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Abstract—This paper applies fuzzy clustering algorithm in
classifying real estate companies in China according to some general
financial indexes, such as income per share, share accumulation fund,
net profit margins, weighted net assets yield and shareholders' equity.
By constructing and normalizing initial partition matrix, getting fuzzy
similar matrix with Minkowski metric and gaining the transitive
closure, the dynamic fuzzy clustering analysis for real estate
companies is shown clearly that different clustered result change
gradually with the threshold reducing, and then, it’s shown there is the

similar relationship with the prices of those companies in stock market.

In this way, it’s great valuable in contrasting the real estate companies’
financial condition in order to grasp some good chances of investment,
and so on.
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I. INTRODUCTION

T present, real estate has played great role in the

development of economy in China, in this way, it’s very
necessary to research on real estate companies themselves!!.
Fussy clustering Analysis is just one of important subjects.

Real estate companies can be divided into different cluster
according to the financial similarity, and many valuable things
can be found out on the basis of clustering outcome, for
example, some chance of investment in the long term can be
gotten because of the similar financial condition for the
companies in the same cluster, and the stock prices maybe
fluctuate similarly in the stock market. What’s more, some
good or bad experience may be found out by contrasting the
companies in the same cluster, which is valuable for the
manager to make some wise management policy. This paper,
according to several financial factors, investigates into some
typical companies in China, and makes fuzzy clustering
analysis of them, which is of a great value for research on real
estate industry.

The remainder is presented as follows. In section 2, fuzzy
clustering analysis is introduced, and then in section 3, fuzzy
clustering algorithm is applied to some real estate companies.
The last section draws some final consideration and presents
some practical implication.
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Il.Fuzzy CLUSTERING APPROACH

Clustering is such a procedure that objects are distinguished
or classified in accordance with their similarity. A formal
mathematical definition of clustering is in the follow @: let
X € R"*™ aset of data items representing a set of N points X;
in R™. The goal is to partition X into K groups C, such
every data that belong to the same group are more “alike” than
data in different groups. Each of the K groups is called a
cluster. The result of the algorithm is an injective mapping
X + Cofdataitems X; to clusters C, .

As one of important clustering approaches, fuzzy clustering
analysis which obtains the uncertainty degree of samples
belonging to each class and expresses the intermediate property
of their memberships, can trace back to the concept of fuzzy
partition which is proposed by Ruspini®®4. With this concept,
some typical fuzzy clustering algorithms, such as methods
based on the similarity and fuzzy relations ), the transitive
closure of fuzzy equivalent relation®, the convex
decomposition of datal”, or the dynamic programming and
indistinguishable relation are developed one after the other by
the scholars'®. It has been applied in many aspects:

For example, in the educational aspect, students can be
allocated into some number of classes by means of fuzzy
clustering algorithm based on each student’s achievement of
prerequisite subjects (Susanto, 2002) ), in the agricultural
aspect, the soil samples can be classified on base of the
concentration of thirteen chemical elements through
Gustafson-Kessel fuzzy clustering algorithm (Costel, 2006)1%,
and in the documental aspect, similar documents can be found
through a kind of fuzzy clustering approach with the predefined
fuzzy clusters being used to find extract feature vectors of the
related documents (Ridvan, 2006) ™!, and so on.

At current, the research on fuzzy clustering analysis of real
companies for relation with stock prices is very little, and on
account of great role that real estate companies have played in
the modern society in China, this paper will make use of the
newest data in the store market and apply that approach to
cluster the real estate companies according to their financial
similarity. It is valuable for showing the development of real
estate companies in China.

I11.  APPLICATION OF FUzzY CLUSTERING ANALYSIS ON REAL
ESTATE COMPANIES

A. Establishing Initial Partition Matrix

Ten real estate companies are selected, which are the listed
companies in the stock market of China. Fuzzy clustering
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method is applied to those companies according to ten general
financial indexes (attributes). They are shown below:

Companies:

X1: CHINA VANKE CO.,LTD

X2: SHENZHEN ZHENYE(GROUP) CO.,.LTD

X3: SHENZHEN PROPERTIES & RESOURCES
DEVELOPMENT(GROUP)

X4: CHINA MERCHANTS PROPERTY
DEVELOPMENT CO.,LTD

X5: CHINA UNION HOLDINGS LTD

X6: YIHUA REAL ESTATE CO.,LTD

X7: RONGAN PROPERTY CO,.LTD

X8: CONGQING YUKAIFA CO.,LTD

X9: JIANGSU ZHONGNAN CONSTRUCTION GROUP
CO.LTD

X10: POLY REAL ESTATE GROUP CO.,LTD

Attributes:

Al: Income per Share

A2: Net assets per Share

A3: Retained earnings per share
A4: Share accumulation fund
A5: Sales margin

AB: Business profitability
AT: Net profit margins

A8: Weighted net assets yield
A9: Diluted net assets yield
A10: Shareholders' equity

In this way, the initial partition matrix can be constructed
(Time: at April 2011), in which, the real estate companies are
displayed horizontally and their financial indexes is displayed
vertically. It is shown below:

TABLE |
INITIAL PARTITION MATRIX

Comp Attributes

anies A1 Az A3 A4 As A5 A7 AB A9 A10

X1 0.11 4.141.33470.8044 4895 20.69 15.12 268 2.65 19.35
X, 0.069 3.290.76440.8333 46.08 14.27 10.54 2.12 2.11 30.98
Xs; 0.47751.94560.72750.1074 72.69 38.52 29.12 27.99 24.55 38.16
Xy 0.33 10.934.36884.9406 45.14 27.12 19.82 3.04 299 30.17
Xs 0.022 1.520.27710.1537 59 27.83 1531 1.48 147 41.79
X 0.0038 2.280.16621.0576 61.82 18.16 11.2 0.17 0.17 71.45
X; 0.04981.84540.8454 0 51.42 26.03 19.82 274 2.7 2441
Xg 0.0057 3.290.4765 1.733 50.52 0.89 6.71 0.17 0.17 48
Xg 0.17 4.122.42290.5297 2445 12.98 9.81 419 4.1 19.78

Xio 0.15 6.432.42712.9022 50.2 26.11 19.45 237 238 17.21

converted into the same dimension for comparison, and
compressed into the range [0,1] Following formula 1 below,
the partition matrix is normalized and the result is shown in the
tablell

, Xik — rg|<n {Xik
Xik = T (k=1,2, -, m) (1)
max { Xy } —min {x; }
1<i<n 1<i<n

Where X, € [0,1]

TABLE Il
NORMALIZED PARTITION MATRIX

Comp Attributes

anies A1 Az A3 A4 As Ae A7 A8 A9 A10

X; 0.224 0.278 0.278 0.163 0.508 0.526 0.375 0.09 0.102 0.039
X, 0.138 0.188 0.142 0.169 0.448 0.356 0.171 0.07 0.08 0.254
X3 1 0.045 0.134 0.022 1 1 1 1 1 0.386
X, 0.689 1 1 1 0.429 0.697 0.585 0.103 0.116 0.239
Xs 0.038 0 0.026 0.031 0.716 0.716 0.384 0.047 0.053 0.453
Xs 0 0.081 0 0.214 0.775 0459 0.2 0 0 1
X; 0.097 0.035 0.162 0 0.559 0.668 0.585 0.092 0.104 0.133
Xg 0.004 0.188 0.074 0.351 0.54 0 0 0 0 0.568
X, 0.351 0.276 0.537 0.107 0 0.321 0.138 0.145 0.161 0.047

X 0.309 0.522 0.538 0.587 0.534 0.67 0.568 0.079 0.091 0

B. Normalizing the Partition Matrix
Under the require of fuzzy matrix, the data should be

C.Building up fuzzy similar matrix
In order to cluster the companies, the similarity of vectors in

the sample is needed. In this way, fuzzy similar matrix R can
be gotten. There are many methods to calculate the similarity.
Some common formulas are shown below:

(a) Euclidean distance
1 i=j
i = IR . @
1—C (Xik_xjk) 1#]
k=1

i1 j =1121'"7n

C is endowed with proper value for. 0 < r; <1

(b) Minkowski metric
1 i=j
1

1—C{Zm:‘x{k—x'jk‘p}p P
k=1

y = @
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i’ J :1,2,...,n
C is endowed with proper value for. 0 < r; <1

p is positive integer, when p=2, it is Euclidean distance

(c) Dot product

1 i=
i = 1S 4
: 1__inkDXjk i ] @
M i3
i,j=12,---,n
M =max(D_ xxXj)
i#]
(d) Cosine
Zx{ka}k
r = mk:l - 5
PR NI
k=1 k=1
i,j=12,---,n

(e) Correlation

. =,
ink_xik Xik — Xijk
_ k=1
fi = il . )2 il oo \2 ©)
Z(x-k—xik) 0 Z(xjk—xjk)
k=1 k=1
i,j=l,2,'”,n
- 1 - 18
X; Z—ink, Xj Z—ZXjk
mia mia

This paper follows formula 3 (Minkowski metric) to built up
fuzzy similar matrix, where the parameters p and C are taken

separately as 6 and 0.4. The result is shown in the table I11
below.

TABLE Il
Fuzzy Similar Matrix(R)
Compa
i X4y X, Xz X4 Xs Xg X7 Xg Xg Xy
nies
X1 1 09 058 063 083 062 09 076 08 0.83

X, 0.9 1 05 06 08 07 083 08 081 08
X3 0.58 0.55 1 052 054 051 057 048 054 0.58
Xa 063 06 052 1 053 055 054 058 062 0.78

Xs 0.83 085 054 053 1 078 087 071 07 074

Xs 062 07 051 055 0.78 1 065 08 06 06
Xz 09 083 057 054 087 0.65 1 071 076 0.75
Xs 0.76 085 048 058 071 08 0.71 1 075 07
Xo 08 081 054 062 07 06 076 0.75 1 076

X0 083 08 058 078 074 06 075 07 0.76 1

D. Obtaining fuzzy equivalent matrix

According to the fuzzy clustering approach, the matrix must
have three qualities: “reflexivity”, “symmetry” and
“transitivity”, which isn’t all owed by fuzzy similar matrix,
however, through transitive closure, Fuzzy similar matrix R
can be transformed into fuzzy equivalent matrix, which not
only have “reflexivity” and “symmetry”, but also is provided
with “transitivity”.

The transitive closure t(R) is gained by means of the
“square method” that fuzzy similar matrix is squared gradually.

R5>R25R*>--5R 5o ()
( R*=RoR=v (5 Al) )

When R* o R¥ = R® | it means that R is provided with
“transitivity”, and R¥is just requisite transitive closure which

is also the “optimal” fuzzy equivalent matrix R". The optimal
fuzzy equivalent matrix is shown in table IV below.
TABLE IV
Optimal Fuzzy Equivalent Matrix(R")

Compa

. X1 Xz X3 X4 Xs Xe X7 X8 XQ XlO
nies

X1 1 09 058 078 087 08 09 08 081 083

Xz 0.9 1 058 078 087 08 09 08 081 083
X3 0.58 0.58 1 058 058 058 058 058 058 0.58
Xa 0.78 0.78 0.8 1 078 078 0.78 0.78 0.78 0.78
Xs 0.87 0.87 058 0.78 1 08 087 085 081 083
Xs 08 08 058 078 08 1 08 08 08 08
X7 09 09 058 078 087 0.8 1 085 081 083
Xs 085 085 058 078 085 0.8 0.85 1 081 083
Xo 081 081 058 078 081 08 081 081 1 081

Xio 083 083 058 0.78 083 08 083 083 081 1

E. Describing dynamic fuzzy clustering

Setting the threshold to A, which changes from the big to
the small, the dynamic fuzzy clustering can result from the

above optimal fuzzy equivalent matrix R™.
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Supposing C € P(U ) ,forVAe [0,1],
(C),=Ci A {x C(x)= 4}, @)
The last, with the different threshold A being set on, the
dynamic fuzzy clustering for the real estate companies based on
finance condition is shown according to the formula 8.

According to the above analysis, the dynamic fuzzy clustering
map can be gained, which is shown in Figl.

A X1 Xo Xy Xs Xg X Xe Xe X4 Xg
1

0.90

0.87

0.85

0.83

0.81

0.80

0.78

0.58

Figl Dynamic fuzzy clustering map

It means that in some level (A ) some real estate companies
can gather together depending on the financial condition, such
as the companies Xy, X, , X are similar at the threshold where
A =0.90, what’s more, with the decrease of A , the clustered
companies will increase gradually

When A =1, the real estate companies can be classified into
ten clusters: {Xi}, {X2}, { Xa}, { X}, { Xs}.{ X} {X 7} {Xe}, { X
o}, { X1}

When A =0.9, the real estate companies can be classified
into eight clusters: {X1, Xp, X7}, { Xs}, { Xeh{ X 10}, {X o}.{X 6},
{Xa} { X3}

When A =0.87, the real estate companies can be classified
into seven clusters: {Xy, Xa, X7, X5}, { Xgh{ X 10} {X o}.{X s}, {
X} { X3}

When A =0.85, the real estate companies can be classified
into six clusters: {X1, Xo, X7, X5, Xgh{ X10}:{Xo}.{X6}, { X 4},
{Xs}.

When A =0.83, the real estate companies can be classified
into five clusters: {X1, Xo, X7, X5, Xg, X 10} {X e} {X 6}, { X4}, {
X 3}.

When A =0.81, the real estate companies can be classified
into four clusters: {X1, Xo, X7, X5, Xg, X10,X e} {X 6}, { X}, { X
s}

When A =0.80, the real estate companies can be classified
into three clusters: {Xi, X5, X7, X5, Xg, X10,X 9, X6}, { X4}, { X
s}

When A =0.78, the real estate companies can be classified
into two clusters: {X1, Xo, X7, X5, Xg X10.X9.Xs Xa} { X3}

When A =0.58, the real estate companies can be classified
into one clusters: {X;, X3, X7, X5, Xg, X10,X9,X6, X34, X3}

Approximately, it is related to the average prices in 30 day
of those companies in stock market(May 6, 2011), which is
shown in Table V and Fig 2 below.

TABLEV
STOCK PRICES OF REAL ESTATE COMPANIES

Compa

. Xl Xz X3 X4 X5 Xs X7 XB Xe XlO
nies

Price 8.63 8.04 869 1816 436 566 851 8.67 12.56 13.64

20
18 [ ]
16 [

14 [
2 Hmlly

y

oON O
T

Fig. 2 The Stock Prices of those Companies

Here, most companies’ prices fluctuation is similar with the
dynamic fuzzy clustering map. For example, the stock prices of
companies X1, X2, X7 and X8 are similar just like they are near
in the dynamic fuzzy clustering map. What’s more, they are
close to the companies X10, X9, X6 and X4 with the decrease
of threshold A in the map.

That novel and potentially discipline is shown clearly with
enough accuracy, although some companies such as X5 and X3
are not totally fit for that discipline, but there are some reasons
to explain it. For the company X5, its tradable share is very
large, on account of which, the stock price is lower relatively,
what’s more, there are large change on that company’s
operation, so it belongs to a different example in a special time.
In addition, for the company X3, its current stock price is rising
up gradually, and it means good investment opportunity, which
is shown in Fig 3.
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Fig. 3 The Stock Price of Company X3

In a word, dynamic fuzzy clustering analysis of real estate
companies is with good precision above, and it’s valuable to
grasp the investment opportunity and so on.

IV. ConcLusion

As an important mathematic tool, fuzzy clustering is always
receiving great attention from enterprisers and scholars, and it
has been applied broadly in many aspects. In this paper, it is
used to classify the real estate companies based on the some
general financial indexes. The dynamic fuzzy classification of
companies with the change of different threshold is shown
clearly, which has a big value on contrasting the real estate
companies’ financial condition in order to grasp the chance of
investment and so on.
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