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(57) ABSTRACT

A method and an apparatus for data processing in data
modeling, where the method includes performing, according
to a data transformation function corresponding to a preset
data processing category identifier, data transformation on a
data column corresponding to each characteristic in original
data in order to generate a corresponding extended charac-
teristic column, combining extended characteristic columns
corresponding to all the characteristics in the original data in
order to generate an extended characteristic set, determining
a correlation coefficient of each characteristic in the
extended characteristic set, selecting a characteristic whose
correlation coefficient satisfies a specified condition as an
important characteristic, and obtaining, by screening from
the extended characteristic set, a data column corresponding
to the important characteristic. Therefore, problems such as
a long consumed time and a large calculation amount caused
because data modeling is performed by exhaustively listing
data preprocessing methods are avoided, thereby improving
calculation efficiency.
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METHOD AND APPARATUS FOR DATA
PROCESSING IN DATA MODELING

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of International
Patent Application No. PCT/CN2015/086868 filed on Aug.
13, 2015, which claims priority to Chinese Patent Applica-
tion No. 201410814222.7 filed on Dec. 23, 2014. The
disclosures of the aforementioned applications are hereby
incorporated by reference in their entireties.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of com-
puter technologies, and in particular, to a method and an
apparatus for data processing in data modeling.

BACKGROUND

[0003] Data mining is a step in database knowledge dis-
covery, and is to find a hidden relationship from a large
amount of data and extract valuable information. Generally,
a database technology, statistics, online analysis processing,
and a method and a technology in the field of machine
learning are combined in data mining in order to process
data from different perspectives.

[0004] A specific procedure of data mining includes the
steps of service understanding, data understanding, data
preparation, model establishment, model evaluation, and
model deployment.

[0005] In a data preparation process, obtained original
data needs to be preprocessed. The original data is flat-wide
table data saved in a database or a data warehouse. Referring
to Table 1, the original data includes a missing value (for
example, the age of Li XX) and an outlier (the age and call
duration of Zhang XX), and further includes a continuous
value (an age column, a package fee column, a call duration
column) and a discrete value (gender, region, whether off-
net). Each column in the original data is referred to as one
characteristic. In an actual application, different character-
istics may be selected as target characteristics according to
different training needs.

TABLE 1
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training data set suitable for a data modeling algorithm, and
more importantly, a result of preprocessing directly affects
effects of data mining and data modeling. However, in
conventional data mining, data preparation is usually per-
formed by an expert in the field of data mining. The data
preparation not only has a high requirement on model-
establishment personnel, but also needs manual participation
in a preprocessing process. Therefore, efficiency is relatively
low, a long time is consumed, and a data preprocessing
procedure cannot be reused.

[0008] Currently, preprocessing is usually performed on
the original data by means of grid searching. When data
preprocessing is performed by means of grid searching, all
preprocessing methods and parameter configuration of each
method need to be set. For example, continuous value
discretization includes methods such as equi-width binning,
equi-depth binning, and equi-frequency binning. A param-
eter of the equi-width binning method may be 10, 50, 100,
or the like. A series of grids are divided into according to
different preprocessing methods and different parameters.
Each grid corresponds to one combination of the prepro-
cessing methods, which is referred to as one preprocessing
solution. Points in each grid are calculated in sequence. A
data result output after each time of calculation is used as
training data, to perform model training. After the training,
an effect of a model is assessed in order to generate an
assessment indicator corresponding to each grid. A result
corresponding to a grid that has an optimal assessment
indicator and is obtained by means of screening is used as a
final result.

[0009] All feasible preprocessing solutions need to be
exhaustively listed when grid searching is used, and mod-
eling is performed for a preprocessing result of each solution
in order to obtain a final data preprocessing solution. Obvi-
ously, there are many methods for preprocessing the original
data, and the methods may correspond to different parameter
values. Therefore, there are relatively many preprocessing
solutions generated by means of combination, complexity is
in an exponential relationship with a quantity, and a calcu-
lation amount is large. In addition, when each preprocessing
solution is assessed, a complete data modeling procedure
needs to be performed. A data modeling procedure calcula-

Original data table

Package Call duration Whether

User ID  Name Age Gender Region fee (minute) off-net

1651654  Wang 28 Female Guangzhou 128 150 No
XX

1651655  Li XX — Male Shenzhen 328 450 No

1651656  Zhang 106 Male Beijing 188 -10 Yes
XX

[0006] A process of preprocessing a characteristic of the
original data includes methods such as missing value filling,
outlier processing, continuous value standardization, con-
tinuous value discretization, and discrete value combination
operation.

[0007] In a data preparation process, preprocessing on the
original data is a very important step in a data mining
procedure and a data modeling procedure. By means of
preprocessing, the original data may be transformed into a

tion time is long, and the calculation amount of repeated
modeling is large. Consequently, operating load of a com-
puter is increased, a computing resource is wasted, and work
efficiency of the computer is reduced.

SUMMARY

[0010] Embodiments of the present disclosure provide a
method and an apparatus for data processing in data mod-
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eling in order to resolve problems in the other approaches
that in an original data preprocessing procedure, a calcula-
tion time is long, a calculation amount is large, computer
operation load is increased, a computing resource is wasted,
and work efficiency of a computer is decreased.

[0011] Specific technical solutions provided in the
embodiments of the present disclosure are as follows.
[0012] According to a first aspect, a method for data
processing in data modeling is provided, including reading
original data and preset multiple data processing category
identifiers, where each data column in the original data
corresponds to one characteristic, performing, according to
a data transformation function corresponding to each data
processing category identifier, data transformation on a data
column corresponding to each characteristic in the original
data in order to generate a corresponding extended charac-
teristic column, and combining extended characteristic col-
umns corresponding to all the characteristics in the original
data in order to generate an extended characteristic set,
determining a correlation coefficient of each characteristic in
the extended characteristic set, selecting a characteristic
whose correlation coefficient satisfies a specified condition
as an important characteristic, and obtaining, by means of
screening from the extended characteristic set, a data column
corresponding to the important characteristic.

[0013] With reference to the first aspect, in a first possible
implementation manner, performing data transformation on
a data column corresponding to any characteristic in the
original data in order to generate a corresponding extended
characteristic column includes obtaining, by means of
screening from the multiple data processing category iden-
tifiers according to the data column corresponding to the
characteristic, a target data processing category identifier
corresponding to the characteristic, performing, according to
a data transformation function corresponding to each target
data processing category identifier obtained by means of
screening, data transformation on the data column corre-
sponding to the characteristic in order to generate an
extended characteristic corresponding to the target data
processing category identifier, and setting all the extended
characteristics corresponding to the target data processing
category identifiers as the extended characteristic column of
the characteristic.

[0014] With reference to the first possible implementation
manner of the first aspect, in a second possible implemen-
tation manner, obtaining, by means of screening from the
multiple data processing category identifiers according to
the data column corresponding to the characteristic, a target
data processing category identifier corresponding to the
characteristic includes determining a data type of the char-
acteristic according to the data column corresponding to the
characteristic, and obtaining, by means of screening from
the multiple data processing category identifiers, a target
data processing category identifier corresponding to the data
type, where the data type includes a discrete type and a
continuous type, and/or determining a data defect type of the
characteristic according to the data column corresponding to
the characteristic, and obtaining, by means of screening
from the multiple data processing category identifiers, a
target data processing category identifier corresponding to
the data defect type, where the data defect type includes a
missing value and an outlier.

[0015] With reference to the first aspect or either of the
foregoing possible implementation manners of the first
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aspect, in a third possible implementation manner, combin-
ing extended characteristic columns corresponding to all the
characteristics in the original data in order to generate an
extended characteristic set includes combining the extended
characteristic columns corresponding to all the characteris-
tics in the original data, and performing one-hot encoding on
each data column in the combined extended characteristic
columns in order to generate the extended characteristic set.
[0016] With reference to the third possible implementation
manner of the first aspect, in a fourth possible implementa-
tion manner, after performing one-hot encoding on each data
column in the combined extended characteristic columns in
order to generate the extended characteristic set, the method
further includes performing logic AND operation on any two
data columns in the extended characteristic set in order to
obtain a new data column, and adding the new data column
to the extended characteristic set.

[0017] With reference to the first aspect or any one of the
foregoing possible implementation manners of the first
aspect, in a fifth possible implementation manner, determin-
ing a correlation coefficient of each characteristic in the
extended characteristic set includes obtaining a target regu-
larization coefficient, and performing logistic regression
training on the extended characteristic set based on the target
regularization coefficient in order to obtain a corresponding
target logistic regression function, and determining the cor-
relation coefficient of each characteristic in the extended
characteristic set according to the target logistic regression
function.

[0018] With reference to the fifth possible implementation
manner of the first aspect, in a sixth possible implementation
manner, obtaining a target regularization coefficient includes
obtaining a preset target regularization coefficient, or obtain-
ing preset multiple regularization coefficients, and obtaining
the target regularization coefficient by means of screening
from the preset multiple regularization coefficients based on
the extended characteristic set.

[0019] With reference to the sixth possible implementa-
tion manner of the first aspect, in a seventh possible imple-
mentation manner, obtaining the target regularization coef-
ficient by means of screening from the preset multiple
regularization coefficients based on the extended character-
istic set includes performing logistic regression training on
the extended characteristic set according to each regulariza-
tion coefficient in the preset multiple regularization coeffi-
cients in order to obtain a corresponding logistic regression
function, and determining the target regularization coeffi-
cient according to the logistic regression function corre-
sponding to each regularization coefficient, or performing a
linear support vector machine operation on the extended
characteristic set according to each regularization coeflicient
in the preset multiple regularization coefficients in order to
obtain a corresponding support vector function, and deter-
mining the target regularization coefficient according to the
support vector function corresponding to each regularization
coeflicient.

[0020] With reference to the seventh possible implemen-
tation manner of the first aspect, in an eighth possible
implementation manner, performing logistic regression
training on the extended characteristic set according to each
regularization coefficient in the preset multiple regulariza-
tion coefficients in order to obtain a corresponding logistic
regression function includes performing sampling on the
extended characteristic set according to a specified ratio in



US 2017/0300546 Al

order to obtain a training set, and performing logistic regres-
sion training on the training set according to each regular-
ization coefficient in the preset multiple regularization coef-
ficients in order to obtain the corresponding logistic
regression function.

[0021] With reference to the eighth possible implementa-
tion manner of the first aspect, in a ninth possible imple-
mentation manner, determining the target regularization
coeflicient according to the logistic regression function
corresponding to each regularization coefficient includes
using data in the extended characteristic set except the
training set as a validation set, determining a target charac-
teristic in all characteristics in the validation set, calculating
an accuracy coefficient of the logistic regression function
corresponding to each regularization coefficient with respect
to the target characteristic in the validation set, and obtain-
ing, by means of screening, a logistic regression function
corresponding to a highest accuracy coefficient, and using a
regularization coefficient corresponding to the logistic
regression function obtained by means of screening as the
target regularization coefficient.

[0022] With reference to the ninth possible implementa-
tion manner of the first aspect, in a tenth possible imple-
mentation manner, when the target characteristic is a clas-
sification characteristic, the accuracy coefficient is any one
of an accuracy rate, a recall rate, an F value, or an area under
receiver operating characteristic (roc) curve (AUC), and the
accuracy coeflicient is a reciprocal of a quadratic sum of a
mean error when the target characteristic is a continuous
characteristic.

[0023] With reference to any one of the fifth to the tenth
possible implementation manners of the first aspect, in an
eleventh possible implementation manner, determining the
correlation coefficient of each characteristic in the extended
characteristic set according to the target logistic regression
function includes using a weight corresponding to each
characteristic in the target logistic regression function as the
correlation coefficient corresponding to the characteristic.
[0024] With reference to the first aspect or any one of the
foregoing possible implementation manners of the first
aspect, in a twelfth possible implementation manner, select-
ing a characteristic whose correlation coefficient satisfies a
specified condition as an important characteristic includes
selecting a characteristic whose correlation coefficient is
greater than a specified correlation coefficient threshold as
the important characteristic, or sorting the characteristics in
descending order according to the correlation coefficients,
and selecting a specified quantity of top-ranked character-
istics as the important characteristics.

[0025] According to a second aspect, an apparatus for data
processing in data modeling is provided, including a reading
unit configured to read original data and preset multiple data
processing category identifiers, where each data column in
the original data corresponds to one characteristic, a pro-
cessing unit configured to perform, according to a data
transformation function corresponding to each data process-
ing category identifier, data transformation on a data column
corresponding to each characteristic in the original data in
order to generate a corresponding extended characteristic
column, and combine extended characteristic columns cor-
responding to all the characteristics in the original data in
order to generate an extended characteristic set, a determin-
ing unit configured to determine a correlation coefficient of
each characteristic in the extended characteristic set, a first
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selection unit configured to select a characteristic whose
correlation coefficient satisfies a specified condition as an
important characteristic, and a second selection unit config-
ured to obtain, by means of screening from the extended
characteristic set, a data column corresponding to the impor-
tant characteristic.

[0026] With reference to the second aspect, in a first
possible implementation manner, when performing data
transformation on the data column corresponding to any
characteristic in the original data in order to generate the
corresponding extended characteristic column, the process-
ing unit is further configured to obtain, by means of screen-
ing from the multiple data processing category identifiers
according to the data column corresponding to the charac-
teristic, a target data processing category identifier corre-
sponding to the characteristic, perform, according to a data
transformation function corresponding to each target data
processing category identifier obtained by means of screen-
ing, data transformation on the data column corresponding
to the characteristic in order to generate an extended char-
acteristic corresponding to the target data processing cat-
egory identifier, and use all the extended characteristics
corresponding to the target data processing category iden-
tifiers as the extended characteristic column of the charac-
teristic.

[0027] With reference to the first possible implementation
manner of the second aspect, in a second possible imple-
mentation manner, when obtaining, by means of screening
from the multiple data processing category identifiers
according to the data column corresponding to the charac-
teristic, the target data processing category identifier corre-
sponding to the characteristic, the processing unit is further
configured to determine a data type of the characteristic
according to the data column corresponding to the charac-
teristic, and obtain, by means of screening from the multiple
data processing category identifiers, a target data processing
category identifier corresponding to the data type, where the
data type includes a discrete type and a continuous type,
and/or determine a data defect type of the characteristic
according to the data column corresponding to the charac-
teristic, and obtain, by means of screening from the multiple
data processing category identifiers, a target data processing
category identifier corresponding to the data defect type,
where the data defect type includes a missing value and an
outlier.

[0028] With reference to the second aspect or either of the
foregoing possible implementation manners of the second
aspect, in a third possible implementation manner, when
combining the extended characteristic columns correspond-
ing to all the characteristics in the original data in order to
generate the extended characteristic set, the processing unit
is further configured to combine the extended characteristic
columns corresponding to all the characteristics in the
original data, and perform one-hot encoding on each data
column in the combined extended characteristic columns in
order to generate the extended characteristic set.

[0029] With reference to the third possible implementation
manner of the second aspect, in a fourth possible implemen-
tation manner, after performing one-hot encoding on each
data column in the combined extended characteristic col-
umns in order to generate the extended characteristic set, the
processing unit is further configured to perform logic AND
operation on any two data columns in the extended charac-
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teristic set in order to obtain a new data column, and add the
new data column to the extended characteristic set.

[0030] With reference to the second aspect or any one of
the foregoing possible implementation manners of the sec-
ond aspect, in a fifth possible implementation manner, the
determining unit is further configured to obtain a target
regularization coefficient, and perform logistic regression
training on the extended characteristic set based on the target
regularization coefficient in order to obtain a corresponding
target logistic regression function, and determine the corre-
lation coefficient of each characteristic in the extended
characteristic set according to the target logistic regression
function.

[0031] With reference to the fifth possible implementation
manner of the second aspect, in a sixth possible implemen-
tation manner, when obtaining the target regularization
coeflicient, the determining unit is further configured to
obtain a preset target regularization coefficient, or obtain
preset multiple regularization coefficients, and obtain the
target regularization coefficient by means of screening from
the preset multiple regularization coefficients based on the
extended characteristic set.

[0032] With reference to the sixth possible implementa-
tion manner of the second aspect, in a seventh possible
implementation manner, when obtaining the target regular-
ization coeflicient by means of screening from the preset
multiple regularization coefficients based on the extended
characteristic set, the determining unit is further configured
to perform logistic regression training on the extended
characteristic set according to each regularization coeflicient
in the preset multiple regularization coefficients in order to
obtain a corresponding logistic regression function, and
determine the target regularization coeflicient according to
the logistic regression function corresponding to each regu-
larization coefficient, or perform a linear support vector
machine operation on the extended characteristic set accord-
ing to each regularization coefficient in the preset multiple
regularization coefficients in order to obtain a corresponding
support vector function, and determine the target regular-
ization coefficient according to the support vector function
corresponding to each regularization coefficient.

[0033] With reference to the seventh possible implemen-
tation manner of the second aspect, in an eighth possible
implementation manner, when performing logistic regres-
sion training on the extended characteristic set according to
each regularization coefficient in the preset multiple regu-
larization coefficients in order to obtain the corresponding
logistic regression function, the determining unit is further
configured to perform sampling on the extended character-
istic set according to a specified ratio in order to obtain a
training set, and perform logistic regression training on the
training set according to each regularization coefficient in
the preset multiple regularization coefficients in order to
obtain the corresponding logistic regression function.
[0034] With reference to the eighth possible implementa-
tion manner of the second aspect, in a ninth possible
implementation manner, when determining the target regu-
larization coefficient according to the logistic regression
function corresponding to each regularization coefficient,
the determining unit is further configured to use data in the
extended characteristic set except the training set as a
validation set, determine a target characteristic in all char-
acteristics in the validation set, calculate an accuracy coef-
ficient of the logistic regression function corresponding to
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each regularization coefficient with respect to the target
characteristic in the validation set, and obtain, by means of
screening, a logistic regression function corresponding to a
highest accuracy coeflicient, and use a regularization coef-
ficient corresponding to the logistic regression function
obtained by means of screening as the target regularization
coeflicient.

[0035] With reference to the ninth possible implementa-
tion manner of the second aspect, in a tenth possible
implementation manner, when the target characteristic is a
classification characteristic, the accuracy coefficient is any
one of the following an accuracy rate, a recall rate, an F
value, or an AUC, and the accuracy coefficient is a reciprocal
of a quadratic sum of a mean error when the target charac-
teristic is a continuous characteristic.

[0036] With reference to any one of the fifth to the tenth
possible implementation manners of the second aspect, in an
eleventh possible implementation manner, when determin-
ing the correlation coefficient of each characteristic in the
extended characteristic set according to the target logistic
regression function, the determining unit is further config-
ured to use a weight corresponding to each characteristic in
the target logistic regression function as the correlation
coeflicient corresponding to the characteristic.

[0037] With reference to the second aspect or any one of
the foregoing possible implementation manners of the sec-
ond aspect, in a twelfth possible implementation manner, the
first selection unit is further configured to select a charac-
teristic whose correlation coefficient is greater than a speci-
fied correlation coefficient threshold as the important char-
acteristic, or sort the characteristics in descending order
according to the correlation coefficients, and select a speci-
fied quantity of top-ranked characteristics as the important
characteristics.

[0038] By means of the technical solutions of the present
disclosure, data transformation is performed on a data col-
umn corresponding to each characteristic in read original
data according to a data transformation function correspond-
ing to a preset data processing category identifier in order to
generate a corresponding extended characteristic column,
and extended characteristic columns corresponding to all the
characteristics in the original data are combined in order to
generate an extended characteristic set, a correlation coef-
ficient of each characteristic in the extended characteristic
set is determined, a characteristic whose correlation coeffi-
cient satisfies a specified condition is selected as an impor-
tant characteristic, and a data column corresponding to the
important characteristic is obtained by means of screening
from the extended characteristic set. A calculation amount of
assessing multiple data preprocessing methods is decreased
in a manner of extending a characteristic, thereby avoiding
problems of a long consumed time and a large calculation
amount that are caused because data modeling is performed
by exhaustively listing data preprocessing methods, and
improving calculation efficiency. The important character-
istic is selected by sorting correlation coefficients such that
a quantity of characteristics may be controlled, which
reduces a quantity of input data during data modeling and a
calculation amount of a computer. In addition, a data pre-
processing result adapts to multiple data modeling algo-
rithms, thereby improving flexibility and adaptability of
automatic data modeling.
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BRIEF DESCRIPTION OF DRAWINGS

[0039] FIG. 1 is a schematic structural diagram of a
terminal device according to an embodiment of the present
disclosure;

[0040] FIG. 2 is a specific flowchart of a method for data
processing in data modeling according to an embodiment of
the present disclosure; and

[0041] FIG. 3 is a schematic structural diagram of an
apparatus for data processing in data modeling according to
an embodiment of the present disclosure.

DESCRIPTION OF EMBODIMENTS

[0042] By means of a method for data processing in data
modeling provided in the present disclosure, data transfor-
mation is performed on a data column corresponding to each
characteristic in read original data according to a data
transformation function corresponding to a preset data pro-
cessing category identifier in order to generate a correspond-
ing extended characteristic column, and extended character-
istic columns corresponding to all the characteristics in the
original data are combined in order to generate an extended
characteristic set, a correlation coefficient of each charac-
teristic in the extended characteristic set is determined, a
characteristic whose correlation coefficient satisfies a speci-
fied condition is selected as an important characteristic, and
a data column corresponding to the important characteristic
is obtained by means of screening from the extended char-
acteristic set. A calculation amount of assessing multiple
data preprocessing methods is decreased in a manner of
extending a characteristic, thereby avoiding problems of a
long consumed time and a large calculation amount that are
caused because data modeling is performed by exhaustively
listing data preprocessing methods, and improving calcula-
tion efficiency. The important characteristic is selected by
sorting correlation coeflicients such that a quantity of char-
acteristics may be controlled, which reduces a quantity of
input data during data modeling and a calculation amount of
a computer. In addition, a data preprocessing result adapts to
multiple data modeling algorithms, thereby improving flex-
ibility and adaptability of automatic data modeling.

[0043] Embodiments of the present disclosure provide a
method for data processing in data modeling, applied to
various terminal devices implementing data modeling and
data mining, such as a computer and a server. Exemplary
implementation manners of the present disclosure are
described in detail below with reference to accompanying
drawings.

[0044] An embodiment of the present disclosure provides
a terminal device 100 implementing the method for data
processing in data modeling. The terminal device 100 is a
device such as a computer installed with various applica-
tions. Referring to FIG. 1, the terminal device 100 includes
a transceiver 101, a processor 102, a bus 103, and a memory
104.

[0045] The transceiver 101, the processor 102, and the
memory 104 are connected to each other using the bus 103.
The bus 103 may be a peripheral component interconnect
(PCT) bus, an extended industry standard architecture
(EISA) bus, or the like. The bus 103 may be classified into
an address bus, a data bus, a control bus, and the like. For
ease of representation, the bus 103 in FIG. 1 is represented
using only one bold line, but it does not indicate that there
is only one bus or only one type of bus.
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[0046] The transceiver 101 is configured to obtain original
data, and output a data column corresponding to an impor-
tant characteristic, that is, a final result obtained by means of
data processing.

[0047] The processor 102 is configured to implement a
method for data processing in data modeling shown in FIG.
2 of the embodiments of the present disclosure, where the
method includes reading original data and preset multiple
data processing category identifiers, where each data column
in the original data corresponds to one characteristic, per-
forming, according to a data transformation function corre-
sponding to each data processing category identifier, data
transformation on a data column corresponding to each
characteristic in the original data in order to generate a
corresponding extended characteristic column, and combin-
ing extended characteristic columns corresponding to all the
characteristics in the original data in order to generate an
extended characteristic set, determining a correlation coef-
ficient of each characteristic in the extended characteristic
set, selecting a characteristic whose correlation coefficient
satisfies a specified condition as an important characteristic,
and obtaining, by means of screening from the extended
characteristic set, a data column corresponding to the impor-
tant characteristic.

[0048] Optionally, performing data transformation on a
data column corresponding to any characteristic in the
original data in order to generate a corresponding extended
characteristic column includes obtaining, by means of
screening from the multiple data processing category iden-
tifiers according to the data column corresponding to the
characteristic, a target data processing category identifier
corresponding to the characteristic, performing, according to
a data transformation function corresponding to each target
data processing category identifier obtained by means of
screening, data transformation on the data column corre-
sponding to the characteristic in order to generate an
extended characteristic corresponding to the target data
processing category identifier, and using all extended char-
acteristics corresponding to the target data processing cat-
egory identifiers as the extended characteristic column of the
characteristic.

[0049] Optionally, obtaining, by means of screening from
the multiple data processing category identifiers according
to the data column corresponding to the characteristic, a
target data processing category identifier corresponding to
the characteristic includes determining a data type of the
characteristic according to the data column corresponding to
the characteristic, and obtaining, by means of screening
from the multiple data processing category identifiers, a
target data processing category identifier corresponding to
the data type, where the data type includes a discrete type
and a continuous type, and/or determining a data defect type
of the characteristic according to the data column corre-
sponding to the characteristic, and obtaining, by means of
screening from the multiple data processing category iden-
tifiers, a target data processing category identifier corre-
sponding to the data defect type, where the data defect type
includes a missing value and an outlier.

[0050] Optionally, combining extended characteristic col-
umns corresponding to all the characteristics in the original
data in order to generate an extended characteristic set
includes combining the extended characteristic columns
corresponding to all the characteristics in the original data,
and performing one-hot encoding on each data column in the
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combined extended characteristic columns in order to gen-
erate the extended characteristic set.

[0051] Optionally, after performing one-hot encoding on
each data column in the combined extended characteristic
columns in order to generate the extended characteristic set,
the method further includes performing logic AND opera-
tion on any two data columns in the extended characteristic
set in order to obtain a new data column, and adding the new
data column to the extended characteristic set.

[0052] Optionally, determining a correlation coefficient of
each characteristic in the extended characteristic set includes
obtaining a target regularization coeflicient, and performing
logistic regression training on the extended characteristic set
based on the target regularization coefficient in order to
obtain a corresponding target logistic regression function,
and determining the correlation coefficient of each charac-
teristic in the extended characteristic set according to the
target logistic regression function.

[0053] Optionally, obtaining a target regularization coef-
ficient includes obtaining a preset target regularization coef-
ficient, or obtaining preset multiple regularization coeffi-
cients, and obtaining the target regularization coefficient by
means of screening from the preset multiple regularization
coeflicients based on the extended characteristic set.
[0054] Optionally, obtaining the target regularization coet-
ficient by means of screening from the preset multiple
regularization coefficients based on the extended character-
istic set includes performing logistic regression training on
the extended characteristic set according to each regulariza-
tion coefficient in the preset multiple regularization coeffi-
cients in order to obtain a corresponding logistic regression
function, and determining the target regularization coeffi-
cient according to the logistic regression function corre-
sponding to each regularization coefficient, or performing a
linear support vector machine operation on the extended
characteristic set according to each regularization coeflicient
in the preset multiple regularization coefficients in order to
obtain a corresponding support vector function, and deter-
mining the target regularization coefficient according to the
support vector function corresponding to each regularization
coeflicient.

[0055] Optionally, performing logistic regression training
on the extended characteristic set according to each regu-
larization coefficient in the preset multiple regularization
coefficients in order to obtain a corresponding logistic
regression function includes performing sampling on the
extended characteristic set according to a specified ratio in
order to obtain a training set, and performing logistic regres-
sion training on the training set according to each regular-
ization coefficient in the preset multiple regularization coef-
ficients in order to obtain the corresponding logistic
regression function.

[0056] Optionally, determining the target regularization
coeflicient according to the logistic regression function
corresponding to each regularization coefficient includes
using data in the extended characteristic set except the
training set as a validation set, determining a target charac-
teristic in all characteristics in the validation set, calculating
an accuracy coefficient of the logistic regression function
corresponding to each regularization coefficient with respect
to the target characteristic in the validation set, and obtain-
ing, by means of screening, a logistic regression function
corresponding to a highest accuracy coefficient, and using a
regularization coefficient corresponding to the logistic
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regression function obtained by means of screening as the
target regularization coefficient.

[0057] Optionally, when the target characteristic is a clas-
sification characteristic, the accuracy coefficient is any one
of the following an accuracy rate, a recall rate, an F value,
or an AUC, and the accuracy coefficient is a reciprocal of a
quadratic sum of a mean error when the target characteristic
is a continuous characteristic.

[0058] Optionally, determining the correlation coeflicient
of each characteristic in the extended characteristic set
according to the target logistic regression function includes
using a weight corresponding to each characteristic in the
target logistic regression function as the correlation coeffi-
cient corresponding to the characteristic.

[0059] Optionally, selecting a characteristic whose corre-
lation coefficient satisfies a specified condition as an impor-
tant characteristic includes selecting a characteristic whose
correlation coefficient is greater than a specified correlation
coeflicient threshold as the important characteristic, or sort-
ing characteristics in descending order according to the
correlation coefficients, and selecting a specified quantity of
top-ranked characteristics as the important characteristics.
[0060] The terminal device 100 further includes a memory
104 configured to store a program, a data processing cat-
egory identifier, a corresponding data transformation func-
tion, original data, an extended characteristic set that is
generated according to the original data, and the like. The
program may include program code, where the program
code includes a computer operation instruction. The
memory 104 may include a random access memory (RAM),
and may further include a non-volatile memory, for
example, at least one magnetic disk storage. The processor
102 executes the application program stored in the memory
104 in order to implement the foregoing method for data
processing in data modeling.

[0061] Referring to FIG. 2, a specific processing proce-
dure of a method for data processing in data modeling
provided in an embodiment of the present disclosure
includes the following steps.

[0062] Step 201: Read original data and preset multiple
data processing category identifiers, where each data column
in the original data corresponds to one characteristic.

[0063] The original data may be read from a local database
or a local data warehouse, or the original data may be
directly read from a server or another storage device when
step 201 is performed. The original data is flat-wide table
data in Table 1, and each data column corresponds to one
characteristic.

[0064] The preset multiple data processing category iden-
tifiers are saved in a preprocessing method knowledge base.
Each data processing category identifier corresponds to one
transformation function, that is, a preprocessing method
including a specific parameter, for example, equi-width
binning whose parameter is 10, or equi-width binning whose
parameter is 50, or missing value filling being affinity filling.

[0065] Step 202: Perform, according to a data transforma-
tion function corresponding to each data processing category
identifier, data transformation on a data column correspond-
ing to each characteristic in the original data in order to
generate a corresponding extended characteristic column,
and combine extended characteristic columns corresponding
to all the characteristics in the original data in order to
generate an extended characteristic set.
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[0066] Performing data transformation on a data column
corresponding to any characteristic in the original data in
order to generate a corresponding extended characteristic
column includes obtaining, by means of screening from the
multiple data processing category identifiers according to
the data column corresponding to the characteristic, a target
data processing category identifier corresponding to the
characteristic, performing, according to a data transforma-
tion function corresponding to each target data processing
category identifier obtained by means of screening, data
transformation on the data column corresponding to the
characteristic in order to generate an extended characteristic
corresponding to the target data processing category iden-
tifier, and using all the extended characteristics correspond-
ing to the target data processing category identifiers as the
extended characteristic column of the characteristic.

[0067] Obtaining, by means of screening from the mul-
tiple data processing category identifiers according to the
data column corresponding to the characteristic, a target data
processing category identifier corresponding to the charac-
teristic includes determining a data type of the characteristic
according to the data column corresponding to the charac-
teristic, and obtaining, by means of screening from the
multiple data processing category identifiers, a target data
processing category identifier corresponding to the data
type, where the data type includes a discrete type and a
continuous type, and/or determining a data defect type of the
characteristic according to the data column corresponding to
the characteristic, and obtaining, by means of screening
from the multiple data processing category identifiers, a
target data processing category identifier corresponding to
the data defect type, where the data defect type includes a
missing value and an outlier.

[0068] For example, if data corresponding to the charac-
teristic, that is, income, is a continuous value, and there is a
missing value in the characteristic, it is determined, accord-
ing to the data type of the characteristic, that the correspond-
ing target data processing category identifier includes equi-
width binning whose parameter is 10, 50, and 100, and
equi-depth binning whose parameter is 50 and 100 in
continuous value standardization, and further includes affin-
ity filling and mode filling that are of missing value filling.
Therefore, there are seven target data processing category
identifiers corresponding to the characteristic.

[0069] Data corresponding to the characteristic is trans-
formed according to the determined data transformation
function corresponding to each target data processing cat-
egory identifier in order to generate a corresponding
extended characteristic. Quantities of data columns that
correspond to the extended characteristics are different. For
example, an extended characteristic corresponding to the
affinity filling and the mode filling is one data column, and
for equi-width binning and equi-depth binning, quantities of
generated data columns are different according to different
quantities of divided bins.

[0070] All the extended characteristics corresponding to
the target data processing category identifiers are used as the
extended characteristic column of the characteristic. There-
fore, the characteristic in the original data is a data column,
and is transformed into seven different extended character-
istics according to seven transformation functions, and the
seven extended characteristics are referred to as the
extended characteristic column of the characteristic.
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[0071] Data transformation is performed on data corre-
sponding to each characteristic in the original data in order
to generate a corresponding extended characteristic column.
These extended characteristic columns are combined into an
extended characteristic set.

[0072] Further, combining extended characteristic col-
umns corresponding to all the characteristics in the original
data in order to generate an extended characteristic set
includes combining the extended characteristic columns
corresponding to all the characteristics in the original data,
and performing one-hot encoding on each data column in the
combined extended characteristic columns in order to gen-
erate the extended characteristic set.

[0073] One-hot encoding is performed on each data col-
umn in the combined extended characteristic columns, and
a value of each piece of data changes into 0 or 1 such that
a data value of the generated extended characteristic set is
simplified, thereby increasing a processing speed of the
extended characteristic set.

[0074] After the extended characteristic set is obtained,
the method further includes performing logic AND opera-
tion on any two data columns in the extended characteristic
set in order to obtain a new data column, and adding the new
data column to the extended characteristic set.

[0075] Logic AND operation is performed on two data
columns obtained after one-hot encoding in order to obtain
a higher-order extended characteristic, and then the higher-
order extended characteristic is added to the extended char-
acteristic set. In this way, correlation of two characteristics
can be accurately calculated.

[0076] Step 203: Determine a correlation coefficient of
each characteristic in the extended characteristic set.

[0077] Furthermore, the step 203 includes the following
steps obtaining a target regularization coefficient, and per-
forming logistic regression training on the extended char-
acteristic set in order to obtain a corresponding target
logistic regression function, and determining the correlation
coeflicient of each characteristic in the extended character-
istic set according to the target logistic regression function.

[0078] The target regularization coefficient is obtained in
the following two manners. A first manner includes obtain-
ing a preset target regularization coefficient, and a second
manner includes obtaining preset multiple regularization
coeflicients, and obtaining the target regularization coeffi-
cient by means of screening from the preset multiple regu-
larization coefficients based on the extended characteristic
set.

[0079] In the second manner, the target regularization
coeflicient is obtained by means of screening from the preset
multiple regularization coefficients based on the extended
characteristic set using two methods. A first method includes
performing logistic regression training on the extended
characteristic set according to each regularization coeflicient
in the preset multiple regularization coefficients in order to
obtain a corresponding logistic regression function, and
determining the target regularization coefficient according to
the logistic regression function corresponding to each regu-
larization coefficient, and a second method includes per-
forming a linear support vector machine operation on the
extended characteristic set according to each regularization
coeflicient in the preset multiple regularization coefficients
in order to obtain a corresponding support vector function,
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and determining the target regularization coefficient accord-
ing to the support vector function corresponding to each
regularization coefficient.

[0080] In the first method, performing logistic regression
training on the extended characteristic set according to each
regularization coefficient in the preset multiple regulariza-
tion coeflicients in order to obtain a corresponding logistic
regression function includes performing sampling on the
extended characteristic set according to a specified ratio in
order to obtain a training set, and performing logistic regres-
sion training on the training set according to each regular-
ization coefficient in the preset multiple regularization coef-
ficients in order to obtain the corresponding logistic
regression function.

[0081] Random sampling is performed on the extended
characteristic set in rows. The extended characteristic set is
divided into a training set and a validation set according to
a ratio, for example, the common ratio is 70:30 or 80:20,
which is not limited in this embodiment of the present
disclosure. One of the preset multiple regularization coeffi-
cients is selected, for example, 0.01, 0.05, 0.1, or 0.2. Using
the training set as an input sample, logistic regression
training of an [.1 norm or an L.2 norm is performed for each
lambda. A quantity of iteration times or a convergence fault
range is specified, and random gradient descent logistic
regression iterative calculation is performed. Iteration is
stopped when the quantity of iteration times or the conver-
gence fault range is reached in order to obtain a trained
logistic regression function.

[0082] The logistic regression function obtained after
logistic regression training may be, for example, f(x)=0.
S5*“ages from 20 to 307+0.35*“gender being male”+0.
45*“region being Beijing” . . . .

[0083] Determining the target regularization coeflicient
according to the logistic regression function corresponding
to each regularization coefficient includes using data in the
extended characteristic set except the training set as a
validation set, determining a target characteristic in all
characteristics in the validation set, calculating an accuracy
coeflicient of the logistic regression function corresponding
to each regularization coefficient with respect to the target
characteristic in the validation set, and obtaining, by means
of screening, a logistic regression function corresponding to
a highest accuracy coefficient, and using a regularization
coeflicient corresponding to the logistic regression function
obtained by means of screening as the target regularization
coeflicient.

[0084] In the second method, similar to the first method,
the performing a linear support vector machine operation on
the extended characteristic set according to each regulariza-
tion coefficient in the preset multiple regularization coeffi-
cients in order to obtain a corresponding support vector
function includes performing sampling on the extended
characteristic set according to a specified ratio in order to
obtain a training set, and performing the linear support
vector machine operation on the training set according to
each regularization coefficient in the preset multiple regu-
larization coefficients in order to obtain the corresponding
support vector function.

[0085] Determining the target regularization coeflicient
according to the support vector function corresponding to
each regularization coefficient includes using data in the
extended characteristic set except the training set as a
validation set, determining a target characteristic in all
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characteristics in the validation set, calculating an accuracy
coeflicient of the support vector function corresponding to
each regularization coefficient with respect to the target
characteristic in the validation set, and obtaining, by means
of screening, a support vector function corresponding to a
highest accuracy coefficient, and using the regularization
coeflicient corresponding to the support vector function
obtained by means of screening as the target regularization
coeflicient.

[0086] A structure of the support vector function obtained
in the second method is the same as that of the logistic
regression function in the first method, and the structure is
in the form of f(x)=0.5*“ages from 20 to 30”+0.35*“gender
being male”+0.45%“region being Beijing” . . . .

[0087] When the target characteristic is a classification
characteristic, the accuracy coefficient is any one of an
accuracy rate, a recall rate, an F value, or an AUC, and the
accuracy coeflicient is a reciprocal of a quadratic sum of a
mean error when the target characteristic is a continuous
characteristic.

[0088] After the target characteristic is determined as the
classification characteristic, data in each row in the valida-
tion set except data corresponding to the target characteristic
is substituted in the logistic regression function in order to
verify whether an obtained result is the same as the data
corresponding to the target characteristic. The accuracy rate
is a ratio of a quantity of rows that have a same result to a
total quantity of rows of the validation set.

[0089] When the target characteristic is determined as the
continuous characteristic, similarly, the data in each row in
the validation set except the data corresponding to the target
characteristic is substituted in the logistic regression func-
tion in order to calculate a quadratic sum of a mean error
between the result obtained through verification and the data
corresponding to the target characteristic. The reciprocal of
the quadratic sum of the mean error is used as the accuracy
coeflicient.

[0090] Determining the correlation coefficient of each
characteristic in the extended characteristic set according to
the target logistic regression function includes using a
weight corresponding to each characteristic in the target
logistic regression function as the correlation coeflicient
corresponding to the characteristic.

[0091] Step 204: Select a characteristic whose correlation
coeflicient satisfies a specified condition as an important
characteristic.

[0092] The step 204 is performed in two manners. A first
manner includes selecting a characteristic whose correlation
coeflicient is greater than a specified correlation coeflicient
threshold as the important characteristic, and a second
manner includes sorting characteristics in descending order
according to the correlation coefficients, and selecting a
specified quantity of top-ranked characteristics as the impor-
tant characteristics.

[0093] Step 205: Obtain, by means of screening from the
extended characteristic set, a data column corresponding to
the important characteristic.

[0094] The previously-generated extended characteristic
set is filtered based on the selected important characteristic,
only the data column corresponding to the important char-
acteristic is obtained by means of screening and is used as
a preprocessing result, and then data modeling is performed
on the preprocessing result.
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[0095] Modeling is performed, according to a data mining
procedure, on data on which automatic preprocessing has
been performed. Multiple algorithms may be selected, for
example, a decision tree, naive Bayes, a neural network, and
logistic regression. A generated model is assessed, a statis-
tics amount is calculated, a statistics assessment of the
model is given, and finally, a final model is output and is
used as a calculation model of model deployment.

[0096] In the method for data processing in data modeling
provided in this embodiment of the present disclosure, a
preset preprocessing method knowledge base stores all
preprocessing methods for preprocessing a characteristic of
the original data. All the preprocessing methods include
various preprocessing methods such as missing value filling,
outlier processing, continuous value standardization, con-
tinuous value discretization, and discrete value combination.
Each method corresponds to multiple parameter values, and
the method corresponds to multiple data processing category
identifiers or multiple transformation functions.

[0097] The missing value filling generally includes meth-
ods such as affinity filling, median filling, and mode filling.
For example, filling on data in which an age and an
occupation of a user are known, but income is missing
includes affinity filling, where income of persons having a
same occupation and similar ages is averaged, and the
average income is used as income of the user, median filling,
where income of all other users is averaged, and the average
income is used as the income of the user, and mode filling,
where an income value that appears most often among the
income of all persons is used as the income of the user.
[0098] In outlier processing, an outlier is usually discarded
or changed, then missing value filling is performed, and a
filling method is as above, and details are not described
herein again.

[0099] Continuous value standardization is a method for
transforming a data value of a continuous type, and an
objective is to set value ranges of all values to a uniform
specified range. A common continuous value standardization
method includes a standard fraction (value Z) and a min-
max method. A calculation equation of the standard fraction
is z=(x-an average value)/a standard deviation, and an
average value of a value obtained after transformation is 0.
A calculation equation of the min-max method is x-min/
(max-min), and a value range of the value obtained after
transformation is [0, 1].
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binning. For example, assuming that income of a user is a
variable whose value range is [0, 100000], there may be
10000 different values for all users. To decrease calculation
complexity, income of the users is usually discretized, and is
divided into 10 to 100 bins (value ranges) in order to
decrease the calculation complexity, and then the income is
calculated. In equi-width binning, each bin (an interval) has
a same value. For example, if [0, 100000] is divided into 100
bins, the first bin is [0, 1000), the second bin is [1000, 2000),
and the so on. A value of each bin is 100000/100=1000. If
[0, 100000] is divided into 50 bins, the first bin is [0, 2000),
and the second bin is [2000, 4000). In equi-depth binning,
quantities of values in bins are equal. For example, 100 bins
are specified, and binning is performed in ascending order
such that there are 100 values in the first bin, there are also
100 values in the second bin, and so on. The equi-frequency
binning is similar to the equi-depth binning, but a quantity
of values in each bin is specified rather than a quantity of
bins. For example, if there are 200 values in each bin, 50
bins are finally generated. Obviously, different continuous
values have different discretization effects. Therefore,
selecting an optimal method from multiple binning manners
and multiple parameter preprocessing methods of different
parameters is an important problem that needs to be resolved
in a data preparation stage.

[0101] By means of discrete value combination, many
discrete values may be combined, and an objective is to
reduce a quantity of values in order to reduce a calculation
amount and improve correlation of close values. A common
combination method includes methods such as knowledge-
based combination and frequency-based combination. For
the knowledge-based combination, for example, assuming
that a city is used as a unit for a region of a user, such as
Guangzhou and Shenzhen, cities belong to Guangdong
province are combined based on existing Chinese geo-
graphic knowledge in order to generate a variable using a
province as a unit. For the frequency-based combination,
discrete values having similar frequencies may be combined
according to frequencies at which the discrete values appear.
For example, values appearing more than 10000 times are
grouped into one category, values appearing 5000 to 10000
times are grouped into one category, and values appearing
1000 to 5000 times are grouped into one category.

TABLE 2

Original data table

Package Call duration Whether

User ID  Name Age Gender Region fee (minute) off-net

1651654  Wang 28 Female Guangzhou 128 150 No
XX

1651655  Li XX 30 Male Shenzhen 328 450 No

1651656  Zhang 16 Male Beijing 188 — Yes
XX

[0100] Continuous value discretization is transforming a
value into a series of discrete value ranges, and an objective
is to reduce a quantity of values in order to reduce a
calculation amount and improve correlation of close values.
A common discretization method includes methods such as
equi-width binning, equi-depth binning, and equi-frequency

[0102] Using the original data in Table 2 as an example, a
specific procedure of processing the original data in Table 2
using the method for data processing in data modeling
provided in the foregoing embodiment of the present dis-
closure includes obtaining the original data Table 2 and all
preset multiple data processing category identifiers.
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[0103] A corresponding data processing category identi-
fier is determined according to the original data Table 2, that
is, filling is performed for a missing value of a characteristic
“call duration”, and median filling is selected. Equi-width
binning whose parameter is 10 is performed on a charac-
teristic “age”. If an age range is 1 to 50, five characteristics
are generated, which are “ages from 1 to 107, “ages from 11
to 207, “ages from 21 to 30”, “ages from 31 to 40”, and “ages
from 41 to 50”.

[0104] Each characteristic in the original data is trans-
formed according to a data transformation function corre-
sponding to the data processing category identifier in order
to generate a corresponding extended characteristic column.
In this embodiment, data transformation is separately per-
formed on only the characteristic “call duration” and the
characteristic “age” in the original data, and generated
corresponding extended characteristic columns are shown in
Table 3 and Table 4.

TABLE 3

Extended characteristic column corresponding to “call duration”
Call duration

150
450
300

TABLE 4

Extended characteristic columns corresponding to “age”

Ages from Ages from  Ages from  Ages from  Ages from
1to 10 11 to 20 21 to 30 31 to 40 41 to 50
28
30
16
[0105] Extended characteristic columns corresponding to

all the characteristics in the original data are combined in
order to generate combined extended characteristic columns,
as shown in Table 5:

TABLE 5
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TABLE 6

Extended characteristic set obtained after one-hot encoding

Ages from  Ages from  Ages from  Ages from
1to 10 11 to 20 21 to 30 31 to 40
0 0 1 0
0 0 1 0
0 1 0 0

[0107] Random sampling is performed on the extended
characteristic set, and the extended characteristic set is
divided into a training set and a validation set according to
a ratio. Logistic regression training is performed on the
training set according to each regularization coefficient in
preset multiple regularization coefficients, for example,
0.01, 0.05, 0.1, or 0.2 in order to obtain a corresponding
logistic regression function.

[0108] A target characteristic, for example, “region” or
“package fee”, is determined, and an accuracy coefficient of
the logistic regression function corresponding to each regu-
larization coefficient with respect to the target characteristic
in the validation set is calculated. If the target characteristic
is “region”, which belongs to a classification characteristic,
the accuracy coefficient is an accuracy rate. If the target
characteristic is “package fee”, which belongs to a continu-
ous characteristic, the accuracy coefficient is a reciprocal of
a quadratic sum of a mean error.

[0109] A logistic regression function generating a highest
accuracy coefficient is selected, and a regularization coeffi-
cient corresponding to the logistic regression function is
used as a target regularization coefficient, for example, 0.1.

[0110] Logistic regression training is performed on the
entire extended characteristic set according to the obtained
target regularization coefficient 0.1 in order to obtain a
corresponding target logistic regression function, for
example, f(x)=0.5%ages from 21 to 307+0.35*“gender
being male”+0.45%“region being Beijing”+0.05*“ages from
1to 107 . ...

[0111] An extended characteristic and a correlation coef-
ficient of each characteristic are determined according to the

Combined extended characteristic columns

Ages Ages Ages Ages Ages
from from from from from

1to 1l1to 21to 31to 41to Package Call Whether

User ID  Name 10 20 30 40 50 Gender Region fee  duration off-net
1651654  Wang 28 28 Female Guangzhou 128 150 No

XX
1651655  Li XX 30 30 Male Shenzhen 328 450 No
1651656  Zhang 16 16 Male Beijing 188 300 Yes

XX
[0106] One-hot encoding is performed on the combined target logistic regression function, that is, a weight corre-

extended characteristic columns in order to generate an
extended characteristic set. In this embodiment of the pres-
ent disclosure, only each characteristic of the age is encoded
and described, and the other characteristics are not described
herein, as shown in Table 6:

sponding to each characteristic in the target logistic regres-
sion function is used as the corresponding correlation coef-
ficient, and sorting is performed in descending order
according to values of the correlation coefficients, as shown
in Table 7:
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TABLE 7

Each characteristic and a corresponding correlation coefficient

Characteristic Correlation coefficient

Ages from 21 to 30 0.5

Region being Beijing 0.45
Gender being male 0.35
Ages from 0 to 10 0.05

[0112] The characteristic whose correlation coefficient sat-
isfies the specified condition may be selected as the impor-
tant characteristic in the following two manners. A first
manner includes selecting a characteristic whose correlation
coeflicient is greater than a specified correlation coeflicient
threshold (for example, 0.3) as the important characteristic,
and a second manner includes sorting the characteristics in
descending order according to the correlation coefficients,
and selecting a specified quantity (for example, 3) of top-
ranked characteristics as the important characteristics.

[0113] The important characteristics may be determined as
“Ages from 21 to 307, “Region: Beijing”, and “Gender:
male” in the foregoing two manners.

[0114] Data columns corresponding to the important char-
acteristics, that is, “Ages from 21 to 30”, “Region being
Beijing”, and “Gender being male” are obtained by means of
screening from the extended characteristic set, and are used
as a final data processing result, as shown in Table 8.

TABLE 8

Data processing result

User ID  Name Ages from 21 to 30 Gender Region
1651654  Wang XX 1 0 0
1651655  Li XX 1 1 0
1651656  Zhang XX 0 1 1
[0115] Data modeling is performed on the data processing

result according to a data mining procedure in order to
obtain a final data model.

[0116] Based on the foregoing embodiment, the present
disclosure further provides an apparatus for data processing
in data modeling. Referring to FIG. 3, the apparatus includes
a reading unit 301 configured to read original data and preset
multiple data processing category identifiers, where each
data column in the original data corresponds to one charac-
teristic, a processing unit 302 configured to perform, accord-
ing to a data transformation function corresponding to each
data processing category identifier, data transformation on a
data column corresponding to each characteristic in the
original data in order to generate a corresponding extended
characteristic column, and combine extended characteristic
columns corresponding to all the characteristics in the
original data in order to generate an extended characteristic
set, a determining unit 303 configured to determine a cor-
relation coefficient of each characteristic in the extended
characteristic set, a first selection unit 304 configured to
select a characteristic whose correlation coefficient satisfies
a specified condition as an important characteristic, and a
second selection unit 305 configured to obtain, by means of

11
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screening from the extended characteristic set, a data column
corresponding to the important characteristic.

[0117] When performing data transformation on the data
column corresponding to any characteristic in the original
data in order to generate the corresponding extended char-
acteristic column, the processing unit 302 is further config-
ured to obtain, by means of screening from the multiple data
processing category identifiers according to the data column
corresponding to the characteristic, a target data processing
category identifier corresponding to the characteristic, per-
form, according to a data transformation function corre-
sponding to each target data processing category identifier
obtained by means of screening, data transformation on the
data column corresponding to the characteristic in order to
generate an extended characteristic corresponding to the
target data processing category identifier, and use all the
extended characteristics corresponding to the target data
processing category identifiers as the extended characteristic
column of the characteristic.

[0118] When obtaining, by means of screening from the
multiple data processing category identifiers according to
the data column corresponding to the characteristic, the
target data processing category identifier corresponding to
the characteristic, the processing unit 302 is further config-
ured to determine a data type of the characteristic according
to the data column corresponding to the characteristic, and
obtain, by means of screening from the multiple data pro-
cessing category identifiers, a target data processing cat-
egory identifier corresponding to the data type, where the
data type includes a discrete type, and a continuous type,
and/or determine a data defect type of the characteristic
according to the data column corresponding to the charac-
teristic, and obtain, by means of screening from the multiple
data processing category identifiers, a target data processing
category identifier corresponding to the data defect type,
where the data defect type includes a missing value and an
outlier.

[0119] When combining the extended characteristic col-
umns corresponding to all the characteristics in the original
data in order to generate the extended characteristic set, the
processing unit 302 is further configured to combine the
extended characteristic columns corresponding to all the
characteristics in the original data, and perform one-hot
encoding on each data column in the combined extended
characteristic columns in order to generate the extended
characteristic set.

[0120] After performing one-hot encoding on each data
column in the combined extended characteristic columns in
order to generate the extended characteristic set, the pro-
cessing unit 302 is further configured to perform logic AND
operation on any two data columns in the extended charac-
teristic set in order to obtain a new data column, and add the
new data column to the extended characteristic set.

[0121] The determining unit 303 is further configured to
obtain a target regularization coefficient, and perform logis-
tic regression training on the extended characteristic set
based on the target regularization coefficient in order to
obtain a corresponding target logistic regression function,
and determine the correlation coefficient of each character-
istic in the extended characteristic set according to the target
logistic regression function.

[0122] When obtaining the target regularization coeffi-
cient, the determining unit 303 is further configured to
obtain a preset target regularization coefficient, or obtain
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preset multiple regularization coefficients, and obtain the
target regularization coefficient by means of screening from
the preset multiple regularization coefficients based on the
extended characteristic set.

[0123] When obtaining the target regularization coeffi-
cient by means of screening from the preset multiple regu-
larization coefficients based on the extended characteristic
set, the determining unit 303 is further configured to perform
logistic regression training on the extended characteristic set
according to each regularization coefficient in the preset
multiple regularization coefficients in order to obtain a
corresponding logistic regression function, and determine
the target regularization coefficient according to the logistic
regression function corresponding to each regularization
coeflicient, or perform a linear support vector machine
operation on the extended characteristic set according to
each regularization coefficient in the preset multiple regu-
larization coefficients in order to obtain a corresponding
support vector function, and determine the target regular-
ization coefficient according to the support vector function
corresponding to each regularization coefficient.

[0124] When performing logistic regression training on
the extended characteristic set according to each regulariza-
tion coefficient in the preset multiple regularization coeffi-
cients in order to obtain the corresponding logistic regres-
sion function, the determining unit 303 is further configured
to perform sampling on the extended characteristic set
according to a specified ratio in order to obtain a training set,
and perform logistic regression training on the training set
according to each regularization coefficient in the preset
multiple regularization coefficients in order to obtain the
corresponding logistic regression function.

[0125] When determining the target regularization coeffi-
cient according to the logistic regression function corre-
sponding to each regularization coefficient, the determining
unit 303 is further configured to use data in the extended
characteristic set except the training set as a validation set,
determine a target characteristic in all characteristics in the
validation set, calculate an accuracy coefficient of the logis-
tic regression function corresponding to each regularization
coeflicient with respect to the target characteristic in the
validation set, and obtain, by means of screening, a logistic
regression function corresponding to a highest accuracy
coeflicient, and use a regularization coefficient correspond-
ing to the logistic regression function obtained by means of
screening as the target regularization coefficient.

[0126] Optionally, when the target characteristic is a clas-
sification characteristic, the accuracy coefficient is any one
of an accuracy rate, a recall rate, an F value, or an AUC, and
the accuracy coefficient is a reciprocal of a quadratic sum of
a mean error when the target characteristic is a continuous
characteristic.

[0127] When determining the correlation coefficient of
each characteristic in the extended characteristic set accord-
ing to the target logistic regression function, the determining
unit 303 is further configured to use a weight corresponding
to each characteristic in the target logistic regression func-
tion as the correlation coefficient corresponding to the
characteristic.

[0128] The first selection unit 304 is further configured to
select a characteristic whose correlation coefficient is greater
than a specified correlation coeflicient threshold as the
important characteristic, or sort the characteristics in
descending order according to the correlation coefficients,
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and select a specified quantity of top-ranked characteristics
as the important characteristics.

[0129] In conclusion, by means of the method and the
apparatus for data processing in data modeling that are
provided in the embodiments of the present disclosure, in the
method, data transformation is performed on a data column
corresponding to each characteristic in read original data
according to a data transformation function corresponding to
a preset data processing category identifier in order to
generate a corresponding extended characteristic column,
and extended characteristic columns corresponding to all the
characteristics in the original data are combined in order to
generate an extended characteristic set, a correlation coef-
ficient of each characteristic in the extended characteristic
set is determined, a characteristic whose correlation coeffi-
cient satisfies a specified condition is selected as an impor-
tant characteristic, and a data column corresponding to the
important characteristic is obtained by means of screening
from the extended characteristic set. A calculation amount of
assessing multiple data preprocessing methods is decreased
in a manner of extending a characteristic, thereby avoiding
problems of a long consumed time and a large calculation
amount that are caused because data modeling is performed
by exhaustively listing data preprocessing methods, and
improving calculation efficiency. The important character-
istic is selected by sorting correlation coefficients such that
a quantity of characteristics may be controlled, which
reduces a quantity of input data during data modeling and a
calculation amount of a computer. In addition, a data pre-
processing result adapts to multiple data modeling algo-
rithms, thereby improving flexibility and adaptability of
automatic data modeling.

[0130] A person skilled in the art should understand that
the embodiments of the present disclosure may be provided
as a method, a system, or a computer program product.
Therefore, the present disclosure may use a form of hard-
ware only embodiments, software only embodiments, or
embodiments with a combination of software and hardware.
Moreover, the present disclosure may use a form of a
computer program product that is implemented on one or
more computer-usable storage media (including but not
limited to a disk memory, a compact disc read-only memory
(CD-ROM), an optical memory, and the like) that include
computer-usable program code.

[0131] The present disclosure is described with reference
to the flowcharts and/or block diagrams of the method, the
device (system), and the computer program product accord-
ing to the embodiments of the present disclosure. It should
be understood that computer program instructions may be
used to implement each process and/or each block in the
flowcharts and/or the block diagrams and a combination of
a process and/or a block in the flowcharts and/or the block
diagrams. These computer program instructions may be
provided for a general-purpose computer, a dedicated com-
puter, an embedded processor, or a processor of any other
programmable data processing device to generate a machine
such that the instructions executed by a computer or a
processor of any other programmable data processing device
generate an apparatus for implementing a specific function
in one or more processes in the flowcharts and/or in one or
more blocks in the block diagrams.

[0132] These computer program instructions may also be
stored in a computer readable memory that can instruct the
computer or any other programmable data processing device
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to work in a specific manner such that the instructions stored
in the computer readable memory generate an artifact that
includes an instruction apparatus. The instruction apparatus
implements a specific function in one or more processes in
the flowcharts and/or in one or more blocks in the block
diagrams.
[0133] These computer program instructions may also be
loaded onto a computer or another programmable data
processing device such that a series of operations and steps
are performed on the computer or the other programmable
device, thereby generating computer-implemented process-
ing. Therefore, the instructions executed on the computer or
the other programmable device provide steps for implement-
ing a specific function in one or more processes in the
flowcharts and/or in one or more blocks in the block
diagrams.
[0134] Although some preferred embodiments of the pres-
ent disclosure have been described, persons skilled in the art
can make changes and modifications to these embodiments
once they learn the basic inventive concept. Therefore, the
following claims are intended to be construed as to cover the
exemplary embodiments and all changes and modifications
falling within the scope of the present disclosure.
[0135] Obviously, persons skilled in the art can make
various modifications and variations to the embodiments of
the present disclosure without departing from the spirit and
scope of the embodiments of the present disclosure. The
present disclosure is intended to cover these modifications
and variations provided that they fall within the scope of
protection defined by the following claims and their equiva-
lent technologies.
What is claimed is:
1. A method for data processing in data modeling, com-
prising:
reading original data and a preset plurality of data pro-
cessing category identifiers, wherein each data column
in the original data corresponds to one characteristic;

performing, according to a data transformation function
corresponding to each data processing category iden-
tifier, data transformation on a data column correspond-
ing to each characteristic in the original data to generate
a corresponding extended characteristic column;

combining extended characteristic columns correspond-
ing to all the characteristics in the original data to
generate an extended characteristic set;

determining a correlation coefficient of each characteristic

in the extended characteristic set;

selecting a characteristic whose correlation coefficient

satisfies a specified condition as an important charac-
teristic; and

obtaining, by screening from the extended characteristic

set, a data column corresponding to the important
characteristic.

2. The method according to claim 1, wherein performing
data transformation on the data column corresponding to
each characteristic in the original data to generate the
corresponding extended characteristic column comprises:

obtaining, by screening from the preset plurality of data

processing category identifiers according to the data
column corresponding to the characteristic, a target
data processing category identifier corresponding to the
characteristic;

performing, according to a data transformation function

corresponding to each target data processing category
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identifier obtained by screening, the data transforma-
tion on the data column corresponding to the charac-
teristic to generate an extended characteristic corre-
sponding to the target data processing category
identifier; and

setting all the extended characteristics corresponding to

target data processing category identifiers as the
extended characteristic column of the characteristic.

3. The method according to claim 2, wherein obtaining the
target data processing category identifier comprises:

determining a data type of the characteristic according to

the data column corresponding to the characteristic,
and obtaining, by screening from the preset plurality of
data processing category identifiers, a target data pro-
cessing category identifier corresponding to the data
type, wherein the data type comprises a discrete type
and a continuous type; or

determining a data defect type of the characteristic

according to the data column corresponding to the
characteristic, and obtaining, by screening from the
preset plurality of data processing category identifiers,
a target data processing category identifier correspond-
ing to the data defect type, wherein the data defect type
comprises a missing value and an outlier.

4. The method according to claim 1, wherein combining
the extended characteristic columns to generate the extended
characteristic set comprises:

combining the extended characteristic columns corre-

sponding to all the characteristics in the original data;
and

performing one-hot encoding on each data column in the

combined extended characteristic columns to generate
the extended characteristic set.

5. The method according to claim 4, wherein after per-
forming the one-hot encoding on each data column in the
combined extended characteristic columns, the method fur-
ther comprises:

performing logic AND operation on any two data columns

in the extended characteristic set to obtain a new data
column; and

adding the new data column to the extended characteristic

set.

6. The method according to claim 1, wherein determining
the correlation coefficient of each characteristic in the
extended characteristic set comprises:

obtaining a target regularization coefficient;

performing logistic regression training on the extended

characteristic set based on the target regularization
coeflicient to obtain a corresponding target logistic
regression function; and

determining the correlation coefficient of each character-

istic in the extended characteristic set according to the
target logistic regression function.

7. The method according to claim 6, wherein obtaining the
target regularization coefficient comprises:

obtaining a preset target regularization coefficient; or

obtaining a preset plurality of regularization coefficients,

and obtaining the target regularization coefficient by
screening from the preset plurality of regularization
coeflicients based on the extended characteristic set.

8. The method according to claim 7, wherein obtaining the
target regularization coefficient by screening from the preset
plurality of regularization coefficients comprises:
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performing the logistic regression training on the
extended characteristic set according to each regular-
ization coefficient in the preset plurality of regulariza-
tion coefficients to obtain a corresponding logistic
regression function, and determining the target regu-
larization coefficient according to the logistic regres-
sion function corresponding to each regularization
coefficient; or

performing a linear support vector machine operation on

the extended characteristic set according to each regu-
larization coefficient in the preset plurality of regular-
ization coefficients to obtain a corresponding support
vector function, and determining the target regulariza-
tion coefficient according to the support vector function
corresponding to each regularization coefficient.

9. The method according to claim 8, wherein performing
the logistic regression training on the extended characteristic
set to obtain the corresponding logistic regression function
comprises:

performing sampling on the extended characteristic set

according to a specified ratio to obtain a training set;
and

performing the logistic regression training on the training

set according to each regularization coefficient in the
preset plurality of regularization coefficients to obtain
the corresponding logistic regression function.

10. The method according to claim 9, wherein determin-
ing the target regularization coeflicient according to the
logistic regression function corresponding to each regular-
ization coefficient comprises:

setting data in the extended characteristic set except the

training set as a validation set;

determining a target characteristic in all characteristics in

the validation set;

calculating an accuracy coefficient of the logistic regres-

sion function corresponding to each regularization
coeflicient with respect to the target characteristic in the
validation set;
obtaining, by screening, a logistic regression function
corresponding to a highest accuracy coefficient; and

setting a regularization coeflicient corresponding to the
logistic regression function obtained by screening as
the target regularization coefficient.

11. An apparatus for data processing in data modeling,
comprising:

a processor; and

a computer-readable storage medium coupled to the pro-

cessor and configured to store programming instruc-

tions for execution by the processor, wherein the pro-

gramming instructions cause the processor to be

configured to:

read original data and a preset plurality of data pro-
cessing category identifiers, wherein each data col-
umn in the original data corresponds to one charac-
teristic;

perform, according to a data transformation function
corresponding to each data processing category iden-
tifier, data transformation on a data column corre-
sponding to each characteristic in the original data to
generate a corresponding extended characteristic
column;

combine extended characteristic columns correspond-
ing to all the characteristics in the original data to
generate an extended characteristic set;
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determine a correlation coeflicient of each characteris-
tic in the extended characteristic set;

select a characteristic whose correlation coefficient
satisfies a specified condition as an important char-
acteristic; and

obtain, by screening from the extended characteristic
set, a data column corresponding to the important
characteristic.

12. The apparatus according to claim 11, wherein when
performing the data transformation on the data column
corresponding to each characteristic in the original data to
generate the corresponding extended characteristic column,
the programming instructions further cause the processor to
be configured to:

obtain, by screening from the preset plurality of data

processing category identifiers according to the data
column corresponding to the characteristic, a target
data processing category identifier corresponding to the
characteristic;

perform, according to a data transformation function

corresponding to each target data processing category
identifier obtained by screening, the data transforma-
tion on the data column corresponding to the charac-
teristic to generate an extended characteristic corre-
sponding to the target data processing category
identifier; and

set all the extended characteristics corresponding to target

data processing category identifiers as the extended
characteristic column of the characteristic.
13. The apparatus according to claim 12, wherein when
obtaining the target data processing category identifier cor-
responding to the characteristic, the programming instruc-
tions further cause the processor to be configured to:
determine a data type of the characteristic according to the
data column corresponding to the characteristic, and
obtain, by screening from the preset plurality of data
processing category identifiers, a target data processing
category identifier corresponding to the data type,
wherein the data type comprises a discrete type and a
continuous type; or
determine a data defect type of the characteristic accord-
ing to the data column corresponding to the character-
istic, and obtain, by screening from the preset plurality
of data processing category identifiers, a target data
processing category identifier corresponding to the data
defect type, wherein the data defect type comprises a
missing value and an outlier.
14. The apparatus according to claim 11, wherein when
combining the extended characteristic columns to generate
the extended characteristic set, the programming instruc-
tions further cause the processor to be configured to:
combine the extended characteristic columns correspond-
ing to all the characteristics in the original data; and

perform one-hot encoding on each data column in the
combined extended characteristic columns to generate
the extended characteristic set.

15. The apparatus according to claim 14, wherein after
performing the one-hot encoding on each data column in the
combined extended characteristic columns to generate the
extended characteristic set, the programming instructions
further cause the processor to be configured to:

perform logic AND operation on any two data columns in

the extended characteristic set to obtain a new data
column; and
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add the new data column to the extended characteristic

set.

16. The apparatus according to claim 11, wherein the
programming instructions further cause the processor to be
configured to:

obtain a target regularization coefficient;

perform logistic regression training on the extended char-

acteristic set based on the target regularization coeffi-
cient to obtain a corresponding target logistic regres-
sion function; and

determine the correlation coefficient of each characteristic

in the extended characteristic set according to the target
logistic regression function.

17. The apparatus according to claim 16, wherein when
obtaining the target regularization coefficient, the program-
ming instructions further cause the processor to be config-
ured to:

obtain a preset target regularization coeflicient; or

obtain a preset plurality of regularization coefficients, and

obtain the target regularization coefficient by screening
from the preset plurality of regularization coefficients
based on the extended characteristic set.

18. The apparatus according to claim 17, wherein when
obtaining the target regularization coefficient by screening
from the preset plurality of regularization coeflicients, the
programming instructions further cause the processor to be
configured to:

perform the logistic regression training on the extended

characteristic set according to each regularization coef-
ficient in the preset plurality of regularization coeffi-
cients to obtain a corresponding logistic regression
function, and determine the target regularization coef-
ficient according to the logistic regression function
corresponding to each regularization coefficient; or
perform a linear support vector machine operation on the
extended characteristic set according to each regular-

Oct. 19, 2017

ization coefficient in the preset plurality of regulariza-
tion coefficients to obtain a corresponding support
vector function, and determine the target regularization
coeflicient according to the support vector function
corresponding to each regularization coefficient.

19. The apparatus according to claim 18, wherein when
performing the logistic regression training on the extended
characteristic set to obtain the corresponding logistic regres-
sion function, the programming instructions further cause
the processor to be configured to:

perform sampling on the extended characteristic set

according to a specified ratio to obtain a training set;
and

perform the logistic regression training on the training set

according to each regularization coefficient in the pre-
set plurality of regularization coefficients to obtain the
corresponding logistic regression function.

20. The apparatus according to claim 19, wherein when
determining the target regularization coefficient according to
the logistic regression function corresponding to each regu-
larization coefficient, the programming instructions further
cause the processor to be configured to:

set data in the extended characteristic set except the

training set as a validation set;

determine a target characteristic in all characteristics in

the validation set;

calculate an accuracy coefficient of the logistic regression

function corresponding to each regularization coeffi-
cient with respect to the target characteristic in the
validation set;

obtain, by screening, a logistic regression function corre-

sponding to a highest accuracy coefficient; and

set a regularization coefficient corresponding to the logis-

tic regression function obtained by screening as the
target regularization coefficient.
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