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Abstract
In the establishment of a personal credit assessment model the prediction accuracy is very important. For the deficiency of the single
model in personal credit assessment, this study puts forward the method of using the combined forecasting model to carry on it. Based
on the advantages of different single model in personal credit assessment, the logistic regression and linear regression are chosen to
construct this combination model and the improved cuckoo search algorithm (CS) is used to solve the model weights, a combination
forecasting model based on CS is constructed for personal credit assessment. The results show that the model construct in this study can
effectively reduce the second class misjudgment rate of personal credit assessment and effectively improve the forecasting accuracy,
which has better applicability and significant value for commercial banks to control the consumer credit risk.
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INTRODUCTION
Personal credit assessment refers that rating agencies
conduct a comprehensive analysis and evaluation for
consumerʼs personal credit information and performance
capabilities by using the credit scoring models, to predict
default risk for future lenders to provide a scientific basis for
consumer credit decisions (Wang and Liu, 2014). In the
personal credit system construction earlier country, with the
study of personal credit assessment continues to develop and
mature, many methods have been applied to the field of
personal credit assessment (Zhang, 2005). At present,
individual credit assessment methods are mainly two types,
one is based on statistical models, including multiple linear
discriminate analysis, linear regression, logistic regression and
another kind is non-parametric estimation and artificial
intelligence methods, including neural networks, classification
tree, genetic algorithms, etc. (Li et al., 2012). The construction
of personal credit system in our country is relatively late,
methodology is still not perfect, which seriously restricts the
development of consumer credit in our country (Chen and
Jiang, 2015). Therefore, to establish and improve the personal
credit rating system which is suitable for the situation of our
country has important significance. Combination forecasting
model based on cuckoo search algorithm (Yang and Deb,
2009) (Cuckoo Search, CS) to solve the model weight is
established in this paper for personal credit assessment and
compare with the single model to study applicability of the
model.
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The key is to determine the weight of each individual
forecasting model and the least square method is usually used
to solve a set of weights to minimize its error sum of squares
E. It is generally believed that the result of the combination
forecasting method is more accurate than a single one
because of using the more information.
Basic cuckoo search algorithm: Cuckoo search algorithm is a
type of new search algorithm derived from the biological
behaviors of parasitic and reproduction of cuckoo population
in nature and combined with the birds and drosophila special
Lévy flight mode, global search capability is strong, suitable for
multi-objective optimization problem solving. The algorithm
is based on 3 ideal rules to construct, the specific rules are also
found in the literature (Gandomi et al., 2013). The cuckoo
searches the path and the position of the birdʼs nests under
the premise of the three ideal rules and the formula is as
follows:
ˆ    ,i  1, 2,, n
x i t 1  x i t     Levy

(2)

where, xi(t) represents the position of Gandomi nest of
generation t, M represents step-size information, r represents
the dot product, Lévy (8) represents random search path. After
a certain amount of Pa was found to be discarded, the same
number of new nest was generated by random walk. The
position update formula is as follows:
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combination forecasting obtains the results by weighted
restructuring other prediction methods, Clemen has pointed
out that the combination is projected to become one of the
mainstream prediction studies (Clemen, 1989). In combination
forecasting theory, in the manner of assembly of each single
prediction model, it can be divided into linear and nonlinear
combinations, thereof, wherein the linear combination
forecasting model is the most studied and the most
widely used (Ma and Tang, 1998). The basic principle of
linear combination forecasting is as follows: For a
prediction problem, there are m types of prediction methods,
yt represent actual observed values (sample size t = 1, 2, ..., n),
fit represents the predicted value of the i-th prediction
method (t = 1, 2, ..., n ), wi is the weight of the i-th method in
combination forecasting model, so, the linear combination
forecasting can be formulated as follows:

(3)

where, r is a random number belongs to (0, 1), xj(t) xk(t) is the
two random bird nest location in generation t.
Algorithm improvement: In order to solve the problem of
that the algorithm is easy to skip the optimal solution and to
occur shock phenomenon in later iterations to cause
convergence speed and optimization accuracy to reduce, the
algorithm was improved according to the method of
literature (Qu et al., 2014) in this study. At the same time, the
algorithm adopts adaptive step walk way method and
Gaussian disturbances strategy to improve the search
accuracy and convergence speed and the Manteganna
equivalent calculation algorithm is used to reduce the
computational complexity. The path and position update
formula of the nests was modified as follows:
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the data were randomly divided into two groups, respectively,
554 sample data, including 277 default sample data and 277
non default sample data were respectively used to build
models and test models of classification.

(4)

wherein, randn() is a random function to meet Gaussian
distribution, a represents walk coefficient, step represents

Normalized sample data: In order to eliminate the influence

walk step. The adaptive step walk adjustment strategy and the

of dimension and reduce the influence of data imbalance on
classification ability, the training data and test data are
normalized (Lu et al., 2003). All explanatory variables are
divided into two groups of discrete variable and continuous
variable. For discrete variables (including x1, x3, x4, x5, x7, x8 and
x9), the minimum-maximum normalization method is used, as
follows:

dimensional Gauss perturbation strategy are detailed in the
literature (Qu et al., 2014).
Model building ideas: Individual credit assessment is
essentially a kind of classification problem in pattern
recognition. The principle of, which is consumer credit
applicants can be divided into repaying and default
categories, which made the decision to accept or reject credit

X' 

applications. In the practice of credit assessment, there are

X  X min
X max  X min

(5)

usually two kinds of miscarriage of justice: One is to put the
customer with good credit as the bad credit to reject the loan

where, X' in (0, 1), indicates the normalized values of variables,
Xmin and Xmax represent the minimum and maximum value
of the variable X, respectively. For continuous variables
(including x2, x6 and x10), the distribution of variable values are
approximative to normal distribution and the following
method is used to deal with it.

application, the other is to accept the loan application of the
customer but with bad credit. Generally, in practice, the latter
cause greater loss to the credit agency compared to the
former. Therefore, the individual credit assessment, at the
same time improve the classification accuracy should try to
reduce the occurrence of the second miscarriage of justice. In
this study, firstly, linear regression and logistic regression
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were used to establish a single prediction model and then the

(6)

linear combination forecasting model is built on this basis and
CS algorithm is used to solve the weight (Lu et al., 2003). With

where, :, F separately represent the mean and standard
deviation of variable X, M(x) represents the cumulative
probability of standard normal distribution.

the single model classification results were compared to
investigate the applicability of combination forecasting model
based on CS algorithm.

Construction and application of the model
Sample data and pretreatment

Single statistical model: As the basis of the combination

Sample data selection: The data used in this study come

forecasting model, the linear regression and Logistic
regression model are established, respectively at first.
Linear regression requires that the distribution of the
explanatory variables only obey certain preconditions and the
better results can be obtained (Wang and Zhang, 2010).
In these preconditions, an important assumption is that
there is no strong correlation between the explanatory
variables, namely the absence of multicollinearity.
Therefore, the SPSS software is used to establish the linear
regression model and in order to eliminate the influence of
colinearity between explanatory variables of the model, the
method of variables into the model is stepwise entering
method and the results obtained are as follows:

from the consumer credit database of a credit institution. The
classification of "Whether to default" is based on the "Default
frequency", e.g., the frequency of the repayment of the loan is
lagging or insufficient. In the practice of most countries, it is
generally believed that in the last year, the number of breach
of contract for more than 4 times, it is considered that the
customer has a strong tendency to default. This study also
classified by the method and the index was excised for
missing attribute more serious. When selecting a sample data,
the stratified sampling method was used to divide the sample
into two types of default and not default and the two kinds of
data to keep the same number of data in order to reduce
the uneven impact on model classification capabilities.

y1  0.729  0.843x4  0.290x5  0.297x6  0.138x7  0.130x9 (7)

1108 sample data were selected as the experimental data and
299
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Table 1: Classification results contrast

Models

Training sample
-------------------------------------------------------------------------------------First class error Second class error
Classification accuracy (%)

Test samples
------------------------------------------------------------------------------------------First class error Second class error Classification accuracy (%)

Linear regression
Logistic regression
Combination forecast

18 (6. 50)
19 (6.86)
17 (6.14)

15 (5.42)
17 (6.14)
14 (5.05)

41 (14.80)
29 (10.47)
23 (8.30)

89.35
91.34
92.78

The regression equation adjusted R2 of 0.643, the
coefficient of formula 6, t-test and F-test, the results show that
the regression equation is valid. The regression equation is
used to test samples and 0.5 as the classification boundary,
that is, if the predicted result is greater than 0.5, it is judged as
non default class, otherwise judged to default class, the results
obtained are shown in Table 1. The linear regression for
personal credit scoring there is a drawback: The right of the
value of the regression equation from -4 to +4, but the left
side of the equation is a probability, it will be within the range
(0, 1). If the left side of the equation is a function of P, it can
take any value and then the model will be more meaningful
(Zhang, 2005).
Logistic regression is based on linear regression. The
probability of the Logit, that y = ln (p/(1-p)), overcomes the
shortcomings of linear regression (Shi and Zhang, 2005). To
establish Logistic regression models with SPSS, variable
selection method use backward: Conditional method (with
assumed parameters based on probability as the likelihood
ratio test, to select arguments by backward stepwise
selection), the Logistic regression equation obtained in this
study is:

ŷ 2 

exp  0.965x1'  6.209x '4  1.897x 5'  3.168x '6  1.197x '7 

1  exp  0.965x1'  6.209x '4  1.897x 5'  3.168x '6  1.197x '7 

combination forecasting

odel based on CS algorithm

optimal weights are obtained as follows:
w1  0.74985，w 2  1. 74985

(10)

Thus, the combination forecasting model herein was
obtained as follows:
f  0. 74985yˆ 1 +1.74985yˆ 2

(11)

wherein, f1 and f2 are, respectively predicted results of linear
regression and logistic regression model. The prediction
results of linear regression and Logistic regression models
on the test sample into the formula 11 and 0.5 as the
classification boundaries, the classification result is shown in
Table 1.
RESULT ANALYSIS
Then, the comparative analysis is made from the
classification accuracy and the two types of erroneous
judgement between two kinds of single model and
combination forecasting model based on CS algorithm.
First, in terms of classification accuracy, it can be seen from
Table 1, in the modelling and testing samples, combined
forecasting model based on CS algorithm is higher than linear
regression and Logistic regression model. This shows that the
combination model has the advantage of combining the
advantages of a variety of single model, which has the
advantage of a single model in personal credit evaluation.
Secondly, it can be seen from Table 1, either the accuracy,
false positive rate of the first category ("Remove true", the
"Good" credit misjudge to "Bad" credit) or a second class false
positives ("Accept error", the "Bad" credit is judged as "Good"
credit), on modelling and testing samples, the combination
forecasting model based on CS algorithm are lower than any
single model, especially to improve the rate of the second
miscarriage of justice ("Accept error") is more obvious, the
second category misjudgement of these two single statistical
models are higher than the first class misjudgement.

(8)

Combined forecasting model based on CS algorithm:
According to the principle of combination forecasting, a
combined model based on linear regression and logistic
regression is constructed in this study as follows:

s.tw1  w 2  1

91.52
92.24
94.04

(Wang et al., 2012). CS algorithm after 100 iterations, the

í2 represents y as 1, the probability of that is not in default
and 0.5 as a classification boundary, prediction classification
results of the equation on the training and testing samples are
shown in Table 1.

f  w1 yˆ 1  w 2 yˆ 2

32 (11.55)
26 (9.39)
19 (6.86)

(9)

The results of linear regression and logistic regression
model are used as the input vector to establish the
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