou%h the techni ques are
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process.

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

¢ Parkinson's Disease

¢  Schizophrenia

¢ Bipolar disorders / manic depression

¢ Cardiac disorders

*  Myasthenia gravis

* Newro muscular disorders

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

* Hepatic disorders

¢  Athletic conditioning

* Treatment of pathogens

* QOther disorders or diseases whose significant processes are capable of being reduced to a



trained through feedback, and associated restriction
of paraneters and the |ike, so that the nodel is
constrai ned to nodel the respective condition of
interest. However, it will be appreciated that this is
not intended to be limting and any suitable technique
could be used. In any event, the system descri bed
above allows a mathematical nodel for the condbMaoih 2007
within a respective subjeci5to be determned. Once
this has been conpleted, the nodel is used to derive
traﬁFctorles representing the progression of the

condBf Py BYFIERr di fferent circunstances, and in
particul ar, under conditions of dlfferent medi cati on
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de nbindet Refie@ceCidaplivd @nde MRA@Ur , wWhi ch woul d represent
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sTaSWW*¥§W§@f§mU%m¥%h correspond to sets of paraneter
andgahatmevari abl e val ues for which the remaining
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correspond to trajectories that are non chaotic and
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state vari abl e val ues. The contr ol

ar r an
?ggﬂgwgis devel oped by mathematically nodelling the
external factors, such as the effect of nedication,

R Gyt féng (e APdreBQleREHU BSRUNBG aHhtHIRARical 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



or nore of. Liapunov Functions; Dynamc Optim sation
al gorithns (such as the Eul er-Lagrange Method);
Convex Set Al gorithms (such as Kuhn-Tucker); Any
ot her suitable algorithm The control program
therefore represents a treatment program such as a
nmedi cation regine, which w1l cause the subject’
paranmeter and state variabl e val ues to be nndﬂ??%@hzm”
towards those in the stabﬁﬁlty sets. This therefore
al | ows nedication or the like to be prescribed on a
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Whd dondR3Rb8%els@efr. t hat nunerous variations and
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OEmdQ plitivelyakdh@igedk (t) cells for t > 0. This col ony goes
t hrough successive generations of cells, whereby

gi ven sufficient resources, the rate of increase is
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bxﬁ(ﬁ@[ﬁ%schcn:%gﬁ;l ifa\étgps, sfth agtﬁ‘l, 4ﬂ%ct of medication, and this can be achieved using one

or more of:

* Liapunov Functions;

® Dynamic Optimisation algorithms (such as the Enler-Lagrange Method);
® Convex Set Algorithms (such as Kuhn-Tucker);

*  Any other suitable algorithm.

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.



die frominadequate nourishnment. This colony of cells
secretes a substance S that is inportant for the well -
bei ng of the patient. Secreted by the colony into its
external environnent at a nolar concentration y(t),
this substance is eventually taken up by near by
protein transport nechani snms and used el sewhere. Rate
of secretion takes the formof M chaelis-Mend@March2007
kinetics, with the rate satifrating to a maxi- num once
the col ony's popul ati on becones sufficiently |arge.
Thus we can wite a sinple formulation of this
system s dynamcs as being i = x(t) (P - Rx(t)) f
(el bp apppiatccogthiy wilk igoelit Jpd 1o a brablay ot poiny( oy (ol rep@Jentinizhe
“elidinhtjon YR Bnditioh. SHJVJ%%r R 15155( iniy?ﬁt)smép btlaadslefan: r% OWMeBessary
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r%%%%%@ﬁ@m%%@H@éﬂ?@mmmeﬂ%@ﬂmqﬂamﬁﬂﬂwek (nDre usual |y
denoted VM and KM, p is rate of uptake of S by
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l\mdéhelad bepfoﬁ)shllex@dﬂo A idioBd QY ard Scopb SRIMMWCiIveRITD Bigaddy Hpsdidg
PELRAAL of the popul ation, whereby y(t) fluctuates
sharply MAthOUt apparent physical cause. In the
nedical com nunity this condition is known as "Y's
Di sease". In case studies, it is ob- served that in
sone sufferers such fluctuations becone progressively
worse over a timespan of nouths or years, totally
i ncapacitating the patient, until they becone
conpletely erratic, leading to death. 16 March 2007
-39 The three forns of nedication at our disposal are
a hornone (denoted ul) to stinulate the rate of
unconstrai ned growmh P of the cellular population; a
hor none (denoted u2) that strongly suppresses the rate
of uncon- strained growh P of the cellular population
(not conventionally used



intreating Y's D sease); and conventi onal

medi cations to inhibit (denoted us) or stinulate
(denoted u4) the rate -of uptake is of y(t).
7Yeatments invol ving these nedicati ons have not been
particularly effective. dinical trials using the
grow h hornone uz have, in sone patients, unexpect-
edly led to death, while control of is has often been
of fluctuati ng useful ness. 3 Paraneter identifi qgaadh2007
in vivo and in vitro: Thesgg.dynam cs are happeni ng
within a |ivi nghpeRdientd Wth present technol - ogy, P;
R Ka and x(t) cannot be nmeasured in vivo directly in

ma fu can be estimated in vitro.
%&1 @%‘ 9#5-. nvasively using fMI, to a
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W|th a cognmn 5 ptu );t)s h the actual (1)

par anet er val UES atl ent to patient.

Havi ng obt gi red da(ﬂapt-epy(r).tr(yit»s they ar@)
subst i tut ed i nt &2 ‘t‘ﬁ@)m)del equatl ons to sinulate the

ot b s
t e t Mi
entez qulantltles mtgg usu eno ecr tg atau K MF%\ pPl%nra.te of

of S by transport mechanisms, a.nd I (2) denotes the one-sided Heawmde

function. Equation (1) is a more complicated form of the famous “logistic
equation”.

2 Medical problem:

A pathology is observed among a small percentage of the population, whereby

y(t) fluctuates sharply without apparent physmal 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 progresswely worse
over a timespan of months or years, totally incapacitating the patient, until
they become completely erratic, leading to death.



This identification process is repeated on a
sufficiently large popul ation of human or ani nal

anal ogues to quantify the effects of the avail able

medi - cations (listed above) on the system As a
consequence, it is found that the nedicated system
can be witten x = x(t) ((P+ul - u3) - Rx(t))f (x(t))
(3) +z(l (x(t)) - (lz+ua -+t) y(t)I (y(t)) (4) K2+40
where ul E [0,0.15] (5) wu2 E {[-1, -0.5], O} (66 Match 2007
E[O, 0.2]"(7) u4 E[O0, Q3b]l. (8) These constraints
are inposed by drug safety concerns, or, in the case

of u2, the lack of fine control in delivering the
hornmone to the | ocation. Equations (3), (4) constitute
t Ehe three fR QM intidscation la Huy \idpemal skpr e formal ly
witten z =f (z, u, A t) (9 where z = [x(t),

y (¢ pjHormone (daviofad) 1) 40 Stimulata(thy ratedf uhjohstmihed geoféh

R, Riof k2, cefldlar pépulatder; specific pat| ent, we find the
reference nodel of the identifier 'algorithmconverges
asty aphasmiora | (Henated @REShaf stromgly euppresses heatate of uktpp-
(2) strainetl gnowthelPiof ebe pelhdar pepulutibn ot Rorvehtibnally nsed

Kl i 4Ratig Ys DisBasefiithd = 1. 2 when the patient is
unnedi cated, i.e. u - 0. 4 dobal stability analysis
Az coivestiped! enkdicationg ty mldHl; (demptabeal) os stiimuladte Ydenoted
anakyptlee tate abuyiteké pdbfeit)t he structure of equations
(1) and (2) across a range of .values for P and R
3 Rt | @19 lving thesegpedications have oot ‘bgenmagtiedarly effectiye.

tripd veingrthe grofthl Borsonety: 2099, in seme patiznds, auiexpect-

edlydedite deafhowhil¢ Gnifol oDprhasgiiten them of fhecisating tsefulnéshe
sequence converges eventually); black denotes extrene
stability (the sgquence . tends inpediately tgo a final
dval kar@metsarelamtlﬁcﬁ Bonuna i vedro:

These dynamics are happening within a Living patient. With present technol-
ogy, P; R, K3 and z(t) cannot be measured in vive directly in any meaningful
way; K; can be estimated in vitro. y(t) can be measured non-invasively usmg
fMRI, to a tolerance of +5y.

Instead of using convent:onal' 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;), y(t2),- .-, ¥(ta)}, -
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 — R2%(#)) J (2(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. ~

Ha.vmg obtained these parameter estimates, they are substituted into
the model equations to simulate the system. This is to check for validity,



convergence after a designated nunber of iterations -

in this case, five thou- sand - either due to the
sequence diverging, or else the onset of chaos. The
bottomillustration is a fal se-col our contrast
enhancenment of this convergence map, rendered here in
B&W To neasure the dependence (if any) of these maps

on our initial choice of x(0), a second,

"chequer board” set of convergence nmaps i s gener aigdarch 2007
of x(0) against P for fixeg.values of R This is
depicted in Figure 12. It can be seen fromthe
structure of Figure 11 that 1. This systemis

suscepti ble both to chaos and to extinction; 2. That,
hyogenerptingt dupputt fremrtha ivheddl and eorrefatinthisowith the weigivah s
pabieyf btput. "Y' s D sease" need not necessarily be a

di sease at.all, but a peturba- tion of the dynam cs of

? 'fgl"rfg?wﬁgé“ﬁ% RIQos3? is yepeated ap @ mificientbnlasge population

o E‘é‘%“@ﬂ i 9T) anjmal analeguat t9 gnantify the affects bf thef avadlableemedi-
catiens fisteddaluwe) o1s thef sypleni.cAs a consbauende, i$riofdund that thee
mdvkicaded systan cawbe iwrftken any i nherent toxicity of the

hor none, but be due to the inducing of chaos or even
the ext&net (o) @P +be-sedtem =&y fiqa()f or P+ul bei (@)
pushed to too g’,@p value (e.g. P+ul >.f.|3); 4. That,

gi ven t e = ogpexapoda(ll) Hdw Hyaamd ¥(91 (1Y) (4)
under | yi ng ceFl | ony, attenpts to control y(t)
wHekdiout controlling x(t) are futile; hence,

nodi fi cation of the cell popul ation using hornones ul,
ua is fun- damental, tg m@_ggti ng the patient. (5)
Contrary to expect a'tign, c?n - ii onal medi cati ons(B*JB
and u4 that alter Ypt ké[T) "ﬁﬂ)ﬂ an only ever be
limted practical wse€id0:.0ul ating y(t); 5. The ndi%k
stabl e region of tfj sesgs,tnem i's in neighbourhoods (g)
surrounding {P 1, R" 2}, although even here there
Tiheses tomstraiyts aeSmpossishyo firugtdafedi icondeiis) of, Uh @hé dBeksfd,,
thidlaick of find pRittroliih dulideribiel the hondom @Cthel 1BcdtiRr , -

Fi ure. 11) 1@ Ma{xét]; 2007 -42 For  specified val ues of
p Bquptigns ({1l ) sopstioute fhe siabe sawations, of) the, EtRm, BIOR S
forpmally, writken o { hat

_ z=f(z,u,A,¢) (9)
where z = [z(£), y(8)]T, u = [u1(2), u2(t), us(t), ua(£)]* and A = [P, R, K3, K2, p]*.

For our specific patient, we find the reference model 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 g = 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



y(x , y') =OW y) =0, (10) nanely, [xi,yi]T =
(0,0)e (11) and . T P KIP [x2,y21 - (R p(K2R+P))-
(12) The first of these points corresponds with the
trivial equilibriumof extinction; the second, of a
dynam c non-zero equilibriumof the popul ation
(visible in the frames of Figure 12 as a |line of

bl ack dots). 5 Single-Liapunov control The next task

is to control the system steering it into a stalghirch2007

configuration to inprove._yhe patient's condition (the
process depicted in Figures 4A and 4B). An early step
of this is to decide upon a desired target set Ti. As
illustrated at various levels of magnification in
rdpegiadeitdtiond Ioﬁ ¥(8)=t1.y Daslle pesid dented stabilitp (tHecseqendee
coeigeReviitunlly H&ktctéﬁo‘;e@r&ﬁ'eﬁﬁadtﬁbﬁ%‘) (thefseqifen@dicbndsy
lmmsaiata fe.e fa ﬁ’n v[aﬁe,susliaﬂ? ]emﬁat%m "Mthdvﬁlté B@uo@m fifial

;ﬂﬂ 1 eﬁc ‘fzz te rmﬁﬂﬁér' Eé‘i dak - Se q;ca \gﬁﬁv? thou—
8 e xve [ t

S m@%@ L bl e
maps ¢ t he XYpIaneforP= , R—16
Wery m&s&h@aeﬁénd&&eb@fﬁn edf&ﬁ@&%&ﬁ@ oftf idifif) HAK e
OFQ )! 'a.l%(':dﬁ@ é&het[b%g:d”y% f cdriVe Ej 1{5 E@lbifted Nof

ts.ojr s%ﬁll‘al%ge Tgfhfsvﬁd% usua grgyngiale

(lit amkbe seett ﬁ-enﬂ:hecsnuelmgebfsﬁ‘;gm llatkatf ailure to
converge) and right using fal se-colour shading to
ehhdhiscsystem i ayeaptiblerbothitatchees andilst exttingtiony ender ed
~here in B&W The equilibriumpoint [z2, y2]T is tagged
b dark poi nd can be seen to |lie on a thi

ot 3‘&%@%@%@ wanifestation f strong, fuctuptionsip #(f) in
nei g¥ollisrwsa nepthrot aeressarili be ardisqage §h6uvrb‘1tﬁ& petsgban s
t hatiopgfdhe dynpmicsof gnissherrdeiheqlthy systepeinte a region of

[ x 2imppbility or egbimation;f unction VI is then constructed
around the geonetry of ri7 and a control programp' -

comput ed using V V1 ya ; t to use the 16
n&]lim rge the unexpe(:cted deaths of)pa.tlenﬁs under u, growth-

hormone therapy need not imply any inherent toxicity of the hormone,
but be due to the inducing of chaos or even the extinction of 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 z(t) are futile;
hence, modification of the cell population using hormones u;, us is fun-
damental to medicating the patient. Contrary to expectation, conven-
tional medications u3 and u; 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 surrounding
{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).



-43 constrained ul, u3 and u4 to steer the patient's
state to rl. Candidate so- lution trajectories are
conmput ed and presented to the clinician (e.g. see
Figure 15a, for a solution trajectory issuing fromthe
point [x(0),y(0)JT = [0.001, Off). If these solution
trajectories or p' are in sone sense unsatis- factory,
gquantitative optimzation is perfornmed (e.g. Figure
15b shows a slightly different trajectory steekeMarch2007
fromthe sane initial condéd2-ions to the target set,
in which sonme robustness is sacrificed in order to
abandon any reliance upon the nedications u3 ud).

set al | Whl ch such V1- der| ntr ol
015 égeqlgfc!e 8&1’ dh theee g@t ate Squiibriun
P‘E)Btfbﬁzeru_] 3‘éontrol Now consi der the probl em wher e
t here exi sts uncert ai nty about the precise value faor
R This may be dué{z’oyDaip’ & @ uct uations (10
preventing the identification algorithmfrom
namelai ning a nore precise estimate of Rthan RfSR or
it may be that the patigift=40/0)pl ogy engages in a(ll)
alﬁgtentl ally adverse response when P is nodified via
rmone t herapy, wherebypR acgyplly is shifted by
amount oR. Per hdph uilh I=S%/ —g%z—t—o-‘};he di sease, or (12}
ossibly it is a natura ?/r:ﬁsc anism Either way,
The firss ofihwes poinys cogresponda witthi the ovial eguilibyivge ekextipctione
ther secoml; of sedynaomici ronsashequilileriunn lefithé popdatiom (dsiblecin
tedfriafes 6OBiggireal® a3 ling of black dots)at i ons (the process
depicted in Figures 6, 7a and 7b). The equations (3),
(4) are re-written, x = x(t) ((P+ui -//uz) - (R+w)
5«(t BingleDiapynoy cantiral )  (x\t)) - (- + W -
ud) y(t)f (y(t)) (14) x+x where to E [-w, w and w+
The nektetask ketaentl thogyswnk sbecking dt indo actahlmmﬁguratmn
tee hprove etthefl pationts dondionp@he @roceso dopicted i Figuresn4A
aind)i4B). Gaiearly ks of Meik G €o idecile upsh Ldebitelafargdteset 7.
Al lillastiited Qi Svaiofs 16\RR! dTBSgrifidatiohl igcTighuye V] this partly
dAHE Uponolint RAR HStheQitetl N WsOkelF bS $hé Hirg&sdle ool of
stQj) videR' £ af’eé Olgai Y81 everl Wifhin 3hé HBtid Qothin’ Wie
[ltéﬁ 4 ¥§1ta.ﬁrﬂac Sst lﬁleigﬁbc:mrhot'xds appear to exist.

In the case of tlns patient, the cell colony is to have its growth param-
eter permanently translated to P — 1, by setting u,(t)] = —1 V£. In the
XY plane for P = 1,R = 1.6, we then define 7 to be a neighbourhood
of the stable equilibrium point [z3,y5]T. This is illustrated in Figure 14,
where the relative stability of points [z(¢), y(¢)]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]” 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 |3, ¥3]™.

A Liapunov function V, is then constructed around the geometry of 7,
and a control program p* computed using VV;.f(z,u, A, t) < 0, to use the




then to design control strategies that are robust

agai nst any such interference. The target set -rl,,,

and Li apunov function Viw are taken to be the sane as

16 March 2007 -44 Ti, VI. To deci de upon appropriate

choices for r2, Figure 11 and Figure 12 are

re-exam ned. Even at Rt-t 1.1, it is clear that for P

= 1, donmmins corresponding to extinction cannot

easily be reached by Nature directly; the nost 16 March2007

i mredi ate way to di srupt pdpul ati on dynamcs is by

~driving x(t) either to z(t) -+ 0 or x(t) -+ xt >>

1.2. Avalue of zt = 1.4 is chosen, and a

nei ghbour hood around this nom nat ed as r2.
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where w € [—w',w*] and w* denotes the maximum possible fluctuation in
R, estimated 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 strategles that are robust against any such interference.
The target set 71, and Liapunov function Vi, are taken to be the same as



The equations set out bel ow represent a sinple
3-equation nodel of exogenous dopani ne

phar macoki netics in the synaptic cleft of a

dopami nergic neuron. 11 'bb 'ibl[Ob eb d[~e$b
=Asm(W+l ~)- - ((bb['Ql1l66~ dt k12+V1 d[e e.lsym- Kk;
[Pel 11b "kl dl *[et -u~"[Pel,,,; dt kb2+11l etb

k12pO+[ leL d[deL - knr[QeL" _ k,i [d-L [de +(d). dt

kel2+["aL. k12'+[deL -p ' where: [@a]bb : | evieddgeh 2007

concentration in bloodstreagkl 1 42 : | evodopa
transport parameters across bl ood-brain barrier [Ibb "’
's'r&" coefficient for | evodopa in bl oodstream 11 L:

1) v oBodacide n@aatm&b@ﬁaﬂemm%ﬂ %, Cl*‘i%hk i1 Qn&
lxﬂféVﬁ[édaﬁﬂné@rEV&I 9? RPN, dq f — , domams
fﬁ"%o%m‘ bl % ?@é" ooty
R4 tgonf &h &(t) -
ﬁ%lzﬁi% ?érg%F+Fbﬁ>dahﬂhWﬂ?Q?f% -4 iyjchosen,angda
e wehopd arepnd,this Pgmatpdgsd'ﬂpam ne A, w, i : control

“f’;@m L HifLRSh Vo %&dgt Hrsaeseng
t VVo.f
% 4 ab‘09§£@€a B‘g%h tl}a'ﬁ%i%nethe mtenon

%tfnh@)dv B‘s&om which p™ stesrscta-
E@"O'ﬁm— apinstpllposvls ofart We (Points [BENTOR
froprwhich p*tisteembtrajectoriessintm; déspitetadl possibile ) are plattednt
As wﬁmﬂ {=(®@)(0)]Ec caundifatenolitioh {rajdctsliagare computed
** and presented to the clinician (e.g. see Figure 16, for a solution
trajectory issuing fiom the point [z(0}, ¥(0)]T = [1, 0], 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—, u*}, [w™, w*] modified to-i 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 medmatlon.




a) Obtaining subject data, the subject data
representing the subject's condition; b) Using the
subj ect data and a nodel of the condition to determ ne
system val ues representing the condition; c)
Determ ning one or nore trajectories representing the
progression of the condition in accordance with the
model and the determ ned system val ues; and, d)wMarch2007
Determ ning a treatnment programin accordance with the
determ ned trajectories. 2) A nethod according to
claim1, the subject data representing a nedica
condition for the respective individual, the method
i ncl udi ng determ ning g&@k gries representing the
progression of the nedi condition within the
i ndividual. 3) A nethod according to claiml or claim
Th% eqnBRHRD 8 S ARloW deptescht e aBRNI-bqugion mopdelnof Evgog@bus? iitwﬁ'uine
or _.the npasur ( i ve attribute of the
pm@%ﬁﬂ??“ﬁﬁ$gfﬂ@mggggéﬁ?@g uggagﬁﬁ%ﬁding: a) State
vari abl e val ues representing rapidly changing
attahp tes; and b) Pa ter values representing
sl oftylnchanghRa 9L bant, 44 1);i butes. 4) A nethod
accordii ngﬂt o( anﬁor]ﬁidﬂ,khgbbggm 1 to 3, the nethod
i ncl udi ng determ ning control variable values, the
control variables representing attributes of the
condijtyon t can xternally controlled. 5) A
netﬁ@égaesggi%%gnt L ke -4 1,4, sodel i ncludi ng one
or noffe ndaet llebuaki;ord.bepr esenting the condition
the net hod including determ ning one or nmore subject
equations in accordance wth the nodel equation(s)

and jih&¢ sy NJal ueg:"[8) A nmethod according to claim
5, Fﬂ%ﬁ%ﬁﬁg‘ﬂde AL g#&j‘éi& l“&i&msnt progr am
i nclu ﬁng: a) " Lﬁu liﬁELLEe behavi our- of trajectories

representing solutions of the subject equations; and,
b) Determ ning one or nore control prograns, each

. WiEBhtrol programincluding a sequence of contro

 var ifaB)] elewabdesacéiation itiddlidreann traj ect ori es having
desired behaviour. 7) A nmethod according to claim®6,
t he pHbzhdevbdvpd telipag paiicerstitns higodbraebanet t ar get _
poi nt's, the target points including stable points for
t he mispiekd coeflipirat frrdevedope indloodsr®@t hod according to
cl aigmy7,. the desired behavLoP including at | east one
of : [¢ - PFRIORE ORISR SRSt cept abl ; b) The

trajegtorles do not nove away fromthe target points;

and, Ku CYul hEorvFraipeRargeies £or fora d1eroo¥Bsr oach t he t ar get

points. ,9),A nefhad. according to claim8, the method
i ncl & n d&FEFM NI ng The SOl ution trajectories to be

acc e[B}]gmb ld@palnfne LdAEhtrRHoR in synaptic cleft -

kf;" , kf:' : dopamine transport coefficients for neuron mass

Hg,  "sink” coefficient for dopamine in cleft -

(do) : mean concentration of signalling dopamine

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

Accordingly, it will be appreciated by persons skilled in the art that the above mentioned equations
catt be used in determining a model representing the progression of Parkinson’s discase within a

subject.



a) Non-chaotic; and, b) Sufficiently snooth. 16 March
2007 -47 10) A nethod according to any one of the
claims 7 to 9, the nmethod of eval uating the behavi our
of the trajectories including: a) Determ ning regions
of control variable and/or paranmeter values for which
the trajectories are chaotic; and, b) Determ ning
ranges of the control variabl e and/ or par anet e

for which the trajectories.sgan be nade non- chggyﬁgyﬁﬁ7
or otherw se stabilised. 11) A nethod according to
claim 10, the nethod including determ ning one or nore
COTRCLAIMS PERMNING THEIINV RN drmaeFoulDwst he det er mi ned
rgng %%mod%?aew&uﬁlﬁgafh%m&'%&éﬂr} f@% sh ecf"‘{iwm&{b‘ﬁ %f mﬁpg'ua' m 10

of claim1l nov
£ unBt Db it ey o s AESBIE fip oec & FﬂnF‘B‘I’ﬂ’

pr ogr Hsimg thelsghjecNlampidruohbdd ot @hditpn tootetntrieRyska, valiidd @presenting
nethogeaﬁghgdlng a) Defining a Liapunov function for

t he, gradi ent defjnes trajectories nDV|nﬁhtoma[ds
t he P&‘E‘g’g (BT Rt Bore Siepasy F?Pfﬁ%““é‘é St TG Wrihe ppadition in
contr @boroiaacrelwabthemwall agethe degmuned eypterbedey; mdni ng contr ol

var a)abktammlgyséxnrem@;og&ﬁa%&m@e VilnFheQEit b ESebbayel | i ng

adi ent of unov functio
8 o A o P 9 o RSP ot by Sondiion for e
ac cretpeftivrgndividugd| tbq lmﬂ!p@ inclrdi detemtsﬁqgamm.ttsws repedseptipgrie progression
Iinaf&}ﬁmaaicatiamutoﬁammmdlhm@t can be provided to the

S%b}\ met 041 aoco%c]hng 0C A i dpr cla:m gl sns%ale?lue e esenrt}gg aoqu%nr éa% eﬁ tfor
i BRBOPEPAR 6 AtFSPHtS PFElbt‘}? ofr%ﬁ@d@fm thRaystera vaeninpleling:
coNnd)r Sthte PG VKIS rdpieientd) rapidp MhaREhgadbaRys: @gent at i on of

th e t f’a@zln%&I %&?ﬁmeﬁ.ﬁ}% len?lP «[,h%i?g%xg oxactons%t akmgz%leﬁ ding an

|nd|cat|on cre Sel ecti ng
& cO e aEFding Ry PRs ch e 6‘?18%?16’@ WFFﬁﬂ’?dHEd‘idé‘E) Aessgigipg gpntrol
t r aya@dteovalues .the cbfijol Aarirslésheglesatiop rdibng bfothayrdifite thaf can be

theexgé}n@[ngﬂnguetdo 15, the nethod including: a)
Determ njng one or nore Nature values, the Nature

V| 4 SEPEEACREINg (BT t Redmade! ingeing e %%‘F%\ﬂ%‘{ﬂ]e‘?‘l%a“&‘ﬁ gpGenting
var thaindisonr &pmeb@ritciudigs ddrminibg trer @ibre tsib@ctogmedons iin0atcordance

t hgmvmé Iﬁodaemn%n@)m@d mé‘sg)ga&h JahQn tO progress in an
Ug] E ILO accordmg {(])r(]:l%rm 5, t%e méthod of determining the treatment program including;

h.

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 behaviowur.

7) 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).

8) 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.

9 A method according to claim 8, the method including determining the solution trajectories to be
acceptable if they are:
a) Non-chaotic; and,

b) Sufficiently smooth.



b) Mdifying the subject equations to incorporate the
one or nore Nature values; c) Evaluating the behaviour
of nodified trajectories representing solutions of the
nodi fied subject equations; and, d) Performng at

| east one of: i) Determ ning one or nore contro
prograns, each control programincluding contro
variabl e values that result in nodified trajectogiesr007
havi ng desired behaviour; anpg, ii) Determ ning one or
nore undesired prograns, each undesired program

i ncluding Nature values that result in nodified

t Hapeethod icesdidyay iug gneLnt che Slaimme @ tde haviedadrof evhbatikRhe Beh 2R of
-48m;;%ménggkmgg;accordlng to claim116, the nethod
|nclu |Q%I$%rf rmng{Er the nethod of any one of the

cl aP TR0 H CHUEOYERRH CRYSRPRTL &l Y fpiglythe tajectories
traj eeednftesnd, 18) A net hod according to claim 16 or

cl ab)nbthrnnnﬁnE Sanfte bR ot akidlie R 8- BT RiuBGordniflhe QIJEC'[OIICS
undeslrﬁam ol nt t he undesired behavi our 1ncluding at

| east “O non'cﬁdoﬁg(’fl?ﬁra’fsf TOU5Er aj ectories are

uHaé cegthod afcerding Yo Flhim 1Pp the friethdd finclagim tegrrhieigsy d: wrotordToongol
awapeogrmm &&&ﬂm&é@@ﬁﬁh&cﬁﬁnﬂé& Atgss. and, C) The nodi fi ed
MRS Tl bt 0B S ISR LI e
netﬁ%@WW%éﬁﬂﬂmWQHmaWﬂD@E@WPhg%amSecond Llapunov

f 1BNA hiehd st@fdingtdi clabin 1208 GoiRdinatingdef i nes nodi fi ed

traje [ v, es red Qoint s .o
A Ry O O S B
Det er f8RiPANat ur e val ues that result in nDdlfled
traweoﬁhmgaﬁuhmavembum@ﬂdﬂmmnhmazgdadlent of the

secgn ﬁet!erinﬁlﬂlg @&’M’ol H’ﬁﬁlra 'va‘i)tfas ﬂhzﬁ re@ﬁ&?&a?e@t@&e@ trWellﬁpg Jo%the F]dlent of

constrajnts. A nmet hod according to clal

net ho&‘eF’ﬁ%’PY)'(ﬁmﬁ D PRI PP e at ment  program i n
algt 6 muthnt @caminghio clait 13ohe @nagintg imsludinpdintit en e treatrgent that can be

Pr OfhRdLE ol subftde. Det erm ning starting points having
|f| dtr ectories ich contr.ol
S i o Gt cnf s o A o e B 8448 P o e

tr a]ﬂ@@?réaﬂpfe'sthﬁmor nhre eftheNeitropmed qontobpreprnséxi st; C)
Vi ey W&wﬂg k RPERHRI0L &ttﬁteﬁjeét&ﬁJ el ieRBseddtioh ﬁlé&ﬁnggﬂﬁd@aﬁmn df dhe

The ITthI |ed trgj ectories; 1ii) The starting points;

and, ie""Chaot i ¢ regi ons; and,
b) Selectmg a conirol program in accordance with the reprcsented trajectories.

16) A method according to any one of the claims 6 to 15, the method including;

a) Determining one or more Nature values, the Nature values being quantities of Nature
parameters andfor 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;

¢) 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,
if) Determining one or more undesired programs, each undesired program including Nature

values that result in modified wrajectories having undesired behaviour.



d) Selecting a control programin accordance with one
or nore represented trajectories. 21) A nethod
according to any one of clainms 2 to 20, the nethod

i ncludi ng determ ni ng paraneter values by: a)
Determning a partial set of systemvalues fromthe

subj ect data; b) Selecting one or nore nodels, each
nodel including a one or nore equations repres in

the effect of a condition aqpgan individual; C)qghﬁm92MH
Attenpting to determ ne a conplete set of system

val ues in accordance with the determ ned partial set
0f7) ayrethedncuadinges clain ds, tHa eneth@S BRI Y@foRGMAbd RS ofdfone Hine
Sel ek Mo 4 TRl VAR ARIEGQhLN the deter m ned

cgggrpl ete set of systemva ues.ajef?YeSA met hod according

t 57 &1 B 29cordiog do FRIK G Hfaimy i 1. gbgpmptheg ipcipdige tdesermining at saeof
C onpridesires ppals Uigsmdesind belighiongncluang deh@ b¥ioNi Ng a candi dat e
set O SHRMRMYYRLE Fe IfdccBEHRr dance with the determ ned
paréioﬁ5 set é:)f, s%estem val ues_and the equations; and,

b) PTG TaraoRes fthetmtve Ve from the widesired poipislapes t o at

| east Toareodidibd trajeptpried rgllpaprbicathe e@tsiraifpoisy.St em val ues;

angla mbfodVBdofths &0 17 Saih 1), B LEHSE RS ped t hreshol ds;
and Sel ectlcp t he nodel 1n accordahnce with the
0

h de
restll CYBTECHE R OHPRY SBRon fo5 g5icih erarlign] defioesgpodifig wistories
any ofeviggtowars the haglesirel ppints;o 22, t he net hod i ncl udi ng:
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oAl 4 methet aggopding to any one of claims 2 to 20, the method including determining parameter
values by:

a) Determining a partial set of system values {rom 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,



vari abl e and paraneter values. 27) A nmethod according
to any one of the clains 22 to 26, the nethod

i ncluding determining a nedication dosage reginme in
accordance with the determ ned stability sets. 28) A
nmet hod according to any one of the clainms 1 to 27, the
nmet hod i ncluding determning a control program using
one or nore of: a) Liapunov functions; b) Dyna[glglarchz(m
optim sation techni ques; cjgConvex set algorithns.

29) A nethod according to any one of the clains Ito
28, the subject being a patient. 30) A nethod

accor di Rgddepmisadyhreivdis;afd,t he clains 1 to 29, the
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1 §0D@hmic optimisation techniques;

¢) Convex set algorithrns,

2%) A method according to 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;
¢} 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.



36) A conputer program product for determning a
treatnment programfor a subject, the conputer program
product being substantially as herei nbefore descri bed.
37) A nethod of determ ning system val ues representing
a subject's condition, the nethod including: a)
(bt ai ni ng subj ect data, the subject data representing
the condition; b) Determning a partial set Ofléﬂémﬁﬂ&n
val ues fromthe subj ect datgy.each system val ue
representing a quantity obtalned by the neasurenent of
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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,
ii) 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;



representing a quantity obtained by the neasurenent of
a respective attribute of the <condition; c) Selecting
one or nore nodels, each nodel including a one or nore
equations representing the effect of a condition on

an individual; d) Attenpting to determ ne a conplete
set of systemvalues in accordance with the partia

set of systemvalues and the respective equati

for each nodel; and, e) Selegcting a nodel in 16’ Mareh 2007
accordance with the determ ned conplete set of system
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e) Comparing the parameter values and the modified system values; and,
f) 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 provided 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 calculate 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
condition; b) Using the subject data and a nodel of
the condition to cal cul ate system val ues representing
the effect of the condition; 16 March 2007 -52 c)
Providing treatnent to the subject; d) Repeating steps
(a) and (b) to determ ne nodified system val ueg
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53) A computer program product for determining the effectiveness of treatment provided to a

subject, the computer program product being substantially as hereinbefore described.



