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Abstract: This research introduces the concept of the satisfaction degree of small and mediun-sized enterprises’
financing demands and predicts SMEs” demand satisfaction degree by building the grey Markov model which
combines the advantages of grey prediction and Markov prediction model. The analysis of this research reveals
the variation trend of SMEs financing demands' satisfaction degree. Markov prediction model identifies the
transition of SMEs financing demand satisfaction degree and therefore improve the prediction accuracy and
veracity. The empirical analysis concludes that the funds market does not meet the SMEs” financing demands
in the long term and based on the result, this paper provides applicable recommendations.
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INTRODUCTION

Credit financing demand forecast can be described
that bank predicts future credit financing demand of
SMEs based on collected information of the enterprises.
The purpose 1s to satisfy credit financing demand of
SMEs (Osei-Assibey et al, 2012). Because financing
mode for small and medium-sized enterprise is relatively
sole, credit financing becomes a main measwre (Atherton,
2012; Liu and L1, 2003; Akterujjamary, 2010). At present,
there are a variety of methods for demand forecast.
Angelini predicts enterprise financing demand by using
a series of mterviews which 13 a method of qualitative
prediction (Angelini et al., 1998). The other quantitative
prediction methods are linear prediction, exponential
smoothing prediction, logistics demand Forecast, a set of
model prediction, gray prediction and so on (Chen et al.,
2009). Gray prediction 15 a forecasting method that
translates time series into differential equation (Liu and
Kie, 2008; Zhang, 2010). Tt can solve uncertainty of small
simple and poor information. Through investigating
above literature, a few methods of SMEs credit financing
demand forecast have been found. Traditional forecasting
method does not consider actual situation that enterprises
credit financing demand will be after-affected.

In order to release after-affect property, the paper
mtroduces Markov forecasting Model (Liu, 2004). SMEs
credit financing demand will be affected by internal and
external environment system. Meanwhile, SMEs credit
financing demand forecasting 1s affected by a large

mumber of factors and it cannot be measured accurately.
With regard to decrease other impact,
satisfaction forecasting indicator for credit financing
demand to reflect SMEs credit financing demand
prediction. The reason of using satisfaction indicator for
credit financing demand 1s that there 1s different credit
financing demand among different enterprises and
industries. Markov forecasting model is confirmed to be
feasible that SME credit financing demand in present
period 1s correlated with that in next period, but less
correlated with that i1 futire peried.

This research introduces the concept of the
satisfaction degree of SMEs ' financing demands, predicts
SMEs’ demand satisfaction degree by building the grey
Markov model and measures banks satisfaction degree for
SMEs” credit financing demand by using satisfaction
degree of credit financing demand which combines the
advantages of grey prediction and Markov prediction
model. The analysis of this research reveals the variation
trend of SMEs financing demands' satisfaction degree.
Markov prediction model identifies the transition of SMEs
financing demand satisfaction degree and provides
scientific accordance for decision making of credit funds
arrangement.

it adopts

GREY MARKOV MODELING

In order to construct Grey Markov model, the
understanding of SMEs’ credit financing demand is a
start. There 1s a two-step modeling way. Firstly, takena
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Grey forecasting model, it is suitable for solving the
shortage of SMEs’ information. Secondly, taken a Markov
model, it is effective for solving instability of SMEs’
production and sale environment and meeting the credit
financing demand.

Construct Grey GM(1,1) forecasting model with time
series: Satisfaction degree of SMEs’ credit financing
demand is measured as a ratio of supply and demand of
credit funds. Assume only a bank satisfies all SMEs’
credit financing demand and the amount of credit funds
application can be mnstead by the whole demand. Original
data sequence of satisfaction degree of SMEs’ credit
financing demand X = (x™(1), x™(2),... X"(n)) is a set of
grey variables with incomplete information which has
great randomness, X” is a non-negative factor. Through
processing first-order accumulation, a new sequence of
satisfaction degree of SMEs’ credit financing demand
X = (x"(1), x™2),... x¥n)) can be chtained. The
mathematical equation 1s expressed as:

X (k):ix(n)(m)k=1,2,...n (L

Based on above sequence, the data 13 fitted by using
dynamic linear model. GM equation of forecasting model
1s expressed as:

X" (k)+ak®k)=b 2

The whitemng equation (the equation of satisfaction
degree of SMEs’ credit financing demand) is:

(1
7 b (3)

dt

In the formula, a b are specific parameters, a is
development coefficient of satisfaction degree of SME
credit financing demand, b is grey action. A reflects
development trend of satisfaction degree of SMEs
financing demand, b reflects endogenous control gray
number, the size of breflects data variation relationship of
satisfaction degree of SMEs credit financing demand.
After taken data sequence of X" into grey process,
generated Z“ is the mean of X"next sequence.
ZW =21, 2%2),... Z%(n)) and:

z<‘>(k):%[x@(k)ﬂwk—l)] k=23.n @

Assume 3 is undetermined Parameter vector, the result can
be obtained by using least square method:

a_m_(BTB)-lBTYB n=2.3,. (5)

In the formula:

~1792) 1
R ERON
—17Z%m) 1

After solving differential Eq. 3, satisfaction degree
forecasting model GM(1,1 ) of SMEs financing demand can
be obtained:

Ok = (- De* 2k 123..n B
a a

The result can be obtained from Eq. 1:

W k+D=x" k) +xPk+1)
The variation trend of criginal data sequence x® in
satisfaction degree of SME credit financing demand is
decrease progressively:

x(“)(k+1):(l—ea)(x(”)(k)—g)e“ k=123..n (7

Assume:
$k) =x"(k+1), ¥(k)

n GM(1,1)model is predictive value for satisfaction degree
of SMEs credit financing demand on k point. The curve
x“(k+1) reflects entire variation trend of original data
sequence for satisfaction degree of SME credit financing
demand.

Construct Markov prediction model

The assumption based on Markov Chain prediction
model: In order to make the Markov model more accurate
and persuasive, some assumptions of this model are
presented before it is constructed.

¢+ Any SME credit financing demand belongs to one of
the three statuses m certain period of time. Three
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statuses are fully  satisfied, satisfied and
non-satisfied which can be described as S = (S, S,,
S,). Satisfaction degree of SME credit financing
demand on t, point is irrelevant with that on t; point.
Therefore the satisfaction degree of SMEs credit
financing demand has non-aftereffect property

¢ Assume that the number of SMEs remain unchanged
during the study

¢« Assume that all the credit funds of SMEs are
obtained from one bank

Construction process of Markov model: The change
process of satisfaction degree of SMEs credit financing
demand 13 a non-stationary and stochastic dynamic
process that has a random upward or downward trend.
SMEs can only remain in one of the three states S, With
the development of time, SMEs will turn inte state S, by
transition probabilities P; at the next moment t+1.

Status division: According to the characteristics of the
Markov model and the above model assumption,
satisfaction degree of SMEs credit financing demand is
divided into three types which are fully satisfied, satisfied,
net satisfied. They are expressed as 5, S, and S, .The level
of demand for credit funds for SMEs decides the status.
We assume that the financing demand of SMEs credit
satisfaction is divided into three intervals as followed:
(0, W) (W, W,) (W,,+8).The corresponding three states
are 8,5, and 8,.

Determination of SMEs Credit financing demand
transfer matrix: Assume that the original sample munber
for SMEs' credit financing demand status transfer from
to S; by M steps is M.The status is S; and the occurred
number is M, So the transition probability transfer from
S to 8, by M steps 1s P, :

M1] (m)
M

i

Pij(QJ: 1'1'1:1,2,3,...,1: (8)

P, is a number set,where the variation region of 1 and j 1s
a set of finite or infinite integers, P, is a probability of some
system that transfer from status 1 to status j and it satisfy
the equation:

The SMEs Credit financing demand transfer matnx is:

p,{m  p,(m) p, (m)
p(m) = Py (m)  py,(m) Py, (m) 9)
Py(m)  p,(m) p, (m)

So P(m) is a transfer matrix to reflect the transfer rule
among various state of the system. Analysis of transfer
state can predict the future trends of SMEs credit
financing demand.

SMEs credit financing demand forecast: Based on grey
prediction and Markov prediction model, we can
determine the future transfer status of uncertain system F,
and determine prediction interval w, =[w . w,], Thenuse
the median of interval as a predicted value of the futwre
prediction target:

0= (W ) ao

Based on the predicted value and the actual value of the
test, we can determine the accuracy of prediction which 1s
accuracy of prediction of the model. The method to
predict accuracy is a comparison method.

SIMULATION EXPERIMENT OF SATISFACTION
DEGREE OF SMEs CREDIT FINANCING DEMAND

Assume the quantity of credit fueling of SMEs as the
quantity of SMEs which get Credit financing and the
SMEs 1n production funds (Fig. 1). According to
satisfacion degree of SMEs credit financing demand
(Fig. 2), we can get the data of degree of SMEs credit
financing demands from 2005 to 2011 as Fig. 1. Tt can be
seen that satisfaction degree of SMEs credit financing
in a commercial bank is volatility and
article adopts original data of
satisfaction degree of SMEs credit financing demand from
2004 to 2011, uses the gray Markov model to predict the
SMEs credit financing demand from 2008 to 2011 and
makes a comparison with the actual data of satisfaction
degree of SMEs credit financing demand from 2008
and 2011 on Figure 1 to verify the rationality of thus
model.

demand
randomness. This

Construct grey GM(1,1) prediction model: According to
gray prediction formula(1)~(7) of satisfaction degree of

Suppy of credit financing
— Demand of credit financing 03

70
5 237 480
45— 160 178 1%

ge 110

T T T
2004 2005 2006 2007 2008 2009 2010 2011

Fig. 1: Supply and demand of SMEs credit financing
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Table 1:Grey GM(1,1) Predicted values of satistfaction of $MFEs credit financing demands

Year Actual value Satus The value of GM(1,1) model prediction The difference of prediction value Accuary (%)
2004 0.6 5y

2005 0.7 8, 0.769028 -0.07 -9.47
2006 0.74 5, 0.766 -0.03 -3.91
2007 0.8 8; 0.762983 0.03 4.33
2008 0.85 S, 0.759979 0.09 11.53
2009 0.83 8; 0.756986 0.08 10.18
2010 0.74 5, 0.754005 -0.01 -1.77
2011 0.66 8y 0.751036 -0.09 -11.86

Table 2: Analysis of predicted values between GM(1,1) model and grey Markov model with actual values.

GM(1,model

GM(1,Dimodel

The prediction value

Year Actual value prediction value prediction accuracy (%o) of GM prediction model Accuracy (%0)
2008 0.85 0.759979 89.66 0.8349 98,50
2009 0.83 0.756986 90.76 0.8162 97.86
2010 0.74 0.754005 98.23 0.7306 98.65
2011 0.66 0.751036 88.14 0.6789 97.50

0.90 7 satisfy status 3, = (0.62,0.79),0ne 13 unsatisfied status

0-80 1 S, = (0.79,48).

0.70 4 L.

0.60 Base on the above status division, the status transfer

0'50 situation between 2007 and 2009 was gained (Table 1).

0'40 | The relevant status transfer matrix 1s:

0.30 4

0.20 4 . . .

—4— Satisfaction degree of SMEs credit
0.10 4 financing demand
0 T T 1

T T T T T
2004 2005 2006 2007 2008 2009 2010 2011

Fig. 2. Satisfaction degree of SMEs credit financing
demand

SMEs credit financing demands, the result is a = 0.003946,
b=0.772914. GM(1.1) Prediction model 1s:

x(k+1) = —195.28eL010%) L 195 g8 (1)

Tt can be calculated that the prediction value of
satisfaction of SMEs credit financing demands as
Table 1.

Status division and transition: According to the
characteristics of SMEs and the impact of access to
finance on enterprises’ development, the structure of SME
financing was analyzed. Expert opinion method was
adopted to determine the status distribution range of
satisfaction degree of SMEs credit financmg demands.
With ten experts' estimation, that four for the enterprise,
three for the banking financial institutions, two for
government department, one for banking supervision
department, Arithmetic average method was used to code
with the data. Then three status value were obtained
which one is fully satisfy status S, = (0,0.62),0ne is

pll)=

(=N =)
W= W= —
Wk W~ o

Analysis of the predicted value: According to the status
transfer probability matrix
combining with the grey Markov medel, satisfaction
degree of SMEs credit financing demands between 2008
and 2011 can be predicted. The effectiveness of two
prediction models could be inspected by comparing the
predicted values which are from GM(1,1) model and grey
Markov model with the actual values from Table 2. From
the table, there are less errors by using gray Markov
prediction model and the predict accuracy of result is
generally higher than GM(1,1) model’s . The gray Markov
prediction model has more useful application value. The
comparison 1s as follows.

calculated above and

CONCLUSION

Grey Markov prediction model has the advantage of
gray prediction and Markov model and can take full
advantage of the information given by demand.
Introducing SMEs” demand satisfaction degree, the level
of SMEs” demand satisfaction could be effectively
reflected. The gray Markov prediction model has both the
advantages of gray prediction and Markov model, So
information included with the historical fund demand data
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can be fully used to predict. The satisfied extension of
demand for SMEs' credit financing could effectively
reflect importing credit financing demand and satisfy
utilizing the gray model forecasting cwve to reflect the
general development trend of the satisfy extent of
demands for SMHEs' credit financing and putting the
prediction curve as a benchmark. Then use the Markov
prediction model to search the transfer status of demand
satisfaction for SMEs' credit financing. The analysis
results show that using the grey Markov model to predict
the demand satisfaction for SMEs' credit financing that
the random fluctuation is larger and will have higher
precision and accuracy. It is approaching to the actual
value and can provide decision basis on arranging credit
funds scientifically for banks.
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