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The important projects of Taiwan’ s current cultural
policy are '~ culture industrialization and Industry
culturalization’ . Local culture is gaining more and
more attention, and the expected benefit 1is
considerable. The government also developed a number
of strategies for the cultural and creative
industries.

In this study, Nantou Bamboo Culture and Creative
Industries were taken as the main research object. By
using Value Star Method of Emotional Marketing theory
and collecting Emotional Marketing document, this
study can know what the charm of Bamboo Industries to
consumers 1s. Furthermore, it provides a reference
for the Bamboo Industries in management.

This study uses Depth Interviews of Qualitative
Research Methods and Quantitative questionnaire
survey method to research and analyze, the results
show that (1)Stories: establish some tourism



B M

educational institutions with uniqueness, diversity
and characteristic of local culture. (2)Connections:
connect the image of Nantou and the image of Bamboo
craft, and promote the characteristics of
international and innovation. (3)Experience: provide
the positive feeling of surprise, special and
creative. (4)Creativity: design bamboo crafts with
modern style, and use packaging and marketing skills
to promote the level of refinement. (5)Price: Nantou
bamboo industry has prices of local characteristic,
cultural heritage, economy and innovation.

People give positive comments on Nantou Bamboo
Industries. By using Value Star Method, the
development direction of the industry can be decided.
[t 1s helpful for the businesses to gain positive
feedback and reaction on designing and developing of
bamboo crafts from consumers.

Value Star Method, Culture and Creative Industry,
Emotional Marketing, Nantou Bamboo Craft Industry
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Study on Emotional Marketing Tactics of Bamboo Culture and
Creative Industry in Nantou
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Abstract—This paper presents a quantifying and reordering
method for new product development (NPD) based on the
algebraic matrix technique. The authors propose a quantified
design structure matrix (QDSM) by quantifying the information
flow of activity factors of new product development and by
employing the linguistics variables method. Utilizing the
proposed partition and tearing algorithm to reorder matrices, the
authors can realize deeply the inner hierarchy workings of
concurrent engineering (CE) in the new product development
process. This study develops a dynamic planning method that is
innovative, efficient, and flexible for new product development
using the concurrent design concept and QDSM analysis. The
proposed QDSM is a kind of Boolean matrix and mathematical
tool for reordering the process of NPD. It can help designers and
managers understand the interactive information flow between
activity factors for planning an optimum design process in NPD.
A case study is used to illustrate the proposed method. The
results show that it can reduce the number of iterations in the
design process and shorten the product development time.

Keywords- new product development; algebraic matrix;
quantified design structure matrix; concurrent engineering;
Boolean matrix

l. INTRODUCTION

New product development (NPD) depends on the
management of the design, manufacturing, and operation.
Traditionally, each department considers only its own goals.
In general, the product design department only focuses on
design and does not give much thought to the feasibility of the
manufacturing process. Recently, the concept of concurrent
engineering has been introduced to deal with this problem.
Concurrent engineering (CE) is an integrated systematic
method and can efficiently integrate the problems that arise
from both the product design and manufacturing process early
in the cycle of product development. Thus, concurrent
engineering can reduce extraneous costs related to product
development [1].

In the past, figures such as flow charts, organization
charts, and information flow charts were used to analyze these
complex procedures of NPD. When a project becomes
complex and the number of activities increases, it is difficult
to determine clarify the relationships between these activities.
Thus, when dealing with a complex project, the relationships
between the tasks should be indicated using matrices. The
relationships between tasks should be clearly identified at each
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level of product development. Matrix calculations can split
various tasks into smaller working groups that have higher
inter-relationships with each other. These smaller working
groups can thus be combined and assigned appropriately
[2].Many studies have pointed out that new product
development can be regarded as a procedure of information
processing. Beheshti et al. [3]and Susman [2] proposed the
idea that new product development is a procedure relating to
information processing. Thus, in order to increase the
efficiency of new product development, we need to rely on the
suitable management of information. The main focus of
development management is to decrease the uncertain
information. Uncertain information is the information needed
by tasks groups when carrying out specific tasks and the
information needed for the current stage in development by
the organization. The information should be defined and
clarified in advance when there is an overall different quantity
of information.

New product development is information processing with
the objective of reducing the uncertainty. In the product
development process, the processing of information from
upstream sources or the resolution of problems can affect
downstream activities. Thus, the risk involved in new product
development can be decreased gradually [4, 5].

Many design process modeling and management tools have
been developed. The directed graph [6] and Petri-Nets [7] are
widely used in the initial analysis of activities interaction.
However, these two network techniques cannot clearly
represent the interdependency relationships in the design
process. The traditional Project Evaluation Review Technique
(PERT) and Critical Path Method (CPM) [8] are popular
approaches for estimating project duration. Both methods
improve the process flow by crashing the critical activities;
they do not consider iterations and feedback loops, which are
characteristics of engineering design, and they ignore the
concurrency and overlap of the design process. The
standardized IDEFO [9] modeling technique is a useful tool for
studying information management processes. The IDEFO
technique supports the needs of modeling the process in a
formalized manner to be able to compare and refine the
modeled process. However, IDEFO methodology is inefficient
for modeling concurrent activities. Iterations between
activities are difficult to analyze using IDEFO technique. A
more compact representation of a design process is the Design
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Structure Matrix (DSM) [10]. It overcomes the size and visual
complexity of all graph-based techniques. And matrices are
amenable to computer manipulation and storage. Several
studies used DSM for CE implementation [2, 3].

Although a classical DSM can provide a clear and efficient
analysis method for complex design process by decomposing
and rearranging the design activities, it can not really reflect
dependency strength between two activities by a binary matrix
with “1 “and “0 ”. The shortcoming is unfavorable to dispose
the coupled activities. To deal with these problems, the
authors develop a quantified design structure matrix (QDSM)
to represent the complete dependency structure profile and
dependency uncertainty of the design process. The main
purpose of this paper is to develop a dynamic planning method
that is innovative, efficient, and flexible for new product
development using QDSM analysis.

Il.  QuANTIFIED DESIGN STRUCTURE MATRIX

A. The dynamic model of concurrent engineering

The dynamic model of CE employs matrices to display the
interaction information between activities factors. It gathers
various design interactions, quantifies them, and maps them in
a matrix format called the Design Structure Matrix (DSM).
This matrix is a nxn square matrix. The rows and columns
represent design activities and tasks, respectively. The
dimension of the matrix is represented by n, which indicates
the number of activity factors, as shown in Figure 2. The
design structure matrix was introduced by Steward [10]. A lot
of studies [11,12,13] have produced DSM with unique
characteristics which are applied in various domains.

In the DSM, the main diagonal line element represents the
design activity itself. Other elements represent interactions
within the activity and take the perspective of activity
interactions. The design structure matrix is the epitome of the
dynamic interactions and information transmittance of the
whole developmental procedure. A non-zero element a;; means

that activity i progress originates from activity j or that
activity j supplies activity 1 with information. Using a; =1 to
represent this relationship, if 4, =0 (1 does not equal j), it

means that the element corresponds to a non-existent
information relationship.

Feedback

x

A

Feedforward
coco oo~ o o>
O OO — = O ol
—ocoococ oo ~—|(o
SO o oo oo om
P OO0 O— O Ol
oo oo~ — ol
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cocoococoo—~|0

<

Figure 2. Design Structure Matrix.
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B. Building up the quantified design structure matrix

There are many vague and uncertain relationships within
design activities when design processes are considered. The
traditional DSM cannot express fuzzy and uncertain
interdependent relationships with ‘1” and ‘0. In order to
assign weights to the relationships between design activities,
the authors apply a weighting scale with linguistics variables
to define the degree of the dependency strength. The
evaluation value a; of the dependency strength will be used

instead of a ‘1’ in DSM. The matrix then becomes a numerical
DSM, called a QDSM. Based on the weighting concept, the
authors can employ linguistics variables to describe the
degrees of the dependency strength within the design activities.
A variable is represented using a linguistic variable V' , which
is based on the linguistic scale Sv = EL, VL, L, M, H, VH, and
EH, where EL: extremely low (0); VL: very low (0.1); L: low
(0.3); M: medium (0.5); H: high (0.7); VH: very high (0.9);
and EH: extremely high (1). The element a; presents

quantitatively the dependency strength between activity a, and
activity a, and is defined as follows:

0
G M
1)

where M € {0, 0.1, 0.3, 0.5, 0.7, 0.9, 1}. The element g; is

associated with a real number in the interval [0; 1]. To
establish the universal weighting scale of linguistics variables,
the linguistic variable set Lv is defined as

(i =jorajy a)

(a; — a;)

0 0.1 0.3 0.5 0.7 0.9 1

extremely low  very low’ low' medium’ high” very high” extremely h1gh} : (2)

L,=

The authors can obtain a QDSM by assigning weights to the
relationships between each pair of activities for further
analysis.

Ill.  THE PLANNING METHOD OF QDSM

The planning method of QDSM can be divided into two
algorithms: partitioning and tearing. Partitioning refers to the
standardization of the design process that has the least
limitations on satisfaction. Tearing refers to the sequencing of
coupling tasks, which is used to verify the beginning
sequences of the coupling set.

A. Partitioning algorithm

The purpose of partitioning is to speed up the start of every
activity in the design process. It is a gradually decreasing
process. The partitioning of gradually decreasing analysis
includes the independent sequencing of tasks and the
confirmation of coupling tasks
Definition 1: In fuzzy design structure matrix R, tasks with
empty rows or columns are called independent tasks. We use

n n
the condition r, eR . If Zrij =Q or Zrij =0 , then
j=1 i=1
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taskst; and t; are independent tasks.

When tasks in empty rows have a row element of zero, no
information needs to be inputted during this task. When tasks
in empty columns have a column element of zero, no
information needs to be inputted.

Definition 2: In coupling tasks, if r,eR.r;eRur 20, and

r..r.

i #0 or iy My, B T

o are all not equal to zero, then

the formation by these elements is a coupling set. Tasks t; and
t j or t.,t.

ne ..., L, are called coupling tasks sets.

Definition 2 shows that coupling tasks sets encompass two
activities or multiple activities with related interactions. They
represent the information loop structured by the interactions
between tasks.

The coupling-setting operation can search for all the
information loops individually through the power operation of
the coupling task matrices. Coupling task matrices can also be
seen as quantified matrices. The authors can use the
composition operation rule for calculation. This process is
similar to that of regular matrix multiplication. All one needs
to do is replace the multiplication symbol ” e ” with the
minimum symbol “ A ™ and replace the addition symbol ”+”
with the maximum symbol “ v . Since all the task-related
information in information loops originate at oneself,
transmitted information follows a loop that ends at the starting
point. Coupling tasks can be identified from the former task
through careful calculation of coupling task matrices. A matrix
calculation example is shown below:

1 0 0
SetRas3x3matrix R=|0 1 0.5
0 05 1

In order to compare the relationships between factors we
need to perform the power calculations of the composition
operation.

R'=R,R*=R'-R',R®*=R"-R?

1 0 O 1 0 O
R°=(0 1 05|e[0 1 05
0 05 1 0 05 1

(1-D)+(0-0)+(0-0) (1-0)+(0-1)+(0-05)  (1-0)+(0-0.5)+(0-1)
=[(0-)+(1-0)+(05-0) (0-0)+(1-1)+(0.5-0.5) (0-0)+(L-0.5)+(0.5-1)
(0-1) +(0.5-0)+(1-0) (0-0)+(0.5-1)+(1-0.5) (0-0)+(0.5-0.5)+(1-1)

For the maximum-minimum values method, we replace the
multiplication symbol ” e ” with the minimum symbol “ A",
and replace the addition symbol “+” with the maximum
symbol “v ",

@A) v(OA0V(OAD) (@AAO)V(OALDV(OAODL) (@AA0)V(OA0S5)V(0AD
=[(0A)Vv(@AO)V(05A0) (0A0)v (@A V(05A05) (0A0)v(@LAO05)v(0.5AD)
OAD)V(05A0)v(@AO) (0A0)V(05AL)Vv(@AAO0S5) (0A0)Vv(0.5A0.5)v (1A

13

1 0 0
=0 1 05
0 05 1

The authors sequentially calculate R®=R'-R? to
complete the composition operation.

For the K times multiplication matrix C*

(C{)ss OF

the coupling task matrix C ,, we set the number of non-zero

elements in the main diagonal line to p. If the condition p =k
is satisfied, the corresponding coupling tasks sets of pcan be
verified.

The whole coupling-setting operation procedure is shown
in Figure 3. If there are no marks, then the number equals zero.

In C2, the main diagonal line elements C? and C{2 are
non- zero thus, tasks t;and t, constitute a two-step coupling
set. In C*, the main diagonal line elements C{Y CY C&
are non-zero; thus, tasks t,, t,, and t; constitute a three-step

coupling set. In higher power level of matrices C* and C°,
no new information loops or coupling task sets were
discovered.

The steps of the coupling-setting operation mentioned
above can be further simplified by setting A (0< A <1)to
a matrix-cut calculation in the quantified coupling task matrix.
By setting R, for each value relationship, we can incorporate

and categorize the elements in each matrix to obtain a simpler
Boolean matrix for calculation. If A is changed, different
Boolean matrices which correspond to the different levels of
dependence during the activity can be obtained. When A is
0.5, all activities have levels of dependence. When A is
greater than or equal to 0.5, the activities are regarded as
interactive and dependent. If A is less than 0.5, the activities
are regarded as independent. When A is the non-zero
minimum of the level of dependence of all activities, then the
design structure matrix is the same as the binary DSM
proposed by Eppinger [14].

ti t2 ts ts ts

t1 11
t2 1
Ct=ta|1 1 1

t2 ts te ts
til1 1 1
t2 1

C’=ts 111

tr t2 ts te ts
t1 111

t2 1
CP=ts|1 1 11

ts 1 ts 1 ts 1

t1 t2 t3 ta
ti] 11 11
t2 1
Ct=ts 1111

t2 tA tS
te 11 t2 1
t2 1 ta 1

CP=tsl1 1 11 —p ts 1

tsf 1 1 1

11 1 1

ts ts ta

ts 1 ts 1

Figure 3. Coupling-setting operation process.
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B. Tearing algorithm

Tearing planning usually adopts the following strategies:
tasks with the lowest level of dependence (almost independent
tasks) are identified and placed in the leading position of the
loop; when multiple tasks have the same inputted
informational quantity, the tasks with the greatest
informational output are placed first in the sequence to be
planned.

This paper takes the distance (j—i) between elements

from above the main diagonal line C (i< j<S) and the

corresponding main element diagonal C, as the weight Wj

of the information transmitted. In this paper, the authors adopt
a coupling weighting index |, to show the concurrency of

design tasks or activities. An example of the tearing operation
is shown below:
Step 1: Plan the tasks with the least requirements. The

information requirements of task t; can be calculated using

the formula| — ZS:W. .c.. . If there is more than one task with
i j ij
j=i+l
the least informational requirements, the task with the greatest
informational requirement is

chosen. The informational requirements of task t j can be

calculated using | — ZS:W.'-C.. where WJ.' represents the
] ] i
i=j+1
informational weight transmitted from task t; to task t; ,
W, =i-j,j<i<s$. If there is still more than one task with

maximal information requirements, a task is selected to be
placed at the front in a matrix using observations of the actual
conditions or through experience.
Step 2: Remove already planned activity factors and repeat
step 1 until all activity factors have been planned.

Figure 4 shows an example of partitioning and tearing
algorithms processes.

[ 04 02 |
02 04 09
05 09

BCOD FGHIJEKL Al ] FDEHKBGL
o3 A o3
B 0 020 05 I 02
c 1 05 [+
D e 4 08 o1
E 06 a3 F 0.
F 05 Partitioning Doz o4
¢l o L % algorithm. : 9 “
H 0 : » H 07
1 i K 0
[ B| o020 03
K 06 ( 0 jos 4
Ljo: 02 04 Ljos 04 o
I ] A F H E LGB
I ez
I 02
Alos
|09 01
Tearing ¥ o8
alzorithme D ) o4
J— H 0
E O 0.
K
G

w

Figure 4. Partitioning and tearing algorithms of QDSM
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Thus, the authors can restructure and rearrange the order of
design activities in the initial process for new product
development by using partitioning and tearing algorithms in
the analysis of the information flow between activity factors.
This reduces the number of iterations and time required for
developing new products and improves the informational
exchange between departments during development.

IV. ACASESTUDY

A. Object product

Company A, an international electronic company in Taiwan,
is used in the case study. Its main product is the Power Line
Communication (PLC) devices. The authors expect that the
proposed method can help Company A to re-plan a new
product development process.

B. Generating activity factors

After a detailed interview with the managers responsible
for new product development at Company A, the authors
generated all the activity factors for new PLC product
development. The 22 items in the process are listed in Table 1.

TABLE I. AcTiviTY FACTORS OF PLC PRODUCT DEVELOPMENT

Product Planning l. 1C Design

Market Analysis m. Software Design
Cost Analysis n. Prototype Making
Product Spec. 0. Mold Design
Sales & Profit p. Packing Design

Concept Design

. Concept Evaluation
. Industrial Design
Mechanical Design
Components Layout
. Electronic Design

Setting up QDSM for PLC product

First, the authors represent the activity factors of the 22
items in a 22 x 22 quantified design structure matrix format.
According to the QDSM evaluation criteria (Eq.2), Figure 5
shows the degrees of interdependence of various activity
factors.

g. Design Pilot Run

r. Production Pilot Run

s. Production Tooling

t. Customer Authorization
u. Mass Production

v. Inspection Criteria

AT o@Q@ ho o0 o

C.

03 04 05 06 07 08 09 1
L l l l | l l l |

Weak Middle-level High-level

Very high-level

Figure 5. Interactive degree of activity factors.

A statistics mean value was obtained after a detailed
interview with various departments’ managers of Company A.
This mean value is used to represent the evaluative value of
QDSM. Figure 6 shows the original QDSM for the PLC
product development of Company A.

D. Operation of partitioning algorithm
1) Independent operation

First the authors must find the independent activities.
Through the evaluation criteria of the linguistics variables the
authors obtain an independent activity factor u (empty column)
in the QDSM of PLC. The authors can place activity factor u
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Figure 6. Original QDSM of the PLC product development.

as the last activity factor, so the authors do not need
consider it during the coupling-setting process.
2) Coupling-setting operation
The authors can use the composition operation to
differentiate the complex information flows of coupling task
sets in order to simplify the operation. These rules were
transformed into a QuickBasic program for operation. The
authors set 4 =1~0.5 and then sequentially cut out A4 values.
Many coupling task sets categories can be obtained using

the A calculations. It is easier to control coupling situations in
the first operation. Therefore, these results are listed as the
basis for the sequence used during the product development

the activity factors, the authors can reorder the sequence of the
elements in the coupling task sets. The tearing algorithm
operation for the fourth coupling task set is shown below:

The fourth coupling set is [i, j, k, I, m, p]. The coupling set
matrix:

0 09 09 0 0 0.9]
09 0 0 0 0 08
R _[09 08 0 09 0 04
‘104 04 09 0 09 O
0 0 06 09 0 O
08 09 0 0 0 O

The weighting matrix of the coupling set:

084 043 0 025 0 033]
021 056 028 0 0 031
o _|036 039 050 0 069 05
¥ 71030 027 025 069 0 034
029 028 030 022 06 0.3
024 021 024 0 0 072

The authors put the activity factor that feeds forward the
most information at the front. The authors obtain the sequence
of the activity factors of the coupling set [i, j, k, I, m, p] as
[j=i=p=>k=I1=m] based on the results of the

coupling weighting index |, above.

After the tearing operation, the authors obtained the final
sequence of QDSM for the new PLC product development as
shown in Figure 8.

: e . (Chusk| _ Stage | Activity Mame alblelnfglcleldalifslplklilmnfolvls]alele]u
process. Figure 7 shows the distribution of the coupling sets of Product | Product Plansing 2 [IN|  Jori
o Plan Market Analysis| b |1 '-::El
the PLC product development. e o] o B
Concept | —concept Designl £ 9 =
Level] ActwayName | [a[o] elgln]clale[i ;e[ i [mlplalolalelelo]elu] |2 | gimmmon | IutumaiDengifn] s o (SR —cukc2]

| Product Planning| a | 1 < <-:n<ef'\Em\lmm<-n g 8 8
1 Market Analysis| b |1 B Project Cont Analysis| ¢ | & 5 B
P o <3 5 Sales & Profitl e |8 & 2 |8
2 Concept Design| £/ 9 5 3 Evaloation ProductSpec|d|s & 3 5|88
2 Y ki Product Spe
= Concept Evaluation) g * e Components Layout| 3 5 Re——
2 Industrial Design| h | 5 9|8 8 [ Mechanical Desiga] i B y Chaabe 4 |
3 Cost Analysis| c | & 5 8 . Design Packing Design| p | g % ,
3 Product Spec|d|s 5 3 s B s 4 | Devetopment besign| |8 84 8
3 Sales & Profit| e | &6 4 2 8 B a4 £l ]
4 Mechancal Design| 1 5 5 9 E ] 5 9 Chunk 5
4 | Components Layout| 5 g 8 o _I-';-stcm ! 2 6 B /L‘T_I
4 Electronic Design| k 5 s 8 8 ] Zognecnng ?”101‘1 Desgn o 482 45 L
4 IC Design| | 4 4 8 ] Production Inspechon o ’ 5 ; 7ls o 7
4 Software Design[ m 5 & b Venfication 4 , 4
4 Packing Design| p 4 8 s Producti 3 7|8 :1 5
5 Prototype Making| n 2 5 4 B 8 Mass | Cust | 3 o 3 5 5
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; ign Pilot B . . .
6 1 Design Plot Run g 2 e Figure 8. Reordered QDSM after tearing operation.
6 | Production Pilot Run| r 3 ol =
6 | Production Toolng | s 2 2 2 3 7 7 ]
6% | . Inspeckion Cetlei ¥ 2 : 2 E. Establishing the dynamic model for NPD process
7 | Customer Authorize| t 3 5 8 3 - - .y -
] T 7 —f; Using the results obtained from the partitioning and

Figure 7. Coupling task sets of the PLC product development.

3) Operation of tearing algorithm

After the tearing algorithm operation is performed, the
authors obtain the weights of the related positions for each of
the activity factors. Afterwards, according to the value of
multiplying the weighting matrix by the numerical matrix of
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tearing operations along with company and product
characteristics and other restrictive conditions, the authors can
re-engineer the new product development process of Company
A for PLC product. Using the QDSM mentioned above, the
authors can restructure the hierarchical diagram that shows the
interrelationships between the levels of each activity factor.
Figure 11 shows the re-planning process for new product
development.
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QDSM introduces the coupling sets of the design
activity factors. The authors can find the coupling sets in the
design factors [a, b], [c, d, €], [f, g, h], [i, j, k, I, m, p], [n, o],
and [q, r, s, v]. In Figure 11, the grey regions represent factor
information that is interactive. These interactions are called
interactive coupling flow.

- 0
Product Planning
h Product Plan
Market Analysis )
>

v v
[ Concetp Design |4—| Industrial Design |

Concept Evaluation

Concept Evaluation

v v
[ Costanalysis [«——»] Sales & Profit | V;
[ I
Product Spec.

»
i1

k

Cost Evaluation

!
v

Electronic Design

‘ Mechanical Design ‘ ‘Packing Design‘ ‘ IC Design‘ ‘ Software Design
T T T T

Component Layout

} I::> Design Development

f
([¢———F——|Mockup Making
Postern Engineering
< Mold Design
C —
——
f‘ ¥ v

Production Tooling ‘ ‘ Inspection Criteria ‘

Production Verification

I::> Mass Production
Figure 11. Re-planning process for the PLC product development.

V. CONCLUSION

CE requires that the whole developmental cycle can be
unified and a large amount of information can be transferred.
CE is not a process definitely where all the development
process can occur at the same time. We must consider how
many processes can occur at each stage in time. Thus, due to
these limitations, the concurrent engineering process must be
planned very carefully to unearth the structure of the process
and design the concurrent engineering process itself. The
proposed QDSM is a kind of algebraic matrix and
mathematical tool for quantifying the interactions of the
process. The main contributions of this paper are:

1. The proposed method is efficient in quantification planning.
It simplifies a complex and undirected process of new
product development and forms a well-regulated
structurally clear sequence. It decreases the iterations and
reduces the new product development time.

2. The QDSM is a clustering and sequencing method that
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can expose the dynamic information flow in NPD process.

. The proposed method can assist managers to clearly deduce
the process through algebraic matrix calculations.

. The proposed hierarchical diagram shows the relationships
of factors on upstream and downstream levels. This
provides managers an additional tool for process planning.

. The proposed method can be expanded into a “design
management support system” (DMSS) that guides the
development of collaborative design.
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