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ABSTRACT

In recent years, the styles and functions of preglbave become very diverse due to the rapid acdraant of
new technologies. Before, customers were finditguitl to decide on what they would need althougly thave more
product knowledge and choices. They were often lan@barticulate their needs due to lack of spezed product
knowledge, leading to the possibility of buying durots that were not ideal. Now, enterprises shooffgr their
assistance to match customer needs to product risatyrovide customer enquiry services, and creatgroduct
database from which more choices can be offeraaistomers. To this end, this study undertakes itd Bucustomized
product recommendation service system that paraimetecustomer needs and product features, usagnfiormation
axiom and the Taguchi method to create the systemaisch and evaluation function. In addition, thiartgular fuzzy
numbers of the fuzzy set theory are used to eskatiie evaluation algorithms to search for the Idq@aduct for the
customer. A case study on the purchase of lap®psed to demonstrate the procedures and methatidethd to the
successful purchase of a desired product.

Keywords: Triangular fuzzy number, Information axiom, Tagunlethod, product recommendation service

INTRODUCTION

With the advancement of technology and the contimeease of a customer’s knowledge, companies hav
changed from the earlier "functional” strategyhe tcustomer-oriented" strategy for developing meeducts, and by
understanding customer needs and striving to nfesdet needs, they are able to bring the highestfaztion to
customers and thereby maximize profits. Thereftire,application of needs-based operations can aiaicustomer
loyalty, create new customer needs and effectiatyact new customers; hence, making Customer iResdtip
Management a very important aspect of the corpavatéd.

In Customer Relationship Management, it is necgsi&arcompanies to build a learning relationshighwtheir
customers, so as to obtain customer informationrevis in order to meet the diverse customer ndeolssequently,
merchandise with different features that can méttrdnt needs has begun to emerge in the markdtcastomers can
choose to purchase merchandise of different funsticcording to their needs. Upon understandintpmes needs,
manufacturers can extend a particular product adyre a variety of goods with different featurbgréfore enhancing
the competitiveness of their products. These gapelslso known as customized goods.

Generally, consumers are not perfect decision-nsaéad will often make irrational decisions. Whemghasing
a product, they are unable to articulate their quemb needs and have significantly different requieats. Therefore,
experts must relate product features with the fonel requirements of customers, and in doing soyige a more
objective and ideal outcome. However, there is asitterable degree of fuzzy association betweenfuhetional
requirements and the product features, and apptepttieories are needed to uncover these relaimahd establish
patterns. Therefore, in view of the above reasthis, study undertakes to use the triangular fuzmoty, Taguchi
method and fuzzy information axiom algorithms téabish a set for a customized product recommeodagervice
system. Through a case study on the purchase wilgpthe research seeks to explore the model lighvdustomers
select their products.
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LITERATURE REVIEW

Most consumer decisions are composed of many atiésb In a rational decision, decision-makers foliertain
grouping rules to determine the most effective omite according to the effectiveness of each atgiband its
corresponding significance. Based on the outcoheconjoint analysis uses certain decompositiogesrtd determine
the different functions of each attribute and iisresponding significance. Green & Srinivasan (J9¥ieved that the
conjoint analysis is an analytical method whereblnawn subject’s preference structure is determittedugh a
decompositional approach based on the overall sissad of the known subject toward a product undeataf stimuli.
This method is very much favored by researcherseaterprises. Wittink & Cattin (1989) used the camj analysis as
a basis to assess new product designs so as tmdetghe best product design.

In this customer-oriented era, it is important jooducts and design concepts to meet customer eeddesires.
Cooper & Kleinschmidt (1987) believed that if a gueot designer is able to understand customer reedislesires, and
designs products based on that understanding, rddugt will certainly be successful. Hence, thespitrof quality
products is an important factor. Hauser & Claugit@B88) adopted the Quality Function Deployment met{QFD) to
perform a multi-level analysis on the product reemients of customers, and the results were transfbinto quality
project management techniques which in turn defipeoduct design requirements, component featuresigd
requirements of the manufacturing process and ptamurequirements. House of Quality is also on¢hefmain tools
for product design, and was adopted by Urban & Ha(K992) in the development of new products.

Suh (2001) from the Massachusetts Institute of eldyy further developed QFD and proposed the aatam
design (AD) as shown in Figure 1. Suh describeddf®gn process as the mapping of the customeridpfoaction
domain, physical domain and process domain.

Mapping Mapping  Mapping

Customer ' Design Process

Need i N Parameters|| Variables

(CN) (OP) (PV)
Customer Function  Physical Process
domair domair domair domair

Figure 1: Four main domains of axiomatic design bysuh (2001)

To ensure the effective performance of these foumalns, Suh proposed two design,axioms:Axiom 1,The
independence axiom;Axiom 2: The information axiom

Axiom 1 states that: the functional requirementR)(fust be mutually independent in the design mscend a
design parameter (DP) can only affect one of itated functional requirements. Therefore, thereukhmot be any
interaction or relationship between two functiomabuirements or two design parameters. Based onaltowve
considerations, the design process will then beceeng simple, in which each functional requiremiantiesigned for
only one suitable parameter regardless of theioalships between different functional requirements.

Axiom 2 states that; among the design parametatsstitisfy a particular functional requirement (RRHer the
independence axiom, the design parameter withrttadlest information content is the most ideal. Tin purpose of
this axiom is to produce a simple design. Suh eéeffithe information content as |, and is calculaigidg the formula is
| = log (design range / common range). A small plies a large common range, which means that asdimenon range
becomes larger, it is easier for the product of tlésign parameter to be successful. seen in Figure

90 The Journal of International Management Studiesyivi@ 5, Number 2, August, 2010



A
H(X)

X

»
»

Figure 2: Graph showing the triangular fuzzy relationship

Japanese scholar Taguchi (1986) proposed the Tamethod which classifies quality features intoe‘tlarger
the better” (LTB), “the smaller the better” (STB)da“nominal the best”, which are briefly explainasi follows:

While it is important to focus on customer needs;ision-makers must also determine the design galpgo
transform product features based on customer n&éds.overall proposal chosen by Pugh (1991) waaligm the
concepts with the levels of consumer satisfactiatgulation of the points of various solutions gsimeighted factors,
and then making a comparison in order to deterrtinebest design. The literature on the use of dlgos to evaluate
and purchase products has gradually increased centeyears. Kulaket al. (2005a,2005b,2005¢,2005d) explored
multi-attribute product designs that supported sleas and systems using concepts such as the fofaynation
axiom as well as the fuzzy and gray theory, etéadi§2005)- Tsaiet al. ( 2004,2006,2007,2009),explored customers’
evaluation and selection of multi-function produeith the use of the analytic hierarchy procesaygheory and fuzzy
theory. Hsiacet al. (1994,2002) attempted to help product designetl désign consultation using the fuzzy theory,
gray theory and artificial neural network, whilerS(2000) tried to combine the fuzzy theory and d@hifficial neural
network to evaluate and decide product design quace

THEORETICAL BACKGROUND

Triangular Fuzzy Numbers (TFN)
A triangular fuzzy number is a special type of &apidal fuzzy number where the functidn= (t,,t,,t;)

represents the membership value of the distribugi@ph, as shown in Figure 1, and the real numetsand § are
the values of the three vertices of the trianggtaph on the x-axis.
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Figure 3: Schematic diagram of triangular fuzzy nunbers
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Therefore, the triangular fuzzy numbers can beesged as:
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Fuzzy Information Axiom
The second axiom of the Axiomatic Design is theinfation axiom, which states that among those dedigat

satisfy the independence axiom, the one with thallest information content is the best design. Teénition of
information content () expressed in terms of the triangular fuzzy nurslieas follows:

I, =100,@/ Pj) oo 2

where p; is the ratio of the area of the common range ¢éoatfea of the system range for the jth design rement,

which is also the probability of the system rangeeting the design requirement.

o {CommonRaﬁg} 3)
i —SystemRang .................................

As shown in Figure 2, the overlap of the "desigmyel set by the designer and the “system rangéfietystem
capacity is the acceptable common range; the ldngecommon range, the higher the success ratbevill

Assuming that a product has m number of designirepents, the summation of all the design requirgme
Total Information Content (I, ) is defined below:

m
lo@™ D11 e )
=1

ALGORITHMS TO CALCULATE THE RELATIONSHIP BETWEEN CU STOMER NEEDS, PRODUCT
FEATURES

In this study, an ideal product purchasing infoiiorasystem for the purchase of laptops is beingldished, and
the research methodology and execution steps ataiead as follows:

Determination of Customer Needs and Product Featuse

The basic customer needs are jointly developednoyexperienced and professional computer salef biaf
laptop product planners and one of the R&D pershnBased on the basic customer requirements fiirttportant
features, the experts and consultants of this ssethcted 7 preferred features (PF), namely, CRFAM RScreen Size,
Hard Disk Capacity, Display Card, Price and Ccadsrshown in Table 1.

Table 1: Designer’s selection of customers’ functiwl requirements and preferred product features

Designer’s selection

Customer Needs Product Features
CN1 Word Processing PF1 CPU
CN2 Professional Graphics PF 2 RAM
CN3 Numerical Computation PF 3 Screen Size
CN4 Portability PF 4 Hard Disk Capacity
CN5 Price PF5 Display Card
CN6 Color PF 6 Price

PF 7 Color
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Establishment of Rules for Evaluating the Relationsip between Customer Requirement Options and Produc
Features

Using the concepts of the triangular fuzzy numbtand Taguchi method, the following were establish@j:
triangular fuzzy numbers for the requirement levél3 the relationship between the evaluation ofcfiomal
requirement options and product features, in or@establish rules to relate the evaluations ofausrs and designers.

For a designer, the functional requirements do ey contain the main obvious product requiremeoits
customers, but also their potential needs. Thetimal requirements of customers are often harexfuress explicitly,
so fuzzy numbers are used to determine customedsness expressed using the 7 levels listed in Tabknd
represented in Figure 4.

Table 2: Triangular fuzzy numbers showing 7 requirenent levels

Vocabulary Denotation Triangular Fuzzy Numbers
A Very low VL (0,0,2)
B Low L (0,1,3)
C Medium low ML (1,3,5)
D Medium M (3,5,7)
E Medium high MH (5,7,9)
F High H (7.,9,10)
G Very high VH (9,10,10)
1
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Figure 4: Triangular fuzzy numbers diagram showing7 requirement levels

After obtaining the various independent customedseand product features, the experts evaluateanghect of
the customers’ functional requirements on the pcodeatures, and brought in the concept of the dhigmethod to
form 7 levels of triangular fuzzy numbers.

Table 3: Relationship between customer needs andguiuct features
Product Features

1 2 3 4 5 6 7
ﬁ:zté)smer CPU RAM Screen Size Hard Disk Capacitypisplay Card Price Color
Word L+ L+  MH+ ML+ L+
Processing
Professional VH+  H+  H+ MH-+ VH+
Graphics
Numerical VH+  H+ NR L+ L+
Computation

4 Portability NR NR  L- NR NR
5 Price V-
6 Color \o

Note: +: LTB, - STB, 0 :Nominal the best
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Product features are generally classified into tdrger the better”, LTB (+), which means that gdar function
is better; the price and screen size (taking iotas@eration the need for portability) is basedtbe smaller the better”,
STB (-); the exterior color of the laptop is based“nominal the best” (0), where the target mustist, as shown in
Figure 5.

H(X) H(X) H(X)

1, 1, 1,

»

A

»

» »
> » >

Threshold Value Threshold Value Target Value

LTB (+) STB (-) Nominal
the Best (0)

Figure 5: Graphs of LTB, STB and Nominal the bestdr product features

Establishment of Fuzzy Reasoning Principles

According to the fuzzy reasoning principles fortéea requirements established by Tsai (2004) shiawiiable 4,
the vocabulary levels of product feature requirenean be obtained and used as an important tooévatuating
laptops by giving due consideration to the actualgited product features that meet customer neasdsdbon the
relationship table between customer needs and ptéeatures in Table 3.

Table 4: Fuzzy inference rules for feature requirerants
Relationship between Customer Needs and Produtiiiésa

Customer Needs

VH H MH M ML L VL
VH VH VH H M L VL VL
H VH H H M L L VL
MH H H MH M ML L L
M H MH MH M ML ML L
ML MH MH M M M ML ML
L MH M M M M M ML
VL M M M M M M M

In this study, a total of 51 laptops, all curremarned products in the market, were gathered, aptbduct
database such as that in Table 5 was establistsed lna experts’ opinions. The triangular fuzzy lever laptop prices
such as that shown in Table 6 were establishedttengrices were based on STB, “the smaller theetjet

Table 5: Fuzzy product database according to expestopinions

Product FeatureCPU RAM Screen Size Hard D.'Sk Display CardPrice Color
Capacity

NB1 VL VL VL VL VL VL Black

NB2 VL M ML ML M L White

NB3 L M M ML M L Black

NB51 H M M L VL MH Black

Table 6: Laptop prices
Laptop Price Below 20 20~25 25~30 30~35 35~40 40~445~

Triangular Fuzzy Levels VL L ML M MH H VH
Unit: Thousand Dollars Yuan
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Establishment of Rules for Selection of the Best Bduct

The computation formula for the selection of theth@oduct is explained as follows:
1. Assuming the customers’ functional requireméntsalculate the median of customers’ functionguiszments.

If there are n basic customer needs, they arelétadsinto 7 levels of triangular fuzzy numbers amel median of
customer needs is calculated and normalized tdrotita customer needs in the hierarchical ovdéw; w;, ..., W), as
shown in Formula (5).

S =1 (5)
i=1

2. Computation of the level of requirement for prodfeature

As shown in Table 4, the triangular fuzzy numbemns the relationship matrix of customer needs armtpct
features assessed by experts #e

L] A 6)
where i and j denote i-th customer need and j-tlipet feature.

The product of the relationships between the ndmadlcustomer requirement levels, weighted custameeds

and product features will give rise to a j-th tgaiar fuzzy number for product featurbj

6]- =Zn:wi X[&j] ................................. )
i=1

3. Computation of Information Conteritj

Based on the results in step 2 using the desiggerand system range of the actual product shoviigiare 2,
the information conterif of the j-th product feature is determined

i =10g5 (L Pj) o, 8)

4. Establishment of Rules for Evaluating Products
According to the fuzzy reasoning principles of eatrequirements established in Table 5, the meafiararious

m
product features is calculated, and the normahzeight of the j-th product l‘eature\ms?d , Whereby and,:l
j=1
5. Finally, all the information content obtainedsiequentially multiplied by the standardized letieebbtain the grand
total value for product information content E (STB$ formula is as follows:

E=Zm:(lj xw?d') ................................ 0)
=1

Establishment of the Ideal Product Purchasing Inteface for Customers

The above algorithms are programmed to establisltdéal product purchasing programming interfasesteown
in Figure 6). Consumers can use this interfaceetecs their personal needs and the system will ssigthe most
suitable merchandise, or use this interface toipvethe recommended products.

The Journal of International Management Studiesyivia 5, Number 2, August, 2010 95



Lapfop Compufer Customization Servicc

Customer Neads

Please sslect your roquired intensity and item.
¥ery Low  Medium Mediom  Medium  High
o Low High

Word Processing

. Professional Graphics

YT

- i
o -
s 8
« v

I

x
o=
=
@

b T
T

-~
~
MNuroerical Computation i
Fortability o~
Price Y~ Y~ @ & Y~ r &
price below CLSK € 20K 25K & 30K ¢ 40K © SO0K (s
& Color & white € black " Red
SEARCH EXIT
Searched Results
INO.l HFNEZ1 No.Z MSNE41 No.2 ACSNESO

Figure 6: Product Purchasing Interface
CASE STUDY
Feigo & Tom would like to buy a laptop, but knowsting about computer hardware. In this study, ftlezy
information axiom algorithms are used to help hisarsh for the ideal laptop available in the mafkased on his

actual needs, which is listed in Table 7.

Table 7: Feigo’s & Tom'’s requirements for computersand the requirement levels

Serial Functional Requirements for Feigo’s Requirement Level Tom’s Requirement Level
Number Computer
CN1 Word Processing H L
CN2 Professional Graphics VL H
CN3 Numerical Computation M MH
CN4 Portability MH M
CN5 Price Below TWD 30,000 Below TWD 30,000
ML ML
CN6 Color White Black

Feigo’s functional requirements for the computee aormalized to the triangular fuzzy numbers, ahd t
information content of each product feature is migtd using the abovementioned formula, followedshynmation to
obtain 1, as shown in Table 8 below. using the fuzzy infeeengle for feature requirements from Table 5 and

customer needs, Table 9 is generated.

Table 8: Various information contents on product fatures obtained by the computing program

Rating NB2 NB21 NB41 NB50

I(CPU) © 0.00 0.08 2.28
I((RAM) 0.00 1.31 1.31 0.00
I(Screen Size) 2.12 0.00 0.00 0.00
I(Hard Disk Memory) 0.00 0.00 0.00 0.00
I(Display Card) 0.00 0.00 0.00 0.00
| (Total) 0 1.31 1.39 2.28

Table 9: Relationship between customer requirementand product features after computation
Product Feature

1 2 3 4 5
Customer Needs CPU RAM Screen Size Hard Disk CapaciDisplay Card
1 Word Processing L L H L L
2 Professional Graphics M M M M M
3 Numerical Computation H MH NR ML ML
4  Portability NR NR M NR NR
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Standardizing the median of the triangular fuzzyction in Table 10, the following result is obtainas
V\/i;1d (0.247253, 0.21978, 0.225275, 0.153846, 0.1538A183. results for customers’ assessment of the carpatre

shown in Table 10.

Table 10: Assessment of the computer and productdéures after computation
Hard

Computer NB21 NB41 NB50  Rank-Product oo, pp g Screenpig s Display pice color
ing  Number Size . Card
Capacity
E(CPU) 000 002 056 1  NB2L MH ML MH M ML ML White
E(RAM) 029 029 0.00 2 NB4L M ML ML ML MH ML White
E(Screen Size) 0.00  0.00 0.00 3 NB50 ML M ML L ML M  White

E(Hard Disk) 0.00 0.00 0.00
E(Display Card) 0.00 0.00 0.00
E(Total) 0.29 0.31 0.56
Ranking 1 2 3

A smaller information content indicates that thptdgo is closer to the customer’s requirements. &*gitpp three
computers are NB21, NB41, and NB50. Looking atltipgop ranked first in the table, its price andocdiave satisfied
Feigo’s requirements, the screen size is compatabies requirements, and it has a higher CPU amd disk capacity.
As the customer has a greater need and prioritwémd processing and numerical computation, theegfeven though
the laptops ranked second and third may have sm&dleens, their CPU and hard disk capacity arehnamealler,
placing them below NB21.

Again take another different demand's consumer astie example, finally sees Table 7 and Table dchling
to the abovementioned computation method, thetseebtained are as follows:

Table 11: Assessment of the computer and Product Beires after computation

. . Product ScreerHard Display .
Rating NB11 NB5 NB39 Rank-ing CPURAM _. Disk PriceColor
Number Size .. Card
Capacity
E(CPU) 0.00 0.00 0.00 .. 1 NB11 MH H M M MH L Black
E(RAM) 0.00 0.00 032 ... 2 NB5 H H M M MH M  Black
E(Screen Size) 0.070.07 0.00 ... 3 NB39 MH MH M ML MH M  Black
E (Hard Disk Capacity)0.00 0.00 0.23
E(Display Card) 0.00 0.00 0.00
E(Total) 0.07 0.07 0.55
Ranking 1 2 3

After computation, Tom'’s top three computers arellBNB5, and NB39. Looking at the laptop rankedtfwn
the table, its price and color have satisfied Tom@uirements, the screen size is comparable teeqisrements, and it
has a higher CPU, hard disk capacity and displag,cas well as a lower price. The customer has placed
professional graphics and numerical computatiohigpriority. The functions of the laptops rankettend and third
are also satisfactory, but their prices are mughdri than that of NB11.

CONCLUSION

The arrival of the customer knowledge era has cagtthe manufacturers’ attention in today's contipetmarket.
Therefore, it is important to integrate customenrctional needs with the product features, andrfaination obtained
can greatly benefit sales. This study, which qdimstithe fuzzy customer needs using reasonable rigrmadous
mathematical algorithms and mapping them onto tbduyzt features, is one that cannot be overlooked.

This study combines methods such as the triandulay theory, Taguchi method and the fuzzy inforiorat
axiom, and strives to logically calculate and sdhve related conversions at the various stagestder to enhance the
objectivity and accuracy of the computation stroefuhe logic and rationality set up by various exxp in the field
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must be emphasized to verify the objective accurdde results. As every individual’s functionaquirements are
different, we are often helpless when it comesetecting the appropriate product type when con&dmntith relatively
unfamiliar product features or complex featuresdalo as the internet and e-commerce technologyressiyely
matures, there is an urgent need among many bramndfacturers for an internet consulting servicerfiaice that can
appropriately guide them in meeting customer neledhis study, the computation rules, establishased on objective
and logical computation methods, are able to transfthe customer’s functional requirements intogasgions based
on product features, so as to guide them in progelection. In addition, an actual case study wss provided. In
doing so, companies are more equipped in undeiisiredistomer needs and maintaining good custontaiaeships,
which will in turn generate greater profits. As fbe customers, their needs are fully satisfiedchecreating a win-win
situation for both companies and customers.

In this study, the customer selection process ao¢dake into consideration the customer’s branglty. The
degree of brand preference can be considered tianefuesearch, in order to better meet custometsee
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