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AbstractAbstractAbstractAbstract.... Considering that the selection of extended products in cross type extension is influenced
by much of uncertain or fuzzy information, a new quantitative evaluation model, namely
comprehensive evaluation model of selection of extended products in cross type extension is
established by combining fuzzy comprehensive evaluation method with grey relational clustering
analysis theory based on constructing the evaluation index system of cross-class extended products
selection. The good or bad of extended products schemes is evaluated according to the grey
relational clustering value and the maximum correlation degree. The application result of the model
in the case of Haier brand extension is consistent with the actual situation.

IntroductionIntroductionIntroductionIntroduction

There are two kinds of running program of brand extension: One is to have brand first, then to
find the right product, its purpose is to brand equity and it is due to the need for brand to extend, the
other is to have the product first, and then to make the new product enter the market better and
faster by the light of the strong brand, the main benefits is the product rather than the brand, and it is
due to the need for product to enter the market. [1]The second case is not for the sake of strategy for
brand extension, and it is a short-term behavior to the enterprise. Therefore, we mainly discuss
about the first kind. Brand extension can be divided into two categories, one is cross type extension,
and the other is inline extension. [2]Obviously, the risk of cross type extension is greater than inline
extension when you select the appropriate extended products. Nowadays, brand extension is widely
used in many enterprises, including failures, and the main reason for the failure is the fault of
selection extended products. Therefore, research on the selection of extended products in cross type
extension has important practical significance.
Selection of extended products in cross type extension is affected by uncertainty or fuzzy factors,

so the essence of extended product selection is a complex multiple attribute decision problem. So a
comprehensive evaluation model is established in this paper. In this model, first to obscure the data
source by using fuzzy mathematics, then to analyze the data by using fuzzy grey correlation
clustering, and finally to discharge pros, so as to select the ideal extended product.

ConstructConstructConstructConstruct EvaluationEvaluationEvaluationEvaluation IndexIndexIndexIndex SystemSystemSystemSystem ofofofof SelectingSelectingSelectingSelecting ExtendedExtendedExtendedExtended ProductsProductsProductsProducts inininin CrossCrossCrossCross TypeTypeTypeType ExtensionExtensionExtensionExtension

The brand will have the foundation to extend successful when its equity accumulates to a certain
degree. The condition and the guarantee of brand extension successful is the similarity between the
original brand and new extended product as well as the extended product’s operation successful.
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[3]So we construct an evaluation index system of selection extended products in cross type extension
[4-7], as shown in Table 1.

Table 1 Evaluation index system of selecting extended products in cross type extension

Level indicators Secondary indicators Definition of Indicators

Similarity
between the

extended products
and the original
brand product(B1)

Audiences similarity
(C11)

Consumers’ characteristics proximity between
extended products and original brand products

Technical similarity
(C12)

The core technology of original brand products can
be transferred to the extended manufacturing degree

Complementary
(C13)

The level that belongs to similar product category
between extended products and original brand
products in use

Alternative
(C14)

Extended product can replace the original one, and
provide consumers more delivered value

Amalgamation
between the

extended products
and the core
brand (B2)

Compatibility
(C21)

The compatibility about the meaning and
association of extended product and brand

Coexistence
(C22)

The degree of harmony about extended product
sharing the brand name with the original brand

Market
characteristics
of the extended

products
(B3)

Market capacity
(C31)

The market demand of extended product, the
greater the demand, the better extension

Market saturation
(C32)

The market saturation of extended product, the
more unsaturated, the better extension

Market growth
(C33)

At the state of suggested budgeting or growth in
product life cycle

Competitive
characteristics of
the extended
products
(B4)

Brand strength
(C41)

There are well-known brands or not in extended
industry, the less brand power, the better extension

Competition degree
(C42)

The quantity and quality of peer companies, the
lower competition, the better extension

ConstructConstructConstructConstruct ComprehensiveComprehensiveComprehensiveComprehensive EvaluationEvaluationEvaluationEvaluation ModelModelModelModel ofofofof SelectionSelectionSelectionSelection ExtendingExtendingExtendingExtending ProductsProductsProductsProducts inininin CrossCrossCrossCross TypeTypeTypeType
ExtensionExtensionExtensionExtension

The basic idea of grey relational analysis is to judge whether the contact closely according to
the similarity of the sequence curve geometric shapes. The closer the curve, the greater the
correlation between corresponding sequences. Grey relational cluster is based on grey
relational analysis, and to cluster according to the recognition principle of maximum correlation.
Fuzzy grey correlation clustering analysis is to regard the fuzzy comprehensive evaluation results
matrix of evaluation objects as comparative sequences, to calculate correlation between each
comparative sequence and each reference sequence, and to cluster according to the size of
correlation, thus to discharge pros for each evaluation object. [8]The specific steps of fuzzy grey
correlation clustering analysis and evaluation on selecting extending products in cross type
extension are as follows:
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Step 1: Determine the fuzzy comprehensive evaluation matrix of Secondary evaluation index
(1) Let B= (B1,B2,…,Bm) to be the factors set made up of level indicators in evaluation index

system of selecting extended products, W=(W1,W2, …,Wm) is a weight set represented the weight

of Bi in B, and Wi≥0(i=1,2, …, m),∑
=

=
m

i 1
i 1W [9]

(2) Let Ci=(Ci1,Ci2, …,Cir)(i=1,2, …,m)to be the factors set made up of secondary indicators in
evaluation index system of selecting extended products, Wi=(Wi1,Wi2,…,Wir) is a weight set
represented the weight of Cij in Ci , and Wij≥0(j=1,2, …,r), ∑

=

=
r

j 1
ij 1W

[9]

(3) Determine the weight of Wi and Wij through the method of expert investigation and analytic
hierarchy process.
(4) Determine the intensity of performance of each extension product factors to be U= [U1, U2,

U3, U4, U5], and U= [Better, Good, Normal, Bad, Worse].
(5) Comprehensive evaluate the factors set of Ci(i=1,2, …, m) made up of secondary indicators,

and the evaluation steps are as follows [9]:
First, to judge each factor of Cij (i=1,2,…,m, j=1,2,…,r)in Ci , and obtain the membership named

Pijk of each factor corresponding to the number k level evaluation (j=1,2, …,r；k=1,2,3,4,5, Pijk=dijk
／d, and d is the total number of expert group, dijk is the number of experts to make a number K
grade evaluations for the number j evaluation factors in Ci), thus obtain a fuzzy matrix named Ri as
follows[9]:

Ri=

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

ir5ir4ir3ir2ir1

i25i24i23i22i21

i15i14i13i12i11

PPPPP
...............
PPPPP
PPPPP

(1)

Then, to calculate evaluation results matrix named Yi(Yi=Wi•Ri) for each group by using
the calculation of fuzzy matrix synthesis. [9]

Step 2: Structure comparative sequence and reference sequence
Comparative sequence is Yi, namely the fuzzy comprehensive evaluation matrix of secondary

evaluation index of each evaluation object, if N is the total number of evaluation objects, then Yin =
｛Yin (k) ｜ k=1, 2, 3, 4, 5, i=1,2,…, m, n=1,2,…N}, Yin (n=1, 2,…N) is the fuzzy evaluation
matrix corresponding to Ci of the number n evaluation object. [10]

Because U= [Better, Good, Normal, Bad, Worse], which is divided into five grades, so we
construct 5 reference sequences: Y0P ={ yop (k) ︱ k=1,2,3,4,5} ； (p=1,2,3,4,5).When
p=k, Yop (k) =l, when p ≠ k, Yop (k) =0. [10]

Step 3: Calculate correlation coefficient
The calculation formula for correlation coefficient is as follows:

)](max[max)(

)](max[max)](min[min
)(

knkn

knkn
k

kn

knkn
npi ∆+∆

∆+∆
=

ρ

ρ
ξ (2)
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Among them, )()()( 0 kykykn inp −=∆ ,,,, ρ is the distinguishing coefficient, and its interval is

[0, 1], normally ρ =0.5,,,, )(knpiξ is the correlation coefficient between the Ci of the number n

evaluation object corresponding to the membership of the number k level evaluation with the

membership of the number k level evaluation of the number p reference sequence. [10] )(knpiξ is the

correlation coefficient between the Ci of the number n evaluation object with the number p reference
sequence.

5
)5()4()3()2()1( npinpinpinpinpi

npi

ξξξξξ
ξ

++++
= (3)

Zin is the correlation coefficient matrix corresponding to Ci of the number n evaluation object.

Zin=[ξξξξin1, ξξξξin2, ξξξξin3, ξξξξin4, ξξξξin5] (4)

Let Z=[Z1n, Z2n, …Zmn]T, P is the final correlation coefficient matrix of the number n evaluation
object. [10]

P=W••••Z=[Pn1, Pn2, Pn3, Pn4, Pn5] (5)

Step 4: Determine the maximum correlation and the grey relational cluster value
Determine the maximum correlation and the grey relational cluster value according to the

final correlation between each evaluation object with each reference sequence. [10]

Pn﹡=max(Pn1, Pn2, Pn3, Pn4, Pn5) (6)

Among them, Pn * is the maximum correlation of the number n evaluation object, and Tn﹡is the
grey relational cluster value which is the number of the reference sequence . [10]Therefore, the
correlation between the number n evaluation object with the number Tn﹡ reference sequence is the
largest , and its similarity is the highest.
Step 5: Sort the evaluation objects
First, to sort the evaluation object according to the grey relational cluster value Tj* from small to

large, then, to sort the evaluation objects which have the same grey relational
cluster value according to the principle of maximum correlation Pj* from large to small, thus to sort
all evaluation objects. [10]

TheTheTheThe SpecificSpecificSpecificSpecific ApplicationApplicationApplicationApplication ofofofof EvaluationEvaluationEvaluationEvaluation ModelModelModelModel

We take the case of Haier brand extension for empirical analysis on the evaluation model. And
the evaluation index set is shown in Table 1.
Determine the weight by expert investigation method, and the weight of evaluation indexes are as

follows: W=(0.2733, 0.2400, 0.2800, 0.2067), W1=(0.3133, 0.2933, 0.2200, 0.1733), W2=(0.4667,
0.5333), W3=(0.3333, 0.3000, 0.3667),W4=(0.5267, 0.4733).
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Comment set U=｛Better, Good, Normal, Bad, Worse｝
Take alternative extended products as evaluation objects. Because it is to validate the model after

the event, we take the six kinds of product or industry which haier has extended to from 1992 to
1999 as evaluation objects. That is N1= Air-condition, N2= Washer, N3=Medicine, N4=Color TV,
N5=Computer, N6= Phone.
Using expert (15 people) in the form of questionnaire survey to collect the evaluation data,

statistical sorting after withdrawing questionnaire, and calculate the evaluation matrix of each factor
of Ci, as shown in Table 2.

Table 2 Evaluation results of Ci of each extended product

Table 2 Evaluation results of Ci of each extended product (continue)

Calculate correlation coefficient matrix for each factor of Ci according to the model, as shown in
Table 3.

Table 3 Correlation coefficient matrix of Ci of each extended product
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Table 3 Correlation coefficient matrix of Ci of each extended product (continue)

Calculate the final correlation coefficient matrix for each extended product according to the
above model, as shown in Table 4

Table 4 Final correlation coefficient matrix of each extended product

Determine the maximum correlation and grey relation clustering value of each extended product
according to the final correlation coefficient matrix, and thus determine the sort of each extended
product, as shown in Table 5.

Table 5 Maximum correlation, grey relation clustering value and sort of each extended product

ConclusionsConclusionsConclusionsConclusions

In this paper, a multi-level fuzzy grey correlation clustering analysis and evaluation model is built
by combining fuzzy comprehensive evaluation method with gray theory, Using the model to
comprehensive evaluate the selection of extended products of haier (1992-1999), and its evaluation
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result compared with the market performance of each extended product has good consistency.
Therefore, the model is reasonable, effective and with strong feasibility, it will provide new ideas
for the selection of extended product scientifically and reasonably.
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