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Abstract

The control and trackingf defects insteelcoils is a key problem for ArcelorMittalThe reason is that
rejected coils resulain important economic impact due to the tiamgl resourcesnvested to manufactuia
coil. Thus themain objectives are to determine fencipal process variables thare corréated tothese
defects and to detect future defective coils while they are still in production in the Hot Strip Fiti)ity
which plays a key role in the steel production proaass where many of the defects arise

The three maininterest parameter® quantify the quality of thecoil and the existence of possible
defects arethicknesswidth and fatnessthe last onebeing thehardest to predicasit is a continuously
varying parameterArcelorMittal has a sensor system able to meaflatness defectby means of several
indices in realtime (time series)

Therefore,it would bea huge benefit tdeveloponline algorithmscapable oimodeling the flatness of
the coils according to other measured process variables and also totliketeanomalies that these times
series representing the flatness aetated t¢ both for predictive maintenance purposes as for the
improvement/optimization of the production systems.

687691 Page2 of 76



Deliverable D2.1 PROTEUS

Executive summary

In the steelmaking industry, the lifeycle of steel is long:rbm the raw material extractiot the
manufacturingof final products, such as screws, cans and vehiskegeral weeks capassin between
Neverthelessthe detection of defecis earlystages of the process$ steel productions a key point as they
have a great economic impact due to the costgraducingposterior transformationfom the defective
producs which will not servefor their purposs (will be finally rejected) Thus, tre soonethe defects are
detected, the so@r the process can be modified/stoppedrder to save these expenses

A key phase of the steel production is performed in the Hot Stripa¥dlthis facility will be essential
to carry on the early detection of defecihie Hot Strip Mill is a facility where steel is transformed from
slabs to coils after heatirand rolling the materialthrough rolls at high pressure and temperatuwigle
keepinga controlled tensiorover the materialand finally cooling by using water showers in a continuous
process. A processes are monitored using feale sensors that produce extremely large and diverse
structured and unstructured data streams

There are three main parameters to take into account regarding the final product. A key benefit for
industrialmanagers wald be the prediction ahickness width and fatness measuremeat the coils The
later one is the hardest predictdue to itsvariability. ArcelorMittal hasdeveloped @&ensorsystemcapable
to detect a defect on a coil andassignseveraindicesmeasuring the degree of flatness of the cails.

It would be beneficiato implement an early defect detection system able to predict the distribution of
the defects over the coil and also their severity, as not all the defects piyl flhat the coil has to be
rejected.This is the purpose of PROTEUMoreover, apart from the early detection, it seems important to
identify which variables are relevant for the appearance of flatieéssts

To predict the flathess measureménis necessary to deal with a continuous learning process as steel
composition variesvith time, and so does its mechanidahavior Another problem that should leckled
is thelack of data due to sensor malfuncticio address these challengasw scéable online machine
learning techniquesave to be firstly defined, secondly implemented and thiv@ljdated in an actual
industrial scenaridike the one in ArcelorMittal Visualization methods for understanding the process are
also essential By relying onvisual interactive interfaces better perception of the data and the analysis
outcome will beobtained

A clearly identified gap in the process executethaHot Strip Mill is to use processeaffline data and
quality parameters to understanidetimpact of different process parameters on dimensional defects.
However, me of the main contributions of PROTEUS is to develop innovative data analytics algorithms for
massive online dataThese will help signal defectdetectionin realtime, while cois are still under
production. By using appropriate massive online analysis techniques for mining the Big Data streams
generated during the process, it is expectetthieve a reduction of defeaticoils andrejected material.
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1 Description of the Hot Strip Mill process

Steel coilsare produced at the H8trip Mill. In the HotStrip Mill slabs coming from the continuous casting
facility are transforme into coils with an established width and thickness. In Figure 1 the general shape of
the Hot Strip Mill can be appreciatedt is divided in four different zones: the preheating furnace, the
breakingdown zone, the finishing zone and, finally, thding zone.

COILER

COOLING ZONE

FINISHING ROLLING MILL

2 S A'. 2
LS i e
=4 N '
PUSHING MACHINES < BREAKING-DOWN MILL )X - Ok«
. ol SHEAR
EDGE PLANER >
o :
-. . +, THERMALCOVERING
. -
N
S

PREHEATING FURNACE

CONVEYOR

Figure 1. HotStrip Mill

First of all, and in order to perform the hot rolling, the temperature of the slab must be higher than the
recrystallization temperature of the steel. This means that it is necessary to rehedt dvsal200 °C.

This heating is performed in the preheating furnace (see Figure 2), which is a continuous furrsdiosvthat
operatiorwithout any interruption between slabs

Figure 2. Preheating furnace

Once the gb is hot enough, it goes to the brealdlogvn zone. This breakirdown zone has two main
parts:

A The roughing scale breaker where the scale from the slab is broken and removed.
A The rolling stand where the slab is rolled to obtain an intermediate h@tteen the slab and the
final coil.
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Figure 3. Breakinglown mill

After the breakingdown zonethe plate enters in the finishing zone. Here the plate suffers two different
treatnents. First, the cropping of the plate is perforrmed c or di ng t o t h eancctheinthent s 6
plate is rolled to reduce its thickness to the final desired value.

The rolling processnvolves metatto-metal contact. The objective isatha metal, the material to roll,
deforms plastically, while the other (the rolling cylinders), deform elastically. If achieved, the material will
reduce its thickness permanently and the roll cylinders (though deformed) will réoeivehapedn order to

be used inaterprocesses.

The cylinders, while rolling and being in contact with the material, will flatten in the contact zone. Once the
material has passed by, the cylinder gets liberated from the pressure and recoveigatssbhdpe. This is
the reasoifior the importance of the elastic properties of cylinders.

The metal, while deforming in the rolling process, hardens due to the changes applied to its crystalline
structure, obtaining a plastically deformed and hardeoed. If we were to measure the yield point after the
plastic deformation of the material in the rolling process, we would see how it increases by three or four
times.

The metal hardens gradually with each pass by the cylinders. This fact desghmindling strengths that
we must apply in orddp ensurehat the processed material is flat and its thickness is the regaited

The friction produced by the rolling forces is greater on the width of the material, which avoids the widening
and forces ito grow in length

Once the plates arelled, the/ enter irio a cooling zone where the temperature is redutkd.coolingis a
pre-programmed cooling curve by using water showers in a continuous prébaseeduction sets the plate
temperature to theptimal temperature for the coiling process. This final temperature takes an important role
in the coiling zonas for example, a incorrecttemperature masesult ina coil breaking.

Finally, the plate enteiigto the coiler which transformsit into the final coil. Figure 4 shows the structure of
a coiler.
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PINCH-ROLL —_

ENTRY GUIDE _

EXTRACTOR

Figure 4 Coiler

To sum up, thisectionserves as a presetiten of the Hot Strip Mill, the facility where the datdll be
collected.Thus,we can finda globalsummay displayingthetransitionstageof the coil from the initial
moment when it is a hot slaimtil the point when it becomes a rolled c@ihe differenttasks carried on in
each zonareexplained specifyingtherequirements that are neededamezones (asninimum
temperaturé¢o roll the slab)

Once the working scenario is presented, the ¢orting sections are devoted itdroduce the problem
statement, the goals to be achieved and the description mbiheataets related to the production of coils
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2 Problem statement

All the described bt Strip Mill parts have multiple parameters that affect the final dimensional properties of
the obtained coil. Examples of these parameters are temperatures, vibrations, tension insthihectieced

of the plate when enteringédtcoiler, etcAll these dataareobtained mainly from a sensor network installed
across the facility. Those parameters will define the properties of the final coil and theréfaresentiato
obtainand analyse them.

Defects introduced in early processes oklsteansformation, such as the H®trip Mill, have a great
economic impact due to the costs of posterior transformations prior to detecting the Tdefembils with
defects contine through other facilities until they are identified as defectdentifying a greater number of
defective coils would redudde amount of money that is wasted by the company. Therdfogggoal is to
andyse the data provided by the inspection systethe Hot Strip Mill in order to

1. Detect as many defective coils as possible and thus, stop producing defective subsequent coils

2. Reassign the detected defective coils to other uses that require lowey gtaaddards, redefining
new industrial routes.

2.1 Dimensional defects

In order to know the quality properties of the steel and to find possible defects at an early stage of the
processthere are three main parameters to be predicted using predictive@ni@gtiniques:

1. Thickness
2. Width
3. Flatness measurement

Although thickness and width are in general well modelled and predicted, flathess measurement is much
harder to get. Flatness generates one of the main defects affecting coils and it detbengoeatity of the
products and their use for different applications. Most of fedradefects are produced at the Bwip Mill

before coils are treated to produce a variety of final products downstream in the global process. Preventing
this kind of dmensional defects is the main target in this scenario due to its impact in the overall process.

Flatness defects are produced when one part of the strip is over rolled, usually produced by misalignment on
rolling cylinders, which produces higher elongasian certain parts of the strip. During the production
process of the steel coil, there are multiple factors that may produce imperfections in the final shape of the
product. These defects can affect the shape of the strip, its section and the flataessfate.

Flaws in the surface flatness of a strip can be expressed as deviations from a flat horizontal surface, called
reference surface. To understand this notion, one must consider the steel strip as a surface formed of multiple
fibres, parallel beteen them, that move in the rotation direction of the rolling cylinders. When the steel strip
goes through the roll cylinders, it gets deformed and stretched until it achieves a target t(kegoes$a)

If the force applied by the cylinder were comsiaall the fibres in the steel strip would suffer the same
elongation. However, the cylinders are not perfect (they can be decentred, have small deformations, apply
more pressure in certain partsé), whtiemsibnsappliedsbg s s o
the rolling cylinders generate internal stresses in the strip that manifest in/npglesin the surface

(Figure 5b) These waves originated by different length fibres are the flatness defects
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Figure 5 Flatness defés In our caseéhe number of fibresupplied by our sensor systeame 5.

One thing to consider is that most flatness defects are not directly visible while the strip islot Siep
Mill. This is due to the fact that the tensions applied by ¢hieng cylinders are often enough to counteract
and mask the defects. However, once these tensions disappear and the steel strip |Eav&ribavill,

the flatness defects may reappear, and can be directly visible by an operator or an insgtetion sy

Some of the causes that may affect the appearance of flatness defects in coils are:

1 The state of the machinery in the facilities. As a continuously operational production ikt tBeip
Mill line components are exposed to permanent fatigdeassar. This reflects in continuous adjustments
and calibrations to its functioning, that must adapt in real time.

An example of how wear can directly cause flatness defects in steel strips is the roll cylinder wear
produced by the frictiomwith the strip If the friction is not constant in all the surface of the cylinder in
contact with the strip, the wear would be higher in one side of the cylinder. This may affect the
distribution of tensions applied to posterior strips, which may be higher in oneofsitle strip,
generating a strip with an edge longer than the other.

9 Calibration of the parameters. One of these parameters that may affect flathess defects are the curvature
of the rolling cylinders and its temperatures, the distribution of the water appdied in the cooling of
the coil or the alignment of the rolling line.

1 Environment factors. The condition of the work environment can affect flatness. As an example, if a
steel fragment gets blocked in the rolling line, it may interfere thighcylinder rotation and affect the
surface.

To analysehe flatness of a steel strip, one havanalysethe length of thdibresalong the strip. Depending
on the length, one can consider different types of defects: wavy edgekvblihg and centre buckle
(Figure®6).

Wavy edges appear when thentrefibres are under less stress than the latélakes which results in a
length increase in the borders and the appearance of waves. Correcting it requires stretchimeetBad
levellingis due to a bad itioning of the rolling cylinders, which cause a side of the steel strip to be longer
than the other. This causes waves that gradually reduce its amplitude along the stribhuCktgs appear
when an excessive stress is applied incérreof the stip, which causes a greater length and waves along
thecentre
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Cente Buckle

Wavy Edges Bad Levelling

Figure6. Types of defects

There are also other type of defedts, examplethe crossbow. The crossbow represents the profile of the
strip, as the curvature in the transverse direction. It also indicates the amplitude, tilting convexity, or
concavity of the strip. For positive crossbow, the top surface width is greater than the Qitrecting the
crossbow requires compressing the top width. This is not easy to accomplish, since the forces applied in the
Hot Strip Mill are longitudinal with respect to the strip, not transversal.

2.2 Defect detection

In ArcelorMittal we haveinstalled a wide network of sensors measuring different properties of the coils
along the rolling procesim the Hot Strip Mill Among the qualities that these sensors measure are the
temperature, with and thickness of the gauge or te@son of the coiler among others. However, the
interesing sensors for this study are those ones measuring the flatness of th&woitensorsareinstalled

in the Hot Strip Mill to measurdlatness Our goal is focused imne of them which has been developed to
perform continuous measurement of the flatness of the band after teedéshof the finishing trainThis
method makes use aflagr triangulation techniquevhich allows us to measure tineight changebetween

five fibresin the steel strip By applying thentegration techniquié computes thelongation of each of these
fibres, generatingeveralflatness indices in the form ofUnits, althoughtiis open to use other metrics
under therequesbf the customerdNonetheless,-Units area very etended metric or flatness indices in the
industrial frameworkwhere the index measures the deviation of the fibres with respacgeferenceone

The FUnits are computed as shown

L:—L

Fi=2L

L‘J'ef

whereF;is the FUnit value of thefibre L.is the reference length of the fibre (the central fibrthe
inspection systejnL; are the lengths of the remaining four fibres a6tis an internationatonvention to
represent the scatd thefibres lengths, in the order of micrometres.

As the reference fibre is the central one and as it is selected independently of itsrighgtbase that the
other fibres are shorter than the centralibeeuld happen thaheytake negative values.
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Table 1. Profile curve associated with different types of defects and its description

o5 Elongation of all the
fibresis the same
% 15 Since there is nog
5 difference between th
) — —— fibreslengths, it results
Non-defective S5 +1——2 3 2 5 in an horizontal line.
-15
-25
o5 Elongation is
N maximum in one of the
15 sides andminimum in
5 \ the other presenting
. .\\ — waves in the longe
ST 2 3 N® side The resulting
-15 curve will be
N ascending o]
25 descending dependin
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o5 The elongation s
higher in the centra
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-15 7 N
-25
o5 The elongation s
- N / higher in the edges i
, ) 15 comparison with the
- 5 \ / cente fibres This
— results in a concav|
Wavy edges ST 2 3 4 5 curve.
-15
-25

Once flatness measurements have been computed for all the fibres of the rolled produote specific
measurements can be provided from them, symmetnimidsymmetrical flathes§ymmetricalflatness
measurements can be used to describe flatness defects caused by bending irregularities in the rolling
cylinders. In particular, itan be used to identifiyavy edges and o&ral buckles, depending on whifibres

are longe(the central or thosaithe edges)On the other hand, asymmetrical flathess identify bad levelling
flatness defects, which can be used to detect irregularities in the tilting of the rollers.

Since steetoils can be hundreds of megréong, the flathess measurements desdrdre cormputed for
everycertainnumber of mees of the steel strifihis distancés determined by the inspection system used
(as the length of the coil and the speed how it is rollEad different flatness measures computed along the
strip canbe combined to evaluate the ovesliimmetricflatness of the strimaking itpossible to build a
flatness map of the strip.
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Figure 7: Flatness map, asymmetrical and symmetrical flathess

150
120
-30
~ e0
20
c
03
o
-20
80
90
12¢
-15C
0 185 231 346 461 576 692 807 922 1037 1153
20 20
174 18
144
113 12
a4 L}
5 4
24
A P N et et LD
23
53 -4
a3 s
-11
12
14
8
7 18
-20 -20
0 115 221 346 481 576 82 807 822 1027 1182
20 20
17 4 18
14 4
114 12
g 8
5 4
2 LV N A Fan ”~ PLTaN ~ Pt 0
2
£ -4
=7 -8
11 3
12
14 4
-18
47 ] 16
-20 b -20
0 118 221 348 481 576 892 807 922 1037 115

The overall flatness of the steel strigan be interpreted froiits flathess map and the time series related to
the symmetrical and asymmetrical flatne&s.example of these measures for a specific coil is displayed in
Figure 7.

The flathess map indicates the presence of a flatness defect in the head of the strip. In this case, the length of
thefibresin one edge of the strip is rerkably higher than the length of the other edge orcdmreof the

strip. This defect, as mentionedTiable1, is known as wavy edge, and may point to a misalignment in the
rolling cylinders. The first time series, whidorresponds to the asymmetrical flatness, confirms this fact,
taking a high value in the same section.

The valuesand signof the asymmetrical and symmetrical flatndsslicate the different types of flatness
defect that might bepresent inthe band The first time series correspoado the asymmeie flathess and
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represerg the bad levellingdefects plotted imable 1. Positive values will correspond to waves in the right

edge of the coil whereas negative values will corresgoneéft ones. Regarding the interpretation of the
coefficients in the second time series, representing the symmetry flatness indices, these defects corresponds
to centre bucklefor coefficientsgreater than zero and wavy eddes coefficients smallethan zero.The

greater that these coefficients are, the more the defect is present in thenabyikingmore in detail the

inner structureof the inspectionsystem we realizedthat to reduce thampact that the height measuring
errorshaveover thecomputationof the elongationwe have to applg group offilters over theheights signal

This methodcalculatesthe previous twoDue to the specific characteristic that ArcelorMittasin its

facility, the system has an asacy of °2 I-Units for a defect between 10 and 100Hits, and a°2%

accuracy for measuring ranges abd00 tUnits. The resolution ithe measurememtf heighs is 0.05 mm

with a variation of 0.1 mm.

The sensor operates as follows: the measuremeaibsafiute heights is performed byptical triangulation
modules located in the sensor. It is basedasroptical triangulation system without contact. The gauge uses
five optical triangulations as rangefinders to simultaneously measure the vertitahpoisfive selectable
points across the width of the striphich is considered to have five fibres by the sys#&moint is set in the
centre of the strip, anthe systemautomatically adjusts the remaining four points on both edges and in
intermediag positions, depending on the bandwidth. The triangulation in the gmageieved with rotating
mirrors, driven by motors, whose angles are automatically adjusted to the nominal bandhédthain
advantages of this technology are:

A The maximum opmtional reliability of transmitters and receivers that remain in a fixed position.

A The very small echo and the minimum number of moving parts (rotating mirrors) which ensure rapid
and reliable adjustments triangulations.

A A good protection of theato measurement modules due to a typical clearance of 2.4 m below the
gauge.

To sum up, the inspection system will providelices of symmetry and asymmetry of trstrips. These
guantities measure how flat the coil is, but not in absolute terms.timer wor ds, radeshofy pr
flatnesso of the coils but in any case they-wil/l
defective The variables representing the symmetry and asymmetigeidare time seriesontaining
information of the coil every met These twovariablescould be treated as target variables of a predictive
analysis. In this case, we could relate historical process data of past produced coils with their corresponding
indicesand train machineleari ng model s capable of predicting fut
have not been inspectdtlis also desired thahése methods would outline the most relevant variables that
cause mor¢or les$ grade offlatnessin thecoils.

2.3 Objectives

The detectionof future defective coils whil¢hey arestill in productionin the Hot Strip Mill facility is of

vital importance, since it would allousa redefinition ofthe purpose of the defective coil instantly, without

any wait for the inspection system. An increase in the detection rate of defects would also avoid possible
rejection of the coil by the customeand abetter assessment of gonroducts.This derives into one of our

two main objectives: the design of a modbleato predict the degree of flatness of the cdilsis would

allow our operators to decide which coils are defective, according to the provided degree of flatness and their
expertise knowledge, and takeiantaccordingly.

The other main objective is bt on the detectioof anomalies irthe time seriesepresenting the symmetry
and asymmetry indes. This is a different approach but also of main interest for ArcelorMBith of them
are detailed in the following sections.

231 First approach

As mentimed before, one of the main interest facelorMittal is the prediction offlathessdefectsin the
coils. It has alreadipeenhighlighted the negative impact that tygpearance of tise defects will have ihe
production andaleschan. The detection ohighly defectivecoilsin an early step of the steelmaking process
will help to avoid working withthesecoils and also would allowsto reassign the quality grade of some
coils in order not to lose them. To this extent, it wdoddof great help to obtain a predictive model able to
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providethe amount anthe regiors of the coilghathavea higher probability of having flatness probleras
in other words, a prediction of tlilatnessdistribution. Thus the goal is to forralize a multivariatemodelor
choicely two univariate modekble to predict accurately the symmetrng asymmetryndiceswith respect
to other process variables. So the modeillshelp to decide if the coils can be considered defective or not

To this extent, the model will have at its disposal some historical data containing variables frarnStrigp H
Mill, where there is a dan for each coil, and an lme datasetwhere each coil has a chamgnumber of
values. This online data has measurementsy mete of the coil, but asiot all the coilshavethe same
length the number of measurements will vary among thieumther details about the datasets can be found in
Section 3In any case, thmodel/s have to be able to deal with both types of data.

Due to the type of industrial context where we are working, it is itapbto remark certain specific interests

that we have over the modelFirst, the steel composition of the coils produced in tagilities has an
evolving nature. The development of new products could require the production of steel grades with different
mechanical behaviouAs an examplemost of steel grades produced in 2@idtnotexist five years earlier

This fact otlines the need afiew techniques capabié adaptingo this reattime changingtype ofdata and

to extractmeaningfulinformation from it, such athe main variables that may impact the appearance of
defects in a coil of a newly produced steel gratlaus, it is really important to identify the important
variables for the model. This interest is two foldéjicausal in the sense that the detection of important
variables would help to distinguish those variables which affect the increase of the symandtric
asymmetric indices.g., theappearance of flatness); @nsequenceso that bygetting knowledge about the

more relevant variables causing flatness defeet canhelp the optimization of the procebg makingin
advance a more precise calibratiohthe amounts of materials that are used or the conditions that the
machines or process must fulfill, like certain temperauspeedrequirements or maintenanc&hus,
exploiting this information will prevent, for instance, that the rolls of the mackithde exposed tdigh
pressurs or temperaturg knowing that above certain boundaries they will brémlgeneral terms, whereas

the first interest is devoted to find causality explanations to the flatness problems, the second one is focused
on exploitng the obtained information of the important variables to design maintenance improvements in the
process.

Moreover as part of the improvements derived from the detection ohgwetant variableand in the line of

the maintenance gqadnalarm systemsould be developeth order to preventlat coils. The idea of this

alarm would be that, knowing the variables that enhance the appearance of flat coils and the range of
variation where these defects arise, display a wamwimgn thosevariables areexceethg thelimit of the
nontdefective bandThis alarm system should be definedcasservativelyas possible, so that no flat coils

are transferred to subsequent facilities.

Another important goal is that the model to be formalized hae ttybamic. In fact, due to the type of data
considered, the model has to adapt and overcome the possible inclusion of irdataethepresenceof
partial dateor the fact that some delay can be included before obtaining some data. To be meee thesz
aresomeexamples in which the previous described situations occur in our industrial framework:

The steel manufacturing process is an ageing process, and the sensors and machinery are being affected b
the pasageof the time. Some of these serssare mordikely to suffer perturbations due to their position in

the processsuch ashose sensors which are measuring high temperatures, for instance at the exitatf the

Strip Mill, or high pressures, when the sensams placed on the surface of the rolls. In the same manner, the
rolls suffer distortion due to wear of the mechanism. Therefore, the precision in the measurement of these
devices will not be homogenous over time. Depending on their positions some sefiduasena longer

lifetime and thus, the data that they are collecting is more accurate (more stable variables) whereas others
will become deteriorated easily and these data (variables) will be more vélaiieover, depending on the

wear of the rolls,He different defects described in Figure 6 Wwél more likely taarise. Thus, the continuous
changes present in our facility would make that the available data is dynamic and this will be a kigy point

the definition of the model/sAnother additionatonsiderationin this case onljor the online datas that it

is possible that there are certain stop/cuts in the stream. The reasons for this handicap are diverse but are
mainly the following ones: there is a planned stop in the process,ishan uplanned stop in the facility

andor there is a server crash and the data interfaoere the data is anonymized (see SectionaBnot

operate. Whereas the first one is controlled and therefore, it could be treated in a different way (omitting this
data ortreating it in a different way due to its nature), in the remaining two cases there is no previous
notification. Therefore, the model should be ready to theeerroneous data that will derive fraime
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sensorsA plausible option is to develop a modkht checls in advancédf the new incominglata makes
sense, for instance, by checking if the model is providing very bad or senselessaftsuitgroducing it
Finally, thedatasuppliedby theinspection systerare not immediate. By contrashere is a short time delay
until the system givethe indices This fact is something to be taken into account agrder to train the
modelit has to be able to cope with this time margin.

For all the former reasons, the model to be formalized ¢avendixed, but it has to be dynamic in order to
address all the incoming changes.

Sometimes predictive models are difficult to understand by operators, so a major task for our problem
consists in joining these models with powerful visualization toolsp@€tial importance will be the ability to
visualize metrics about the impact of different process parameters in the presence of flatness defects in coils.
With this visualization of the metrics, an alarm system may be constructed where the operatoracan see
easily decide if the egoing coil is a defective candidate or nbd. this extent, this technique should be able

to relate the output of the application with historical process data of past defectivd kerisfore, not only

the flatness score, bather complex data may be obtained by the predictive models.

Moreovet it should be possible tprovide a visual representation of the important variables, so that some
hidden information can be extracted or discovered.

Finally, it would be advantageotisat the visualization tool is interactive and can be customized by the user.
For instance, by allowing us to zoom certain regions, to include more data so that the accuracy and the
details of the visualization are richer, or to colour the regions dapgndicertain goals or variables.

To sum up, lte operators would need a powerdnld easyto-interpretvisualization tool that allows them to
understand all this complex information that the models will extract fheprocess data.

Additionally, among th objectives for the future solution, it is desirable that its response times for the
prediction of defective coils remains between certain boundaries. The response time for the notification of a
future defective coil must be at most the time when the leales theHot Strip Mill. However, faster
response times would lead to faster decision making at the time of redefining the industrial route of the
defective coil or to solve the problem that may cause those defects. In other words, the deteabidn meth
shouldbe able to analyse the data and obtain results as soon as possible, almost at the same speed rate as it
receiving the information. Since visualization will be of vital importance to determine the stateHitthe

Strip Mill process and thmain variables of produced coils, its response times should be reduced

2.3.2 Second approach

In this second approach the aim is focused on the analysis of the time series representing the objectives
variables. This analysis is carried on only over the onlataset, which is the one containing these variables.
The goal is to find anomalies on the setleg will help to improve the system considerably.

Once again, there aeseveral interesat detectng and analysig these anomalies. @rof them is predictive
maintenance. This fact was also important in the previous section and is based on extracting information in
order to improve the machinery preservation along the time. In subsection 2.4.1, the detection of important
variables was #h key to address maintenance strategies. However, in this cas® naetmake use of any
additional variable apart from those ones represented by the times series (the symmetry and asymmetry
variables). So the detection of atypical behaviours instirées, such as drastic jumps or high volatility,
would be used in order to prevent failures in the machinery. For instance, when there is an increasing trend in
the series, meaning that the asymmetry of the coil is getting high, we may decide to ptopdhs because
otherwise we might break the coil and damage the machine.

From the previous reasoning derives another maintenance action, which is probably the natural step forward
and which consists in the design of alarms. These alarms will be activagedthe series is reaching highly
deviated points, considering as the reference system dlaeseries representing a perfect coil with no
defects. Thus, both high peaks and low valleys are candidates of defective coils and they will warn the alarm
sydem. This basic notion of the alarm system has to be formalized mathematicdéiptim by defining

fi crailot ibands wher e, in the case that the series <cr
assured (with certain degree of calgfince).
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Finally, our last goal would be to find any patterns of behaviour of the time series that might be hidden in the
data. This last point can be seen as a generalization of the two previous ones. In other words, the data is
analysed looking for reped trends in its shape along the time that might have a meaning in the appearance
of flatness. However, the main difference with the two previous goals is that the discovered patterns are not
necessarily focused over the flatness detection.

First of all, in those former cases that detection of anomalies waddltin alarms that would stop the
production system or would modify it somehow. In this case, the discovery of patterns will not be focused in
anomaly point, but in a whole part/regiohtie series. So we aim, for instance, to detect that in general the
well-known no defective coils follow a quite constant behaviour with low values in both the asymmetry and
the symmetry variables. Or that most of the defective coils suffer a severes chamgth variables after a
common point (for example its average length), that makes that the time series punctuations increase
drastically. Although these two examples &sgothetical, they allows to get the general idea that the
anomalies will not & seen only as atypical points in the series but as the behaviour of the entire series of
regions of it. So once this knowledge is discovered and adopted, this will help us to correlate these symmetry
variables with the remaining ones and infer improvemémiprevent defective coils. For instance, adopting

that the temperature has to continue stable with not abrupt changed and always below a certain threshold
(once again a figured example).

Second, the discovery of patterns in the series and its relafionih other process variables will also help

to improve the system in a more general extent, making the whole system more efficient. An example could
be being able to say that maintaining the pressure of the rolls below certain limits at the beditimeng o
rolling process will prevent the appearance of deformations in their edges. Or that reducing the rolling speed
in some units will make thetast longer. So the improvements are not merely devotdetéet and override
flatness, but to enhanceetivhole process, aiming to improve time savings, energy consumption, wear of the
pieces, etc.

Once again, it will be beneficial to adopt visualization strategies that would help the operator to distinguish
critical areas of the series, by highlighting thaegions of the series where they might be an alarm, in red
for example. Moreover, these visualization tools will be essential in this second appodety will allow

us to have a general initial analysis of the data with a visual inspection. Otk cdhiss first visual
appreciation will be contrasted with the formalized model underneath, but will provide an initial perception
of the behaviour of the coils that helps both to formalize the model as to validate the results.
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3 Data description

This sectiordescribeshe main characteristics of the process data availilgentains historical information
about processed coils in thot Strip Mill, as well as flathess measurements from an inspection system
addition to this descriptigrAnnex A preents a table that contains the data types of the variableese
data sources.

3.1 Main datasets

The data collectedndintendedto be analyse presented in two different datasets:

1. Process datasetThis dataset is the result of joining several talitem the database of thiot Strip
Mill. This data is composed dhe measures of senspihich are distributed along the facility
measuring severgirocessvariables In this dataseteachcoil has associated a singlaluefor each
variable which, in many cases, represents a summary (an average) of the measurements collected
along the time.

The data source from which this dataset is constructed iddh&trip Mill process databas€&his

database includes both quantitative and qualitatate, &stored in 42 different tables. All the tables

share the same key variaplghich allows us to join and relate all this information with certain
specific coils.Thetables in theHot Strip Mill database store a total &475variables related to the

coil production process since 2010 with ~840000 records for each variable. It contains mostly
numerical and categorical values and its size increase as new coils are produced. The size of each of
the 42 tables is around 3000 MB.

Thesetablesare updaté continuously, as new coils are processed. As a general guideline, the
generation rate is usually between 32 and 500 milliseconds. This variation makes the system have
misunderstandings with data caught at different time instants, since there is neta generation

rate. Our system has mixed all this data together in order to have them in a manageable way to
analyse it.

It is important to recall thatjatacontaining information about detected defects are not updated at the
same rate as theot Strip Mill database, since the processed coils ateemaluated for defects until
laterwhen the coil is processed in the flathness measurement system.

Further information about the data types of each variable can be found in Annex A.

2. Continuous data This data comes from the system that measures flathess and from different
sensors installed in thdot Strip Mill. It consists of a series of time series variables thae bhaen
measured continuously along the coil length. It includes variables such asdamgs, flatness, etc.

It also contains the target variables (flathess) that may be employed in the construction of the
prediction modelThe interval in whib each variable is measured varikepending of the system
capabilities to acquire and store tfeta and the speed of the coil being processed. For example, if a
coil is produced in approximately two minutes and we usually havQ0®alues of each signal,

we can approximately say that the generation rate edefariablesis around 1 secah Thus, the
analysis of this data requires online capabilities in order to obtain the results as soon as pbssible
historical values of tse variables have a current size of ~300 GB.

Additionally, flatness maps are also generated once the entirie podbcessed and measured by the
flatness measurement system.es@maps are unstructured data (images) that contains useful
information about the flatness of the coil. One flatness map is available for each coil.

This real time data includes 29 nunteriariables and images (maps) from the processed cails.
Examples of the target variables can be foundrigure 7in Section 2.2.The structure and
information of thisand the rest of the variablessshown in Table.
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Table 2: Continuous data variables

Variable | Comments Data Type
V001 Numeric
V002 Temperature Numeric
V003 Temperature Numeric
V004 Temperature Numeric
V005 Temperature Numeric
V006 Numeric
V007 Speed Numeric
V008 Speed Numeric
V009 Speed Numeric
V010 Speed Numeric
V011 Speed Numeric
V012 Speed Numeric
V013 Numeric
V014 Numeric
V015 Numeric
V016 Numeric
V017 Numeric
V018 Numeric
V019 Numeric
V020 Numeric
V021 Numeric
V022 Numeric
V023 Numeric
V024 Numeric
V025 Numeric
V026 Numeric
V027 Numeric
V028 Numeric
TOO01 Flatness map Image
TO02 Symmetric Flatness Numeric
TOO03 Asymmetric Flatness Numeric
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3.2 Data workflow from ArcelorMittal

The evolutiorfrom datato resultsis represented in the followindockwisescheme:

Overall System

PROTEUS
CORE

AMIII Data Interface
AMIII Results Interface

Industrial
Facilities  pu

(Data Sources)

L L LIl

Figure8. Scheme of the system

1. Initially the data is collectefrom theIndustrial Facilities, which in our casarethe process agh
flatnessdatabasethat collect information measured by sensors aHibtEStrip Mill.

2. All the stream of data from our facilities is poeocessedn the AMIII Data Interface . This
interface isan internaltool where all the data will enter compulg@nd which has two main goals.

The first one igo integrate the data from the different data souints the appropriate formab
sendto our partnersMainly, this process collects the tablagiving from the different sensors and
gathes them in a mique table containing all the informatiaith the structure outlined in previous

sections

And the second goalis to anonymizé&odify the data, so any confidential information is not
displayed To do so, some of the standard procedures are:

1 Toreplace lhe name of the variables to generic ones

1 To replacethe value of the classes in the factor variables so that any private internal class
name is replaced by a geneoine For examplethe type of steel could have two classes,
BH or IF, and we would reptethem by Classl and Class?

In thePROTEUS Core the data is analysdxy our partnerand the results are obtained.

Finally, the resultprovided by our partnergre introduced in thAMIIl Results Interface , where
they areadapted for its applicaticend interpretation by the operators in our facilities.
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4 Conclugons

The detection of defegin coils in early stages of the production process is a main goal for ArcelorMittal.
The economical loss derived from the fact that a faulty coil contitiuesigh the steel manufacturing
processbefore eventually being rejecteid remarkable. Therefore, a deeper analysis is required to try to
overcome this problem.

Among the different objectives to be accomplished e early detection of the defectand the
identification of the important variables that might have an impact over the appearance of defect and thus
will help to prevent them or the use of visualization tool in order to exploit additional informéadidenhin

the data.

This report contains detailed data descriptipintroducing the two type of data sourcémsstorical and
online data, and some more specifications about the data such as the type of variabled mvthe
dimensions of the datas#tle also describe the data workflow from ArcelorMittal, mentioning the steps that
the data follows from the moment that it is picked up until it is interpreted at the end of the analysis

In order to get these dat&;celorMittal alreadyhasa sensor system capaloliemeasuing certain parameters
about the coilsFurthermorethetype of data developed by the system is-tisa¢ continuousnassivedatg
which cannot be analysed with classical analytical ough

Thus to address all the former issues, we require new techniques capabigping to this changingeat
time-onlinemassive data and to extract relevant information from it, such as early detedtaineds(even

when the coils arstill being manufactured in the Hot Strip Mijlor the identification ofrelevant variables

or the discovery oadditional information which can be obtained by visualizatMareover, an additional

aim, apart of predicting the flat coijlsvill be to find aromalies on the time series representing the symmetry

and asymmetry flatness. Although this is a different problem to the prediction one, the same interests about
detecting important pattes and visualimg them are valid in this case.
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Annex A Datatypes table

Table 3 Data typesof the entire group of variables in the historical dataset

V0001 factor V2492 double V4983 double
V0002 factor V2493 double V4984 factor
V0003 factor V2494 double V4985 factor
V0004 factor V2495 double V4986 double
V0005 factor V2496 double V4987 double
V0006 factor V2497 double V4988 double
V0007 factor V2498 double V4989 double
V0008 factor V2499 double V4990 double
V0009 double V2500 double V4991 factor
V0010 double V2501 double V4992 factor
V0011 double V2502 double V4993 factor
V0012 double V2503 double V4994 factor
V0013 double V2504 double V4995 factor
V0014 double V2505 double V4996 double
V0015 double V2506 double V4997 double
V0016 double V2507 factor V4998 double
V0017 double V2508 factor V4999 doubk
V0018 double V2509 factor V5000 double
V0019 double V2510 factor V5001 double
V0020 double V2511 factor V5002 factor
V0021 double V2512 factor V5003 factor
V0022 double V2513 factor V5004 factor
V0023 double V2514 factor V5005 double
V0024 double V2515 double V5006 double
V0025 double V2516 double V5007 factor
V0026 double V2517 double V5008 factor
V0027 double V2518 factor V5009 factor
V0028 double V2519 factor V5010 factor
V0029 double V2520 factor V5011 factor
V0030 double V2521 factor V5012 factor
V0031 double V2522 factor V5013 factor
V0032 double V2523 factor V5014 factor
V0033 double V2524 factor V5015 factor
V0034 double V2525 double V5016 factor
V0035 double V2526 double V5017 factor
V0036 double V2527 double V5018 factor
V0037 double V2528 double V5019 factor
V0038 double V2529 double V5020 factor
V0039 double V2530 double V5021 double
V0040 double V2531 double V5022 double
V0041 double V2532 double V5023 double
V0042 double V2533 double V5024 factor
V0043 double V2534 double V5025 factor
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V0044 double V2535 double V5026 factor
V0045 double V2536 double V5027 factor
V0046 double V2537 double V5028 factor
V0047 double V2538 double V5029 factor
V0048 double V2539 factor V5030 factor
V0049 double V2540 factor V5031 factar
V0050 double V2541 factor V5032 double
V0051 double V2542 factor V5033 double
V0052 double V2543 double V5034 double
V0053 double V2544 double V5035 factor
V0054 double V2545 double V5036 factor
V0055 double V2546 double V5037 factor
V0056 double V2547 double V5038 factor
V0057 double V2548 double V5039 factor
V0058 double V2549 factor V5040 factor
V0059 double V2550 double V5041 factor
V0060 double V2551 double V5042 factor
V0061 double V2552 double V5043 factor
V0062 double V2553 double V5044 factor
V0063 double V2554 double V5045 double
V0064 double V2555 double V5046 factor
V0065 double V2556 factor V5047 factor
V0066 double V2557 factor V5048 factor
V0067 double V2558 factor V5049 factor
V0068 double V2559 factor V5050 factor
V0069 double V2560 factor V5051 factor
V0070 double V2561 factor V5052 factor
V0071 double V2562 factor V5053 factor
V0072 double V2563 factor V5054 double
V0073 double V2564 factor V5055 factor
V0074 double V2565 factor V5056 factor
V0075 double V2566 factor V5057 factor
V0076 double V2567 factor V5058 factor
V0077 double V2568 factor V5059 factor
V0078 double V2569 factor V5060 factor
V0079 double V2570 factor V5061 factor
V0080 factor V2571 factor V5062 factor
V0081 factor V2572 factor V5063 factar
V0082 factor V2573 factor V5064 factor
V0083 factor V2574 factor V5065 factor
V0084 double V2575 factor V5066 factor
V0085 double V2576 factor V5067 factor
V0086 double V2577 factor V5068 factor
V0087 double V2578 factor V5069 factor
V0088 double V2579 factor V5070 factor
V0089 double V2580 factor V5071 factor
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V0090 double V2581 factor V5072 factor
V0091 double V2582 factor V5073 factor
V0092 double V2583 factor V5074 factor
V0093 double V2584 factor V5075 factor
V0094 double V2585 factor V5076 factor
V0095 double V2586 factor V5077 factor
V0096 double V2587 factor V5078 factor
V0097 double V2588 factor V5079 factor
V0098 double V2589 factor V5080 factor
V0099 double V2590 factor V5081 date
V0100 double V2591 double V5082 date
V0101 double V2592 factor V5083 date
V0102 factor V2593 factor V5084 date
V0103 double V2594 factor V5085 date
V0104 double V2595 factor V5086 date
V0105 double V2596 factor V5087 date
V0106 double V2597 factor V5088 date
V0107 factor V2598 factor V5089 date
V0108 double V2599 factor V5090 date
V0109 double V2600 factor V5091 date
V0110 double V2601 factor V5092 date
V0111 double V2602 factor V5093 date
V0112 double V2603 factor V5094 date
V0113 double V2604 factor V5095 date
V0114 double V2605 factor V5096 date
V0115 double V2606 factor V5097 date
V0116 double V2607 factor V5098 double
V0117 double V2608 factor V5099 double
V0118 double V2609 factor V5100 double
V0119 double V2610 factor V5101 double
V0120 double V2611 factor V5102 double
V0121 double V2612 factor V5103 double
V0122 double V2613 factor V5104 double
V0123 double V2614 factor V5105 double
V0124 double V2615 factor V5106 double
V0125 double V2616 factor V5107 double
V0126 double V2617 factor V5108 double
V0127 double V2618 factor V5109 double
V0128 double V2619 factor V5110 double
V0129 double V2620 factor V5111 double
V0130 double V2621 factor V5112 double
V0131 double V2622 factor V5113 double
V0132 double V2623 factor V5114 double
V0133 double V2624 factor V5115 double
V0134 double V2625 factor V5116 double
V0135 double V2626 factor V5117 double
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V0136 double V2627 factor V5118 double
V0137 double V2628 factor V5119 double
V0138 double V2629 factor V5120 double
V0139 double V2630 factor V5121 double
V0140 double V2631 factor V5122 double
V0141 double V2632 factor V5123 double
V0142 double V2633 factor V5124 double
V0143 double V2634 factor V5125 double
V0144 double V2635 factor V5126 double
V0145 double V2636 factor V5127 double
V0146 double V2637 factor V5128 double
V0147 double V2638 factor V5129 double
V0148 double V2639 factor V5130 double
V0149 double V2640 factor V5131 double
V0150 double V2641 factor V5132 double
V0151 double V2642 factor V5133 double
V0152 double V2643 factor V5134 double
V0153 double V2644 factor V5135 double
V0154 factor V2645 factor V5136 double
V0155 double V2646 factor V5137 double
V0156 double V2647 factor V5138 double
V0157 factor V2648 double V5139 double
V0158 factor V2649 double V5140 double
V0159 factor V2650 doube V5141 double
V0160 factor V2651 double V5142 double
V0161 factor V2652 double V5143 double
V0162 factor V2653 double V5144 double
V0163 double V2654 double V5145 double
V0164 double V2655 factor V5146 double
V0165 double V2656 factor V5147 double
V0166 double V2657 factor V5148 double
V0167 factor V2658 factor V5149 double
V0168 factor V2659 factor V5150 double
V0169 factor V2660 factor V5151 double
V0170 factor V2661 factor V5152 double
V0171 double V2662 factor V5153 double
V0172 double V2663 factor V5154 double
V0173 double V2664 factor V5155 double
V0174 double V2665 factor V5156 double
V0175 factor V2666 factor V5157 double
V0176 date V2667 factor V5158 double
V0177 date V2668 factor V5159 double
V0178 factor V2669 factor V5160 douwble
V0179 factor V2670 factor V5161 double
V0180 factor V2671 factor V5162 double
V0181 factor V2672 factor V5163 double
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V0182 factor V2673 factor V5164 double
V0183 factor V2674 factor V5165 double
V0184 factor V2675 factor V5166 double
V0185 factar V2676 factor V5167 double
V0186 factor V2677 factor V5168 double
V0187 factor V2678 double V5169 double
V0188 factor V2679 double V5170 double
V0189 double V2680 double V5171 double
V0190 double V2681 double V5172 double
V0191 double V2682 double V5173 double
V0192 double V2683 double V5174 double
V0193 double V2684 double V5175 double
V0194 double V2685 double V5176 double
V0195 double V2686 double V5177 double
V0196 double V2687 double V5178 double
V0197 double V2688 double V5179 double
V0198 double V2689 double V5180 double
V0199 double V2690 double V5181 double
V0200 double V2691 double V5182 double
V0201 double V2692 double V5183 double
V0202 double V2693 double V5184 double
V0203 double V2694 double V5185 double
V0204 double V2695 double V5186 double
V0205 double V2696 double V5187 double
V0206 double V2697 double V5188 double
V0207 double V2698 double V5189 double
V0208 double V2699 double V5190 double
V0209 double V2700 double V5191 double
V0210 double V2701 double V5192 double
V0211 double V2702 double V5193 double
V0212 double V2703 double V5194 double
V0213 double V2704 double V5195 double
V0214 double V2705 double V5196 double
V0215 double V2706 double V5197 double
V0216 double V2707 double V5198 double
V0217 doubk V2708 double V5199 double
V0218 double V2709 factor V5200 double
V0219 double V2710 double V5201 double
V0220 double V2711 double V5202 double
V0221 double V2712 double V5203 double
V0222 double V2713 double V5204 double
V0223 double V2714 double V5205 double
V0224 double V2715 double V5206 double
V0225 double V2716 double V5207 double
V0226 double V2717 factor V5208 double
V0227 double V2718 factor V5209 double
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V0228 double V2719 factor V5210 double
V0229 double V2720 factor V5211 double
V0230 double V2721 factor V5212 double
V0231 double V2722 factor V5213 double
V0232 double V2723 factor V5214 double
V0233 double V2724 factor V5215 double
V0234 double V2725 double V5216 double
V0235 double V2726 factor V5217 double
V0236 double V2727 factor V5218 double
V0237 double V2728 factor V5219 double
V0238 double V2729 factor V5220 double
V0239 double V2730 factor V5221 double
V0240 double V2731 factor V5222 double
V0241 double V2732 factor V5223 double
V0242 double V2733 factor V5224 double
V0243 double V2734 factor V5225 double
V0244 double V2735 factor V5226 double
V0245 double V2736 factor V5227 double
V0246 double V2737 factor V5228 double
V0247 double V2738 factor V5229 double
V0248 double V2739 factor V5230 double
V0249 doubk V2740 factor V5231 double
V0250 double V2741 factor V5232 double
V0251 double V2742 factor V5233 double
V0252 double V2743 factor V5234 double
V0253 double V2744 factor V5235 double
V0254 double V2745 factor V5236 double
V0255 double V2746 factor V5237 double
V0256 double V2747 factor V5238 double
V0257 double V2748 factor V5239 double
V0258 double V2749 factor V5240 double
V0259 double V2750 factor V5241 double
V0260 double V2751 factor V5242 double
V0261 double V2752 factor V5243 double
V0262 double V2753 factor V5244 double
V0263 double V2754 factor V5245 double
V0264 double V2755 factor V5246 double
V0265 double V2756 factor V5247 double
V0266 double V2757 factor V5248 double
V0267 double V2758 factor V5249 double
V0268 double V2759 factor V5250 double
V0269 double V2760 factor V5251 double
V0270 double V2761 double V5252 double
V0271 double V2762 double V5253 double
V0272 double V2763 double V5254 double
V0273 double V2764 factor V5255 double
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V0274 double V2765 double V5256 douwble
V0275 double V2766 double V5257 double
V0276 double V2767 double V5258 double
V0277 factor V2768 double V5259 double
V0278 factor V2769 double V5260 double
V0279 factor V2770 double V5261 double
V0280 double V2771 double V5262 double
V0281 doubk V2772 factor V5263 double
V0282 double V2773 factor V5264 double
V0283 double V2774 factor V5265 double
V0284 double V2775 factor V5266 double
V0285 double V2776 factor V5267 double
V0286 double V2777 factor V5268 double
V0287 double V2778 factor V5269 double
V0288 factor V2779 factor V5270 double
V0289 factor V2780 double V5271 double
V0290 double V2781 double V5272 double
V0291 double V2782 double V5273 double
V0292 double V2783 double V5274 double
V0293 double V2784 factor V5275 double
V0294 double V2785 factor V5276 double
V0295 double V2786 factor V5277 double
V0296 double V2787 factor V5278 double
V0297 factor V2788 factor V5279 double
V0298 double V2789 factor V5280 double
V0299 double V2790 factor V5281 double
V0300 double V2791 factor V5282 double
V0301 double V2792 factor V5283 double
V0302 factor V2793 double V5284 double
V0303 factor V2794 double V5285 double
V0304 factor V2795 double V5286 double
V0305 double V2796 double V5287 double
V0306 factor V2797 double V5288 douwble
V0307 double V2798 double V5289 double
V0308 double V2799 double V5290 double
V0309 double V2800 double V5291 double
V0310 factor V2801 double V5292 factor

V0311 double V2802 double V5293 factor

V0312 date V2803 double V5294 factor

V0313 double V2804 double V5295 double
V0314 factor V2805 double V5296 double
V0315 factor V2806 double V5297 factor

V0316 factor V2807 double V5298 factor

V0317 factor V2808 double V5299 factor

V0318 factor V2809 double V5300 factor

V0319 factor V2810 double V5301 factor
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V0320 factor V2811 double V5302 factor
V0321 factor V2812 factor V5303 factor
V0322 factor V2813 factor V5304 factor
V0323 factor V2814 factor V5305 factor
V0324 factor V2815 factor V5306 factor
V0325 factor V2816 double V5307 factor
V0326 factor V2817 factor V5308 double
V0327 factor V2818 double V5309 factor
V0328 factor V2819 double V5310 factor
V0329 factor V2820 factor V5311 factor
V0330 factor V2821 factor V5312 factor
V0331 factor V2822 factor V5313 factor
V0332 factor V2823 factor V5314 factor
V0333 double V2824 double V5315 factor
V0334 double V2825 double V5316 factor
V0335 double V2826 factor V5317 factor
V0336 double V2827 double V5318 factor
V0337 double V2828 double V5319 factor
V0338 double V2829 double V5320 factar
V0339 double V2830 double V5321 factor
V0340 double V2831 double V5322 factor
V0341 double V2832 double V5323 factor
V0342 double V2833 double V5324 factor
V0343 factor V2834 double V5325 factor
V0344 factor V2835 double V5326 factor
V0345 factor V2836 double V5327 factor
V0346 factor V2837 double V5328 factor
V0347 factor V2838 double V5329 factor
V0348 factor V2839 double V5330 double
V0349 factor V2840 double V5331 double
V0350 factor V2841 double V5332 double
V0351 factor V2842 double V5333 double
V0352 factor V2843 double V5334 double
V0353 factor V2844 double V5335 double
V0354 factor V2845 double V5336 factor
V0355 factor V2846 factor V5337 factor
V0356 factor V2847 factor V5338 factor
V0357 factor V2848 factor V5339 factor
V0358 factor V2849 factor V5340 double
V0359 factor V2850 factor V5341 double
V0360 factor V2851 factor V5342 double
V0361 factor V2852 factor V5343 double
V0362 factor V2853 factor V5344 double
V0363 factor V2854 double V5345 double
V0364 factor V2855 double V5346 double
V0365 factor V2856 double V5347 double
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V0366 factor V2857 double V5348 double
V0367 factor V2858 double V5349 double
V0368 factor V2859 double V5350 double
V0369 factor V2860 double V5351 double
V0370 factor V2861 double V5352 factar

V0371 double V2862 double V5353 double
V0372 double V2863 double V5354 double
V0373 double V2864 double V5355 double
V0374 double V2865 double V5356 double
V0375 double V2866 double V5357 double
V0376 double V2867 double V5358 double
V0377 factor V2868 double V5359 double
V0378 double V2869 double V5360 double
V0379 double V2870 double V5361 double
V0380 double V2871 double V5362 double
V0381 double V2872 double V5363 double
V0382 factor V2873 double V5364 double
V0383 factor V2874 double V5365 double
V0384 factor V2875 double V5366 double
V0385 factor V2876 factor V5367 double
V0386 factor V2877 factor V5368 double
V0387 factor V2878 factor V5369 double
V0388 factor V2879 factor V5370 double
V0389 double V2880 double V5371 double
V0390 double V2881 double V5372 double
V0391 double V2882 double V5373 double
V0392 factor V2883 double V5374 double
V0393 factor V2884 double V5375 double
V0394 factor V2885 double V5376 factor

V0395 factor V2886 double V5377 factor

V0396 factor V2887 double V5378 factor

V0397 factor V2888 double V5379 factor

V0398 double V2889 double V5380 factor

V0399 double V2890 double V5381 factor

V0400 double V2891 double V5382 factor

V0401 double V2892 factor V5383 double
V0402 double V2893 factor V5384 doubk
V0403 double V2894 double V5385 double
V0404 double V2895 double V5386 double
V0405 factor V2896 double V5387 double
V0406 factor V2897 double V5388 double
V0407 factor V2898 double V5389 double
V0408 factor V2899 double V5390 double
V0409 factor V2900 double V5391 double
V0410 factor V2901 double V5392 double
V0411 factor V2902 double V5393 double
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V0412 factor V2903 double V5394 double
V0413 factor V2904 double V5395 double
V0414 factor V2905 double V5396 double
V0415 factor V2906 double V5397 double
V0416 factor V2907 double V5398 double
V0417 factor V2908 double V5399 double
V0418 factor V2909 double V5400 double
V0419 factor V2910 double V5401 double
V0420 factor V2911 double V5402 double
V0421 factor V2912 double V5403 double
V0422 factor V2913 double V5404 double
V0423 factor V2914 double V5405 double
V0424 factor V2915 double V5406 double
V0425 factor V2916 double V5407 factor

V0426 factor V2917 double V5408 factor

V0427 factor V2918 double V5409 factor

V0428 factor V2919 double V5410 factor

V0429 factor V2920 double V5411 double
V0430 factor V2921 double V5412 double
V0431 factor V2922 double V5413 double
V0432 factor V2923 double V5414 double
V0433 factor V2924 double V5415 double
V0434 factor V2925 double V5416 doubk
V0435 factor V2926 double V5417 double
V0436 factor V2927 double V5418 double
V0437 factor V2928 double V5419 factor

V0438 factor V2929 double V5420 factor

V0439 factor V2930 double V5421 double
V0440 factor V2931 double V5422 double
V0441 factor V2932 double V5423 double
V0442 factor V2933 factor V5424 factor

V0443 factor V2934 double V5425 double
V0444 factor V2935 double V5426 double
V0445 factor V2936 double V5427 double
V0446 factor V2937 double V5428 double
V0447 factor V2938 double V5429 double
V0448 factor V2939 double V5430 double
V0449 factor V2940 double V5431 double
V0450 factor V2941 double V5432 double
V0451 factor V2942 double V5433 double
V0452 factor V2943 double V5434 double
V0453 factor V2944 double V5435 double
V0454 factor V2945 double V5436 double
V0455 factor V2946 double V5437 double
V0456 factor V2947 double V5438 double
V0457 factor V2948 double V5439 double

687691 Page31of 76



PROTEUS Deliverable D2.1

V0458 factor V2949 double V5440 double
V0459 factor V2950 factor V5441 double
V0460 factor V2951 factor V5442 double
V0461 factor V2952 double V5443 factor
V0462 factor V2953 double V5444 factor
V0463 factor V2954 double V5445 factor
V0464 factor V2955 double V5446 factor
V0465 factor V2956 double V5447 double
V0466 factor V2957 double V5448 doubk
V0467 factor V2958 double V5449 double
V0468 factor V2959 double V5450 double
V0469 factor V2960 double V5451 date
V0470 factor V2961 double V5452 date
V0471 factor V2962 double V5453 date
V0472 factor V2963 double V5454 date
V0473 factor V2964 double V5455 date
V0474 double V2965 factor V5456 date
V0475 double V2966 factor V5457 date
V0476 double V2967 double V5458 date
Vo477 double V2968 double V5459 date
V0478 double V2969 double V5460 date
V0479 double V2970 double V5461 date
V0480 doubk V2971 double V5462 date
V0481 double V2972 factor V5463 date
V0482 double V2973 double V5464 date
V0483 double V2974 double V5465 date
V0484 double V2975 double V5466 date
V0485 double V2976 double V5467 date
V0486 double V2977 double V5468 date
V0487 double V2978 double V5469 factor
V0488 double V2979 double V5470 double
V0489 double V2980 double V5471 double
V0490 double V2981 double V5472 double
V0491 double V2982 double V5473 double
V0492 double V2983 double V5474 double
V0493 double V2984 double V5475 double
V0494 double V2985 double V5476 double
V0495 double V2986 double V5477 double
V0496 double V2987 double V5478 double
V0497 double V2988 double V5479 double
V0498 double V2989 double V5480 factor
V0499 double V2990 double V5481 factor
V0500 double V2991 factor V5482 factor
V0501 double V2992 factor V5483 factor
V0502 double V2993 factor V5484 factor
V0503 double V2994 factor V5485 factor
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V0504 double V2995 factor V5486 factor
V0505 double V2996 factor V5487 factor
V0506 dowble V2997 factor V5488 factor
V0507 double V2998 factor V5489 double
V0508 double V2999 double V5490 factor
V0509 double V3000 double V5491 factor
V0510 double V3001 double V5492 factor
V0511 double V3002 double V5493 factor
V0512 double V3003 factor V5494 factor
V0513 double V3004 factor V5495 factor
V0514 double V3005 factor V5496 factor
V0515 double V3006 factor V5497 factor
V0516 factor V3007 double V5498 factor
V0517 factor V3008 double V5499 factor
V0518 factor V3009 double V5500 factor
V0519 factor V3010 double V5501 double
V0520 factor V3011 double V5502 double
V0521 factor V3012 double V5503 double
V0522 factor V3013 double V5504 factor
V0523 factor V3014 double V5505 factor
V0524 factor V3015 double V5506 factor
V0525 factor V3016 double V5507 factor
V0526 factor V3017 double V5508 factor
V0527 factor V3018 double V5509 factor
V0528 factor V3019 double V5510 factor
V0529 factor V3020 double V5511 factor
V0530 factor V3021 double V5512 factor
V0531 factor V3022 double V5513 factor
V0532 factor V3023 double V5514 factor
V0533 factor V3024 double V5515 factor
V0534 factor V3025 double V5516 factor
V0535 factor V3026 double V5517 double
V0536 factor V3027 double V5518 factor
V0537 double V3028 double V5519 factor
V0538 factor V3029 double V5520 double
V0539 factor V3030 double V5521 double
V0540 factor V3031 double V5522 double
V0541 factor V3032 double V5523 factor
V0542 factor V3033 double V5524 factor
V0543 factor V3034 double V5525 double
V0544 factor V3035 double V5526 double
V0545 factor V3036 double V5527 double
V0546 factor V3037 double V5528 double
V0547 double V3038 double V5529 double
V0548 double V3039 double V5530 double
V0549 double V3040 double V5531 double
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V0550 double V3041 double V5532 double
V0551 double V3042 double V5533 double
V0552 double V3043 double V5534 double
V0553 double V3044 double V5535 double
V0554 double V3045 double V5536 double
V0555 factor V3046 double V5537 double
V0556 factor V3047 double V5538 double
V0557 factor V3048 double V5539 double
V0558 factor V3049 double V5540 double
V0559 factor V3050 double V5541 double
V0560 factor V3051 double V5542 double
V0561 factor V3052 double V5543 double
V0562 double V3053 double V5544 double
V0563 double V3054 double V5545 double
V0564 double V3055 double V5546 double
V0565 double V3056 double V5547 double
V0566 double V3057 double V5548 double
V0567 double V3058 double V5549 double
V0568 double V3059 double V5550 double
V0569 double V3060 double V5551 double
V0570 douwble V3061 double V5552 double
V0571 double V3062 double V5553 double
V0572 double V3063 double V5554 double
V0573 double V3064 double V5555 double
V0574 double V3065 double V5556 double
V0575 double V3066 double V5557 factor

V0576 double V3067 double V5558 factor

V0577 double V3068 double V5559 factor

V0578 double V3069 double V5560 double
V0579 double V3070 double V5561 double
V0580 double V3071 double V5562 double
V0581 double V3072 double V5563 double
V0582 double V3073 double V5564 double
V0583 double V3074 double V5565 double
V0584 double V3075 double V5566 double
V0585 double V3076 double V5567 double
V0586 double V3077 double V5568 double
V0587 double V3078 double V5569 double
V0588 double V3079 double V5570 double
V0589 double V3080 double V5571 double
V0590 double V3081 double V5572 double
V0591 double V3082 double V5573 double
V0592 double V3083 double V5574 double
V0593 double V3084 double V5575 double
V0594 double V3085 double V5576 double
V0595 double V3086 double V5577 double
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V0596 double V3087 double V5578 double
V0597 double V3088 double V5579 double
V0598 double V3089 double V5580 double
V0599 double V3090 double V5581 double
V0600 double V3091 double V5582 double
V0601 double V3092 double V5583 double
V0602 douwble V3093 double V5584 double
V0603 double V3094 double V5585 factor

V0604 double V3095 double V5586 factor

V0605 double V3096 double V5587 factor

V0606 double V3097 double V5588 factor

V0607 double V3098 double V5589 factor

V0608 double V3099 double V5590 double
V0609 double V3100 double V5591 double
V0610 double V3101 double V5592 double
V0611 double V3102 double V5593 double
V0612 double V3103 double V5594 double
V0613 double V3104 double V5595 double
V0614 double V3105 double V5596 double
V0615 double V3106 double V5597 double
V0616 double V3107 double V5598 double
V0617 double V3108 double V5599 double
V0618 double V3109 double V5600 factor

V0619 double V3110 double V5601 double
V0620 double V3111 double V5602 double
V0621 double V3112 double V5603 double
V0622 double V3113 double V5604 double
V0623 double V3114 double V5605 double
V0624 double V3115 double V5606 double
V0625 double V3116 double V5607 double
V0626 double V3117 double V5608 double
V0627 double V3118 double V5609 double
V0628 double V3119 double V5610 double
V0629 double V3120 double V5611 double
V0630 factor V3121 double V5612 double
V0631 factor V3122 double V5613 double
V0632 factor V3123 double V5614 double
V0633 factor V3124 double V5615 double
V0634 factor V3125 double V5616 double
V0635 factor V3126 double V5617 double
V0636 factor V3127 double V5618 double
V0637 factor V3128 double V5619 double
V0638 double V3129 double V5620 double
V0639 double V3130 double V5621 double
V0640 double V3131 double V5622 double
V0641 double V3132 double V5623 double
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V0642 double V3133 double V5624 double
V0643 double V3134 double V5625 double
V0644 double V3135 double V5626 double
V0645 double V3136 double V5627 double
V0646 double V3137 double V5628 double
V0647 double V3138 double V5629 double
V0648 double V3139 double V5630 double
V0649 double V3140 double V5631 double
V0650 double V3141 double V5632 double
V0651 double V3142 double V5633 double
V0652 double V3143 double V5634 double
V0653 factor V3144 double V5635 double
V0654 factor V3145 double V5636 double
V0655 factor V3146 double V5637 double
V0656 factor V3147 double V5638 double
V0657 double V3148 double V5639 double
V0658 double V3149 double V5640 double
V0659 double V3150 double V5641 double
V0660 double V3151 double V5642 double
V0661 double V3152 double V5643 double
V0662 double V3153 double V5644 double
V0663 factor V3154 double V5645 double
V0664 factor V3155 double V5646 double
V0665 factor V3156 double V5647 double
V0666 factor V3157 double V5648 double
V0667 factor V3158 double V5649 double
V0668 date V3159 double V5650 double
V0669 double V3160 double V5651 double
V0670 double V3161 double V5652 double
V0671 double V3162 double V5653 double
V0672 double V3163 double V5654 double
V0673 double V3164 double V5655 double
V0674 double V3165 double V5656 double
V0675 double V3166 double V5657 double
V0676 double V3167 double V5658 double
V0677 double V3168 double V5659 double
V0678 double V3169 double V5660 double
V0679 double V3170 double V5661 double
V0680 double V3171 double V5662 double
V0681 double V3172 double V5663 double
V0682 factor V3173 double V5664 double
V0683 factor V3174 double V5665 double
V0684 double V3175 double V5666 double
V0685 double V3176 double V5667 double
V0686 double V3177 double V5668 double
V0687 double V3178 double V5669 double
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V0688 double V3179 double V5670 double
V0689 double V3180 double V5671 double
V0690 double V3181 double V5672 double
V0691 double V3182 double V5673 dowble
V0692 double V3183 double V5674 double
V0693 double V3184 double V5675 double
V0694 double V3185 double V5676 double
V0695 double V3186 double V5677 double
V0696 double V3187 double V5678 double
V0697 double V3188 double V5679 double
V0698 doubk V3189 double V5680 double
V0699 double V3190 double V5681 double
V0700 double V3191 double V5682 double
V0701 double V3192 double V5683 double
V0702 double V3193 double V5684 double
V0703 double V3194 double V5685 double
V0704 double V3195 double V5686 double
V0705 double V3196 double V5687 double
V0706 double V3197 double V5688 double
V0707 double V3198 double V5689 double
V0708 double V3199 factor V5690 double
V0709 double V3200 factor V5691 double
V0710 double V3201 factor V5692 double
V0711 double V3202 factor V5693 double
V0712 double V3203 factor V5694 double
V0713 double V3204 double V5695 double
V0714 double V3205 double V5696 double
V0715 double V3206 double V5697 double
V0716 double V3207 double V5698 double
V0717 double V3208 double V5699 double
V0718 factor V3209 double V5700 double
V0719 double V3210 double V5701 double
V0720 double V3211 double V5702 double
V0721 double V3212 double V5703 double
V0722 double V3213 double V5704 double
V0723 double V3214 double V5705 double
V0724 double V3215 double V5706 double
V0725 double V3216 double V5707 double
V0726 double V3217 double V5708 double
V0727 double V3218 double V5709 double
V0728 double V3219 double V5710 double
V0729 double V3220 double V5711 double
V0730 doubk V3221 double V5712 double
V0731 double V3222 double V5713 double
V0732 double V3223 double V5714 double
V0733 double V3224 double V5715 double
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V0734 double V3225 double V5716 double
V0735 double V3226 double V5717 double
V0736 double V3227 double V5718 double
V0737 double V3228 double V5719 double
V0738 double V3229 double V5720 double
V0739 double V3230 double V5721 double
V0740 double V3231 double V5722 double
V0741 double V3232 double V5723 double
V0742 double V3233 double V5724 double
V0743 factor V3234 double V5725 double
V0744 factor V3235 double V5726 double
V0745 factor V3236 double V5727 factor

V0746 double V3237 double V5728 double
V0747 double V3238 double V5729 double
V0748 double V3239 double V5730 double
V0749 double V3240 double V5731 double
V0750 double V3241 double V5732 double
V0751 double V3242 double V5733 double
V0752 double V3243 double V5734 double
V0753 double V3244 double V5735 double
V0754 double V3245 double V5736 factor

V0755 double V3246 double V5737 factor

V0756 double V3247 double V5738 factor

V0757 factor V3248 double V5739 factor

V0758 factor V3249 double V5740 factor

V0759 factor V3250 double V5741 factor

V0760 factor V3251 double V5742 factor

V0761 factor V3252 double V5743 double
V0762 factar V3253 double V5744 double
V0763 factor V3254 double V5745 double
V0764 double V3255 double V5746 double
V0765 double V3256 double V5747 double
V0766 double V3257 double V5748 double
V0767 double V3258 double V5749 double
V0768 double V3259 double V5750 double
V0769 double V3260 double V5751 double
V0770 double V3261 double V5752 double
V0771 double V3262 double V5753 double
V0772 double V3263 double V5754 double
V0773 double V3264 double V5755 double
V0774 double V3265 double V5756 double
V0775 double V3266 double V5757 double
V0776 double V3267 double V5758 double
vQ777 double V3268 double V5759 double
V0778 double V3269 double V5760 double
V0779 double V3270 double V5761 double
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V0780 double V3271 double V5762 double
V0781 double V3272 double V5763 double
V0782 double V3273 double V5764 double
V0783 double V3274 double V5765 double
V0784 double V3275 double V5766 double
V0785 double V3276 double V5767 double
V0786 double V3277 double V5768 double
V0787 double V3278 double V5769 douwble
V0788 double V3279 double V5770 double
V0789 double V3280 double V5771 double
V0790 double V3281 double V5772 double
V0791 double V3282 double V5773 factor
V0792 double V3283 double V5774 double
V0793 double V3284 double V5775 double
V0794 doubke V3285 double V5776 double
V0795 double V3286 double V5777 double
V0796 double V3287 factor V5778 double
V0797 double V3288 factor V5779 double
V0798 double V3289 factor V5780 double
V0799 double V3290 double V5781 factor
V0800 double V3291 double V5782 factor
V0801 double V3292 double V5783 factor
V0802 double V3293 double V5784 factor
V0803 double V3294 double V5785 factor
V0804 double V3295 double V5786 factor
V0805 double V3296 double V5787 factor
V0806 double V3297 double V5788 factor
V0807 double V3298 double V5789 factor
V0808 double V3299 double V5790 double
V0809 double V3300 double V5791 double
V0810 double V3301 double V5792 double
V0811 double V3302 double V5793 double
V0812 double V3303 double V5794 double
V0813 double V3304 double V5795 double
V0814 double V3305 double V5796 double
V0815 double V3306 double V5797 factor
V0816 double V3307 double V5798 factor
V0817 double V3308 double V5799 factor
V0818 double V3309 double V5800 factor
V0819 double V3310 double V5801 factor
V0820 double V3311 double V5802 factor
V0821 double V3312 double V5803 factor
V0822 double V3313 double V5804 factor
V0823 double V3314 double V5805 factor
V0824 double V3315 double V5806 factor
V0825 double V3316 double V5807 factor
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V0826 doubk V3317 double V5808 factor

V0827 double V3318 double V5809 factor

V0828 double V3319 double V5810 factor

V0829 double V3320 double V5811 factor

V0830 double V3321 double V5812 factor

V0831 double V3322 double V5813 factor

V0832 double V3323 double V5814 factor

V0833 double V3324 double V5815 factor

V0834 double V3325 double V5816 double
V0835 double V3326 double V5817 factor

V0836 double V3327 double V5818 double
V0837 double V3328 double V5819 double
V0838 double V3329 double V5820 double
V0839 double V3330 double V5821 double
V0840 double V3331 double V5822 double
V0841 double V3332 double V5823 factor

V0842 double V3333 double V5824 factor

V0843 double V3334 double V5825 double
V0844 factor V3335 double V5826 double
V0845 factor V3336 double V5827 double
V0846 factor V3337 double V5828 double
V0847 factor V3338 double V5829 double
V0848 factor V3339 double V5830 factor

V0849 factor V3340 double V5831 double
V0850 factor V3341 double V5832 double
V0851 factor V3342 double V5833 douwble
V0852 factor V3343 double V5834 double
V0853 factor V3344 double V5835 double
V0854 factor V3345 double V5836 double
V0855 factor V3346 double V5837 double
V0856 factor V3347 double V5838 double
V0857 factor V3348 double V5839 double
V0858 factar V3349 double V5840 double
V0859 factor V3350 double V5841 double
V0860 double V3351 double V5842 double
V0861 double V3352 double V5843 double
V0862 factor V3353 double V5844 double
V0863 double V3354 double V5845 double
V0864 double V3355 double V5846 double
V0865 double V3356 double V5847 double
V0866 double V3357 double V5848 double
V0867 double V3358 double V5849 double
V0868 double V3359 double V5850 double
V0869 double V3360 double V5851 double
V0870 double V3361 double V5852 double
V0871 double V3362 double V5853 double
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V0872 double V3363 double V5854 double
V0873 double V3364 double V5855 double
V0874 double V3365 double V5856 double
V0875 double V3366 double V5857 double
V0876 double V3367 double V5858 double
V0877 double V3368 double V5859 double
V0878 double V3369 double V5860 double
V0879 double V3370 double V5861 double
V0880 double V3371 double V5862 double
V0881 double V3372 double V5863 double
V0882 double V3373 double V5864 double
V0883 double V3374 double V5865 double
V0884 double V3375 double V5866 double
V0885 double V3376 double V5867 double
V0886 factor V3377 double V5868 double
V0887 factor V3378 double V5869 double
V0888 factor V3379 double V5870 double
V0889 date V3380 double V5871 double
V0890 factor V3381 double V5872 double
V0891 factor V3382 double V5873 double
V0892 factor V3383 double V5874 double
V0893 factor V3384 double V5875 double
V0894 factor V3385 double V5876 double
V0895 factor V3386 double V5877 double
V0896 factor V3387 double V5878 double
V0897 factor V3388 double V5879 double
V0898 factor V3389 double V5880 double
V0899 factor V3390 double V5881 double
V0900 factor V3391 double V5882 double
V0901 factor V3392 double V5883 double
V0902 factor V3393 double V5884 double
V0903 factor V3394 double V5885 double
V0904 factor V3395 double V5886 double
V0905 factor V3396 double V5887 double
V0906 factor V3397 double V5888 double
V0907 factor V3398 double V5889 double
V0908 factor V3399 double V5890 double
V0909 factor V3400 double V5891 double
V0910 factor V3401 double V5892 double
V0911 factor V3402 double V5893 double
V0912 factor V3403 double V5894 double
V0913 factor V3404 double V5895 double
V0914 factor V3405 double V5896 double
V0915 factor V3406 double V5897 doubk
V0916 factor V3407 double V5898 double
V0917 factor V3408 double V5899 factor
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V0918 factor V3409 double V5900 factor

V0919 factor V3410 double V5901 factor

V0920 factor V3411 double V5902 factor

V0921 factor V3412 double V5903 double
V0922 factor V3413 double V5904 double
V0923 factor V3414 double V5905 double
V0924 factor V3415 double V5906 double
V0925 factor V3416 double V5907 factor

V0926 factor V3417 double V5908 factor

V0927 factor V3418 double V5909 factor

V0928 factor V3419 double V5910 double
V0929 factor V3420 double V5911 double
V0930 factor V3421 double V5912 double
V0931 factor V3422 double V5913 double
V0932 factor V3423 double V5914 double
V0933 factor V3424 double V5915 double
V0934 factor V3425 double V5916 double
V0935 factor V3426 double V5917 double
V0936 factor V3427 double V5918 double
V0937 factor V3428 double V5919 double
V0938 factor V3429 double V5920 double
V0939 factor V3430 double V5921 double
V0940 factor V3431 double V5922 double
V0941 double V3432 double V5923 double
V0942 double V3433 double V5924 double
V0943 double V3434 double V5925 double
V0944 double V3435 double V5926 double
V0945 double V3436 double V5927 double
V0946 double V3437 double V5928 double
V0947 double V3438 double V5929 doubk
V0948 double V3439 double V5930 double
V0949 double V3440 double V5931 double
V0950 double V3441 double V5932 double
V0951 double V3442 double V5933 double
V0952 double V3443 double V5934 double
V0953 double V3444 double V5935 double
V0954 double V3445 double V5936 double
V0955 double V3446 double V5937 double
V0956 double V3447 double V5938 double
V0957 double V3448 double V5939 double
V0958 double V3449 double V5940 double
V0959 double V3450 double V5941 double
V0960 double V3451 double V5942 double
V0961 double V3452 double V5943 double
V0962 double V3453 double V5944 double
V0963 double V3454 double V5945 double
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V0964 double V3455 double V5946 double
V0965 double V3456 double V5947 double
V0966 double V3457 double V5948 double
V0967 double V3458 double V5949 double
V0968 double V3459 double V5950 double
V0969 double V3460 double V5951 double
V0970 double V3461 double V5952 double
V0971 double V3462 double V5953 double
V0972 double V3463 double V5954 factor

V0973 double V3464 double V5955 factor

V0974 double V3465 double V5956 double
V0975 double V3466 double V5957 double
V0976 double V3467 factor V5958 double
V0977 double V3468 factor V5959 double
V0978 double V3469 factor V5960 double
V0979 double V3470 factor V5961 doubk
V0980 double V3471 factor V5962 double
V0981 double V3472 factor V5963 double
V0982 double V3473 factor V5964 double
V0983 double V3474 factor V5965 double
V0984 double V3475 factor V5966 double
V0985 double V3476 factor V5967 double
V0986 double V3477 factor V5968 double
V0987 double V3478 factor V5969 double
V0988 double V3479 factor V5970 double
V0989 double V3480 factor V5971 double
V0990 double V3481 factor V5972 double
V0991 double V3482 factor V5973 double
V0992 factor V3483 factor V5974 double
V0993 factor V3484 factor V5975 double
V0994 factor V3485 factor V5976 double
V0995 factor V3486 factor V5977 double
V0996 factor V3487 factor V5978 double
V0997 factor V3488 factor V5979 double
V0998 factor V3489 factor V5980 double
V0999 factor V3490 factor V5981 double
V1000 factor V3491 factor V5982 double
V1001 factor V3492 factor V5983 double
V1002 factor V3493 factor V5984 double
V1003 factor V3494 factor V5985 double
V1004 double V3495 factor V5986 double
V1005 double V3496 factor V5987 double
V1006 double V3497 factor V5988 double
V1007 factor V3498 factor V5989 double
V1008 factor V3499 factor V5990 factor

V1009 factor V3500 factor V5991 factor
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V1010 double V3501 factor V5992 factor
V1011 double V3502 factor V5993 factar
V1012 double V3503 factor V5994 factor
V1013 double V3504 factor V5995 factor
V1014 double V3505 factor V5996 double
V1015 double V3506 factor V5997 double
V1016 factor V3507 factor V5998 double
V1017 factor V3508 factor V5999 double
V1018 double V3509 factor V6000 double
V1019 double V3510 factor V6001 double
V1020 double V3511 factor V6002 double
V1021 double V3512 factor V6003 double
V1022 double V3513 factor V6004 double
V1023 double V3514 factor V6005 double
V1024 factor V3515 factor V6006 double
V1025 double V3516 factor V6007 double
V1026 factor V3517 factor V6008 double
V1027 factor V3518 factor V6009 double
V1028 factor V3519 factor V6010 double
V1029 factor V3520 factor V6011 double
V1030 factor V3521 factor V6012 double
V1031 factor V3522 factor V6013 double
V1032 factor V3523 factor V6014 double
V1033 factor V3524 factor V6015 double
V1034 factor V3525 factor V6016 double
V1035 factor V3526 factor V6017 double
V1036 factor V3527 factor V6018 double
V1037 double V3528 factor V6019 factor
V1038 double V3529 factor V6020 factor
V1039 double V3530 factor V6021 factor
V1040 double V3531 factor V6022 factor
V1041 double V3532 factor V6023 factor
V1042 double V3533 factor V6024 factor
V1043 factor V3534 factor V6025 factar
V1044 double V3535 factor V6026 factor
V1045 double V3536 double V6027 factor
V1046 factor V3537 double V6028 factor
V1047 double V3538 double V6029 factor
V1048 double V3539 double V6030 factor
V1049 factor V3540 double V6031 factor
V1050 factor V3541 double V6032 factor
V1051 factor V3542 double V6033 double
V1052 factor V3543 double V6034 double
V1053 factor V3544 double V6035 double
V1054 factor V3545 double V6036 double
V1055 factor V3546 double V6037 double
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V1056 factor V3547 double V6038 double
V1057 factor V3548 factor V6039 double
V1058 factor V3549 factor V6040 factor
V1059 factor V3550 factor V6041 factor
V1060 double V3551 factor V6042 factor
V1061 double V3552 factor V6043 factor
V1062 double V3553 factor V6044 factor
V1063 double V3554 factor V6045 factor
V1064 double V3555 factor V6046 factor
V1065 double V3556 factor V6047 factor
V1066 double V3557 factor V6048 factor
V1067 factor V3558 factor V6049 factor
V1068 factor V3559 factor V6050 factor
V1069 factor V3560 double V6051 factor
V1070 factor V3561 double V6052 factor
V1071 double V3562 double V6053 factor
V1072 double V3563 double V6054 double
V1073 double V3564 double V6055 double
V1074 factor V3565 double V6056 double
V1075 factor V3566 double V6057 doubk
V1076 double V3567 double V6058 double
V1077 double V3568 double V6059 double
V1078 double V3569 double V6060 double
V1079 double V3570 double V6061 factor
V1080 factor V3571 double V6062 double
V1081 double V3572 double V6063 double
V1082 double V3573 double V6064 double
V1083 double V3574 double V6065 double
V1084 factor V3575 double V6066 double
V1085 factor V3576 double V6067 double
V1086 factor V3577 double V6068 double
V1087 factor V3578 double V6069 double
V1088 factor V3579 double V6070 double
V1089 factor V3580 double V6071 double
V1090 double V3581 double V6072 double
V1091 double V3582 double V6073 double
V1092 double V3583 double V6074 double
V1093 double V3584 double V6075 double
V1094 double V3585 double V6076 double
V1095 double V3586 double V6077 double
V1096 double V3587 double V6078 double
V1097 double V3588 double V6079 double
V1098 double V3589 double V6080 double
V1099 double V3590 double V6081 double
V1100 double V3591 double V6082 double
V1101 double V3592 double V6083 double
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V1102 double V3593 double V6084 double
V1103 double V3594 double V6085 double
V1104 double V3595 double V6086 double
V1105 double V3596 double V6087 double
V1106 double V3597 double V6088 double
V1107 double V3598 double V6089 doubk
V1108 double V3599 double V6090 double
V1109 double V3600 double V6091 double
V1110 double V3601 double V6092 double
V1111 double V3602 double V6093 double
V1112 double V3603 double V6094 double
V1113 double V3604 double V6095 factor

V1114 double V3605 double V6096 double
V1115 double V3606 double V6097 double
V1116 factor V3607 double V6098 double
V1117 factor V3608 factor V6099 double
V1118 double V3609 factor V6100 double
V1119 double V3610 factor V6101 double
V1120 double V3611 factor V6102 double
V1121 double V3612 factor V6103 double
V1122 double V3613 factor V6104 double
V1123 double V3614 factor V6105 double
V1124 factor V3615 factor V6106 double
V1125 factor V3616 factor V6107 double
V1126 factor V3617 factor V6108 double
V1127 factor V3618 factor V6109 double
V1128 double V3619 factor V6110 double
V1129 double V3620 double V6111 double
V1130 double V3621 double V6112 double
V1131 double V3622 double V6113 double
V1132 double V3623 double V6114 double
V1133 double V3624 double V6115 double
V1134 double V3625 double V6116 double
V1135 double V3626 double V6117 double
V1136 double V3627 double V6118 double
V1137 double V3628 double V6119 double
V1138 double V3629 double V6120 factor

V1139 double V3630 double V6121 factar

V1140 double V3631 double V6122 double
V1141 double V3632 double V6123 factor

V1142 double V3633 double V6124 double
V1143 double V3634 double V6125 double
V1144 double V3635 double V6126 double
V1145 double V3636 double V6127 factor

V1146 double V3637 double V6128 double
V1147 double V3638 double V6129 factor
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V1148 double V3639 double V6130 factor

V1149 double V3640 double V6131 factor

V1150 double V3641 double V6132 double
V1151 double V3642 double V6133 double
V1152 double V3643 double V6134 factor

V1153 double V3644 double V6135 double
V1154 double V3645 double V6136 double
V1155 double V3646 double V6137 factor

V1156 double V3647 double V6138 double
V1157 double V3648 double V6139 double
V1158 double V3649 double V6140 double
V1159 double V3650 double V6141 factor

V1160 double V3651 double V6142 double
V1161 double V3652 double V6143 double
V1162 double V3653 double V6144 double
V1163 double V3654 double V6145 double
V1164 double V3655 double V6146 double
V1165 double V3656 double V6147 double
V1166 double V3657 double V6148 double
V1167 double V3658 double V6149 double
V1168 double V3659 double V6150 double
V1169 double V3660 double V6151 double
V1170 double V3661 double V6152 double
V1171 double V3662 double V6153 doubk
V1172 double V3663 double V6154 double
V1173 double V3664 double V6155 double
V1174 double V3665 double V6156 double
V1175 double V3666 double V6157 double
V1176 double V3667 double V6158 double
V1177 double V3668 double V6159 double
V1178 double V3669 double V6160 double
V1179 double V3670 double V6161 double
V1180 double V3671 double V6162 double
V1181 double V3672 double V6163 factor

V1182 double V3673 double V6164 double
V1183 double V3674 double V6165 double
V1184 double V3675 double V6166 double
V1185 double V3676 double V6167 double
V1186 double V3677 double V6168 double
V1187 double V3678 double V6169 double
V1188 double V3679 double V6170 double
V1189 double V3680 double V6171 double
V1190 double V3681 double V6172 double
V1191 double V3682 double V6173 double
V1192 double V3683 double V6174 double
V1193 double V3684 double V6175 double
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V1194 double V3685 double V6176 double
V1195 double V3686 double V6177 double
V1196 double V3687 double V6178 double
V1197 double V3688 double V6179 double
V1198 double V3689 double V6180 double
V1199 double V3690 double V6181 double
V1200 factor V3691 double V6182 double
V1201 factor V3692 double V6183 double
V1202 factor V3693 double V6184 double
V1203 factor V3694 double V6185 doubk
V1204 factor V3695 double V6186 double
V1205 factor V3696 double V6187 factor
V1206 factor V3697 double V6188 factor
V1207 factor V3698 double V6189 factor
V1208 factor V3699 double V6190 factor
V1209 factor V3700 double V6191 factor
V1210 factor V3701 double V6192 factor
V1211 factor V3702 double V6193 factor
V1212 double V3703 double V6194 factor
V1213 double V3704 double V6195 factor
V1214 double V3705 double V6196 factor
V1215 double V3706 double V6197 factor
V1216 double V3707 double V6198 factor
V1217 double V3708 double V6199 factor
V1218 double V3709 double V6200 factor
V1219 double V3710 double V6201 factor
V1220 double V3711 double V6202 factor
V1221 double V3712 double V6203 factor
V1222 double V3713 double V6204 factor
V1223 double V3714 double V6205 factor
V1224 double V3715 double V6206 factor
V1225 double V3716 double V6207 factor
V1226 factor V3717 double V6208 factor
V1227 factor V3718 double V6209 factor
V1228 factor V3719 double V6210 factor
V1229 double V3720 double V6211 factor
V1230 double V3721 double V6212 factor
V1231 factor V3722 double V6213 factor
V1232 double V3723 double V6214 factor
V1233 double V3724 double V6215 factor
V1234 double V3725 double V6216 factor
V1235 double V3726 double V6217 factar
V1236 double V3727 double V6218 factor
V1237 double V3728 double V6219 factor
V1238 double V3729 factor V6220 factor
V1239 double V3730 factor V6221 factor
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V1240 double V3731 factor V6222 factor
V1241 double V3732 factor V6223 factor
V1242 double V3733 factor V6224 factor
V1243 double V3734 factor V6225 factor
V1244 double V3735 double V6226 factor
V1245 double V3736 double V6227 factor
V1246 double V3737 double V6228 factor
V1247 double V3738 date V6229 factor
V1248 double V3739 date V6230 factor
V1249 double V3740 factor V6231 factor
V1250 double V3741 double V6232 factor
V1251 double V3742 double V6233 factor
V1252 double V3743 double V6234 factor
V1253 double V3744 double V6235 factor
V1254 double V3745 double V6236 factor
V1255 douwble V3746 double V6237 factor
V1256 double V3747 double V6238 factor
V1257 double V3748 double V6239 factor
V1258 double V3749 double V6240 factor
V1259 double V3750 factor V6241 factor
V1260 double V3751 double V6242 factor
V1261 double V3752 double V6243 factor
V1262 double V3753 double V6244 factor
V1263 double V3754 factor V6245 factor
V1264 double V3755 double V6246 factor
V1265 double V3756 double V6247 factor
V1266 double V3757 double V6248 factor
V1267 double V3758 double V6249 factor
V1268 double V3759 double V6250 factor
V1269 double V3760 double V6251 factor
V1270 double V3761 factor V6252 factor
V1271 double V3762 factor V6253 factor
V1272 double V3763 double V6254 factor
V1273 double V3764 double V6255 factor
V1274 double V3765 double V6256 factor
V1275 double V3766 double V6257 factor
V1276 double V3767 double V6258 factor
V1277 double V3768 factor V6259 factor
V1278 double V3769 double V6260 factor
V1279 double V3770 double V6261 factor
V1280 double V3771 double V6262 factor
V1281 double V3772 double V6263 factor
V1282 double V3773 double V6264 factor
V1283 double V3774 double V6265 factor
V1284 double V3775 double V6266 factor
V1285 double V3776 double V6267 factor
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V1286 double V3777 double V6268 factor
V1287 douwble V3778 double V6269 factor
V1288 double V3779 double V6270 factor
V1289 double V3780 double V6271 factor
V1290 double V3781 double V6272 factor
V1291 double V3782 double V6273 factor
V1292 double V3783 double V6274 factor
V1293 double V3784 double V6275 factor
V1294 double V3785 double V6276 factor
V1295 double V3786 double V6277 factor
V1296 double V3787 double V6278 factor
V1297 double V3788 double V6279 factor
V1298 double V3789 double V6280 factor
V1299 double V3790 double V6281 factor
V1300 double V3791 double V6282 factor
V1301 double V3792 factor V6283 factor
V1302 double V3793 double V6284 factor
V1303 double V3794 double V6285 factor
V1304 double V3795 double V6286 factor
V1305 double V3796 double V6287 factor
V1306 double V3797 factor V6288 factor
V1307 double V3798 double V6289 factor
V1308 double V3799 double V6290 factor
V1309 double V3800 double V6291 factor
V1310 double V3801 double V6292 factor
V1311 double V3802 double V6293 factor
V1312 double V3803 double V6294 factor
V1313 double V3804 double V6295 factor
V1314 double V3805 double V6296 factor
V1315 double V3806 double V6297 factor
V1316 double V3807 double V6298 factor
V1317 double V3808 double V6299 factor
V1318 double V3809 double V6300 factor
V1319 double V3810 factor V6301 factor
V1320 double V3811 factor V6302 factor
V1321 double V3812 factor V6303 factor
V1322 double V3813 factor V6304 factor
V1323 double V3814 factor V6305 factor
V1324 double V3815 factor V6306 factor
V1325 double V3816 factor V6307 factor
V1326 double V3817 factor V6308 factor
V1327 double V3818 factor V6309 factor
V1328 double V3819 factor V6310 factor
V1329 double V3820 double V6311 factor
V1330 double V3821 double V6312 factor
V1331 double V3822 double V6313 factor
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V1332 double V3823 double V6314 factor
V1333 double V3824 double V6315 factor
V1334 double V3825 double V6316 factor
V1335 double V3826 double V6317 factor
V1336 double V3827 double V6318 factor
V1337 double V3828 double V6319 factor
V1338 double V3829 double V6320 factor
V1339 double V3830 double V6321 factor
V1340 double V3831 factor V6322 factor
V1341 double V3832 factor V6323 factor
V1342 double V3833 factor V6324 factor
V1343 double V3834 factor V6325 factor
V1344 double V3835 factor V6326 factor
V1345 double V3836 factor V6327 factor
V1346 double V3837 factor V6328 factor
V1347 double V3838 factor V6329 factor
V1348 double V3839 factor V6330 factor
V1349 double V3840 factor V6331 factor
V1350 double V3841 double V6332 factor
V1351 douwble V3842 double V6333 factor
V1352 double V3843 double V6334 factor
V1353 double V3844 double V6335 factor
V1354 double V3845 double V6336 factor
V1355 double V3846 double V6337 double
V1356 double V3847 double V6338 factor
V1357 double V3848 double V6339 factor
V1358 double V3849 double V6340 factor
V1359 double V3850 double V6341 factor
V1360 double V3851 double V6342 factor
V1361 double V3852 double V6343 factor
V1362 double V3853 double V6344 factor
V1363 double V3854 double V6345 factor
V1364 double V3855 double V6346 double
V1365 double V3856 double V6347 double
V1366 double V3857 double V6348 double
V1367 double V3858 double V6349 double
V1368 double V3859 double V6350 double
V1369 double V3860 double V6351 double
V1370 double V3861 double V6352 double
V1371 double V3862 double V6353 double
V1372 double V3863 double V6354 double
V1373 double V3864 double V6355 double
V1374 double V3865 double V6356 double
V1375 double V3866 factor V6357 double
V1376 double V3867 factor V6358 double
V1377 double V3868 factor V6359 double
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V1378 double V3869 factor V6360 factor

V1379 double V3870 factor V6361 double
V1380 double V3871 factor V6362 double
V1381 double V3872 factor V6363 double
V1382 double V3873 factor V6364 double
V1383 douwble V3874 factor V6365 double
V1384 double V3875 factor V6366 double
V1385 double V3876 factor V6367 double
V1386 double V3877 double V6368 double
V1387 double V3878 double V6369 double
V1388 double V3879 double V6370 double
V1389 double V3880 double V6371 double
V1390 double V3881 double V6372 double
V1391 double V3882 double V6373 double
V1392 double V3883 double V6374 double
V1393 double V3884 double V6375 double
V1394 double V3885 double V6376 double
V1395 double V3886 double V6377 double
V1396 double V3887 double V6378 double
V1397 double V3888 double V6379 double
V1398 double V3889 double V6380 double
V1399 double V3890 double V6381 double
V1400 double V3891 double V6382 double
V1401 double V3892 double V6383 double
V1402 double V3893 double V6384 double
V1403 double V3894 double V6385 double
V1404 double V3895 double V6386 double
V1405 double V3896 double V6387 double
V1406 double V3897 double V6388 double
V1407 double V3898 double V6389 double
V1408 double V3899 double V6390 double
V1409 double V3900 double V6391 double
V1410 factor V3901 double V6392 double
V1411 double V3902 double V6393 double
V1412 date V3903 double V6394 double
V1413 date V3904 double V6395 double
V1414 double V3905 double V6396 double
V1415 double V3906 double V6397 double
V1416 double V3907 double V6398 factor

V1417 double V3908 double V6399 factor

V1418 double V3909 double V6400 factor

V1419 double V3910 double V6401 factor

V1420 factor V3911 double V6402 factor

V1421 double V3912 double V6403 factor

V1422 double V3913 double V6404 factor

V1423 double V3914 factor V6405 factor
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V1424 double V3915 factor V6406 factor

V1425 double V3916 factor V6407 double
V1426 double V3917 factor V6408 double
V1427 double V3918 factor V6409 double
V1428 double V3919 factor V6410 double
V1429 double V3920 factor V6411 double
V1430 double V3921 factor V6412 double
V1431 double V3922 factor V6413 double
V1432 double V3923 factor V6414 double
V1433 double V3924 factor V6415 double
V1434 double V3925 factor V6416 double
V1435 double V3926 factor V6417 double
V1436 factor V3927 factor V6418 double
V1437 factor V3928 factor V6419 double
V1438 double V3929 factor V6420 double
V1439 double V3930 factor V6421 double
V1440 double V3931 factor V6422 doubk
V1441 double V3932 double V6423 double
V1442 double V3933 double V6424 factor

V1443 double V3934 double V6425 double
V1444 double V3935 double V6426 double
V1445 double V3936 double V6427 factor

V1446 double V3937 double V6428 factor

V1447 double V3938 factor V6429 factor

V1448 factor V3939 factor V6430 factor

V1449 double V3940 factor V6431 double
V1450 factor V3941 factor V6432 factor

V1451 double V3942 factor V6433 factor

V1452 double V3943 factor V6434 factor

V1453 double V3944 factor V6435 double
V1454 double V3945 factor V6436 double
V1455 double V3946 factor V6437 double
V1456 double V3947 factor V6438 double
V1457 double V3948 factor V6439 double
V1458 double V3949 factor V6440 double
V1459 double V3950 factor V6441 double
V1460 double V3951 factor V6442 double
V1461 double V3952 factor V6443 double
V1462 double V3953 factor V6444 double
V1463 double V3954 factor V6445 double
V1464 double V3955 factor V6446 double
V1465 double V3956 factor V6447 double
V1466 double V3957 factor V6448 double
V1467 double V3958 factor V6449 double
V1468 double V3959 factor V6450 double
V1469 double V3960 factor V6451 double
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V1470 double V3961 factor V6452 double
V1471 double V3962 factor V6453 double
V1472 factor V3963 factor V6454 doubk
V1473 factor V3964 factor V6455 double
V1474 double V3965 factor V6456 double
V1475 double V3966 factor V6457 double
V1476 double V3967 factor V6458 double
V1477 double V3968 factor V6459 double
V1478 double V3969 factor V6460 double
V1479 double V3970 factor V6461 double
V1480 double V3971 factor V6462 double
V1481 double V3972 factor V6463 double
V1482 double V3973 factor V6464 double
V1483 double V3974 factor V6465 double
V1484 double V3975 factor V6466 double
V1485 double V3976 factor V6467 double
V1486 double V3977 factor V6468 double
V1487 double V3978 factor V6469 double
V1488 double V3979 factor V6470 double
V1489 double V3980 factor V6471 double
V1490 double V3981 factor V6472 double
V1491 double V3982 factor V6473 double
V1492 double V3983 factor V6474 double
V1493 double V3984 factor V6475 double
V1494 double V3985 factor V6476 double
V1495 double V3986 factor V6477 double
V1496 double V3987 factor V6478 double
V1497 double V3988 factor V6479 double
V1498 double V3989 factor V6480 double
V1499 double V3990 factor V6481 double
V1500 double V3991 factor V6482 double
V1501 double V3992 factor V6483 double
V1502 double V3993 factor V6484 double
V1503 double V3994 factor V6485 double
V1504 double V3995 factor V6486 doubk
V1505 double V3996 factor V6487 double
V1506 double V3997 double V6488 double
V1507 double V3998 double V6489 double
V1508 double V3999 double V6490 double
V1509 double V4000 double V6491 double
V1510 double V4001 double V6492 double
V1511 double V4002 double V6493 double
V1512 double V4003 double V6494 double
V1513 double V4004 double V6495 double
V1514 double V4005 double V6496 double
V1515 double V4006 double V6497 double
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V1516 double V4007 double V6498 double
V1517 double V4008 double V6499 double
V1518 double V4009 double V6500 double
V1519 double V4010 double V6501 double
V1520 double V4011 double V6502 double
V1521 double V4012 double V6503 double
V1522 double V4013 double V6504 double
V1523 double V4014 double V6505 double
V1524 double V4015 double V6506 double
V1525 double V4016 double V6507 double
V1526 double V4017 double V6508 double
V1527 double V4018 double V6509 double
V1528 double V4019 double V6510 double
V1529 double V4020 double V6511 double
V1530 double V4021 double V6512 double
V1531 double V4022 double V6513 double
V1532 double V4023 double V6514 double
V1533 double V4024 double V6515 double
V1534 double V4025 double V6516 double
V1535 double V4026 double V6517 double
V1536 double V4027 double V6518 doubk
V1537 double V4028 double V6519 double
V1538 double V4029 double V6520 double
V1539 double V4030 double V6521 double
V1540 double V4031 double V6522 double
V1541 double V4032 double V6523 double
V1542 double V4033 double V6524 double
V1543 double V4034 double V6525 double
V1544 double V4035 double V6526 double
V1545 double V4036 double V6527 double
V1546 double V4037 double V6528 double
V1547 double V4038 double V6529 double
V1548 double V4039 double V6530 double
V1549 double V4040 double V6531 double
V1550 double V4041 double V6532 double
V1551 double V4042 double V6533 double
V1552 double V4043 double V6534 double
V1553 double V4044 double V6535 factor

V1554 double V4045 double V6536 double
V1555 double V4046 double V6537 factor

V1556 double V4047 factor V6538 double
V1557 double V4048 double V6539 double
V1558 double V4049 double V6540 double
V1559 double V4050 double V6541 double
V1560 double V4051 double V6542 double
V1561 double V4052 factor V6543 double
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V1562 double V4053 factor V6544 double
V1563 double V4054 double V6545 double
V1564 double V4055 double V6546 double
V1565 double V4056 double V6547 double
V1566 double V4057 double V6548 double
V1567 double V4058 double V6549 double
V1568 double V4059 factor V6550 doubk
V1569 double V4060 factor V6551 double
V1570 double V4061 double V6552 double
V1571 double V4062 double V6553 double
V1572 double V4063 double V6554 double
V1573 double V4064 double V6555 double
V1574 double V4065 double V6556 double
V1575 double V4066 double V6557 double
V1576 double V4067 double V6558 double
V1577 double V4068 double V6559 double
V1578 double V4069 double V6560 double
V1579 double V4070 double V6561 double
V1580 double V4071 double V6562 double
V1581 double V4072 double V6563 double
V1582 double V4073 double V6564 double
V1583 double V4074 double V6565 double
V1584 double V4075 double V6566 double
V1585 double V4076 double V6567 double
V1586 double V4077 double V6568 double
V1587 double V4078 double V6569 double
V1588 double V4079 double V6570 double
V1589 double V4080 double V6571 double
V1590 double V4081 double V6572 double
V1591 double V4082 double V6573 double
V1592 double V4083 double V6574 double
V1593 double V4084 double V6575 double
V1594 double V4085 double V6576 double
V1595 double V4086 double V6577 double
V1596 double V4087 double V6578 double
V1597 double V4088 double V6579 double
V1598 double V4089 double V6580 double
V1599 double V4090 double V6581 double
V1600 double V4091 double V6582 doubk
V1601 double V4092 double V6583 double
V1602 double V4093 double V6584 double
V1603 double V4094 double V6585 double
V1604 double V4095 double V6586 double
V1605 double V4096 double V6587 double
V1606 double V4097 double V6588 double
V1607 double V4098 double V6589 double
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V1608 double V4099 double V6590 double
V1609 double V4100 factor V6591 double
V1610 double V4101 double V6592 double
V1611 double V4102 double V6593 double
V1612 double V4103 double V6594 double
V1613 double V4104 double V6595 double
V1614 double V4105 double V6596 double
V1615 double V4106 double V6597 double
V1616 double V4107 double V6598 double
V1617 double V4108 double V6599 double
V1618 double V4109 double V6600 double
V1619 double V4110 double V6601 double
V1620 double V4111 factor V6602 double
V1621 double V4112 double V6603 double
V1622 double V4113 double V6604 double
V1623 double V4114 double V6605 double
V1624 double V4115 double V6606 double
V1625 double V4116 factor V6607 double
V1626 double V4117 factor V6608 double
V1627 double V4118 factor V6609 double
V1628 double V4119 factor V6610 double
V1629 double V4120 factor V6611 double
V1630 double V4121 factor V6612 double
V1631 double V4122 factor V6613 double
V1632 double V4123 factor V6614 doubk
V1633 factor V4124 factor V6615 double
V1634 double V4125 factor V6616 double
V1635 double V4126 double V6617 double
V1636 factor V4127 double V6618 double
V1637 double V4128 double V6619 double
V1638 factor V4129 double V6620 double
V1639 factor V4130 double V6621 double
V1640 factor V4131 double V6622 double
V1641 factor V4132 double V6623 double
V1642 factor V4133 double V6624 double
V1643 double V4134 double V6625 double
V1644 double V4135 double V6626 double
V1645 double V4136 double V6627 double
V1646 double V4137 double V6628 double
V1647 double V4138 double V6629 double
V1648 double V4139 double V6630 double
V1649 double V4140 double V6631 double
V1650 double V4141 double V6632 double
V1651 factor V4142 double V6633 double
V1652 double V4143 double V6634 double
V1653 double V4144 double V6635 double

687691 Pageb7 of 76



PROTEUS Deliverable D2.1

V1654 double V4145 double V6636 double
V1655 double V4146 factor V6637 double
V1656 double V4147 double V6638 double
V1657 double V4148 factor V6639 double
V1658 double V4149 factor V6640 double
V1659 double V4150 double V6641 double
V1660 double V4151 double V6642 double
V1661 double V4152 double V6643 double
V1662 double V4153 double V6644 double
V1663 double V4154 double V6645 double
V1664 double V4155 factor V6646 doubk
V1665 double V4156 factor V6647 double
V1666 double V4157 factor V6648 double
V1667 double V4158 factor V6649 double
V1668 double V4159 factor V6650 double
V1669 double V4160 factor V6651 double
V1670 double V4161 factor V6652 double
V1671 double V4162 factor V6653 double
V1672 double V4163 factor V6654 double
V1673 double V4164 factor V6655 double
V1674 double V4165 factor V6656 double
V1675 double V4166 factor V6657 factor

V1676 double V4167 factor V6658 factor

V1677 double V4168 factor V6659 double
V1678 double V4169 factor V6660 double
V1679 double V4170 factor V6661 double
V1680 double V4171 factor V6662 double
V1681 double V4172 factor V6663 double
V1682 double V4173 factor V6664 double
V1683 double V4174 factor V6665 double
V1684 double V4175 factor V6666 factor

V1685 double V4176 factor V6667 factor

V1686 double V4177 factor V6668 factor

V1687 double V4178 factor V6669 factor

V1688 double V4179 factor V6670 factor

V1689 double V4180 factor V6671 factor

V1690 double V4181 factor V6672 double
V1691 double V4182 factor V6673 double
V1692 double V4183 factor V6674 double
V1693 double V4184 factor V6675 double
V1694 double V4185 factor V6676 double
V1695 double V4186 factor V6677 double
V1696 double V4187 factor V6678 doubk
V1697 double V4188 factor V6679 double
V1698 double V4189 factor V6680 double
V1699 double V4190 factor V6681 double
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V1700 double V4191 factor V6682 double
V1701 double V4192 factor V6683 double
V1702 double V4193 factor V6684 double
V1703 double V4194 factor V6685 double
V1704 double V4195 factor V6686 double
V1705 double V4196 factor V6687 double
V1706 double V4197 factor V6688 double
V1707 double V4198 factor V6689 double
V1708 double V4199 factor V6690 double
V1709 double V4200 factor V6691 double
V1710 double V4201 factor V6692 factor

V1711 double V4202 factor V6693 double
V1712 double V4203 double V6694 double
V1713 double V4204 double V6695 double
V1714 double V4205 double V6696 double
V1715 double V4206 factor V6697 double
V1716 double V4207 factor V6698 double
V1717 double V4208 factor V6699 double
V1718 double V4209 factor V6700 double
V1719 double V4210 double V6701 double
V1720 double V4211 double V6702 double
V1721 double V4212 double V6703 double
V1722 double V4213 double V6704 factor

V1723 double V4214 double V6705 double
V1724 double V4215 double V6706 double
V1725 double V4216 double V6707 double
V1726 double V4217 double V6708 double
V1727 double V4218 double V6709 double
V1728 double V4219 double V6710 doubk
V1729 double V4220 double V6711 double
V1730 double V4221 double V6712 double
V1731 double V4222 factor V6713 double
V1732 double V4223 factor V6714 factor

V1733 double V4224 double V6715 factor

V1734 double V4225 double V6716 double
V1735 double V4226 double V6717 double
V1736 double V4227 double V6718 double
V1737 double V4228 double V6719 double
V1738 double V4229 double V6720 double
V1739 double V4230 double V6721 double
V1740 double V4231 double V6722 double
V1741 double V4232 double V6723 double
V1742 double V4233 double V6724 double
V1743 double V4234 double V6725 double
V1744 double V4235 double V6726 double
V1745 double V4236 double V6727 factor
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V1746 double V4237 double V6728 factor

V1747 double V4238 double V6729 factor

V1748 double V4239 double V6730 double
V1749 double V4240 double V6731 double
V1750 double V4241 double V6732 double
V1751 double V4242 double V6733 double
V1752 double V4243 double V6734 double
V1753 double V4244 double V6735 double
V1754 double V4245 double V6736 double
V1755 double V4246 double V6737 double
V1756 double V4247 double V6738 double
V1757 double V4248 double V6739 double
V1758 double V4249 double V6740 factor

V1759 double V4250 double V6741 factor

V1760 double V4251 double V6742 doubk
V1761 double V4252 double V6743 factor

V1762 double V4253 double V6744 double
V1763 double V4254 double V6745 double
V1764 double V4255 double V6746 double
V1765 double V4256 double V6747 double
V1766 double V4257 double V6748 double
V1767 double V4258 double V6749 double
V1768 double V4259 double V6750 double
V1769 double V4260 double V6751 double
V1770 double V4261 double V6752 double
V1771 double V4262 double V6753 double
V1772 double V4263 double V6754 double
V1773 double V4264 double V6755 double
V1774 double V4265 double V6756 double
V1775 double V4266 double V6757 double
V1776 double V4267 double V6758 double
V1777 double V4268 double V6759 double
V1778 double V4269 double V6760 double
V1779 double V4270 double V6761 double
V1780 double V4271 double V6762 double
V1781 double V4272 double V6763 double
V1782 double V4273 double V6764 double
V1783 factor V4274 double V6765 double
V1784 double V4275 double V6766 double
V1785 double V4276 double V6767 factor

V1786 double V4277 double V6768 factor

V1787 double V4278 double V6769 factor

V1788 double V4279 double V6770 double
V1789 double V4280 double V6771 double
V1790 double V4281 double V6772 double
V1791 double V4282 double V6773 double
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V1792 double V4283 double V6774 doubk
V1793 double V4284 double V6775 double
V1794 double V4285 double V6776 double
V1795 double V4286 double V6777 double
V1796 double V4287 double V6778 double
V1797 double V4288 double V6779 double
V1798 double V4289 double V6780 factor

V1799 double V4290 factor V6781 double
V1800 double V4291 double V6782 double
V1801 double V4292 double V6783 double
V1802 double V4293 double V6784 double
V1803 double V4294 double V6785 double
V1804 double V4295 double V6786 double
V1805 factor V4296 double V6787 double
V1806 factor V4297 double V6788 double
V1807 double V4298 double V6789 double
V1808 double V4299 double V6790 double
V1809 double V4300 double V6791 double
V1810 double V4301 double V6792 double
V1811 factor V4302 double V6793 double
V1812 double V4303 double V6794 factor

V1813 double V4304 double V6795 factor

V1814 double V4305 double V6796 factor

V1815 double V4306 double V6797 factor

V1816 double V4307 factor V6798 double
V1817 double V4308 factor V6799 double
V1818 double V4309 factor V6800 double
V1819 double V4310 factor V6801 double
V1820 double V4311 factor V6802 double
V1821 double V4312 factor V6803 double
V1822 double V4313 factor V6804 double
V1823 double V4314 double V6805 double
V1824 double V4315 double V6806 doubk
V1825 double V4316 double V6807 double
V1826 double V4317 double V6808 double
V1827 double V4318 factor V6809 double
V1828 double V4319 factor V6810 double
V1829 double V4320 factor V6811 double
V1830 double V4321 factor V6812 double
V1831 double V4322 factor V6813 double
V1832 double V4323 double V6814 double
V1833 double V4324 double V6815 double
V1834 double V4325 double V6816 double
V1835 double V4326 double V6817 double
V1836 double V4327 double V6818 double
V1837 double V4328 double V6819 double
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V1838 double V4329 double V6820 double
V1839 double V4330 factor V6821 double
V1840 factor V4331 factor V6822 double
V1841 double V4332 factor V6823 double
V1842 double V4333 factor V6824 double
V1843 double V4334 factor V6825 double
V1844 double V4335 factor V6826 double
V1845 double V4336 factor V6827 double
V1846 double V4337 double V6828 double
V1847 double V4338 double V6829 double
V1848 date V4339 double V6830 double
V1849 date V4340 double V6831 double
V1850 double V4341 double V6832 double
V1851 double V4342 double V6833 double
V1852 double V4343 double V6834 double
V1853 double V4344 double V6835 double
V1854 double V4345 double V6836 double
V1855 double V4346 double V6837 double
V1856 double V4347 double V6838 double
V1857 double V4348 double V6839 double
V1858 double V4349 double V6840 double
V1859 double V4350 factor V6841 double
V1860 double V4351 factor V6842 double
V1861 double V4352 factor V6843 double
V1862 double V4353 factor V6844 double
V1863 double V4354 factor V6845 double
V1864 double V4355 double V6846 double
V1865 double V4356 double V6847 double
V1866 double V4357 double V6848 factor

V1867 double V4358 double V6849 double
V1868 double V4359 double V6850 double
V1869 double V4360 double V6851 double
V1870 double V4361 double V6852 double
V1871 double V4362 double V6853 double
V1872 double V4363 double V6854 double
V1873 double V4364 double V6855 double
V1874 double V4365 double V6856 double
V1875 double V4366 double V6857 double
V1876 double V4367 double V6858 double
V1877 double V4368 double V6859 double
V1878 factor V4369 double V6860 double
V1879 factor V4370 double V6861 double
V1880 factor V4371 double V6862 double
V1881 factor V4372 double V6863 double
V1882 factor V4373 double V6864 double
V1883 factor V4374 double V6865 double
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V1884 factor V4375 double V6866 double
V1885 double V4376 double V6867 double
V1886 double V4377 double V6868 double
V1887 double V4378 double V6869 double
V1888 double V4379 double V6870 double
V1889 double V4380 double V6871 double
V1890 double V4381 double V6872 double
V1891 double V4382 double V6873 double
V1892 double V4383 double V6874 double
V1893 double V4384 double V6875 double
V1894 double V4385 double V6876 double
V1895 double V4386 double V6877 double
V1896 double V4387 double V6878 double
V1897 double V4388 double V6879 double
V1898 double V4389 double V6880 double
V1899 double V4390 double V6881 double
V1900 double V4391 double V6882 double
V1901 double V4392 double V6883 double
V1902 double V4393 double V6884 double
V1903 double V4394 double V6885 double
V1904 double V4395 double V6886 double
V1905 double V4396 double V6887 double
V1906 double V4397 double V6888 double
V1907 double V4398 double V6889 double
V1908 double V4399 double V6890 double
V1909 double V4400 double V6891 double
V1910 double V4401 double V6892 double
V1911 double V4402 double V6893 double
V1912 double V4403 double V6894 double
V1913 double V4404 double V6895 factor
V1914 double V4405 double V6896 double
V1915 double V4406 double V6897 factor
V1916 double V4407 double V6898 factor
V1917 double V4408 double V6899 factor
V1918 double V4409 double V6900 factor
V1919 double V4410 double V6901 factor
V1920 double V4411 double V6902 factor
V1921 double V4412 double V6903 factor
V1922 double V4413 double V6904 factor
V1923 double V4414 double V6905 factor
V1924 double V4415 double V6906 factor
V1925 double V4416 double V6907 factor
V1926 double V4417 double V6908 factor
V1927 double V4418 double V6909 factor
V1928 double V4419 double V6910 factor
V1929 double V4420 double V6911 factor
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