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Abstract

Intelligent Decision Analysis System (IDAS) for real
estate investment involves a great deal of factors, such
as market of house property, urban construction,
construction material, etc. In this paper, we consider
the main factors that affect the selling price of the real
estate products, and propose a selling price prediction
model by using a radial basis probabilistic neural
network (RBPNN). The RBPNN consists of four layers:
one input layer, two hidden layers, and one output layer.
Input layer has four nodes, which are four main factors:
the content rate, the environment landscape, the public
traffic condition, and the location of the real estate. The
output is the selling price, which has 10 nodes
corresponding to the 10 classes of the selling price. We
totally collect 180 samples of living areas in Shanghai,
150 of which are used as the training data, and 30 of
which are used to examine the model. The experiment
results are fitted to the practical instances, and verify
the feasibility of the RBPNN-based selling price
prediction model.
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1. Introduction

With the improvement of people’s living standard, and
large quantity of the development activities of urban
land launching, the investment development for the real
estate is becoming prosperous. There are a great deal of
factors, such as market of house property, urban
construction,  construction material, should be
considered for the real estate investment, so we
establish an investment decision analysis system (IDAS)
for the real estate investors [1]. In our IDAS for the real
estate, its overall framework is the combining mode of
B/S and C/S. It can be used to increase the working
efficiency, reduce the influence of the human factor,
and provide more scientific basis for the decision-
maker.
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In the evaluation process of the economic efficacy
for real estate investment, it is important to predict its
selling price [2]. How to decide the base price, and then
to adjust the selling price according to the important
policy and the market is a very important topic.

There are many factors to affect the selling price of
real estate products, where the main factors are the
content rate, the location of the real estate, the
environment landscape, and the public traffic condition
[3-5]. The relationship of the main factors and their
contributions is difficult to be made clear, so the
predicting result is difficult to be expressed by a
mathematical function.

In this paper, we develop a radial basis
probabilistic  neural  network  (RBPNN)-based
prediction model for deciding the levels of the selling
base-price. The RBPNN model proposed by Huang [6],
comes from the radial basis function neural network
(RBFNN) and the probabilistic neural network (PNN)
[7, 8]. PNN is a neural network model based on
statistic theory, whose training speed is faster than that
of BP algorithm. It has better classifying capability. So
the RBPNN has the advantages of the above two
networks. In order to verify the feasibility of the
RBPNN prediction model for the selling base-price, we
totally collect 180 samples of the living areas in
Shanghai, 150 of which are used as the training data,
and 30 of which are used to examine the model. The
experiment results verify the feasibility of the RBPNN
prediction model.

2. The RBPNN-Based Selling Price
Prediction Model

2.1. Main factors to affect the selling
price

Many factors can affect the selling price of real estate
products, but there are only four crucial factors as
follows:



(1) The content rate. The content rate is an
important factor that affects the selling price of the
products of the real estate. If the other conditions of the
land are the same, the construction area will decrease
with the decreasing of the rate of develop content. As
such, the average price of every building area and the
total cost will rise, with result in the reducing of the
expect profit of the project. What’s more, the
investment venture becomes larger. To the developers
of the real estate, the greatest profit is their only target,
so they will improve the accessories to decrease the
disadvantage that is led by the decrease of content rate.
At the same time, they will increase the selling price of
the real estate products. That is to say, the decrease of
the content rate will lead to promotion of the selling
price.

(2) The environment landscape. The environment
factors are the surrounding physical factors that affect
the selling price, such as noise, air pollution, water
pollution, vision, environment condition, and so on.
These factors influence the comfort and value of the
real estate, so they also affect the selling price.

(3) The public traffic condition. The public traffic
condition influences the activities of the inhabitants, so
it is one of the important factors when the inhabitants
buy the houses.

(4) The location of the real estate. The location of
the real estate is not movable, and it directly influences
the economic benefit and satisfaction to the inhabitants.
Hence, different locations of the real estate have
different selling prices, and sometimes the difference
between them is very large. Because the location also
shows the grade and the degree of economical
prosperity, and the inhabitants always consider the
factors such as the surrounding environment, public
traffic, quiet, the distance to the city center, and so on.

In addition, the location is only related with the
cost of the land. From the market of the real estate in
Shanghai, the price of the real estate in the city center
is higher than that in the suburb, and the price of the
real estate in traditional top grade living area is higher
than that in less top grade living area.

2.2. RBPNN-based prediction model

We analyze the main factors that affect the selling price
of the products of the real estate, and design a RBPNN-
based selling price prediction model as shown in Fig.1.
The selling price achieved from the RBPNN-based
prediction model, is only a base price as a reference for
decision-making. The practical price needs to be
adjusted according to the practical situations.

The RBPNN consists of four layers: one input layer,
two hidden layers, and one output layer. Input layer has
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four nodes: content rate x;, the environment landscape
X, , the public traffic condition x5, and the location of
the real estate x,. The first hidden layer is a nonlinear
processing layer, consisting of the selected hidden
centers determined by the input training set. The nodes
of the first hidden layer are the same as the quantities
of the input samples. The second hidden layer
corresponds with the first hidden layer, which has the
same size as the output layer. The second hidden layer
makes the selection on the first hidden neurons and
sums the selected first hidden outputs for its own
output. The output layer is the classes of the selling
price. Here, the second hidden layer and the output
layer both have 10 nodes corresponding to the 10
classes of the selling price, i.e. the 10 pattern classes, as
shown in Table 1.

Input layer  1st hidden layer  2nd hidden layer  Output layer
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Fig. 1: The RBPNN-Based Selling Price Prediction Model.

Table 1: Inputs and Outputs of RBPNN-Based Selling Price
Prediction Model.

Input (x) Output (y)

X, Content rate i <=4000 Yo 8000~9000

X, Environment Y, 4000~5000 Y, 9000~10000
landscape

Xq Publi_c_ traffic y; 5000~6000 vy, 10000~11000
conditions

X4 Location  of 11000~12000

6000~7000 Y.
the real estate 4 ’

Ys 7000~8000 Yio >=12000

2.3. Selection for the smooth
factor o



In mathematic terminology, the ith output of RBPNN
can be written as

Y= WH () i=12...m @)
k=1

Hk<x>=_”g“1¢.(x,cki>=§¢(||x—cki||2> k=12..m (2)

Where x is a n-dimensional input vector; m is the sort
number of matching, which equals the number of
output neuron; H, (x) is the output vector of the second

hidden layer; W,; is the weight from the second hidden

neuron k to the output neuron i; & (-) is the nonlinear

mapping function (or kernel function) of the first
hidden layer; c, is the hidden center vector

corresponding to the kth neuron of the second hidden
layer; n, is the area number of the kth class [9].

Assuming that the total number of the training
samples is N, based on (1), we can write the vector-
matrix form of some output neurons as follows:

Y1 by b o By W

Yo hoy  hyp o hpy Wy

= 3)
YN byt hnz oo Pam || Wi

In Fig. 1, X={X;, Xy, X} , N = 4, X is the input
neurons. It also provides the first hidden neurons with
the input values. In the first hidden layer, each neuron
completes the dot product of weight vector w; of the
given class and vector x of the first hidden layer, that
is z; =x-w;, and at the same time completes the non-
liner operation to z; before the neuron outputs to the
second hidden layers. The BRPNN transfer function
adopts the following formula,

9(z;) =expl(z; -1/ °]. (4)

The formula (4) is used to replace the S-shape
function used by BP neural network. Each neuron of
the second hidden layer receives the outputs from a
certain class of the first hidden layer. The output
neurons belong to competitive neurons and they
receive each class’ probability density functions of the
output from the second hidden layer. The output value
of one neuron is 1 if the probability density function
value of the neuron is maximum. This class is the
sample pattern class to be recognized and all other
neuron output values are 0. The second hidden layer is
provided with distinguish capability and high default
tolerance, combining statistic information with the
network. For instance, the kth output of the second
hidden neurons is
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Here, wy; is weight vector, x is the first hidden vector
and a 4-dimensional input vector; o is smooth factor;
and here k is 10.

Assuming that the training samples are certain, the
value of smooth factor o ensures the effect degree
among training sample and is related to the change of
probability density distributed function. Generally, the
network only requires a smooth factor by experience,
whereas each eigenvector’s sensitivity responded by
distance scale is very different and it is difficult to
require the optimum value by experience because a
distance scale is adopted. Therefore it is necessary to
optimize and estimate the smooth factor o in order to
improve the integrated performance of RBPNN.

In the prediction model for the selling base-price,
the model class is adopted to estimate o, which can
preferably exhibit the relationship between the main
factors and the selling price. The prediction model also
adopts an adaptive method to optimize o , which
improves greatly the recognition precision.

The smooth factor o is calculated by the
following formula,
oi(k) = 0i (k1) + 07 (k) + &(oi (k—1) -7 (k =2)) ()
where, 77 is the learning step and 7=0.05 ¢£is the
momentum factor and & =0.0005.

3. Experiment Results

We write a program of the RBPNN model by using
Matlab software and use it to analyze the predicting
results. Here, we take some living areas in Shanghai as
examples, and the data from the selected living areas
are considered to be the training samples and
examining data. In order to confirm the advantage of
the RBPNN, we totally collect 180 samples of living
areas in Shanghai, 150 of which are used to train the
RBPNN. After training, the left 30 samples are used to
examine the feasibility of the RBPNN model. The
results of the left 30 samples are as showed in Table 2.

From Table 2, we can see that the predicted selling
price of the RBPNN model matches better with the
practical average selling price. However, the market of
the real estate varies times and times, and the selling
price fluctuates very much, so there is still a little
difference between the predicted results and the
ultimate selling price. Actually, the predicted selling
price by the RBPNN model is the base price, and the
practical average selling price should be adjusted by
considering the other factors, such as the influence of
the policy and the market.



Table 2: The Results of 30 Examining Samples.

, . Practical
No X Xy X3 X4 RBPNN’s average
' output .

price
1 2 0.7 0.7 0.8  7000~8000 6600
2 3 0.8 0.72 0.45 6000~7000 5300
3 20 0.78 0.83 0.83 7000~8000 8500
4 280 085 0.75 0.75 5000~6000 5430
5 46 095 0.95 0.98 8000~9000 9000
6 2.56 0.6 0.45 0.45 3000~4000 3530
7 293 088 0.88 0.88 7000~8000 8400
8 210 0.78 0.65 0.65 5000~6000 6000

9 55 08 0.82 0.82 6000~7000 6300

10 25 078 0.75 0.72 5000~6000 5500

11 314 078 0.8 0.78 5000~6000 5100

12 52 08 075 0.75 6000~7000 6500

13 12 088 035 0.25 3000~4000 3500

14 3 0.88 0.80 0.80 7000~8000 7500

15 31 082 0.85 0.85 8000~9000 8000

16 4 0.82 0.88 0.88 8000~9000 8000

17 25 068 035 0.2 3000~4000 3175

18 204 072 07 04 4000~5000 3200

19 261 085 0.88 0.88 8000~9000 7500

20 130 0.72 0.28 0.30 3000~4000 3500

21 168 0.88 075 0.75 6000~7000 7000

22 120 0.88 0.55 0.55 5000~6000 6000

23 20 078 055 0.55 5000~6000 5000

24 50 075 071 0.70 6000~7000 5900

25 245 078 0.70 0.70 5000~6000 6200

26 328 075 075 0.75 6000~7000 6500

27 145 0.78 0.78 0.45 5000~6000 5500

28 20 082 045 0.45 4000~5000 5000

29 23 072 055 0.65 5000~6000 5000

30 47 078 0.85 0.88 8000~9000 8800

4. Conclusions

In this paper, we develop the RBPNN-based selling
price prediction model by considering four main
factors that affect the selling price of the real estate
products. The four main factors are: the content rate,
the environment landscape, the public traffic condition,
and the location of the real estate. The selling price is
classified into 10 classes. We totally collect 180
samples of living areas in Shanghai, 150 of which are
used as the training data, and left 30 of which are used
to examine the model. The experiment results are fitted
to the practical instances, and verify the feasibility of
the RBPNN prediction model. The RBPNN-based
selling price model is useful for the real estate products
to meet the current practical requirements. It has also
been embedded into our IDAS for the real estate
investors.
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