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| NVENTI ON The present invention concerns a process and a nmechani sm
(automation) to regul ate and/or prevent the stoppage of a HNHMWEMWUMWMI
multi-stage and nmulti-linked industrial process of the fol 5 -
to optimse the production flow F(r) while acting on a paranet &oief
industrial action (r ). mastering an uncertain industrial inpact I(r)
resulting in an uncertain stress chain on the different stages of
production 10 - this stress chain being itself the consequence of an
uncertain environnmental production variable X The inventi onJ“mmlmw”m‘m
particularly applicable in the cases where one nust: 15 2 o wmw
pair, (flow of product F(r) and the uncertain industrial inpact «3gfohs - bY
regul ating the industrial paraneter (r), and 5 - while taking into account

the regulatory <criteria and the limts inposed by the risk of stoppage
i nposed by the inpact variable 1(r).

PROCESS AND AUTOMATION OF AN INDUSTRIAL PROCESS 1IN
STEPS, WITH MASTERY OF AN UNCERTAIN STRESS CHAIN, AND
ITS APPLICATION FOR CONTROL OF NOISE AND OF THE RISK

(VALUE-AT~RISK, VAR) OF A CLEARING HOUSE

TECHNICAL FIELD OF THE INVENTION

The present invention concerns a process and a
mechanism (automation) to regulate and/or prevent the
stoppage of a flow F of a multi-stage and multi-linked

industrial process of the following type:

5 - to optimise the production flow F(r) while

acting on a parameter of industrial action (r ).

- mastering an uncertain industrial impact I (r)
resulting in an uncertain stress chain on the different

stages of production
10 - this stress chain being itself the
consequence of an uncertain environmental production

variable X

The invention is particularly applicable in the cases
where one must:
15



rm"Industrial Production” (or "production") is understood,
ggcgrgiag to this 10 invention, all human activity which has as its goal
the production of an added-val ue product (production flow) that an beb
directly or indirectly expressed in terms of added val ue which mght be
itself associated with an industry tha# coul d be manufacturing, energy,
agro-food 15 or financial... By "Production Flow' F(r) is understood
according to the invention, all transfer of materials or neasurable
content arriving at the final stagg E,, and pgpélg;nggéhgigpglgn?fsteps -
ion activities : 0 -rqcesses S _ _

g¥03ﬁgtlgroduction cyc?é?iﬁﬁggiﬁégn i&%’ap f%% H PR HSH&fHE’pF“thustry,
manuf act ure BR8 eRAaktainwhedesttiad appeoprirgg)to estimte, in order to
circunscribe it, an uncertain 25 inpact 1(r), which can be - for
manuf acturing - pblIut?%nfegplﬁtﬂéﬁfa?@?n&ﬁ@ﬁéFrpﬁéce®$ram¢tsk dfr)l,oss or
failure, andamétich is connected with a production of a value-added good
(manuf actured or financial product). The searched-for global goal for
which we®aimis to 30 @@ilﬁiseakhegprdeOtlaac?h?ﬁ(otgégsgéggggg%99$ﬁigood

[ imtifg; . uncert al egative inpact o IS, :
e LI B bE AERt AL EARL LY LIRBS ol LN S, S b0 o e
val ue- added irgomskd Tiwe tiyetthpHEt | $aPLible T@%ﬁ specifically in the 5 case

i i-1i i € f this
of a multi-stage nulti-linked configuration. The structure of
production of thi%Y prot@ti oke&Bn be Insustarial ee-Prdadycoiont n t hernore
general casespfBUdion”)  is understood, according to this

10 invention, all human activity which has as its goal the
production of an added-value product (production flow)
that an be directly or indirectly expressed in terms of
added value which might be itself associated with an
industry that could be manufacturing, energy, agro-food

15 or financial..

By “Production Flow” F(r) is understood according
to the invention, all transfer of materials or
measurable content arriving at the final stage E, and
providing the chain of production activities of the

20 sub-processes Si;j at the different steps E; of the
production cycle.

The invention applies to the domains of industry,
manufacture and finance, where it is appropriate to
estimate, in order to circumscribe it, an uncertain

25 impact I(r), which can be - for manufacturing -
pollution, or - for a financial process - risk of loss
or failure, and which is connected with a production of
a value-added good (manufactured or financial product) .
The searched-for global goal for which we aim is to

30 optimise the production flow of the value-added good

while limiting the uncertain negative impact of this



i ke. 10 DI SCLOSURE OF THE | NVENTI ON The invention consists of the control
of production according to a probabilistic automatic procedure with an
action loop and a reaction loop. Industrially, this automatic control can
be 15 electronically inplemented with the help of a conputer that is
programed and networked to control the 3tages of the process according to
the invention, such as will be described below. The outputs fromthe
conputer are transmtted through a system of activators or 20 servonotors
whi ch control the industrial paraneter (r) to set it to its optimal value.
Accor di ng topthduknienti orhisheyastke8ik00 he tonpt i c_process
consistsgof n inductive prqbabiIis??éhenggé%%onIg?ﬁuﬁ%?opgﬁﬁﬁ chain
of 25 uncert aPHNSt e s8E0Y n Wikd prlrluptiodncthann oesthei nglive-zided
probabilistigoggasure of the resulting industrial inpact 1(r), whichis a

function of fhe “controlled level of the industrial paraneter (r). The
met hod put to moTkebjnwmmﬂﬂmmHﬂéoputa&oth&nh@agﬁe@{figglgyt%gabjc 30
' i sk "VaR'.” The VaR net hod

action Igfp,cés ge&erallé called "Val ue at Ri sk" ‘or

is actually G338 P fei PHLEY ~Bhager imlici =i irdissd | canFbasrani oh.a THeew t o
grasp the quenthcfiabl efricsks : ( e atiLity of

portfolio of stock), and_ of thgrcﬁﬁﬁr}(ngé?i%ﬁ%%i ?3%8&?%%&81101‘:% r,r%l’a?nci al

i nstitutionsSiBNShetFAGehiken' eracihothkompreogenkeapr chaki, | istiG x -
automatic copfggl of production neasures the function of the possible

val ues of the industrial action paraneter (r), and the Value at Ri sk, VaR
of the

10 DISCLOSURE OF THE INVENTION

The invention consists of the control of
production according to a probabilistic automatic
procedure with an action loop and a reaction loop.
Industrially, this automatic control can be

15 electronically implemented with the help of a computer
that is programmed and networked to control the stages
of the process according to the invention, such as will
be described below. The outputs from the computer are
transmitted through a system of activators or

20 servomotors which control the industrial parameter (r)
to set it to its optimal value.

According to the invention, the action loop of the
automatic process consists of an inductive
Probabilistic evaluation simulator of the chain of

25 uncertain stresses in the production chain resulting in
a probabilistic measure of the resulting industrial
impact I(r), which is a function of the “controlled’
level of the industrial parameter (r). The method put
to work by the invention, at the heart of the automatic

30 action loop, is generally called “Walue at Risk” or

“VaR”. The VaR method is actually used principally in



[ w F(r), this for a duration T and a 10 probability level (p).
ng?u?gtOPoi!othe(aétion | oop neasures the estimate of the of the.effeft
that is described as the value of VaR (p, T) (r), such that the :npac
I (r) inmposed by the production during the time horizon T=[0,t] on ynt he
exceeds VaR by the probability 15 (p); this, while taking into acco;Jhe
uncertain variations of the sub-uncertalnples Xi which !nfluenc?. © o
production. Wthin the invention's automatic probabilistic re?c ion teP
for production control, the level of the 20 industrial control parame
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neral casepoM&a toheogctsltglg 25 payageten I I
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t.hat evertheless or each index
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of the possible values of the industrial action
parameter (r), and the Value at Risk, VaR of the
production flow F(r), this for a duration T and a

10 probability level (p). That is, for, the action loop
measures the estimate of the of the effect that 1is
described as the value of VaR (p,T) (r), such that the
impact I(r) imposed by the production during the time
horizon T=[0,t] only exceeds VaR by the probability

15 (p); this, while taking into account the uncertain
variations of the sub-uncertainties X; which influence
the production.

Within the invention’s automatic probabilistic
reaction loop for production control, the level of the

20 industrial control parameter (r) is set during the time
(t) to the external multivariable (rp.x) or {Irmin) , while
maintaining the aforementioned effect estimator VaR
(p,T) (r) on the right side of of its authorized impact
level M. That is, in the general case, where the action

25 parameter r=(ri, ., Th, ...,Tn) , the authorized impact

level M=(M,.c. ,Mp,...M,) and the reliability
probabilities (p)=(pi,.Pn,..Pn) are multivariables, the
(r) is picked at the extremes such that nevertheless
for each index h:

30 - VaRn  (Pn/T)  (Imax OF Imin) < My (type 1 -

Minimising the induced effect), or



is is with the goal of pushing the industrial production level F(r) to
;rmasl:rsrit whi |l e s'?ill bei er])g 5 cgrrpatible with the aforenentioned regul atory
condition of controlling the inpact Prob [Ih (X, T) (r ) < M]>ph (type
1) or Prob[Ih(X T) (r )> M]>ph (type 2) That is, for each index h, the
i nduced effect Ih stays | ess than (type51) or Iarger than (type 2) the
authorized level 10 Mh with a probable reliability of ph. STATE OF PRI OR
ART AT THE APPLI CATI ON OF THI S | NVENTI ON Ac_cord! ng to prior art, there are
three classical techniques to estimate the di strlbutlon of the 15
uncertain industri-al impagt ¥of)rpy (arVaRd}‘et r}od Fqr ’(: z §’§5
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the narkft) rhbft a probable reflablllty of pu.

STATE OF PRIOR ART AT THE APPLICATION OF THIS INVENTION

According to prior art, there are three classical
techniques to estimate the distribution of the

15 uncertain industrial impact I(r) by a VaR method. For
the sake of simplification, we place it here in the
realm of financial applications (the most frequent use

of prior art), the measure of risk in a portfolio of
financial investments, and specifically in a portfolio

20  of stock (the global volatility of their value), tied
to the wuncertainties of the market. 1In effect, the
applications of the VaR methods on industrial
manufacture, while perfectly viable, are actually
essentially confined to an academic level. In the realm
25 of this financial application, the Value at Risk of a
portfolio during a duration T and a probability level p

is understood to be the amount, called VaR, such that

the loss incurred in this portfolio during the time
horizon T = [0,t] does surpass VaR only with a

30 probability equal to (l1-p). That is, formally, :
Prob[portfolio loss > VaR]l=1-p, this probability being




first nmethod for estimating the VaR is called 5 the estimted
Ig(rai ance/ covariance matrix, initially developed by the JP Mrgan conpany
(See JP Morgan, RiskMetricsTM - Technical documents, 4th ed., Mrgan
Guaranty Trust Conmpany New York, 1996). This nmethod is practically not
applicable, an/or very inprecise when 1_06 applied to conpl ex investnent
assets (the inplicit volatility of options). The second nethod for 4
estimating the VaR called historical analysis, was originally advocate
by the Chase Manhattan Conpany, with the Chari smaTM and R sk$TM 15 (see

CHASE MANHATFAN cBANK.ed\.decondinte €6 Biskssif®8) disEHiHUELAO feﬁg onht he
hypot hesi s that the _risk factors are stable. In addition to t act that

that it preSEFSESEd t hatPTHRCehtatRthas a bt atimla:‘@llltu\eha\mourtmdentl cal

- has a strong
to the past £OK, Gisal 0 the ;past it
tendencs to E)ngglrk% rrg\ygllltjwahteentsfﬁé)é rcé%quél%cfoqscc car® astrophl c events. Further,

the historical VaRheetfhiobtcaretioid t Bohnésaihytshgukake varhe 4 ot fqilure

the rlsk ro ess. The third nethod for estimating the VaR,
g];ll i”‘eét agﬁ " %ﬁe VSt S SaRhaRg r?owee%lﬁnﬁetu ana@rlazavoo:auemawlythe

i Oq%g I descrl ption
Bankers Truste@enpaay Wb htIH:e'S BARGE, e%en%a
of these three s&stems ggm be found a "VaI t" R sk Cr9G ¥ fer and

Lopez, 30 aPp&&t'Phgirs the - 8arhnénslDeBoeekent 7, " g/ffft ge%?gmvﬁuﬁarﬁt ARLY
Vanagemont " by By eren and "G pr Bek. TORA nCOBRf onBRay BSRSSers es,
practlcally not applicable, an/or very imprecise when
10 applied to complex investment assets (the implicit
volatility of options).

The second method for estimating the VaR, called
historical analysis, was originally advocated by the
Chase Manhattan Company, with the Charisma™ and Risks™

15 (see CHASE MANHATTAN BANK, N.A., Value at Risk, 1996).
This method rests on the hypothesis that the risk
factors are stable. In addition to the fact that that
it presupposes that the future has a statistical
behaviour identical to the past - and more precisely,

20  the recent past - it has a strong tendency to badly
evaluate the frequency of catastrophic events. Further,
the historical VaR method can not technically simulate
the total failure of a stage in the risk process.

The third method for estimating the VvaR, called

25 “The Monto Carlo Simulation” was initially advocated by
the Bankers Trust Company with its RAROC 2020™ system.

A general description of these three systems can
be found at

- “Value at Risk” by Esh, Kieffer and Lopez,

30 appearing in the “éditions DeBoeck”;



5 New York, 1998; "Value at Risk; the New Benchmark for controlling Market
Ri sk" in the "editions Professional, 1997". The invention, in its
automati c probabilistic 10 action |oop, neasures the uncertain industrial
impact | (r) resulting fromthe chained stresses in the production
subsystens Sij in the different producti7on steps, according to the third
nmethod, i.e. by Monte Carlo Sinmulation. 15 The systens to determ ne the
final probabilistic inpact (VaR) in a production system (especially
financial) advocated by prior art: apply to systens that are not

mul ti-stage and/er not'madddridgked;wkthal: i g;they are not 20 applicable
to the techn%cal donain_of.thisg?nvent%o%&:aﬁéggo|§ﬁbﬁﬁﬁgw%elgdd' % onal
speci fics of “thfen Fpdrishgmamsaritasei r application is nutli-stage or

mul ti-Iinked, they do nat, _use,an inductive 25 probabilistic nodel of
chai ned cal cul ati ons ofq§¥3esg§a§FlﬁﬁffePgnt %f%bes Manggereriet 7 on,by hat is

they do not Léseermencharadiewiridts ah tdeS HuneRd oIS d IS o the
domai n of thﬁ rigk Eatrix of financial portfolios and of e oﬁtlﬂisation
of 30 aéiiv FledOf 'algﬁééring house (application of a potentially

mul ti-stage or multi-Ii type in,the 8 financial industry) where the
uncertain val ues Xi arevgggﬁpo§§ﬁ o?l?ﬁe v&Piat i NS oPepgBmatkck ficat ues;

where the i@pattollingi Bacasposedkof ihhenRoterlikalongl dlredA%H Af the
cl earing hou§§§7m@ere the stresses Wj are
The invention, in its automatic probabilistic

10 action loop, measures the uncertain industrial impact
I(r) resulting from the chained stresses in the
production subsystems Sij in the different production
Steps, according to the third method, i.e. by Monte
Carlo Simulation.

15 The systems to determine the final probabilistic
impact (VaR) in a production system (especially
financial) advocated by prior art:

- apply to systems that are not multi-stage
and/or not multi-linked, that 1is they are not

20 applicable to the technical domain of this invention,

and do not use the additional specifics of this

invention

- when their application is mutli-stage or
multi-linked, they do not use an inductive
25 probabilistic model of chained calculations of stress
at different stages of production, that is they do not

use the characteristics of this invention
If one refers to the domain of the risk matrix of
financial ©portfolios and of the optimisation of
30 activities in a clearing house (application of a

potentially multi-stage or multi-linked type in the




successively: of the |oss-of-custoners suffered by menbers or
Foggrpgffgces (step Eiyl), and then the loss of members (step Ei); and{or
the the multivariable action paraneter (r) is conposed of the nenbers
deposited guarantees ri to the clearing house: 10 - a single-step orI _
non-|inked systemstudies the risk I of8the gl obal failure of the clearing
house, while taking into account the risk of each counterparty (broker or
nmenber), at one step a systemof a type using this inventionis 15
applicable to a nulti-stage and nulti-1linked clearing hogse,h thapt!sl
taking into aﬁﬁﬂunﬁjsevgﬁ@hs§£%ge%h%&e QQ§§a9hP8r%$&£“r %Qﬁ%36¥%n5§%2 o of
stage of custoners or of a nmenber, or of local offices, en e g
nmenmbers (br olESMPL e REI ¥BS. variagitmes i othar steoykt enmlusd e ©héher

i i ' | ti-stage
si ngl e- st age d ; C det _t he nenbers' _accounts, or are mu
but gonI y agd;cgls%s éﬁg%%ﬁl gﬁ?o)nbﬁﬁa[]cloén G ec[‘ref’d';er © aR@tedkdedned sobatcount s

. > : . N,
in their proBasisl iafy tclaécalabkong hbmiselhemer dshe t BE-REEQE 31 SYS
kﬂichedo ponsider Sz a tree-like structure of counterparties (c¢bnposed of

product | v% sUBTRSSED i ESRSTIBUEd o sttdiges) lQﬁﬁTSCbﬁ-ecmiMom?lMiTﬁLent
t o consi der Bh@f&hgﬂ]n@ﬁe@@ﬁbe&@'kﬂgelgéaﬁa%&fgkﬁﬂﬁhégé?%hgk.bﬂeeé%d30
invention, on the other hand, neasures the inductiv babri'i'stT°c
chain of faiFifBs Fhet HoSsr anEhererdbethe (stuope” EIWI ih aﬁqﬁ/@frobgt?bglr?}géégst -
| cul ati on the | evels. Mre 9 generally, e pri ,
ﬁﬁlfﬁeathe iﬁ&éﬁ??gﬁggb&% ﬁgﬁ”fﬁkep?ﬁ?%eﬁﬁgodﬁ? the fAeEBApPedofofa the
probabi | i sti membeabastieppbiitedchabiaah eebr 85588 fheSEYELAL nLeYELEOf
prOdUCtlfHL - a single-step or non-linked system studies

the risk I of the global failure of the clearing house,
while taking into account the risk of each counterparty

(broker or member), at one step

- a system of a type using this invention is

15 applicable to a multi-stage and multi-linked clearing
house, that is taking into account several stages of
cascading failures: the initial stage of customers or
of a member, or of local offices, then the stage of
members (brokers) themselves...

20 The prior art systems, are either single-stage and
only consider the members’ accounts, or are multi-stage
but only address a simple combination of members’ and
customers’ accounts in their probability calculation.
In other words, the prior art systems which do consider

25 a tree-like structure of counterparties (composed of
productive sub-assemblies distributed over stages)
consider it sufficient to consider the simultaneous
failure of each branch of the “tree”. The invention, on
the other hand, measures the inductive probabilistic

30 chain of failures in the branches of the “tree” with a

probabilistic calculation at each of the levels. More
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0 Algorithmics™ by Ron Dembo

This system uses first a small-scale Monte Carlo
portfolio simulation, and then a simplified portfolio
calculation having a similar behaviour. Thereafter, it
performs a more complete Monte Carlo simulation for a
simplified portfolio. This System can regard the global
portfolio of outstanding amounts with a counterparty
and study the VaR of this portfolio (which is called
the “credit VaR”) as a function of market movements,
which take into account the catastrophic movements
(deterministic and depending on probability). The
failure probabilities retained at each “stage” come
from the rating agencies S&P™ or Moody’sTM, and are
thus fixed, are not determined in a probabilistic
manner, and do not depend on market movements. The
“Credit VaR”s of several counterparties are added on,
not included through an inductive method of
probabilistic chain of failures.
0 CreditRisk+™ by Mark Holmes

This multi-stage system advocates taking into
account, for the subsystems of a stage, a failure

probability which is not fixed. But the process used is

and do
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5 values X nor in this particular case, through the market novenents)

They are notably no higher when the heightened stresses WZ,i,j are nore
inportant. This system proposes to conbine the possible failures of the
different counterparties by calculating O10 the portfolio diversification's
ef fi caci ousness. But it does not propos& the probabilistic measure of
failure at the various stages of the chain of failures and the chain
reaction of failures between stages using an inductive nethod. 15 0
CATS/ Car maTM by Robert Geske This system advocates a nulti-period random

draw of Monta Canterteisi mpitetess he THarkets maeneaLS, @ tqqfatter@?gds, a
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structure for 30 the various counterparties. |t¥IS.In ?%IS sense tﬁat t hey
can be consi d&r8lttadechstassses Koot i i ke MoraviempdohanBut, in

o endes™ o Subcoad AR oL S A SO, SR i
i mpact . failures of the different counterparties by calculating
10 the portfolio diversification’s efficaciousness. But it
does not propose the probabilistic measure of failure
at the various stages of the chain of failures and the
chain reaction of failures between stages wusing an
inductive method.
15 © CATS/Carma™ by Robert Geske

This system advocates a multi-period random draw
of Monte Carlo to simulate the market movements, and
afterwards, a rating of the counterparties by others,
and finally the possible failure. The calculation of

20 the Credit VaR is done for each counterparty with a
distribution over due dates. This system uses neither
the aggregation of the counterparties’ failure risk by
an inductive probabilistic method, nor do the failure
probabilities depend on the stress state (market

25 movements).

The proposed systems in the domain of finance by
Algorithmics™, Credit Risk+™ amd CATS™, in
contradistinction to other more current systems among
prior art, apply to a “tree” stress chain structure for

30 the various counterparties. It is in this sense that

they can be considered as the closest to this



5 Thus, according to prior art, no account is taken of the fact that the
non-mastering of the stress at a prior stage has an effect, i.e. th?t.:n
this financial application of measure of portfolio risk, that the failure
of one custoner nakes the position of his 10 conpensators nore fragile,

that is, it increases the stress on thélnext stage. In other words, 4
according to prior art, the failure of the subsystems is not S|ngla%ﬁ t
fromone stage to the other using a probabilistic inductive method. a

is to say that the 15 prior art does not sinulate the failure of the system

at the 1st | awssdindiexel ,Band deesontaheBeihctRbe il eiﬁyelg@g?rq?xt 2nd
| evel before ﬁinulating in a probabilistic fashion the farfure

subsyst ems attPiSeRArECHRY Bt RE Alsoiof amttdrededt itts audcsyst eys, and

[ [ j ' bsystemn s
in particula Ic it h M and CATSTM systens, the _ subs :
(cognt er part;?'rggagp?rlcgtai}gb?: ??%/féof @féi%;gur@e?gur?l )?(I\etad. XE& teP Rt bt por tf ol i o
can contain épPieets, the amount to pay by the counterparty at a given date

from one randomdraw of the Monte Carlo nethod to another
(thg?ni cszf@gset he way’°t f?eccroetzrags]d'ff’ WHY PBPeT oAstar Boceesioderted § ntalomteni a as

. , . . . |
n Nt o#sseiss"factOthbk edink RctkhEMddg Rerdfolig contai ns  only

bgggg!n%ﬁus,othe anﬂ%ﬂi to pay by the counterp rty.3% at grSFﬁeﬁ déig IS
known. BondsPEt@rnsttadcomamgimtefBeset si.¢exthpt iih they hemesddnat i ng

oo oS e ol R SOTL L Bl

random draw. fBaturke dfavwmed duetonpobabiddst ytual ugowhi ¢Bnr espl ty fyomit

are ind%ﬂpndggkpensators more fragile, that is, it increases the
stress on the next stage. In other words, according to
prior art, the failure of the subsystems is not
simulated from one stage to the other using a
probabilistic inductive method. That is to say that the

15 prior art does not simulate the failure of the system
at the 1°°% 1lowest level, and does not report this
failure to the next 2™ level before simulating in a
probabilistic fashion the failure of subsystems at
level 2, and so on.

20 Also, for the prior art systems, and in particular
for the Algorithmics™ and CATS™ systems, the
subsystem’s (counterparty’s) probability of failure is
fixed. As the studied portfolio can contain options,
the amount to pay by the counterparty at a given date

25 can change from one random draw of the Monte Carlo
method to another (that is, by the way, the reason why
options are considered in academia as “contingent
assets”). For Credit Risk+™, the portfolio contains
only bonds. Thus, the amount to pay by the counterparty

30 at a given date is known. Bonds are not “contingent

assets” (except if they have floating interest rates or



5 of the state of the market during the travel along the Monte Carlo

"trajectory”
recomrended

. On the other hand, according to the first variant

and described below and inplenented by the invention, the

[ [ [ il i Ci f failure for a
istribution of the probability of the coefficient o
] ,j is neither constant nor dAknown, it depends on the state of
the stresses on the subsystem Si,j, thus on the state of the market
I nstead, once this distribution is known, the coefficient value is

subsystem S

unknown, please note, according to this distribution. 15 Additionally,

accor di ng tohpkieor c@ahse8NdapPut CUYLAM ST NG PN L0 Lhe, fecor al
5 f 6FLERECK)
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oh by \SRELL0 S uap Brhelg loody S o SGPTL Y

The prior art systens cannot separ
size? Accordpmgbabiﬂheylm@hnérwﬁfﬁﬁnﬁéghpw Ebgm_qu%fgugﬁggbégggﬁgsz t he

only way o

who is 2 snﬁ

for a smal

reconneq%ati

15

20

25

30

&t S the HavT ket advsipasivhel tpeotedbidlidng tiie

10

i ons of
ntati on

ating.
hi s

cansider the size of an issuer consists of regarding an issuer
I Bt Sateatie

failure
om a

R Cohsreas rich it tan 1L bt U R e G o as
tai n anount, ereas reg .
ﬁ:\r/i ﬁlgn a prbBabing t fisstf aldnirantof rebemnanaear derd ofeBBERLEHAG SR f OF a

: . For the mmjority of prior art systens,
the. probabi | 115 ANPIBTER Gl &Y s Cbbnariaiad o Behe ndseRdBNE Lon 146 amount
due, thus thtkediptdbuiilon peeeneshd r e8be¥ant ok Nak! ngﬁ’h‘k Cogt rar

ons of the third variant recomended and descri be
subsystem S;,; is neither constant nor unknown, it

depends on the state of the stresses on the subsystem
Si,j» thus on the state of the market. Instead, once
this distribution is known, the coefficient value is
unknown, please note, according to this distribution.
Additionally, according to prior art, and in
contradistinction to the recommendations of the second
variant recommended and described below for the
implementation of the invented system, the prior art
systems are based on that the reliability of the issuer
is given by their Moody’s™ or s&p™ rating. The prior
art systems cannot separate the quality of an issuer
and his size. According to the logic implemented by the
most evolved systems, the only way to consider the size
of an issuer consists of regarding an issuer who 1is
small but reliable as having a very small probability
of failure for a small amount, but which probability
rises sharply starting from a certain amount, whereas
regarding an issuer who is large but unstable as having
a probability of failure of the same order of magnitude
for a small amount as for a large amount. For the

majority of prior art systems, the probability of

to the

“beldw i n



5 the inplementation of the invention, prior art does not, in the _
probabilistic sinulation, propose to inplement uncertain catastrophic
scenarios with given probabilities. Prior art in general proposes to
perform stress tests whose goal is tonj“t}udy the consequences of 10 a

cat astrophi ¢ novenent such as a stock ket crash. To do this, it is
recomended to sinulate a catastrophic scenario where all the paraneters
are introduced by the user, wthout uncertainty in these parameters.
Certain conpensation phenonena such as 15 hedging, can then pass unnoti ced,
whi ch is not fididlwaseisi thbedet;]:eafs&lolta@é iﬁdépéﬁhéngn‘&rt@i@ &x%é'@u?tas
according to this invention). The following prior art systens are far
removed gfror#uet'hét%(ﬁ}fliscéliW%lqmi@qqmtﬂﬁﬁl@WQMe 20 met hod of

measuring inpact whirGh iif, | BREETESH Srar? Chedife N%Ercioﬁnﬁ\-lelxld%rﬁqol?{SSkof
MetricsTM by J.P. Morgan These syste function counterparty Dy _
count er part y,theccohtidg viax itdhng cosacmmecéedntamnidx dea®t hddedwiddl dwheifiai | ure

babilities.independent  of .25 nark noyenents and supplied via the
ﬂl?er net .gThZ:shee %yg?gﬂgn58§:ﬁ8f‘ a ogi?lee 1RESRELRR, t PRI e@T&haf@@F eri stic

of this invemitgn. ih Crewét ProkIdiBovedary sRidentNoby StemgLavi sedhis
system called "close-out netting nodule” 30 calculates the involvenent of
each count er APPSR | BRCRRKARY CRtE SECOPIHC aSEerer 08 ustitvhe @fven

Courterper | Sappit AN ol o AISdREl Yddtdf o SIERRE,
aggr egat i on oft neissk tefstfsaiwharse afoal hes anunitardaritiescdysaquéneeist e
probabiliéti% catastrophic movement such as a stock market crash.
To do this, it is recommended to simulate a
catastrophic scenario where all the parameters are
introduced by the user, without uncertainty in these
parameters. Certain compensation phenomena such as
15 hedging, can then pass unnoticed, which is not the case
if the stress test is itself uncertain (such as
according to this invention).
The following prior art systems are far removed
from the specifications of this invention, by the
20 method of measuring impact which it implements.:
0 Credit Metrics™ and Risk Metrics™ by J.P. Morgan
These systems function counterparty by
counterparty, according to the <covariance matrix
method, with the failure probabilities independent of
25 market movements and supplied via the Internet. These
systems do not advocate the means that are
characteristic of this invention.
0 Credit Risk™ Boundary Rider™ by Steve Davis
This system, called ™“close-out netting module”

30 calculates the involvement of each counterparty, while

taking into account a tree structure of counterparties.



r probabilities of failure depending on market novements. This
2y2$22??hu20d025 not advocate the nmeans that are characteristic of thhs
invention. O HedgeTM by Richard Sandor This systemuses a Monte Carlo draw
for market 10 novenents, and then a calculation of the effect on the
portfolios, and finally a draw for faildde of the counterparties using an
i nductive probabilistic independent of the nmarket novenents, and a .
calculation of the global VaR Thus, this system does POt ?dvocate 1 ] e
means that are characteristic of this invention. 0 KW "EDF"TM by A tec

Vasi cek Thi's Tystiemdsvdmsed #0 ndaikowichai iyt .8 ag%é"ﬁé easg?%ctﬂgm .

-period Monte Carlo nmethod, the expecte return fron a
gygignfgnly { AesL 9" RH akkobrentbassthad bandanmnbsxﬂThd§I§§st8ﬁ risk

1R s st vaI uat es e ri from each
ggtTntngrL;?Ty rraj'(I%;:he p?lo ab|I HS'P%% 0 (9% FIUr O 1 eé&ﬁ?‘sﬁlgsiétléhﬁrles ¢fxed.
Thus, this sydeemceauvoeapest hest hesy tr@ag%@g@tﬂl% of féﬁé%bf_’i i4Pic

ty failures with a inductive probabilistic
g?gg;gr Iola?rl ggte%:h g‘al | P8 dEFERFHG i ashe ofandimitl wfe stdessnding heoxsyst em

(mar ket novemrBRkS):. M‘bé‘“e’%@E%H@usopff%‘aggﬁzagfj}'@%ﬁ trl\%fle %Eans that are

€15 This
characteristic of this invention
systen1advocé?ésmﬁépﬁhéhaﬁh@I&ggﬁ@g@bbaruﬂt1deﬂ<uﬁlsXMHVéHﬂEHﬂy failure

f failure that
usi ng an indgctiv rebghi Iistic ho nor probabllltleso
depe%d on thg armﬁnt E'}of zb&stﬂerﬁk%‘ﬂ%ei ket 5 novenments). This system

thus does not advBbase detem uses a Monte Carlo draw for market

10 movements, and then a calculation of the effect on the

portfolios, and finally a draw for failure of the

counterparties using an inductive probabilistic

independent of the market movements, and a calculation

of the global VaR. Thus, this system does not advocate

15 the means that are characteristic of this invention.

0 KMV “EDF”™ by Oltech Vasicek

This system is based on a Markov chain. It

evaluates, using a multi-period Monte Carlo method, the

expected return from a stock. This system only takes

20 into account loans and bonds and calculates the risk

coming from the issuer. This system evaluates the risk

from each counterparty. The probabilities of failure

for each subsystem 1Is fixed. Thus, this system

advocates neither the aggregation of risk of

25 counterparty failures with a inductive probabilistic

method, nor probabilities of failure depending on the

amount of stress in the system (market movements). This

system thus does not advocate the means that are
characteristic of this invention.

30 0 Midas Kapiti™ by Misys (UK)



means that are characteristic of this invention. 0O NetRi skTM by Eugene

Shanks This system advocates neither the aggregation of

ri sk of

counterparty failure using an inductive 10 probabilistic nethod, nor
probabilities of failure that depend on_the anobunt of system stress (narket
movenents). This systemthus does not advocate the neans that are
characteristic of this invention. The followi ng prior art systems are
further 15 renoved fromthe specifications in the current invention
because of the fact that they are not concerned with "netting" of the

; 2 0 FNXTM
counterparti es ( agregays08moh Eldase)s rQef@Pér%/' QMeN%V%%AE’;@l’}ke

by Farid Naib onbard R skTM by John W sbey

rs Trust O

L
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THE I €. purpose

kT e ORI LG G S NENLOY o o

of the invention (automatic pr oCess

chai n

of 30 uncer tdgRenNst r egB fltélﬁs) amohnfs @ésrlé)ﬁslt];_éxel owt@_]@r@,sbe uﬁgf_;lkglg? -
manuf act ur , 16 financial or agricultura
Bel ow, 1t Snd%EW%ﬁE% quagkﬁgn o¥s gﬁ@ t|QQ?S'fPP§tI?dVP§a§@f|hh¢|on

Below, there'is a Cri

and its gl obaieamrsartamtterar@tdlr@rmdteeclsadqm el o rh%?éﬂﬁy

types of industrial and f&nanC|aI 5 production that 1nvo

Secondly, th& inP&rRick s

5 &9, the set of
ves stress chai ns.

byrofegepecthsrias |y described for a

This system advocates neither the aggregation of

risk of counterparty failure using an

inductive

10 probabilistic method, nor probabilities of failure that

depend on the amount of system stress (market

movements). This system thus does not advocate the

means that are characteristic of this invention.

The following prior art systems are further

15 removed from the specifications in the current

invention because of the fact that they are not

concerned with “netting” of the counterparties

(aggregation of stress):

0 FEA™ by Mark Garman

20 © FNX™ by Farid Naib

0 Lombard Risk™ by John Wisbey
0 RAROC™ by Bankers Trust

0 Summit™ by Jean de Fontenay
0 Zoologic™ by Kenneth Garbade
25 0 Open Link™ by Coleman Fung

INDUSTRIAL APPLICATIONS OF THE INVENTION

The purpose of the invention

probabilistic process for control of a

(automatic

chain of

30 uncertain stress flows) such as desribed below can be

used in numerous industries, equally manufacturing,



ring industry application (optinsation of the productionin a
ngggﬁgtaﬁthgnoise Ii%itgfions). “Finally, the invention is geSfrlbeda{ﬁ{na
particularly 10 advantageous application in the financial in ui Lyé A g
at optimsing the activity level of a clearing house - aP eﬁc ang
chattels or raw materials - exposed po_fh%ks of failure of t ﬁ Caded 15
counterparties (linked to the volatility of the market fOL t F b;I ed L5
itens) while conforming with the criteria for limts on _tke gug al risk o
"Capital Adequacy" - in order to mnimse the failure risk. S

i i i ri i i dgeabl e per.son will be
dustrial appinaetions descriffd ol the gaoy e J A
;BIE to applshlzo the invention's principles to nuﬁero%@ dther ul t P st age

i ndustrial dSRATIRHERN hade Ehai dedentricert af htsesy and nababhythgp the

i [ tainties
f uc n f for ener as,a_function of the uncer
g?n;;ﬁgng, o?ﬁ?ﬂe gggiléggﬁ%§y 0 Q§5%¥58§1§3t69neneﬂgf? andrphécphiredi at e

S et e (oot ool 0L pTESRUEELY, O
t m.ssion_net; this whi _ _ ,
;gfabﬁge{%g égngﬁﬁquyt?%F 18YOR VeSers tarrl r chegubat etaaflsg,; atpES on

(i sconnect i on o cartain o ran e,  S7oTh retkss WP T R eVl ofet nis
e SSplint oot sl s qpeg s, 1=
probl e Such A0 H0r S5 0’5 pOl | EPFONEV! L ACAR a5 LDt sorl ox
industrial $§yseédy, wiheh traventeas@st s oghserihak %%?'Eipgygpcgfarly
10 advantageous application in the financial industry,
aiming at optimising the activity level of a clearing
house - an exchange for chattels or raw materials -
exposed to risks of failure of the counterparties
(linked to the volatility of the market for the traded
15 items) while conforming with the criteria for limits on
the global risk - “Capital Adequacy” - in order to
minimise the failure risk.
Outside of the industrial applications described
below, the knowledgeable person will be able to apply
20  the invention’s principles to numerous other multi-
stage industrial domains that have chained
uncertainties, and notably for the control of
production flow for énergy as a function of the
uncertainties of demand, of the availability of sources
25 of energy, and the immediate limits on production
capacity (local or global), and of the capacity of the
energy transmission net; this while respecting
“minimal” constraints, notably the availability for

each user and/or regulatory constraints on pollution,

30 (air, cooling water temperature,..) and avoiding the

disconnection of certain circuits.



r plants, oil and gas drilling platforms, and chenical _
P;glg?{eg?mﬁhepdevices derivedgfronlthis invention can also 10 behapplled
to great advantage in the agricultural domain, particularly for tfenction
control of the procurenment cycles for a country or a region as a_du -
of the chained uncertainties of productli’on (regional or world- wide) a N
the variations in the consunption of food, 15 all while assurlngcg $hglnu
supply to each inhabitant. DESCRI PTI ON OF THE THREE EMBODI MENTS "

I NVENTI ON W TH REFERENCE TO THE DRAW NGS The appended f!guref ref{gse
schematical ly theTH@)§$6%@§$eéha“ﬂH%(q$J{$?pégb?§gglSU%%ﬁ?iéﬁT%&?ons o
operation of this invention, and also the ree lnﬁéh . Tons.
its applicatiSG3ldnd Pho 2Rideid | toappld icatd onadulbeut 1t hepd i S 8541

i i i f one industrial
Figure 1 sho he ly.the neral _operation of o

prgduction u%?ﬁ§%dr?%%%§ﬁytﬁé dﬁ%ﬁF% ﬁ%ﬁ1Wﬁ°§%eOﬁﬁééé§§namﬁw¢$§eire ,
production cemtedn desicer sutdnesl adyeest efsby 4l lg%len I ?Sﬁey

[ [ for
i eneral formthe 30 different application stages flave f
fﬂgmsp:g uc??8ﬁ185ﬁpﬂﬂ Hr 0€8Bs fP the ssec firscofpilee lhquobahilistic

( ( . . ! . 3 LpLen
tomatic re n @ecy d ta i nvention. Figure
2ghgnaticallsyﬁgahgo organigggetﬁéggﬁﬁEﬁ%P%% or-g&r HpP y SURE process

j j NQi i KOl timse
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?Ee productigpy gﬂ%hgcnﬁv%r%ggkggg controlling that the noi se 1evel wthin
the factory s képt befow & :

The devices derived from this invention can also

10 be applied to great advantage in the agricultural
domain, particularly for the control of the procurement
cycles for a country or a region as a function of the
chained uncertainties of production (regional or world-
wide) and the variations in the consumption of food,

15 all while assuring a minimum supply to each inhabitant.

DESCRIPTION OF THE THREE EMBODIMENTS OF THE INVENTION
WITH REFERENCE TO THE DRAWINGS

The appended figures represent schematically the

20 characteristics of the probabilistic automatic
operation of this invention, and also the three
recommended variations for its application, and two
specific applications.

About the figures:

25 - Figure 1 shows schematically the general
operation of one industrial production unit for which
the application of the process and the production
control device such as advocated by this invention.

- Figure 2 shows in a general form the

30 different application stages they have for the

production control process and the specifics of the
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- Figure 4 shows, according to the invention,

a

10 the different application stages for the process and
the specifics of the production control automation in

the factory and the noise reduction from figure 3.

- Figure 5 shows schematically the organisation
of a clearing house (exchange) to implement the process
15 and the automatic probabilistic control according to
the invention in order to maximize the transaction
volume (and thus the commissions collected) while
maintaining the global risk of financial loss (linked
to the failure of the parties) on the right side of a

20 regulatory limit.

- Figure 6 shows the different stages of the
process application and the specifics of the automatic
probabilistic control, according to the invention, for
the clearing house in figure 5.

25 The figures 1 and 2 describe the general
configuration of an industrial or financial production
system (1), to allow the application of this
invention’s process and devices.

The process and the automatic regulation 3

30 according to this invention are applied specifically to

a multi-stage and multi-linked production. That is,



flows Fi+1l,j,k to one or several subsystens Si+1,k' of the follow ng stage
Ei +1 (except the last stage i=n). 10 The invention concerns the case where

the production sub-flows Fi,j,k can be controlled with the aid of a -
possi bly nultivariable - industrial control paraneter (r) or (r) = (rl,
... , r,), and where the (global) indust*ial production flow results from
a 15 conbination of production sub flows Fi,j,k The invention is

specifically applied to an wuncertain stress chain W,j associated with an
industrial inmpact I (X, T) (r) (in general harnful) possibly nmultivariable

(1) = (11,...thdh, .concddl) .anThii$gdQciARACt ol (§iggn§ﬁg15h§9£gu$gigg5tered
(notably to avoid damage, or for regulatory reasons) wthin a trme
horizon T. [|tC§REhecPResed off aseueralli pgodhat hoof staggesegatleddstm; esses

W, j (neasurablg ph f d by each qof the productive subsystens
Si,j. 25 The inv"é’nt%g%nggg%:li ?E#{:Oa C;q):lcoonnc%F%%et & typeLIFLL preBesedn whose

i ndustrial i mfagrddu§thve )sutepasttand ns; a. ghabald | ye SONGL 0N f@?ﬂﬁgre
(increasipg or dcgfre.asi ng) .on_the aggregated stresses W,] of the
subsyst en® SPICHICIHE dPtPeitdRtSpr ofluctsi onf8eRger® , emd wheveral | east

30 one of thew sy ofs, | h degends, on: : he.aggregated stresses Wnj
of the subsystems Smj at the l'ast pro u%’tqril?nuststgﬁ):a%% ggfcﬁpﬁulﬁl%ari abl e

envi r onnent alf iftgdtorioh) « hendptodostiicn ameest anotreepro§uct (fL, sup-, XN)

5 aaa) the tifri%vgorﬁzon Tt%aaba},}e and on_the t§ﬁ§ of nonot one gl obal

function (increasing bf-*decr easi ng- TRV thalsEHRSYShSES a5+1he Aggkkgat ed

stresses Wn jfpldfowtiing istdhet ;8] (except the last stage i=m).

10 The invention concerns the case where the
production sub-flows Fj,j,;x can be controlled with the
aid of a - possibly multivariable - industrial control
parameter (r) or (r) = (ry, ;, In), and where the

(global) industrial production flow results from a

15 combination of production sub flows Fi, i,k
The invention 1is specifically applied to an
uncertain stress chain W;,; associated with an
industrial impact I(X,T)(r) (in general harmful)
possibly multivariable (I) = (I1,.., In,..,Iy). This
20  impact I(X,T)(r) should be mastered (notably to avoid
damage, or for regulatory reasons) within a time
horizon T. It is the result of a cascading chain of
aggregated stresses W;,; (measurable phenomena) suffered

by each of the productive subsystems Si,je
25 The invention specifically concerns the types of
production whose industrial impact I(X,T) (r) depends in
a globally monotone manner (increasing or decreasing)
on the aggregated stresses Wi,; of the subsystems Si,; at
the different production stages E;, and where at least

30 one of the elements of I, depends on:



action parameter (r) through the internedi ary"stress 10 aggr egalt esf]\c/\m![.
Each uncertain aggregated stress W,j (wth catastrophic" local e gc %
suffered by a subsystem Si,j is in noninal the nom nal node contai nleI a r
the level of subsystemS. But it can, in failure node, be 15 palrltl ally (r)]
totally transmitted to the following stige, Ei+1 That is, formally, eac

V, | i i itens: b) one
egated stress W, j is the result (sum of the follow ng
??23195 the uncertain stress W,j pertaining to the productive subsystem
Si,j and 20 depending - in a known way but specific to the subsystem- on

[ i abl e e r oyt o) ncertapn_anount of production
?X?u;;hvg¥lﬁﬁe tygg of g|6%% Eﬁ%%ﬁ%%nétféaﬁéga@Tﬁgo rtgscF83§Vﬁ5¥m6f_the

i ndustrial actiofhdsmetast (ryedwst by step afher itemis the uncertain f
stress Wi, j,k whgph %onﬁglg%ggﬁhg gonblvnatl on ofa falgl quCes off cg{léal n o
the productive subsystenms Si-1, kK 17 %1tﬁglﬁﬁ£ﬂmﬁﬁ¥ St hgeter- pf f homnng
the stress t®nediudt itdreyundehensial tiess arg) subject. 3G According to the
invention:each of the transmitted stresses wl,j,k I's expressed a f ]
conbi nat i dn (whi cR3% 21 fordh8 154G ihaxizam The formof a sum (2Z) for eac

2007 cgat od Shressee W- 1.k Grd he™ SURSy st Ot k Rgsons tﬁioa??hkage

coefficient éPPFFKO@on@Tﬁ?T}?I;g kgfy\ﬂfeﬁﬁ?g?ﬁ?%ng%éﬁtg?i \(;S(eiﬁ)seugés]%%tgéema

g?FE?ET agfggggsﬁhgn g88rega£eg stresses Wp,;) of the industrial
action parameter (r) through the intermediary stress

10 aggregates Wa, 5.

Each uncertain aggregated stress Wi, (with
“catastrophic” local effect) suffered by a subsystem
Si,; 1s in nominal the nominal mode contained at the
level of subsystem Si,5. But it can, in failure mode, be

15 partially or totally transmitted to the following
stage, Ej+;. That is, formally, each aggregated stress
Wi,y is the result (sum) of the following items:

b) one item is the uncertain stress Wi, 7
pertaining to the productive subsystem S;; and

20 depending - in a known way but specific to the
subsystem - on a multivariable environmental factor of
the uncertain amount of production (X) and of the type
of global monotony (increasing or decreasing) of the
industrial action parameter (r).

25 bb) the other item is the uncertain stress Wi, 5,k
which comes from the combination of failures of certain
of the productive subsystems Sj.;,;x from the previous
stage E;_j, following the stress to which they
themselves are subject.

30 According to the invention each of the transmitted

stresses w'I,j,k is expressed a combination (which is



between the limts 0 and 1 (this is also called the 10 failure
coefficient). Referring to the figures 1 and 2, it can be observed that
the invention is inplenmented specifically in a frame where the el enentary
failure probability distribution Pri,jzgx,T,r,VW,j,ai,j) of each of the 15
productive subsystens Si,j is known. It “is expressed as the electronic
behavi our nodelling device (2). This behavi our nodel | i ng nodul e (2)

conpl ements the automated probabilistic unit (3) and is interfaced with
the operator of the automatic system (3). it 20 electronically determ nes

the el ement arfbraillyf 6vr PEORADLAT EYevaloyes S i g and mekeshem depgpd on:

d) the uncertain nultivariable X describing the uncertain productron, dd)
the time intéhaalsubStdrd) ithéhadustivials attagm @ardmetproducelsdd) t he
stress W,j ddddd).,t he nfidence coefficient ai,j, possibly

nul tivari abl e, pef?ainfﬁg t%ﬁeaéﬁgﬁﬁgaﬁgﬁivg enfi-gix | nd WRese
characteri st iscosyestdnt ot ably, but not 30 exclusively, depend on a
historica# anal ysis of the fajlure of the productive subsystenms §,j. 22
These confidence &§dffiodi dts Hinkagascoefflaserhed: ljinkarstoust f i efent s

gi,j,k are fix@manRd@ret ¢hlagtgrl stic of the production centre, (1),
(Figures 1 and 2). More precisely, they may vary over tinme, but 5 they are

i nserted before e&si¢)l amschobdf dme undmiownl trappmasdioaneddeffxedembil e the
control Ioopd,s r upni ng hThe are reintroduced by the operator into a
menmory nodul §:714%) ©3f | e§Pfhe PAR e protRRYFo Si-1,kr  Varying

between the limits 0 and 1 (this is also called the
10 failure coefficient).

Referring to the figures 1 and 2, it can be
observed that the invention is implemented specifically
in a frame where the elementary failure probability
distribution Pri,;(X,T,r,W;i,j,a;i,3) of each of the

15 productive subsystems S;,; is known. It is expressed as
the electronic behaviour modelling device (2). This
behaviour modelling module (2) complements the
automated probabilistic unit (3) and is interfaced with
the operator of the automatic system (3). It

20 electronically determines the elementary failure
probability values Pr;,; and makes them depend on:

d) the uncertain multivariable X describing

the uncertain production,

dd) the time interval T
25 ddd) the industrial action parameter r
dddd) the stress W;, 4
ddddd) the confidence coefficient a;,;, possibly

multivariable, pertaining to each productive subsystem
Si,; and whose characteristics result notably, but not
30 exclusively, depend on a historical analysis of the

failure of the productive subsystems Si,ge



paranmeters (3)(Fig 2). 10 As can be seen in figure 1, according to the

invention, the multi-Ilinked configuration (of the stress

chai n) can be:

either tree-like - that is for eaph_sEbsisteg1tﬁi-1iEe?g Zrztggfoﬁliﬁisone
he Iinkage coefficients 15 qgi,j,k =1 an e o ro;
ggr?esponds ?o the case where a producpﬂ@e subsystem at stage Ei 1'Ca?he
only transmt its stress W-1,k to a single productlvg sybsystegllnd ne
following stage Ei or, in the nore general case, natrlx-llre, i cgpdin O
this case each |inkage coefficient qgi,j,k can take any value. Ac g

the invention, therrheyessitiede trapsrission coefficie

nts di,] can be:

55 7and51 Y&lHata§ sthe

i binary .- they only take on the valUes A
Slrf)gﬁgti ve sﬁtﬁ&@@@m Sicqe ffalidiergrs |hj[qi(;lp,gs r@:t:?]f aleilfle}éfﬁt
thing as partigly,fai ;w8 s and jin this case, the
pr obabi it y t&h?trﬁ%ﬁe#%& r |°3P(‘S%}@r, PLORPFEaPDj Fensireeact )

thege 15,00 such

ary failure

pr bﬂi@mt@’@

Cdl . b 0..0i,, i CTor, W, j ai.’ i whi ch
subsystem Si 1j anedues Mard 5iagl g M %?2. mgpojggﬁor?’v&r_ et_fnﬁﬁ,, Jb\!l_ﬁzl) o

is the probability that it fails at"the this _
53 or, Pﬁya E%?g ofther dnsggded apgferentdamiousduntche.oft he

MeCadbritks on any

I 1 SSi Q is possible, and the
val ue betweenoBpandnd, rRaktinal 7&%Qﬁnk’%3%95 f stress is p

elementary failure probability distribut . .
each prodﬁctFVénénﬁsyﬂﬂénn|$r@.rpmsttbmecéuandQﬂuﬂe$b8?%

[0, 1] over &Qﬁ099§s%g%§l¥ﬁg?fihgiqéiigéregﬁgnsgﬂégkéﬁyz

i nducti ve usage -"insi
parameters (3) (Fig 2).
10 As can be seen in figure 1, accordi

invention, the multi-linked configuration

stress chain) can be:

¥R, Wegr aitg) from

E? i nterval
FF T The
production

ng to the
(of the

- either tree-like - that is for each subsystem

Si-1,k at a stage E;.;, one of the linkage coefficients

15 gi,5,x =1 and the others are zero; this corr
the case where a productive subsystem at sta
only transmit its stress Wi-1,x to a single

subsystem in the following stage E;

esponds to
ge FKE;.; can

productive

- or, in the more general case, matrix-like,

20 and in this case each linkage coefficient

take any value.

gi,j,k can

According to the invention, the abovementioned

transmission coefficients d;i,; can be:

- either binary - they only take on

the values

25 0 and 1, that is a productive subsystem Si,j fails or

it does not fail, but there is no such thing

as partial

failure - and in this case, the elementary failure

probability distribution PrLj(X,T,r/WLj,aiJ)

for each

productive subsystem Si,j reduces to a single number

30 bi,j (X,T,r,Wi,5,a;:,3) which is the probability that it

fails at the this location (i.e. di,; =1) -



ilisti rocessor 12 (Fig. 2 and onwards) which 10 will be dealt
5{?EaF;L;$t[COP ?he influenge gf the el ementary failure probabilities Prig
of the subsystem W,j at stage Ei on the stage Ei +1 is one of tge t
principal specifics of this invention. The control process accor |Eg o]
this invention is 15 specifically inpl éfented in the case where the «
variations - at the time horizon T, where the uncertain sub-quantities t|
constitute the abovenentioned nultivariable X, the uncertain enV|rﬁnnep -
are quantifiable by a rule of joint probability Prob(x1l, 20 xN). The xi-s

constitute the generl C st at £ Wi ﬁgr%agapl%ratlala%%ebﬁa%ggt En&gﬂl@égus

tity X . eneral , the ntitity's ¢ .
Zgggg?; I yyt Hee avégage cahe teke amce ang theleer wwi@psloasaglai/ls}gsofl Eﬁe
at tr nds result froma 25 statistical an
ngg\r/:jggrhl stpory 0 ﬁggnurrrll(l:(seﬁ‘apn SubGEERFESt i 88 KOSkl eRBdentket o

IIy
Figure 2, it edamdntantyser vedaitlhgde t he c%@illcl it 3 (ﬂse@% i ¢
g;gerates th qr %pt j.oi nt probabllltles Pr ob 65? accordlng
30 to the’ hi ?Fer 3{1 radrid agfs) ttféqgh@@rqumqmm:wte emibstoren 19 4he

FESD 3 and
terior of | i r q 4 e automation histories
;Re prObabl|FFFé§H§$% ﬁﬁgzen toﬁt% %ﬁénﬁélcég Qﬁﬁeﬁ%r g td ePE®fe it to
do the randéhﬁdpaﬁglpze ﬁad&bbyofa&heamﬂ@&sma%%ibhO@d%ﬂﬁﬁéiént§he 5

t
nvention is inpl nted {n the case where the elenentary inpac
I(:orrponents lh (X %ge ¥ () nCJ0 St  aBB9efenti onksidRiustheal JIITqJ-HEttl\}'e(X T)

(r) from theprpbeButisencf IxxwdBido N0l 2 Pags gheyond, fhe ey %gﬁ hidiE
10 will be dealt with later - of the influence of the
elementary failure probabilities Pr;,; of the subsystem
Wi,; at stage E; on the stage E;;; is one of the

principal specifics of this invention.
The control process according to this invention is
15 specifically implemented in the case where the
variations - at the time horizon T, where the uncertain
sub-quantities X1 constitute the abovementioned
multivariable X, the uncertain environment - are
quantifiable by a rule of joint probability Prob (x;, ..,
20 Xny) . The x;-s constitute the generic state which can be
taken by the uncertain subquantity X;. In general, the
subquantitity’s characteristics, especially the
average, the variance and the correlations as well as
its behaviour at the extreme ends, result from a
25 statistical analysis of the recorded history of the

uncertain subquantities X;.

With reference to Figure 2, it can be observed
that the automatic unit 3 electronically generates the
correct joint probabilities Prob (x;, ..., xy) according

30 to the historical record of the uncertain quantities

stored in the interior of the auxiliary memory box 4,



i “nui sance” levels M, be it going above 10 (type 1) or going
B;Fgﬁfk?sge gytsthis with a industrial probabilistic reliability oLhPr?b .
(Ih (X, T) (r) < MJ] > Ph (type 1) or Prob [Ih (X T) (r) > M] >h rg yp
2). The abovenentioned nui sance | evels M and the probabilities p ?

i nposed notably by regul atory 15 aut hori?di es or by the |npera}|vgs glled
critical rupture and are taken into account in a menmory nodu eTh C led
the operator specification, part of the automation process 3. The p

i npl emented by this invention's 20 control device (automation) is

descri bed i n thef ea&ﬂ@:iaati@nf !rﬁlgt%%iljeisﬁgﬁi S%.ne ?g@% g%rf%gtg%iﬁ?&%fgaegé and in
r, an el ectronic sanplin : : .
Sosz?grg,nggggvﬁﬁh&ﬂ(ﬁhQﬁquﬁ?iQ&hknrgeﬂer&nnntﬂ1uﬁuéﬁgﬁfg {#)sotde tine

i i ists of: e) the val ues
interval T. f the production F(r) consis : _
whi ch can be£?§k§%§%§mfﬁga%§hﬁ%actors of the uncertain quantity Xi, ee) the

V] ' ' ' ) ir, failure
W, j of theairgductdsve csbsyd enfeedl » 30 €68) f el )
igéfffgfgyts{di,' .25ﬂégge) the_el ementary i npact conpé%en s 7'Th YB&IT) (r)
eeeee) the p%8gﬁbF38H sub? f | BRBLEMENLRA(r)in eddere)cibe pwbduet i orhd | ow

. . : : 3 s

o bl ectroni cally o cul at e Fer +Re PSR Rori J0fFT) L& (Thet I of Che
i cal cul at e, ( 1 . .

Egsgggféregigggvéﬂenﬁﬁ@nﬁﬂduéndUatréamtrthédﬂctIQm,ff)r)tf@&éﬁﬂt&¥§r|able

estimat or foﬁr&ﬁﬁc?@éh”%hoh”%ﬁ%&‘%%%(ggsgjbé§%ngngﬂealevels of the
predefined “nuisance” levels My, be it going above
10 (type 1) or going below (type 2), this with a
industrial probabilistic reliability of Prob[I,(X,T) (r)
< M,] > pn (type 1) or Prob[I,(X,T)(r) > My] > pn (type
2). The abovementioned nuisance levels Mk and the
probabilities ph are imposed notably by regulatory
15 authorities or by the imperatives of critical rupture
and are taken into account in a memory module 9 called
the operator specification, part of the automation
process 3.
The process implemented by this invention’s
20 control device (automation) is described in reference
to figures 1 and 2. According to the process and in a
known manner, an electronic sampling is effected, as
accurate as possible, as a function of the industrial
action parameter (r), the time interval T. The state of
25 the production F(r) consists of:
e) the values which can be taken by the
subfactors of the uncertain quantity X;,
ee) the stresses Wi,; of the productive subsystems
Si,3r

30 eee) their failure coefficients di,j,



10 threshold probability possibly nmultivariable (p) (Pi..... Ph,....PH)

i nposed by the conditions stored in nenory 9 of the operator o
specifications. This is defined as a vector Var (p, T) (r) of limts VaR
(ph, T) (r) such that the abovenenti oneg el enentary 15 inpact conponents
Ih(X, T) (r) only exceed their limts (u vards or downwar ds dependi ng on
systemtype) with a probability of (1-Ph), that is Prob [Ih (X, T) (r) >
VaRh (Ph, T) (r) _ (1-Ph) (type 1) or Prob [Ih (X, T) (r) < VaRn (Ph, T)
(r) _ (1-Ph) (type 2) . 20 According to this known frame of inplementation
of the inventioneass indudthd al adeimentpaanet ehpbtr s caupenahtsal Iy -
as part of t@p r ?%cgion control 3 - regulated over time within the action
| oop 6. The Wﬁ%ﬂg ‘fal action parameter is regulated to its maxi mum 25 or
m ni mum mul tivari aldekejal ue tHdMPodctifldH Myl &g N8 ntquﬂl ng the
abovenentioned estimtor of the effect VaR (P, T) (r)’bn the right side of
its authorized nESSARER | evidle Mrothattiian flmw gach) conponent h, the

reaction toop 6 of.th t t Qcess 3 30 electronical]y_"extrem ses"
t he Vakh iI?ph, T ?‘rrhr?a%%;io%nﬁ)oo% %’mc J(Q[rﬁ/ps_z °_L§ _e\/‘é%t"f_ ,f""]*_}cﬁ%x or
mn) > M (tppectatiod Thesprosesseehk rbhe canventéANCEPNSE St FIMN, the
addi tional ly, .taki n%,care of the sanpling of the state of the production

accordi ng to_ltémﬁs@ﬁ’ 35 ndomAfethdd " Tt Ihe f Nbif Tt iote typueshefe the
gl obal sanpl ithe 5 fuHRerid1S Londhbs fgnb@bﬁ”‘%&bed fhe e ML S B LO
generator 8. To this end, the invented process if ‘
estimator for the maximal impact VaR(p,T) (r) with a
10 threshold probability possibly multivariable (p) =
(PiswrPhr,Pu) 1mposed by the conditions stored in
memory 9 of the operator specifications.
This is defined as a vector Var(p,T) (r) of limits
VaR(pn,T) (r) such that the abovementioned elementary
15 impact components Ih(X,T)(r) only exceed their limits

(upwards or downwards depending on system type) with a

probability of (l-py), that is Prob[I,(X,T)(r) >

VaRn(pn,T) (r) = (l-pn) (type 1) or Prob[I,(X,T)(r) <
VaRn(pn,T) (r) = (l1-pp) (type 2).
20 According to this known frame of implementation of

the invention, the industrial action parameter (r) is
automatically - as part of the production control 3 -
regulated over time within the action loop 6. The
industrial action parameter is regulated to its maximum
25 or minimum multivariable value (rpax) oOFr (rmin) while
maintaining the abovementioned estimator of the effect
VaR(p,T) (r) on the right side of its authorized
nuisance level M. That is, for each component h, the
reaction loop 6 of the automatic process 3
30 electronically “extremises” the VaRn (Pn,T) (Lnax or min) < Mp

(type 1) or VaRuw(Pr,T) (Lmax or min) > My, (type 2).



ntains the inplenmentation of the follow ng stages, _
gfgggﬁgn?gally in the Fﬁterior of the nodelling unit 2 1Qdan? Eﬂe action
loop 5 of the automatic process 3: f) To nake, with the aid o I eicaI
electronic nodelling unit, a choice (validated by adequate class
statistical tests) of nodel which has tR& si mul t aneous behaV|8?r Core
Prob(xl,...,xN) of the different 15 20 uncertain production ?u ag S
exanple a generally, nornal distribution, a distribution o proxpc i
subfactors and ff) As an aside historical data) action loop 5. (Xi) ,

' Xi) j.ustified by
be for |og-nathel, pebcaBse deveksof ggéfg (c Ji4st d
gggeriations og, t.o traﬁsnit this ch0|cg tdﬂ?ﬁe mﬂ?h tﬁé Q& ° of

accel erati ng Seeed of thekindoardr af thep sampnd nighus i4AY oyeard he

I abLki : trol_ automation 3, allowing the tine
Eg;{ggg&¢csogﬁg %ﬁ%L ggggg¥l§g %g%ﬁﬁpjé%gcﬁ?oﬂiéﬁ@ﬁ@qmqﬂﬂQ?%rﬁ?¥ﬂ@@essor
"ACP" 10 an afaltisé s Bpnpel rediiad” ceppepenine {A)e 0 1ob08 dddeT )

' ' ities, that is
uncertal n5pr%%%%te|roniguar]t This is implemented by the Monte Carlo

generator 8.

To this end, the invented process 1in general
contains the implementation of the following stages,
electronically in the interior of the modelling unit 2

10 and the action loop 5 of the automatic process 3:

£) To make, with the aid of the electronic
modelling unit, a choice (validated by adequate
classical statistical tests) of model which has the
simultaneous behaviour Prob(x1,..,xN) of the different

15 uncertain production subfactors (X1), (it can be for
example a normal distribution, log-normal, or more
generally, a distribution of levels of uncertain
production subfactors (X;) justified by observations of
historical data) and to transmit this choice to the

20 action loop 5.

ff) As an aside (with the goal of accelerating
the speed of the random draw loop 7 and thus improve
the performance and reliability of the control
automation 3, allowing the time horizon T to be

25 reduced) to handle electronically within the processor
"ACP” 10 an analysis by principal components (ACP) of
the different uncertain production quantities, that is
to consider the relations which express the behaviour
of these subfunctions of these uncertain production

30 quantities (X;) as a function of the unknown

quantities’ common factors, independent from each



to consider the relations which express the behaviour of these
subfunctions of these uncertain production 30 quantities (Xi) as a function
of the unknown quantities' common factors, independent from each 27 other,
whi ch, under the formof an indexed uncertain nultivariable factor of the
production environnent (Y) = (Y1, Y2, .27, YG where the (Yg) are called
common subfactors of the indexed uncertain production 5 quantity, with, in
general G<<N. This disposition is not required. fff) After that, starting
froma part of the abovenentioned behavioural nodel Prob(xl,...,xN) of the
di fferent indéhed,uncettldj nupdeductHONrguantdd Yak Xi k4l ors, and
t he distributia%.§ara ters of the _indexed J%c%été%ﬁe%ﬁ%£t€%%g%£%$?

el ect roni cal P S¢IRSEARIE ARSGHRY (9 fbat Producs ioet feod;i mmhdranks) to  the
Monte Carl o gen ory8:. ei roghdunben, Z of, pseudo-random sanpl es of 15
vectors describ?gg;tﬁg'indeggg g?éte x§ﬁ§a(%gﬁg, a§§,2??£&? ,$gmmon
(z=1,...,2), Spésrhiogsval aés ofhthe imdexegentipnest comon,subfactgrs for
the indexgd Hgﬁﬁgkain‘fr duction uantité (Xi) [This electronic

production i S achieved T paPafiteal hac<Hesdhize dospashtabnt hies
abovemnent i onadtsubtact-eds of the uncertain quantity Xi taken individually,
but also fromthe_ _correlations linking themto each other, notably
according to the gégbnﬁ%?ﬁ ohh@bt hosltaknbmn bfrothad eskyrandb@s tigd ngul ar
val ues" 25 -;p ; AGR. | a_n er _of seudor andom sanpl es Z
of the state ygg?%gge#%EQ?Y§¥%A£V#§§%%%. n ) ?r?éég%ﬂwa’ﬂZ) of tihe
possi bl e val de§fefenhe indexed uncertain production quantity (X;)’s

10 subfactors, and the distribution parameters of the
indexed uncertain quantity (Yi), electronically
construct, using the Monte Carlo method, and thanks to

the Monte Carlo generator 8:

- either a number Z of pseudo-random samples of

15 vectors describing the indexed state x, = (x,i,
Xz,27rXz,n) ’ (z=1,..,2), possible values of the
abovementioned common subfactors for the 1indexed
uncertain production quantity (X;). [This electronic
production is achieved from parameters that describe

20 each of the abovementioned subfactors of the uncertain
quantity Xi taken individually, but also from the
correlations 1linking them to each other, notably
according to the decomposition methods known by
Cholesky and as “singular values”

25 - or, when the ACP 1is used, a number of
pseudorandom samples Z of the state vectors y;=(y:,i,
Yz,2,rY26)» (2=1,..,Z) of the possible wvalues of the
abovementioned subfactors of the uncertain industrial
production index (Yy), then electronically determine,

30 for each pseudorandom sample of the abovementioned

specific state vector yz, the value corresponding to



i oned subfactors of the uncertain industrial production index
?ggy?nfﬂghoelectronicalIy determ ne, 30 for each pseudorandonhsﬁnpig gg EEZ
abovenenti oned specific state vector yz, the val ue cor&espo? Itﬁe
uncertain nmultivariable factor sz xz, 2, Sz, N), accor IR%P o] HETE) To
oy ot a1 e anaIyS|sd|n:geprgnlsgﬁLtfegpgpgggglflst?c processor

i determ ne inside ( SS(
i;GC};?ﬂ;;2L|%SeUdO_ random sanpl e of the abovenentioned vegtor sgsrgagg
for the industrial state xZ, and as a function of the 10 abovene

in e | tivariagble
action parameties (ngncaﬁtﬁlhﬁVEhulsgﬁﬁﬁ?gﬁggldgf%ggggrggﬁizer 13? X187

I act T) (r)
grggfﬁgh?calﬁg'QTra%@gyanda%??ﬁ%l@%getﬁerthhe ZaeefAiildissntend, of or tgach

I render conpatible for
el enent ar ||gﬁ§m compghent, Ao qgtronlca
each valug V 15 mhlch can ﬁ%l?h é%n é# et ?Qﬁ? nent | h the nunber

Zh(V) of the abovéffli oned &l eeﬂeonrcnsgﬁmg%s ciéjtferrﬂs'ﬂéhlhggldﬁg he . oh
e r) passe

gPorganafoggg%%gﬂﬁé%b q%ék %&ﬁ;ﬂ?oPr?C%$S@ﬁe1§VOJQMJaaCH(pifrdo—eUdo_

control | ed) trhed2th \sampa eV.oRrthd Mg winfG ng% calcul ate I e gs

= Zh [ Z of paSS|ng t e va
gggegmeln”gng&el nbaé’tls*ééﬁr%ﬁleﬁtatﬁ A5 fRAY Teos eIaeCEﬁﬁelt(i@H yofalt% ate,

d 25 ph,
b tio f _VaRh r) for the inpose
;LSH}LQS ag gﬁﬁgﬁggﬁgé%o %theQ§B§98nen %Eﬁ@ﬁ étlohrbarah%m%r (rgvel

[defined by PPEFRsSPEpding(rjo>tiey smhiVaRkiable industrial impact
10 I(x,,T)(r).
ff£ff) Inside the organizer 13, to
electronically arrange and bring together the Z
results, end, for each elementary impact component Iy,
to electronically render compatible for each value V
15 which can which can affect the component Ih the number
Zn(V) of the abovementioned electronic samples for
which the abovementioned impact component In(xz,T) (r)
passes (by being too high or to low, depending on the
type 1 or 2 of the production to be controlled) the
20 value V, and thus electronically calculate the pseudo-
probability p’,(v) = zn(V)/Z of passing the value V by
the abovementioned impact component I,.
ffffff) To electronically calculate, from the
above, the variations of VaRh(ph,T) (r) for the imposed
25 ph, and that as a function of the abovementioned action
parameter (r), [defined by P [In(X,T) (r) > (or <) VaR,]
= (I-pa)].
fffffff) Inside the reaction loop 6, to determine
the “extremal” multivalue, (rmax) or (rmin) depending
300 on the type of system, for which the multivariable
estimator VaR(p,T) (r) takes exactly the regulatorily



. . . t he
1 Ph . fffffff) Inside the reaction loop 6, to determ ne
gextrén%l" nultiva?ue, (rmax) or (rmn) depending 30 on the type of N
system for which the multivariable estimator VaR (p, T) (r) takes exactly
the regulatorily 29 defined value N and to adjust - by a servo o
activator or servonotor - the val ue of %the action parameter (r) to this
level, possibly nultivariable. A principal new characteristic of this
control 5 process and device (automation) 3 as advocated by the |nvent|?n
consists of that, to electronically generate the elementary ](c:otrrﬁonents o]
the i npact | higfBiedvdlye D tccprgcg:,spénpds Ef ga,rcgr%ngcl:,gigﬁo]igor
uncertain quantity Xz, the aggregated stress evels y 1]
el ect roni cal ISP *d&YE5Red Fbe éééﬁepséhd©h§aadbgbsa@pkesegff?gﬁr%ft?he
ti oneg iy in i i.apl.e (x2), an as a funct _
?P\g\tjg[r'rsina: a?ﬁlgnq%;\iegﬁetﬂggst(lr%ﬁy rﬁ‘ﬁétsle a_slil_rd&lse levels W, i,j are det elr m P_eg
for each of the @FOHM¢Ub¢9a$Ubﬁyﬁteﬂﬁnﬁ?ﬁeﬂ%?ﬁi¢nQHfgt 3235%§%€P§%: %ﬁai
i t the first stage E1 and going _ ¢

rgthggcé%%iﬁg%%%%%%ignu%rsﬁg?ﬁﬁl(ﬁﬂﬁﬁﬁétﬂ@npnpie@%nadvheatndeﬂ?gonh?gp?in
At the £irst Stage bl of the prochicrlon 200usee e ror acreasate “done

he first stage_El of the produ ) .
g; Ehg l\/bntetgﬁr P%leﬂéﬁ‘éfiab’orCgmpomhmbaghof hecheandetpadraaw 1,98p, 7y (Fhat is

which corresponds to each sample of the uncertain
quantity x,, the aggregated stress levels Wz,i,; are
10 electronically determined for each pseudo-random sample
of the abovementioned uncertain multivariable (x;), and
as a function of the industrial action parameter (r).
These stress levels Wz,i,5 are determined for each of
the productive subsystems Si,; by a inductive
15 probabilistic method 11, starting at the first stage E;
and going to last step E,. That is, according to this
principal method to implement the invention, and inside
the abovementioned inductive probabilistic processor

12, starting at the first stage El of the production

20 unit, and for each pass - done by the Monte Carlo
generator 8 - through the random draw loop 7, that is
for each pseudo-random sample yz = (yz,1, ¥2,2,..,¥2,G)

of the index vector (when ACP is used) or for each
random draw of the pseudo-random samples of the state
25 vector xz - (xz,1,xz,2,..,,X2,G) (when ACP is not used):
g) First, measurement of the actual stresses
Wi,j(Xz) for each of the subsystems Si,j at stage El of
the industrial production; these are used in
conjunction with the aggregated stresses Wy,1,7.
30 gg) Next, generate an electronic pseudo-random

generation of the abovementioned failure coefficient



for each pseudo-random sample yz = (yz, 1, yz, 2, ..., yz, G of the index
vector (when ACP is used) or for each random draw of the pseudo-random

sanpl es of the state 25 vector xz - (xz,1,xz,2,...,%xz,G (when ACP is not
used): g) First, neasurenent of the actual stresses w,] (x,) for each of
the subsystems Si, j at stage El of theé0 ndustrial production; these are

used in conjunction with the aggregated stresses W, 1,j. 30 gg) Next,
generate an el ectroni c pseudo-random generation of the abovenentioned
failure coefficient 30 dz,l,j for each of the productive subsystens Si,] at

step El, usinrdg,tlhe abevergy opedrgle fallur obabi J it
distribution Pri,ij t(;xZ, T, r, W, 1,]j Ie gl, j(?'(%/tolr@é t ﬁggﬁygéﬁ@f’i \ﬁé@ﬁb@?St em
Sl,j, such afi%® shppl ¥y Sheheabwdshentnonmi t e2embatdet his;1gegor di ng
to the invemddWapigliaGh r gri.cal. nergte - at_the inductive

probabi i sti ?{ pr ocelssl(?)cf}I 19%%31%}5/15%%8- r ahtte A mdmder Waz, 1, j @in)t hEofnt er val
[0,1], and elté&t rorpadiattivapplipsybeeint stihg,r emesrs e, §i ?gr iép-{r.btédﬁréc{ unction 10
(P1,j (Xz,g;, r%, 1m%2|dai !Lil (Uz,,l,j)2 of the elenentary failu proba%i lity
Pri,j(xz, T, r, W, 1,ACS e 9 " tthe2pr okiciovethssbs yestaemdSing . tgggdndeasur e
t he abovementinoeed iaet Uad] SEf £5S; , ach supsystem S2,k at step E2
of the 15 industrial pr.oduct}i'e%?]l.c%%lg‘\s) Gﬁflg%ﬁ%%ni caf y)éz\‘?al%fé%‘@‘%h‘ée
aggregat ed BFPES®IVEsEile opreaehssubsyast em §2, ks@tdst £9n&am Usinige £ he

formila Ve, 20k 7,420 O Sl ; Bol oK r s Sa D romdimmi el )
dz,1,J * g2,J, k. "20 At the ¢ore" B 8 bt ob@BF iedeicE ondwetlilye agwlocessor
12, the oper &pions iftgg t hrleaigh gge@drsée  distribution function

10 QEJ(XQ,T,r,Wmld,aLj)(uLlJ) of the elementary failure
probability PrLj(Xz,T,r,Wblm,azJ) of the productive
subsystem S;,;.

ggg) Measure the abovementioned actual stress
Wi,2,k for each subsystem Sz,k at step E, of the
15 industrial production.
gggg) Electronically evaluate the aggregated
stress Wz,2,k of each subsystem S2,k at step E2, using
the formula W, = wyx(x;) + Xy wia,2,5,0 = Wak(Xz) + Zj
We,1,5(%x2) * dg,q,5 * 92,5, k-

20 At the core of the probabilistic inductive
processor 12, the operations (gg through gggg) are
iterated in an inductive manner 11 of probabilistic
determination of aggregated stresses W;,; from stage to
stage until the aggregated stress Wzm,57 of the

25 productive subsystem S,,; at stage E,. The industrial
multivariable impact wvalue I(x;,T)(r) linked to the
Monte Carlo sample with index z.

This process is repeated through (2Z) loops of the
inductive probabilistic processor 12.
30 One of the advantages of the process and device

built according to this principal implementation of the



i in an inductive nmanner 11 of probabilistic determ nation of
;;S;ZBSSed stresses W, ; fromstage to stage until the aggregated ;t{ess
WZ, mj of the 25 productive subsystem Smj at stage Em The |ndusfr|a

mul tivariable inpact value I (xZ, T) (r),linked to the Mnte Carlo sanple
with index z. This process is repeated @Hrough (Z) 1 oops of the |nducélve
probabilistic processor 12. 30 One of the advantages of the process an
device built according to this principal inplenentation of the 31 f
invention is that for each interlocked Monte Carlo sanple constituted o

the uncertai drerutriemedtsal thhact 6r Xz HB%éH@aé%&i'hﬁhk% ceggﬁgff of
the failure coefficients dz,i,j emtted at the core of the 5 rnductive
probabi | i sti $3PPdCesHnabit i nefist thal iumpEcttdin s emastoedembhl e

taking into Feeeunt bthsthe cascade.chain i the slresses Wi af each of
t he production stages and the wuncertain € araéter e faiture
coef ficientsfailure agefficheres pdeciseembasaseaits b abped (Fonpgsed to

. ili ' iolating a given
rior artgnet .of. the rgﬁsblth of the inmpact 1(r) vio
Pevel v, Bna tRictide Feopdiitne G S § mpact VaR (p 1) (1)
Such that: 15 - The effreel! yRquselabionfdaauenci¢s aulhorlged by, Lhe
el enentary conponents |h neasured autonstically a ng
i nvention arégﬂéagerlﬂéoth%CQQm@Etkuaﬂuexhe cascade chain of the
stresses W;,; at each of the production stages and the
uncertain character of the failure coefficients dz,j,5-
10 - A more precise measure is obtained (compared
to prior art methods) of the probability of the impact
I(r) violating a given level V, and thus, of the
estimate of the maximum impact VaR(p,T) (r).

Such that:

15 - The effective violation frequencies
authorised by the elementary components I, measured
automatically at 3 according to the invention are

nearer to the target values (l1-p,)/T.

- This allows a reduction in the industrial
20 safety margins to be applied at the resistance level M.

- As a consequence, this permits the production
flow F(r) to be raised while still respecting the given
regulation.

Thus, thanks to this control process, a more

25 efficient industrial production control automation can
be constructed.

A first auxiliary characteristic variant of
implementation and control device according to this
invention consists additionally of that it is imposed

30 electronically that the failure coefficients d,,;,; of

the productive subsystems Si,; are higher when the



(2 Ph) /T. This allows a reduction in the industrial

20 safety margins to

be applied at the resistance level M As a consequence, this permts the

producti on
regul ati on.
i ndustri al

flow F(r) to be raised while still respecting the given

Thus, thanks to this control process, a nore 25 efficient
production control automati of2can be constructed. A first
auxiliary characteristic variant of inplenentation and control device

according to this invention consists additionally of that it is inmposed 30

el ectronically that the failure coefficients dz,l,j of the productive

subsyst ens
i nportant.

probabi | i sti
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30

in,such a fashion that Pr
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plcv?le?glilt: t% igéf%g%%\iﬂgewﬁl?ﬁr?ﬁ@e QdgriétfatBerat #@§§lea>lfuetw, i

atrebe heamismitted to the next higher step, and, as a
consequence, of the amount of induced global effect.

To implement this advantageous variant of the
invention, functional rules are imposed at the modeller
2. These rules are such that, for some threshold value
d<l, it electronically fixes the elementary failure
probabilities Pr;,; in such a fashion that
Prbj(XZ,T/r,WLiJ,aLj)[dLiJ>d] grows with the
aggregated stress value Wz,1,5. To do this, at the heart
of the modeller 2, the description parameters for the
inverse distribution function dhd(x?,T,r,WLiJ,aiJ)
(Uz,1,5) are fixed in such a manner that the function
becomes an increasing function of the parameter W,,r, 5,
all other parameters and variables, including Ugz,i,5
remaining fixed.

Two practical variants of the implementation of
this particularity are given below, 1in reference to
figures 3 and 4, and further in figures 5 and 6.
According to the first auxiliary wvariant of the
invention, at each production stage E; and for a
subsystem S;,;, a greater probability d;,;,; is induced
for the transmission of a given proportion of stress

Wz,i,7 towards the next higher stage. It is better to



of the nodeller 2, the description paraneters for the inverse distribution

. e L 7 . . h a manner
function Pi,j (x,,,T,r, VW, i,j,ai,j) 20 (uz,i,j) are fixed in suc nne

that the funLtion becomes an increasing function of the paraneter W,i,j,
all other paraneters and vari abl es, |ncl% |ng Uz,i,] remaining fixed. Two

i cal variants of the inplenentationo 25 thls particul arity are
gir\a/lg?]l (t:)gl ow, in reference t(r)rp figures 3 fand 4, and further in figures 5 and
6. According to the first auxiliary variant of the invention, at each
production stage Ei and for a subsystemSi,j, a greater probability dz,i,]
is induced 3Gaksr iheot I‘mrS:SIbheOffa&tgl YRALPr AROr £hen nfy i8S SorW, i ]

he
towar ds the I h| gh sta is better to 33 take |nto account t
fact that, rg:%t e 'maj gh %f %%%%s fiadd W vares ffdiciiend scoetbbeaent s

appear reci S e v&HtQu HHESS FeSsd MPOT{ eﬂ‘r’é" 50 Itt t
sgfm ti vg m?f?sie |€r?nt he nmean | evel of str@ggs tra mﬁe%l Yo ?hé next
hi gher step, 3anden&d td vecoAvegganee, lrlhethm)umEanf Lbeeilndoceds glebal

this
ef f ect e +of nt.ages t r and devi ce according to
first aux;plnl ggﬁn%gﬁitgc%téaof tﬁ% nven’t‘?o ﬁat SUE®,- HElcord®ctd one o

t he shortcom@we(qﬁlen@easwrealamnw £ S:)tfé@%ud’!ﬂ o1 Noked@king into
15account the conplementary progess. causes an inportant — su “eval uation a
nunber of cases wh&fe The %ﬁd@&%%agqmaét t\heoIBr@@esheaa{w hoevsee |imt

| s stems

M One avoi dgcebedeh the:opr Qhliems MAssqci h classica

which, in order to rgspect the fg'ustrl a norms ytenadr%aomhse saf ety
10 - One corrects one of the shortcomings of

classical control systems, which, by not taking into
account the complementary process, causes an important
sub-evaluation a number of cases where the industrial

impact violates the authorised limit M.

15 - One avoids one of the problems associated
with classical systems, which, in order to respect the
industrial norms, tend to use wider safety margins, and
thus to reduce the production flow.

A second auxiliary variant characteristic of the

20 procedure and device according to this invention should
preferably be implemented for production of a type that
has diversified stress 1links. That is, a production
where the productive subsystems have the
characteristics of size and reliability that are

25 1independent.

In this case, certain productive subsystems Si,j
can be of small size, as well in terms of the
production subflow as in terms of own stress, reliable
at their scale, that is their failure coefficients for

30 an aggregated stress of the same order of magnitude as

their own stress is on average small, but such that a



e the production flow A second auxiliary variant _
Eﬂgfaggeisg??c of tﬁe 20 procedure and device according to tﬂlf |R;§nt|on
shoul d preferably be inplenented for production of a tyﬁe t ad has
diversified stress links. That is, a production where the pr?hUE Ve e
subsystens have the characteristics Of;§lf?vgnguL§;;?2hng¥ : aCan ez
i . In this case., certain producti\ i,
ngffeggggf as well in terns of the production subflow as |P_t¢rnf O;O?mgo
stress, reliable at their scale, that is their failure coefficients

on aver age e““rggwg@*e@ﬁeiﬁa?@r%ge%zﬁf PR T et faibring
||, but suc at a .
ggoﬁre;fﬂ?fﬁsts sy Wﬁilllﬁret.hEWﬁIélrEhecptEhearepmbhlﬁrctﬂkz@dugﬁbygsﬁém§y5temS

j i [ i flowis
i,] hes, ert That is, their productive su \ _
S: éjva[]g\éej Ls?lggp??\%?g g\%ﬁBS so\t‘£j é)sgsﬁe'l'heﬁnfol?%ﬂﬂre £Baffi disent ®Waeinm high

but rel ati v@npditcaiive avertajeowal ie, e v | SRELE aaggr.tgﬁgéhed Stress is

i i i iant of the invention, at heart of the
i mportantg A%%Qr%lqg Hglthls ari an 0 at eart of
producti on parameter mefory _lfllf‘ltlt’rg_e 10:%‘90’?#31_%523 Flfﬁffflafl e‘nii:cﬁ?jg:obu:]dent

| ocked el ect rediatdiey vt 0 &t S & “@b@Qa@@nFWdﬁhé} g?gﬁ 'gﬁﬁ%ﬁ PRI g
conponents: A first conponent of the confidence ™ coeffici v

el ect roni cal PYIr6Iehedsisigests 155 importalntystem Si,j to which it pertains
According to this variant of the invention, at the
heart of the production parameter memory 14 the
10 confidence coefficients ai,; are locked electronically
to a size which contains at least two independent
components:
- A first component of the confidence
coefficient a;,y is linked electronically to the size of

15 the subsystem Si,; to which it pertains

- A second component of the confidence
coefficient a;,; is linked to the reliability of the
productive subsystem Si,; to which it pertains

Two practical variants of the implementation of

20 this particular method are given below in figures 3 and
4 and further in figures 5 and 6.

In this way 1is obtained a more reliable and
precise estimate of the reality of the linkedness of
the production failures, which allows a reduction of

25 the safety margins, and, as a consequence, this brings
about an increase of production flow F(r). This variant
turns out to be particularly effective when the action
variable (r) is a multivariable, and each of its
components primarily involves a precise level of a

30 productive subsystem. In this case, it will be possible

to individually control each of the productive



A second conmponent of the confidence coefficient ai,j is linked to the
reliability of the productive subsystem Si,j to which it pertains Two
practical variants of the inplenentation of 20 this particular nethod are
given below in figures 3 and 4 and further in figures 5 and 6. In this way
is obtained a nore reliable and precisé estimate of the reality of the

| i nkedness of the production failures, which allows a reduction of 25 the
safety margi ns, and, as a consequence, this brings about an increase of
production flow F(r). This variant turns out to be particularly effective

when the actisoWpswairemabfloys) asdatoubpiyiaiisablt@erangd eachuitids of
conponent s p@ WBFiH% i hvol ves a precise |level of a 30 productive subsystem
In this case,q%lRM Hzﬁmapossible to individually control each of the

productive 35 subswsﬁ@ﬂ}algwgilqggfg%ﬁgggégé¥a§$§ g§r§8B%nQ%§o§R§f their

size. Athird auxiliary characteristic variant o hi I'ocess Sdevi ce
accor di ng t oPHRICeSisnvemd onleivd ce5 appbirddngpecbfi chliky iavanpieductson

whose enviro al, mul tjvari.abl e .uncertain production factor X is
subj ect , %ﬁt%ggﬂé%ﬁ I p%E%E%FFF?g}YtO noVemet's PR]FUSLAORery VAPSPL ant
and i npossi bleavtiagpmediteil muAGCiorH NG 10 S M1 3o §L 01 Gh eELLPGLCal |y

construct 10Xthe aboyvenenti oned sanpliqg_of the state of production
accordi ng to*a PyeltBIrShdoti Noht 8 EAld netPleabihhbye tchenovement of

Combi nati on 18 S0l iad "o Lo e aaTTy. 5 A TSRl nEfe YUEH St ed by
adequat e cl adsceading to this variant, (to electronically construct
10 the abovementioned sampling of the state of production
according to a pseudo-random Monte Carlo method, where
the number of random draws is Z), a historical and
“catastrophic” probabilistic combination is applied
electronically.
15 A choice is made (validated by adequate classical
statistical tests) of a behavioural simultaneous model
of the different uncertain production subsystems (X;),
(it can be for example distributions that are normal,
log-normal, or more generally, a subsystem level
20 distribution that is justified by historical
observations of these uncertain quantities). A standard
sub-probability Ps; of occurrence is attributed to this
historical model. For the historical model, with the
help of a Monte-Carlo generator 8, Z, standard pseudo-
25 random samples of the state vector Xz = (Xz,1, Xz,2/.,
Xz,n) are generated, [for z = 1,..,2 possible values of
the abovementioned common uncertain subfactors indexed
to production (X;))], and one applies to each of these
Zs - called standard samples - a welght called
30 standard, ms; = Ps/Z,.



istical tests) of a behavioural sinultaneous nodel of the different
3;22rtain product?on subsystens (X1), (it can be for exanple dlsfrégutlons
that are normal, |og-normal, or nmore generally, a subsystemleve
distribution that is justified by historical observations of these
uncertain quantities). A standard sub-ﬁ%bbabll!ty P, 3 of occurrenCﬁ Lﬁ
attributed to this historical nodel. For the historical nodel, wt I e f
hel p of a Monte-Carl o generator 8, ZS standard pseudo 25 randon1sanp_es o]
the state vector Xz = (Xz,1, xz,2,..., Xz,N) are generated, [for z =

1,..., ZS possibl & vahedzeof ist hgadbovgmephiongd %cgvg}tgun%%rtga 1
subfactorsplnde ed roduction (Xl%)] and one applies to eacg SF thesg6
ZS - call ed st¥H ‘ﬁ%ﬁ%F essce§aWéP§ﬁt cal tled daﬁfsuamdardunGSrﬁaEﬁlz

Ry " th
A choice is Wt e O Sewer al xs 8d.4"Cafastro cenarlos Wi
di ff erent uncertalnj'prodé%tlon fact %& ge ﬁé%edsP a@h iﬁﬁllPéz of
catastrophlcQ§QQﬁﬁﬁQnﬁidramtmhtmbnshéndMNﬁ@i@hl%Hé:cﬁh§y§f§g§§t§

ferring tot
devi ati ong in the absolute or by re
char act erl st g’s(}%fde Jlaotnlclfbsc AT dsiididinal ysi s of the hi st or| cal

trophi ¢ node
7d included im the eailﬁﬂelr' Ay tRIMYs Audd _For this catas
&ffﬁ the help of a Mnte-Carlo generator 8, Z, pseudo-random sanpl es are

electroglcally generatéﬁ;fBV t he $hﬁ€&%;?ﬁzomﬁﬁf ?ﬁafiﬁgsgﬁgﬁgfgnéaﬁz”)’
LLg;rfarn b%oéfé#ﬁ%ﬁ%fggéd% 5% oF 5 fﬁ?? St of tﬁ@eZJ?%%%9¥%@pl
"standard s#gpes! inglweleghtin tk&pmdx&daa@ hRshdzaf astrophic, m

10 For this catastrophic model, with the help of a
Monte-Carlo generator 8, Zc pseudo-random samples are
electronically generated for the index vector x, =
(X2,1/X2,2/rXz,c), [fOor z = I,..,2;] the possible multi-
values for the abovementioned uncertain production

15 subfactors (X;). To each of the 2., called “standard
samples”, a weight is applied, called catastrophic, m.
= P./Z.. There may be several catastrophic models,
applied with probabilities PeisesPen, for which as many
sub~families of pseudo-random samples.

20 For each of the Z= 2, + Ze (Or Z = 25 + Zog + .. Zcp)
pseudo-random samples of the abovementioned specific
state vector Xz, and as a function of the
abovementioned action parameter (r), the level
corresponding to the multivariable industrial impact

25 vector I(x,,T) (r) is determined electronically.

The Z results are reorganised and brought together
electronically. For each elementary impact component

In, and for each value V which can reach the component

In, the weight Z,,(V) of the abovementioned samples 1is

30 calculated [sum of the number of electronic samples for

which the abovementioned impact component In(x,,T) (r)



= P, /Z . There may be several catastrophic nodels, applied with
probabilities Pcl,...,Pcn, for which as nany sub-fanllles of pseudo-random
sanpl es. 20 For each of the Zz= Z, + Z0 (or Z = Zs + Zcl + ... Zcn)
pseudo-random sanpl es of the abovenenti ged speC|f|c state vector Xz, and
as a function of the abovenentioned action paraneter (r), the |evel
corresponding to the nultivariable industrial inpact 25 vector | (Xz, T)
(r) is determned electronically. The Z results are reorgani sed and brought
together electronically. For each elenmentary inpact conponent |h, and for
each val ue vahd@haﬁﬂ1teacﬁxﬁheotonnmnehﬁghlhdéﬁ&hdﬁn@hbnamﬂéﬁhéi t he
abovenenti oned %%Ees is.30 calculated [[sum of the nunber of electronic

sanpl es for PRACERHE &bovERBRAt ilor ¢ ni&ctCAYRORe) ﬁhFXZalFF (¥) 37
viol ates (tOQlu|lQWpQr1etdO%yh't91% @Ps%ndl@t%gi W4 ?P)ectsh% ol Pft' on of type 1

or 2 is controlled) the value V multiplied the“associat ed wei ghts M or
Me)]. In this casén wehdadl c@asee t hee psmldmlraamdomhé prodabe+idrydqh h((V)/ Z

of vi ol atd on | ue ¥V conpo ent. | h. Then, a

cl assi caIS %E’Stﬁm-ﬂ ryon?t’h s)/é gedﬂg Tr et r S céﬁl?y aete vé’rﬂé’fl ons of
VaRh( ph, T)(r)hﬁerimbacmnn@m@dnwakuemofTRBn, thi s a1bhyBethan rakntibe :
abovenentloned action varlable 10 (r) , [defined by Pr(lh (X_T) (r) > (or

<) vaRh] = (1- Ph)] we éfQF‘errﬁWé't heW%xt?l@ﬁﬁFenu|etl|e£\Faqqmelqaer<) the (rnin)
dependi ng OnVEBQaEXBﬁSOBfSW%hE %&t{ﬁ% {%ﬁéégﬁayggugsgfqgtor VaR

(p, T) (r) takes exactly t 1on
br eakage M ﬁhésmélaﬁ¢®@tl@w afsdthe avaamemtlomeSeammlmnﬂOVarlable
10 (r), [defined by Pr({In(X,T)(r) > (or <) VaRy] = (1-
bn)l.

- we determine the extremal multi-value (rpax)
or (rpin) depending on the type of system, for which the
multivalued estimator VaR(p,T) (r) takes exactly the

15 wvalue allowed by regulation, or of breakage M, and

- we adjust by a servo activator or servo motor
the value of the action parameter (r) to this level,
possibly multivariable.

According to this third wvariation of the

20 invention, we correct the bias observed between the
actual probability distribution of the uncertain values
(X1,..,Xy) and those of the wvalues taken during the
historical recording of the characteristics of the
process. If certain events (with grave consequences and

25 whose probabilities cannot be considered negligible) do
not in fact happen during the period when the
historical record was made, we nevertheless impose on
the control automation 3 to take them into account. If,
by a compensatory phenomenon, the simulation of a

30 definite event did not any important industrial impact,

thanks to the simulation of the sub-family of events,



of the action paranmeter (r) to this level, possibly
Lnftysgrsable. Accordingpto this third variation of the 20 invention, we
correct the bias observed between the actual probability distribution OL
the uncertain values (X1,...,XN) and those of the values taken during the
hi storical recording of the characteristdifcs of the _process. If certain
events (with grave consequences and 25 whose probabilities cannot be .
consi dered negligible) do not in fact happen during the period when e
hi storical record was nade, we neverthel ess i npose on the control

automation 3deo takelthem hatoreresst. |fayoy @ gagRensator enomenon
tﬁe simulation of a 30 definite event did not any inportan |%HEE?F?aI

i mpact, t harfK&RBIat Wi mupadi ofeerd the sudn¥ amilsk of iekedt S0 38hne Wil |

j | i i he real risk
nevert hel ess fortuitous conpensation, and keep t _ _
i nked to thnggggfg g%%phe. One of the types of major applications is to

5 control all harfind efff ethe (’Slﬂlﬁé‘saSQﬂ?O|n!aleoironaﬁp-1i):a%fi€?1§,| sthggego
producti ve ap ararttiﬁ, afhha st age offf whi ch@! S f‘abOt' oslthSé:tep 11|1,hee)‘ o 1
producti on of FHi% z?vjﬁfb Q'rf'}g & %@i iqt:%mn IeveJIOO 19]""'216 g
but al i yBY {Bst [ _ \ ; . _
iLFPi-s?age ??f%%?hr% ?gam%igh t%ﬁ% invention s é%% i &bl ¥high abdear

i Avademt tgpatat peoduseidn of ahitshe\semynlpps@cess for
The Chant th@oﬁbo ast configuration, figure 3 15

[ opresent's sEhemt ATy e Tackar 16t GaIFEAEPen Eab agbly 4§65 domt 1o
procedure andhedeabdéiagcadmagtled it at its level.

10 The multi-stage structure to which this invention
is applicable can appear: either at the production
apparatus itself, or at the control process for the
harmful effect.

As an example of this last configuration, figure 3

15 represents schematically the factory organisation to
apply the control procedure and device according to
this invention, in order to optimise production, while
nevertheless controlling that the internal noise in the
factory is below a level set by regulation. It should

20 be noted that the maintenance of noise and vibrations
under a limit can be 1linked not necessarily to a
regulatory constraint, but to a breakage limit linked
to the global vibration intensity of the platform on
which the machines are placed, for example. Figure 4

25 represents the different stages of the implementation
and the specifics of the probabilistic automation 3 of
the factory production control, and of the noise
reduction. According to this application of the
invention, the industrial production centre is 1 is a

30 factory containing noisy tool machines (S1,7) whose

production intensity (r), i.e. their production rate,



is invention, in order to optimse production, while nevertheless
Eghfrgrlsng that the internal noise in the factory is below a Ievgl set by
regul ation. It should 20 be noted that the maintenance of noise an
vibrations under a limt can be |inked not necessarily to a regulatory
constraint, but to a breakage linit linkd to the global vibration I
intensity of the platformon which the machines are placed, for exang ?he
Figure 4 25 represents the different stages of the |nplenentat|8n an
specifics of the probabilistic automation 3 of the factory production

: . . . . . t the
d t n cti ding fo.this application of tt
?gcgaﬁ:bn?ntﬁgﬁ}ngﬁ;t?ngrgpggECtiggecéﬁ§$% i's f;|§?agﬁﬁlggbpd§9 cofit ai ni ng
noi sy tool nECHERESYEL, §He worsenggr oduetiansée n{Bhspiydedd. i.e. their

roduction rate, a olled. The npre this intensity (r) is
Pncreased, t he stﬁgﬁgegegﬁéggg%geﬁﬁéﬁﬂﬂ%ﬂh&% 1 E8r Maguing oPheF@babns,

i hihee lder atlor ndesé t iust haoRoics@ sty 318 ap@yggﬂiggrtain
T:ﬁ?tgo naCexce t with a very small robgﬁilipyf’Tp reguce thi's norSe, a
known éys?emﬁﬁgéaﬂﬁﬁﬁ?%stYﬁﬁvcémﬁ d Prahafidringi seTo fentitdeontingswi t h

' ] [ he machi ne
hel p of el N of op and _l.oudspeakers placed in t
Lgfl.eTﬁe ni?ﬁ%%ﬁgngéirggggﬁgr ?gggﬁgisgagt %%%deﬁﬂségilﬁ a@%ﬁ}%e%laces
in the hall aAfeUPtEASHiisec afupcogoaimpdwiahc Wit diel Phibeh.a | St Ring

'St buted Tt quar BT | 20 I EegRaketa f ped connt@mnatadiing such

that, if thehaldromtieneaiandphbaedS degudeeeakals LYRCLI AR cRrfectly, it

conpens%&?s g@%atggﬁie.nggégua{Euﬁtﬁfsyhgfingande transmit to a
programmed calculator, which, in a quasi-instantaneous
fashion, transmits a signal to the loudspeakers
distributed through the hall. This signal, «called
“counternoise” is such that, if the microphones and the

15 loudspeakers function correctly, it compensates the
noise from the machines, using the effect of waves of
opposite phase. It is possible, in this fashion, cancel
a very large proportion of this noise (up to over 90%).

Generally speaking, the counternoise is, as a

20 first approximation, a linear combination of the
signals picked up by the microphones. It is the
coefficients of this combination which the calculator
recalculates all the time using a feed-back system.
This part is known by prior art.

25 Unfortunately, the microphones and loudspeakers
are subject to saturation, and, in a more serious
fashion, might overload and not function at all. These
imperfections translate directly to an increase in
resulting noise throughout the hall, and require a

30 reduction in the machines’ production rate. The present

invention applies advantageously to minimising this



opposite phase. It is possible, in this fashion, cancel a very large
proportion of this noise (up to over 90%. Generally speaking, the
counternoise is, as a 20 first approximation, a linear conbination of the
signal s picked up by the microphones. It is the coefficients of this
conbi nation which the calculator recalé@l ates all the time using a
feed-back system This part is known by prior art. 25 Unfortunately, the
m crophones and | oudspeakers are subject to saturation, and, in a nore

serious fashion, mght overload and not function at all. These
i nperfecti on&dcnﬁjtilcﬁ{ e gh rect lyrd & Ak d ”le@an?&irﬁ]lz%e?t‘ﬂét 09-0¢2% ﬁg q
t hroughout the hall, and reqU|re a 30 reduction in t S oducti on

rate. The préd¢mnsiitivenyhbheapisdnectidvanthgeausise t aomitmoli srﬁlgeéhl s 40

reduction, or, r£f8 maxim ze, the functional |nten3|ty, whil e
respecting the elr%"lfgé:%co trg? %ﬁlees S pERPFECANS FAMPARIC A HRSFESt he

command to rdducemtneaseg:re;&&ﬁiucﬂfmcﬁb@@ dees Mivdawg ai‘nuhﬁﬁ‘?gté‘te S

effect, but h a ti delay T. is inmperative to predict t

probabi I i &%? Ciput’?'oh BF‘St e Féglal tqqigay n& sétﬁrﬂpﬁﬂ tlul@@nartmeetﬂal I
during this gelact N dptophBi 338 Hueida oh SULRASP. LNE
regulgtlon %& | With a grgbab% 3 |npose y Teglf ation. %% ﬁ%%ng

mul ti-stage @@dsﬁ?ulamlmtmd@d JSIySIl'emhalef alureichg ph thelameh) nBs, ot der

m cr ophones and u akers e staged structure of the global
systelron f or rrgg 5?&#1% g@g uctive’ %hgsﬁ} s SET@aSgpopehf i FPIREAEHPR owi ng

form 15 Sta@evED:wWhhhbnp&obablllty imposed by regulation.
10 The multi-stage and multi-linked system is formed
by the machines, the microphones and the loudspeakers.
The staged structure of the global system, formed by
the productive subsystems Sij, appear in the following
form:
15 - Stage El: Machines

- Stage E2: Microphones

- Stage E3: Loudspeakers

We have here a matrix structure. In effect, the
subsystems at each stage are capable of transmitting

20 their noise or their signal to all the subsystems in
the following stage.

The wuncertain multivariable factor (X) 1is the
noise produced by the various machines, as a sound
wave. This noise is obviously uncertain, even with a

25 fixed and known production intensity for the machines,
because, even if its amplitude is, in certain cases,
purely a function of the production intensity of the
machine, the wave itself, in particular, its phase, is
uncertain.

30 The time horizon T is the delay which separates

the command for machine intensity and the actual



E2: M crophones Stage E3: Loudspeakers W have here a matrix
S:?ggture. In e?fect, the subsystens at each stage are capable of e
transmtting 20 their noise or their signal to all the subsystens in
foll o ng stage. The uncertain multivariable factor (X) is the _n0|Ee_ N
produced by the various machines, as a fdund wave. This noise is o xlou y
uncertain, even with a 25 fixed and known production intensity for t F
machi nes, because, even if its anplitude is, in certain cases, pU{F y a
function of the production intensity of the nachine, the wave {Lsedeialn
particul ar, itsriphisen bf tNGEriatdns 30, The iy %E%{?Eetﬁ}fug?fﬂ y
whi ch separates the command for machine intensity
vari ation oféhﬁ% ?ﬁt§@§QQﬂnIYarsauummngﬂﬂnhedﬁbase_MB@mﬁH%HBBQQMn |
variation of dhe pgise mght surpass the norm In this application, on yb
inthe first stage, 5 conposed of the machines, is there a production sub-

: : b8 1 r t leS il The
flow F1,j. The prdducthds fhppﬂEcﬁgﬁghg ﬁﬁl idgiiggfe,f?gtheQ%%%%ineS'

i ndustri action parangter (r), . ,

:‘Bncti ona%) nt é:r?g\ptoy?ediogfpltgl&ud?iwf?% e)is mdereofat mmrmn{wﬂt.?z;%;
corresponds Al of the PRORLNES,The JpdusITi %bel Egas%ﬁ (Liﬁi‘ﬁ@i%oi se in
a-aaaa) multivarjable also in this application, rs-t SUT Y se !
the hal |, aft&P-d&doMection by the 15 counternoise, such as it is perceive

by the operators. g, . industrial action parameter (r), here a
multivariable, is the machines’ function intensity

10 (production rate). Each of the components corresponds
to one of the machines.

The industrial impact (1), (see Sa-aaaa)
multivariable also in this application, is the
resulting noise in the hall, after correction by the

15 counternoise, such as it is perceived by the operators.
It has as many components as there are ears of
operators functioning in the hall.

The "“self” stress Wi,; (see §b) of the machines,
which is also their aggregated stress W;,; as this is

20 the first stage, is the noise that they produce. At
this stage, the transmission coefficients di,; (see
Scce) is not uncertain, and stays equal to 1, as the
machines do not control any noise by themselves. We can
conceive an antinoise protection at the machines, but

25 we come back to the case without protection,
considering that the correct “self” stress is the noise
coming from the set of machine-and-its-protection.

The transmitted stress w’2,5,k (see S§bb) from the
machine S1,3j to the microphone S2,k is the noise

30 created by the machine, i.e. the “self” stress of the

machine, multiplied by sensitivity coefficient g2,k



It has as many conponents as there are ears of operators functioning in
the hall. The "self" stress W, j (see b) of the machines, which is also
their aggregated stress W, j as this is 20 the first stage, is the noise
that they produce. At this stage, the trgnsnlsS|on coefficients di,j (see
ccc) is not uncertain, and stays equal 1, as the nmachines do not
control any noise by themselves. W can conceive an antinoise protection
at the machines, but 25 we cone back to the case without protection,
considering that the correct "self" stress is the noise comng fromthe

set of machi rf@{artd&etmpropﬁcheomo Thiei § r aBs B! t@bSt 5885, Withd - Ke{e€ €bb)
fromthe machine Sl,j to the m crophone S2,k is the noise 30 created by
t he machi ne, 5i IESStW@kwﬂﬂﬁ" R rpcropheme hﬁcﬁhﬁeremmhﬂ[ﬂﬂeﬁbmwces

sensitivity %Qefnfall%'ee%tth‘&% fors % A e H(Hc%r?%@ gosuﬁqi toﬁ" ctghé see cc)

. The self stress W2,k for the m crophone is of Rotf
noi se ot her ﬂﬁ&ﬁoph@ﬁﬁthé”nacﬁggesgapedksdrepsbybtme s@k cSaephane. tH@e

t S S ). us | taqtal noise picked up by
?ﬁgrﬁggrggho%g%ﬁaﬁw%b% ! %% ngﬁ&ﬁ}egaFﬁ? i% CoMEFEPRSe, overl oads,
the actual noise Waandlther hierbphensi goaturseds st es£d. eJ&K*rﬁ%fgéO”

between the re tered signal and the actual noise W2,k Is the
transn155|onng iBéﬁPvcﬁ%ﬁ aptueli gioisr eaRrophbAe Cred ddw .signahe case

et Tusrgenneates e el andeth Bl ELATSgit LT B 20,
1. In generahd tHilse tracsmadsi onotsef filgi gnt iBas ehyal uerdibsbesyesn 0 and
1, mﬁthjﬁ)prgg%?%kgg ngi%hfgpgégoghéh%acrophone (see Scce). In the
case where the microphone has been overloaded, no
signal is registered, and dz,x = 0. Perfect microphone
function on the other hand means that dz,x = 1. 1In
general, this transmission coefficient has a value
15 between 0 and 1, with a probability distribution that
depends on a confidence coefficient az,j, Ppossibly
multivariable (see §ddddd).

The microphone signal is then transmitted to the

central programmed calculator which redistributes it to
20 the various loudspeakers while applying the

counternoise coefficients g2,j,x (see Scc). This denotes

that each loudspeaker S;3 should reproduce a signal

which results from the signals transmitted from the

microphones S;,; to the central programmed calculator,
25 with the coefficients qz,5,x applied.

The transmitted stress w’3,5,x (see S§bb) from the
microphone S;,; to the loudspeaker S2,x 1s thus equal to
the product of the aggregated stress from the
microphone Wz,; and its transmission coefficient dz,; and

30 the counternoise coefficient gz,7,k-



depends on a confidence coefficient a2,j, possibly nultivariable (see
ddddd). The m crophone signal is then transmtted to the central
programed cal cul ator which redistributes it to 20 the various

| oudspeakers whil e applying the counternqgi se coefficients g2,j,k (see cc).
Thi s denotes that each | oudspeaker S3, k 4shoul d reproduce a signal which
results fromthe signals transmtted fromthe mcrophones S2,j to the
central progranmed cal culator, 25 with the coefficients g2,j,k applied.
The transmitted stress W3,j,k (see bb) fromthe mcrophone S2,j to the

| oudspeaker S2, k iThd husuegpalkees t B PLOdUGEsRf %he“ggg[gegagadess ress
fromthe mc¢rophone W2,j and its transm ssion coefficrent d2,j and" 30 the

count er noi se 1061 | ePEKREIaRe, kStussThdis oudspeakel do nehehayegwal sel f"
stress. Theigh g0 ed. st is equal to the signal which they
are requested to produce, ?.%ﬁﬁ%%déstu tpargqaahcoef’ the t r M eTebt 31 esses.
5 1f a | oudspdaltdre $3Faksgdttitreat et,redysasar se, overloads, the sound it enmits
wil | diff§r fron1&3e rec%%yed signal. Its failure coefficient d2,k is the
rati o between the~éni t?ed SHAT® 4 heSs.eceiSpddiragiggnal . oAs furridye

m crophones, otvbe1paeaRgbi they Sk Sstiki byt . the Jfail ure_coefficient
d3, k depends on  a confidence coeffﬁcieﬁ%igg,EﬁjﬂbsgﬁgFﬁ%nuFF?Waﬁﬁgble
(see ddddd). F'PAReENED debynahse Titser 8atherai craphtineserand d,he ikoudspeakers

nggt:Sncgﬁ;gﬁggkgéb%ﬁgeggunk%%nogﬁgtt%% r%%m%%yC%%dPyt&QF “2¥g§£ﬁ3¥ers

signal. As for the microphones, the probability
10 distribution of the failure coefficient ds,x depends on
a confidence coefficient az,x, pPossibly multivariable

(see §ddddd).
In the ideal case where the microphones and the
loudspeakers function perfectly, the counternoise
15 reproduced by the loudspeakers exactly compensates the
noise from the machines, in a quasi-uniform fashion
throughout the hall. The operators that are present
only suffer from the residual noise that is much
reduced. On the other hand, increased noise results
20 partly from imperfections in the microphones, partly
from imperfections in the loudspeakers. The total noise
suffered by an operator Oy resulting partly from
residual noise, partly from the saturation or overload
of microphones and loudspeakers, 1is given by the

25 formula:
Iy = By, + Zj q4,j,k(d3,j W3/j + i l—d-?,l)qZ,l,jW2,j_)
where:

- 94,5,k 1s the sensitivity of operator O to the
loudspeaker Sj, 4
30 - By is the residual noise which would in any

case be perceived by operator 0Oy



noi se fromthe machines, in a quasi-uniformfashion throughout the hall.
The operators that are present only suffer fromthe residual noise that is
much reduced. On the other hand, increased noise results 20 partly from

i nperfections in the mcrophones, partlyg frominperfections in the

| oudspeakers. The total noise suffered by an operator Ok resulting partly
from residual noise, partly fromthe saturation or overload of

m crophones and | oudspeakers, is given by the 25 fornmula: Ik = Bk + E
q4,j,k (d3,j W8,j + -E1 ( 1-d2,1) g2,1,jW2,1) where: g4,j,k is the
sensitivity of operatorlxCkiso the lrslvdspdaer i8®act30comBrniestt héI) esi dual

noi se whi ch lLd jna cas perceived by operator Ok 44 Ik is the
SO B BMoo LA,

i ndustrial inpact conmpone 4'i nked to operator Ck. The inplenentation
of the process and'Héhe impvemtheationt hisf pathieculgroddpd i calnidon €pasi sts

of 5 creatingﬁgn aut omati c process. 3 whose control conforms to figure 4,

whose action &3S alsitiisit BATELCPRBT i 3RREIFVe: 7 oFRBISHiSSS cOF

eval uatiog 1L Qfa ity WiEesd@bhat PENBYLEEESOR: JIREY NS M S dOnrofher Ophone
saturation and overload |oudspeaker saturation and overload, wth a view

to generate &osdmyumy 4harhoseagctioe laopepr ésert atimnlaompossi bhe of the
(Boult1n noLsey e MRt el TN 3,PLOSERT Gk SR EheDL 88,V 19
behaviour of:

- machine noise

10 - microphone saturation and overload

- loudspeaker saturation and overload,

with a view to generate a sampling that is as true
a representation as possible of the resulting noise in
the machine hall. This process 1is characterised by

15 that, in order to electronically generate the
industrial impact (I), the noise perceived by the
operators, we place an inductive  probabilistic
brocessor 12 according to the inductive method 11 for
impact determination, i.e. the following stages:

20 - With the help of a Monte-Carlo generator 8,
generation by a random uncertain Monte-Carlo type draw,
of the noise W;,; produced by the machines S;,; according
to the wuser’s specifications 9, and wutilising, by
preference, a historically adaptive behaviour modeller

25 2,

- Calculation, for each random draw, of the
noise W;,; perceived by each microphone S;,; by applying
the sensitivity coefficients qz,s,;,

- Simulation of the failure coefficient d;,; for

30 the microphone S;,; according to the probability

distribution Pr;,; specifically depending on the stress



industrial inpact (1), the noise perceived by the operators, we place an

i nductive probabilistic processor 12 according to the inductive nmethod 11
for inpact determination, i.e. the following stages: 20 - Wth the hel p of
a Monte-Carl o generator 8, generation py a random uncertain Monte-Carlo
type draw, of the noise WL11 produced by the machines S1,1 according to
the user's specifications 9, and utilising, by preference, a historically
adaptive behavi our nodeller 25 2, Calculation, for each random draw, of
the noise W2, perceived by each m crophone 52, E by applying the
sensitivity HegfBng é‘fﬂlscvc}ﬂlqn & efhat PORkSE HRe PWaiting dnkoetphenent d2, |

for 30 the g crop g,l%oaof&»‘é)rkﬂémvi@uf h&oBE9PEPRI bi g ddlr?é Pk é on
Pr2,j speC|f|chIy ependi ng on t stress 45 W2,] and cal cul ation of the

plcked up byofheVﬁmdDa@hSQQClSZQﬂ aqcam@ M@an)ﬂmaﬂhﬂumﬂmnmyrnmmﬁl%r 2 and
the risks Zerl eC|E|ed b e user in the nenory zone 9, called
t he operator 58 §t| ﬁ§a §L. S F& FEE TS t he signal transmtted to

each | ougspeaker.S2, kchy anRkYiond othe Hel @&@GﬁlCQQfafris%ledﬁéd @3, daknand
cal cul ation of the a% gregated stress W2,k, “Sinulation of the transm ssion

coeffici ent sloydskesd eﬁhesi@ué&beakelxlnacddﬁﬁlhQHKQGEheCQﬁﬁﬁk@ﬂ¢m¥§ 10

di stribution i i W38, k and
cal cul ation ((f”tﬁie%l \g(;ugn Cqﬁafe{]ldoi‘ by ﬂﬂ{e %%%% g%]géﬁgaci’éfdl ng to the
behavi our nodel lec 2 @a%utlfawdnskéfoftr@vetkaagmwg@bhl esbdyribecniser in

the nenory zone 9 called the operator specifications, 15 - Calculation for
each uncert afp, xdrofw Bltet Reudspeakers, according to the probability

10 distribution Pr;,, which depends in particular on the
stress Wj3,; and calculation of the sound emitted by the
loudspeaker S;,x according to the behaviour modeller 2
and the risks of overload specified by the user in the

memory zone 9 called the operator specifications,

15 - Calculation for each uncertain draw of the
theoretical noise (I) = (I;,..,Iy) perceived by the
operators in the hall,

- Determination of the VaR (13) of noise (I) as
a function of the probability of violation specified by

20 the user in the memory zone 9 <called the operator
specifications.

The reaction loop 6 of this control automation 3,
aims to determine the maximum value (Imax) ©of the
machine intensity function (production rate) such that

25 the parameter VaR does not violate the prescribed value
(M) also specified in the memory zone 9 called the
operator specifications. This loop is completed by a
servo motor acting on the machines’ intensity control,
and keeping this calculated value (rm.x) constant.

30 This multi-staged calculation procedure for the

final impact, which takes into account at each stage



theoretical noise (I) _ (11,..., 1h) perceived by the operators in the
hall, Determ nation of the VaR (13) of noise (I) as a function of the
probability of violation specified by 20 the user in the nenory zone 9
called the operator specifications. Thggreaction loop 6 of this control
automation 3, ains to determ ne the maxi num value (rmaX) of the rmachine
intensity function (production rate) such that 25 the paraneter VaR does
not violate the prescribed value (M also specified in the nmenory zone 9
called the operator specifications. This loop is _conpleted by a servo
notor acting28f tiffe FreeeRpaeated nfepBiey EBAt Bdignalamxactdy e el ved

cal cul ated val,u ant. Thi s.pul fi.-.Stag cul af |
procedur e fofglyt ﬁter(é F?gﬁeiﬁ???r%%c%%dm% &{tlal%gg eﬁﬁ%’ae%ghé\l?gag Zélécﬁ e%Jf’age 46
and in a sepasatiedtiashi of t hkesi gppnababxattly o€cevietatbynt hef sublsgst em

and which it emts, allows a betfer estjmation of the probability of
viol ation of 3% or&ﬁFﬁbriE%He§ﬁ?L§hold?“%nd,aés # cofSBgGEaHER e 5 @

reducti ons of rthgcsabel o MKH Nsa Ay aRa +HCH 8R4I Bnt NG cAVQdUCEH] opr & | ow
within the given safety specifications. “The inplementation of this first

variant of tR&odRgEAred foocesshiimdde o veustsiaffadat ismedif idrt foms. t hat
the risk of satur%kgom_¢%é%§%{§@¥%nf%%t{ﬁas1giqggrq%mq$§ta%fm%ﬁeas f or

t he | oudspeakers, i's as € as € stress at 'the subsystens.” ‘According to
this variant inveatpdobabodtésy diistdsi bit$ o uBtiifiicat ithe ifr ahen Sscon
coefficient for the m crophones and the , |oudspeakers_is such that a |arger
noi se percei&g&t15tbﬁicF65ﬁon8§) dRtUrphigRr FgndVe¥tPifanshp¥ the

10 microphones as well as for the loudspeakers, is as
large as the stress at the subsystems. According to
this variant, the probability distribution Pr;,; of the
transmission coefficient for the microphones and the
loudspeakers 1is such that a larger noise perceived

15 (microphones) or a larger signal to transmit
(loudspeakers) pulls with it a level of saturation that
is statistically higher, Jjust like a more likely
overload. Typically, according to this variant, we can
give the the probability density Pr;,; on the interval

20 [0,1] a bell shape, whose centre moves to the right
when the stress grows. Such a density may for example

be realised with the help of “Bernstein’s polynomials”,

p(x) = Ax*(1-x)"% where the exponent a is an increasing
function of stress.

25 Additionally, saturation, just like overload, can
partly depend on the global quality of the microphone
and the loudspeaker, but also on a “saturation
threshold” belonging to each piece of apparatus
(microphone or loudspeaker) beyond which the saturation

30 phenomenon becomes systemic, justifying the application

of the second wvariant of the invention. According to



(l oudspeakers) pulls with it a |level of saturation that 1is statistically
hi gher, just like a nore likely overload. Typically, according to this
variant, we can give the the probability density Pri,j on the interval 20
[0,1] a bell shape, whose centre noves o the right when the stress grows.
Such a density may for exanple be realised with the help of "Bernstein's
pol ynom al s", (P (x) = AX" (1-x) ma where the exponent a is an increasing
function of stress. 25 Additionally, saturation, just |ike overload, can
partly depend on the global quality of the m crophone and the |oudspeaker,
but al so on &Pisat@Etavhy theestRiitbdentongrrdiicicath dpi.ecdost Bppar at us
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(morophone, g chauispeaker ) heyord i chLhecsauEs op ol pnorepen

beconmes system c, "justifying the application
i nvention. Acoopdnegtise dnet mesowaenaied, fidren cenfsidencef caoeffing eotte ai |, |

for the mcrgophones and the | oudspeakers ssess t ., conmponents, ~One
recommended ngﬁ%@gﬁﬂQﬁmQﬂn%ﬁﬁﬁi% u%ﬁe£oOERFh§§zq§%%ﬁﬂﬂ;ghF%%@% dto the
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reliability of the apparatus, which can be statistically neasured.” The
third vari anffofhfha@rpesesss ofvhigl cavels Gt ats sipplaldabimeasiared he

machi nes have a t e i cal em .t Lnopor t,. _noj hi s
case, the 10 use?ﬂgpg%¥f%£§”1ng%ﬁg(%gn%gﬁ é%%gég? égfﬁgﬁathiﬁ%ﬁég%%or

speci fications, aptelicalguencshaf thesemallekpéosihmrepulaseséndandya to
probability distribution of their intensity according to the "disaster
scenari 0" ~nBHEFa%FRELAYobEY i dPPETAAPSNERFESDr 0dBsSTRLS hERSES geMRrates a

sub-sanple f@kekhesprltitredsnoiige ValeUeShemory zone 9, called the

operator specifications, the frequency of these

“explosive pulses”, and a probability distribution of

their intensity according to the “disaster scenario”

model. The probabilistic automatic process 3 then

15 generates a sub-sample for the emitted noise values
constituted only from the explosive pulses.

Figure 5 schematically represents the organisation
of a <clearing house (exchange) to implement the
procedure and control automation 3 according to the

20 invention in order to maximise the volume of
transactions (and thus the brokerage fees collected)
while maintaining the global risk of financial loss
(linked to the failure of members) on the right side of
a regulatory limit. Figure 6 represents the different

25 stages of the process implementation and the specifics
of the control automation 3 of the invention for the
clearing house in figure 5.

The technical organisation of the electronic
probabilistic automation 3 according to the invention,

30 to be implemented at the heart of a clearing house, 1is

described in reference to figure 6. The centre of the



constituted only fromthe explosive pulses. Figure 5 schematically
represents the organisation of a clearing house (exchange) to inpl enent
the procedure and control automation 3 according to the 20 invention in
order to maxim se the volune of transaggions (and thus the brokerage fees
collected) while maintaining the global risk of financial loss (linked to
the failure of nmenbers) on the right side of a regulatory |limt. Figure 6
represents the different 25 stages of the process inplenentation and the
specifics of the control automation 3 of the invention for the clearing
house in figdREUStrigd tEéﬁﬁPéﬁFOBrghnﬂ§htld@ ofhife @PRtifdhien, 2
probabilisti i d e on

i mpl ement ed %%%%%ggﬁéaEBU§ eg??ﬁheﬁggséhyyﬁ@%escﬁ¥% ekgm?e?er%nce to
figure 6. Thetoek rexdbfandee 48 |ndustr|al productlon l1is, inthis
application, a clearlng houaﬁhf r flnanC|

exchange. Let us H&&aMS attheu@rtl 5 Kctll%l( {POCE)?lexatng(g? g%kSt ock

exchange £ongi$lck Oéxéﬁgﬁﬁé' %rﬁstl%(tlébr@fera%ce‘btﬁz{g'ﬂdgto\ﬁ"kgr%%fi*gs t® make a
transacti on nust do so rough a stockbroker. When he can, the stockbroker

wi |l match tk&asiser avoes Wﬁ)‘l%etﬁl e vidcesrangc i PR f@%ﬁty f&sssen to

the stock ex th ]HQﬁ[ ( u g ose SS own

account). Th§%§%%lear$ng ]gégapWthaﬁgg é%?lthgﬂ §éo£€éa§%§ctlons

i's done eachwe\lanmg:crﬂ nt Heh @ pearset o nvéh o anseofhzmesetmaxtms, tamaeh wiilto

falter, that is incapable of conﬁletin his%ga%t of a transactjon, the
B S

stock 15 broR&LYi sPRESd €8 cbRpl BEEngSEASKt r REFBN RS hjsemainder
10 (including those passes for his own account). The
“clearing” which recapitulates all the day’s

transactions, is done each evening. In the case where
on of the traders turn out to falter, that is incapable
of completing his part of a transaction, the stock

15 Dbroker is held to completing the transaction in his
place. For this performance guarantee, the stockbroker
is remunerated by a brokerage commission. Additionally,
the stockbroker in general requires of his clients,
that 1is of the traders that do trades through an

20 intermediary, a ‘“deposited guarantee” the amount of
which is a function of the transactions made.

This situation repeats almost identically between
the stock exchange the different stock brokers which
are affiliated with it. This last matches its members,

25 that is the stockbrokers. In contradistinction to the
stockbrokers, it is forbidden for it to place orders
for itself. On the contrary, it 1is also held
responsible for the performance of the transactions
between members. The cost of this guarantee to the

30 exchange is equal to the difference between the price

at which the transaction took place and the current



pl ace. For this performance guarantee, the stockbroker is renunerated by a
br okerage comm ssion. Additionally, the stockbroker in general requires of
his clients, that is of the traders that do trades through an 20
internediary, a "deposited guarantee” the anmount of which is a function of
the transactions made. This situation repeats al nost identically between
the stock exchange the different stock brokers which are affiliated with
it. This last matches its menbers, 25 that is the stockbrokers. In

contradi stinction to the, stoqckbrokers, #ieis forbidden for it to place

orders for PESERF atoivhheh cdht it yPOPiPieatso #21 §her i Bt e or the

performance gfisthe;ikxansawd i QScRRIOREY MTeRBRr SexdR8n6@StpPi1Ehihe |
guarantee to the 30 exchange is equal to the differencé between the price

at whi ch t hecommhsaérhen tiook peacke amdanisectuorentandd priegaigeswhizh it is

possible to %o ghettransac%ign. FJust.Iike the %tockbrokers, t he exchange
bills the ¢ ﬁﬁl§%|8ﬁsgP8F BEER EFSRsacti BRTRSE rrequires a deposited

guarantees from it geBOBer SofS Beapkse taboncompeiddron hainmefe exchanges, the
vol ume of transactions, thus the anount of transaction conmm ssions
col | ect ed byVPhemexhargan st 8ys t Hhwankher eResnt iafs teedynmafeion

efficiency i I Eect | i a r.e far.dh pasl t gﬁﬁﬁ nt ees
that it inpogggh%gg%hxftggggggggg Pgsgceb%%§g¥§§K£ %ﬁgfhe ot her aﬁ%, at
the end of theaday, tihe gkobamicosif fofcitme ypersf arimpemely guiarieed eo (a2 . e.

i re M. BSREEoRE FPeqUancHEBor: o0 SURN AP aF B ideea e se
regul atiyn. &k litPandheekar, (sexeaedioredd)s. ovn twrdset et Chamidghtat
the end of the day, the global cost of the performance
guarantee (i.e. taking into account the totality of
members) should only exceed certain limits Mp,..,My, at
frequencies Fy,...,fy which are imposed by regulation.
15 1In particular, exceeding its own funds, which might
pull with it the possibility of failure, should only
happen with a infinitesimal probability. In order to
avoid too frequent member failures, the exchange should
not only require of them sufficient funds, but
20 additionally, should impose on the brokers a minimum
for them to require of their own clients.

According to the invention and in the exchange
system, the multi-stage and multi-linked system 1is
formed by the traders (clients, members) and by the

25 exchange 1itself. The multi-staged structure of the
global system according to the invention appears in the
following form:

- Stage E;: The stockbrokers’ clients (traders)

- Stage E,: The members (stockbrokers)

30 - Stage E3: The exchange (clearing house)



pull with it the possibility of failure, should only happen with a
infinitesimal probability. In order to avoid too frequent nenber fail ures,
t he exchange should not only require of themsufficient funds, but 20

addi tionally, should inpose on the brokegs a mnimum for themto require
of their own clients. According to the invention and in the exchange
system the nulti-stage and nulti-linked systemis forned by the traders
(clients, nmenbers) and by the 25 exchange itself. The multi-staged
structure of the _global systemaccording to the invention appears in the
following form sﬂggelﬂpomébs?f@ocmr dR@gdnec| 3 edteryatiaser SRatsthage E2:

The member s (Stacklyokers) 130 -cdY agg.f31  The Rxchangg. (ol aariqu fouse) 50

It is possible to 1magine a Structure that has nore stages, If, for
exanpl e, theacki enbs thengpalsies omar efi n“theapbsgt i onrafisdct eamns ngfor
transacti ons Eon their _own clients. 5 The productive subsystens Si,] of
the mul tistafBelan8YRuFLiFMiRed system are the traders (clients, brokers)

as well as the exehangsrbdisetive o utave theie 9i,§r%ef sthucCtiBsidfaye
consider as distinct the nultiple accounts of the same client held 10 by
di fferent neabdr s MU idd nkathers wiiposea B 100D cotréldaison ekv@eys t he

(e, of CHEESGRT) BRCUTIS pal et aR e e cli ) - Lo el et
conposed of only #@eSimgiee Isebsyst etreet v rukk wwechahfjewe Thensicert s s
nultivariablgiL%€%%E &X£i£%fg¥%fgnaccounts of the same client held
10 by different members (we no longer suppose a 100%
correlation between the failure of different accounts
belonging to the same client). In effect, each client
is only linked to a single member and the top of the
tree 1is composed of only a single subsystem: the
15 exchange.

The uncertain multivariable factor (X) is the set
of price variations of the different assets quoted on
the exchange during the day. The impact ‘of each of
these assets on the participants (clients, members, or

20 exchange) 1is equal to the product of the variation of
their ©price and the quantity of the investments
contained in the participants’ portfolios.

The natural time horizon T 1s the day. But a
control of the market movements could turn out to be

25 necessary if, for reasons of liquidity, the portfolio
of one of the participants in default cannot be
liquidated in a single day.

Each transaction made for a client by a member
takes place upon payment of a brokerage commission. The

30 set of commissions paid by a client S;,; to a member Sk

represents the production subflow F3,j,x. In the same



of price variations of the different assets quoted on the exchange during
the day. The inpact of each of these assets on the participants (clients,
menbers, or 20 exchange) is equal to the product of the variation of their
price and the quantity of the investnengg contained in the participants'
portfolios. The natural time horizon T is the day. But a control of the
mar ket novenents could turn out to be 25 necessary if, for reasons of
liquidity, the portfolio of one of the participants in default cannot be
liquidated in a single day. Each transaction made for a client by a nenber
t akes place WFdn pRAferiryisaChiokerage bomi Ssmher The tize suchange

conmi ssi ons hd b i | a I N ts e

producti on s&b#gw¥ﬂ%% k&lc?%séﬁjémésg%eog‘la%faﬁe%& t %?gﬁ%egégti%}ﬁlgnaag by a
menber of thefexthangecttiakes figlemcepapan pgynmant mefibart r gasactbonthee. The

set of transaction fees paid by a nenber S2,3 to the exchange S3,]
represents t & t | G Slfl?fﬂ]éﬁel@sts‘s (thHer PFLARGEL AN d SHR ?Wbeé'léuse

there i s only t&eHaNgls nosuhsinet eMdx YadtdB)thdhe DL oguehi ansihgyeF is
the sumof all the subflows F3,j, that 1s of all the conm ssionS obtai ned

by the exchasg®systiony ahestiage Eh divet pkepucitioa pbiewolFi dgyi ves rise
to a 10 depqsited-gu nt [,C genergl|_.rul,e, i portional to
P CErd Re R T oS o paierd (P 1 Bitherne

t he amount o rial acti’ofl pa

proportional coshdtsisdonsbetbmeamddie araiete afh Asgetdu i t tige agspci at ed
deposited guarantee. It is nultivarjable, because the 15 rel ationship
depends on the as€@Ch THESHbr &SR i 50 Rai RREL L heC nHeashert 8§uitredadeposi t

is inmpor{@nt gqeposited guarantee, which, as a general rule, is
proportional to the amount of assets. The industrial
action parameter (r) 1is the proportional relation
between the amount of assets and the associated
deposited guarantee. It is multivariable, because the
15 relationship depends on the asset. The more it 1is
raised, the more the required deposit is important,
which as a consequence reduces the risk of failure, but
on the other hand, also reduces the amount of
transactions, that is the production flow F and the

20 subflows Fj,j,k.

The industrial impact (I) (see §a-aaaa) 1is, in
this application, the total amount that the exchange
must forward to 1its members’ counterparties in a
failure situation wunder the heading ‘“performance

25 guarantee”. It is possible to conceive of a second
component of this industrial impact, which would be the
same amount, reduced by the sums recovered after the
liguidation of the members in default.

The aggregated stress W;,;j (see §b-bb) of the

30 subsystems S;,; is equal to the negative part of their

financial results at the end of the day.



whi ch as a consequence reduces the risk of failure, but on the other hand,
al so reduces the anount of transactions, that is the production flow F and
the 20 subflows Fi,j,k. The industrial inpact (I) (see a-aaaa) is, in

this application, the total anount that ghhe exchange nust forward to its
menbers' counterparties in a failure situation under the heading

"performance 25 guarantee". It is possible to conceive of a second
conponent of this industrial inpact, which would be the sanme anount,
reduced by the suns recovered after the |liquidation of the nenbers in

defaul t. The aggregatedatr&se Wljersee (orhb) i6f thwere 3@reubsysteat Si, |
is equal tot ive part.of their_.financial resylts at the end of the
day. 52 For H%@w%ﬁ?g% s ?%#?n ¥ thers hPg §Z§8P§F a&aﬁ%?% %ﬁd"%fiEﬁ?s", f or
the clients athdirg enthid thesuthai py thhs reaesaicti s dhe tw@ackapkethe

mar ket nmovenents (the uncertain nultivariable factor) on their 5
portfolio, tRAVSMERYRe e dingqaiisbetibhis wdeaale i hacterk emythehrch can
be positiye Aegatsiyve) i c , teh it s . s.ihe sane
as the " sgl f'(’?Jo st reslso.' -thFAoﬂr1 %%e&ﬁ%n%%?s o?foft%g%ra[ e og-%l Zrﬁl%gé/\h%{lg(l)wlo
cl earing for tdehedayl i(@htish idan sbeoppeied veardt ynegathive)i.npact thbst heir
own portfolio (their "self" s%r ss,épositive or negative), pagtlﬁ t he
amount  payabi®® SUnddt® t R8IRELA ﬁé SEEEPSr ience YuirBft &8 thf c88eLof
failure of ongr@ssseveral clients (the 15 transmtted stress, always
negative). For the exchange there is only the

- For the members (or for the client who do

10 clearing for other clients) it is composed partly on
this impact on their own portfolio (their ‘“self”
stress, positive or negative), partly the amount
payable under the heading “performance guarantee” in
case of failure of one or several clients (the

15 transmitted stress, always negative).

- For the exchange there is only the
transmitted stress from members in default, because it
may not have its own portfolio. The industrial impact
(I) is identified as the aggregated stress W3 for the

20 unique subsystem at the third 1level, that is the
exchange itself.

The amount of transmitted stress (see Sc-ccc) can
be either the totality or only a proportion of the loss
suffered by the client or member. This proportion

25 (equal to 1 if it is a total default and to 0 if there
is no default) is the failure coefficient d;,; for the
client or member.

This failure coefficient is obviously unknown. But
its probability distribution Pr;,; moves towards higher

30 wvalues when the operator’s 1loss is larger, thus

justifying putting into operation the first process



transmtted stress fromnenbers in default, because it may not have its
own portfolio. The industrial inpact (1) is identified as the aggregated
stress W, for the 20 uni que subsystemat the third level, that is the
exchange itself. The anmount of transmitiggd stress (see c-ccc) can be
either the totality or only a proportion of the loss suffered by the
client or nenber. This proportion 25 (equal to 1 if it is a total default
and to O if there is no default) is the failure coefficient di,j for the
client or nmenber. This failure coefficient is obviously unknown. But its
probabi | ity dedti@mBut?bntbds, jinRRndsiabwalls MiafHederste vapaésiahnentt he

operat or' s | o3, ise | BhOCGLLINS ShUSK Tying, PULTLRG IR oberalion Lhe first
process 53 vari’ant” of this idventi on: e confidence coefficien ai,j of
t he subsyst emh$i ,¢gpaators The thansystamangthat ekhetoper atwior | arthe

systens that _.exist _as.prior art, .this rating is a sinple opert
attributed t(‘f%rlﬁg §a§b§|gatjo?. 3 nsfﬁgigec%ﬁ?ip ?Yarﬁ?tﬁ%%tégly r?ti%ﬁe
recommends aodpaidat@it.hatihas tak | easdodaqo ¢aepanent s.thilhe fhvshtighl ects
the size, or, at the occurrence, the |I|evel of the funds owned by the

operat or FP1Iecommendfechngaténbedhathitas ekt abepisty, tve , compgnenpeef er,
his 10 failuggbrghaly lr'etfﬁ&%f% N d ali 9, 9l yen z?tett‘.'lf nog&%&qgéeg%%d.
su own L hird

stress W,j (i.e. the Ioss ered) and hi's unds .~ The
vari ant of tHeverlocess tdfe t fandsveswned L ndiei tepdmstdf i gatian Thet he

"stock market crashes” _ 15 which historically only happen on the scal e of
several year $E°PR% FEHEGS i 1ARE ¥t %r i Ves” Bhdv$ai Preger, his

10 failure probability by the ratio given between his
aggregated stress W;,; (i.e. the loss suffered) and his
own funds FP;,;.

The third variant of the process of the invention
finds its Jjustification in the “stock market crashes”

15 which historically only happen on the scale of several
years. If the historical record of prices and failures
are only go back a year, or indeed even a number of
years, it is possible, even probable, that no crash has
taken place during the period covered by the historical

20 record. However, the risk calculation for the exchange
should not ignore the possibility of such a
catastrophic event. The normal known technique, called
“stress test” consists of simulating a global downward
movement, for example 20% for all the papers listed on

25 the exchange. Certain operators have as a strategy to
bet on the movement - up or down - of one stock
compared to the exchange average, or compared to an
exchange index. In a stress test, this stock will vary
by 20%, the same as the average or the index. Such an

30 operator would appear to have zero risk, whereas in a

real crash, his real risk is actually increased because



are only go back a year, or indeed even a nunber of years, it is possible,
even probable, that no crash has taken place during the period covered by
the historical 20 record. However, the risk calculation for the exchange
shoul d not ignore the possibility of sugh a catastrophic event. The norma
known technique, called "stress test" consists of sinulating a global
downward novenent, for exanple 20%for all the papers listed on 25 the
exchange. Certain operators have as a strategy to bet on the novenent - up
or down - of one stock conpared to the exchange average, or conpared to an
exchange i ndéke Bfogkst Adsfareaxammied hafcikanda Wrar yIight 2boget Hd¥same as
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risk, whereas in.a real crash, his real risk’'s actuallyincreas because
54 the stockthifrdf orareaanplefl be¢ tovgotipn meghtmensis 309% imbkseion
average other stocks might Lose only 20% The, .third variant if the

vent: on 1 eComendeS S ST HIA BF  oflt. SEARASEEORRIAy DI A LT opfhere
situations waeh®a3inCekhapesanples Wdite MakR t Bpe2pebal @r ' sehtal risRk
clearly appear. The inplenentation of the process and the invention in
this particulcdeaggyl i2@P®Eadn connected to the exchange systemis described

in figure 6. It Si; f egld sat | qg?$i istigc. contro
aut omati on 3 whi gﬁ%c&n oare#%ntocg%horen Sdefnzlﬁja% %s}:[oféuec%équ(raaerp# n i%ﬂ&\?%ﬁgj,‘&ﬁher e
the action | dop 5Sthiss anperdictuilde ppolalddtisin ¢ evahdatedn siarul aher 11 of

the uncertain ehavi our: 15 - of the_%tock mar ket grices of the, operator
failure (cli&FCE349E mofters) 1s described in figure 6. S

It consis
10 of a realisation of the ©probabilistic control
automation 3 which conforms to the general structure in
figure 4, where the action loop 5 is an inductive
probabilistic evaluation simulator 11 of the uncertain
behaviour:
15 - of the stock market prices

- of the operator failure (clients and members)

with a view to generating a sampling that is as
true as possible to the financial amounts which the
performance guarantees will cost the exchange at the

20 end of the day.

This procedure 1is characterised by that, to
electronically generate the industrial impact (I), in
this case the financial amount, we put in place an
inductive probabilistic processor 12 according to the

25 inductive method 11 of impact determination, 1i.e.
containing the following stages:

- With the help of the Monte-Carlo generator 8,
creation by a Monte-Carlo style random draw of the
prices X; of the assets quoted on the exchange, while

30 considering the catastrophic risks specified by the



with a viewto generating a sanpling that is as true as possible to the
financial anpbunts which the perfornmance guarantees will cost the exchange
at the 20 end of the day. This procedure is characterised by that, to

el ectronically generate the industrial ggpact (I), in this case the
financial amount, we put in place an inductive probabilistic processor 12
according to the 25 inductive nethod 11 of inpact determnation, i.e.
containing the follow ng stages: Wth the help of the Monte-Carl o generator
8, creation by a Monte-Carlo style randomdraw of the prices X1 of the
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specified by : r.Ji.n the nenory zone 9 called the operator
specificatioﬁég%égﬁgéﬁgﬂngd, for each randomdraw, of the financial result

W,1 for each client Slcaldudldtawnmg f£brt h€adiserrHnka f ideali, onsf9 ame usi ng
preferentially an  adaptive historic nodeller for behaviour 2, Sipulation
of the fail ufén@dehpilci epsele1lil, df fehec@chetl@nt Rdedr dfALoBlR%e

probabilidy +dieStyddpt é?ﬁcf’f%ght%@ﬁﬁ' i cald yugﬁﬂsng;ﬂ&e%mealsw ess 10
WL, i and the rating of e clirent S1,1 according”t0 the behaviour nodeller
2, and then edeptliaei dn stfortile moagedutr dfordfeddwidwr &) i ent S1, i

Cal cul ation, for each random draw, of the aggregated stress W2,j for each
menber S2,j resul fing SERUFELHOR Fﬁbﬁhﬂu§%ﬁﬁ%§ﬁ QQﬁ;Qﬂ?¥ﬁﬁt?a?Lar%§ t hat

nust be covergd (tanemittted strestooRAld Y from "aed " stogss11¥eyi |

1

(the financial result at the énd of the day)
distribution Pr;,; specifically depending on the stress

10 W;,; and the rating of the client S;,; according to the
behaviour modeller 2, and then calculation of the
amount of default for client S;, g,

- Calculation, for each random draw, of the
aggregated stress W;,; for each member S;; resulting

15 partly from the sum of the client failures that must be
covered (transmitted stress), partly from “self” stress
wz2,i,5 (the financial result at the end of the day),

- Simulation of the failure coefficient dj; for
the client S2,5 according to the probability

20 distribution  Pr;,; depending specifically on the
aggregated stress W2,j and of the member’s rating, then
calculation of the amount of the member’s default S2,]
according to the behaviour modeller 2,

- Calculation for each random draw of the

25 theoretical amount (I) which the performance guarantee
will cost the exchange,

- Determination of the VaR 13 for the impact
(I) as a function of the violation probability
specified, by the user, in the memory zone 9 called the

30 operator specifications.



Simul ation of the failure coefficient d2,j for the client S2,) according to
the probability 20 distribution Pr2,j depending specifically on the
aggregated stress W2,j and of the nenber's rating, then calculation of the

anount of the nenber's default S2,j] acggrding to the behaviour nodeller 2,
Cal cul ation for each random draw of the 25 theoretical amount (1) which
the performance guarantee wll cost the exchange, Determ nation of the VaR

13 for the inpact (I) as a function of the violation probability
specified, by the user, in the nmenory zone 9 called the 30 operator
speci fications. 56fhe FRRCEIM Ié@BPG for £RAFs phdFabi PYebrellastdFation 3

contr ol consisldnpl sdet eyt nigge Lo BHALARLSVALeS ddidifining ' Nehe) for

the coefficients to applied to the ca ation o requ
"deposited Smymﬂmaﬂeyaiuesubnmhhabrwme)péoammna‘dﬁﬂ?ﬂkﬁﬁentﬂ tsubpass the

prescri bed vaIu ecjified.al so.i.n the zane 9 called,th
oper at or spe@H c}%&o Cg glfﬁl &al Qﬁtllémha%l ggeb eéwlﬁﬁd(g) ??Boﬁjr%%gdure to
adj ust the reGHareddenosisieth guarant ees. BOrdhksest epuRsedpegcedyte to
calculate the final inpact, which takes into account, at each cal cul ation

step, the faﬁqﬁﬂéﬁﬁwﬂﬁﬂnRﬁﬁ%ﬂ%ﬁb%%cﬁa%%%sigﬁeﬁPeﬁwﬁ%ﬂg %l $setirthe
estimation offthe p zl%g\;?e\g ) %%lr vipbatiag sfhe Ssg}&&%lgae&érﬁ‘é eshpid,

as a consequence, uctlon inthe mar gi ns and an
increase in tlep pmommmdhmd1Hymmdtdutmmﬁhang&cnédmwmctala@@ﬂsV|ty¢
within the given safety norns., K These safety norns may include,
speCIflcaIIyrequlred eposited guarantees.

10 This stepwise procedure to calculate the final
impact, which takes into account, at each calculation
step, the failure probability of each subsystem, allows
a better estimation of the probability of violating the
authorized threshold, and, as a consequence, allows a

15 reduction in the safety margins and an increase in the
production flow (the exchange’s financial activity)
within the given safety norms. These safety norms may
include, specifically:

- The “CAD” directive form the European

20 Community published on the 15" of March 1993, about
the maintenance of adequate internal funds for
investment companies and credit companies, aiming to
impose requirements of minimal solvency, considering
the market risks linked to financial products, and the

25 risk of change..

- The directives- from the Basle Committee,
“Basle Committee on banking regulation and supervisory
practices” which addresses itself to securities houses
and to banks which have market activity, anticipating

30 notably the “Amendment to the Capital Accord to
Incorporate Market Risks” published in January, 1996,
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of March 1993, about the nmaintenance of adequate internal funds for
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as for the members, is as high as the stress levels of
the sub-systems. According to this variant, the
probability distribution Pr;,; for the clients’ and
members’ failure coefficients is such that a financial
loss (clients) or, a higher global amount to cover -
failures + loss (members), pulls with it a higher
statistical failure probability. Typically, according
to this variant, the probability density Pr;,; can be
assembled from a probability 1l-p;,; for zero value and a
uniform distribution over the interval [0,1] of the
total weight p;j;, where the failure probability p;,; is
an increasing function of the aggregated stress Wi, ;.
Additionally, the failure of clients and members
can partly depend on the global reliability of the
operator, but also on a “failure threshold” specific to
each operator (client or member) beyond which the
failure becomes almost inevitable, thus justifying the
implementation of the second variant of the process
invention. According to this wvariant, the clients’ and
members’ confidence coefficients ai,; have two
components. One recommended form consists of setting

one of the components equal to the amount of own funds,

can be



uniformdistribution over the interval [0,1] of the 20 total weight pij,
where the failure probability pi,j is an increasing function of the
aggregated stress W,j. Additionally, the failure of clients and nenbers
can partly depend on the global reliabiggty of the operator, but also on a
"failure threshol d" specific to 25 each operator (client or nenber) beyond
whi ch the failure becones al nost inevitable, thus justifying the

i npl enentation of the second variant of the process invention. According
to this variant, the clients' and nenbers' confidence coefficients ai,]

have two 30 @sfpshencshetné vadoensieded idneg ddvesizalsialfilsiiY i 9§ thme of
t he conponen t ; unt. of f Yol t . a val ue
descri bi ng th@e%gg?gbiﬁpég%b gﬁh%e g%%%h 5%# Fb%%g%%ﬂﬁgﬂ%cfa?%gl rom
speci al i sed mgknegesagenci es. The inplenentation of the third variant of

the 5 process is justified by abrupt novepents of the prices - rising or
falling - which app€arlPPopentatient iHe. thonerm ¥ dgﬁgigﬁécpﬁiegh?n t he

menory zofie ?r%@%%%dié) §§F¥ié¥Qﬁ%L£§§ﬁ§9nmo%@ﬁeﬁﬁ%Q%%”%héﬁ%%b§§§

"cat astrophi ¢ novenents™ and a pro ITity distribution 10 of elr

intensity on-thd siata ey H&lliagast mbpluhc apwear fosth. tIhe dia obdmet hen

generates a b-s | e. of values.of their_,prices uniquel onst | ed of
catastrophicﬁéggngg%%spsﬁgrt?&??%&%ﬁﬁiéﬁ H%gabQSﬁoaésc#WH%d? d%%ii%é 15
i nterest andopephiceabi | kpycliisthtied, by the defactedncexanpfes, thése
claimants reserve to themselves exclusivity during the length of the
patent, w t hoGBtasitFopPRico B Vemeat ' hand Rodyr hpltinel hardhi t ek kken

10 of their intensity on the pattern of “catastrophic
scenarios”. The automat then generates a sub-sample of
values of their prices uniquely —constituted of
catastrophic scenarios.

As the invention has been described, and its

15 interest and applicability Jjustified by the detailed
examples, the claimants reserve to themselves
exclusivity during the length of the patent, without
limitations other than those 1in the patent claims

below.



bel ow. 59 CLAIMS 1) Process to regulate flow F, the flow being nulti-stage
and multi-linked aimng to optimse this production flow (F) by acting on
an industrial action paranmeter (r), while nmastering an industrial inpact
(1) 5resulting froman uncertain chaingg stress at the different
production steps, this regulation process being specifically applicable to
a nulti-stage or nulti-linked production, i.e. a production that is: 10 -
conposed of several production steps or stages called where each
production step Ei is conmposed of productive subsystens Si,j, receiving
one or nore production subflows 15 Fi,j,k fromone or nore subsystens
Si-1,k fromthe preceding step Ei-1 (except at the first step where i=1),
transmtting one or nore production subflows Fi+1,j,k to one or nore
subsystens Si,,, in the followwng 20 step Ei +1 (except at the |ast step
where i=m), 60 - whose production subflows Fi,j,k can be controlled with
the aid of an industrial action paranmeter, possibly nultivariable, (r)=
(rl,...,rn) and whose global industrial production flow 5 F(r) results
froma conbination of the production subflows Fi,j,k, this regulation
process is specifically applied to a production of the type which has a
chain of uncertain

CLAIMS

1) Process to regulate flow F, the flow being
multi-stage and multi-linked aiming to optimise this
production flow (F) by acting on an industrial action
parameter (r), while mastering an industrial impact (I)

5 resulting from an uncertain chained stress at the
different production steps,

this regulation process being specifically
applicable to a multi-stage or multi-linked production,
i.e. a production that is:

10 - composed of several production steps or
stages called E;j,.., En,

- where each production step E; is composed of
productive subsystems Sj,j,

- receiving one or more production subflows

15 F;,j,x from one or more subsystems S;i.;,x from the
preceding step E;.; (except at the first step where
i=1),

- transmitting one or more production subflows
Fis1,5,x to one or more subsystems S;.,;, in the following

20 step E;s;; (except at the last step where i=m),



stresses, i.e. a production: 10 - which has an industrial inpact paraneter

I (X, T) (r) (in general harnful), possibly nmultivariable (I) =
(ry,...,1x) , which needs to be mastered (especially for regulatory
reasons) within a tinme horizon T, 15 - gnd where the inpact paraneter is
the result of a cascading chain of aggregated stresses W,j (neasurable
phenonena) suffered by the productive subsystens Si,j, and where the
abovenenti oned industrial inpact 20 paraneter | (X, T) (r) depends on: the
gl obal Iy nonotone variation (increasing or decreasing) of the aggregated
stresses W, of the whbsgstamsodBiciicn tI&yb¢1KWEWenflprodu§ﬁhon ke eps Ei,

ont he- agor cURTEHOLEPAsS B Hin I THEY SabayShent e S T LR Tag

pr Oducti on sphgpakBteal PB¥LLBIFERUAL ivACEEbAIen p(szGLUC(tﬁlQn.,rmll tivariable
(X) (x1,...,XN) , where each of the Xi is <called a subfactor of the
unknown producti on val aad WﬁpieoglabaheMndﬂﬁﬁﬁﬂékepfﬁéuﬁﬁmQWuﬁlQ%n T 61

poseosd poFlry| TRAGLOPE VALLA' |20 LAl Eantnd O JORL PASIdMhoi fodne sane

sense as 0 aggrega r'esses I ndustria
action paramstupflows Vg, ihe internmediary aggregated 5 stresses Wnj,

wher e each aggregated stress W,j is, in the nor contai ned at the
system | evel Si,j chBgt TRAVLRTALR, proge§§|p§r§gﬁ§£¥ Qégi%uﬁﬁ }§A ot otal ly

transmtted LOyyroduction of the type which has a chain of uncertain
stresses, i.e. a production:

10 - which has an industrial impact parameter
I(X,T)(r) (in general harmful), possibly multivariable
(I) = (I1,,1n),

- which needs to be mastered (especially for
regulatory reasons) within a time horizon T,

15 - and where the impact parameter is the result
of a cascading chain of aggregated stresses Wi,
(measurable phenomena) suffered by the productive
subsystems S;,;,

and where the abovementioned industrial impact

20 parameter I(X,T) (r) depends on:

- the globally monotone variation (increasing
or decreasing) of the aggregated stresses W;,; of the
subsystems S;,; at the different production steps Ej,
where at least one of the elementary components of the

25 impact I, depends on the aggregated stresses W, j; of the
subsystems Sp,; at the last production step Ep,

- an environmental uncertain production
multivariable (X)=(x;,..,Xy), where each of the X; is
called a subfactor of the unknown production value,

30 (X), as well as on the

- the time horizon T



the followng step Ei+1, that is where each aggregated 10 stress W
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dependi ng -

gl obal ly 15
and - the st
Si-1,k in th
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_ in a known manner and specific to each subsystem- on an
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Pri,j (X T, r,W,
p@ﬁé@norp%amewé )uvah &5 $REEBRCRIBEYt RIUTREFt

Ss and’’4 confidence coefficient ai,j, possibly 5

e, pewmamel@gdh)dggrqmn@mbmbnﬁ$wﬂéy§Uenl&njtheumbnmﬁ%e
ics result i,n particular %Xckﬂ§”¥ely fro a hlstorlcal

mode, contained at the sys ,ir ‘but which

in failure mode, be partially or totally transmitted to
the following step E;,;, that 1s where each aggregated
stress W;,; is the result (sum) of:

- a “self” stress W;; at the productive
subsystem, depending - in a known manner and specific
to each subsystem - on an uncertain multivariable
environmental factor (X) as well as on the globally
increasing function of the industrial impact parameter
(r), and

- the stress transmitted W’;,j,x by certain
productive subsystems S;-;,x in the previous step Ej-i,

where each of the transmitted stresses W;,4,x 1is
the combination, actually the product, of:

- the aggregated stresses Wi-1,x from the
subsystems S;_1,k,

- a linkage ;:oefficient gi,j,kr constant or at
least known, not uncertain,

- and an uncertain transmission coefficient d;-
1,k from the productive subsystem S;i-i,x, varying between
0 and 1, whose elementary transmission probability
distribution Pr; ;(X,T,r,Wi,;,ai,;) of the productive
subsystem S;,; is known and depends on

- the multivariable factor X of the uncertain

production value,

i,]) of the Eroductlve subsysten1S|4

gkggfsg% the time interval T, the industrial action paraneter

is



of productive subsystemfailure, 10 Wose production configuration can be:
either tree-like - for each subsystem Si,k at a step Ei, one of the

| i nkage coefficients gi+l,j,k =1 and the other qi+l,j,k are zero, which
corresponds to the case where one prodggtive subsystemat stage Ei can 15
transmt its stress only to a single productive subsystemat the follow ng
stage Ei+l, or it can be in the nore general case, matrix-like, and in
this case each of the linkage coefficient gi,j,k can take any value, 20
where the abovenenti oned transm ssion coefficients di,j may be - either

bi nary, they take-onlythkeetiakuéstervaddT}, i.e. a productive subsystem
fails or it does not fail, gyt there is.no such thing as a partial failure
25 and, in this case, Fﬁ@ ePEShtiry BfgﬂgﬁiﬁaﬁﬁmQ5e fi‘bution for failure,
Pri,j (X, T,r,W,j.ai,]j)lnbosceach moroductive subsystemSi,j is reduced to a
single nunber pi,j (X T,r,W,j,ai,j) which is the probability that a
failure will take-place hecenffderced|jcd¢ffB80ientr, an;the paseilgkyer al
case, any value - that is they can take all values between 0 and 1; 63
parti al f%ilﬁ‘l‘li%lé(laélﬁ@%?i'bl SR IRI ef@mdt&r PEOPPEBAERI i TP W Tt but i on
for failure igs . Prig (X, T,r,W,j,ai,j) for each productive subsystem Si, |
and a positivedfunction defined on the interval [0,1] 5 of the possible
transm ssi on coef fi ci eandval uelsos¢ hi s ghreodhudtemars tdard r ol rpsadéss | &n
?g?g:i;faglypakggkﬁ a@t%%f'Eéc(%§¥$§iyym§£gmtthﬁ%@5¥fé%55éﬁgﬁyéyg time

of productive subsystem failure,

10 Whose production configuration can be:
- either tree-like - for each subsystem S;,x at
a step E;, one of the linkage coefficients gi+1,j,x = 1

and the other gis;,j,x are zero, which corresponds to the
case where one productive subsystem at stage E; can

15 transmit its stress only to a single productive
subsystem at the following stage Ei+l,

- or it can be in the more general case,
matrix-like, and 1in this case each of the linkage
coefficient gi,j,x can take any value,

20 where the abovementioned transmission coefficients
di,; may be

- either binary, they take only the values 0
and 1, i.e. a productive subsystem fails or it does not
fail, but there is no such thing as a partial failure -

25 and, in this case, the elementary ©probability
distribution for failure, Pr;,;(X,T,r,Wsi,j,ai,5) for each
productive subsystem Si,j is reduced to a single number
pi,4(X,T,r,W;i,5,a:1,;) which 1is +the probability that a
failure will take place here, (i.e. di;=1),

30 - or, in the more general case, any value -

that is they can take all values between 0 and 1;




of the uncertain sub-values Xi which constitute the 10 abovenenti oned

mul tivariable X for the uncertain environnent are quantifiable by a known
probability rule Prob (xl,...,xN) , where xi is the generic state which
the uncertain subvalue Xi can take 15 gzand where, in general, the
characteristics, especially the average, the variance and the
correlations, as well as the extrenes of behaviour, are the results of a
statistical analysis of the historical record of the uncertain subval ues

Xi, 20 - and where_the elenmentary inpact conponents |h (X_T) (r) of the
abovenent i oneartaadst Madilungsactare (DOI5ikts faBeh t A&Spr c?cﬂ«ﬁf%‘?‘%ﬁgw ow F(r)

must not vigkgggbgggggds (tg&gg%%Fggég wnwar gs, (type )i the inpacd |evels

Vh, and that“at an’i stri al bilistic confidence level Prob [ Ih
\(M>1<, T) gr) <E?lzr]i,3l?bf, I_(,tryrﬁﬁ,jﬁ)aigr)l F’E@F Bakh ((jm;ohdl’t)ct(ir\%e ;N}qpsyphe(nt y$e; 2)

ere the abovenentione arm | eve n e abilities P e
typically inﬁBge&‘H%o?%bﬁY%tFBH?%%HPSQ%?§6§§£cwkpé%%cﬁPF§§WF§ s |T€%, in a
known  30; nagrer he4 ph@ sehhaet 1erinealilsk iRer fofehfa ciam ivag udy,ch is as true
as possible, and which is a function of the industrial action paraneter
(r), in the tine ithier varodygyionf qMeEiqduPrecalsspr b8uciRem Sieaely

consi sting of.; - val u i .the uncertain subfactors Xi can take,
t he stresseslmP?FmF%E%thhpﬁgﬁﬂg%ggﬁ subsystens Si,j, - their transm ssion

coefficients di,j, where the variations over the time interval T
of the uncertain sub-values X; which constitute the

10 abovementioned multivariable X for the uncertain
environment

- are quantifiable by a known probability rule
Prob(x;,..,Xx), where xi is the generic state which the
uncertain subvalue X; can take

15 - and where, in general, the characteristics,
especially the average, the variance and the
correlations, as well as the extremes of behaviour, are
the results of a statistical analysis of the historical
record of the uncertain subvalues Xj,

20 - and where the elementary impact components
In(X,T) (r) of the abovementioned industrial impact
I(X,T)(r) from the production flow F(r) must not
violate upwards (type 1) or downwards (type 2) the
impact levels Mh, and that at an industrial

25 probabilistic confidence level Probl[Ix(X,T) (r)<My]>pn
(type 1) or ProblI,(X,T)(r)>M,]>pn (type 2) where the
abovementioned harm level M, and the probabilities p;s
are typically imposed by regulation;

this process is specifically suited, in a known

30 manner



10 - the elenentary conponents Ih (X, T) (r) , - the production subflows
Fi,j,k (r) , - The production flow F(r), - to electronically generate,
always for a time horizon T, and as a function of the possible values for
15 the industrial inpact paraneter (r) gg4the action loop (5) for production
control automation (3) - the nultivariable estimtor for maxi mal i npact
(p) _ (pl,...,pM, defined as a vector VaR(p,T) (r) of the Ilimts VaRh
(ph, T) (r) such that the abovenenti oned 20 el enentary inpact conponents
are only violated (upwards or downwards according to the type of systen)
with a probability (1tPheleatiremiicnlppotpdridryx sHmgkinenps>ph {sype 1)
or Prob [ ITh_(X_ .T). (r)y >M]_3Bh (t . and,to re ver: tj -
reaction Ioos(s( GSrJF?Sal)sn Eﬁigeslpbrloeducg#qgn%'zznolnz%lro gau ogrlg{’?%go S)Of- t’ﬁ% | evel
for the indushdualt rdelli aictpigsranpheamétyrt oy)he xt ergultinal invarvabl e
value (rmax) or (rmn) while maintainin t he abovenenti oned estinmator for
the effect VAR (plimther pndystdel | UGS HAtE a i T TetPha?Hi | eve

M that 30 is, for eacr%hiend\?ﬁ(])dl%s \I\/ﬁ]ﬁ'?%gghﬁ;r)ur{cfé%iq{ élfﬂégé%ﬁok@ (Lype 1)

or VakRh (ph, T) (rmax or rmmn to render e production
| evel F(r) extamermlke,while neverthel ess conpatible with respect to the
abovenentioned regulatory condition that the harmbe controlled such that
Prob [ Ih (X T) (r) <M¥Sphstsassed ofi, 6 Pridhr [ 1H§ X, AFOERFELNA] >ph
(type 2), thig§RAGESS Qﬁ additionally specifically of a type capable of
el ectronical 'y pérform ng’’dan abovenenti oned sanpling of the "Monte-Carlo"
type, whose the gl obalthaiberraefsrtiaryden dasficiehtend {0 do

10 - the elementary components In(X,T) (r),
- the production subflows Fi,j,x(r),
- The production flow F(r),
- to electronically generate, always for a time
horizon T, and as a function of the possible values for
15 the industrial impact parameter (r) - the action loop
(5) for production control automation (3) - the
multivariable estimator for maximal impact (p) =
(p1,..,pv), defined as a vector VaR(p,T) (r) of the
limits VaRy (pr,T) (r) such that the abovementioned
20 elementary impact components are only violated (upwards
or downwards according to the type of system) with a
probability (l-pn), that is Probl[I,(X,T) (r)<Mp]>pn (type
1) or ProblIn(X,T) (r)>My]>pn (type 2),
- and to regulate over time - reaction loop (6)
25 in the production control automation (3) - the level
for the industrial action parameter (r) to the extremal
multivariable value (rpax) ©Or (Inin) while maintaining
the abovementioned estimator for the effect VaR(p,T) (r)
on the right side of its authorized harm level M, that
30 is, for each index h, VaR,(pn,T) (rpmax OrX ZInin) < My (type
1) or VaRy(pn,T) (Lmax Or Imin) > My (type 2), to render



10 this, proceeds generally in the follow ng fashion: to make a choice
(validated by adequate «classical statistical tests) of a sinultaneous
behavi our nodel for each of the uncertain production subfactors (it can
be, in particular, normal, |og 15 normegsor nore generally or nore
generally, a distribution of |evels of uncertain production subfactors
(Xi) justified by observations of historical data for this uncertain
value), then, less critically, (with the goal of 20 accelerating the
control loop, and thus to inprove the performance and reliability of the

control aut ofBEi BFOPLiasy kesthii higrt nextraBahor FRAA ST RE IS SR an

anal ysis by e%ﬁp‘ait%'lecomfi?& nts LAERLOf the didifeer enti o st fkd
subfactors, that is to consider the relations 25 which are expressed by the
behavi our of rebedetonyerdcaidi t jmmodults t onhsulifaant ope €Xinkrad ledf useth on of

common uncertain factors, . in nden ctors anpng them . which, in the
formof an uﬁbéFtain ﬁﬁﬁ%&%b(gﬁﬁﬁﬂfgéﬁ@ng% factgfyg%r thelﬁroduct?%n
envi ronment e¥hp3q, wx( ¥¥(rY2myi>p, YEype Where the (Yg) are called the

i ndexed 66 common uncertain subfactors of production, with, in ener al ,

G<<N, after that, t&i&rtpPrgceremis pacdisiongd lyabsperehirandd behavd our
del | f | 5 t aj oy b (K th
noael 1 er Ort% & Vardagslé%(]\? Unger aéfeBgQQHgEéﬁ?Tgf?agpﬁgf&gfmg?) afyd the

di stribution raneters 1) for the ndexed unc u
el ect r oni cal kporenentiocheaccandipignigo tife thent e*Mcartes-Gextlhgt: wEypéer a

ggmz)er _ Z >C<)fZ %%g%%%ﬁ%ﬂ%g%ﬁ%&f ofl(%:atnrc]ieomSt rtaﬁ':slsv(:icst Qi,’ e>§12d :écquclb’
10 this, proceeds generally in the following fashion:

- to make a choice (validated by adequate
classical statistical tests) of a simultaneous
behaviour model for each of the uncertain production
subfactors (it can be, in particular, normal, log-

15 normal or more generally or more (denerally, a
distribution of levels of uncertain  production
subfactors (X;) justified by observations of historical
data for this uncertain value),

- then, less critically, (with the goal of

20 accelerating the control loop, and thus to improve the
performance and reliability of the contrecl automation
(3), by reducing the time horizon T) to perform an
analysis by principal components (ACP) of the different
uncertain subfactors, that is to consider the relations

25 which are expressed by the behaviour of these uncertain
production subfactors (Xi) as a function of common
uncertain factors, independent factors among them,
which, in the form of an uncertain indexed
multivariable factor for the production environment (Y)

30 = (Y+,Y2,..,Y:), where the (Y;) are called the indexed



possi bl e val ues of the abovenentioned uncertain production subfactors
(Xi), [this electronic construction is perforned starting fromthe
paranmeters that describe each of the abovenentioned uncertain sub 15
factors Xi taken individually, but alsoggtarting from the correlations
linking themto each other, especially according to the known

deconposi tion nethods by Chol esky and the "singular values"], or, when the
ACP is used, a nunber of pseudo- 20 random values Z giving the index state
Yz = (Yz,1,Yz,2,...Y2,Q, z=1,...,Z , the possible values of the

abovenent i onedmuonmowneeterini reuHBsE Prodedt | BHodsgbiasror ¥1tkg) , 1 hen

el ectronical Ly _det rnkge for each pseudo-random sanple of the
abovenentiongén$53§0r, fy7the i ndex state Yz, the value corresponding to an

uncertain nultivariabl grtagt oenb%7) sStbh¥EihgXZfZom. . aXZpdt ascorgheg to
the coefficients fromthe analysis of principal conponents, to

el ect r oni cal epovenenfiigacdf oo sdmeh Preudirdableandbfrsaii®e of2¥heus
abovenentd on Lfic viect or as a f tio t
abovenenf%onggcég%gébion%%g%ﬁﬁ%&é§ﬁ(r)%g?ﬁgeﬁgggl cé%?ZspoEﬁ?%g Pgh?he

mul tivari abl disndiubtitiiah ipgasteteact orY]) (kor Thér lindaxed| enteonital |y
organi ze and bring together Lhejéﬁ{esults, and for each of the egenentary
i npact 5 coNpoHERrs 8T RGN cafPYStAREE | nPGCREEGRH 9 eRBR val ue

V whi ch can gifeetchhe camperent 1h the nunber Zh(V) of the abovenentioned
el ectronic sanples for which this inpact conmponent Ih (Xz, T) (r) violates
(upwar ds or downwar ds, edéperdiangunbenhet ke peeuthverandom samples of

10 the state vector, X =(Xz,1, Sz,2,w,Xz,8) 2= 1,.,2Z for the
possible values of the abovementioned wuncertain
production subfactors (Xi) ., [this electronic
construction is performed starting from the parameters
that describe each of the abovementioned uncertain sub-

15 factors X; taken individually, but also starting from
the correlations linking them to each other, especially
according to the known decomposition methods by
Cholesky and the “singular values”],

- or, when the ACP is used, a number of pseudo-

20 random values Z giving the 1index state y. =
(V2,1/Yz,2sYz,6) » 2=1,..,Z2 , the possible values of the
abovementioned common uncertain index production
subfactors (Y;), then electronically determine, for
each pseudo-random sample of the abovementioned vector,

25 the index state y,, the value corresponding tb an
uncertain multivariable factor (Xz) =(Xz,1,Xz,270rXz,N)
according to the coefficients from the analysis of
principal components,

- to electronically determine, for each pseudo-

30 random sample of the abovementioned specific state

vector x,, and as a function of the abovementioned



10 control systemof type 1 or 2) the value V and thus to electronically
cal cul ate the pseudo-probability p'h(V) Zh(V)/Z of violating the value V
for the abovenentioned inpact conponent Ih, to electronically deduce from
that the 15 variations of VaRh (ph, T)efr) for an inposed ph, and this as
a function of the abovenentioned action parameter (r) [defined by Pr [Ih
(X, T) (r) > (or <) VaRh] = (1-ph) ] , to determ ne the extrenal

mul tivalue, [rmax] or [rmn] according to the type of system for which

the 20 nultivariable estimtor VaR (p, T) ) is exactly the requl atory
val ue M and B6tdp8ciRF e YR had)(ddr, tﬂ%aleﬁégc&%r{%ﬁwgg/otact ors or

SErvo 1ot or Sy, e va346iaR RduaRE A0r intd dchive dievel 1 pegshbl y mul tiple),
t he abovenenti oned process having been 25 characterised in that, to

el ectroni cal ly gererat ed led ectlrendniadrly iomgacii z=orpehdénting tdgehdy (r)
correspondin to the each sanp]e_of the uncertain quantity x2, we

el ectroni cal Igf?ede% eFﬁFHgtFOr aé’éjchf‘b’%eGGSD.r &rﬁoﬁ?%aﬁ%ﬁ@.en%¥tyhémpacF
abovenents onedrpRentadl NI e i ¥aekbabbaitdl)ly auke30ihbbs adodrftungston of
the industrial action paraneter_ (r), the |level of aggregated stress W,j, |
for each of €68chhevatvducli vBishbsyat emf fSict byea ¢oftRRANEe rfet hERE (11),

starting at firs ep.E1l d i Q S I s%&mf t hat

is to say thépslbsetrar%’l (3}8 f?%mt?%e %’lﬁx&rﬁ%%b&% ﬁé{e%garso;?}?,tg the Tevel of

t he abovenentficanedhiskl fthisd r dapadt, | Caxmponéot ebotx,of) (e subsystess S1, |

at step E1 of the of the .industrial production, a determ ne, only for
h

WE.
the step unddPPYeEAS (¥ afPHRWAESS:  AEPEBARNG: IV SRATIET (¥S) 01 edch of
10 control system of type 1 or 2) the value V and thus to

electronically calculate the pseudo-probability p’s(V)
=  Zn(V)/Z of violating the value Vv for the
abovementioned impact component I,
- to electronically deduce from thaﬁ the
15 variations of VaRy(pn,T) (r) for an imposed ph, and this
as a function of the abovementioned action parameter
(r) [defined by Pr{In(X,T) (r)> (or<) VaRy]l = (l-pml,
- to determine the extremal multivalue, [Ipax]
or [rmin] according to the type of system, for which the
20 multivariable estimator VaR(p,T) (r) 1is exactly the
regulatory value M and to specifically adjust, by a
process using servo actuators or servo motors, the
action variable (r) to this level, (possibly multiple),
the abovementioned process having been
25 characterised in that, to electronically generate the
elementary impact components Ip(x,,T)(r) corresponding
to the each sample of the uncertain quantity x;, we
electronically determine for each pseudo-random sample
of the abovementioned uncertain multivariable (x.), and
30 this as a function of the industrial action parameter

(r), the level of aggregated stress W.;j,; for each of



10 the subsystens S1,j] with the aggregated stress W, 1,j, b) then, we

el ectronically performa pseudo- random production of the abovenenti oned
transm ssion coefficient dz,1,j for each of the productive subsystens

S1,j at the step El1, using the abovenenggoned 15 probability distribution
for the elenentary failures, Prl1,j (xz, T, r, W,1,j,al,j) for the

producti ve subsystens sl,j, that is, we electronically generate a pseudo-
random nunber uz,1,j in the interval [0,1], and we eI ectroni caIIy apply it
to the inverse distribution 20 function Pl,j (xz,T,r % (uz,1,j)
giving the BPEhaBTPHEGLEYE ol HRSHSHSNT aiSk uir ebfPr B 1(15?uc’FereV\tm‘?L pod1, )
for the prod tlve asur v

abovenent i ong selsﬁggt%?ie?e%%né xfz f%t V@te%ghélofaen%e su s@éstﬁe){)rvééggsk at

25 step E2 f ahet Rastnadusir iFal phadua:sl bn, sdy whagl:ectronically eval uate t he
abovenenti oned aggregat ed stress for each_ subsystem S2, k at steg usi ng

the formula: W, 27k = VEREIS) Hrep (he, LIrst =s8ePwkik (M&)Me3s9Fewp, 1, |
(xz) * d251, jne G ydy oﬁeﬁc%e abé@é@éﬁti@ﬁé& ORRI1g 0§‘§ré§sth H@Jg)d) for

each step until we get t aggregated stress W, mj for the p tive
subsyst ens Srfpjr aEtacrhte}f Frhe antbsyes tauucs, § het nstep vEr | &bl ene n@lﬁlstheal 5

i npact | (x,, | i nke othe sanple with index z; in such a manner
that for eacFr I%lr?tt lé:}rléfo Rrphi ch constitutes a multivariable

environnmental factor xé an@et@ﬁnm;tednmyansfmsy ohecoeftfdici eahded, , j , j :
we nmeasure the industrial inpact variable |
consideration, E;, the self stress W;,;(xz) for each of
10 the subsystems S;,; with the aggregated stress W, gi,j,

b) then, we electronically perform a pseudo-
random production of the abovementioned transmission
coefficient d,,;,; for each of the productive subsystems
S;,; at the step Ej, using the abovementioned

15 probability distribution for the elementary failures,
Pry,5(%,,T,r,W;,1,5,a1,54) for the productive subsystems
sl,j, that 1is, we electronically generate a pseudo-
random number uz,1,3j in the interval [0,1], and we
electronically apply it to the inverse distribution

20 function D;,i(%xz,T,r,Wz,1,5,a1,5) (Uz,1,5) giving the
probability of elementary failure Pri,;(X;,T,r,Wz,1,5,4d1,5)
for the productive subsystems S5j,;5,

c) we measure the level of the abovementioned
self stress W, x(x;) for each of the subsystems S,x at

25 step E; for the industrial production,

d) we electronically evaluate the abovementioned
aggregated stress for each subsystem S, at step E;
using the formula:

Wz,2,k = W2,k(Sz) + 25 W’ z,2,5,k

30 Wo,k (Xz) + &5 Wz,1,5(Xz) * dz,1,7 * Q2,5,ks



10 whil e keeping track of the chained stress cascade WZ, I, ] at each
production step and of the uncertain character of the transm ssion

coefficients d,,i,j, fromthis we obtain a nore precise neasurenent of
the probability of violating a |level 1Bogiven by the supplied value V by
the inmpact I(r) and thus, of the maximal inpact VaR (p, T) (r) , in such a

manner that the effective violation frequencies for the authorized limts
for the elenmentary conponents of the 20 inpact, Ih, are closer to the
target values, (1 ph) /T, this allows a reduction of the industrial safety
margi ns to be applied ae tlﬁeeﬁaetﬁ stherice drazdtins afll, thisougls ok eflaence,

i ncreases th%ﬂgﬁxgggcan % Ige %%‘@H%() ##é&aﬁgﬁpgfi a4 We, 9 ¥ hsP

regul ati ons, hanks i '$°Ccon adro

process, a muhe @hbdncﬁﬁvqnsnhxysuymsxﬂm;cdt syt ep, 2) Process according
to the claim1, regulatin a multistep and multilinked industrial
production flow 30 F, &i%i H§ tdIpte mthe tRidtpragiebilen Fndwsrriay acting

on an i ndyst iplacict) N BAIHEN Snkeh cBhthe HBRLSL! 18 £0 gndindust T al

i npact varia resu uncertain stress chain at f€rent
producti on steps, jjthﬁuﬂbowemnmmennedaprdoedwaedxﬂdn;aﬁﬁﬂfmmesaﬁpﬁe

addltlonally y hat we el ectronica that the 5 transm ssion
coefficients" C?“??ﬁtQWﬁﬁp?oHHEngéng gg§y§?@ﬁ§?§mﬁn E%ﬂ%?rmhen

the aggregat ed shhessie Whiktkd $rhakagssisnd cWRrese itkhe o agts that: for any
threshold value < 1, we electronically fix the probablllty 1aw

- we measure the industrial impact variable I

10 while keeping track of the chained stress cascade W,,;,5
at each production step and of the uncertain character
of the transmission coefficients d,,;,;,

- from this we obtain a more precise
measurement of the probability of wviolating a level

15 given by the supplied value V by the impact I(r) and
thus, of the maximal impact VaR(p,T) (r),

in such a manner that

- the effective violation frequencies for the
authorized limits for the elementary components of the

20 impact, Ip, are closer to the target values, (I-pn)/T,

- this allows a reduction of the industrial
safety margins to be applied at the resistance level VN,
and, as a consequence, increases the production flow
F(r) while still respecting the given regulations,

25 - we can build, thanks to this control and
automation process, a more efficient production control
system.

2) Process according to the claim 1, regulating
a multistep and multilinked industrial production flow

30 F, aiming to optimize this production flow F, by acting

on an industrial action parameter (r), while mastering



10 Pri,j (xz, T, r, W,i,j,ai,j) [dz,],j>d] such that it increases wth

the aggregated stress W, 1,j, and/or we electronically fix the paraneters
for the description of the inverse distribution function

O,j(x,, T,rfwe,j,j,al,j) (u,,i,j) in sugh a manner 15 that it becones an

i ncreasing function of the paranmeter W,i,j, all other paraneters and
vari ables, including wuz,i,j, remaining fixed, such that: at each

production step, we induce a larger 20 transm ssion probability for a
given proportion of stresses, towards the next step, we take into account
the fact thafl i dndwstiddlori iyractcagagiabie i nkreisedltiadsniissi on

coef 1 ci ent s okl BRRCA. PIECT SRLY AN ADPESTLESS did Rt eliB0C e YL | NG
with it a sensitive increase in the average Tevel “of stréss transmitted to
t he next highte sabpyemsdtiased copseqaduce, theinal uecldrddieexgl obdl |y

i nduced effect, ,such at: 30 we correct one of the shortconings of
cl assi cal coﬁ9P6F1§9§hgﬁSPXMﬁQﬂFtWenSieEEFﬁﬁlFﬁ&§Y7fmﬁﬂﬁﬁ ariye

process, riRgadsAHSRilbe0 | SRl uad On gof .thegpunigle ofp cagescbiere the
industrial inpact variable violates the autHorised Iimt M and we avoid

one of the shobsysitengs 6f,; el hégheal woenr dhesysggnegahedh,styedsder to
respect induystrial_ norns, tend,to use q@ %a safety margins, and

rger ¢
thus to redul&ithe SHrodut Torr g ol ﬁelﬂ-r ced%ﬁ;tgsa%}&%Fdi ng to the patent
claim1, regulation offog Mmilddy st ephibkhbihli nkeghiydustei al 1, we

electronically fix the probability law
10 Pri,j(Xz,T,r,Wz,i,5,41i,3) [dz,1,7>d] such that it increases
with the aggregated stress W,,g,j,

- and/or we electronically fix the parameters
for the description of the inverse distribution
function @;,;(%x;,T,r,Wz,1,5,2i,5) (Uz,i,57) 1n such a manner

15 that it becomes an increasing function of the parameter
Wz,1,5» all other parameters and variables, including
Ugz,i,j, remaining fixed,

such that:

- at each production step, we induce a larger

20 transmission probability for a given proportion of
stresses, towards the next step,

- we take into account the fact that, in the
majority of cases, the increased transmission
coefficients will appear precisely when the stress 1is

25 large, pulling with it a sensitive increase in the
average level of stress transmitted to the next higher
step, and, as a consequence, the wvalue of the globally
induced effect,

such that:

30 - we correct one of the shortcomings of

classical control systems, which by not using this



10 production flow F, aimng to optim se the production flow F, by acting
on an industrial action paraneter (r), while nmastering an industri al

inmpact | resulting fromthe uncertain chained stress at different
production stages, this regulatory procegs being 15 specifically applicable
to a production of chained diversified stress, that is a production where
the productive subsystens Si,j have independent size and reliability
characteristics, that is to say that certain productive 20 subsystens Si, ]
can be of small size, in terms of subflowas well as in terns of their
"'self" tre§§mph&mﬂﬂiﬁﬁﬁ|Eﬁﬂ%?%ﬁr @ﬁﬂﬁgséamBCht&ﬂp|¥9Wcﬁ%%§u%ﬁé?9

transm ssi on e Ci h r res he; or der
o¥0 Ehé rﬁ,ﬂﬁs%% oft NE;889" ﬁﬁ?éxf)‘ég heeS$nflist£2al u%'@rb

of magnitude as their stress w on aver age, ei ng
such that a Wangaﬁwm’g:dl%stﬁia&utmmm@mum Nt al nbst certain
failure while other productive subsystens Si,j have 30 the reverse
property, that is-to sé@cbzwﬁhePyoﬁpodBE?lv@fsuﬁ??omﬁh%fﬁc?ﬂé?gﬁs Af gh as

their "sedf"” 9LIRISa1 NEHALES BN RN mférfu Cii@nt o hasr a i he spuet age,
but it is relatively stable, even when the 5 aggregated stress is |large, -

t he aboverrentur@m@dtrpﬁdcedlmS)el fgndhdractumd satcdi taopet | ysdyethat ve
oL ectrontcal Liedis IR LLCS Shell e Ao Lpey orm which
coefficient: 3) Procedure according to the patent claim 1,
regulation of a multi-step multi-linked industrial
10 production flow F, aiming to optimise the production
flow F, by acting on an industrial action parameter
(r), while mastering an industrial impact I resulting
from the uncertain chained stress at different
production stages, this regulatory process being
15 specifically applicable to a production of chained
diversified stress, that 1is a production where the
productive subsystems S;,; have independent size and
reliability characteristics,
- that 1is to say that certain productive
20 subsystems S;,; can be of small size, in terms of
subflow as well as in terms of their “self” stress,
being
- reliable at their scale, that is to say their
transmission coefficients for the aggregated stress of
25 the same order of magnitude as their “self” stress will
be small on average,
- but being such that a large aggregated stress
can bring with it almost certain failure
- while other productive subsystems S;,; have

30 the reverse property, that is to say



we electronically link the first conponent of the confidence coefficient

ai.] to the size of the productive subsystem Si,j, and we electronically
link the second 15 conponent of the confidence coefficient to the
reliability of the subsystemSi,j relatyye to its size, in such a way that

we obtain a nore reliable and precise estimate of the reality of the

chai ned production 20 failures, which allows a reduction of the safety
mar gi ns, and, as a consequence, an increase in the production flow F(r).
4) Process according to patent claiml, regulation of a nulti-step

mul ti-linked industrialtheds produstiiore fSubdlowsigtiagust optimisle ane
producti on fkgg.g,“%%l%gtgqge%% an industrial action paraneter (r), while
mastering an i'nadst rral i mpact 1" resulting froman uncertain stress chain
in different producti onhedtrepsrahbimd sedohr obopfddesenics appl i aabhegh

specifically 30 to production where the nultivarjable environnmental
producti on f&¥€ERIR i sP¥hibjidct 18wkt &k iRy ?§a538bab‘?‘f"?@y,‘”h€6‘ | Bhge

unpr edi ctabl g ppweIRRALS st s gROVETRAY i oned procedure being additionally
characterised™by that (to electronicdlly performthe abovenentioned

sanpling of the state d&heprodusbpyrmbytiaocbegseudoprandduraet hodoeing
"Mont e- Carl 0"

Ljont e Car | o SR 1S s MRS 6 AU ate L5, £ e, pLocGeC
characterisegigs f1od | ewsfiventekece £t tend val i;dalredthy adeguakieichO
cl assical tests) of instantaneous behavi our nodéels for
possesses at least two independent components for the
10 transmission coefficient:

- we electronically link the first component of
the confidence coefficient aj; to the size of the
productive subsystem Sj,;,

- and we electronically 1link the second

15 component o©of the confidence <coefficient to the
reliability of the subsystem S;,; relative to its size,
in such a way that

- we obtain a more reliable and ©precise
estimate of the reality of the chained production

20 failures, which allows a reduction of the safety
margins, and, as a consequence, an increase in the
production flow F(r).
4) Process according to patent claim 1,
regulation of a multi-step multi-linked industrial
25 production flow F, aiming to optimise the production
flow F, by acting on an industrial action parameter
(r), while mastering an industrial impact I resulting
from an uncertain stress chain in different production
steps, this control process is applicable specifically
30 to production where the multivariable environmental

production factor X is subject, with a small



the different uncertain production subfactors (Xi), (they can be for
exanple a normal distribution, log- normal, or nore generally, a
distribution of levels of wuncertain production subfactors (Xi) justified
by 15 observations of historical data feg these uncertain values), to

whi ch a standard probability P. of occurrence is attributed and for which
we generate ZS standard pseudo-random sanples of the state vector x5 =
(x5,1, x5,2,..., Xz,N) [for z =1,..., Z5 possible values of 20 the
abovenenti oned common uncertain subfactors indexed to production (X1) ]
and we appl y probeddd idly it hdse Aarge cammkdiciniarel Jeepeeentsa wehght
cal | ed standay, R we e oi ce or s |l ed
25 "catastropqﬁyégaﬂﬁﬁaég?'\Mt[?ﬁ%%ééﬁ%ﬁﬂ ungé?ﬁgfn pro%ﬁ%?#%ﬁg%ggtors
(X1) ; indeedHahracudrfiansd i g afhatcat@st rephitcraiicml 1 pnpefrfammhthé t he
characteristic averages and deviations are defined - either in the

absol ute 74 GPWRFIEAEANGTY SIRHOE R ddteritd i@ ChrPrafuctipht P¥na

obt ai ned %rorp Mz R trﬂ%tll?bét Qf Clon { & hooNYRLCH MR APPLYean
occurrence probability 5 P. (or a set of probabilities (pci,...,Pcn) if
there are sewaalr cof asamad@hi draeenasi @3) wandfazeahi eheokropiesitynical ly
generate Zc pseudo-random anp%es for _the.ipdex vector Xz = h

(xz, 1.x2, 2, . BSNHE (@ [ goUBINRCIsy (1of * BLRPRFY \aies FoFephEophes
abovenent i onethGaERYY ifsdd s £ Tfst he uncertain producti on subfactors
(X1)] (or the sub-series conposed of Zcl,...Zcn, sanpl es% and we agpl y to
each of the Zc, calledwsst &ifdef d Sarfhrei®e alVelyfated Dby adequate

10 classical tests) of instantaneous behaviour models for

the different wuncertain production subfactors (Xi),
(they can be for example a normal distribution, log-
normal, or more generally, a distribution of levels of
uncertain production subfactors (X;) Jjustified by
15 observations of historical data for these uncertain
values), to which a standard ©probability Ps of
occurrence 1is attributed and for which we generate Zg
standard pseudo-random samples of the state vector x, =
(Xz,1, Xz,2,w, Xz,n) [for z = 1,..,2s possible values of
20 the abovementioned common uncertain subfactors indexed
to production (X;)], and we apply to each of these Z; -
called standard samples - a weight called standard, ms
= Pg/Zs,
- we make a choice of one or several so called
25 “catastrophic scenarios” with different uncertain
production factors (X;); indeed the subfamilies of
catastrophic situations from which the characteristic
averages and deviations are defined

- either in the absolute



call ed catastrophic, ne = Pc/Zc (or weights ncli...,ncn) : - we
electronically determne for each of the Z 15 = Zp + Zcl + ... Zcn)
pseudo-random sanpl es of the abovenentioned specific state vector xZ, and
as a function of the abovenentioned actpyon paraneter (r), the |evel
corresponding to the nultivariable industrial inpact vector | (xz, T) (r),
20 - we electronically reorganise and bring together the Z results, and,
for each elenentary inpact conponent Ih we calculate for each value V

whi ch can reach the conponent Ih, the weight Zph(V) of the abovenentioned
sanpl es [sum of the weiayht byof refeerergr ol c th&nprharpeterpisghcsheot

abovenenti on i .. CO h , T r).vj ol at (t . t oo
hi gh, depen?ﬁ&fﬁﬁ&%ﬂéﬁher g%gﬁﬁéthﬁmﬁQQ%&gfﬁ%o%§2%$§3 @gﬁtggéﬁé%) t he
val ue V nul t ifeldoadi, by the associated weights M or M)] and then we

el ectronically calculate 30 the pseudo-probabilit ‘h(V)/Zph of _ violating
the value V by this iffactRteipdfePRYY aps q%é%l%f}?ea RF2REPLat tY ashi on

fromthiss we dedyce, ekget ro@iﬁ%wbibfty@éieryp,ns, f) VaRh dhdve Tarér) for
the i nmposed value of Ph, this a function of he "abovement i oned acti on

vari abl e 5 (m©everadef igrtedyrephic¢h $xenayies) >apdr HorwaRmhick (4e Ph) |

, - we determ,ne_ the .extremal nulti-value (rmx) or (rmn) depending on the
type of systg&ﬁcﬁquﬁﬁqéﬁdfhgenﬁEPFFvaFﬁegggggpngﬁgp aRS%Bpﬁgf (%?gtakes
exactly the tHe valdex abbewed by r=egutaljan,,.orxof) preakager M, anghue

adj ust by a servo activator or servo notor the value of the action

par amet er (rPOtSé"ltbF]ies Yalegs for the abovementioned common factors

10 for the uncertain production subfactors (X;)] (or the
sub-series composed of Zcl,..Zcn samples) and we apply
to each of the Z., called “standard samples”, a weight,
called catastrophic, m; = P./Z. (or weights mci,..,Mcp) ¢

- we electronically determine for each of the Z

15 = Zp + Zeg + .. Zen) pseudo-random samples of the
abovementioned specific state vector x;, and as a
function of the abovementioned action parameter (r),
the level corresponding to the multivariable industrial
impact vector I(x.,T)(r),

20 - we electronically reorganise and bring
together the Z results, and, for each elementary impact
component I, we calculate for each value V which can
reach the component I,, the weight Zp(V}) of the
abovementioned samples [sum of the weights of

25 electronic samples for which the abovementioned impact
component In(x.,T)(r) violates (too low or too high,
depending on whether production of type 1 or 2 is
controlled) the wvalue V multiplied by the associated
weights M; or M.)] and then we electronically calculate

30 the pseudo-probability p’a(V)/Zpn of violating the value

V by this impact component I,



possi bly nmultivariable; such that 15 - we correct the bias observed between
the actual probability distribution of the uncertain values (X 1,...,XN)
and those of the values taken during the historical recording of the data,
if certain events (with grave consequenggs 20 and whose probabilities
cannot be considered negligible) do not in fact happen during the period
when the historical record was made, we neverthel ess inpose on the control
automation to take theminto account, 25 - if, by a conpensatory
phenonenon, the sinulation of a definite event did not any inportant
i ndustrial inpact thefanks tto alleessiqall fiasdi ¥ the sub- family of events,
we will neverthel ess a%ﬂwﬁﬁ 'E&sfor&gitagauggnp%nggéghiég¥&§eephéhe r eal
risk linked 30 to this catastrophe.

variations of VaRn(pn,T) (r) for the imposed value of pj,

this a function of the abovementioned action variable
5 (r), [defined by Pr[Iy(X,T)(r) > (or <) VaR,] = (1-
bn) 1,

- we determine the extremal multi-value (Tpax)
or (rpin) depending on the type of system, for which the
multivalued estimator VaR(p,T) (r) takes exactly the

10 value éllowed by regulation, or of breakage M, and

- we adjust by a servo activator or servo motor
the value of the action parameter (r) to this level,
possibly multivariable;

such that

15 - we correct the bias observed between the
actual probability distribution of the uncertain values
(X1,..,Xy) and those of the wvalues taken during the
historical recording of the data,

- if certain events (with grave consequences

20 and whose probabilities cannot be considered
negligible) do not in fact happen during the period
when the historical record was made, we nevertheless
impose on the control automation to take them into

account,

25 - if, by a compensatory phenomenon, the
simulation of a definite event did not any important
industrial impact, thanks to the simulation of the sub-
family of events, we will nevertheless avoid this
fortuitous compensation, and keep the real risk linked

30 to this catastrophe.



