| MPROVEMENTS TO ANALOGOUS COMPOUNDS OF 6- THI OGUANGCSI NE TRI PHOSPHATE, THEI R
USE | N NEBPEAET685 EL DS AND PROCESSES FOR THEI R PREPARATI ON. PEHELY(0ALE ¢
invention relates to anal ogous conpounds of 6-thi oguanosi ne tri phosphate,
their use in nedical field and process for, their preparation. Particularly,
the invention refers to the therapeutic ude of anal ogous conpounds of 6-
t hi oguanosi ne tri phosphate for exanple as i munosuppressant for the
prevention of rejection of organ transplants and of post-transpl ant

nephr opat hy METHOI) RO R EENTHN G o) PTIMALSESS POINES dRORMMAE BINESM i s
i nvol ved, such as, for i1nstance, inflammtory chronic intestinal diseases,

such as Crohn's di sease, ul Cerousy &g pqg@ i éQESi ndeterm nate colitis, or
of auto i mune enteropathy, acti atitis, rheumatoid arthritis,

Still's disease, system c |upus erythematous, acquired haenol ytic anaem a,
i di opat hi c thronmbocytopenia, polyarthritis nodosa, vasculitis, polyangitis,
pol ynyositis, nyasthenia gravis, sarcoidosis, |ipoid nephritis, nultiple

scl erosi s, Fieldef ohg daivieirgionenphi gus vulgaris, primary biliary cirrhosis,
primary sclerosing cholangitis, recurrent nultiformerythema, chronic

actinic deqgplbicn: SARERAAIRKRBICHBA Y6 BRllind shiopsinlklenesdiat for

gr anul onat 0SI cut aneous vasculitis, atopic dermatitis, psoriasis, pinply
penphi goid and, in neral, in.the i nmunosuppressive.treat t, i Liion
to radi ot hB¥3% 1esc%$$ipgggqs§?%i Biorﬁrpcfw@tcﬁgarrlf@y%t 1§%e§t1§élelﬂet1§&%fﬁe§flg#p g{ri

al so invol ves i munosuppressive therapy after organ transpl antation (e.g.

ki dney, hefurtrechlibrptipanbe @asstands [of vy exlﬁﬁﬁgpqﬂaa?]a@f aripachine [PEOCESS
involved in the inflammatory i mune response are able to survive at the

i nf | ammat oy d $hi EndiRMRYeImaRbdiefoiatsmpesperatiof witththespors&wthermajeori ty
of cells nmust "die" to maintain the honeostasis of organi sm (Boise, 1995).

Si th trol.l ed | h [ | t
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depl etion of activated |ynphocytes, by a process naned apoptosis (programed
cel | deat hystabhishingthejopgnatsehPpaitiPr 8/ BRCRMSor t ance for the i mune
system of the nucosa, since the

Background of the Invention

In any manufacturing process, there are process machines which take
multiple inputs (such as gases, materials, power, etc.), arrange local
environments (such as pressure, temperature, etc.), and change either the
shape or some set of properties of the operant material(s). The desired output
is a specific arrangement of new properties (e.g., index of refraction, stress,
geometry, etc.) on the operant material, and are called herein either the
| output, the product, or the goal. It is axiomatic that the output goals must be

given in terms of acceptable ranges of variations from the desired goal.

In order to predict the output of a machine (hereinafter, whenever the term

“machine” is used, it should be understood that it may also refer to a process)



apoptosis resistance of lamna propria cells can lead to a chronic

i nf | amrat WMO01IYBel5onse at the intestinal |evel (Tiede, 2003PCTHh&1/O28 vati on
of the mucosal inmmne system plays a key role in the pathogenesis of
Crohn's disease. Particularly, pro-inflanmatory cytokines produced by T

| ynphocyt es and macrophages, in particul ar2-i nterl euki ne-6 (IL-6) and
interleukine-12 (1L-12), nmay cause T | ynphocytes resistance agai nst
apoptosis, which in its turn provokes an intestinal accunul ation of

| ynphocyt es_and_establ i she I - i i i
| ynphocyt e Tl \‘?éltﬁi%osr‘l3 tsqalfl{)gtsv\ﬁp Er% \;\?%Esrl{%ga o:ﬁl%t% E%E’( gprgglﬁ?]i %pﬁf@n .a}g‘?%?'
antigens to the TCR (T cell, receptor), and.a second ¢a-stimyl atory signal
r epr esent ed heymodgh s¥snbersist pk aret i smaler a%odé??zgﬁtlﬁﬁwgﬁﬁ?ﬁﬁ%% TOTE
has been shown that co-stinulation with CD28 enhances invitro survival of
activat ed Pprbysmhoayfttes;outpuf.act, CD28 induces an enhanced production of
interleukine-2 (IL-2) acting as extrinsic factor for T | ynphocytes
survival, and the intrinsic ability of T |ynphocytes to be resistant

agai nst apoptosis (Boise, 1995 bis). This occurs since CD28 action is

associated with the expressi.on of ;an.anti-apoptofic ne, , ngyred bel - xk ,gene
( Khoshnan, OXsoGomNgen ny@QQf.a ‘I*H@dgt é%gtﬁ’ﬁthﬁg‘ﬁaWE%ﬁ&an ‘f“nﬂgg?lfggﬁn %ﬁi'el
apoptosis takes place, will be synthesized as follows, as shown in Fjgure
1: - CD28 acompirfsesugtsette matbpnasical duporionsmng fermaukssnprisindiroradapitor
proteins and with a nol ecule, naned Vav (Frauwi rth, 2002); -Vav acts as

guanosi ne @wﬁ{cgﬂ%ilﬁ@ys@egcﬂmqpesﬁﬁ%czhe (eBRYidroindeled bpsrativrectitiee namhindacl
(Frauwi rth, 2002); -Racl , a small GIPase, in such a way sw tches between

an inactive,state und. t o .and AR t irth,
2002) - AcRFAE dHORE, ot PRt sy SAfrHof | BhErRnlch HIC bR Ko
(I KK) that phosphorylate the NF-kB inhibitory proteins. (like,.-kB alf
(Marinari, sowe2physical ghankeisias o dhgl Brocess bllﬂ#% ,Wnlmglk@fi Srso PrHGr e
retained in an inactive formin the cytosol but is able to translocate to
nucl eus wh&mnewiladiss eésehthbr Ximesdoedatlomg( Ahesbransta2@8Cye adjusted to allow

the model to properly simulate the process.

Other types of models are data based models (sometimes also referred to in
the art as “statistical models”) which only try to fit experimental data from
the machine. These models are constructed by means of carrying out many
experiments and accumulating a large amount of raw data relating to the
characteristics of the output product {rersus different sets of inputs. They are
generally used in cases where the physical model is either not known or
becomes very complicated and thus it is difficult to evaluate its many
constants. These data based models treat the machine as a “black box”, and
try to predict the properties of the output product versus the inputs, based on
experimental results. Thus the constants also allow the model to simulate the

process but, unlike the physical model, they are not connected to any physical



-Further, activated Rad stinulates the activation of a protegj e ing to
the STAT 4 ]I/§76§58i gnal Transducers and Activators of Tr ansp?r-r?'ﬂ)‘&/@ﬁ%g t hat
is STAT-3, thus inducing its translocation to the nucleus and the
correspondi ng expression of STAT-3 dependent genes (Farugi, 2001). In
particul ar, STAT-3 induces bcl-xL expression thus contributing to the

resi stance agai nst apoptosis and to the accunmulation of T |ynphocytes in
the inflamed nmucosa during the course of Crohn's di sease (Mudter, 2003). On

t he other hanpdactbhetis! Fdy this edsent phabicdl mpdplsomet esidlhsmpok micedradat t hat
STAT-3 is steadily activated in patients wth Crohn's disease, but not in
heal t hy voluntaries (Lovato 2003). Rad, together with RhoA and Cdc42,

bel ongs to the Rho famly which is a superfamly of small G protein

characterized in that they are able to. hind n@si ne cl eotides and,to
regul ate meiye (Yé%fllahfeér ogé\éao{s@@wn e gﬁf‘%lnég t@?@éﬁmﬁﬁy%rng@ﬁ §8)S§g%?t ~
when bound to GDP, to an active state with GIP in place of GDP. This

reaction i snputt & nhe mpchingyanbshnshould! ko detkrneinedafyeahy APSEH I AREIIGEFS
(l'i ke Vav). The binding with GIP i nduces a conformational change, which

al I ows Rad @Bfeqt el GHESRRidPoPuHENISe boRingeldrgnboidingThepacificautpht,

ot her proteins called GIPase-activating protein (GAPs) stinulates the
i nnat e GTPase

i Vi f th 1l..G 3% ; .
pack Lo 1 haHicRnpelilhd Rty al graropmant YA, i R 1 SFpl "

belonging to the Rho famly, plays an inportant role in the
ni t ogenesi spi-opelsesrtuallyl eveyaindustriah@ppHeaBpRarycordrelder thals isps samss
alterations of the gene expression, in the present case of the gene bci-xL,

modul ati ng sbpﬁoﬁgkéd&'bﬁve Ghodd12RBE Mdopkiattsf aet stermsned fasm & Mdthesaprehnt
case, NF-kB and STAT-3 (Van Ael st, 1997). Azathioprine is regarded as "gold

st andar d" the i osuppressi vg .t her f ' [ idedt he
nmechani sm CQBI“e M%Wseiipgﬁngs&q@ tBPO%n%g éfegr ﬁhgl}l st I?u%k%§§mn%§[c%ere, t he
inhibition of the purine nucleotide biosynthesis wth suppressjon of

and RNA sysphetgings andtheomedelul it peme AAPPHCAEYNS, ﬂ?%ﬁ%%%‘g%deﬁlyc?%ﬂaagﬁede
2003), is assuned to be the main therapeutic mechani smof azathioprine.
Recently, drdigWcsmshashs inphit affohpnseafsosz at i opthiene tAet idegaais tdificnlt or

| ynphocytes | evel has been shown. After the evidence that azathioprine

I nduces in e&b%ﬁ&v@&fg%to(egiins. B sa&t l:é@ets?ghér Design of Experiments' (DOE) method
of conducting the experiments describes the conditions to obtain the most data
from the fewest experiments. Here the number of experiments is equal to one
more than the number of the unknown constants in a data based model.
Whether the data is abundantly available or a DOE set of experiments is
being performed, recalibration of the ﬁnodel requires a complete new data set.
In the continuously available data mode, this presents no difficulty. But in
the more frequent DOE case, another expensive data set generation 1s
required. A unique feature of the present invention is that only one new data
point is required in order to update the model. While the process of the

present invention is applicable to both types of data environments, the

operation will be described most fully for the latter, more difficult case.



| ynphocytes and that treatnment with azathi oprine causes apoptosis of both
circul ati W§ %E¥% ani na propria T |ynphocytes of IBD patienfSI/EHEM S ecific
nol ecul ar mechani sns were pointed out (Tiede 2003). The key point is
represented by the netabolite 6-thioguanosi ne triphosphate (6-thioGIP)
whi ch represents the real functional metafolite of the drug. Specifically,
6-thi oGPT binds directly to Racl in place of GIP, thus blocking its
activation. Such a block is highly specific for Rad , as ot her GIPases
bel onging to the same famly are not inhibited by 6-thi oGIP, and this
specificity suggests that the bl ock would be correlated to the structure of
Rad pr ot el eIl 86fo dBlodtib: AEUHEALIEA ©f (&8s BR01UR0ANLAR. Puskeat! de
S : a co

exchange factor vav serve IS consistent wt ensat ory
mechani smto achi eve d activatiop.. The hl.ock of the activation of .Rad
woul d resuYf%n?HO{lrfé‘)%:?@&g%f?”?\i;&%ﬂdﬁ&q%"r 291?03@’5?] AENeRe AR RARIRE
itself, and thus in the block of the bcl-xL gene expression, detected both

at the nRN&etapudnty that giveeebsats fintlse aecpthbleprange, Byisrtbduéfare dgsired to
activity switches an antiapoptotic co-stinulatory signal, nediated by CD28,

Into a pr Oﬁﬁ‘E,OFbtrO d&h LN -a I8 SoiREVeMBEh At hOhilakle, Gihich BRIRiIhA] in
explain the well-known "delay” i'n the therapeutic effect of azathioprine,
which needs a long treatnent fine to.elicit | i pi caly respo ' a
wny it bRHRF 1SE8 S B Sratuale. PRgSigrofutotdde B a8 ARBaRRR I REN
mont hs of therapy. This is due to the fact that 6-thi oGPT has 20-fold | ess
affinity tthmd:yu@tmmﬁrgbnswmwwnm the inpwer iRy thisganmaantpagt
Therefore, the azathioprine treatnent needs the sinultaneous and prol onged

admi ni st r agdme obithbsédthpsines diillcades ke chavadigriseosok shé euspulepefdiects
such as osteoporosis, diabetes, cataract. In the [ight of the above it

woul d be dgsipapl %eﬁ&ép\%‘\; ?% q/éafr?d;ﬁcﬂ?ss &h ﬁ?ﬁ%\ﬁﬁeﬂ%wrﬁ@séﬂ-h\ﬁsgﬁg% small

eliciting a At er an cacl ous I'C response 1 n conparison
wi th the already. known conpounds. Accor di present i new

) g to the i.nyention,

cl ass of 6changsGrPthnanBybyalvh My edise ﬁae PROfI YAt toRRR O&H&fé?@ﬁr%?aﬁbi%d by
greater affinity to Rad , an higher suppression of Racl activity and, thus
havi ng a grasgecrIti shoauldstippy essdestrgideco elabsactheset-poounfar wddeh wmallt he
del ayed

variations cause the least change in the output product. Other criteria could

include asking for the new set-point to be as close as possible to the last

known set point. In the present procedure, virtually any set of criteria or

constraints can be applied to select an optimal set-point.

Obviously, there is no model that can stay forever accurate. Any machine
changes over time, some of its parts wear out and have to be replaced, other
parts may become dirty, and a maintenance procedure has to be carried out
from time to time. Thus the constants of the model have to be recalibrated

from time to time in order to compensate for any changes.

To do this recalibration, the prior art required a long series of tests to be



effect of azathioprine treatnment and a best therapeutic effect, S

pr epar ed. WPHOFY0% her ef ore an obj ect of the present inventi%%T/{Ic?l)é?o&ﬁg/i de a
cl ass of anal ogous conpounds of 6-thioguanosi ne triphosphate of general
formula (1): wherein the dashed bond in the sugar noiety can be either
single or double and wherein R1, R2, RS, 4 or RS, equal or different

bet ween each other, have general formula -{Int) mTer, wherein mis between
0 and 12 and Int and Terare Internal and Term nal buil ding bl ocks, wherein
It 15 sel galacliLd O hiderARouRvaANSESIHNGhant Ttk inbdskikohed dasomthie
group consrsting o erein X represents either carbon or nitrogen atom
wWithin aromati¢ ring, .Y represepts ejther -

addi ti onal P@Q‘"@aﬁr‘%ﬁ, O%F}E%Br‘%‘" agk POg}”r Ly t}%’%}&%ﬁ%&f&%&f@é t a%‘q%tteﬁ;e@%rngoﬁgﬂor
several groups may be bound to any unsaturated iety of the ring) are

sel ect ed f foxmperatiggdhp maahi@tamglmprmcm’@o@;,a eXREBEF2, - N(CH2- CH3) 2,
-COCH3, -COOCH3, -0-CH 3, -S-CH3 1-S2-CH3, , -CN, -NQor -Hal ogen

el enents. Alternatively R5 nay be and netal and anmoni um salts thereof,
wherein n is between Gand 5, or oxygen or phosphorus is partially or

conpl et el y;fse %?@@%Byﬂ%%gso en’sde%%rp Rry qﬁFéﬁé'cﬁQ@ HRYPIG dehRer for a

derivative e n rticularly, but not limted to those
where R5 is HO[PO3 n, and netal and ammoni um sal ts, t her eof [ el is
bet ween Camhrfacvursng guacess. pAbsHBAFIRS E“ﬁ’é&‘]ﬁ% an ?%F%Bhﬁ?%ﬂé?@%%ﬁpgced

by nitrogen, sul phur, nethylene goups or their derivatives) TER may bg
sel ect ed f gegirtAiesegroum 6enpesiiing cohditinmpofitbe mackisenula yarficykiy, pbe
| abel l ed, particularly with R3 or R4 selected fromwherein Qis selected

from-OH (EA rgﬁ*{n%g al\é(egi‘?e) é’g%ﬂﬁw DRy Qe Hirast heodspamdeiretiydefendent

conpounds i e sel'ected fromthe group consisting of the

foll ow ng sugar, noieties or. su -li ke noi eties: : i tion
may be of uéb?i’é‘?‘f‘alpmfﬁl?ﬁ}l ém?‘%ll') Pi 9%%9‘*t}v§msggﬁg}rz g#ng%rr mﬁlé{cnf}i a \ﬁglrr%d/ or

(1) where RL is [-SH (it is understood that the Guanosi ne Lety ma
under go ketroecrdoll datat torehe prohédst maged whieh ye W@em@g‘e[s:@]@}&fﬁéﬁ §¥[t-°H] ,
RS is [-(PB)n-OH and one of R3 and R4 is [-OH and the other of R3 and R4

is [-O CO Ml 2t 1oihts(fopitReRaEhRS This Patevt dedsilargddata sets that are
continuously provided to the inputs by sensors. Furthermore, the interactive
controller of this patent is aimed at making dynamic changes in machine

settings to control uniformity of product.

US 4,577,280 discloses a control system for distributing a ﬂuid flow. The
object of the system in this patent is to optimally distribute a fluid in a
steam-generating plant. The system uses an algorithm for predicting the best
fluid distributions, in essence, a set-point. However, if the model is changed,
and in order to determine a suitable set-point again, a large data set is

required, which is difficult and expensive to obtain.

US 4,835,690 discloses an expert system for medical imaging scanning,



same mxture, i.e., [-OCONH-Int mTer]: will be the sa t
proporti oNOI/51498 nol ecul es will have [-O CO-NH -1 ntm Ter ?T/g'r%r‘éf@?éd at R3
with R4 being OH and another proportion of the nolecules will have
[-OCONHINt mTer]: attached at R4 with R3 being OH: wherein n=1, 2 or 3
, mis between CGand 5, Int is selected frm t he group consi sting ofand Ter
is selected fromthe consisting of wherein X represents either carbon or
nitrogen atomwi thin aromatic ring, Y represents either oxygen or sul phur
atom and agtadgidp, oAl s@eAling. Thigpatds Qlates tordhndardigintghimpgsguabty of
anyunsaturated noiety of the ring to which the group Q may be bound) are

sel ected from t;he, gy ou onsi st.l ng ©f, .- , PN ® - P ; ,
*%0 0 o, in el HdRER S Y Shver %(%%?g{e : %&%—g\f-%it)oz{; % gNu,Sthgggr
- Hal ogen el enents. In sonme enbodi nents ?f the inventio gf formul a %I)c

(la) and (onder trechieyesidnaendd Homsvernd yresupa ot %ﬂ’g & 1sad 4B 9ARG G o
sone enbodi nents of the present invention the conpounds of fornmula (lI) are
t he conpouadspdestid destheispundwheresultihg made] cR8 beRepdateRBnle yaneans

di fferent between each other, have general fornmula - (Int)mTer, wherein m
i S between t..and ferare Internal and Term nal buil ding

bl ocks, m%tf%ébgh%%{:@@gl%tglsg& ed fromthe consisting ofand Ter is sel ected
fromthe consisting of wherein an additional group Q group Q or groups Q
(Q indicates that the group or several groups may be bound to any
unsaturated nmoiety of the ring) are selected fromthe group consisting of
-OH, - COOHJS- N THBYB]1 -dicBpi@sClas)RadrineHsbbien PEPESES Wsﬁl&dm‘ﬁl&ﬁn@%%
sugar noi ety of conpounds of fornmula (1) can be selected fromthe group
consi stingn@fietile LRH! RAWINGbREEE SPtiRkifsoRr Thigaatbhkaloms ehaasly with
Compounds of fornula (1), (l'a) and (I1) can be | abelled, particularly with

R3 R4 sel ect ed fromnheregi i | @¢ - _
(TAVRA) . ABeORnP e Enpor TR et Pntlralor Sdnticthe el qalls.
conpounds of formula (1), (I ?321 and (I I&elare ttfi%rco ounds . descri be

bel ow ', 3JTE®APBcEAYe GiRws [how a mo 1s calibrated and then 1s used for

05B- OFAM 2' |, 3' - EDA- 6- Thi o- GTPTAMRA- 2' |, 3' - EDA- 6- Thi o- GTP . _
OAspar t at ecoinpBtinEDfn Gptihal &Pof bihcHihB-sb@ingandike 2hodel- EDAakle ToirthdTP,
| D 05B-2 Threoni ne-2',3'-EDA-6-Thi o-GIP, | D: 05B-3METHOD FOR FI NDI NG

OPTI NAL S%fo%%h%sif Wﬁ%@%a%cﬁ%% calibration is performed with a

large data set in a DOE manner rather than a single point.

It is therefore an object of the present invention to provide an optimal
set-point for the machine operation in a fast and easy manner, requiring the

least possible number of experiments to achieve the optimal set-point.

It is another object of the invention to provide a method for recalibrating the

model of a machine process, when needed.

More particularly, according to the method of the present invention, in most

cases carrying out fewer than four tests is sufficient for updating the model,



Field of the Invention The present invention relates to a nethod for

findi ng aﬁNBBP§7 i set-point for machines and processes.Iwﬁégégn@W%ﬁlarly,
the invention relates to a nmethod for recalibrating the constants of an

exi sting nodel of a machine and process ang for finding optinmal set-points
for operating wth the same. Furthernore, "the invention relates to a
controller, which utilizes the said nethod for establishing the optiml set
poi nt for a machi ne. Background of the Invention In any manufacturing
process, t hgidefar fndn@ce s wrachpoiess bt opetatker thed tmhgpdhene npithsthesupdhatad
gases, materials, power, etc.), arrange |local environments (such as
pressure, Hﬁ&?qrature, etc.), and change either the shape or sone set of
properties© %he operant material (s). The desired output is a specific

arrangenment of new properties (e.g., index of refraction, stress, geonetry,
etc.) on the operant material, and are called herein either the output, the
product, or the goal. It is axiomatic that the output goals mnmust be given

in ternms ofSwenratabfeheahgesntbnvari ati ons fromthe desired goal. In order
to predict the output of a machine (hereinafter, whenever the term

" machi ne” i’Iﬁheuﬁzee‘gen% Enwdiid %*Qﬁtégqﬂﬁé%é’%dtﬂaﬁtopitﬁnimg al machifesett goiat,

process)for a specific set of Inputs, there is a need to provide a nodel of

t he machi ne., .The nodel C ist of a set mal | er; nodel ' di ct
one or nor é?V}b‘ng%qlPP’élée%f hg’qfﬁﬂlﬁ’ﬁt .Ste@*?eetéz)g@r%ﬁn%gﬁlc?weg %ngéi gt 19%%
physi cal nodel. A physical nodel conprises a set of nmathematical functions
and f or mul asopeitismy theomtbiit progudtnthe rangssyef the nassiblgasnachipe sepwoints
behavi or and the operation of the machine. These nodels often contain sone

cal i brati o ngossiaal SetdPoisht @iteriagl(al €driyang one calipsatiah of theanbvdel sfithe of
the process but for which the first principle know edge is either limted

or lacking., JH8RE 169 ?ﬁ}cﬁﬂé%padaete&(goﬂgﬁzﬁﬁstfgr 3hb MWachine model; (c) Using the

updated constants in the machine model, finding all set-points that will
provide a product whose properties are within the allowed ranges; (d)
Carrying out an optimization procedure to find from all the set-points found in
step ¢, one optimized set-point; (¢) Operating the machine at the optimized
set-point found in step d, and obtaining a new output product; (f) Comparing
the properties of the new output product to the allowed ranges; (g) If the
properties of the output product are within allowed ranges, the new set-point
is found, and the procedure is successfully finished; (h) If however the
properties of the output product are out of the allowed ranges, repeating the

procedure from step b.

According to one embodiment of the invention the calibration of the model
comprises: (a) Taking the known model; (b) Substituting for the variables of

the known model the latest set-point; (c) Predicting the values of the output



the nodel to properly sinmulate the process. O her types of mmdel s are data
based nod&QYF8%etimes also referred to in the art as "stati PP‘é‘Qﬁzs

nodel s") which only try to fit experinental data fromthe machi ne. These
nodel s are constructed by nmeans of carryigg out many experinments and
accunmul ating a | arge amount of raw data r&ating to the characteristics of
t he out put product versus different sets of inputs. They are generally used
in cases where the physical nodel is either not known or becones very
conpl i cat egrgngticBUad) Compadidd tiedibiedictedvaitpat ropertiento tlenprepersies Tiese
data based nodels treat the machine as a "black box", and try to predict

t he propert, es of the ver : basg

experinentg eP%@ﬂﬁi yxﬁﬁhggﬁﬁghggﬁgggﬁgé&gﬁggﬂg?*%&#%%gnnode?O?Ehgfﬁﬁ%%te
the process but, unlike the physical node|, they .are not connected to any
physi cal chte deduee sthiec differiencei RetmesBoRreHRtPd cR0 MARSIMLCS  RFRETYFS Ordr e
accurate. The variables of the function(s) of the nodel (hereinafter, the
x's) are thegligilé devied. t he machi ne, which shoul d be determined for any
specific output desired. One conbinati on of machine settings for providing
a specific output, which includes the inputs and environnent variables, is
called a set-point or set-up. In virtually every industrial application or

control l er that uses so sor f predictive del,, the.c

det er ni nedAPF‘B'ﬁi\l%gtﬁ%taé‘og%r E’Hgﬁg“%%‘@rmgfﬁgl%-tb&c lé)rgglé%éﬁ)%ge %Irigdel
greater than the nunmber of undeterm ned constants in the nodel. In sone
appl i cat i onempdises: (a3 Takungahe lknoswaodel;db) Paaviding itoGhe snagpae amy igput
sensors. In others the data is difficult or expensive to obtain. In such

cases, thege{B§ingmOtalEyPaEHRHSthd Rabivnneidded o8fthe anduhidendot peoducing
experiments describes the conditions to obtain the nost data fromthe

fewest experinents. Here the nunber i i $o\eqUBktit iR SofRnLE
t han t he n%&oaj)fprpﬁgc%n%%ﬁﬁm%lghrg %%t §éﬁ)n taHFd%}%‘gCtbgcs)eg m)éelﬁ.l 8t her the
data is abundantly available or a DOE set of exper) grviyt a i s
variables of the known model the latest set-point; 8d redicting the values of
the output properties; (¢) Comparing the predicted output properties to the
properties of the output product from the machine; (f) Updating the constants

of the model to reduce the difference between predicted and measured

properties to a negligible level.

According to one embodiment of the invention the optimization procedure
comprises: (a) Taking the calibrated model; (b) Finding all set-points within
the ranges of the possible machine set-points that, when substituted for the
variables of the calibrated model, result in a product whose properties are
predicted to be within allowed ranges for the properties of the output product;
(©) From all the set-points found in step b, finding the optimal one, according

to a defined set-point criteria.



bei n erfornmed, recalibration of the nodel requires a conplete dat a
set . gI Ir[: t WO ¥57¢%5nuous| y avail abl e data node, '?hi s presenpgcﬁ%“a?}ﬁﬁscul ty.
But in the nore frequent DOE case, another expensive data set generation is
required. A unique feature of the present jnvention is that only one new
data point is required in order to updat e%he nodel. Wile the process of
the present invention is applicable to both types of data environnents, the

operation will be described nost fully for the latter, nore difficult

p y

case. Si ncep}mrm&gnthepm%m JUSloibe caityen isnsdlectod frbnarthacitlpdbi e(a) ange
of variation fromthe desired goal, it also follows that there are many

machi ne sef-points that aqive,outpt I0: 4.h o8yt | {ad:8tions

t herefore M,‘gi%rré) up S?f'ﬁgl,ntfg}a%eg% spoljl??b(%t ,gna sgg&g&gionﬁ o¥ The Erlnalny1 "

avai l able, which is optimal in sone sense. For exanp] e ne criterion .could
be to fi ndwatlseesnsst e erporghincmachans soidiRgs ’rssmﬁﬁlsnf‘nﬁrdbhét S?%Wé‘?‘i@ﬁtdﬁs in
the inputs. By this it is nmeant that sonme of these set-points will cause

t he charactlekést te shef ofidaisedt fout updatingt theo chestamte inentspt bvef tthe main
variations in the inputs than the others, as a small change in the input

val ue may g%{%gf%&f%?%g%&gﬁm%ﬁ WsBUalfls L cREESPIABAE cé RGO the 1Bigekd

t hus be deSira ose e set-point for which small variations cause

the | east change in the output product. her.criterig,coul d i aski ng
for the ne@dt Gt Possible MachpefetPORE %Ssd%%%‘{m depgt ?ﬁtehq %Sagn %g{:/\%%ggt

point. I'n the present procedure, virtually any set of criteria or
constraints can be applied to select an optiml set-point. Cbviously, there
is no nodel that can stay forever accurate. Any machi ne changes over tine,

some of it §1RaLLSnHEATuPHer 3BTALBAYS atileliod PR lopeRMizing heachine et-printbénone
dirty, and a mai ntenance procedure has to be carried out fromtine to tine.

Thus the constants .of the nodel haye, t cal j d £3 oM {di B 4 Cndd e
in order t8 EHAPRMafAChTRes; R %ar%%g@?%’ ?’ghg% ?h@r?geegal(%%ratl 012? the prior
art required a long series of tests to beconducted in._order to redeva_l w’jxte
the const asetspaimtforaduist maching ie 4be grewe, according to the main procedure;

Substituting for the variables of the known model the new set-point as found

in step a, as the latest set-point for any other machine in the group.

The method of the invention can be used for an efficient tracking and

optimizing of new set-points, to correct for changes in machine characteristics.

The method of the invention can be used for predicting a new set-point for
correcting any change in the output properties of a product, wherein a latest
set-point and one set of the previous product output properties obtained by
operating the machine in said latest set-point, is used for obtaining a new

set-point.

According to the invention the model can be of any type, including a physical



procedures of the prior art for updating the nodel and findin
set - poi nt MY/ 6HEr ati ng t he machi ne are non- producti ve, angcgab@ﬁ(@ﬁge. Us

5,740,033 discloses a design of an interactive controlling device for a
manuf acturi ng process. This patent provides an algorithmfor devising the
desired set-point or operating"condition546ﬁ the machine. In particular,
the controlling device includes a physical process nodel and an i ndependent
di st urbance physical nodel. An executive sequencer periodically sends
recorded dgf&qdi0, (ihga BROEEBSodRIS a cohibeRation thsreofkes predictions as to
desired set-points for the machine. This patent uses |large data sets that
are continuously provided to the inputs by sensors. Furthernore, the
interactive controller of this patent is ainmed at maki ng dynam ¢ changes in
machi ne settings to control uniformty of product. US 4,577,280 discloses a
control syBeeffescfiiptiamefithg 13 JNgSf| ow. The object of the systemin
this patent is to optimally distribute a fluid in a steamgenerating plant.
The systemiusigs @dwihgerithmfor predicting the best fluid distributions,
in essence, a set-point. However, if the nodel is changed, and in order to
deternmne a SHt 304, 58l 00h 8 AGRIYor ot ABGAR! Thé Blodet ARHMLT BAdirghhch

is difficult afd expensive 835, 690 di scl oses an expert
system for medi cal imaging scanning, setting up, and. schedulin hi s ent
relates to st aﬁﬁraﬁfﬁ'r&qlﬁbr}@hﬁ]@% 1N \PReRAHEM é%qorg}neﬁglﬁ%é)fl?cerg%%;i%egr}tpgf
Several ‘machine settings are to be adjusted in order to achieve this end.
However, a | atlgeirdatndioset has to be used in order to conpute the constants,
and the resulting nodel can be updated only by neans of another conplete

set. US 5, 7745163 idiosd 0285 r Ril(AEPA 38 $BE mithBAQEQIYI & aisd ng nul tivariate
nodel i ng and [tiobjective optimzation. This patent deals mainly with

Taonine settiggs o I &Sk SR AALARM BId BAlBR G H50RdRk! BrdRE%0

one embodiment of the invention.

Detailed Description of Preferred Embodiments

Fig. 1 describes in block diagram form the method for recalibrating the model
and for finding a new set-point for the machine operation, according to one
embodiment of the invention. The procedure goes through the following major
steps:

1. A machine is operated once with a given set of inputs, 1.e., a
Set-Point.

2. The outputs are measured to determine if they are within the
acceptable ranges. If so, then the loop ends and the machine can
henceforth use the said Set-Point.

3. If the outputs are not within the acceptable ranges, then a

calibration step 3 is performed, using the given inputs (dashed arrow



The procedure shows how a nodel is calibrated and then is used for

comput i ngWRP16H% mal set of machine settings. The nodel suftMFEYYE this
procedure is conpletely statistical, and the calibration is perforned with
a large data set in a DOE manner rather than a single point. It is

t herefore an object of the present i nventlbn to provi de an opti nal
set-point for the machine operation in a fast and easy manner, requiring

t he | east possi bl e nunber of experinents to achieve the optinmal set-point.

I't is another olgegid efe tultingesitpans Yo Phizvitdp kothedaiisdteomadet 40i damdit i ng
t he nodel of a machi ne process, when needed. Mre particularly, according
to the nmethod of,the esent, invention, in nost cases carrying out fewer
than four tests Cbgn%ﬁl?ecfréoﬁjteﬁf:%?é}balﬁlggti ng the nodel ,and for finding a new
set-points for operating the machine with the updated. nodel . %; ry of the
| nventi on Thedpr esend\ naw.cantisizadePel Beintds SOMPUied USHhe gtb? =1 m a

machi ne set-point, which conprises the follow ng steps: (a) Defining

al | owed ranges, for tfaepiopBr thlealatedt bet-mihpus provitlest astinputanyde e t he
possi bl e machi ne set-points and optimal set-point criteria; (b) Carrying

out calibration n%%}gpg %ﬁ&ﬁhafﬁgsn’ﬁgﬁg?ﬁg Qb bdiadiipgutdFhedpsqrdtaat s

for the machi ne the constants in the nmachine
nodel, finding all set-points that will . provj.de . r.oduct 0se_properties
are within the dPPHRSEOrSipRdsabqvg) OPEHY %8’1%fa1§r9%5bq1f7rﬁdz%e{%fpooﬁngr ocedur e
to find fromall the set-points found in step c, one optin zed set-point;
(e) Operating the machine at the optim zed set-point found in step d, and
obt ai ning a new out put product; (f) Conparing the properties of the new

out put progygt 949 ot &y Ahlaeadsdranaesthe(@kalibratieg pictbottifahedhveheonulput

product are wthin allowed ranges, the new set-point is found, and the

procedure io%‘dresnl'J 5 %escsglfgrla& ];:f'lg in%](feq,; a(s%}-plointhmél si‘ox;iﬁgd to the inputs of the
production machine 21. The outputs 27 of the machine are compared in block
22 with the required characteristics of the product. If the outputs 27 are
within the required ranges, the process terminates and the machine can go
into production, as marked by arrow 29. If however, the outputs 27 are found
to be out of the range of constraints, a new set-point must be found for which
the outputs are all in the required ranges. A recalibration 23 of the model is
then performed using the last set-point and the machine outputs. This
results in the model being able to exactly mimic the machine in the vicinity
of this set-point. Then, based on the said recalibrated model, a new set-point
20 can be provided to the inputs of the machine. However, in order for the
new set-point to be an optimal one, as discussed above, a set-point
optimization 24 is carried out. The optimized set-point 25 is then provided as

a new set-point to the machine. The procedure is then repeated, as necessary,

until receiving an acceptable output product .



properties of the output product are out of the all owed ranges, repeating
the procelFWH$%Bm step b. According to one enbodi ment of tRa MRS on the
calibration of the nodel conprises: (a) Taking the known nodel; (b)
Substituting for the variables of the known nodel the | atest set-point; (c)
Predicting the val ues of the outputproper@?es; (d) Conparing the predicted
out put properties to the properties of the output product fromthe machi ne;
(e) Updating the constants of the nodel to reduce the difference between
predi cted and neasured properties to a negligible level. According to

anot her enbodi nent of the invention the calibration of the nodel conprises:
(a) Taking g he,.known nodel ;. .(b)..Providi t.o t i N t t,.2poi nt
as cal cul atl%e a*l Bgf‘rtil?%eteﬁﬁsomg%&& = #:Hécﬂ%f&chghlf}ﬁzgﬁ%gir %%Pf gdsu}%:dl%l)llél tth %g tZﬁlgal
product, and receiving an output product; (c) Substituting for the

vari abl es orotasairR momvengrieto phtainaar eptigeal spinmnt vary pregkly: mE testa to

val ues of the output properties; (e) Conparing the predicted output
properti es dafe haee ghoper tHatSfoaf ot fieweritepud apy pelpdred.r om t he machi ne; (f)
Updating the constants of the nodel to reduce the difference between

predi cted and neasured properties to a negligible level. According to one
enbodi nent of the invention the optim zation procedure conprises: (a)
Taking the calibrated npdel; (h) Finding all set-points within the ranges
of the possr&g?é‘lff@‘@aiq{gﬁgéfw%‘ilﬂ?énY‘ﬁK?gtWQrpgl%ssg??%t ed for the variables
of the calibrated nodel, result in a product whose properties are predicted
to be within all owed Madelésg f-oln tthés ptepahei swdel of hidheom pehinpr pepgess 1 c)
Fromall the set-points found in step b, finding the optinal one, according
to a defined setqnQiRlinéd) dRhizawRhedcahbtants RehieRtwilkhnes @t calibirtion! Ther i a
is selected fromthe follow ng (a) Mdst robust set-point that will provide
om Pt Droductet oy fe 1AL iatetiRy Beb B BStImb® AL kRitehls BPErFious

settings is mni
set of model constants the accuracy of which is in question;

b. Calibration — In this step (23 in Fig. 2), the constants of the
model are updated using a set point and the resulting output
properties; and

c. Optimization — In this step (24 in Fig. 2), a new, optimized
set-point is predicted, that is best suited for obtaining the goal, and is

most robust to possible variations in the inputs.

As said, the invention assumes the existence of an “original model” that first
has to be updated, and then one or more new set-points have to be calculated.
The invention can be carried out essentially with any type of model. For
example, a mathematical-physical, first principal based model may be used
in accordance with the invention. This type of model uses the canonical

equations from  chemistry, fluid  mechanics, thermodynamics,




cl osest to the one used for updating the constants in step b of the main
procedur eYQ@>7®MSset - poi nt whose val ues are closest to thepggﬂ{“%](oogs t he
ranges of the possible machine set-points as defined in step a of the nain
procedure. The invention further relates to® nethod for optim zing machine
set-points in a group of machi nes of sanme type, which conprises: (a)
Finding a new set-point for a first nachine in the group, according to the

mai n procedure; (b) Substituting fqr the variables. of the kno del th
new set - poi n?f"é?(q!%ﬁgﬂaetil??’ &tep 112101'3%1‘ £ em?‘g"t‘ é’§f’d’sci]t°pﬁoquﬁmf’8§sw§ﬁ$g‘6¥)ﬁ earnd3
machine in the group. The nmethod of the invention can be used for an
efficient tractpergiesndThptmatkzémgtiohl-physiset npoieks $herepnafter etso referrsidatiyes
in machi ne characteristics. The nethod of the invention can be used for

predicting a;aemeSebhPqtalt nidde]@PrABChnAlR Mo 2BEErdte fHi €Hé Rldta based
properties 01@l a product, wherein a | atest set-point and one set of the

previ ous produci .out pyt properti obt ai,ned_by. erati t he chine i
said | at est ?éq({eﬁ%i#tth ‘go'lfgﬁﬂtsf‘g{fﬂlcﬁ’b?gfiafﬁﬁe éeﬁ@wt &2 5?%&6{{%8]&8#}%{158"%0
the invention the nodel can be of any tyge, i ncl udi ng _a_ physi_cal nodel, _a
data based mddtd., Therefoxsortibienearivengenesr ebthe mpidatine ot thetmedelofs gpaerally

Drawings In the drawings: - Fig. 1 illustrates the nethod for recalibrating
the model ang,dief if théhidhaniRalhyRialmsdls then iRehé datepased nosdels.
according to one enbodi nent of the invention; - Fig. 2 is a flow chart

illustrating the method of Fig. 1; and - Fig. 3 is a flow chart
illustrating the calibration procedure, according to one enbodi nent of the

"Bl ock di alp Akt FORMMRIRIGRENEA LR FORUERES G F gL HE GERRIONS atc pated
from new machine/process data. All models have adjustable constants so
that they can be tuned to a given process. Since processes, themselves,
evolve as the machines age or physical conditions of the machine change, the
constants must be adjusted in order to continue to be accurate. This process
is called herein recalibration. As previously mentioned, in many present day
processes, this requires a data set equal to or larger than the number of
constants in the model, which means an expensive series of (usually)
nonproductive tests need to be performed. In a few other processes, it is

possible to update the constants using fewer tests.

According to the method of the present invention only one test is needed for
each recalibration. Generally, the last known set-point and output product
properties are used for this calibration. There is an unlimited number of
ways of changing the model constants, since there are many unknowns and

only one data point, all these ways are within the scope of the invention. The

RECTIFIED SHEET (RULE 91)




and for finding a new set-point for the nmachi ne operation, according to one
embodi menWM/XBE i nvention. The procedure goes through t h&FOMH Ry maj or
steps: 1. A nachine is operated once with a given set of inputs, i.e., a
Set-Point. 2 . The outputs are neasured tq deternmine if they are within the
acceptabl e ranges. If so, then the | oop enids and the machine can henceforth
use the said Set-Point. 3. If the outputs are not within the acceptable
ranges, then a calibration step 3 is perfornmed, using the given inputs

(dashed arr gw8lendnvéiion s Hble f00dsrei it af.optithal sdtegf ow vabadd fortaibtirendel
10 and changes the nodel constants. 4. A new, optim zed Set-Point is

conput ed usi nxgstt hgs %@ﬁkhi&%’neﬁset- ?npgx\{i%aé:aaslu(fé'agpﬁguéet -point is provided

as inputs 1°¢ I'me, wWhich operates accor to said inputs. The
procedure returns to step 1 above, operating with said optim zed set-point.
Fig. 2 is a flowchart describing the recalibrating nmethod of the
invention. In order to recalibrate the nodel, a set-point 20 is provided to
the inputs @figt Beispaofluwt chartmagplamein] tha recalibmtinng 27emf acdoading d nenear e
conpared in block 22 with the required characteristics of the product. If

the outputs a4 A HeWk LAY thd gﬁvéﬁﬂHﬁr gf {1RR9eSamble tHOGRSFehes BNt @edand

the machi ne can go into production, as marked by arrow 29. If however, the
outputs 27 are found to be out of the range of,.constraints, W set -.poi nt
must be fourfdksBHswissemedheVharen: dheaprerbar indigajes @e&ﬁ&oédq‘iﬁ%ésar%ﬂpe
recalibration 23 of the nodel is then performed using the |ast set-point
and the nmachhRga0us RY LR calliraté &Sand $he K'd hre thlebt-peintgoatieeniazhena (itd.y

mmc the machine in the vicinity of this set-point. Then, based on the
sai d recal | ?ﬁgtirelgum%%és)? V\énseat Ee%?'i@tmade, a set-point 30 is provided to the

machine, that according to the calculations with the existing model 31 should

provide the desired product within all the constraints. A product Fe,(p) 32 is

received at the output of the machine, wherein the vector (p)relates to the

measured characteristics of the output product. Then, in block 33 the output

product F, is compared with the theoretical output product F_., as

exp

calculated based on the assumed model 31 and set-point 30. If it is found that
one or more of the characteristics (p)is out of the constraints (z0l.), one or
more of the constants of the model are changed in block 35, and a new
product F_, is calculated in block 36, based on the recalibrated model. The
' comparison is then repeated in block 33. The procedure is repeated until a set
of X's to the model that provides F,, that satisfies all the constraints of block
33 has been found. When this set of k's is found, they are substituted into the
model of the machine in block 34. After the substitution , the recalibration of

the model is completed and the procedure stops at 37.



20 can begprovided to the inputs of the machine. However, in order for the
new set - pdiH/5¥¥5pe an optimal one, as di scussed above, a S&TTHY4RP28

optim zation 24 is carried out. The optim zed set-point 25 is then provided
as a new set-point to the nmachine. The prggedure is then repeated, as
necessary, until receiving an acceptabl e output product .Recalibrating
tests with the nethod of the invention have shown that the procedure
converges to obtain an optimal set-point very quickly. Al tests to date
have shown Ithahotldube anotedweratt tls¢ effect of ddiié rregalirition tafoanePARE 1S tO
invention involves three major steps: a . Mdeling - In this step the nodel
of the machipne REAGESSLE tHEtRAMMIMRIbelRd DY ii tHe eidinitonsh ény s Fuh).cEhus) |
need cal i bration. The nethod of the invention generally assunes the

exi stence of a previous set of nodel constants the acgur ac of which is in
question; bthigdbiablogel ealibration, hngasingythasthenmedgl 1§hus Héwc%‘?%‘tra?ﬁ gn’g’f
the nodel are updated using a set point and the resulting output

properti es; ji@achdighbédMooti dfahiopoint! Thehkize of dps (R4ghlorbiogd dpends pavghe
optim zed set-point is predicted, that is best suited for obtaining the
goal, and i r possi ble variations in the inputs. As said, the
i nvention aggﬁﬁééyPﬁgﬂikFi énce of an "original nodel" that first has to be
updat ed, and then one or nore new set-points have to be cal cul ated. The
invention can be carried out essentially with any type of nodel. For
exanpl e, a mathemati cal -physical, first principal based nodel may be used

i n accor danddtesi the thedehwahibrationThhe mpdel o realsl foxeinding @ahoptinpl
equations fromchem stry, fluid nechanics, thernodynam cs, el ectronagnetics,
etc., in order,to:MeKeppLethst pRARE WiRGASPeREAW tHinatih pllopedtiaatges The
mat hemat i ca -p%y5|ca nodel s” (hereinafter also referred to as the "physical

rodel °) are, syl | Yo IR B, BRSUDRLSbAB O laba based

In the optimization procedure, a new set-point is predicted from the model.
Mathematically, there are an infinite number of new set-points which satisfy
any requested output goal. Physically, the set is limited, because the
machine settings (the x's) are available only in a finite number of increments.
Still, there are usually a large number of possible new set-points for each
product. The task is to choose one of these set-points which is optimal. An
optimal set-point is always defined by satisfying some set of constraints

_ better than the other possible set-points. Hence, this step depends on the set
of constraints chosen. There may be different constraints that may affect the
definition of an “optimal set-point”, and some of the constraints may be
case-specific. An example for a default set of constraints includes a
combination of the following:

1. minimized set of sensitivities:



nodel s, as the constants of the nodel are tied to the physics rather than
raw dat a. MP&YIGY e, the convergence of the updating of t hed Ty3a040d8
generally faster in the mathemati cal - physical nodels than in the data based
nodel s. In the recalibration step, the congfants (the k's) of the equations
are updated from new nmachi ne/ process data. Al nodels have adjustable
constants so that they can be tuned to a given process. Since processes,

t hensel ves, evolve as the machi nes age or physical conditions of the

machi ne change, the thiasgisas o refspoipé whichsisetPhustoindble seneofiheues tlespe
accurate. This process is called herein recalibration. As previously
mentioned, kéndTERY thle@s@Rtinddy REOEERSSRStingH0s diHewin amchidaparfoemanqelal to
or larger than the nunber of constants in the nodel, which neans an

expensive serigs of sgyﬁgf}{tl %)hi@ﬁnpi%%lst%t 'tgeg{eeslﬁﬁ%%‘?- oifft Pe TREE FRIMEGo I N
a few other pridocesses, “I't 1s possible to update the constants using fewer
tests. According to the nethod of the present invention only one test is
needed for @B¥ANYAEES] i bration. Generally, the Iast known set-point and

out put product properties are used for this calibration. There is an
unlinted nunber of- waywwef foe kandiergchdnzesdehe condtinntssttisgfnamd here are
many unknowns and only one data point, all these ways are within the scope

of the invention. ThepIEaeNtifYenthRRkistnBbberiOoHaker pidtesan optiml set

of new val ues for all e constants wt I S.one set-point and neasured

tput. Fig. 3 i fl expl aj ni h | i ti di
o bne enbodi en® S1CRHB RO ot cloR® (A ocseer ot act Ay 3t ERstef 4

nmodel F(k,x) is assumed, wherein the overbar indicates a vector. The k's
are the conpbsmbk:to be calibrated, and the x's are the set-point to the
machine (i.e., the input values). Wen a test is nade, a set-point 30 is

provided to the machiyg, allbat AGKILHSNDFId:@bilite fal the dpesatorwid ndke any
exi sting nodel 31 should provide the desired product within all the
constraint S'sul')o‘se%ru%crjl thhgrel)g(,gs (R) Schfhe settings  without being immediately

concerned with moving an input parameter out of range.

As said, many other constraints are possible and can easily be built into the

method of the invention.

There are many ways to perform the optimization step. One example is given
by the following algorithm:
1. Determine all possible set-points within the allowable ranges of the
input variables. This is a simple calculation using the allowable ranges of
the input parameters and the minimum control increment possible for
each parameter. This is the parameter space domain of the function.
2. Evaluate the model for each possible set-point in the domain and find

all set-points which satisfy the acceptable output range criteria.




received at the output of the nmachine, wherein the vector ( ) relates to

t he nmeasumaoidtessact eri stics of the output product. Then, PETALOEIOBS t he
out put product xp is conpared with the theoretical output product Fcalc ,
as cal cul ated based on the assuned nodel 31 and set-point 30. If it is
found that one or nore of the characteristli‘ecs (p)is out of the constraints
(tol.) , one or nore of the constants of the nodel are changed in bl ock 35,
and a new product Fa is calculated in block 36, based on the recalibrated
model . The comaphspthe cbRGRalRREMeH 48 RIQCELFR toTHEsREOGR GHlEr kS find
repeated until a Set” of k's to the nodel that provides Fcalc that satisfies
all the constraints OE btock 33 has been found. Wien this set of k's is
found, they ar®® WHLE G188 Nt o the nodel of the machine in. bl ock 34.
After the substitution , the recalibration of the nodel is conpleted and
the procedure stops at 37.1t should be noted that the effect of this

recal i br ati Havatg énendanniptirmat setapaintatled ynachoed it beenmbedian ehbsh aetitongs n
the vicinity of (xexp ,F cp). Thus, this is a local calibration, neaning

that the mogdel g a&gatgl%% IFEMALE @¥Hecka helLhabROTROQEY If e gpal 1V

The size of this nel ghborho depends on the accuracy of the nodel. After
the nodel caljbration, the nodel is ready. for findin n _optinmal set-point
for obtai ni Ag én‘%r 588’& Ic}%? tpﬁowgﬁg‘qulﬁagaﬁophmcfitquug%a@m T SRYES ,ega‘ﬁﬁ%t hi s
is done by the optimzation procedure. In the optimzation procedure, a new
set - poi it i thepnewi dated Noterbthahdhaodet setvhohgrstauddilesd te ver eutprud deser to
infinite nunber of new set-points which satisfy any requested output goal.

Physi cal 'y, tHhgoglethdrs thd BréBduslpeprrdset Rt Poedy. %@Ffdde@g@oﬁvmeg'aﬂexar e
available only in a finite nunber of increments. Still, there are usually a

choose one. b HoSEAEeth S75iRE, MeladiBhe aR0 RRBHE of IRERlBRS, AglC

al ways defined by satisfying sone set of constraints .
epends on the accuracy of the model. However, as said above, the number of

iterations of the process in order to recalibrate the model and to obtain an

optimal set-point is very small, and rarely more than three tests are needed.

As said, the process of the present invention provides means for obtaining one
set-point and recalibrating the model in the vicinity of said set-point and
output goal. However, if a need arises to work in any other specific output
goal region, even one remote from that to which the model is calibrated, the
same procedure may be used starting with a set-point in the vicinity of the
"first output goal region. Furthermore, the method of the invention may be
implemented by a controller, for providing an efficient tracking and
optimizing of new set-points, to correct for changes in machine characteristics.
The controller may operate in an open-loop or in a closed loop mode.
EXAMPLE

In a typical Chemical Vapor Deposition (CVD) process machine, a number of



better than the other possible set-points. Hence, this steﬁ deﬁendg on the
set of coWQW47$s chosen. There may be different constrai hESTHHARg

affect the definition of an "optimal set-point”, and some of the
constraints may be case-specific. An exan %_e for a default set of
constraints includes a conbination of the"followng: 1. mnimzed set of
sensitivities:- this gives a set-point which is robust in the sense of
being |l ess sensitive to errors in the machine settings or drifts in nmachine
per f or manceettthgsareatqpaiedt tovdvipokiti s 1agles of 102 theheagirfanstofgopibicon raler has
two advantages: - it allows for smaller changes to the machi ne settings;

and - it afdous f@pobast BlalGRD\BIGEMIR Rivet heuavielwd terpiieCeiperties &hich
set-point which'is as close to the center of the allowabl e ranges as

possible: - this allo i mum fl.exi bility for o] any
subsequent 2th @?#Bwnﬁgﬁﬁiﬁenéaeqlﬁlﬁg%et\%\}intgﬁbd? Ct?téllqgaglgl gm&%t%m}”@gﬁ%egned
W th noving an input paraneter out of range. As said, nany Otﬂgqrj .
constrai nt mémhen@)@&thbl@p@mntdmlf‘éa@illayelb@rmﬁrlt]tesi‘ﬂ%t@)‘ e ot SgftiRgh
invention. There are many ways to performthe optim zation step. One
exanpl e i sagivRitieuldie aftel thwimgcliingdidst wen dperieet for mhamtahhnpods dolder
set-points within the all owabl e ranges of the input variables. This is a

simple cal ehl @t o0 uSHRO dihiak! Quehlee f21883uplioh Nl daPiyepasapRLags, and

the m nj num contr I NCr enent  possi or each paraneter.” This'is the

paranmeter space domain of the function. 2. Evaluate the nodel for each
possi bl e sBUIHWIAL RR-PRRAVSIAL AXRETITERRY A58 |uS§aﬁY§cﬁfEﬂlmﬁﬂi iﬁ 1%3tﬁy§)fc§?1t he

acceptabl e output range criteria.3. Apply the constraint criteria as given
above to tbpersain,ithens dar the niadhdne operator to look at the results of one set of

machine settings and try to determine the next settings to get the process
back into the production ranges. These experiments are costly and add to
machine lifecycle time without producing useful results. In short, the Cost of
Ownership (COO) is directly increased by the number of experiments that are
performed. It is thus very desirable to minimize the number of these

experiments.

The method of the invention is designed to address this difficulty. A typical
machine may have 5 input variables. Present Design of Experiments (DOE)
analyses require that a minimum of 16 experiments be performed in order to
| characterize the machine operating domain. This number of experiments
must be performed as often as is necessary in order to keep up with gradual
changes in the machine operating characteristics. In contrast, the method of
the invention requires only an initial set of experimental points which can be

obtained from any suitably recorded data from the machine history. After



an optimal set-point. Having found an optinmal set-point, the pnachine is
oper at ed WO {5298 settings and the outputs are neasured toPEREER/BWier ence
to the goal. If the goal is not net, then, the process of calibration and
optimzation is repeated with the new datgq. Note that the new set-point
should lead to an output closer to the goa? than the previously predicted
set-point. The process converges after a very small nunber of such
iterations. The nunber of iterations again depends on the accuracy, of the
model . Howelver, fewsr shaul 4aéxpezimehts aterbequiséd angtime onshemagunglfebme. n
order to recalibrate the nodel and to obtain an optiml set-point is very

smal |, andTigfsekefiiea 2P [hPgetedi@Bich & ehoiergeber 48 espédmenite rpqoireds of
the present invention provides nmeans for obtaining one set-point and

recalibrating,the nodel in,the viginity of said set-point and output goal.
However , ik}'ghﬁé)éac'éﬁ’rrgeogﬂ% HYFRUPW any ot her specific output goal region,
even one renote fromthat to which the nodel is calibrated, the sane
procedure may be used starting with a set-point in the vicinity of the fi
rst output goal region. Furthernore, the nethod of the invention may be

i mpl enent e@uRyhérmseyet ridlel @riorf art ppPvoatiteg seywtd ithieedt expedimegtarid be
optim zing of new set-points, to correct for changes in machi ne

characteri f’%&ﬁ}ﬁfékﬁ% £o Qﬂa|cﬁ{n t}{g)%frﬁé &yb& with PRE @ah&o?r&'ésé, Ry Refela@sed

| oop node. n"a typlca emc Vapor Deposition (CVD) process
machi ne, a hunber, ofsetiings are required.to deposit ,a. layer. of Si n the
surface of the #?ﬁh?@nogéﬁl%rmf’%?n?ﬂeo o r PSR &5 %&?Hbﬁlcmfg‘gm‘i‘ﬁ& ﬁg&er%%ﬁust
have certain properties which are dependent on the nachine settings. A
central praidcined I this senseyetdte deta frathethappaachinedis mow frangferable to
properties with tine for the settings, and particularly after the machi ne

has been oggnadnbehid®i ntenance. In order to determne the machine settings
for production range | ayer properties, a

The approach is carried out in several steps:

Preliminary Step - produce a model of the process.

This part consists of finding a mathematical description of the machine
process. In the case of a physical model, for example, then this step consists
of formulating from the governing equations of fluid mechanics, chemistry,
plasmas, and whatever other physical process may be present, a model of the
process. This model is to be as exact as necessary. Normally, there are still
some undetermined constants in the equations which must be calibrated.
Initial values of these quantities usually come from the open literature and
from previous data from the CVD machine. These will be simply updated with

very little input. This will become part of the overall process.

The end of this step is reached when the model has been constructed, at which



nunber of non-production experinents are usually perforned. |t is a typical
oper at i on,w‘?ﬂ]é%,msf or the machine operator to | ook at the ré’sq}l/lll‘gl/wz%%g set
of machine settings and try to determine the next settings to get the
process back into the production ranges. These experinents are costly and
add to machine lifecycle tine without produCing useful results. In short,
the Cost of Omership (COO is directly increased by the nunber of
experiments that are perfornmed. It is thus very desirable to mnimze the
nunber of tpheseiekpermeeatmodiieimiihomktbbdelngy iofivhatinventiondbgt ghearriesd
address this difficulty. A typical machine may have 5 input variabl es.

Present Desigp pabofRPBYIHEALS of DN aR020HeLtibag done, tllaboftwaikblisuaadS td 6

experi ment s be “per n order to characterize the machi ne operating

domai n. This nunber, of experinent.s nust be per of,t '
necessary i §Pa8Ldtt® rachings Wr}ilal d}%ffﬁﬁ} tg’ﬁa@gggggoﬁggﬁeftnglg%ﬁﬁeb%pr)lg;;%(%i ng
characteristics. In contrast, the nmethod of the invention requires only an
initial settloft fexpemenshenlproesisat 8 dufferemt caedalaveHddanveed h}ﬁr’l%‘ﬁy{ggﬁm |y
recorded data fromthe nmachine history. Afterthat, fewer than 4 experinents
are requi re&eﬁmddlﬂﬁybhﬁdtﬂ}%cmwsuldIf)eet}ixenEamEhUS, there is a very large
reduction in the nunber of experinents required by the procedure of the
invention. Furthernore, the prior art approaches require the 16 experinents
to be perforned on every machine of the sanme type with the same process,
whereas the nethod of the invention only requires the initial information
from one ne@peration af the soffwaze: the data fromthat nachine is now
transferable to other nachines. The approach is carried out in several
steps: Prel Newhehy pBo@lure isadude ta bagiel Tae dofievpreotselsdettintopanyt PC in
consists of finding a mathematical description of the machine

the vicinity of the CVD machine and the program starts.

Step 1 - An existing machine set-point and output results are entered into the
software. The desired machine outputs for the layer and the acceptable ranges
of the input and output parameters are also entered into the software. If the
machine set-point already results in all production ranges being met, there 1s

no need to proceed further. However, if that is not the case, then the software

proceeds to the next step.

Step 2 - Recalibrate the model constants based on the one machine set-point
and output product properties. This means finding new values for all the
constants with only one equation. There are an infinite number of possible
combinations of changes which will satisfy this criteria. It should be noted
that having performed this step, the model will now exactly mimic the

machine at all set-points in the neighborhood of this set-point. The size of this



process. In the case of a physical nodel, for exanple, then this step
consi sts WP %7481 ating from the governing equations of flBFHTHRORYAI cs,
chem stry, plasmas, and what ever other physical process nay be present, a
nodel of the process. This nodel is to be,as exact as necessary. Normally,
there are still some undeterm ned constari?‘g' in the equations which nust be
calibrated. Initial values of these quantities usually conme fromthe open
literature and from previous data fromthe CVD nmachine. These will be

si npl y updatgthbeirhbod edypdiidst lom ithputiceditics wf | thebewodel particlf ist ehwver al |
process. The end of this step is reached when the nodel has been

construct eﬁﬁgtéi%swsgé?pﬁidgieli {s hRGOMMIe)2 ARAULE hewt heellrethodedlagutdh tibe

i nvention I's carried into practice by nmeans of software. Once this is

or ocess. 1| POSRbEEG: bEbhoFRAST hUT AR EuBHRObndCp BBt e, RERLr By

woul d be used, but the foll ow ng nethodol ogy and procedure would be the
sanme. Oper eomarge$. t he software : Now the procedure is ready to begin. The
software is | oaded onto any PCin the vicinity of the CVD machine and the
program starts. Step 1 -An existing machine set-point and output results
are entered into the software. The desired machi ne outputs for the | ayer

and the acceptabl e nanges;. e jnput and o t ?% ELIFLS X

entered into m@es(){l‘ﬁ\;é?%}&{afﬁ%gée 1{(:éhllll‘;i‘llgl S'e, ,—%girr?t%% rea%%rresea ts i r?eal I
production ranges being net, there is no need to proceed further. ver,
if that isahdgastips waay, d%trﬁ’enom%awzﬁ%?ée 5?%@@@%“%33?%0‘5@@‘34?%%% t ep
2 - Recalibrate the nodel constants based on the one nachi ne set-point and

out put pr odivdd pRocgees,thss whhild rewpains pbifodimigg meany akpesnfants afb saik the
constants with only one equation. There are an infinite nunber of possible

ﬁg{ﬂ;idnati 0BSRhrE NaRARR s Wik $he Yhd tho@ ¥t RE Yntdttfort Féd@rbRonlyt osdioul d be

Step 3 - Predict a new set-point which will satisfy the production range
criteria for the machine outputs. Like the calibration step, there will be more
than one solution. That is, there will be more than one set-point which will
produce the desired machine outputs. In order to properly optimize the
process, all these set-points need to be found. The software carrying out the
method of the invention finds all the set-points which will result in production
range outputs, and then chooses one‘ which is optimal, according to a user
selectable set of constraints.

Step 4 - Run the machine at the predicted set-point and obtain the new
machine outputs. If the new machine outputs are in the production range,
then the procedure is done. If not, then return to Step 1 and repeat the

procedure.



t hat havin erformed this step, the nodel will now exactly mmc the

nmachi ne a 5)1I/57§Q§t-poi nts in the nei ghborhood of this set-GIALIVHE size
of thisnei ghborhood depends on the accuracy of the nodel (which is why a
physi cs-based nodel is desirable), and on how well the calibration is
performed. The | arger the nei ghborhood, tAe faster the overall process
converges. Note: This calibration step is unique. Mst recalibration
procedures use at |east as nany data points as there are constants in the
nodel . At |east for CVD processes, this would require performng many
experinments. As said, the software carrying out the nethod of the invention
requires ongy, e f0%R BRealh Wﬁmﬁ\g set-point which will satisfy the

production range criteria for the machi ne outputs. Like the calibration
step, there wi |l be re than one solution. JThat ;i s ere wll be nor
than one sek BUSMAstnile a9 n‘bﬂ%&ﬁ%é’“@ Sﬂ%‘ﬁ?atﬂ)oﬁﬁcﬁ?‘ﬁé’n@m‘m %e'.at'lf%ngsr der
to properly optimze the process, all these set-points need to be found.
The sof t warimchater yahpsdor thaehamtrodprsissute thevwafergrnfnergsueg, (therpacing
set-points which will result in production range outputs, and then chooses

one whi ch ifsetQRlehnBle waGGOAAE THel'ShavsiERads eiRCEaDItepethoffiepnatdabhtlse
Step 4 - Run the machine at the predicted set-point and obtain the new

machi ne outputs. If the, new.machi ne.out puts. in the production range,
then the prlgl@é%&raée?’sandjo ¢ e #o%u,rf???e@eprozsftgéﬁ to Step 1 and repeat the
procedure. Exanpl e froma Real CVD Machine In this case, the machine is the
one descri bed above. The nmachi ne set-points include values for the chanber
pressure, the wafer tenperature, the spacing between the wafer and the

' shower headin {kibexaasplenties Hesirbé otput, raiaeraff 1He00 dmgstrasds, thackhdsse
time of surface deposition. In this exanple, the desired output, a |ayer of

10, 000 Angsi%rsqg?lifﬁah@fycgfffe%ﬁnt from the initial 12,899 Angstroms. Here the initial

settings were:

pressure pl
power pwrl
Spacing Spl
TEOS Flow Rate Ft1
Oxygen Flow Rate FO1
Helium Flow Rate FH1
Wafer Temperature Twl
Time T1

Measured Thickness 12899 Angstroms

The software, with calibration, predicted the following set-point:
pressure p2
power pwr2

Spacing Sp2



is significantly different fromthe initial 12,899 Angstrons. Here the
initial SWPOMAYSSwere: pressure pl power pwl Spacing Spl FEEB-HYZERat e
Ftl Oxygen Flow Rate FOL Helium Fl ow Rate FHL Wafer Tenperature TwW Tine TI
Measured Thi ckness 12899 Angstrons The st)é ware, with calibration,
predicted the follow ng set-point: pressufe p2 power pw 2 Spaci ng Sp2TECS
Flow Rate Ft2 Oxygen Flow Rate FO2 Helium Fl ow Rate FH2 WAfer Tenperature
Tw2 Tinme T2 Measured thickness 10564 Angstronms Wiich was sufficiently close
that it was kTp@B Fidty Reduci ng t Fe2deposition tinme by a few seconds (still
|In tﬂe ?Lll gwabl e tinme range) would result in a production range thickness.
t shou e t deposiiyjon of SiA2 on a silicon wafer is onl
one of ﬁevsraﬁgkgg%rﬁg&'ﬁ%@erent gpozgesses in the CVD industry. The Y
approach of the inventiaqn is appli le to virtually all of these
processes, anieliyndiaw Rate PPUERRY d

Wafer Temperature Tw2
Time T2
Measured thickness 10564 Angstroms

Which was sufficiently close that it was known that reducing the deposition
time by a few seconds (still in the allowable time range) would result in a

production range thickness.

It should be noted that the deposition of SiO2 on a silicon wafer is only one of
several hundred different processes in the CVD industry. The approach of the
invention is applicable to virtually all of these processes, and is equally

applicable to a broad range of processes outside the CVD industry, as well.

While some embodiments of the invention have been described by way of
illustration, it will be apparent that the invention can be carried into practice
with many modifications, variations and adaptations, and with the use of

’ numerous equivalents or alternative solutions that are within the scope of

persons skilled in the art, without departing from the spirit of the invention or

exceeding the scope of the claims.



applicable to a broad range of processes outside the CVD industr as wel | .
Wi | e sonWOdSEP nent s of the invention have been descri beﬂcy\y‘(\légozéf
illustration, it will be apparent that the invention can be carried into
practice with many nodifications, variati 225 and adaptations, and with the
use of nunerous equivalents or alternativé&~solutions that are within the
scope of persons skilled in the art, without departing fromthe spirit of
the invention or exceeding the scope of the clains. CLAIMS 1. A nethod for
optim zi ngCLABMIE ne set-point conprising: a . Defining allowed ranges for
the properfiies of the output product, the ranges of the possible nmachine

Set POl Nt s 12 ORbL I gﬁﬁgggﬁ%%&%& 8ot PoinERbifhiingut calibration of

t he nodel machin dated constants for the machine
nodel ; ¢ . Using the updated_ constants in the nachi model .. finding I
set-points that %/ﬁﬁf!er%ﬁqvﬂ%d FapBsR ik t%@%%pﬁfﬂ:{?ﬁe??ﬁbesogfpeutmf f%ﬁlncte’t R}ZA

al lowed ranges; d. Carrying out an optimzation procedure to find fromall
the set-points feumgdsi of step mossirle optchie esttspaingoi ard eptimade sat-PARLt he
machi ne at the optim zed set-point found in step d, and obtaining a new

out put product; f.terfprparing the properties of the new output product to
the allowed ranges; g. If the properties of the output product are within

al l oned ranges, the new set-point.is f.oynd, r i )
Successt utl v frheie i ekt i o8I, RS BEFHBE IR, Radirg

of said allowed ranges, repeating the procedure fromstep b.
updated constants for the machine model;

c. Using the updated constants in the machine model, finding all
set-points that will provide a product whose properties are within the
allowed ranges;

d. Carrying out an optimization procedure to find from all the set-points
found in step c, one optimized set-point;

e. Operating the machine at the optimized set-point found in step d, and
obtaining a new output product;

f. Comparing the properties of the new output product to the allowed
ranges;

g. If the properties of the output product are within allowed ranges, the
new set-point is found, and the procedure is successfully finished;

h. If the properties of the output product are out of said allowed ranges,

repeating the procedure from step b.

2. A method according to claim 1, wherein the calibration of the model

comprises:



2. A method according to claim1, wherein the calibration of the nodel
conpri seswp 01/57ad8 ng t he known nodel ; b. Substituting for tHE/Nare@8 es of
t he known nodel the latest set-point; c. Predicting the values of the

out put properties; d. Conparing the predicted output properties to the
properties of the output product fromthe-2fachine; e. Updating the
constants of the nodel to reduce the difference between predicted and
measured properties to a negligible level. 3. A nethod according to claim

1, wherein the calibraty t del conprises: a . Taking the known
nodel ; b. Pr ovzi"di%lﬁi 113%‘%?23@5&43‘%@2” i nput set-point as calculated from

t he known nodel of the machine, for produging the goal, pr ct, and. ..
receiving an okt pubstpiudtrgor the ‘@d’b%@?% Bfﬁ'ﬁgﬂ?ﬁwn‘t’ﬂ88@]aﬁieg‘%|%%%t S5FRORRY Kk nown
model the latest set-point; d. Predicting the values of the output
properties; e.c.Compdicting theergiuedofthedowpup propepes;ties to the properties
of the output product fromthe nmachine; f . Updating the constants of the

model to reducg idinghiifer BC 3 beNRL BB Edhes el RRILTRRS U@ epriopafithes O

a negligible | ev me according to claim1, wherein the
optim zation procedure cog*ﬁriises: ﬁ? TaEi nefg the calibrated nodel; b.
Finding all set- po#®ue RECEHFRIPREMISHGES S t he possi bl e machi ne set - poi nt s
t hat, when substituted for the variables of the calibr te&godel ,,result in
a product whose [ippaiingébeaoosiarsdiofthe mededovfeadiica tgkrfl BERCERRIT ey,
the properties of the output product; .

predicted and measured properties to a negligible level.

3. A method according to claim 1, wherein the calibration of the model

comprises:
a. Taking the known model;

b. Providing to the machine an input set-point as calculated from the
known model of the machine, for producing the goal product, and

receiving an output product;

c. Substituting for the variables of the known model the latest set-point;

d. Predicting the values of the output properties;
e. Comparing the predicted output properties to the properties of the

output product from the machine;

f Updating the constants of the model to reduce the difference between

predicted and measured properties to a negligible level.

4. A method according to claim 1, wherein the optimization procedure

comprises:



c. Fromall the set-points found in step b, finding the optinmal one

accor di ngMWMS7605 i ned set-point criteria. 5. A nmethod accSFHTHY488:| ai m 1
wherein the optimal set-point criteriais selected fromthe follow ng: a.
Most robust set-point that will provide a_?ﬁqut put product whose variations
With respect to errors in machine settingsis mnimal. b. A set-point that
is closest to the one used for updating the constants in step b. c. A
set-poi nt whose values are closest to the center of the ranges of the

possi bl e machinel'sleimgphientadibasteadiefiodel in step la. 6. A nethod according to
claim1l1, for optimzing machine set-points in a group of machi nes and

processes of tmeFi%ﬁ@ﬁ t ¥R CsetCHORES Skt8in 2thd iradicBg & RRW HEdsiPRI Hhadldhea
first machine 1 n the %roup, according to the procedure of claim1l; b.

Substituting for the variabl es,of t kn | the_pew (o]

found in step a ,Setégo’t“ﬁ% t?‘ﬁf’egvtheéle?‘-‘ %?W%\é\?oﬁgggﬁv 8?%35%%§ﬁ%%g ‘%agfbtrﬁged
group.7. A nethod according to claim1l used for an efficient tracking and
opti ni zi ng of newmaskel- yrsiudt &) atroduey Btose MropertiRfeary Arafielfdnto be within
characteristics. 8 A nethod according to claim11, for predicting a new

set-poi nt for anylighand@nists fherrupperiie®pLtlid estpait rofuoguct, wherein a
| at est set-point and one set of the previous product output properties

obt ai ned by operating_ th ine.in jd -] atest set-pain I St
obtaining a new Ere(}n-l p%]i1 nﬁ‘.eng.gpﬂoﬁrgfs h%oaﬁiéfgél&r %itI% gbt gﬁ%@gﬁgmrﬂie \Aipeﬂrll%l?ﬁ % e
nodel is a physical nodel. 10. A _nethod according to claim1l wherein the
nodel is a data Beeadingbrep definedgehPORRCAEH-ding to claim 1 wherein the
nodel is a conbination of a physical nodel and a data based nodel. 12. A
controller for carrying out the nethod of claim1, used for an efficient

5. A method according to claim 1 wherein the optimal set-point criteria is
selected from the following:
a. Most robust set-point that will provide an output product whose
variations with respect to errors in machine settings is minimal.
b. A set-point that is closest to the one used for updating the constants in
step b.
c. A set-point whose values are closest to the center of the ranges of the

possible machine set-points as defined in step la.

6. A method according to claim 1, for optimizing machine set-points in a group
of machines and processes of the same type, comprising:
a. Finding a new set-point for a first machine in the group, according to
the procedure of claim 1;
b. Substituting for the variables of the known model the new set-point as

found in step a, as the latest set-point for any other machine in the group.



tracking and optim zing of new set-points, to correct for changes in

machi ne chYQ? 817695 stics. 13. A controller according to cl aifRT{B01V92% at i ng
in an open-|loop node. 14. A controller according to claim 12, operating in
a cl osed-1 oop node. o7

7. A method according to claim 1 used for an efficient tracking and optimizing

of new set-points, to correct for changes in machine characteristics.

8. A method according to claim 1, for predicting a new set-point for any
change in the output properties of a product, wherein a latest set-point and
one set of the previous product output properties obtained by operating the
machine in said latest set-point, is used for obtaining a new set-point.

9. A method according to claim 1 wherein the model is a physical model.

10. A method according to claim 1 wherein the model is a data based model.

11. A method according to claim 1 wherein the model is a combination of a

physical model and a data based model.

12. A controller for carrying out the method of claim 1, used for an efficient
tracking and optimizing of new set-points, to correct for changes in machine

characteristics.
13. A controller according to claim 12, operating in an open-loop mode.

14. A controller according to claim 12, operating in a closed-loop mode.



