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THE EFFECTS OF AN INTEGRATED SUPPLY CHAIN MANAGEMENT
ON MAGAZINE DEALER PERFORMANCE BY USING FUZZY
COGNITIVE MAP

EE £

TR R B RE TREREE24 LI B TBFRE R ’ff»'fgﬁlﬁ)}# =
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In Taiwan, convenience stores, which are widely distributed, provide a 24-hour even on holidays
purchasing environment for customers, there are many people who became familiar with the idea
of a main channel for purchase magazine. Up to date, the convenience stores have integrated
magazine dealer with logistics system to form a new supply chain model. The supply chain
management (SCM) has been widely studied in the academic as well as practical fields. However,
there are fewer studies about the performance of magazine dealer.

This paper is concerned with proposing a fuzzy cognitive map (FCM) driven approach for
implementing expert decision support in the area of magazine dealer performance. A Fuzzy
cognitive map is a cognitive map within which the relations between the elements (e.g. concepts,
events, project resources) of a mental landscape can be used to compute the strength of impact of
these elements. In this research, we propose a specific algorithms for interpreting the logic-based
rules to FCMs as well as specific algorithms and formulas for calculating the values of
multi-branch map hierarchies.

First, the study discusses the relationship of convenience stores performance logistics,
performance dealer, information system, power of negotiate and sales volume. Then construct the
system relationship model. Second, we use Fuzzy Cognitive Maps to simulate the system
relationship model. Finally, this paper presents preliminary experiments and comments on the
usefulness of the proposed methodology tool. The results obtained in this study can be used to
improve the service quality for magazine dealer and evaluate the management strategies.

Key words:  Fuzzy Cognitive Maps, Supply Chain Management, Dealer
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A Fuzzy Cognitive Map Modeling to Explore the Operation Dynamics
of Third-party Logistics Providers
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Abstract: In Taiwan, e-tailers have formed partnerships with third-party logistics providers (3PLs) and convenience
stores so that the service of shopping on-line in an electronic store and picking up goods at a convenience store could be
quite common and popular these days. This study observes that the e-tailers have more bargaining power at its disposal
comparing to its counterparts, 3PLs, in the sense of partnership. The study applies the methodology of “Fuzzy
cognitive maps” to model and explore the operation dynamics for 3PLs. The results show that the
improvement on “Relationship with e-tailers” and “Logistics performance” could significantly facilitate
3PLs in expanding the market shares, total profits and somewhat mitigating the problems 3PLs would have

encountered.

Key Words: e-commerce, third-party logistics providers (3PLs), fuzzy cognitive maps (FCM)

. INTRODUCTION

In Taiwan, the service of “Shopping on-line on the websites
and picking up goods in a convenience store” has been a lot
popular these days. Many e-tailers have formed close
partnership with widespread convenience stores in the area
of retailing delivery system originating from resolving
delivery problems, so that consumers can order the goods
on websites and pick up their ordered goods at the
convenience store based on their scheduling preferences.
Nowadays, over 1,200,000 transactions have been
completed via electronic commerce through the retail
delivery mechanism per month (Feng & Huang, 2005). The
integration of e-commerce and logistics system of
convenience stores is called “E-commerce retailing
delivery (RD) model.” It provides consumers with service
of shopping on-line in an electronic store and picking up
goods at a preferred convenience store.

In the e-commerce RD model, third-party logistics
providers perform in roles of bridging the service functions
of e-tailers and convenience stores. Third-party logistics
(Hereafter referred as 3PLs) involves the utilization of
external organizations to execute logistics activities that
have traditionally been performed within an organization
itself. Services such as warehousing, packaging and
transportation that are not crucial to e-tailers, no longer
needed to be exclusively managed by e-tailers, are
outsourced to third-party logistics providers. Thus, 3PLs
are important middlemen connecting the dots between
e-tailers and logistics systems of convenience stores.

This work is supported by the National Science Council of Taiwan for
providing the research grant (NSC97-2410-H-009-027-SS3)

The details about the goods flow and information flow
within the e-commerce RD model are is presented in Figure
1. E-tailers are mainly responsible for maintaining the
shopping platform, promoting and selling commodities to
the consumers while 3PLs are in charge of preserving,
packaging and transporting the commodities for the
cooperative e-tailers. The examples of renowned and
sizable e-tailers in Taiwan are PayEasy and Yahoo, and
their partners are both Choice Logistics and Kyyo
Logistics.

Because of the necessity to cooperate, e-tailers and 3PLs
have jointly built up the information system for transmitting
the order data, and negotiated the transmission format and
timeframe to uphold the desired efficiency. Moreover, the
inter-exchanging flows of information, goods, and cash
between the two parties are smooth and frequent without a
hitch. Like two departments in a company, they have
meetings frequently for the purposes of communications
and negotiations in pricing and services, performance
reviews, status and inventory check, etc. Hence, the tight
cooperation and close relationship between the e-tailers and
3PLs are extremely effective as result.

In order to get to overcome and explore the vagueness of
the dynamics, it may be more appropriate to apply Fuzzy
Cognitive Maps (FCMs) because of its fewer limitations in
application, and it may help smooth the kinks for potential
research obstacles. The objectives of this study are: (1) To
set up a third-party logistics provider-based fuzzy cognitive
maps. (2) To acquire insights from different scenarios as to
how critical concepts would have influenced the entire
system. Through fuzzy cognitive maps, concepts and casual
relationships among concepts will be specified and would
facilitate 3PLs in implementing the strategies from a global
and systematic perspective.
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I1I. CONCEPT OF FCM AND ITS APPLICATIONS

A. Theoretical background

Fuzzy cognitive maps (FCMs) are viewed as an extension
of cognitive maps. A cognitive map demonstrates how
humans deliberate upon a particular issue to attain the want
by analyzing, reorganizing the problems and graphically
mapping interconnected concepts (Eden & Ackermann,
2004). For that reason, cognitive maps enable
decision-makers to analyze the potential casual
relationships among concepts and can unearth more
significant and meaningful solutions. A cognitive map
consists of nodes representing the most relevant concepts in
an objective environment (Axelrod, 1976). Through adding
plus (+) and minus (—) signs, it allows the identification for
the type of relationship (Dikerson & Kosko, 1993), positive
or negative. Positive relationship means this concept has a
positive impact on the other concept while negative
relationship means the one has a negative impact on the
other. Guided by these representations, a cognitive map can
be expressed through a calculation of an adjacency matrix
showing the sign of the relationship.

However, one major limitation exists in cognitive maps,
that is, the restriction of quantifying causal relationships
among variables. In order to overcome the weakness, fuzzy
numbers were incorporated to form a new technique that
was named Fuzzy cognitive maps. FCMs are essentially a

modeling methodology rooted in a combination of fuzzy
logic and neural networks. FCMs map the objective
environment through concepts and causal relationship
among concepts. Concepts and causal relationships among
concepts are developed by the experts who operate,
supervise, or know the environment well enough as well as
how the concepts behave under different circumstances.
Each concept could represent an entity, a variable, or so on
due to the characteristic of the system. Causal relationships
among concepts in that objective environment are
developed through human experience and knowledge.

B. The applications of FCM

FCM is comparatively easier to quantify, and then foretells
state transitions through a simple matrix calculation. Due to
the advantage, FCM has been applied to not only social
science such as investment analysis problems (Lee & Kim,
1997), political problems (Athanasios, Ilias & Konstantinos,
2003), and critical success factors modeling for an IT
project process (Luis, Rossitza & Jose, 2007), but also to
engineering such as behavioral analysis of electronic circuit
(Styblinski & Meyer, 1991) and knowledge modeling for
urban design (Xirogiannis, Stefanou, & Glykas, 2004).
Besides, FCM is also applied to strategic planning such as
modeling political and strategic issues and situations
(Andreou, Mateou & Zombanakis, 2005), and simulating
the information systems of a strategic planning process
(Kardaras & Karakostas, 1999). The area of
decision-making, project management, and investment
analysis is also applied, for example, relationship
management in airline service (Kang, Lee & Choi, 2004).

I1l. CONSTRUCTION OF FCM

A. Defining concepts of FCM

In order to build up the fuzzy cognitive maps to acquire the
insightful characteristics on the problems, the first step is to
explore the concepts within fuzzy cognitive maps. The
construction of concepts this paper is primarily based on
field trips to selected 3PLs and in-depth interviews with
experts within the e-commerce RD model. In the process of
field trips and in-depth interviews, several problems are
identified as follow and incorporated into the concepts of
FCM.

(1) Growing Competitor Competitiveness: No matter what
sorts of industries, they are destined to struggle against
competitors, so are the 3PLs. But in the e-commerce RD
model, e-tailers’ power is so big and unchallenged that they
compels 3PLs to help hasten the pace of growth in maturity
for other 3PLs.

(2) E-tailer balances the risk with order-dispensing act: In
the practice of risk-aversion from overtly depending on
cooperative 3PLs, the e-tailers transfer the pre-designated
orders to other 3PLs to reinforce their bargaining power.
Moreover, high utilization rate of 3PLs may lead to order
transfer because e-tailers would like to spread the risk
through order diversification. And it is natural and
inevitable that they may keep in mind whether 3PLs’s fixed
assets could function well and as expected at all the time.



(3) Ownership Status: Talents turnover rate, along with
confidentiality disclosure of customer base is the major
challenge that 3PLs must face. Moreover, the mixture of
high utilization rate and low gross profit together would
pose as hardship to 3PLs, too, making 3PLs think twice
over whether or not to invest more in fixed assets.

All the identified problems and the corresponding reasons
behind these problems are mapped into the constructed
FCM. Since there are few available literatures on the
subject of e-commerce RD model therefore the reviewed
literatures tend to focus on the selection of 3PLs. It is
because the study observes that e-tailers have more
bargaining power at their disposal and the literatures could
depict what customers expect 3PLs to be, which could
describe more suitably the considerations 3PLs have to take
into account. After the field trips to selected 3PLs, in-depth
interviews with experts, and literatures are reviewed,
concepts are constructed. The Table 1 below shows the
constructed concepts and respective definitions.

TaBLE | The concepts in the FCM and their definitions

Concepts Definitions
The percentage or proportion of a 3PL's
Market Share order volume (in a marke?) divided by the
total order volumes in e-commerce
retailing delivery market.
The speed and reliability of data
Logistics transmission,  warehousing,  sorting,
Performance picking, packaging and transportation
services.
Total Profit The difference between revenue and total
cost.
A relatively long-term  association
. . between two or more entities. Sales
Relationship

representatives may involve in, for
example, price, order volume, etc through
their friendship with e-tailers.

The competitors” power in the
e-commerce RD system. It can be

with E-tailers

ti . . .
Cocn(lméfiiii/t:;;s depicted as an overall image of competitor
P ability, performance and relationship with
cooperated e-tailers.
o In order not to overtly depend on certain
E-tailers . . . .
. provider, e-tailers usually give balancing
Balancing Order .
order to other provider.
Talents sometimes may be head-hunted
Turnover of s
and  thus enhance competitors
Talents I,
competitiveness.
When talents are head-hunted, they may
Confidentiality | take the techniques, and/ or customer
Disclosure confidentiality = along  with  their
departures.

The average cost per unit incurred from
integration of information, transportation,
inventory, warehousing, and packaging.
The ratio of realistic throughput/Max.
Capacity.

Property, plant, and equipment may be
insufficient because of large order,
breakdown, etc.

Avg. Logistics
Cost Per Unit

Utilization Rate

Unfitting Size of
Fixed Assets

B. Measure Model

The proposed fuzzy cognitive map (see Fig.2) is
constructed according to the identified operation problems
which 3PLs would have encountered. In the proposed FCM,
directional arc represents the causal relationship. The
dotted arcs will be activated if the value of concept state is
above or below the threshold. For example, if the utilization
rate is high enough, the problem of unfitting size of fixed
assets will then be perceived. As soon as the problem of
unfitting size of fixed assets is activated, other related
concepts will then be perceived(shown by the dotted arcs
from or to the concept of unfitting size of fixed assets). The
concepts confirmation, the initial rating of concepts, and
the strength of causal relationship will be evaluated by
experts in this field.
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FIGURE I1 THE PROPOSED FCM .

IV. CALCULATION OF CONCEPT WEIGHTS AND
VALUES

A. Data consistency verification and processing

Experts inquired in this research are top echelon of the
management at e-tailers- Yahoo, PayEasy (responsible for
the assessment of initial state) and 3PLs- Kyyo Logistics
(responsible for adjacency matrix). The two e-tailers
account for about 80% market shares in the e-commerce
RD market in Taiwan and Kyyo Logistics is their main
partner. After the in-depth survey, four surveys are
collected. The directional arcs between the concepts in the
Fig.2 represent the strength of causal relationship, which is
solicited and gathered through the survey process. Every
expert is asked to fill the values (eij) corresponding to the
cells of the Table (see Appendix I).

Besides, not only the impact of strength but also the initial
rating (initial state, Cy) of the concepts state is also inquired.
The rating of concept state represents the assessment of
current state. Its interval falls within [0, 1]. All the experts
are consulted with their experience and knowledge
evaluated on a numerical scale. In order to avoid illogical
deviation and error, each value in the survey cell is
rigorously checked to ensure that the value difference in
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each cell of every survey is within a reasonable range. The
verification of whether the value conflicting with the prior
experience is also implemented as result.

Once all the value is within the acceptable range, the data
operation will be actuated. Let S; be the weighting of expert
i and w; the adjacency matrix of the FCM defined by that
expert. The final adjacency matrix is then given by a
normalized sum according to the following formula:

N N
W= Zi:lSiWi /2] M

As soon as the adjacency matrix is operated, the C; (ty+1)
could be manipulated by the following equation:

C,(t,.)) = S[> e (t,)Ce ()] @)

Ci(ta+1) is the value of concept C; at step t,+1, Ci(t,) is the
value of concept Cy at step t,,, and ey(t,) is the weight of the
interconnection from concept C; to concept C; and S(x) is a
bounded signal function that transformed the result of the
multiplication in the interval [0, 1].

The strength of causal relationship is shown in the above
cells. The values in the brackets stand for the negative
impact of concept in the column to those in the
corresponding row while the other values show no or
positive impact. The absolute value above 0.50 is
underlined. As soon as the input data is collected, the
sensitivity analysis is executed. Through sensitivity
analysis, it is found that: Market share, Logistics
Performance, Relationship with E-tailers and Competitor
Competitiveness are four significant concepts that have
decisive effects on the entire objective environment.

B. Results

After the data collection and processing, the original output
of proposed FCM is described as Fig. 3. We can observe
that the value of each concept will vibrate, and when the
vibration would be stable after several runs. It is noticed
that Kyyo Logistics remains competitive because market
share, relationship with e-tailers and logistics performance
stay in good range if top management decides no changes in
the operation.

The concepts incorporated need time to ferment in real
world, each run is assumed to be 10 workdays, or 14 days
instead. Kyyo Logistics, usually in the practice, needs about
5 to 10 workdays to respond to the changes. Moreover, the
concepts- “Relationship with e-tailers”, “Logistics
performance”, “Market shares”, and “Competitor
Competitiveness” are the critical elements mentioned
before with considerable influences over the entire fuzzy
cognitive map, accordingly, the following analyses will
center and converge on these concepts. The major findings
as the following:

(1) Value of concept A (Market share) keeps vibrating
within the range [0.79, 0.82]. It shows there is no fierce
change the market share as the time goes by.

(2) Value of concept B (Logistics performance) vibrates
within the range [0.71, 0.83], and somewhat represents
logistics performance will drop a little bit about 40
workdays later.

(3) Value of concept D (Relationship with e-tailers)
vibrates at first and has almost no changes in the long run.
(4) Value of concept E (Competitor competitiveness) drops
to a range [0.52, 0.54] after 80 workdays.

To conclude, the study observes that if there is no sudden
accident to the case company, it will survive as time flows.
Its market share will remain high, relationship with e-tailers
will still be good, and the competitor competitiveness will
decrease. However, the logistics performance drops a little.
Thanks to the decreased competitor competitiveness, the
market share will stay at the high level.
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FIGURE 111 THE OUTPUT OF PROPOSED FCM .

V. CONCUSSIONS AND SUGGESTIONS

E-tailing has been a popular business in recent years, and it
becomes more conspicuous than before especially after the
global financial crisis. However, how to deliver the goods
to the consumers is a big issue to the e-tailers. Thanks to the
widespread convenience stores in Taiwan and the
well-functioned third-party logistics providers, e-tailers can
successfully find out a way to have consumers’ orders
delivered. That is, e-tailers successfully provide consumers
with the service of shopping on-line in an electronic store
and picking up goods at a convenience store. It is the
third-party logistics providers that put the finishing touch
on the e-commerce retailing delivery.

In this study, the FCM concerning the operation dynamics
of the third-party logistics providers within the e-commerce
retailing delivery model is constructed and explored.
Through the many field trips to the selected companies of
third-party logistics providers, in-depth interviews as well
as discussions with experts, and literature reviews, this
research constructs 11 concepts and explores the strength of
causal relationship among them. The influential concepts
such as market share, logistics performance, and
relationship with e-tailers are identified and elaborated.
The output of FCM has shown reasonable trends and
effects in relation to the scenarios studied. What interest us
the most are the connections among and in between
logistics performance, unfitting size of fixed assets and
relationship with e-tailers; because they cast more impacts
on the entire concepts interwoven within the objective
environment.

It has been noticed that the model predicts an ascending

market share and total profit if the relationship with
e-tailers, unfitting size of fixed asstes and logistics



performance are significantly improved. It should also be
reiterated that this is a model with much unintended
vagueness, and can be more credible if more authoritative
opinions from experts are incorporated. The study also
admits that the constructed FCM would be more delicate if
more concepts are taken into account. Besides, the
procedure of data collection and processing is not
conscientious enough. It is, however, a useful tool for quick
and comprehensive explorations, for better understanding
of the dynamics involved, and for building a basis of more
complicated scenarios. Further explorations are needed to
verify its credibility and to fine-tune the various concepts
and operation processes involved.
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Appendix I The Input Data*

A B C E F G H I J K
A. Market Share 0.00 | (0.07) | 0.63 0.43 | (0.46) | 0.42 0.00 0.00 0.00 0.68 0.00
B. Logistics Performance 0.56 0.00 0.00 0.75 0.00 0.00 0.00 0.00 | (0.30) | 0.00 0.00
C. Total Profit 0.00 0.00 0.00 0.00 0.00 0.00 | (0.48) | 0.00 0.00 0.00 | (0.63)
D. Relationship with E-tailers 0.59 0.58 0.00 0.00 0.00 | (0.46) | 0.00 0.00 | (0.10) | 0.00 0.00
E. Competitor Competitiveness (0.60) | 0.00 0.00 | (0.50) | 0.00 0.00 0.20 0.00 0.00 0.00 0.00
F. E-tailers’ Balancing Order (0.41) | 0.00 0.00 | (0.20) | 0.40 0.00 0.00 0.00 0.00 0.00 0.00
G. Turnover of Talents 0.00 | (0.25) | 0.00 0.00 0.19 0.00 0.00 0.75 0.32 0.00 0.00
H. Confidentiality Disclosure 0.00 0.00 0.00 | (0.10) | 0.14 0.00 0.00 0.00 0.00 0.00 0.00
I. Avg. Logistics Cost Per Unit 0.00 0.00 | (0.70) | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
J. Utilization Rate 0.00 0.00 0.00 0.00 0.00 | (0.30) | 0.00 0.00 | (0.30) | 0.00 0.35
K. Unfitting Size of Fixed Assets | 0.00 | (0.20) | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 | (0.75) | 0.00
Initial Rating 0.81 0.81 0.63 0.88 0.70 0.53 0.53 0.30 0.60 0.60 0.50

*The value of eij asked will be confined to the interval [-1, 1], and telling the strength of relationship of concepts in the column on those
in the row. For example, the impact value of concept A on E is 0.75, which represents the concept A has the impact on the concept E, the
strength of relationship is 0.75. () showing the negative impact and 0.00 means no impact. In order to avoid illogical deviation and errors,
the verification of whether the value (eij) conflicted with prior experience is executed. Moreover, each value in the cells of survey (eij) is
checked to ensure that the value in each cell of every survey is within a reasonable interval. That interval is set as 0.33. If the value
difference between maximum and minimum given by experts is above 0.33, the discussion and negotiation with experts about the eij will
be necessary work. Until the deviation is within the anticipative interval and without confronting prior experience, the values of all cells
(eij) will be applied. At the bottom of the table shows the concept raiting from the e-tailers. It shows how the e-tailers perceive the

concept of Kyyo Logistics.
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