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Abstract

The goal of this work is to present an e-learniogl based on the MATLAB Webserver
technology. We offer an adaptive PHP frameworkohldan be used for interactive learning
in lessons and in project practices, as well aswieb presentations of computer algebra
solutions made in MATLAB (e.g. nonlinear fit proble for medical data). All
mathematical/numerical solutions of the tasks ameedin MATLAB. Another basic of the
concept is not only to show the students the smiutif a problem via internet for several
different functions or parameters, but also to offeem the source code. The students can
download the code and test other features and [@agramming of mathematical solutions
with a computer numeric/algebra package. An expianaf the detailed structure of the PHP
— framework is given.

The main focus of this paper lies on model attenfquts susmsmssissams
physiological systems. An example of a simple imdas :
model is used for interactive learning and systi
testing.
In several parts the way from a poor data intetmma sstmsal—]
to a data model with exponential functions up to. .
solution with transfer functions and paramel
optimization is described. The outlook concerns 't
expandability of the defined framework, and wilkal

focus on the restrictions of the system and hodel with them.
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To get a general reusable system we have to dafine
1 General global concept, capable to support the most importa
At Vienna University of Technology a very similar features for education in mathematics, modeling and
problem like in other technical schools/universitia ~ Simulation. Thus, we will get some restrictions in
presenting lectures dealing with modeling and@raphical representation and/or_textual representat
simulation basics, as well as summing up thEuton the other hand a well defined structure eusp
necessary mathematical theory occurs: How to ptese#Sy model implementation and illustrating special
the theory of modeling and simulation of speciakta content of teaching, which is not that easy exgldin
based on examples, so that the students can falow" the common way at a blackboard.

easily and thereby learn the most important basics? The main part of the work is to create the basic

As known from theory “learning by doing” is one Ofstructur_e. We chose the following frame definitias,
the best options. That is why the department fo¥hown in Fig. 1.

analysis and scientific computing designed thiemenen

following structure for education. One of the mairm:
goals is to present dynamical models with a praxi
interrelationship, which will be explained duringet s s
lessons, but should be also available via a welmm=s
interface for advanced learning at home. Anothe&ssss

die Grenzen fur die Zei

principle is based on mathematics and computc

inkionen und der Losung von Infegralen

Bearbeitung von Aufgabenstellurgen
jorreiher urd

arten berechren sie bitt2 selbst
waluierer sie

numeric. For example it is much moreismes ="

comprehensible for students that the associativk a S rre—

distributive laws working with floating point numise oo T

are hurt, when the conclusion is confirmed by L s B /

interactive examples. In this case it is also irtgoar I SR

to show the programmed code in an easy readabie

language or with pseudo code. Fig. 1 the general framework of the user interface

. ) i including the first example
This leads to the next benefit of the defined stmec

the algorithmic part of the examples is all done in

MATLAB and MATLAB/Simulink. This computer o nher left part of our input/output interfasetfie

algebra/numeric package including tyenbolic math e of the chapter and a short explanation of the
toolbox is also used in the lessons “Einfuhrung in das . iext this part is dealing with.

Programmieren flur technische Mathematiker” an

“Computermathematik”. Therefore the main part ofn the same frame, beginning in the middle untd th

the visitors of the lessons, where the Webservéight side, there is the list of the examples

applications are included, are familiar with reaglin corresponding to the chapter/block. This part Hasep

MATLAB code. for three columns with up to five rows providingsth
links to the specific examples. The lower part fudé t

2 Background of MATLAB Webserver website, which is split into two frames, has an gmp
right side at the beginning of an example. On #fe |

In general, as the examples are all realized in thgart a short description of the actual model isegiv

MATLAB Release 2006a, the MATLAB Webserver Under this part the definition and the settingstiod

application [1] needs an additional Webserver taac selectable variables and parameters are placed.

server in client/server web architecture. In owsecae

use an Apache Webserver [2]. Th_e intgrface_ used for petailed structure

input or input/output representation is defined by

standard HTML (Hypertext Markup Language) [3]As already explained a general network is important

frames, which interact with MATLAB via a CGI — make an easy useable structure and to allow the fas

script. growth of the system after a one-time detailed

) ) structural definition and implementation.
In our case we decided to use PHP and interconnect

the files directly with the Webserver. This has thdhis is done in PHP with some special features. For
following benefits: fast transformation of the poor MATLAB m-file code
into an MATLAB Webserver application we have to
*  The system becomes more stable, because Wgfine some restrictions for the right side of ibwer
have only two layers left instead of three.  frame. This frame represents the output part of the
«  After defining the structure once, the wholeSyStém. ~As MATLAB allows different types of
system acts in modular concepts, whictPutputs and our system has restrictions in place an

means that we can adapt examples and ad@ilities for data representing (e.g. no rotatibér3a —
new ones, without any code writing in pHpPYraphics p0_55|ble), we have to define strict rdtes
or HTML. output creation and representation.
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3.1 The three different output structures optimize:, 1,array(1 =>'TI',2 =>KI',3
) , _=>'TB',4 =>KBY));
In many cases of data transformation and in mogelin $form->addField(new
and simulation, the user or developer is only gtad FloatField(‘'var2', 'starting value:',
in a textual form of the output. As known MATLAB 0.1, 0.0001, 60));
can easily organize textual output to the commandS$form->addField(new )
window (e.g. commands disp or print) or to a fifer !sntiggtr)Flfeld(vars, Number of steps’,
our structure we define the synonysatstr as standard ~’ ); i
. . R $form->addField(new
return value. This can bg set to a string beg!nwng TextField('vard,'Answer:", 'Optim.)):
‘TEXT’ and then filled with the return text, in wth  gpagevars[form] = &$form:
standard HTML commands, like <br> or <i>, can be>
implemented. The originated text is then transfarme . '
to standard HTML text in the output frame after € S€cond code line defines the coupled MATLAB
executing the m-fi file, which runs within the defined structure. The
g the m-file. o ! )
_ . _ following lines define examples for the four diféet

The second sort of output is the classical plottinghput types:ComboField, FloatField, IntegerField and
window. This is in our structure a so called ‘IMAGE TextField.
— structure and therefore thetstr return value is set h L lassical |
to this string. The implementation of such a suret 1he COmboField is a classical combo box (see also

needs a few extra code lines. An implementatioa of F19- f2) as de;;med In sleveral GL:]IS (General User
graphical output can be done for example like this: Ntérface). In the example above the user can bwitc
o N between four cases, which are than in MATLAB
Pic = figure(visible’, off’); S represented as numbers one to four.
% in this part the plot is defined in the samayw

% as this is done in standard MATLAB notation The next part is the definition of BloatField. The

MATLAB name of the corresponding variable stands

d ; . . .

Wr:g\r/ir:](t)jvgeg(mc first and is the string var2. The next part septdty
instruct,mnmgfn}ename); comma is the name the user will see in the interfac
retstr = IMAGE"; The third part is the default setting followed Het

minimum value and the maximum, which can not be
The third output class is the so called ‘ERROR’ Feached. The testing, if the defined value is vakd
class. To define the return value we first have texecuted by PHP, and in case it is not the inpaotena
define what we consider to be an error. The fiest p is highlighted in red color and furthermore an erro
where this class occurs is, when a MATLAB internamessage occurs.
error arises. This can be for example because afigvr

) , . ) ; > Th finiti f arintegerField is d i imil
dimensions of input vectors or singularity of megs. e definition of arintegerField is done in a similar

o way as theFloatField. It is implemented because in
In these cases the original error message fro

. . ; any cases it does not make sense to define
MATLAB should be displayed via the.web 'merface'everything as floating point number. Moreover it
The_: second sort of error message is the develoqﬂ{groves the data filtering for the m-file.
defined case. Such error messages are more or les
equivalent to the work/usage of the TEXT constructhe fourth example is a standarektField. Compared
and are in many cases used for programmer defingal the IntegerField construction in this structure the
breaks before a MATLAB internal bug can occur.  last two parts of definition are missing. That is

because a string does neither have a minimum value

nor maximum value.

As everybody who is handling 10 — interfaces foerus If we save this definition in the so calledtialize text

applications knows, it is very hard to define aistore - : P
in which the user has a broad field of testinéjocument’ we get a system like depicted in Fig. 2.

3.2 Types of input variables

potentials, but concurrent catching all parameter = SN

X . T =]
settings and structures which are not allowed b&zau SETEE O_Op'mlze
this takes a lot of programming effort. Therefore w Starting value: |0.1
define special data types in PHP and perform tlsicba Number of steps: [5

checks for the range directly in the definition tpaf Answer: [Optim.

the class.
ok |

The following code fragment shows all types of

variables. The detailed explanation can be found Fig. 2 graphical output corresponding to the code

below. fragment on the left side of the page.

<?ph . .

$p§gg\,ars[.m| mfile]="example_ergo3: After explanation of the different data types the

$form = new Form(); N definition of the structure for the other comporsent
$form->addField(new has to be done.

ComboField('varl', 'paramter to
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3.3 Input structure 4.1 Assignment of tasks

We distinguish two different levels of our struaur Backgrounds for the considerations in our model are
This is done to ensure the reusability of the systephysiological and metabolic processes

and allow other staff, after a very short instromti
period, to define new chapters and Webserver
examples after defining the appropriate MATLAB

which are observed over a time interval and
for which measurements are available,

code. e« which are influenced by factors from
The main layer is the so called chapter level. The outside(e.g. medicine) and are reacting in a
folder for one layer includes subfolders with the special way,

examples and four text files (There are severatroth and
files which are not important for the developemefv )
examples. These files include PHP code.). The first * Systems where the attitude can be focused on

one, description, contains the text which is then relatively isolated from the surrounding, this
represented in the top frame at the left side. Téis means that the reaction to an excitation is not
can be defined in a standard editor using basic HTM depending  on  other  physiological
commands. components.

The secondheadline, is self-explanatory. In the center of interest is the time dependent

. o _coherence between input and model reaction. The
The third text file includes a few PHP commands ifodel has to be able to

which the user can define a number for sorting the . _ o
chapters. This part is optional and is only ¢ describe the time dependent characteristics in
implemented for advanced system definition and a mathematical comprehensible form,

extension for chapters in a higher hierarchicakord . solve the problem with good correlation

The last file in the foldemavigationLabel, defines the between input and output,
chapter number. This block is also optional if we

focus on only one chapter as a web application. » reflect the physiological and biological

coherence qualitatively well,
Now we have already defined the structure of an
example chapter. One thing missing until now is the
structure of the examples included in such a pazkag

But as we will see the structure is quite similada « fit the measurements as good as possible,
that is why the user does not have to learn many

» to define the individual quantitative reaction
only by parameter finding,

things before starting the implementation of exaapl and
Again we have a text file calledbscription, where the * predict the process reaction also with other
short explanation of the file is created in textfem conditions (e.g. changed excitation).

or with a few HTML additions. Thénitialize part is

explained in detail in section 2.2. o
4.2 The model definition
The navigationLabel text file includes the name of the

example. This name shows up as an entry in the linfie basic experimental structure of the model $4] i
list in the upper frame of our example. Summing ufiven by the following (virtual) assumptions:

this description we see, that after the user hatsewr Ap infusion with 500 ml of a substance over onerhou
the nifile, only the input variables have to be set ins |eading to an increase of the concentration wek

o _ showing the increment of the substance in the blood
4  Application for transfer functions are available at all time points(every 15 minutes).

After the definition of the whole framework — whichAIS0 important for the .modellmg point of VIEW 1S Wh
happens before the simulation starts. This is pdint

is the main part of the work — we can go a S.tegut with two extra measurements half an hour and 15
forward and show the structure and its

benefits/restrictions within an application in tfield Lmngtes before the infusion starts. Fig. 3 shoves th
. : o C ; asic system.
of modeling and simulation in education.

In many cases it is easier for the students to
understand system behavior of a class of problems
using an example. Therfore a simple infusion maslel
chosen to explain the way from data measures @p to
dynamic model structure.
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by The main problem of the functidift) is, that it does

not depend on the input function. It tries to hanitle
O system response output, whereby the measurements are the only used

knowledge. The infusion is never taken into account

1 o o < e}
To sum it up we can see that all of this interpofat

oel methods (polynom interpolation, splines,...) justidui

: a data model — the model does exclusively represent
the measurements

| o o o 4 g4

4.4 Exponential function approach

The next step towards an universally valid model is
established on basic considerations:

time in hours

From physiological point of view we know, that the
function should be relatively smooth over time.
Furthermore we see coherence between the input
function defined as a rectangular by the infusigout.

Fig. 3 model assumption
4.3 Data approach

The general question in the first iteration isthiére
exist a mathematical model (formula) which ca

interpret the increase of concentration by a fumct first time before the infusion starts to flow intbe

Vr\r’]ré'gg rIeS 4 a; tgs Irr?;aesg'rrimlceag: ng': S(;Srg to ré?}ﬁlood we assume the zero function as only valid
ured vaiues. Imp w $GICNS o ution. When the infusion starts, the output fiorc

for an interpolation functiof(t) with tries to come up to a fixed level. In general tisis
f(t)=cliO{,...,n} (1) explained by formular (2).

The coherence between infusion and the system
Neaction is described by exponential functions. The

One of the easiest ways to handle this is to make a f(t)=a-b* e %) 5 b el )

polynomial interpolation. This is a classical data T

approach and therefore it is implemented as tf# firin the end of the infusion time the input function

example in our MATLAB Webserver system. Thejumps to zero. Afterwards the measured data seems t

modeling environment looks like the screenshot ifpllow this function. This can be modelled agairttwi

Fig. 4. The students have the possibility to té&t t g negative exponential function.

model with different compensation polynoms and with , ) .

the interpolation polynom of order twelve. Summmg up these results, we get a functlo.n Whlch
describes the output behaviour of the physiological

Regelungsmathematische Modelle in der Medizin

Datenmodell - Polynom

I diesem 3lock finden sie grundiegande madzi
iga Mo:

aweiter Ordnung komplex

Datenmode! mit Exponentialfunktion

data mode fer messured reactor (13 data) to inection (scuare:

injection)
using pelynomial interpoleticn (degree 12) anc polynormial it
@11

inpat ozramezers: PP polynom al degree 2<=pp<=11

Polyncmyred [10

system with three general exponential functions,
whereby the first part, the zero function, is @ivi

The implementation of this model assumption is
shown in Fig. 5. In this model the extra possiypitif
parameter variation for the third part can be done.

Gred aiieer? [ja  +|
Lo

Regelungsmathematische Modelle in der Medizin

Date dell - Poly
In diesem Blcck firden sie gurdlegende medizinische Irfusionscdelle. Um in der AR
Cnfli je und

Injekti

Datenmodel mit Exponentialfurktion

data mode for measured reaction (data) to injecton (square:
injection)
using

ans
inpat CE1. CE2 ceeffexp functon
01<=CE1.CE2<=20

Koo de- Exponertiafunion CE* [7 i o
. . Koeff der Exporemtiafunktion CE2: 53 /
Fig. 4 MATLAB Webserver example for a polynomial | s meznessr fo = - / i\\\
interpolation of the task defined in chapter 3.2 \\\

w rile o

The students see the problems that occur whe
someone adds an extra measurement and that {
interpolation is good in the data points, but alsit
tends towards infinity. Also the problematic of the
impossibility to handle other input functions andke
a feasible model with the polynomial function can b
shown. From modeling point of view this model i noAs can be seen, the model output fits the
appropriate because our system description acts wiheasurements, very good. But what has to be taken
physiological impossible (negative) values. into account is, that this model is no interpolatigith
exponential functions because the exponential
functions used in the model act on different intésy

Fig. 5 MATLAB Webserver implementation for the
exponential model assumption
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A big disadvantage of the structure is that a ckang turning point of the function is visualized as ail
the activation function (infusion) changes the vehol star.

reaction function. Nevertheless this model is not a The students can test optimization algorithms and f
more a simple data model because the input mfkmenca" the examples they have the buttoew rriile in the

the output structure (defines when to switch betweqoWer left comer of the example definition and

the different exponential functions). parameter frame. This leads to another benefituof o

system. The people working with this interface tear

. _about modelling and simulation and, furthermore, by

qug:lva?io\rgva?ot igagrslethoeurstwggnlj[QBtoWr?;;;gle;inlqn sing this simple example they can advance their
pF‘at‘"lowledge about programming in the computer

ﬁnggrlggr;%?l ?é%rle:gﬁ’ rt]h?rhszftllij:?ﬁz rvevzsg:qvivhun%umeric/algebra package MATLAB, which is in a
9 9n. Y Whide area more or less the standard.

make the next step towards a general system

description. The next class of functions to be focussed on lage t

omplex second order transfer functions. In this
ontext the characteristic parameters are dampidg a

4.5 Transfer function approach

Control theory leads to an appropriate modei
description between the input u(f) and the outggt x frequency. A composition of all three systems {firs

in a structural-graphical, as well as in a_mathwgaht .order, second order real and second order complex)
formulary way. The general structure is depicted ip

for our infusion model is shown in figure 8. The

Fig. 6. .
output functions are all coloured red, whereby the
dashed line shows the PT2 — real model and thedlott
Z( ) one represents the first order transfer function.
—1 G(p, S) Modelle in der Medizin
In diezern Block finden sie grundlegende medizinische nfusiansmodellz. Jm in der Datpmotel| < Auyion _
S Praxis fahic zu <ein, vemanftige Modelle zu erstellen, ist s wichtg die Grundzige und Injektionsmodel -Ubertragungsfunktion
varechiederen Anstze der Modelloildung an einem ein‘achen Model zu erernan urd zweiter Ordnung komplex
dieses genauer zu bezrazhten. 1. und 2. Ordnung reell
Des weiteren ird auf die Imp ementierung in MATLAB aingewiesen, diz Lnter dem Daisnunpitafwit Exponentiafhnktion
Link view mfile zu fnden is:
erster Ordung und Ubertragungsfurktion
Zweiter Ordnung in Verwendung mt Messdaten
Fitting mit Ubertragungsiunktionzn K /(Ts+1),
e
Input - Parameter: K Gain 01 <=K<=2.5, Tims Constan's T (or
u K X PT1), T1.72 (for PT2) 1.0001<=T.T1,72<=10 D cariping facter, =

fiequency for PT2-complex.
Optims! Parariecer K=2.T =0.2; T1=0.05:72=0 2, D=4: F=6;

Gank 2
Ze::.o::ta:“tee"\ fu:PTZ ’[D;—
Zeithorstante 2furPT2: [c2
- - - DampfungsfakiorD: [15
Fig. 6 structural-graphical representation of the s —

relation; inputu(t)/outputx(t), general model (top) and =
first order function as for the infusion model(dgwn

T-s+1

vew e

To get a feeling for the work of a transfer funatiand  Fig. 8 three different transfer function approactees
how to handle a system in an adequate way with this the system from chapter 3.2

control structure we implemented several examptes %or all of these transfer function models we sha t

E)hr?jeﬁﬂ'g;k/’:ﬁo\rgvfubns(;irgr?rérljhz Sglrl;tr'ﬁgtserfig;?;n:gtsitwe are now (far) away from the poor data model. Our
P system can now handle the dynamic features of this

;O;n%;ieﬁgtg? ;erLzzfr:ei?F\zwth;eal zero pointef model and the solution which is generated with this
9.7 method is capable to react in an adequate waypidat in
changes.

Regelungsmathematische Modelle in der Medizin

In diesem Elock finden sie grundlegerde med zinische Infusionsmodelle. Lim in der
Fraxds fanig zu seir, vemdrftige Modelle zu erstellen, ist es wichtig die Grundzige und
verschiecenen Ansatze der Madellbildung n einem e nfacher Nodell zu erlemen und
dieses genauer zu betrachten

Ces wsiteren wird auf die Implemertierung n MATLAB hingeviesen. die unte” da
Link view file zu findzn ist

Datenmodell - Polynom
Injektionsmodel - Ubertragungsfunktion
2weiter Ordnung komplex

1.und 2. Ordnung reell

Datenmode! mit Exponentialfunkiion

5 Fourier series application

mativation: fom PT1 to PT2. ¥ data show turming point
example data: inaut rect step, autput PT1 and PT2, data vith
turin po S
fiting wit tarsfer fnction K (Ts+1), KIT*s+1)T2s+1) .

input parameters K Gain 01 <=K<=2.5, Time Consiarts T ffor
FT1), T1.72 (for PT2) 0.0001<=T T1.72=10

defeult paramete’s: K=2: T=0 15; T1=0.°5, T2=01l (PT2=Px1)) 1

Another often used application in techniques is the

optimel parameters: K=2T=02; T1=0.05:72=0 2.

Gank o

Zeitkonszarte T fr PTH: [015
Zehonstants T rPT2: 015
Zetkonstant= T20rPT2 02
ok |

view rfle

approximation of a periodic function by a sum of
trigonometric functions. The theory behind is cdlle
Fourier series [5] and is a part of teaching in all
technical branches of study at Vienna University of
Technology. For this reason additional blocks with
examples are implemented on the MATLAB
Webserver.

One class of examples starts with a picture of a
predefined example function. A sample is shown in
Fig. 9.

Fig. 7 first order and second order with real zero
points

The PT1 — element is plotted as dashed red linaen
representation of the second order transfer fundtie
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S - Within these two plots the students can see omef t
: necessary conditions for convergence of the sum of
trigonometric functions: the coefficients have ® &

in die Funktionsweise und die Anwendungsgebiete dieser speziellsn
Reihenentwicklungen zu zeigen. Iorpaletion
Amplitudenspektrum

e null sequence. The coefficients of a convergent
e Gt (it ) e i o4 majorant series can be chosen to depict the kngeled
SR - B o B graphical. Therefore thgymbolic math toolbox is used
i | o again.
view mfle & i Lo
g 6 Outlook
L As pointed out in sections 4 and 5 the MATLAB

Webserver solution is compatible for use in modglin
applications. Two main goals are of interest:

The students first have to answer questions anadl the
go on with the solution of the system. The focus
hereby does not only lie on the mathematical swuti
of the task into an indefinite sum, but also tolakp
effects like Gibbs phenomena and to communicate the and
feeling how many elements are necessary to get an
effective solution for further calculations.

Fig. 9 setting of a standard task on our interface.

e« Easy handling parameter/function-variation
for given examples, and thus, supporting
learning by doing

the possibility to have a look at the source
code in every step and make further work
The approximation of the input function with a with it in the own MATLAB workspace.
defined number of elements can be calculated. T
solution for the function defined in Fig. 9 is showm
Fig. 10. Also the formulas for the coefficients tbg
sinus andcosinus function are returned.

hIene shown system is a tool which is not only used t
present tasks in modeling and simulation, but &bso
impart the students in special fields of mathensatic
where the graphical view combined with the formal
i solution helps a lot to understand the theory (e.g.

| e Fourier Series, higher dimensional extreme value
analysis, Taylor Polynom, Interpolation, ...).

Fourierreihen

Dieses Kapitel beleuchtet die Approximation von periodischen Funktionen it einer
festen Periodendauer T durch rigorometische Funktionen, Ziel st es einen Einblick
in die Funktionsweise und die Anwendungsgebiete dieser speziellen
Reihenentwicklungen zu zeigen

Das folgende Beispie! zeigt die geschlossene Form der Fouransansasielun

Beispiel und eine Darstellung der Funktionsapproximation mit N
Glieder. Dieses Nist auch der Eingabeparameter. N
Vergleichen sie ihre Losung mit den Werten im Plot und

\ One of the most interesting next steps will be the
! implementation of a state flow simulation
environment based on the MATLAB Webserver.

Gberarbeiten sie gegebenfalls ire Losung!

an=(iltprm)  sintntpit2) |

v dor e [
al 3
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Fourierreihen

Dieses Kapitel beleuchtet die Approximation von periodischen Funktionen it einer
festen Periodendauer T durch tngonometrische Funktionen. Ziel ist es einen Einblick
in die Funktionsweise und die Anwendungsgebiste dieser speziellen
Reihenentwicklungen zu zeigen
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Welche
die an bzw. bn mssen gelten, damit die Fourierreihe:
Komvergiert

Himweis: Beachten sie die Beschranktheit der Sinus- und
Cosinusfunktion!

Uben sie selbst an weiteren Beispielen das Arbeiten mit o

Fourianieihen und nutzen sie den vorhergehenden Block um ihre B T
Ergebnisse zu visualisieren_ So kbnnen sie ihren Lemefiekt
steiger und haben gleichzeitig die Moglichkeit mit einem
Computeralgebrapaket zu dben.

Anzahl der Glieder: [17 o)

TS
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Fig. 11 the upper plot shows the amplitudespedtra o
thea,, which means the coefficients of tbas part.

The lower plot depicts the coeff.of thie elemts.
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