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Abstract 

The control and tracking of defects in steel coils is a key problem for ArcelorMittal. The reason is that 

rejected coils result an important economic impact due to the time and resources invested to manufacture a 

coil. Thus, the main objectives are to determine the principal process variables that are correlated to these 

defects and to detect future defective coils while they are still in production in the Hot Strip Mill, a facility 

which plays a key role in the steel production process and where many of the defects arise.  

The three main interest parameters to quantify the quality of the coil and the existence of possible 

defects are: thickness, width and flatness, the last one being the hardest to predict as it is a continuously 

varying parameter. ArcelorMittal has a sensor system able to measure flatness defects by means of several 

indices in real-time (time series).  

Therefore, it would be a huge benefit to develop online algorithms capable of modeling the flatness of 

the coils according to other measured process variables and also to detect the anomalies that these times 

series representing the flatness are related to, both for predictive maintenance purposes as for the 

improvement/optimization of the production systems.  
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Executive summary  

In the steelmaking industry, the life-cycle of steel is long: from the raw material extraction to the 

manufacturing of final products, such as screws, cans and vehicles, several weeks can pass in between. 

Nevertheless, the detection of defects in early stages of the process of steel production is a key point as they 

have a great economic impact due to the costs of producing posterior transformations from the defective 

products which will not serve for their purposes (will be finally rejected). Thus, the sooner the defects are 

detected, the sooner the process can be modified/stopped in order to save these expenses. 

A key phase of the steel production is performed in the Hot Strip Mill and this facility will be essential 

to carry on the early detection of defects. The Hot Strip Mill is a facility where steel is transformed from 

slabs to coils after heating and rolling the material through rolls at high pressure and temperature, while 

keeping a controlled tension over the material, and finally cooling by using water showers in a continuous 

process. All processes are monitored using real-time 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 

industrial managers would be the prediction of thickness, width and flatness measurement of the coils. The 

later one is the hardest to predict due to its variability. ArcelorMittal has developed a sensor system capable 

to detect a defect on a coil and to assign several indices measuring the degree of flatness of the coils. 

It would be beneficial to 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 will imply that the coil has to be 

rejected. This is the purpose of PROTEUS. Moreover, apart from the early detection, it seems important to 

identify which variables are relevant for the appearance of flatness defects. 

To predict the flatness measurement, it is necessary to deal with a continuous learning process as steel 

composition varies with time, and so does its mechanical behavior. Another problem that should be tackled 

is the lack of data due to sensor malfunction. To address these challenges, new scalable online machine 

learning techniques have to be firstly defined, secondly implemented and thirdly validated in an actual 

industrial scenario like the one in ArcelorMittal. Visualization methods for understanding the process are 

also essential. By relying on visual interactive interfaces, a better perception of the data and the analysis 

outcome will be obtained.  

A clearly identified gap in the process executed in the Hot Strip Mill is to use processed offline data and 

quality parameters to understand the impact of different process parameters on dimensional defects. 

However, one of the main contributions of PROTEUS is to develop innovative data analytics algorithms for 

massive online data. These will help signal defects detection in real-time, while coils are still under 

production. By using appropriate massive online analysis techniques for mining the Big Data streams 

generated during the process, it is expected to achieve a reduction of defective coils and rejected material. 
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1 Description of the Hot Strip Mill process  

Steel coils are produced at the Hot Strip Mill. In the Hot Strip Mill slabs coming from the continuous casting 

facility are transformed into coils with an established width and thickness. In Figure 1 the general shape of 

the Hot Strip Mill  can be appreciated. It is divided in four different zones: the preheating furnace, the 

breaking-down zone, the finishing zone and, finally, the coiling zone. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Hot Strip 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 reheat the slab above 1200 °C. 

This heating is performed in the preheating furnace (see Figure 2), which is a continuous furnace that allows 

operation without any interruption between slabs 

 

 

 

 

 

 

 

 

 

           

        Figure 2. Preheating furnace 

Once the slab is hot enough, it goes to the breaking-down zone. This breaking-down zone has two main 

parts: 

Å The roughing scale breaker where the scale from the slab is broken and removed.  

Å The rolling stand where the slab is rolled to obtain an intermediate plate between the slab and the 

final coil. 
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Figure 3. Breaking-down mill 

 

After the breaking-down zone, the plate enters in the finishing zone. Here the plate suffers two different 

treatments. First, the cropping of the plate is performed according to the clientsô requirements and then the 

plate is rolled to reduce its thickness to the final desired value. 

The rolling process involves metal-to-metal contact. The objective is that a 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 recover their shape in order to 

be used in later processes. 

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 recovers its original shape. This is 

the reason for 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 hardened zone. 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 determines the rolling strengths that 

we must apply in order to ensure that the processed material is flat and its thickness is the required value. 

The friction produced by the rolling forces is greater on the width of the material, which avoids the widening 

and forces it to grow in length.  

Once the plates are rolled, they enter into a cooling zone where the temperature is reduced. The cooling is a 

pre-programmed cooling curve by using water showers in a continuous process. This reduction sets the plate 

temperature to the optimal temperature for the coiling process. This final temperature takes an important role 

in the coiling zone as, for example, an incorrect temperature may result in a coil breaking. 

Finally, the plate enters into the coiler, which transforms it into the final coil. Figure 4 shows the structure of 

a coiler. 
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Figure 4. Coiler 

 

To sum up, this section serves as a presentation of the Hot Strip Mill, the facility where the data will be 

collected. Thus, we can find a global summary displaying the transition stages of the coil, from the initial 

moment when it is a hot slab until the point when it becomes a rolled coil. The different tasks carried on in 

each zone are explained, specifying the requirements that are needed in some zones (as minimum 

temperature to roll the slab). 

Once the working scenario is presented, the forthcoming sections are devoted to introduce the problem 

statement, the goals to be achieved and the description of the main datasets related to the production of coils. 
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2 Problem statement 

All the described Hot Strip Mill parts have multiple parameters that affect the final dimensional properties of 

the obtained coil. Examples of these parameters are temperatures, vibrations, tension in the rollers, the speed 

of the plate when entering the coiler, etc. All these data are obtained mainly from a sensor network installed 

across the facility. Those parameters will define the properties of the final coil and therefore, it is essential to 

obtain and analyse them. 

Defects introduced in early processes of steel transformation, such as the Hot Strip Mill, have a great 

economic impact due to the costs of posterior transformations prior to detecting the defect. The coils with 

defects continue through other facilities until they are identified as defective. Identifying a greater number of 

defective coils would reduce the amount of money that is wasted by the company. Therefore, the goal is to 

analyse the data provided by the inspection system in the 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 lower quality standards, 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 

process, there are three main parameters to be predicted using predictive analytics techniques:  

1. Thickness 

2. Width 

3. Flatness measurement 

Although thickness and width are in general well modelled and predicted, flatness measurement is much 

harder to get. Flatness generates one of the main defects affecting coils and it determines the quality of the 

products and their use for different applications. Most of flatness defects are produced at the Hot Strip Mill 

before coils are treated to produce a variety of final products downstream in the global process. Preventing 

this kind of dimensional 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 elongations in 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 flatness of its surface. 

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 between 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 thickness (Figure 5a). 

If the force applied by the cylinder were constant, all 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), which causes some fibres to be of different length. The tensions applied by 

the rolling cylinders generate internal stresses in the strip that manifest in waves/ripples in the surface 

(Figure 5b). These waves originated by different length fibres are the flatness defects.  
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Figure 5. Flatness defects. In our case the number of fibres supplied by our sensor system are 5. 

 

One thing to consider is that most flatness defects are not directly visible while the strip is in the Hot Strip 

Mill. This is due to the fact that the tensions applied by the rolling cylinders are often enough to counteract 

and mask the defects. However, once these tensions disappear and the steel strip leaves the Hot Strip Mill, 

the flatness defects may reappear, and can be directly visible by an operator or an inspection system. 

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

¶ The state of the machinery in the facilities. As a continuously operational production line, the Hot Strip 

Mill line components are exposed to permanent fatigue and wear. 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 friction with 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 one side of the strip, 

generating a strip with an edge longer than the other. 

¶ Calibration of the parameters. One of these parameters that may affect flatness defects are the curvature 

of the rolling cylinders and its temperatures, the distribution of the water spray applied in the cooling of 

the coil or the alignment of the rolling line. 

¶ 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 with the cylinder rotation and affect the 

surface. 

To analyse the flatness of a steel strip, one have to analyse the length of the fibres along the strip. Depending 

on the length, one can consider different types of defects: wavy edges, bad levelling and centre buckle 

(Figure 6). 

Wavy edges appear when the centre fibres are under less stress than the lateral fibres, which results in a 

length increase in the borders and the appearance of waves. Correcting it requires stretching the centre. Bad 

levelling is due to a bad positioning 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 strip. Centre buckles appear 

when an excessive stress is applied in the centre of the strip, which causes a greater length and waves along 

the centre. 

Length of the 
strip 

Length increase 
 in the fibres 

(a) (b) 

Ripples due to the 
different fiber lengths 
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                                                             Figure 6. Types of defects 

There are also other type of defects, for example the 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 bottom. Correcting 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 have installed a wide network of sensors measuring different properties of the coils 

along the rolling process in the Hot Strip Mill. Among the qualities that these sensors measure are the 

temperature, width and thickness of the gauge or the tension of the coiler, among others. However, the 

interesting sensors for this study are those ones measuring the flatness of the coils. Two sensors are installed 

in the Hot Strip Mill  to measure flatness. Our goal is focused in one of them, which has been developed to 

perform continuous measurement of the flatness of the band after the last section of the finishing train. This 

method makes use of a laser triangulation technique, which allows us to measure the height changes between 

five fibres in the steel strip. By applying the integration technique it computes the elongation of each of these 

fibres, generating several flatness indices in the form of I-Units, although it is open to use other metrics 

under the request of the customers. Nonetheless, I-Units are a very extended metric or flatness indices in the 

industrial framework where the index measures the deviation of the fibres with respect to a reference one. 

The I-Units are computed as shown  

     
 

where Fj is the I-Unit value of the fibre , Lref is the reference length of the fibre (the central fibre in the 

inspection system), Lj are the lengths of the remaining four fibres and 10
5
 is an international convention to 

represent the scale of the fibres lengths, in the order of micrometres.  

As the reference fibre is the central one and as it is selected independently of its length, in the case that the 

other fibres are shorter than the central one it could happen that they take negative values.  

Wavy Edges Bad Levelling Centre Buckle 
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Table 1: Profile curve associated with different types of defects  and its description 

Surface Fibre elongation Associated profile curve Description 

 
Non-defective 

 

 

Elongation of all the 

fibres is the same. 

Since there is no 

difference between the 

fibres lengths, it results 

in an horizontal line. 

 

 
Wavy edge 

 

 

Elongation is 

maximum in one of the 

sides and minimum in 

the other, presenting 

waves in the longer 

side. The resulting 

curve will be 

ascending or 

descending depending 

on the side of the 

defects  

 

 

 
Central buckles 

 

 

The elongation is 

higher in the central 

zone than in the edges. 

This results in central 

buckles 

  

 

 

 

 

 
Wavy edges 

 

 

The elongation is 

higher in the edges in 

comparison with the 

centre fibres. This 

results in a concave 

curve. 

 

Once flatness measurements have been computed for all the fibres of the rolled product, two more specific 

measurements can be provided from them, symmetrical and asymmetrical flatness. Symmetrical flatness 

measurements can be used to describe flatness defects caused by bending irregularities in the rolling 

cylinders. In particular, it can be used to identify wavy edges and central buckles, depending on which fibres 

are longer (the central or those in the edges). On the other hand, asymmetrical flatness identify bad levelling 

flatness defects, which can be used to detect irregularities in the tilting of the rollers. 

Since steel coils can be hundreds of metres long, the flatness measurements described are computed for 

every certain number of metres of the steel strip, this distance is determined by the inspection system used 

(as the length of the coil and the speed how it is rolled). The different flatness measures computed along the 

strip can be combined to evaluate the overall symmetric flatness of the strip making it possible to build a 

flatness map of the strip. 
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Figure 7: Flatness map, asymmetrical and symmetrical flatness 

 

 

 

 

 

 

 

 

The overall flatness of the steel strip can be interpreted from its flatness map and the time series related to 

the symmetrical and asymmetrical flatness. An example of these measures for a specific coil is displayed in 

Figure 7. 

The flatness map indicates the presence of a flatness defect in the head of the strip. In this case, the length of 

the fibres in one edge of the strip is remarkably higher than the length of the other edge or the centre of the 

strip. This defect, as mentioned in Table 1, is known as wavy edge, and may point to a misalignment in the 

rolling cylinders. The first time series, which corresponds to the asymmetrical flatness, confirms this fact, 

taking a high value in the same section. 

The values and sign of the asymmetrical and symmetrical flatness indicate the different types of flatness 

defects that might be present in the band. The first time series corresponds to the asymmetric flatness and 
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represents the bad levelling defects plotted in Table 1. Positive values will correspond to waves in the right 

edge of the coil whereas negative values will correspond to left ones. Regarding the interpretation of the 

coefficients in the second time series, representing the symmetry flatness indices, these defects corresponds 

to centre buckle, for coefficients greater than zero and wavy edges for coefficients smaller than zero. The 

greater that these coefficients are, the more the defect is present in the coil. Analysing more in detail the 

inner structure of the inspection system, we realized that to reduce the impact that the height measuring 

errors have over the computation of the elongation we have to apply a group of filters over the heights signal. 

This method calculates the previous two. Due to the specific characteristic that ArcelorMittal has in its 

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

accuracy for measuring ranges above 100 I-Units. The resolution in the measurement of heights is 0.05 mm 

with a variation of °0.1 mm.  

The sensor operates as follows: the measurement of absolute heights is performed by optical triangulation 

modules located in the sensor. It is based on an optical triangulation system without contact. The gauge uses 

five optical triangulations as rangefinders to simultaneously measure the vertical position of five selectable 

points across the width of the strip, which is considered to have five fibres by the system. A point is set in the 

centre of the strip, and the system automatically adjusts the remaining four points on both edges and in 

intermediate positions, depending on the bandwidth. The triangulation in the gauge is achieved with rotating 

mirrors, driven by motors, whose angles are automatically adjusted to the nominal bandwidth. The main 

advantages of this technology are: 

Å The maximum operational reliability of transmitters and receivers that remain in a fixed position. 

Å The very small echo and the minimum number of moving parts (rotating mirrors) which ensure rapid 

and reliable adjustments triangulations. 

Å A good protection of the two measurement modules due to a typical clearance of 2.4 m below the 

gauge. 

To sum up, the inspection system will provide indices of symmetry and asymmetry of the strips. These 

quantities measure how flat the coil is, but not in absolute terms. In other words, they provide ñgrades of 

flatnessò of the coils but in any case they will not provide a final assignment to the coil as defective or non-

defective. The variables representing the symmetry and asymmetry indices are time series containing 

information of the coil every metre. These two variables could 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 

indices and train machine learning models capable of predicting future ñgrades of flatnessò of new coils that 

have not been inspected. It is also desired that these methods would outline the most relevant variables that 

cause more (or less) grade of flatness in the coils.  

2.3 Objectives 

The detection of future defective coils while they are still in production in the Hot Strip Mill facility is of 

vital importance, since it would allow us a redefinition of the 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 customers and a better assessment of our products. This derives into one of our 

two main objectives: the design of a model able to predict the degree of flatness of the coils. This would 

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

expertise knowledge, and take action accordingly. 

The other main objective is based on the detection of anomalies in the time series representing the symmetry 

and asymmetry indices. This is a different approach but also of main interest for ArcelorMittal. Both of them 

are detailed in the following sections. 

2.3.1 First approach 

As mentioned before, one of the main interest for ArcelorMittal is the prediction of  flatness defects in the 

coils. It has already been highlighted the negative impact that the appearance of these defects will have in the 

production and sales chain. The detection of highly defective coils in an early step of the steelmaking process 

will help to avoid working with these coils and also would allow us to reassign the quality grade of some 

coils in order not to lose them. To this extent, it would be of great help to obtain a predictive model able to 
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provide the amount and the regions of the coils that have a higher probability of having flatness problems, or 

in other words, a prediction of the flatness distribution. Thus, the goal is to formalize a multivariate model or 

choicely two univariate models able to predict accurately the symmetry and asymmetry indices with respect 

to other process variables. So the model/s will help 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 from the Hot Strip 

Mill , where there is a datum for each coil, and an online dataset, where each coil has a changing number of 

values. This online data has measurements every metre of the coil, but as not all the coils have the same 

length, the number of measurements will vary among them. Further details about the datasets can be found in 

Section 3. In any case, the model/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 important to remark certain specific interests 

that we have over the model. First, the steel composition of the coils produced in our facilities has an 

evolving nature. The development of new products could require the production of steel grades with different 

mechanical behaviour. As an example, most of steel grades produced in 2014 did not exist five years earlier. 

This fact outlines the need of new techniques capable of adapting to this real-time changing type of data and 

to extract meaningful information from it, such as the main variables that may impact the appearance of 

defects in a coil of a newly produced steel grade. Thus, it is really important to identify the important 

variables for the model. This interest is two folded: 1) causal, in the sense that the detection of important 

variables would help to distinguish those variables which affect the increase of the symmetric and 

asymmetric indices (i.e., the appearance of flatness); 2) consequence, so that by getting knowledge about the 

more relevant variables causing flatness defects we can help the optimization of the process by making in 

advance a more precise calibration of the amounts of materials that are used or the conditions that the 

machines or process must fulfill, like certain temperatures, speed requirements or maintenance. Thus, 

exploiting this information will prevent, for instance, that the rolls of the machine will be exposed to high 

pressures or temperatures, knowing that above certain boundaries they will break. In general terms, whereas 

the first interest is devoted to find causality explanations to the flatness problems, the second one is focused 

on exploiting the obtained information of the important variables to design maintenance improvements in the 

process. 

Moreover as part of the improvements derived from the detection of the important variables and in the line of 

the maintenance goal, an alarm systems could be developed in order to prevent flat 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 warning when those variables are exceeding the limit of the 

non-defective band. This alarm system should be defined as conservatively as possible, so that no flat coils 

are transferred to subsequent facilities.  

Another important goal is that the model to be formalized has to be dynamic. In fact, due to the type of data 

considered, the model has to adapt and overcome the possible inclusion of incorrect data, the presence of 

partial data or the fact that some delay can be included before obtaining some data. To be more precise, these 

are some examples 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 by 

the passage of the time. Some of these sensors are more likely to suffer perturbations due to their position in 

the process, such as those sensors which are measuring high temperatures, for instance at the exit of the Hot 

Strip Mill, or high pressures, when the sensors are 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 sensors will have a 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 volatile. Moreover, depending on the 

wear of the rolls, the different defects described in Figure 6 will be more likely to arise. Thus, the continuous 

changes present in our facility would make that the available data is dynamic and this will be a key point in 

the definition of the model/s. Another additional consideration, in this case only for the online data, is 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, there is an unplanned stop in the facility 

and/or there is a server crash and the data interface where the data is anonymized (see Section 3) cannot 

operate. Whereas the first one is controlled and therefore, it could be treated in a different way (omitting this 

data or treating 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 face the erroneous data that will derive from the 
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sensors. A plausible option is to develop a model that checks in advance if  the new incoming data makes 

sense, for instance, by checking if the model is providing very bad or senseless results after introducing it. 

Finally, the data supplied by the inspection system are not immediate. By contrast, there is a short time delay 

until the system gives the indices. This fact is something to be taken into account as, in order to train the 

model it has to be able to cope with this time margin. 

For all the former reasons, the model to be formalized cannot be fixed, 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 tools. Of special 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 operator can see and 

easily decide if the on-going coil is a defective candidate or not. To this extent, this technique should be able 

to relate the output of the application with historical process data of past defective coils. Therefore, not only 

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

Moreover, it should be possible to provide a visual representation of the important variables, so that some 

hidden information can be extracted or discovered.  

Finally, it would be advantageous that 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 depending on certain goals or variables. 

To sum up, the operators would need a powerful and easy-to-interpret visualization tool that allows them to 

understand all this complex information that the models will extract from the process data. 

Additionally, among the 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 coil leaves the Hot 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 detection method 

should be able to analyse the data and obtain results as soon as possible, almost at the same speed rate as it is 

receiving the information. Since visualization will be of vital importance to determine the state of the Hot 

Strip Mill process and the main 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 online dataset, which is the one containing these variables. 

The goal is to find anomalies on the series that will help to improve the system considerably. 

Once again, there are several interest at detecting and analysing these anomalies. One of 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 the key to address maintenance strategies. However, in this case we do not make 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 in the series, 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 stop the process 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 activated when the series is reaching highly 

deviated points, considering as the reference system a zero-flat series 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 

system. This basic notion of the alarm system has to be formalized mathematically in depth, by defining 

ñcriticalò bands where, in the case that the series cross their boundaries, the appearance of a defective coil is 

assured (with certain degree of confidence).  
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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 repeated 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 would result in 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/region of the 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 severe change in both variables after a 

common point (for example its average length), that makes that the time series punctuations increase 

drastically. Although these two examples are hypothetical, they allow us to get the general idea that the 

anomalies will not be 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 improvements to prevent 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 relationship with 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 beginning of the 

rolling process will prevent the appearance of deformations in their edges. Or that reducing the rolling speed 

in some units will make them last longer. So the improvements are not merely devoted to detect and override 

flatness, but to enhance the whole 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 those regions of the series where they might be an alarm, in red 

for example. Moreover, these visualization tools will be essential in this second approach, as they will allow 

us to have a general initial analysis of the data with a visual inspection. Of course, this 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 section describes the main characteristics of the process data available. It contains historical information 

about processed coils in the Hot Strip Mill, as well as flatness measurements from an inspection system. In 

addition to this description, Annex A presents a table that contains the data types of the variables in these 

data sources. 

3.1 Main datasets 

The data collected and intended to be analysed is presented in two different datasets: 

1. Process dataset: This dataset is the result of joining several tables from the database of the Hot Strip 

Mill. This data is composed of the measures of sensors, which are distributed along the facility 

measuring several process variables. In this dataset, each coil has associated a single value for 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 is the Hot Strip Mill  process database. This 

database includes both quantitative and qualitative data, stored in 42 different tables. All the tables 

share the same key variable, which allows us to join and relate all this information with certain 

specific coils. The tables in the Hot Strip Mill  database store a total of 7475 variables 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 300-700 MB. 

These tables are updated 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 not a general 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 that, data containing information about detected defects are not updated at the 

same rate as the Hot Strip Mill database, since the processed coils are not evaluated for defects until 

later when the coil is processed in the flatness 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 flatness and from different 

sensors installed in the Hot Strip Mill. It consists of a series of time series variables that have been 

measured continuously along the coil length. It includes variables such as temperatures, flatness, etc. 

It also contains the target variables (flatness) that may be employed in the construction of the 

prediction model. The interval in which each variable is measured varies depending of the system 

capabilities to acquire and store the data and the speed of the coil being processed. For example, if a 

coil is produced in approximately two minutes and we usually have 100-200 values of each signal, 

we can approximately say that the generation rate of these variables is around 1 second. Thus, the 

analysis of this data requires online capabilities in order to obtain the results as soon as possible. The 

historical values of these variables have a current size of ~300 GB. 

Additionally, flatness maps are also generated once the entire coil is processed and measured by the 

flatness measurement system. These 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 numeric variables and images (maps) from the processed coils. 

Examples of the target variables can be found in Figure 7 in Section 2.2. The structure and 

information of this and the rest of the variables is shown in Table 2. 
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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 

T001 Flatness map Image 

T002 Symmetric Flatness Numeric 

T003 Asymmetric Flatness Numeric 
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3.2 Data workflow from ArcelorMittal  

The evolution from data to results is represented in the following clockwise scheme:  

 

 

 

 

   

 

 

 

 

 

 

 

                                                   

Figure 8. Scheme of the system 

1. Initially the data is collected from the Industrial Facilities , which in our case are the process and 

flatness databases that collect information measured by sensors at the Hot Strip Mill.   

2. All the stream of data from our facilities is pre-processed in the AMIII Data Interface . This 

interface is an internal tool where all the data will enter compulsory and which has two main goals. 

The first one is to integrate the data from the different data sources into the appropriate format to 

send to our partners. Mainly, this process collects the tables arriving from the different sensors and 

gathers them in a unique table containing all the information with the structure outlined in previous 

sections. 

And the second goal is to anonymize/codify the data, so any confidential information is not 

displayed. To do so, some of the standard procedures are: 

¶ To replace the name of the variables to generic ones.  

¶ To replace the value of the classes in the factor variables so that any private internal class 

name is replaced by a generic one. For example, the type of steel could have two classes, 

BH or IF, and we would replace them by Class_1 and Class_2  

3. In the PROTEUS Core the data is analysed by our partners and the results are obtained.  

4. Finally, the results provided by our partners are introduced in the AMIII Results Interface , where 

they are adapted for its application and interpretation by the operators in our facilities. 
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4 Conclusions 

The detection of defects in 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 continues through the steel manufacturing 

process, before eventually being rejected, is remarkable. Therefore, a deeper analysis is required to try to 

overcome this problem. 

Among the different objectives to be accomplished are the early detection of the defects, and 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 information hidden in 

the data. 

This report contains a detailed data description, introducing the two type of data sources, historical and 

online data, and some more specifications about the data such as the type of variables involved or the 

dimensions of the dataset. We 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 data, ArcelorMittal already has a sensor system capable of measuring certain parameters 

about the coils. Furthermore, the type of data developed by the system is real-time continuous massive data, 

which cannot be analysed with classical analytical methods.  

Thus, to address all the former issues, we require new techniques capable of adapting to this changing-real-

time-online-massive data and to extract relevant information from it, such as early detection of flatness (even 

when the coils are still being manufactured in the Hot Strip Mill), or the identification of relevant variables 

or the discovery of additional information which can be obtained by visualization. Moreover, an additional 

aim, apart of predicting the flat coils, will be to find anomalies 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 patterns and visualizing them are valid in this case. 
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Annex A Data types table 

Table 3 Data types of 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 double 

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 factor 

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 factor 

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 double 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 double 

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 factor 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 double 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 double 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 double 

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 double 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 double 

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 factor 

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 



PROTEUS Deliverable D2.1 

687691 Page 30 of 76   

 

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 factor 

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 double 

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 double 

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 
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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 double 

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 

V0477 double V2968 double V5459 date 

V0478 double V2969 double V5460 date 

V0479 double V2970 double V5461 date 

V0480 double 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 double 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 double 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 double 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 double 

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 double 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 double 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 factor 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 

V0777 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 double 

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 double 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 double 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 double 

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 factor 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 double 

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 double 

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 double 

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 factor 

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 factor 

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 double 

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 double 

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 factor 

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 double 

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 double 

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 factor 

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 double 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 double 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 double 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 double 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 double 

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 



PROTEUS Deliverable D2.1 

687691 Page 54 of 76   

 

V1470 double V3961 factor V6452 double 

V1471 double V3962 factor V6453 double 

V1472 factor V3963 factor V6454 double 

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 double 

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 double 

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 double 

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 double 

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 double 

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 
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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 double 

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 double 

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 double 

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 double 

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 double 

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 double 

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 




