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Abstract: The objective of the technical report is to reflect on the development process
of econometric software. Consequently, we will present a software application that has the
role of determining the coefficients of a linear model, based on the ordinary least squares
regression analysis technique. We will be focused both of the following directions, technical -
computer science related perspective and also on the econometric and mathematical
approach. By applying the appropriate development environments, costs are being reduced
considerably and the efficiency level is appreciably augmenting. In addition to that,
reengineering the already existing object oriented desktop applications brings us to the
conclusion that econometric software is efficient in legacy. Consequently, the application has
been transformed by means of reengineering and gained the characteristic of distribution.
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1. Preliminary aspectsregarding theregression analysis

We will begin our approach by referring to [1] &i2d where exogenous variables are
described as being uncorrelated with the error terthe regression model. As a matter of
fact, if we consider the following equation, theetenination of the coefficients of exogenous
variables would become straightforward.

Let the multi linear regression model [5] be ddsexdii as the following equation:

Y =Bt Bx t.  BX . BX, +E (D)

which can be also written as:
Y =5, +Z:8ixi +& (2)
i=1

where:
- Vi represents the dependent, explained variable;
- X describes the independent variables, explanatorgblas;
- & isthe error term.

- [B.is the coefficient of the independent variableshich we will have to determine in

the model.
Our purpose is to estimate the coefficients ofdkplanatory variables, and the most
frequent way for doing that is by using the ordyni@ast squares technique.
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As a preliminary condition, we will presume that thxpectation of the variable is
0, taking into account that and £ are random variables. In other wor@g |x)=E(&)=0,
meaning that the value @f does not depend of the values of x.

Consequently, it is straightforward to describé¢hia following equation the regression
model without taking into account the varialsle This will lead to the idea that:

EYIN=F+ Y A% ()

In [4] is shown that the regression model may ksxdbed also by using matrices. In
practice, when we build econometric software thihe most frequent algorithm:

XYy =XXB+ X'e=XXb,, 4)

where:
- X represents the matrix of exogenous or indepeindariables;
-y is the vector of endogenous or dependent bimsa
- B is the vector of coefficients which have to berastied,;
- £ represents the error term;
- X' is the transpose matrix of X.

It is straightforward to describe (4) as the foliogvformula:

X Koo Xin X1 Koo Xin X1 Xppeeen Xin X1 Xppeeens Xin &
X1 Xopgeren X, | * Y2 = X, Xoperoon Xou | **| Xpp  Xppens You |*[Bus Borees Bl #| Xor Yoo X1 {]
Xml Xm2 er ym Xml Xm2 an Xml Xm2 an Xml Xm2 er

()
The estimation ofB by the ordinary least squares method will becoBhé¢4]:
Bos= (X*X)* XT*y (6)

This hypothesis is the basis of the following repreation and software analysi§ s
represents the estimated coefficients of the lineadel based on the ordinary least squares.

2. UML Representation of collabor ative econometric software

The subsequent diagrams show how the system hasedvalfter the process of
reengineering [6]. It has become a distributediappbn with machine readable web services
developed on the .NET platform.

In Figure 1 the class diagram before reenginedsresented. In Figure 3, we will
show as well the sequence diagram in order to geoaidynamic image of the functionalities.
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Fig. 1. Class diagram for the regression model before iaergng

After the process of reengineering, the applicattmtomes web oriented, with
dynamic content and highly opened, reliable andabta In Figure 2, we present the class
diagram after the process of reengineering. Thericseof complexity, reliability and
maintainability are to be briefly presented on belsd the correlation of the theoretical

approaches with our practical results.
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Fig. 2. Class diagram for the regression model after reexgging

As it is shown in the class diagram, new functidied have been added, web
orientation has been achieved, and a dynamic aplprbas been implemented. It is very
important for distributed econometric applicatiam hie collaborative. Administration and
authentication modules have to be included. Thdgrod clear perspective about each

individual client’s [7] [8] [9], cooperation witthe system.
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In [1] [7] and [9] it is mentioned that Collabonregi systems must work better than
other types of systems. An example of collaborativeormation system, defined as a
distribution company whose objective is to sellr@asing quantities of its products is
presented. The econometric applications shouldemgpis condition too, and offer a higher
degree of usability, reliability and robustnessb@lance with the other types of software
applications.

Quality characteristics are in expressed in quatnté way by metrics. As in [1], we
put into operation the following metrics, which weve redesigned for econometric
applications:

- the projectomplexity has been be reduced, so as the application tondgppidly to
the demands and not to need much resources; tmgimeering process did not
increased the level of complexity; we believe thesitive independence [10]
characteristic has an impact on the project conifyl@x collaborative systems;

- reliability of the project assumes that sometimes failurdsusiness or econometric
software applications are causing bad consequeneedistributed application may
also be depending of the collection of hardwamtwsare and communication
elements that serve the objectives. An Internetiegipn must work 24 hours a day,
seven days a week without any problems that magrgén failures in the system.
Testing, management and reengineering greatly afédiability. It is advisable to test
all the modules that are affected by reengineeaimd) make statistic determinations of
the results;

- maintainability [1] presumes that from the momem created the new software, it
would become easy to adapt it to new demands, rstimagtion models and new
functionalities. Furthermore new objectives arbeaealized.
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All these metrics have been considered during éwveldpment of the application.

3. Practical Resultsin programming

Here are presented some code parts from our ecariorapplication, in which we
estimate the coefficients of a linear model, désatiin our first part.

The code which originally worked only on desktop laggions, without any
possibility of being accessed by the Internet,ri@s evolved and easy to use and integrate by
other software application, by means of SOAP. Cqusatly, each of the methods has also a
web method correspondence in web services.

To begin with, it was necessary to read the UML ctass sequence diagrams in order
to have a clear view about how the classes halke tteveloped and how they interact.

public  partial class _Default : System.Web.UI. Page
{
#region matrice_statice_dinamice
public  static Matrice matrice_integrala_x;
public  static Matrice matrice_integrala_y;
public  static Matrice matrice_integrala_xy;
public  static Matrice  ygrec;
public  static Matrice rezultat;
public  static Matrice rezultat_2St;
#endregion

#region nr_linii_coloane
public int nr_linii = 0;
public int nr_coloanel= 0;
public int nr_coloane= 0;
public string @datefis = DateTime .Now.ToShortTimeString();

#endregion

protected void Page_Load( object sender, EventArgs e)

{ genereaza_tabel(nr_linii ,nr_coloane, nr_co loanel);

}
private  void genereaza_tabel( int nr_linii, int nr_coloane, int nr_coloanel)
Syitem.Web.UI.WebControIs. Label [] Iblxtb = new
System.Web.Ul.WebControls. Label [nr_linii, nr_coloanel + nr_coloane];
primtabel.BorderStyle = System.Web.Ul.WebControls. BorderStyle  .Outset;
primtabel.BackColor = Color .Gray;

for (int |=0;1<nr_linii; i++)
{ TableRow tbr = new TableRow ();

primtabel.Rows.Add(tbr);
for ( int j=0;]j<nr_coloane + nr_coloanel; j++)
TableCell tbc= new TableCell ();

tbc.Width = 120;
TextBox txtb = new TextBox ();
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IbIxtbl[l, j] =
txth.Width = 60;
IbIxtb([l, j].Width = 50;

new System.Web.Ul.WebControls.

Vol. 2poN1, 2010

Label ();

txtb.Text = “0.0”
txtbh.ID = “TextBoxRow_ " +i+  “Col_" +]j;
tbc.Controls.Add(Ibixtbll, j]);
tbc.Controls.Add(txtb);
if (j <nr_coloane)
IbIxtb[l, j]. Text = YT+ + S+

txtb.BackColor =
}
else
IbIxtb[l, j]. Text =
}
tbr.Cells.Add(tbc);
}
primtabel.Rows.Add(tbr);

}
PlaceHolder1.Controls.Add(primtabel);
}

protected void btnCalculeaza_Click(
TextBox4.Visible = true ;
Label5.Visible = true ;
try
{

TextBox4.Text +=

Color .FromArgb(127, 255, 0, 0);

“X* +1+  “" +(j-nr_coloane);

object sender, EventArgs e)

“Rezultat prin 1 stage least square” ;

rezultat = new Matrice (int .Parse(ViewState[ “rows” ].ToString()), 1);
rezultat = Regresie .Rez_1 ' (matrice_integrala_x, matrice_integrala_y);
for (int 1=0; 1< rezultat.nrlinii; /* rezultat.nrlinii*/ i++)
{
for (int j=0;]<rezultat.nrcols; j++)
TextBox4.Text += “\nBeta” +1+
rezultat.elem(i,j]. ToString();
}
TextBox4.Text += “n”
}
} _
catch ( NullReferenceException ex)
{
Response.Write(ex.Message + « Apasati citeste Matrice » );

}
}

The Default class has the role of instantiating the matrix segtession objects, in

order to make the necessary calculations. Stillewkvorking in the default class, it is
compulsory to consider the matrix objects as sfati@avoiding errors and misunderstandings.

The regression equation is implemented inRee 1S function from the Regression
Class. The namBez 1S comes as an abbreviation from the ordinary leastissg, or just

least squares estimation technique.
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The matrix class presumes the regular attributesopredation as in the traditional way
of working with matrices. Reengineering processimoed the class, eliminated the
unwanted redundancy and gave the opportunity femtlatrices to by dynamically handled.
Static attributes have been put to the matricessimgtted in the Default class, with the
purpose of transmitting to the compiler that tieefault class is not entitled to create objects
of the matrix type, but to use the already defihgee in the class. Consequently, the matrix
attributes are included in th®efault class where instantiated are also, but they ddeloing
to any other objects.

There is also possible to estimate the coefficiehts linear regression model also by
means of two-stage least squares estimation teednigghen dealing with instrumental
variables.

The application also has this possibility, whichlvig described in a future paper, as
continuation of the work.

4. Conclusions and futurework

We intended to create a distributed econometriticgifpn by software reengineering.
Estimating the coefficients of linear models is vemyportant in practice. The software
application gained the collaborative side, by opgnit through the Internet, and making it
available for many categories of users.

The econometric regression model which is basedhenordinary least squares
method is significantly used in different areasexfearch, from market research to education.
Reengineering made the process of software devenpeificient, it saved a lot of time and
reduced significantly the costs.

We would prefer to continue this research by addingthe present package of
applications some new models, like the two-stagsstlesquares estimation technique and
polynomial regression.

Testing on the two-stage package has been madethancbde part is ready to be
integrated in the application. A paper about thin@ation in two-stage least squares method
is to be published as well.
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