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TECHNICAL FIELD
This application relates to system modeling. In
particular, the application relates to automatic model

30 maintenance.

DESCRIPTION OF RELATED ART
A system model defines a mapping from input space to

gystem behavior space. In other words, the model describes



WO 03/ 090148 PCT/ US03/ 11829 system behaviors for selected inputs. The
nodel nmay be wused, for exanple, to performpredictive analysis of the
nodel ed swetoampoluh pl ace of running the system The paramPCEESIpi18a system
nodel are derived from or 5 fornmed through training with, a set of
training data ("training set"). Accuracy of the nodel affects quality of
results when the trained nodel is in operation (often also called
"consultation"), and |l argely depends on the training set. ldeally, the

training Setsg)s’%ern?%@ﬁ&@iéﬂv%ogf diecttd syghers undahealhodd Y Crapt arces.
After a systém nodel is formed (or trained) with a training. set, new data
poi nts typi aedds afer seKRIPES) | &6t RETIGFE RY SR T 0O t‘—ﬁ%a£¥gjf%n9fT Elenew

data points contai{ oehaipctal igtdds of Ahmunfeiyingisasi em at the
time(s) the 15 new data are col'l ected, which nmay or may not 41 ve chanlged
since the tine atThshiraraRgtemerel ol $ERTY 1P 13 s‘%j/%‘ﬁle‘?ﬁ o hé

traini ngSSetfor;g‘l;éqi ne x%%tg% PRIt SiABY oMb al iy glar asterd:sdind halavser e
not represented in the trainin sef used to construct the origlnal del .
Even if the QUuaigiimag@edl) whirsiFuracysed thecBrpat e2hbaiets it r¥ s

representatiyve of & he,Systiemandithe fmdel is A0 GeoMBich (SRI@setalion

of the training set, the nodel may be representative of system behavior
only for theallms “monsphlitet tand Jdatad Aarpelyr PRPAGSset We? Lt ed.

25.Therefor%ﬁﬁ%F nﬁ&egﬁéggsk%%bw%éfth4lé@@ i@eregﬂé¥en@&€ﬁbébbﬁ data
points to update the nodel. Tn sone Instances, system behavior changes
dynani cabl y ssasicert hendederl i aigraynsiesedf the system may not be easily

B Erai ning set ars ool Serar i Qo P AEaT ey oty e e P T he
trai ni ng settmmiynhiond ysdie, new data points typically are still collectegu
over time from the system. The new data points contain
characteristics of the underlying system at the time(s) the
15 new data are collected, which may or may not have changed
since the time at which data were collected from the system
for the training set. The new data points may contain
characteristics that were not represented in the training
set used to construct the original model. Even if the
20 training set which is used to compute model parameters is
representative of the system and the model is an accurate
representation of the training set, the model may be
representative of system behavior only for the times at
which the data in the training set were collected.
25 Therefore, it may be desirable to wutilize the newly
available data points to update the model.

In some instances, system behavior changes dynamically
and the underlying dynamics of the system may not be casily
predictable. For example, the system dynamics may change

30 after data for a training set are collected (FIG. 1A).
Alternatively or additionally, the training set may only be
representative of partial system behavior (FIG. 1B) . Under

both sets of circumstances, a system model may (i) perform
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representative of partial systembehavior (FIG 1B). Under both sets of
circunstances, a systemnodel may (i) perform -2 WO 03/090148

PCT/ USO3/w08230%1wel | for a period. of time but perform unacrasoabisys af t er
the tine period, or (ii) performwell sone times but fail at other tines.
Under the circunstances shown in FIG 1A, newWy 5 available data occupy the
sane region(s) of the input space as the original data. However, the
system dynam cs have changed from X to X , which cause new system out puts

correspondi @140 Mew gdabark BRULE tanke wlid fiesedrhrammtbeptapsyemiawmput s
correspondi n%éo the original data jnputs. 10 I—g ver, a.conven i qnal

syst em nodelcher dilmed RAEHPE hePT of T} NPT HATR WS ﬁ???mﬁrgaﬁlﬁﬁs, u\t}ih%nr‘?‘ll
consul ted wijth Rew, idipids data, output val ues which are appropriate under
old systemdynam cs X but not accurately representing _new _system dynani cs

X' . 15 Under t he Usidegundthnc sl KhaTanses GSPOER ndw y FI&vaitfabl &04ta

occupy asregien 19k 1EheaitRPYe endi theeepbgibhog) the flegi Dipcaipiad by
the original data. The system dynamics X is conposed of portions Xo and
Xn. The traasedherdelgshpl Saptur ed MRS it BYSERE SYEPRACHyMdniTs. 20

Al t hough th%h%}g‘n YRAM €S % remai nghi e same t hewnosked t eperdudipmnce for
new data points neay. gg unaccept abl e. New (i nput eand V(t)rut put)e data points
typically amermsEmdniidld yt@ontectabe al Bt fokraPRoRlEsETERA AT Wt a

syst em nodel rgngj y N ; f i ted
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actual sgsteiwesponse), coovdatéenalarsysighi fiogedt Br3eregantythet™ten the

Todel predi Gl g0t » ANIabg AehHAl,SYSEEREESPORSEnANbAS AL FLBG whal her
input data, output values which are appropriate under old
system dynamics X but not accurately representing new
system dynamics X’.

15 Under the circumstances shown in FIG. 1B, newly
available data occupy a region of the input space different
from the region occupied by the original data. The system
dynamics X is composed of portions Xo and Xn. The trained
model only captured the Xo part of the system dynamics.

20 Although the system dynamics X remains the same, the model
performance for new data points may be unacceptable.

New (input and output) data points typically are
continually collected after formation (or training) of a
system model. The model may be consulted with a test set

25 of collected data (and model outputs corresponding to the
test set are compared to actual system response), to detect
any significant discrepancy between the model prediction
and the actual system response and to determine whether any
poor performance by the model is abnormal behavior (e.g.,

30 Dbad sensor) or inadequacy (failure) of the model. Although
a failed model in some instances can be replaced by a new
model established (or trained) by using newly available

data, retraining is usually an expensive task and requires
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poor performance by the nodel is abnormal behavior (e.g., 30 bad sensor) or
i nadequacy (failure) of the nodel. Although a failed nmodel in some

i nst anceswoan/opa4s epl aced by a new nodel established (or PCraiSegdis2dy usi ng
new y available data, retraining is usually an expensive task and requires
-3 WD 03/090148 PCT/ US03/ 11829 a long period of tinme (to establish a new
nodel by processing all the new data points and perhaps in conbination
with the previous training data), which may even be prohibitive especially

for real-tine apply caLik9Bs. af! ttifedegid aklsealn ke abl enéw gicdkml Iy
incorporate newy™ available data into an exi sti_n% nodel (i.e., to perform
MRi Nt enance RPAGRE DG stahy nbdel ) PBY pPBFBngPPRECADIENSs HFEHARS | i ¥k,

Effective ”Bécgmf}?a{%r?f wat8Y Siem prdelout yRreakling sd@c £y j t ivhakni seue for
mai nt ai ni ng adequate 10 performance in the long term Further, npdel

mai nt enance §\eMiHE el iPFoHT? cREPHe 2l HckRS e5S A U AR F At e for
a car. TEG t agks; d Nye Qb1 e Change Ate hoy sheatasks MMyoBsoRerd aiewry ar e

clearly known. In contrast, nodel paraneters to be changed 15 and how to
change t hemdorilaklet dAatnt didivceayprégbipgamededot (heft - d&Fi MRIF{MMch i s

especi al |y tLug, {Qlaf0eu aknBekxi FRYRL) mobed ak nelr 1%y faneonestiel s
met hodol ogy for formng a nodel of a Systemw th unfamliar dynam ¢s,
because neursef@ Adtfe .can Befectiie emganteppreri naf o afidsERBr fiet

neural net mgels, Ry 0 ugedii 2 OgckaBlG il ARPhLERhEARS.acd@d nets

have, however” OX nature, t IS, unction of "a paraneter in
a neur all Onetpemtistmaaemotin behe ebgndyt¢dent i fi ed, whi ch renders nodel

mai nt enance for a;,25 Nebr akoREt %eGkehbhbeult. dibizkbenance spthadol egi es

for a
processes, such as an oil change for a car. The tasks in

an oil change and how the tasks may be performed are
clearly known. In contrast, model parameters to be changed
15 and how to change them for model maintenance typically are
not well defined (which is especially true for a neural net
model) .
Neural net is a favored methodology for forming a
model of a system with unfamiliar dynamics, because neural
20 nets can be a universal approximator and therefore neural
net models may be used in a wide range of applications.
Neural nets have, however, a blackbox nature, that is, the
function of a parameter in a neural net model cannot be
easily identified, which renders model maintenance for a
25 neural net very difficult. Maintenance methodologies for a
neural net model often are referred to as '"adaptive
learning". While adaptive learning may be performed
through modifying weights and structure of an existing
neural net model, some undesired side effects may result,
30 depending on the characteristics of new data compared with
the characteristics of training data used to form the
original neural net model.’

For example, one technique for tuning parameters of a
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neural net nodel often are referred to as "adaptive learning". Wiile
adaptive learning may be perfornmed through nodifying weights and structure
of an 'exwetmngpi4ieural net nodel, sonme undesired side ef PeTtGSOIrENS2Y esul t
30 depending on the characteristics of new data conpared with the
characteristics of training data used to formthe original neural net
nodel . For exanple, one technique for tuning paraneters of a -4 WO
03/090148 PCT/ US03/ 11829 trained neural net nodel with new data is to use
back propagaldigrdM hBuaasmaldt | RaaBlngridt enand/dita $88ldo dssbéra
iterations. This adaptive |earnin %]t chnique,is nopst suitable for hi dden
i3 fﬁﬁgt}p

| ayer net sErRRAIREIFHWNER 3 dFPRFBITE 3 idfet BPAY RE ah riate

val ue for thgdeardy no &:aie; e/ OrTials RISVt e durey ﬂﬁchrt:@fﬁii@s.
If the values are too snall, the Qorres ondlng amount of chaég) not be
& &Yt

enough to adjaft THeHoHRI LBBhavhdAdent lavRs (aFusETaFEESo |

resul ting nQQ?huéQ§f§fié@l@otHEHEEér@ﬁnéeaﬁ agFE@Ekh@@énWﬁgu%hEQﬁgh%m
previous training data, which nmay be acceptable if the systen1%ynanlcs

have changéldia;ﬁrg]méfllé%fﬁ?l?ndl(@ﬁo?? ﬁB§§OP§16F§a§J’PF“5’§§ Hod 2t 1945 ¢ he

new data poiyy scjEr Ghyueqr Leepanth (Ll | I ohe MRderek posishemakehadi st whi ch
is different Troma second node in 15 which the orlglnal data were

col | ected, ariernms thayl 2@t yoF fenewsh ske omd Wt e BereH g iantoodelf -5 wo
03/090148 PCEE{eUSgé%&éQZ%reS%RifaIQ@ PR@sente APR! i:6At heA:Pr 9Wsdes @ grodel

mai nt enance ['n one enbodi nenf, the method includes deternining
that actQragyewdrypredi éeign, bfransyspamingdshrofedlgprevious training

data, which may be acceptable if the system dynamics have
changed significantly. Memory loss is disastrous, however,
if the new data points merely correspond to a first mode of
system behavior which is different from a second mode in
15 which the original data were collected, and particularly if

the second mode is the dominant mode.



S consultation with new data is below a predetermned threshold, and
formng a conpound nodel by supplenenting the system nodel with a | ocal

net trai rwo oiogdi48 he new data. A local net may have an agswmdgisayes2val id
data space 10 which corresponds to the new data. A clustering or decision
tree technique may be applied to the new data to determ ne one or nore
data space ranges associated with the local net. If a data point is within
the associated valid data space of the local net, the local net is

consul ted 1%uyppaky he data point and a result of consulting the local net
is returned. If the data point is not within the associated valid data
space of the | ocalheapreseiet syBPLhFahbeR| PTSVESASUPt BRSOt MR IR SDoi nt
and a resul t, %fhh ocfonsy tdr%Q e YRhem rRdehet Bofiel HENEEe s 28t & rdiG LU, %acy of
prediction by the conpound nodel thr ough consultation with additiona new
gat afl s bel Mameacpug@@werﬁ narachcasion dby ark updaten cBR$dlind SR ma

e or ned e gi C o] d CI‘-Q{&?I

| ocal re? fornrgsgﬁm‘ﬁ?&%e (}{]tlr%l‘gl ar%v? dgL{B; %?2? d\gtﬂaela[%eﬁt%% s within
a valid dat alspadelot, thedsé@@"ndngo@alcommund heodetoRd sl emanting

consul ted t.h th
sulted wth §F‘98{nﬁg%giata iexdeh g Mesut Re%CQQ%‘iHe'dnguiﬁ? sgeongt,} ocal

net is returned: |s not wmthin the valid data space of
]the Isecond | G0 - net and is W|th| n the valid data 30 space of the fi rst

ocal net thefr al nsul t e it

result of consul t| ng ??1 nTeI Iohc‘—jgzlcé % %%Séré\éé%%?%gdvg??at E%t%at 0| nt is

not wthin wmwalddtm;aarsiﬁaceoof thhe macomhteocal Aetchnegtening 6 CW)
03/ 090148 P usQﬁ&%lg%ge Qechnl hé“m£9€b¥a£b819é&at%p%%% %.#'E%Jaréﬁ

| ocal net,
determine one or more data space ranges associated with the

local net. If a data point is within the associated valid
data space of the local net, the local net is consulted

15 with the data point and a result of consulting the local
net is returned. If the data point is not within the
associated valid data space of the local net, the system
model is consulted with the data point and a result of
consulting the system model is returned.

20 If accuracy of prediction by the compound model
through consultation with additional new data is below the
predetermined threshold, an updated compound model may be
formed by supplementing the original compound model with a
second local net formed with the additional new data. If a

25 data point is within a valid data space of the second local
net, the second local net is consulted with the data point
and a result of consulting the second local net is
returned. If the data point is not within the wvalid data
space of the second local net and is within the valid data

30 space of the first local net, the first local net is
consulted with the data point and a result of consulting
the first local net is returned. If the data point is not

within the valid data space of the second local net and is
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system nodel is consulted with the data point and a result of consulting
the systemnodel is returned. As nore new data points become avail able and
i f the pewbmosnemese of the 5 current nodel degrades, additipomaiSod/os2¢ nets
can be added increnmentally to maintain the quality performance of the
nodel . Data collection for updating the nodel nay be automated. According
to one enbodi nent, error of nodel 10 prediction is determ ned when the
current nodel is consulted with a new data point, and the new data point is

added to a pew LN et aifid Bater spaceobrespendi Age t Doc4bnsad t aieon of
the nodel with the new data point_is_not below a data coll ection

threshol d. Fvebeawmedshihy <@sylad Widdy ¥ s@HhIRTH R 3 F&I et

(and the curgenis mgelihs tHRdaLedehY mouRAl eentdngride. model mairkh rdie new
| ocal net), when the error corresponding to consultation of the nodel

with the newada @petii hecebp\aral bt Uplatle HH ot F™1GF &hdithon, a
new | ocag O][‘%glﬁle%& MYade &siabhdsheth@ 1duouaivdde Mevk tdal HdGdRid when

a nunber data points inthe new training set reaches a maxi mum nunber.
Accor di ng t d-rarrstent S0 dE e AR I NERE Dndle r@iHt Hey seerEermABEeuSEd Hhy
establish a new- ocal net, unless a nunber of data points in the new
training set 1s equal to or greater 25 than a m nimum nunber. Qutliers nmay
be renoved from theta newptla¢hioy sEPr bePdpEipfe RBH t FRGSilng ™8t iRE used

ot her e T PR eE Hathr e L o roR Bl T 2
model i $0belmvedi qrioet ei#i nédtehménadl dwhesl | Ebei nguaacRt omosktdpt idRl y
he current GrOHSrRd TA%A 5 S 2SR b B R O TR e e e
added to a new training set if the error corresponding to
consultation of the model with the new data point is not
below a data collection threshold. The new training set is
15 used to establish a new local net (and the current model is
updated by supplementing the model with the new local net),
when the error corresponding to consultation of the model
with the new data point is above a model update threshold.
In addition, a new local net also may be established
20 through the new training set when a number of data points
in the new training set reaches a maximum number.
According to another embodiment, the new training set is
not used to establish a new local net, unless a number of
data points in the new training set is equal to or greater
25 than a minimum number. Outliers may be removed from the
new training set, before.the new training set is used to
establish a new local net.
A model maintenance method, according Ato another
embodiment, includes determining that accuracy of a current
30 model is below a predetermined threshold, collecting data
for adaptively updating the current model, and forming a
compound model by supplementing the current model with a

local net trained with the collected data.
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-7 WD 03/090148 PCT/ US03/ 11829 The present disclosure also provides a
conpound nodel of a system According to one enbodi nent, the conpound
nodel i ncWodemom|4&urrent nodel, and at | east one |ocal nePCThavs/ng2an
associated valid data space. If a data point is 5 within the associ ated
valid data space of the local net, the local net is consulted with the
data point and a result of consulting the local net is returned. If the
data point is not within the associated valid data space of the | ocal

net, the current Al dSeONSLEEBSk S m1dHe shad-ai od i edfbourll anddzsul t of
consulting the current nodel is returned. In trg}g% ase of re than on

| ocal net, &f a8s60PHEY JAFEOEPARE &P &Rth ¢ 1IHBRL T s HESEHHW T Cver se

order of creatdontorigentifyuwhieh Mede hasahdesassossnt &tk dasenl space
contai ning that data point. The_net_having the 15 asig&iﬁaéed dat a space
t

cont ai ni ng thav iR EPorPEorsaidnvathsittadcR@Ea r dfa Rt tihg the

net is returpgd,; Wen ¢oBskibabhorwildh ddte copmpesindsmedel loaidls d«x yiel d
satisfactory results, yet another |ocal net may be established using the
new y avai | dile Mgl neages oforsairegh Wisddathse fakay PR r 3BR R, TSFY

i”freque”t'y%%cg?éhgf@in ahis ReiNg Ju ged hennhe compedadaspseboist
updated. -8 03/090148 PCT/ US03/ 11829 BRI EF DESCRI PTI ON OF THE DRAW NGS

The feat ur esiafnethevprlesenthapprieatrord canl bé doke SPRERI Py thRletWdbd
fromthe fol i etf.aj i ptd j ref:ere nyi n
4 QW %%%&%Aqgﬁﬂfl Rid UnitRd ¢lieheRee hathhgoascommanyi ng

dr awi ngs wherein d 1B show respective diagrans of system
model s mappiagrésplit spacensvlbehavibe cprrent|ROReE 13AretXCRefr esent s

original mapping fgdtﬁ% éggéeéfnﬁérgveﬁgﬁdone local net, an associated
data space of each local net is tested in reverse order of

creation to identify which net has the associated data

space containing that data point. The net having the

15 associated data space containing the data point is then
consulted and a result of consulting the net is returned.

When consultation with the compound model fails to‘yield
satisfactory results, yet another 1local net may be
established using the newly available data. Usage of each

20 local net may be tracked, with infrequently used local nets

being purged when the compound model is updated.



mapping. In FIG 1B, Xo and Xn represent different aspects of the same
mappi ng X that woul d be brought out by data in 10 different regions; FIG
2 shows awbDloomwwwuh@rt for a nodel maintenance nethod, in &CTArSAzMSe9 Wi t h
one enbodi nent of the present disclosure; FIG 3 shows a flow chart for a
process of consulting 15 using a conpound nodel, in accordance with an
enbodi nent of the present disclosure; FIG 4 shows a flow chart for a
process for automatically nmaintaining a quality of a systemnodel, in

accor dance }gﬁﬁ@@ﬁﬁ@ﬁm &4 he gHReafds di sclosure; 20 FIG 5 shows a

flow chart a no mal nt enance nethod, in accordance w th anot her
enmbodi ment of théCherésamurds sefoshee PrRisGNs agvEcat fopweahaPe forea

process for _aut I i19{% aneh pdaptd v uRdate
accor dance %% %e%hdee %Od‘?%eénlte&%f the prese?nnjlt(’JJ dc?esc ogéucle; Fl%pﬂ%rbs?homs a
géapP! cal ramtgsemj'mreérm@ftca t oo rperdrgmmnbiatavedrpwiing? i Wiekgimodel and an
adaptively updat , i e | e, sand h raphi cal
repr esen%’ati on of éer‘[r)ag}é aﬁ% :lré’r o%g&gf )%rr%%g%F&?%alﬁn%%%%“ing%grﬁa%ﬁi vel y
gg_cli_?bgg?)/ nodelde respemp ineg| inpin spaeedml leedeapler sPRWD 037030148 1A,

11829 DETAI LED DESCRI_PTI The pr nt., di (o\VA ool s
(in the for ofepﬁﬁFF‘?BgSI odie lnf-r@dqs}l?/%?g#g) %?@r deggh%?[ﬁ?g%a%}g@%ﬁ
exanpl e, thenameiiegol agi esx@f i Xodiesid dsurepmegebe 81Fheveporageattan

sof tuar e-1 mpl eTEnt ed. <YSt ere, And Y, PR, R S AT AP WPIEGPTRU e
10 different regions;

FIG. 2 shows a flow chart for a model maintenance
method, in accordance with one embodiment of the present
disclosure;

FIG. 3 shows a flow chart for a process of consulting

15 usiﬁg a compound model, in accordance with an embodiment of
the present disclosure;

FIG. 4 shows a flow chart for a process fér
automatically maintaining a quality of a system model, in
accordance with an embodiment of the present disclosure;

20 FIG. 5 shows a flow chart for a model maintenance
method, in accordance with another embodiment of the
present disclosure;

FIG. 6 shows a flow chart for a process for automated
data collection and adaptive model update, in accordance

25 with an embodiment of the present disclosure;

FIG. 7 shows a graphical representation of a
comparison between an original model and an adaptively
updated model, in a first example; and

FIG. 8 chows a graphical representation of average

30 errors of an original model and an adaptively updated

model, respectively, in a second example.



nodul es stored on a conventional program storage device or conputer
readabl e nedium and/or transmtted via a conputer network or other
transm sswonfedisim 10 The present di sclosure provi des nmeChased/ogees for
suppl ementing a systemnodel with a |ocal net fornmed through newy
avai l abl e data (hereinafter "local, net nethodol ogies"), instead of
nodi fyi ng system nodel paraneters directly, when new data are avail abl e.
The 15 | ocal net nethodol ogies work well both for instances in which the

syst em dynageas HaMs seidgadaid i nstances in  which the original nodel is
only good for partial system behavior. A nodel maintenance nethod,
accordi ng to one T2 perdrodithethits dfosure mmelrﬂeant%ﬂ@u(r@ tliel IEcmn of
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through newly available data (hereinafter “local. net
methodologies”), instead of modifying system model
parameters directly, when new data are available. The
15 local net methodologies work well both for instances in
which the system dynamics have shifted and instances in
which the original model is only good for partial system
behavior.

A model maintenance method, according to omne

20 embodiment of the present disclosure, will be described
with reference to FIG. 2. Accuracy of a system model is
checked through consultation with new data (step S21). If
the accuracy of model prediction is below a predetermined
threshold (step S22), a compound model is formed by

25 supplementing the system model with a local net formed
through training with the new data (step S23).

The term “local net”, as used herein, refers to a net
that is valid in a well-specified local space. Newly
available data points may be used to train a local net,

30 which is then added to the existing neural net to form a
compound model. The space spanned by the data points used

to train the local net is a valid data space (also referred

herein as “specified space”) of the local net.



either to a change of system dynam cs or to one or nore 5 portions of the
syst em behavi or space not being covered by the existing nodel) can be used
t o updat ewOhg/opmdel to achi eve better nodel prediction aecuresoyiseerall .
Local nets may be added to an existing nodel to acconplish adaptive

| earning. 10 When a system nodel is established through a training set,
the valid ranges of the nodel correspond to the training data. However,
the nodel is typically considered globally valid in the sense that the
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training data. However, the model is typically considered

globally valid in the sense that the model may be consulted
with a new data point in any region (but accuracy of the
15 model’s prediction depends, of course, on the training).
In contrast, a local net is valid in a defined working
range. Due to limited extrapolation capabilities of neural
nets in general, the valid range of a local net corresponds
to the region(s) in the input space over which data used
20 for training the local net are distributed. The local net
siﬁply does not make a prediction if a new data point falls
outside its gpecified valid range.
A local net is also different from localized node
functiong (such as a Gaussian) in, for example, a radial
25 basis function (RBF) net. A RBF net is globally wvalid,
although it uses localized node functions. A local net is
only locally valid but may use any node functions.
A neural net model generally has poor extrapolating
capabilities as compared with its interpolating
30 capabilities. For a group of new data points that are
outgide a range of data points through which the model was
formed, as in the case illustrated in FIG. 1B, accuracy of

a predicted value generated by the globally valid model may



be unacceptabl e. The renedy, according to the | ocal net nethodologies, is
to provide one or nore |ocal nets to supplenent an existing system nodel.
Al t oget hewotohegotior m an adapted 5 conmpound nodel of the sysTamso3/V¥Ben a new
set of data points is available, one or nore local nets are built to

cover the range(s) of the new data set. The local nets are then appended
to the existing nodel to forma conmpound nodel. 10 A process of consulting
usi ng a conpound nodel, according to one enbodinent (FIG 3), when a new
data point ds hejdeeconsulted, either a local net or an existing system
nodel is used to performa prediction, depending on whether the data point

isin avalid rafjee ofenedy | reFondbingtto ks 1heatdmpourrfritRlcIesed in

consul ting npde;, | ign ghea fat gopai ntod=sl fhest aheckedpt emdatergr ne if
it falls inside a valid range of the |local net (step S31). Ff the data
poi nt falls exisitdieng heyehage msidetlhe | BéhPIREher( dthay SBRrmyREs) adartqbeal

net s uged {Q.pSrLorpble 20 Predidida (St GmeR3). iuhesa sec( stam S32

NO), the data point is passed up to the existing system nodel for
predi ction (tiep$3#y. angdiebdaal ongcalr Meaxe nbyche BEHEJ2rgs Hvdrlé ey dat a

poi nts becong, gyaidabl g | Al 2 JiP1ARdolae! es ThBY 108 Dt ecuisi vel y
applied, that 1S, an existing nodel i1tself nay be a conpound nodel. Usage
of each | ocaltharet appgnded ttrackbd sucitiaing engdehf tequeprny ausE Ve net s
may be purq%ideaf the tine of new updates to keep the overall nodel at a
reasonabl e size?” Thus, a series of nets may forma 30 conpound system
nodel . Wien the conpoockswdelf, godsted iwict hugiseri es oPmpdwedl medsl, is

consul t ed 0raé§§¥hiﬁbrgéﬂgﬁéIé%bo&%%gﬁé(¥§¥G. 3), when a new data point

is being consulted, either a local net or an existing
system model is used to perform a prediction, depending on
whether the data point is in a valid range of the local
15 net. When the compound model is used in consulting mode,
location of a data point is first checked to determine if
it falle inside a valid range of the local net (step S31).
If the data point falls inside the range of the local net
(step 832, YES), the local net is used to perform the
20 prediction (step S33). Otherwise (step S32, NO), the data
point is passed up to the existing system model for
prediction (step S34).
Additional local nets may be added, as more new data
points become available. The local net methodologies may
25 be recursively applied, that is, an existing model itself
may be a compound model. Usage of each local net may be
tracked so that very infrequently used local nets may be
purged at the time of new updates to keep the overall model
at a reasonable size. Thus, a series of nets may form a
30 compound system model.
When the compound model, updated with a series of
local nets, is consulted or used in prediction, each local

net is tried in reverse order of creation (i.e., most
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net is tried in
PCT/ US03/ 11829

reverse order of creation (i.e., nmost -12 WO 03/090148
recently fornmed is tried first) If a data point with which

t he nodelwpa3pongsil ted falls in the specified space of aPCoa®b3/nsey the
result of consulting the local net is returned. Qherw se, the data point
is passed to the 5 previous |ocal net to determ ne whether the data point
falls in the associ ated data space of the local net (and so on, up to the

ori ginal neural

net) Since the original nodel is considered globally
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compound model, according to one embodiment, will be

discugsged with reference to FIG. 4. When a current

compound model is consulted, accuracy of model prediction

15 is compared to a threshold (step S41). If the prediction

20

25

30

is sufficiently accurate (step S42, YES), the current model
continues to be used (step S543). If the returned value
from the compound model is no longer adequately accurate
(step S42, NO), it is time to perform another round of
adaptive learning (step S44). After another new data point
is collected for consultation (step S45), the process is
repeated. Since the size of the compound model is usually
also controlled, usage of individual local nets inside the
compound model may be tracked. When the model is further
updated, nets that are seldom used may be erased as new
local nets are appended.

The local net methodologies can handle both instances
in which system dynamics have changed (FIG. 1A) and
instances in which the original model is only good for
partial system behavior (FIG. 1B), or a combination of the
two. _

In the first instance, one or more local nets may be

deployed to capture the new system dynamics (X’ in FIG. 1A)
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30 partial systembehavior (FIG 1B), or a conbination of the two. In the
first instance, one or nore |local nets may be deployed to capture the new
system dywarmog1¢s in FIG |A) -13 WO 03/090148 PCT/ USOBLCIABRD11829
represented in a new set of data. Since the local nets are valid in the
same range(s) as the existing nodel, and they have precedence over the
exi sting nodel, 'the local nets corresponding to the new system dynam cs
are used in 5 consulting node. The existing nodel becones obsol ete under

these ci fCUf&Béng&%tédﬂ e sRGORE L B3t aRes,. tBEnLECAhe NBSSaL ARl & part
of the systemdynamcs (Xn in FIG lB)% whi ch includes one. or nore new data

ranges not reprietein ddhe reathe TREZE 6Bt AP e Rk WIS HdR! e@nt ithesyst em

model was f gy %ﬁaega@n&ee&\%&al LHet 8xakei%gl inhdd t henaewodat a Janges,
t he corrpoun nodel works correctly both for points in the original range

and for poi mariespdrdirmy tangésbe byeusiFFtemhe AvaeHiclet 3TPorveAhsut at i on
with datg POlid, ik ANl 13 A008%: 00 RS BocbhEsCxbadi dge Mkl T or
a points in the

consul t afii on ori"ginal range. In practice, a
conbi nat i on Wiesdhecimwunsizaagess typically occurs, and the |ocal net s

partially replace.thg %&Bﬁ glﬂgg%c@ndtﬁé'pP$8§§%e$£'ec%ﬁé® at

the 20 sane tinme.” A net automati ¢ nodel mai ntenance, according to
anot her enboulf et eﬁsthm presentsdilEol 6suFdC .wWilB) bdicdesadlysiespiane
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the local nets are wvalid in the new data ranges, the
compound model works correctly both for points in the
original range and for pointé in the new ranges, by using
the local nets for consultation with data points in the new

15 ranges and by using the existing model for consultation
with data points in the original range.

In practice, a combination of the two instances
typically occurs, and the local nets partially replace the
existing model and supplement the existing model, at the

20 game time.

A method of automatic model maintenance, according to
another embodiment of the present disclosure, will be
described with reference to FIG. 5. Accuracy of a current
model ig checked through consultation with new data (step

25 §51) . If the accuracy of the model is below a
predetermined threshold (step S52, NO), data are collected
and/or retrieved for adaptively updating the system model
(step S53). A compound model is formed by supplementing
the system model with a local net formed through training

30 with the retrieved data (step S54).

There are some practical concerns in model
maintenance. One issue is how many new data points should

be used to update a system model. In principle, the more



and/or retrieved for adaptively updating the systemnodel (step S53). A
conpound nodel is fornmed by supplenenting the systemnodel wth a | ocal
net for nmawotoboough training 30 with the retrieved data (PCemsSey#is29 There
are sone practical concerns in nodel rmaintenance. One issue is how many
new data points should be used to update a systemnodel. In principle, the
nore -14 WO 03/090148 PCT/ US03/11829 data points the better. However, it
is usually desi rabI e to carry out the update as fast as possi bl e,

especi al ly for, . real 5L mepapplicatd ongo Reref are.i d tué@l%%ﬁfdgsi[lgalﬁ'f@
only data that pr vi'de new i nformation eﬂe.g., not 5 represented by th

exi sting nodeb )catihe dwedthmepdadichadolicgites molsgdblan eppeehal 1y for
double- thresfol fl_{ éggﬁle cseussed beboukobor delarmiBbpgiadd mag for

data col |l ection an ate, 'to provide automated nodel updates
Wi t hout useromlyi ndetaenttlha:t mmwc@%s feov adnspumadigat a (Gold-ect i®Atand

adaptive m)del %)g&g@edagmgo%ﬁéng%&g&ggg ﬁgg\,\?m ment (FIG 6), uses two

t hr eshol ds to et er i ne avai |l abl e data and whet her
to update a curr efhe nobetal A nétrsmetlfncp@@h@@d%tIln¢bu®%edaltlo elelt Bpmithe

whet her 5 avaj | at a iR, any ti whether to
keep the nevx(%(%lllf%ieflglFl gl&218%'C|€llng t%gﬁéﬁr ent rrg%ﬂ?éu%gésggon t@)ﬁﬁesho%g, t2,
is used to dé¢ieennivelmpesheimihe ﬁodeﬁatahouﬂd;lebmgpdanédmoa'hb vadlgesof t2

is larger than tl and each e, det erqniined on al r of
the 20 exi sif?ng %de& on orltg?%aaq %Iat tén% en tﬁasdggrsr en‘tﬁl{%ghF isﬁéé?

consul t ed, Wi hbeavaswidata Apprateser for efitpodekdpdetactpbhetsidet @andi ned

(step S61).  hI the prediqtigni&rd or,d8oPel QY 08t 3neold GRld Ldihr eshe! d
6), uses two thresholds to determine whether to keep newly
available data and whether to update a current model. A
first threshold, tl, is used to determine whether newly

15 available data contain any new information and whether to
keep the new data for updating the current model. A second
threshold, t2, is used to determine whether the model
should be updated. The value of t2 is larger than tl, and
each may be determined based on a typical error of the

20 existing model on original data.

! When the current model is consulted, with a new data
point, error of model prediction is determined (step S61).

If the prediction error is below data collection threshold

tl (step S62, YES), the new data point is simply dropped.

25 If the prediction error is not below the data collection
threshold tl (step S62, NO), the new data point is kept for

a new training set for updating the model (step S64). If

the prediction error is above model update threshold t2
(step S65, NO), the new training set is used to establish a

30 local net and the current model is updated by supplementing
the model with the local net (step S66). Another new data
point is collected (or retrieved) [step S67] and the

process is repeated.



tl (step S62, YES), the new data point is sinply dropped. 25 If the
prediction error is not below the data collection threshold tl (step S62,
NO), the wow3datias point is kept for a new training set f@ecTuasdatisey the
nodel (step S64). If the *prediction error is above nodel update threshold
t2 (step S65, NO, the newtraining set is used to establish a 30 | ocal
net and the current nodel is updated by supplenenting the nodel with the

| ocal net (step S66). Another new data point is collected (or retrieved)

[step S67] and the, MoaessdsasepealosiaadsidD OB/ 90148 PN/ 4829
To avoid accidental triggering of data collection and update by outliers,
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exi sting model “and a ef erence setup, alimt on"a m ni num nunber of
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If a 15 | ar sudden_chac i t t I t b e t
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requirements of the existing model and a preference in
setup, a limit on a minimum number of data points collected
before an update is initiated may also be specified. If a

15 large sudden change is detected, the lower limit prevents
the existing model from being changed and may also be used
to alert the operator about such a change, since such a
change usually indicates abnormal behavior either in the
system or due to bad sensor.

20 Another practical issue is determination of local net
range (s) . Simple minimum and maximum values detected from
training input may not be sufficient since there may be
holes in a distribution of the data points between the
extreme wvalues. Clustering may be used to obtain a more

25 precise estimate. In order to avoid a need to specify the
number of clusters or a cluster radius in advance,
hierarchical k-means clustering technique may be used. The
hierarchical k-means clustering technique is a divisive
methodology. The whole data set is first clustered into a

30 small number of clusters. Depending on the populations of
the respective resulting clusters, large clusters may be
split further into smaller clusters until the populations

of the clusters are moderate or a number of levels in the



range(s). Sinple mninmum and nmaxi mnum val ues detected from training input
may not be sufficient since there may be holes in a distribution of the
dat a poi nwe obetoreen the extrene values. Custering my becwasdiis2obtain a
nore 25 precise estimate. In order to avoid a need to specify the nunber
of clusters or a cluster radius in advance, hierarchical k-neans
clustering technique may be used. The hierarchical k-means clustering
techni que is a divisive met hodol ogy. The whol e data set is first clustered
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encountered, if it falls within the radius of any one of
the leaf clusters, it is considered to have fallen into the
range of the associated local net. If the data point does

15 not fall in any clusters correspondiné to a local net, the
data point is passed on to the existing model.

Other techniques can also be used to determine the
ranges for a local net. Since the k-means technique
usually generates spherical clusters which may not reflect

20 an actual shape of a cluster (i.e., the cluster may cover
more space than the members actually occupy), other
partition technigues such as ISODATA and SOM may be used
instead. Another possibility is to use a decision tree
technique, such as CART and ID3, in place of the clustering

25 technique.

These clustering and decision tree techniques are
discussed in commonly-assigned U.S. provisional
applications no. 60/374,020, entitled “AUTOMATIC NEURAL-NET
MODEL GENERATION AND MAINTENANCE”, and no. 60/374,041,

30 entitled “METHOD AND APPARATUS FOR DISCOVERING EVOLUTIONARY
CHANGES WITHIN A SYSTEM”, which are incorporated herein in
their entireties by reference.

The local net methodologies of the present disclosure



ranges for a local net. Since the k-neans technique usually generates
spherical clusters which may not reflect 20 an actual shape of a cluster
(i.e., thwoaBuogties rmay cover nore space than the nenber s Ppattusad/ig2occupy),
other partition techniques such as | SODATA and SOM may be used i nstead.
Anot her possibility is to use a decision tree technique, such as CART and
ID3, in place of the clustering 25 technique. These clustering and

deci sion tree techniques are discussed in conmonly-assigned U S.
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Combined with the automatic model structure selection
capability of orthogonal functional-link net methodologies
15 which may be used to build the original neural net model
and the local nets forming the compound model, the
combination of orthogonal functional link net methodologies
and local net methodologies provide complete automation in
model creation and maintenance. Orthogonal functional-link
20 net methodologies are described in commonly-assigned United
States provisional patent application no. 60/374,020, which

is incorporated herein in its entirety by reference.

Examples

25 A non-linear time series problem is used to illustrate
a process of updating a system model using the local net
methodologies. The non-linear time series is simulated by

the following equation:

y() =[0.8-0.5exp(-y* (¢ ~ 1)yt -1
30 —[0.3+0.9exp(—y” (¢t = 1)1yt — 2) (1)
+0.1sin(ry(t — 1)) + e(?)



15 which may be used to build the original neural net nodel and the | ocal
nets form ng the conpound nodel, the conbination of orthogonal functional
| i nk net wotohoeiokogi es and | ocal net nethodol ogi es provi @#€TASNPLBLE
automation in nodel creation and maintenance. Othogonal functional-Iink
20 net net hodol ogi es are described in commonly-assigned United States
provi si onal patent application no. 60/374,020, which 1is incorporated
herein in its entirety by reference. Exanples 25 A non-linear tine series

problemis %f‘edfé Ocl E') ustd aLe ;8401 QELSS ndh supdaldh & Systemvmdelndisi ng
t he | ocal net odol ogl es. The non-linear time series is 5| rrul ated by

the fol | ow mg,@quattﬁlm lrw(’ql)aL[@rgil@le@I?Z(}’t 0})¥] 9¢t-apdap(-1) = 0.
-[ 0. 3+0. 9exp( %Sﬁ f} nt Lub ;&e(&xs(lts pblht @&tﬁbreé—ﬁcm

03/ 090148 P where e(t) 1s a zero rrean noi se sequence W th
vari ance O\Eh]luél'rreﬁlmhlelfathrlc@m’dlmmis are y(0) 0.1 and y(-1) 0. The

probl em s to useptlie LhB.BLEW OUSRAIL S 40 o peedichife valdia o there

current point. ousan sanp of the tine series were generated.
The first 109hectedins wehe uSkbdstas U9 pebbarng seerandssde pendils ng

1000 Were u e:gafralﬁ%flse\%al %39 hﬂf} S &l ity O%bof "W%Lté ongled | Qg ngle Was

used to gi na ussi an were used as the
functi onal -Ivaﬂhdujﬂem See. cetiEraganerle fdmceamnﬁédlnnkough W@#Sul%@ﬂ tenters

ond e 2o S0 SR SoLEU R, g Te Salld gl DB B ssei e
val i dat ion sg@inavaisored 50l irds snddwem. Serd demdiegat megregdedermined through
cluster centers and the spreads were determined from the
radii of the clusters. For an error target of b5e-4, a
total of 13 nodes were selected. The error for the
validation set was also less than 5e-4, indicating good
15 generalization capability of the resulting model.
To illustrate a process of maintaining optimal model
performance through appending a local net, a constant drift
term is added to the non-linear time series gystem

represented by Equation (1). The modified equation is as

20 follows, for t > 1000:

y(t) =[0.8-0.5exp(-y* (t —D)]y(t 1)
—~[0.3+0.9exp(—y* ¢ =)yt —2) (2)
+ 0.1sin(my(t — 1)) + 0.25 + e(?)

Another training data set containing 1000 patterns was

25 generated. The error of consulting these patterns using

the original model was 0.00316, which indicates that the

current model is not an accurate representation of the
current system'dynamics.

Adaptive learning was then applied to the original

30 model. An additional orthogonal functional-link net was

formed as a local net using the newly available data. The



15 generalization capability of the resulting nodel. To illustrate a
process of maintaining optimal nodel performance through appendi ng a | ocal
net, a cowetoanpoldsift termis added to the non-linear ti WMETASP}/ES25ySt em
represented by Equation (1). The nodified equation is as 20 follows, for t
> 1000: y(t) =[0.8 - 0.5 exp(-y 2 (t - 1))]Jy(t -1) -[0.3+ 0.9 exp(-y2 (t
-1))]y(t - 2) (2) + 0.1 sin(7y(t -1)) + 0.25 + e(t) Another training data
set containing 1000 patterns was 25 generated. The error of consulting

these patterns psifigy EBeoor idh nathe Mogahras QnR¥HE Mbish Wadi cafees t hat
the current nodel i's not an accurate representation of the qurren system
dynani cs. Ad@ptawetheaf AFagt waE2EReRIappFPEd 0 oEhé - or iTgiShdleY é’Oarﬁ%eecﬂ An

addi ti onal qré{hqgoml fanctignal 141 Gkuhetanesoadsermed as a local net using
the newly available data. The -19 WO 03/090148 PCT/US03/11829 resulting

error of the upddEd cdnpblhdshvabeswassagdisn ©beltdi® t Renr ARt & T ng

error of ;5e-4, The n@*‘ér%(p?ﬁde@orl ocak net-ig9abf hasakl Caugsi aphodese FIG
7 illustrates results of the non-linear time 5 series exanple for the

original rnoddaptidvély ttdatepticdaly. upddbed ABALL. THeSsn&IPHI BT gns
are positi 4 %J?Ji&‘lé gipal, LAl Riing RAtEINSpa dher$aBl | T8eaY%mar0sers§ gns

are positiorfs of new training patterns. The “gray Iimt cycles are
theoretical d¢ipss eyghes agenarcidd A® fooraEquarrbRing) Pasderr-. THee bl ack

YL R e I e gt v et e e
and t heloppef=onghgusétions for ehéd nfedi-fi edhe black limit cycles are
generated from the original and updated models. The lower-
left pair of gray and black limit cycles is for the
original case and the upper-right set is for the modified
case.
15 As shown in FIG. 7, the original model and the updated
model are good representations of the original data and the
new data, respectively. Since the data points of the new .
modified function occupy almost the same area as the data
points of the original function, the newly built local net
20 essentially replaces the original net in the compound
model .

Compared with results obtained using the weight-update
technique, the local net methodologies provide immediate
catch-up with changed system dynamics. In contrast, the

25 weight-update technique offer gradual shift from the
original system dynamics towards the new system dynamics.
The compound model provides better performance at the
expense of a larger-sized model.

While the above example demonstrates an effectiveness

30 of the local net methodologies in handling adaptive
learning for a case of changed system dynamics, the
following example shows that the local net methodologies

are equally capable of handling a case of new ranges of



case. 15 As shown in FIG 7, the original nodel and the updated nodel are
good representations of the original data and the new data, respectively.
Si nce t hewoatadqpes nts of the new nodified function occuppcCalusoyiisehe sane
area as the data points of the original function, the newy built |ocal
net 20 essentially replaces the original net in the conpound nodel.
Conpared with results obtained using the weight-update technique, the

| ocal net methodol ogi es provide inmediate catch-up with changed system

dynani cs. | n.contrasieddie 35 Waiurupdakentechnbrueagtf est gragual isdi f t
fromthe ori‘gina Eﬁgien1dynanics t owar ds t%e neM/sys?en1dynanicsﬁ1%¥he
conpound nodeAngg VP HeSY Pt ePPPERFBPPANCE at the expense of a

| arger - si zed ”DdeA-sWFl%iL@ Lheaabeverexank! andemnsiatienan #ff ed iveness
30 of the local net nethodol ogies in handling adaptive, |earning for a case

of changed sysiem Yiipanisysterheydatien kg @l 5PRI t RXETPRE /| GEAl net

met hodol qgi € |ty gaRablgnofshandling a case of new ranges of -20
WO 03/ 09 14§ﬁ5%@§8§%%#?1829 &systeﬁ1gp2ration wi t hout | osing know edge of

exi sting ranges of system operation. A sinple product of sine and cosine

functions is the wunderly;. dynam cs in the follow ng exanp as
5 shown below in Equatféﬁ&%%f?%g&ggg%n(2rrx) cos(27ty) ( 3 ) The ok?éinal

training data set was obtained by 10 randomy choosing 1000 points inside
t he interval [_0.0T 1.0] for bgth x_and y. An_orthogonal fqutionq&-link net
was used to buil d'ffe PRIEIARmOEERIWER aPPEProfStarf@df ofbratned by

10 randomly choosing 1000 points inside the interval [0.0,
1.0] for both x and y. An orthogonal functional-link net
was used to build the initial model with an error target of
le-4. The target was met with 27 Gaussian functional-link
nodes. The system may also run in the additional range of

15 [1L.0, 2.0] for x and [0.0, 1.0] for y. The additional
range, however, was not represented in the original
training data set. Another 1000 points randomly chosen
inside the additional range formed a new training data set,
and the local net adaptive learning methodologies were used

20 to update the existing model. An additional orthogonal
functional-link net was established as the local net by
using the new data set. The training error went below the
target of le-4 with 26 Gaussian functional-link nodes.

To test the performance of both the original model and

25 the updated model in the operating range of [0.0, 2.0] for
x and [0.0, 1.0] for y, a set of grid points with steps of
0.1 in the x direction and steps of 0.05 in the y direction
was created as the test set, resulting in a total of 441
test points. The test set was used to consult both the

30 original model and the updated model.

FIG. 8 illustrates performance of the original and
updated models over the full operating range. The gray

cross signs show averaged errors of the original model over



| e-4. The target was net with 27 Gaussian functional -l1ink nodes. The
systemmay also run in the additional range of 15 [1.0, 2.0] for x and

[ 0.0, 1.0Wofoanoon48 The additional range, however, was not pcefrseyerseed in
the original training data set. Another 1000 points randonly chosen

inside the additional range formed a new training data set, and the |ocal
net adaptive | earning nethodol ogi es were used 20 to update the existing
nodel . An additional orthogonal functional-link net was established as the

local net b&rhéi\jh} {%itzdgep&%sd% $9k _cmle_gp_@ha&ﬂg & GarusentTRe! oV dibe

target of |e- Gaussi an functiona i nk nodes. To test_the
per f or mance wfushottonhesbevgthal aifegapednarresst Ré hdatedatsdelnadet he

operating range 0f[0. Mefhiy X884 [Ghd, pb@brdlnde, acrset wfagrid
points wit hafs}?egs of g(?l?(‘; n C“ilhe xy di.sr ection arIIDd st eps rlof '0.05 in taﬁgry
direction waswxredtedrassthé pest gsed, ppésGPt Phg the #ams & GIluM?Pre est

poi nts. The {& L. used to consult both the 30 original nodel and
t he updated anoé?i"leafg. CIﬁilcé\@é]é'i | lustrates performance of the original and

updat eddrmdel s OVZ];EB i}h@ecﬁtﬁadi, oplee avT gl rahgecdThevgdayre ek @gaed| Hhst show
averaged errors of the grigit ) 3]
they grid pcﬁ‘?ﬁ’ JF3age Bebghgﬂépgﬁg?%gg\ée[&he g}\%eu%b 0248, PEHS03/ 11829

the corre X val ue. | ack plus signs show
t he aver agedfesm otheofptdrel apslatmedtimonielof 1n dedeustco comcinseirplsHesE t he

per o nCey L8 TROL SV RE S phletit oo -t emy
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training was carried out.
The performance of the two models initially are
identical, indicating that the updated compound model
15 actually used the original net to perform the prediction.
At around x = 0.9, the performance of the two models begins
to show differences, which indicate that the new local net
begins to take over the prediction from the original model.
The clusters are spherical (circular in 2-D), and the
20 radius was the distance of the furthest member from the
center, which caused the clusters that are close to the
boundary to include slightly more areas than they actually
occupy - Since this circumstance  corresponds to
extrapolation for the new local net, the performance of the
25 compound model is actually worse than the original model at
this point. However, as x further increased into the new
range, the performance of the compound model improved and
remained good while performance of the original model
became unacceptable.
30 Overall, the performance of the updated model is
acceptable over the whole range of the system. All the
‘error values shown are actually larger than the target

value of le-4 because the grid points happen to include

—20—



10 The updated nodel, however, performed acceptably over the whole range,
not only the new range on which the update training was carried out. The
per for marwe 009tk two nodels initially are identical, imrdrasod/ng2e hat the
updat ed conpound nodel 15 actually used the original net to performthe
prediction. At around x = 0.9, the performance of the two nodels begins to
show di fferences, which indicate that the new | ocal net begins to take
over the prediction fromthe original nodel. The clusters are spheri cal

(circular i ré)%f]@me and the ROk adihuscyasst Be digdancenoftiderbupthest
menber fromthe center, which caused the clusters that are close to the
boundary t o dwrtaideon|armtextiRie Valews Cfakhehey saeMudrrgtisteupyindt nce

this circumstance corrasbonds (o LXLrapok-ahisgm1Lor gbherngual ocal wetn the
performance of the 25 conpound nodel 1s actually worse than_the Ol‘lgl nal

mﬁdel a]E t Hiapoing . selonevidie Qg sereuRHACs FEice #66d aFht8 Lt el Relitdednge,
t he per rnaﬂ? t clgg%)o&_qg: i 0 enRl 0 L} e
perforna%ce 0 e‘flﬁéemoér}l?%i nal no e]{g)q%!ercaénﬂghu\r?g%é%%?gg%e@%gg%g$a??%%ﬁe

per f or mance Wfian hevepadageed nodel is acceptable over the whol e range of the

system Al the or_.val a RV n rget
val ue of le-4 becbz('lsjiéett \ée %f‘?bdf%grﬁ%)g{fﬁépgiﬂr?t%gf%ﬁ8%%015?%2 n%\%%gt???og%MS

PCT/ US03/ 11829sutix¢pee fcat uebebaordtlirent esisust iedgest i t heatangeobrt
oreration, i, exlierbe el g LIl o SREeriltiles g
are not 1act uahé y eixneltuced wmodeall t Aeen andtohe zedr dts £oF $lch podnicuate
therefore laé Sim %Q%@eave%%ﬁ%e the range is different for the newly
available data, the nodes in the existing model are
unsuitable to represent the new range. In the first
example, the range of operation stayed almost the same.
15 For a functional-link net with radial-basis nodes such as
Gaussian ones, it is possible to add some new nodes in the
new range. However, such additions may introduce
interference in the original range unless the two ranges
are far away which is not the case for the current problem.
20 ‘
Applications of the Local Net Methodologies
Many computer application software may employ system
model methodologies to provide the application with
abilities similar to human pattern recognition and
25 predictive skills. The following are just a few examples
in which application software may be adapted with such
skills through system modeling and the model may be updated
by applying local net methodologies.
A retailer periodically needs to determine an amount
30 of merchandise to order from a supplier to avoid running
out of inventory in the upcoming month, while not keeping

too much inventory (e.g., above what is needed for the

month) . Enterprise resource planning software may include

—273—



For the problem above, the weight-update nethod is unsuitable for the
outlier situation (i.e., data point outside of range of training) because
the node womewpams in 10 the existing nodel are custom ze#Crashi/iisehe
previously known range. Since the range is different for the newy

avai l abl e data, the nodes in the existing nodel are wunsuitable to
represent the newrange. In the first exanple, the range of operation
stayed al nost the same. 15 For a functional-link net with radial -basis

nodes such i ity d i ; i h
age\%v%ggé&s A Q0E Eng | thd Sapess bk e o RddrsoaE Nave egas dda t he

new range. ;o iTions may introduce interference in the
ori gi nal ranfge unkkisgt mredistrianfeso afBtREE . fRPSvhi BREEd ABt H9FEHase

for the current. problem,. 20,-Aaplbeat i RNscof i the Locah, Netc Metharalag) es
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5 recded [olab i TR0 MorENBRALL rpabtise BRSOl Wl B,
of the net aitetbaslaesdidndot f sel haki hgr predibei dawogfablyi of echardes, dased
on recent sples; gutrent, vensary. il Yid.cal LLELEenChE JHUVNALai11
business dynamics, corresponding to lower-end merchandise,
which was not represented in the original model. Also,
another local net may need to be added to cover a change in
15 dynamics corresponding to higher-end merchandise, which had
been the focus of the retail store prior to the
demographics change, because a new local sales tax has
recently been imposed.
The local net methodologies also may be applied to,
20 for example, profiling (which is known in the information
technology art as “data mining”), to look for interesting
data patterns in a system and, for example, associate them
with (as an effect of) a cause or (as a cause of) an
effect. For example, a model of consumer buying tendencies
25 may be developed through training with a set of consumer
profile data kept by an eBusiness application for a
selected group of consumers. After the wmodel has been
established, the model may be supplemented with a local net
when new data, for a second group of consumers who are not
30 represented in the existing model, are obtained. An
additional local net may be added because the dynamics of
purchasing power have changed since the economy has

undergone a boom after the existing model was formed.



the dynam cs of the retail business may change and 5 therefore the nodel
may require update. For exanple, in response to a change in denographics
of visitowe opfor4s exanpl e, younger, |ower-inconme customer LTSy s29mal | in
which the retail store is |ocated changed, the retailer may add to its
store shelves | ower-end nerchandi se, which the 10 retailer did not sel
prior to the denographics change. A |local net may be added to cover a
portion of the retail business dynam cs, corresponding to | ower-end

merchandi se, whigh was.nel repmgsent edeinitheioni dmated®edes ALBO,an
anot her | ocal net may need to be added to cover a change in 15 dynam cs

cor respondi rep X g¥rer - BRECHBER EhaRdi SESTARi cheHad Vab¥en AROTIEFs df° t he
retail Storeaégc%x)ol{%& o dderLenpyr apRieSEhaRger baeausse) a sewnlacalimal es

tax has recent een 1 nposed. The |ocal net nethodol ogies also may be
applied to, (20r fexamxbapl eoupreofi forg Cakii 68 Wekno®¥ MePnithe A&t i on

(
t echnol ogy %gcf-a)sl "data. m ni ng%l)Qu o .00k fQke | Nteresting, dgpatigrns in
a system and, for’ exanple, associate them with (as an effect of) a cause
or (as a cawmsklofidtimg ehftesbriber sxPPheregORBEES SR oRSURSVHIRRSY

t endenci es 25 be_deyel . 1.hro r.al i ng. Wt h of, [aQnsuer
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consuners. Afdwevéhe ibeeloriagsinsdermodsl apbysheatd the Medetunmhenrnted

suppl emented with a l.ocal- net . wh ne at a o]
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regsources utilization may differ substantially when

wireless network interfaces are available as compared to

when only conventional network interfaces are available, a

15 portion of the dynamics of resource utilization

corresponding to when wireless network interfaces are used

may not be represented in the original model. In addition,

it may be that the system dynamics has shifted since the

availability of wireless network interfaces may encourage

20 enterprise users at large to make greater use of selected

enterprise information resources which are now more
accegsible through a wireless network interface.

As yet another example, a value prediction model may

be trained to model a production process from historical

25 product data in a database containing process recipes (each

of which contains a list of ingredients and processing

conditions for producing rubber, polymers, glass, metals,

petrochemicals, food, etc.) and resulting properties of the

respective products. For example, a model trained to

30 predict the properties of bread (for example, Italian

bread, baguettes, rolls, loaves of multi-grain bread, etc.)

recipes may receive the amounts of various ingredients and

the baking conditions as inputs, and predict the measurable



As anot her exanple, utilization of resources in an enterprise information
system may vary according- to assorted factors (and conbi nati on of
factors),wewslv@Egsti me (for exanple, hour of day, day of paedisps/o29ont h of
year, 5 etc.), user or group, resource, etc. A nodel for allocating
enterprise systemresources my be devel oped based on historical resources
utilization patterns. However, the original nodel may need to be

suppl emented with a local net, if, for exanple, wreless network 10

interfaces Zixfai;jgg%é;%g(?fdt. Dtp,Lhe BRLALBEL S€A1esew=¢8veRQQ! traf tiadihe

exi sting no oped. Since system resources utilization may differ
subst anti al Ijewhen twhisbdssonemRsticy rer 2BRESPEE_L AV APF&BPe P3$Corar ed

to when only, GANVSR!{QnaheRRLUAr K LELEELBEES 3ECaRNAlhAR)e, dhelSuiit i on

of the dynam resource ut zatton corresponding to when wreless
network i nt endacdes supplerentedywhbl deloept crehtdd PFAehet@rTefitialthfpdel .

In addi tpon, L&, P 1808 s£h§f$¥§5§?]g$ﬁégi oads shidd ed sifesidde
avai | abi Pi t Y oT W rel ess network i nterfaces may encourage 20 enterprise
users at | argeotes makiec gr eAhetheselofadehett oy &t @dsedse Hamasramttilon

resources which are no re SS}) hr a.wrel K21
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to nodel a presuctaenspapocedsofit ofiohiastbbricklov@s. product data in a

dat abase cont ai ni process recipe .Of i cant-aj ]St
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of multi-grainsbreadreetsr) frceci pee nByopeceifve thike appendsdofclaimndus

I ngredients gfgments and/or features of different illustrative t

embodiments may be combined with each other and/or

15 substituted for each other within the scope of this
disclosure and appended claims.

Additional wvariations may be apparent to one of
ordinary skill in the art from reading the following U.S.
applications, which are incorporated in their entireties

20 herein by reference:

(a) Serial No. 60/374,064, filed April 19, 2002 and
entitled “PROCESSING MIXED NUMERIC AND/OR NON-NUMERIC
DATA";

(b) Serial No. 60/374,020, filed April 19, 2002 and

25 entitled “AUTOMATIC NEURAL-NET MODEL GENERATION AND
MAINTENANCE” ;

(c) Serial No. 60/374,024, filed April 19, 2002 and
entitled “WIEWING MULTI-DIMENSIONAL DATA THROUGH
HIFERARCHICAL VISUALIZATION”;

30 (d) Serial No. 60/374,041, filed April 19, 2002 and
entitled “METHOD AND APPARATUS FOR DISCOVERING EVOLUTIONARY
CHANGES WITHIN A SYSTEM”;

(e) Serial No. 60/373,977, filed April 19, 2002 and



t he baking conditions as inputs, and predict the nmeasurable -25 WO
03/090148 PCT/US03/ 11829 qualities of the bread product. Alternatively,

t he nodelworsagotigs t r ai ned to specify an appropriate reci pechasesiise i nput
of the desired properties. In any event, the nodel nmay be suppl enent ed
with a local net in order to nodel the 5 production process of other baked
goods, such as nmuffins, scones, etc. Another |ocal net may be added,
because the dynam cs of the system changed, since an old conventional

oven was swapped ¥ TGt T € vOVED . MATeT BbAvEE SPerdtdie rodrodi vernss; ar e
illustrative, an 10 many vari ati ons can be introduced_on these exenplary

embodi nents wit hotf) depaiel ngofr SRAIYE <S1H %+ tEoked nBPT 31 séPos#@%ra2%4 om

the scope of ﬂi popendet! RiboBar FREAEREKS POR/ ATA eatntes~ of different
illustrative odi nents may be conbined with each ot her and/ or 15
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skill |nthe art " tfromreading t followng U'S. applications, which are
i ncor por at edLO@AL MEEFSént i ret i es 20 herein by reference: (a) Serial No.
60/ 374,064, filed April 19, 2002 and entitled "PROCESSI NG M XED NUVMERI C
AND/ OR NON- NUMERI C  DATA"; (b) Serial No. 60/374,020, filed April 19, 2002
and 25 entitled "AUTOVATI C NEURAL- NET MODEL GENERATI ON AND MAI NTENANCE";
(c) Serial No. 60/374,024, filed April 19, 2002 and entitled "VIEWNG
MULTI - DI MENSI ONAL DATA THROUGH HI ERARCHI CAL VI SUALI ZATI ON*;



30 (d) Serial No. 60/374,041, filed April 19, 2002 and entitled "METHOD
AND APPARATUS FOR DI SCOVERI NG EVOLUTI ONARY CHANGES WTHI N A SYSTEM'; (e)
Serial Nowo@doO%ids 977, filed April 19, 2002 and -26 WO 0BCTAGL381829

PCT/ US03/ 11829 entitled "AUTOVATI C MODEL MAI NTENANCE THROUGH LOCAL NETS";
(f) Serial No. 60/373,780, filed April 19, 2002 and entitled "USI NG NEURAL
NETWORKS FOR DATA M NING'; (g) Serial No. (Attorney Docket No. 67092) filed
March 5 28, 2003 and entitled "AUTOVATI C MODEL MAI NTENANCE THROUGH LOCAL
NETS". -27 V%%Qé/£§03f§i££§7£§93/11829 VWhat is clainmed is: 1. A nodel

mai nt enance frethod—conprrstng— determ ning that accuracy of prediction by
a system nodel throufhmedatuhsantenancehmaehodacampsipéhgw a 5

predeterm ned threshol d: an LI ound syppl_e i t he
system nodel wit e%??%%gﬁnge%%?ggggg%%%qu#ﬁep%§§ﬁég?éé %9’fh§a%$€%d of
claim1l, wheneialt hehtoegh nsindaktatliloran wisdocinamweddesbi didatlhedpecea
corresponding to a space anned-hy the new data. 3. The nethod of claim
2, mhere%n_Wﬁﬁﬂg?ﬁ%rgbﬂ%guﬁgreﬁg %g’iéngonsulted with a data point, the

| ocal net is 15 fonsuhgyed wotipothe datialpdyntswamd enargsivid Wie canstteni ng
the local net is returned, if.the _data.point.i 1 thin t associ at ed
valid data s%%ﬁ%ldWtheal$88Fln8?F ra ﬁ%dng%kgd%% 8F3i§1§?'mherein if the
data point 20 is not within the associated valid data space of the |oca
net, the SySten1ngqelTh% %%@%%bt% \@f£1&'¥%(%té§ fﬁrghe local net has

10 an associated wvalid data space corresponding to a space

spanned by the new data.

3. The method of claim 2, wherein when the compound

model is consulted with a data point, the local net is

15 consulted with the data point and a result of consulting
the local net ig returned, if the data point is within the

associated valid data space of the local net.

4. The method of claim 3, wherein if the data point
20 is not within the associated valid data space of the local

net, the system model is consulted with the data point.

5. The method of claim 1, wherein the compound model

is updated by supplementing the original compound model

25 with a second local net formed through training with
additional new data, 1f accuracy of prediction by the
compound model through consulting with the additional new

data is below the predetermined threshold.

30 6. The method of claim 5, wherein when the updated
compound model is consulted with a data point, the second
local net is consulted with the data point and a result of

consulting the second local net is returned, if the data

—28—



5. The method of claim11, wherein the conpound nodel is updated by

suppl enenting the original conpound nodel 25 with a second | ocal net
formed thwowglodtis&i ni ng with additional new data, if accurPa®yusos/1y8eedi ction
by the conpound nodel through consulting with the additional new data is
bel ow the predeterm ned threshold. 30 6. The nethod of claim5, wherein
when the updated conpound nodel is consulted with a data point, the second
|l ocal net is consulted with the data point and a result of consulting the

second | ocal paehti Ssf etithieda vhltibeddabaspad8 MO O3 OUHAR RGCHAISER/411829
point is within a valid data space of the second |ocal net. 7. The nethod
of claim6, wherein the first local net is consulted wth the data point

and a result of COHSUfIhienglet&oﬁthf bletml e¢akhagdih sthetimad,1ddalt hrrdat a
p0| nt is not wthi n@éhe val,i ace of the_second |ocal net and is

ta
Within the ad€oErRFEdFS) W&t aFg BQE@ BPLthe R r@tTeHEH Ohe&tonstg tgndrhe

met hod ofs cl @i Elr\Mteleitht he=15ysd ere fpeiedd | Sif cORsuhhed pbintthe data
point and a result of consucit:ﬂir;gﬁthe system nodel is returned, if the data

point is not WikPER Fheheald £R855c ©Toftheh Sessishd AcsdaRehe N d Si s
not within therwah ddatasspaceof +deididsta | 96ate nsE - 18 %ullaele;%taliod of

claim1, wherein error of nodel prediction is determ ned when the current

model is coR€ll-ted with a new data point, and the new data point is added
to a newtraining set if the error correspondi ng to 20 consultation of the

model with the new data point is not_ below a data collection threshold.

10. The ®ethod of 8cl afieo mekhederd t£haifewr t VagFeHy the system model is

consulted with the data point and a result of consulting
the system model is returned, if the data point is not
within the valid data space of the second local net and is
not within the wvalid data space of the first local net.
15
9. The method of claim 1, wherein error of model
prediction 1is determined when the current model is
consulted with a new data point, and the new data point is
added to a new training set if the error corresponding Eo
20 consultation of the model with the new data point is not

below a data collection threshold.

10. The method of claim 9, wherein the new training

set is used to establish a new local net and the current

25 model is updated by supplementing the model with the new

local net, i1f the error corresponding to consultation of

the model with the new data point is above a model update
threshold.

30 11. The method of claim 9, wherein when a number of
data points in the new training set reaches a maximum
number, the new training set is used to establish a new

local net, and the current model is updated Dby



set is used to establish a new |local net and the current 25 nodel is

updat ed by supplenenting the nodel with the new local net, if the error
corr espormipreg/oea4gonsul tati on of the nodel with the new @#aTaISpPPLIBLY i S
above a nodel update threshold. 30 11. The nmethod of claim9, wherein when
a nunber of data points in the new training set reaches a nmaxi rum nunber,
the new training set is used to establish a new |ocal net, and the current
nodel is updated by -29 WO 03/090148 PCT/US03/ 11829 suppl enmenting the
model with t hegwnonalndathe hbdeliha,imt hat alew!@da®.naherein the new
training set is not used to establish a new local net, unless a 5 nunber
of data points in the newtraining set is equal to or greater than a

m ni mum nunber . 13.2 Thernethothed 6F akmadm wheyBbReoHt Lher sieaf @ rAieRNed
fromthe newtraining set. 10 14. The npethod of claim1l1, wherein_a
clustering t&hniguBosr W&d stonceredliebnm quevi $058p! it’F t ovbheSHew
data to det e 0N Uat®rsofdatf SPacksraBgesrasnoabated W thukhe dopcal
net. 15 15. A conputer system conprising: a processor; and a program
storage devi & FE&GdIe Pt e oHputre MURAtem tangi bly enbodying a
program of instructions 20 executable by the processor to performthe

met hod of claim 1. 16. A program storage devi ce readable by a nmachine,

t angi bl y enbodyi nd3a pr dgtaaniethpPaAstefucEilansd ekecubgbeanpyoutliers are

removed from the new training set.

10
14. The method of claim 1, wherein a clustering
technique or decision tree technique is applied to the new
data to determine one or more data space ranges associated
with the local net.
15

15. A computer system, comprising:
a processor; and
a program storage device readable by the computer
system, tangibly embodying a program of instructions
20 executable by the processor to perform the method of claim
1.

16. A program storage device readable by a machine,
tangibly embodying a program of instructions executable by

25 the machine to perform the method of claim 1.

17. A computer data signal embodied in a transmission
medium which embodies instructions executable by a computer
to perform the method of claim 1.
30
18. A model maintenance method comprising:
determining that accuracy of a cﬁrrent model is below

a predetérmined threshold;



25 the machine to performthe nmethod of claim1. 17. A conputer data signal
enbodied in a transm ssion nedi um which enbodi es instructions executabl e
by a conpaDes/09ties performthe nethod of claim1l. 30 18. APcodso3/msent enance
met hod conprising: determning that accuracy of a current nodel is bel ow
a predeterm ned threshold; -30 WO 03/090148 PCT/ US03/ 11829 collecting data
for adaptively updating the current nodel; and form ng a conpound nodel by
suppl ementing the current nodel with a [ocal net trained with the
collected data. 5cb21cHtanmptdeh ofoel aidmpts venkengidni Nagegnacyuefrddie
predi ction accyracy of_ the current nodel 1s attributed to training with

t rai ni ng dat&ogﬁﬁﬁe§$5%ding to only partial system behavior. 10 20. The
nmet hod of clai m 1§orehiereian QiR alddn ofy JMALlenRRAIL] PR RECHARRY S
attributed to a shift to _systemdynamcs after the current nodel was

est abl i shed. ™@5€31 Withe andtdrdd dreteiBhahEd Wirdy &ihe sivd lsictnst datéeal  nets
are addedsto the conpound nodel to capture the new system dynam cs. 22.
The nmethod of claim 18, wherein inadequacy of the 20 prediction accuracy
of the current nodél- i $h&t PEthefedtt 61aimcdfpi WasToH ofngdgauasi withdhsi th
training dat areg@ichaspondidg 44, wy ytmrélh@&e@y%@@épebévaeefiaugeab)coa

change of system dynam cs after the current nodel was established.
training with training data corresponding to only partial

system behavior.

10
20. The method of claim 18, wherein deterioration of
model prediction accuracy 1is attributed to a shift to
system dynamics after the current model was established.
15 21. The method of claim 20, wherein one or more local

nets are added to the compound model to capture the new

system dynamics.

22. The method of claim 18, wherein inadequacy of the
20 prediction accuracy of the current model is attributed to a
combination of (a) training with training data
corresponding to only partial system behavior, and (b) a
change of system dynamics after the current model was
established.
25
23. A computer system, comprising:
a processor; and
a program storage device readable by the computer
system, tangibly embodying a program of instructions
30 executable by the processor to perform the method of claim

18.

24. A program storage device readable by a machine,
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25 23. A conputer system conprising: a processor; and a program storage
devi ce readable by the conputer system tangibly enbodying a program of

i nstruct i wWo93/0804&xecut abl e by the processor to performtreTmsohod2of cl aim
18. 24. A program storage device readable by a machine, -31 WO 03/090148
PCT/ US03/ 11829 tangi bly enbodyi ng a program of instructions executabl e by
the machine to performthe nethod of claim18. 25. A conputer data signal
enbodied in a transm ssion 5 medi um which enbodi es instructions executable

by a conput erardfd HigF feiBdendTed dfmdal g!:fang|c6ﬂ6rﬂrﬂsﬂtirL?c§:icﬁqe§3@M| ftdal HI@%JY of a
system conprising: ~a current nodel; and 10 at | east, one |ocal net having
an associ at efRaMFHRS tSREE O eS MSHRA tHe Tgburf model s
consulted with a data point, the local net is consulted with the data
point and a result of consulting the Iocal _net is returned, if 15 the data
point is wthin arfassdciCAEHEEE C@t@afdI8paceMBPiiefelt R diraaissien he

current mpdekdds wPMEUlde @niddl ckhensdatiar PehBt cRBLGuBahES Wb Hicsgimid.t i ng
the current nodel is returned, if the data point is not within the

associ ated &l B¢ dhcasthache] gtl@imet8 - 20 27. The conpound nodel of
claim 26, wherein the conpound nodel is updated repeatedly by adding a
series of additional |local nets formed through training with new data
points, if accuradf -of Hprediraushdndsieh nf compEirinogeiprising:

a current model; and
10 at least one local net having an associated valid data
space,
wherein when the compound model is consulted with a
data point, the local net is consulted with the data point
and a result of consulting the local net is returned, if
15 the data point is within an associated valid data space of
the local net, and the current model is consulted with the
data point and a result of consulting the current model is
returned, if the data point is not within the associated
valid data space of the local net.
20
27. The compound model of claim 26, wherein the
compound model is updéted repeatedly by adding a series of
additional local nets formed through training with new data
points, if accuracy of predictions by the compound model
25 through consultations with the new data points is below a

predetermined threshold.

28. The compound model of c¢laim 27, wherein the

updated compound model is consulted with a new data point

30 Dby comparing the new data point to the valid data spaces of
the local nets in reverse order to identify one of the
local nets which has a wvalid data space within which the

new data point falls, consulting the identified local net



25 through consultations with the new data points is below a predeterm ned
threshol d. 28. The conpound nodel of claim27, wherein the updated
conmpound wodealo9iigs consul ted with a new data point 30 by ®cwasnd/ng24 he new
data point to the valid data spaces of the local nets in reverse order to
identify one of the |Ilocal nets which has a valid data space w thin which
the new data point falls, consulting the identified |local net -32 WO

03/ 090148 PCT/ US03/11829 with the new data point, and returning a result
of consul ti agtthe thdenhishi edat@caéom& V\/iérli'ti”}_%ﬂ'i%ﬁ@%aa PRleRtu1tS &% The
compound nodel of _claim 27, wherein usage of —each |aoc net is tracked,

and i nf r equeRCPFUILddd oEBF N HiEPHuLgeEFIWHRSL t e teonbBandSIbdERtRs
updat ed. -33point.

5 29. The compound model of claim 27, wherein usage of
each local net is tracked, and infrequently used local nets

are purged when the compound model is updated.



