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Dairy farming is an important part of agriculture where farm owners have a necessity of predicting their annual
profit. Economic breeding index is a combination of traits and sub-indices that aids in computing farmers’ income. In
the current paper, data mining and prediction techniques are briefly observed, which can be used for the
aforementioned purposes. Regression model is built for predicting annual profit of a farm located in Kharkiv rural
region. The proposed model can also be used for any site where many input variables are to be converted and presented
in a simple form of linear regression equation with multidimensional feature vector.

Formulation of the problem. The importance of
agricultural sector development is apparent for providing
people with food. The agricultural sector mainly depends
on farming. Dairy farming is an integral part of
agriculture. Large population of cows and heifers are
bought and sold every year to increase total profit by
dairy herd replacements. Cows with high milk
performance are only productive for 3 years, then they are
sorted out and utilized for beef [1].

Thus, farmers need a breeding tool that will allow
computing their profitability. One of such tools is EBI
(Economic Breeding Index) that aids identifying the most
effective cattle for dairy herd replacements. The aim of
EBI is production of highly fertile cows with large
amount of milk during the longest possible period of time.
The following traits are considered:

— Production (milk, fat, protein);

— Fertility (calving interval, survival);

— Calving (direct calving difficulty, maternal calving
difficulty, gestation length, calf mortality);

— Beef (cull cow weight, carcass weight, carcass
conformation, carcass fat);

— Maintenance (cull cow weight);

— Management (milking time, milking temperature);

— Health (lameness, SCC, mastitis) [2].

While creating a new or altering existing herd,
corrective mating should be performed. Selecting and
breeding right pairs is essential for maximizing profit.
Along with the aforementioned characteristics, grassland
data analysis is made [1].

In this paper, the authors make an attempt of
analyzing artificial intelligence techniques designed for
data mining and knowledge discovery in application to
agricultural data. The information retrieved after data
processing is used for prediction of farmers' profit based
on EBI. Experimental data were gathered from a dairy
farm located in rural Kharkivska oblast region near Zmiiv
city. The next two sections observe existing prediction
methods and experimental results carried out on real
agricultural data.

Prediction Models and Problem Statement. This
section briefly describes mathematical models that can be
used for agricultural data mining and prediction. In static
models, the dependence of future values from the
previous ones is specified in a form of some equation. For
these purposes regression models (linear, multiple,
nonlinear or generalized linear regression) can be used

primarily along with auto-regression (ARIMAX,
GARCH, ARDLM). Time series analysis, exponential
smoothing, clustering and other structural models can also
be utilized for solving the above mentioned problems [3,
4].

In the latter type of models (structural models), the
dependence of future values from the previous ones is
specified in a form of some structure and rules. Neural
networks, Markov chains, classification and clustering
methods are the examples of structural models. Aside
from traditionally used prediction models, SVM (support
vector machine), GA (genetic algorithm) and many others
have recently gained large popularity. Figure 1 shows an
example of zoomed-out graph constructed in accordance
with the simplified regression model which was utilized
for prediction of a farmer's profit based on input
agricultural data.
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Figure 1 — Regression model for
prediction of farmer’s profit

Continuous values are predicted by statistical
techniques of regression. Many nonlinear regression
problems can be converted into linear form by
transformation of variables that have an impact on the
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model. The following equation of nonlinear regression
can be converted into linear form using the least squares
technique:

Y=aX” (1)

For the linear regression model, data are presented as
a straight line. Linear regression is the simplest form of
regression. Bivariate linear regression allows creating a
model for a random variable Y as a linear function of
another random variable X:

Y=a+BX )

where o :;_ﬁ;’ A= Zi:1(x,- _X)(J’f _y) '
s —\2
Zizl (xi - x)
he dispersion of Y, here, is assumed to be constant,
and @ and [ are the regression coefficients that define

the Y-intercept and slope of the graph line respectively.
a and [ are found via the least squares technique

which minimizes the error between actual data and
estimation of the graph line.

Multiple regression is an extension of linear
regression with two and more predictor variables.
Multiple regression can also be shrunk into a linear
function of a multidimensional feature vector. Here, the
least squares technique can be also applied. The following
equation shows an example of a multiple regression with

two predictor variables, X; and X, :
Y=a+pX +5X,. (3)

When modeling data without a linear dependence,
nonlinear regression is considered by introducing
polynomials to the linear model. Transforming the
variables, nonlinear model can be converted into a linear
one which may be further solved by the least squares
technique.

Y=a+BX+pX +BX (4)

To convert this equation to linear form, new variables
X, =X;X,=XX,=X".
equation (4) can be transformed into the linear form,
resulting in the next formula:

are  assigned: Now,

Y=a+pX+B,X,+BX,. ©))

Though, some nonlinear models cannot be converted
into linear ones. In such cases, least square estimates may
be obtained using more complex formulae.

Unlike linear regression, in generalized linear models
with constant dispersion of Y, the response variable
dispersion is presented as a function of the mean value of
Y. Generalized linear models are of two types: logistic
linear regression and Poisson linear regression. Along

with prediction, the log-linear model can be used to
compress and smooth data. Data with a Poisson
distribution can be modeled with Poisson regression [5,
6].

Experimental Results and Conclusion. The farm
under analysis has three lactations with an average
calving period that is equal to one year. Its average annual
production of milk is 21 826 kg, 770.3 fat kg, 3.5 % fat,
829.2 protein kg, 4% protein. In order to predict
economic values (and thus, the farmer’s profit) in future
for this particular farm, a simulation model of a herd has
been created, where the expenses for animals' food,
veterinary, stuff salaries, etc., have been considered.

To perform the initial data analysis, all the input
parameter values have been normalized. To shrink the
number of variables, correlation analysis has been carried
out. Figure?2 illustrates a fragment of pair-wise
correlation between the variables under analysis. Figure 3
gives an example of predicted values.
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Figure 2 — Correlation of the
attributes being under study
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Rawe Predicted “alues (varls)
Dependent variable: ¥
Raw FPredicted Walues Observed | Predicted | Residual | &
Case L5569 £ 1,23 Value “alue
i * . [ 05710000 0915546 -0 044545
= % 1,220000] 1,225222 0005222
<] * 0975000 1,016257 -0041257
4 i 1.021000]) 0974755 0046215
5 # 1,002000 1,054599 -0 052599
& il = 5 5 0,590000, 0,5521654 00078356
7 5 = i 1213000 1,166124 0046576
=] = 02918000 0956326 -0 0658326
=] * 1,014000] 09507365 0053254
10 .+ 0914000 08688762 0045231
11 % 1.,170000) 1,092214) 0077786
iz o 0,952000| 0965893 -0,0133935
13 # 0.246000 ) 0959054 -0 023054
.. 14 # 1.0950000 1103210 -0.007210
Miniroam i i 0571000 0,8655769 -0 032599
Mo iroarm i 1,220000 1,225222 0077786
Mean = 1.014429) 1,014429) -0 000000
Median = 0,288500| 0950556 -0 0065686

Figure 3 — Example of predicted values

The model under construction has nearly 15 input
parameters. Correlation analysis has showed that only 9
of them have significant input to the model. With these
data representing economical and biological relationships,
the proposed mathematical model along with breeding
index can be used for prediction of annual profit of a
farm. Despite regression techniques emerged long time
ago, they continue to be widely and effectively utilized
for analyzing multidimensional feature vectors such as
agricultural data in this case study. Unlike complex
computational approaches described in the first section,
the efficiency here is mainly achieved due to shrinking
the initial number of input variables into the linear model.
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AHHOTAIINA

METO/JbI TIPOTHO3UPOBAHUA U
INOKA3ATEJIb S KOHOMHUYECKOI'O
BOCITPOU3BOJACTBA JJIs1 AHAJIN3A

MHOTI'OMEPHBIX BEKTOPOB ITPU3HAKOB

Merens O. E., Muxsosa E. []., Kosanenko C. H.

Monounoe ghepmepcmeso ssnsemcsa 8adcHOU cocmag-
Jsiouell cenbekoeo xosstcmea. Bradenvyam gepm neood-
X0OUM UHMCPYMEHM NPOSCHOZUPOBAHUS 2000601 NPUOBLIU.
DKoHnomMu1eckull UHOeKC 80CHPOU3800CMEA NPedCA6isi-
em cobou KoMOuUHayuio NPUHAKO8 U 6CHOMO2AMENbHbIX
UHOEKCO8, KOMOpble NOMO2aIONt 6bINOJIHUMb PACYem Npu-
ovLu pepmepa. Hacmosiwyas cmamuvsi Kpamrko Onucbléad-
em cyuecmeyloujue Memoovl UHMELIeKMYalbHO20 AHA-
U3A OAHHBIX U NPOSHOZUPOBAHUS, KOMOPble MO2YM UC-
nOMb308aMbCSL 8 IMUX yensx. st npocHo3uposanus 20-
006020 00X00a epMbl, PACNONIONCEHHOU 6 cele XaPbKOG-
cKoll  obnacmu, HNOCMPOEHA pezpPecCUOHHAs MOOeib.
Ipeonooicennan modenvb makoice modcem ObimMb UCHOb-
308aHa 015l 0Ovekma, 20e ecmb ROMPeOHOCMb npeodpa-
308aHUSL HECKONbKUX 6XOOHbIX NEPEeMEHHbIX U UX npeo-
cmagnenust 8 6onee npocmou popme ypagHenus TUHeUHOU
pezpeccuu ¢ MHO2OMEPHBLM BEKIMOPOM NPUSHAKOB.

AHHOTAIMSA

METO/JHM TIPOI'HO3YBAHHS TA IIOKA3HUK
EKOHOMIYHOTI'O BIATBOPEHHA I
AHAJII3Y BATATOMIPHHUX BEKTOPIB O3HAK

Merens O. €., Mixuosa O. /1., Koanenko C. M.

Monoune ckomapcmeo € 8adlCIUB0I0 CKIAO0B0I0 Cilb-
cbKo20 eocnodapemeéa. Bracnukam gepm Heobxiowne in-
CmpyMeHm RpOSHO3Y8AHHs Wopiunozo npubymxy. Exo-
HOMIYHULL THOEKC BIOMBOpeHHs NpedCmasise coboio Kom-
OiHayilo 03HAK Ma OONOMINCHUX THOEKCI8, AKI donomasa-
1omb  pospaxysamu npudymox gepmepa. Lls cmamms
KOPOMKO ONUCYE ICHYIOUI MemoOU UWIMYYHO20 aHANI3Y
OaHUX [ NPOSHO3YBAHHS, WO MONCYMb OYMU 3ACMOCOBAHI
ons yux nompeo. st nPpOSHO3Y8AHHSA WOPIYHO20 Npudy-
mKy gepmu, posmawoganoi y ceni Xapkiecvkoi obnacmi,
nobyodoeana pezpeciiina mMooenb. 3anponoHO8ana Mooeb
Maxodc Modice 6ymu UKOpUCMAaHa Ha 06 ’ekmi, Oe € He-
00XIOHICMb NepemeoOpPeHHs KIIbKOX GXIOHUX 3MIHHUX mda
ix nodamnns y 6inbut npocmiu Gopmi pieHAHHA TIHIUHOT
peapecii 3 bazamomipHuM 6eKMOPOM O3HAK.

147



