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Anotace

Aplikace ekonometrickych modeld v zemédélskych podnicich je velmi slozity proces vyzadujici znalost
nejen ekonomie, ale i statistickych a matematickych metod samotnymi pracovniky v zemé&délstvi. Resenim
mize byt aplikace ekonometrickych problémi do analytickych systému pro podporu rozhodovani manazera
farem. Pro takové feSeni je nutné navrhnout multidimenzionalni databazi pro podporu online analytického
zpracovani dat (OLAP). V ¢lanku je pfedstavena nova metoda (nazvana TEM-CM) pro formalni transformaci
ekonometrického modelu do konceptualniho modelu dat pro tvorbu multidimenzionalnich schémat. Tato
nova metoda umoziuje formalizovat proces ptevodu produkéni funkce v zemédélstvi na multidimenzionalni
model dat a pfispivat tak k efektivnéj§imu navrhu datovych skladi a OLAP databazi pro podporu rozhodovani
v zemédélskych analytickych systémech.
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Abstract

Econometric model application in farms is a very complex process requiring knowledge not only the economy
but also statistical and mathematical methods in agriculture workers themselves. The solution may be
an application of econometric problems in analytical decision support systems for farms managers. For such
a solution is necessary to design a multidimensional database for support online analytical data processing
(OLAP). This paper proposes a new method (called TEM-CM) for formal transformation of econometric
model to the conceptual data model for creating multidimensional schemes. This new method allows
to formalize the process of transferring production function in agriculture to multidimensional data model
and thus contribute to a more efficient design of data warehouses and OLAP databases for decision support
in the agricultural analytics systems.
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Introduction

Analytical systems in the agricultural sector can
help farm businesses to enhance their production
potential and production efficiency by the
ability to effectively support the management,
analysis, planning and decision-making activities
of managers and specialists. For example, some
analytical issues in the context of precision
agriculture (Lips et al., 2013, Cabrera Garcia et al.,
2013), econometric (Cechura, Taussigova, 2013,
Cechura, 2010, Kroupova, 2010) and information

technology (Schulze et al., 2007, Rai et al., 2008)
can be easily implemented using the concepts
of Business Intelligence. Interdisciplinary approach
to agriculture requires very high standards for data
management. Special attention should be dedicated
to the development of operational and analytical
data to support the use of OLAP (Online Analytical
Processing). OLAP describes an approach
to decision support, which aims to gain knowledge
from the data warehouse, or more precisely,
from data marts (Abelld, Romero, 2009). There are
currently several approaches to store of analytical




data. Among the most important are -called
multidimensional, relational, hybrid or desktop
OLAP (more on this subject deals (Burstein,
Holsapple, 2008)).

In this paper, a new method TEM-CM stage data
for OLAP is introduced. The aim of the method
is to allow formal transformation of econometric
model to the conceptual data model for creating
multidimensional schemes. This new method allows
to formalize the process of transferring production
function in agriculture to multidimensional data
model and thus contribute to a more efficient
design of data warehouses and OLAP databases
for decision support in the agricultural analytics
systems. In the OLAP approach, data are stored
in an analytic database using a special scheme
instead of the traditional relational schema. This
approach is different compared to the modeling
of operational OLTP databases (Online Transaction
Processing). At the conceptual and logical level can
be OLAP defined by three basic activities (Abelld,
Romero, 2009):

* dimension analysis and modeling,
» data warehouse modeling,

* and realization of a dimension changes.

Multidimensional modeling (Burstein, Holsapple,
2008, Novotny et al., 2005, Datta, Thomas,
1999, Codd et al., 1993) is a basic part of OLAP
solution. At the farm, the OLAP databases are
rather exception. However, it is currently possible
to find literature focused on an OLAP databases
in agriculture. There are papers (Pardillo et al.,
2010, Schulze et al., 2007), in which are described
the proposals of OLAP database application
in the agricultural context.

The authors of the proposal dealing with OLAP
databases, however, do not consider the proposal
in the context of production (or cost) functions
in agriculture. The production function represents
the relationship between the size of inputs (factors
of production) and the size of the farm production
output. Based on the identified production function,
it is possible to create a multidimensional database
for the collection of relevant and objective data.
However, for the creation of such a database is
necessary to transform the production function
to conceptual data model.

This reason of the production function in the OLAP
solution is that the farm can perform analytical
processing of summarized and aggregated data
to help answer questions such as the:

* How big was the total production
[in thousands of CZK] farm in 2011?

* How big was the milk production [kg]
on the farm in 2011?

* How big was the milk production [kg]
for Holstein cattle in March 2011?

* Knowledge production function within
the Business Intelligence (Tyrychtr et al.,
2015) can also help agricultural enterprises
in matters:

*  How much will change production when you
change the workforce of unit?

*  How much will change production when you
change the acreage of cultivated land unit?

All of these questions can be answered effectively
by using OLAP technology. For most database is
necessary to formulate model step by step, first
step should be to define its structure in general.
The overall task of designing a database is to map
the real world application into formal data model
of the database management system (Rai et al.,
2008).

Database design is a process that produces a series
of database schema for the particular application
(Fahrner, Vossen, 1995).

Multidimensional modeling (Mylopoulos, 2009)
is the process of data modeling in the universe
of discourse with the modeling structure to provide
a multidimensional data model. Multidimensional
models categorize data, either as facts associated
with numerical measure or as dimensions that
characterize the facts and are generally in plain text.

Facts are objects that represent the object of required
analysis to be analysed to better understand
his behaviour. Multidimensional models are
currently mostly based on a relational data model,
or on the construct of data cubes (Pedersen, 2009a).

Data cube (figure 1) is a data structure for storing
and analysing large amounts of multidimensional
data (Pedersen, 2009b). It is generally interpreted
as a basic logical structure to describe
multidimensional databases, as well as relations
for the relational databases. Data cube represents
the abstract structure but, unlike traditional
relational structures in the relational data model
is not defined clearly. There are many approaches
to the formal definition of the operators' data
cubes (comprehensive overview 1is available
on the paper (Vassiliadis, Sellis, 1999).
Generally we can tell, that the data cube is
constructed of dimensions and measures.




Dimension is a hierarchical set of dimensional
values that provide categorical information
characterizing a particular aspect of data (Pedersen,
2009c¢).

Measures (monitored indicators) of data cube are
mostly quantitative data that can be analysed.

Source: self-authored

Figure 1: An application context of data cubes.

Materials and methods

In this paper we first formalizes the notation
of econometric model and multidimensional
data model through mathematical apparatus.
Subsequently, we propose a new method of TEM-
CM through formal rules. Chapter Conclusion
will be focused on a new method of TEM-CM
demonstrated by the application of individual
rules for the econometric model in analytical
systems. Finally, conclusions are formulated article
and opportunities for further research proposal
OLAP in an agricultural context.

Econometric model

Econometric model (ECM) represent mathematical
model, which is a mathematical-statistical
formulations of economic hypotheses. It expresses
the dependence of economic variables on variables
that explain the hypothesis. Most often
in the economic literature (Kroupova, 2010) is used
Cobb-Dougles production function, which can be
characterized by constant elasticity of production
factors, invariability in economies of scale among
businesses and convexity isoquant function towards
the beginning. Cobb-Dougles production function
has general form (Felipe, Adams, 2005, Kroupova,
2010):

P = axlﬁjxgpx,f", where (1

y... amount of output,

X . amount of /-th, p-th a k-th input,

Lpk **

a, B ... parameters of production function.

In the agricultural environment ECM is often
composed of more than one equation. There are
stochastic equations with random variable and
definition equation (identity function).

If we have ECM in symbolic form (Tvrdon, 2006):
Y1t = V11X1¢ T V12X2¢ T V13X3¢ + V1aXar T Use
Va2t = B21Y1eV21%1e + V2sXse + Uy

Y3t = Y1t T Ya¢. then (2)

y, is an endogenous s-type variable and its
value in the period ¢- y index s = (1, 2, ... g),
t=(1,...,n).x, is r-th exogenous variable with value

in period ¢ - x , where number of exogenous
variables is equal to k, thenr= (1, 2, ... k). Delayed
endogenous variable express effects of variables
of period #-z, where z = (1, 2, ..., t-z). u_, is random
variable in s-th equation of explained endogenous
variable in period t. f, is structural parameter
ini-th equation in s-th model undelayed endogenous
variable and y_ in i-th equation of model of r-th
predetermined variable.

Multidimensional model

Data cube is basic structure of multidimensional
databases and it is used as basic amount
of inputs and output for every operators based
on multidimensional databases (Datta, Thomas,
1999).

If we have quaternion <D,M,A,f>, where all four
components indicate the properties of the data cube.
Then, these properties are (Datta, Thomas, 1999):

Set on n dimension D = {d], dz, d”}, where every
di in name of dimension obtained from domain
domdim(i)'

Set of k measures M = {m, m,,...,m }, where every
m. in name of measure obtained from domain
dom

measure(i)”

Set of names of dimension and measures is disjoint;
ti. DN M=0.

Set of ¢ attributes 4 = {a,, a, ...,at}, where every a,
is name of attribute obtained from domain do

mattr(i)®

Viewing one to many f-D—A, exists for each
dimension and each set of attributes.




The view is such that a set of attributes associated
to the dimension in the pair are disjoint i.e.
Vij,i#jf(d i)Nf(dj)=0.

Constellation schema

Like the design of conceptual schema operational
database is useful for the design of multi-
dimensional diagram make use of some type
of design approach. The most commonly are
used style star schema, Snowflake schema
and constellation diagram (or galaxy/integrated/
hybrid scheme). This article uses the constellation
diagram (Kimball, 1998), which is formed
by the dimension tables shared by two or more
fact tables. This is an equivalent star schema
or flakes, with the difference that this scheme
consists of several fact tables. The constellation
schema is obtained when the multidimensional
model is composed of two or more cubes,
which eventually share some dimensions (Boulil
etal., 2014).

Results and discussion

To create a new formal method TEM-CM
(Transformation of  Econometric Model
to the Conceptual Model) is the first to define
the representation of the econometric model
and multidimensional representations
of the proposal scheme, which 1is based
on a constellation diagram type.

Formal representation of econometric model
Let us set Y a X, where

Y={y}U{y }isafinite set of endogenous variables
in the model.

X ={x}U{x }is afinite set of exogenous variables
in the model.

Rel € (XxY) U (YxY) is a set of structural relations.

Formal representation of multidimensional
schema proposal

Schema Constellation is defined by five elements
(Ent, Key, Att, Ass, getKey), where:

Ent is a finite nonempty set of data model entities,
Key is a finite nonempty set of data model keys,
Att is a finite nonempty set of data model attributes,

Fact © Ent is a finite set of separate entities out
of constellation scheme

Dim < Ent is a finite set of entity dimensions

Each entity e € Ent is described by collection
of keys and collection of attributes, i.e. accordingly
we can assume that:

Ve € Ent: A({k € Key} U {acAtt})

getKey is function, which returns entity key
in constellation schema, i.e. accordingly we can
assume that:

Ve € Ent:getKey(e):Ent—Key < Key

Ass € (Dim x Fact) is finite set of relation between
entities.

New methods TEM-CM

For the defined sets and conditions are proposed
following transformation rules, which are divided
into two phases. The first phase of transformation
provides dimension and facts from econometric
variables into the constellation diagram. The second
phase is building relationships between dimensions
and facts.

Phase 1: Constellation scheme creation

Rule 1.1: Creating facts table in empty
constellation scheme for every endogenous variable
in econometric model.

Vy € Y. ¢ Factand Vy Y: c € Fact

Rule 1.2: Creating dimensions to constellation
scheme for every exogenous variable in econometric
model.

Vx € X: ds € Dimand Vx_€ X: d_€ Dim

Rule 1.3: If there exists time variable in econometric
model, we have to create time dimension

Vx €X:d € Dim,
Phase 2: Definition of relationship between
entities in conceptual model

Rule 2.1: If there is a relationship between
exogenous variable x and endogenous variable y
and function getKey that returns a set of keys for
these variables, then it will be associations between
the fact table and the dimension to which they
apply:

V (x,v) € Rel: (d,c,K)|(d € Dim) A (c € Fact)
A((d,c) EAss)A(K € K, UK |(K; = getKey(d))
A (Ke = getKey(c)))

Application of new method TEM-CM

Formally defined rules are demonstrated
in the application context. The following example
represents a situation where the total production




of the farm is dependent on plant production
and livestock production and for each of these
productions are monitored difference measurement
(indicators).

Let us ECM (2) and simplified case study:

¥,,--- gross plant production in the period t,

¥, --- gross livestock production in the period t,
y,, --- gross agriculture production in the period t,
x, ... amount of subsidies,

x, ... fundamental
production,

production funds in plant

X, ... the amount of labour in plant production,
x, ... weather condition,
x_ ... livestock numbers,

u,, u, ... random component in the period t,

In first phase is defined fact table into empty
constellation scheme for gross agriculture
production, gross plant production and gross
livestock production (rule 1.1). In next steps are
defined dimensions for every exogenous variable
in econometric model (subsidies, plant production
funds, labour amount in plant production, weather
conditions, and number of livestock). If model
(2) contain time variable ¢, we have to define
time dimension into our model. In second phase
(rule 2.1) is defined association between fact table

and dimension by generated key. For example
equation Yu = ,321 Vi Vap %5, T Vo5 X5, Uy, €XprESS
amount of subvention and number of livestock
has relation with gross livestock production (fact
table y,). Random parts u,, u, (eventually another
different variables out of TEM-CM rules) cannot
be transformed. For example in application
context is such equation express in form:
y, = 3.45x + 1.32x, + 1.07x, + 0.43x, + 284.36.
So random variables u,, u, and parameters f, y
are represented by numbers and it is not necessary
to contain it to our scheme. Result of TEM-CM
method is represented in figure 2.

Conclusion

In paper has been introduce new method TEM-
CM for econometric model transformation
into conceptual model (constellation scheme)
by mathematical apparatus. TEM-CM method
represent formalized rules. These rules are
to automate the process of designing a conceptual
model and streamline the decision-making
for agricultural managers. Analytic system can
be established with econometric support. Method
TEM-CM provide formalized rules for conceptual
model for analytic data in agriculture business.
This method has impact on analytic expert systems
and their application in agriculture. Method TEM-

Dimension (x5;)

ID_x,,
Dimension (X 44

Dimension (X1;)

Dimension (Xg;)

Dimension (x5

1ID_x4,

ID_x,, ID_xq, ID_x5,
Lacts Vi) Facts (V)

IDJ(n IDJM
e I D x
PlD x, p

D x,, ID_x5,

. Facts (Y3;)
ID_y,
L ID_y,, &

Dimension (tinfe)

S

Source: self-authored

Figure 2: Result of TEM-CM method.




CM represent partial method in whole OLAP
design. In future research can be TEM-CM used
for process design to make fully automated
conceptual model. Questionable also remain current
methods for designing logical and physical schema
that will be also part of future research. The effort
is to streamline and simplify the design process
analytical systems with support of econometric
for farms, especially considering the current high
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