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Abstract

Cross-border E-commerce has grown exponentially in the past decade in global market. To gain global
competition in product-convergent markets, China’s over 200 thousands cross-border E-commerce busi-
nesses have focused more on the service and cost control of supply chain downstream. In this study,
we analyse three strategic cost control measures, summarise ten evaluation criteria for cost and develop
an evaluation method for cost control using an extended COmplex PRoportion ASsessment (COPRAS)
method, named L-COPRAS. This method is proposed to deal with uncertain or linguistic expression on
strategic cost measures with varied weights to different alternatives. A case study of helping a Chinese
E-commerce business to select strategic cost control measure on supply chain downstream is conducted.
This study indicates that the proposed method is able to deal flexibly with uncertain information in supply
chain downstream strategic cost evaluation.
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1. Introduction

In recent years, cross-border E-commerce arose and
has become a burgeoning model. According to
Accenture’s predictive report, the global market of
cross-border E-commerce will balloon in size to $1
trillion in 2020 and more than 900 million people
around the world will be online consumers. China
is becoming the largest cross-border market in the
world and its transaction volume of imported goods
purchased online will reach $245 billion by 2020.

One of the most important reasons for the dramatic
development on E-commerce is that E-commerce
business along the supply chain can lead to big cost
savings [6].

Because of the impact of cost on cross-border
E-commerce business, the importance of measuring
the cost control cannot be overemphasised. Many
cost control studies have been performed by using
different criteria, such as quality , time and flexi-
bility. As the pace of market globalization quick-
ens, the number of criteria to be considered will in-

∗ Corresponding author.

International Journal of Computational Intelligence Systems, Vol. 10 (2017) 815–823
___________________________________________________________________________________________________________

815

Received 16 November 2016

Accepted 8 December 2016

Copyright © 2017, the Authors. Published by Atlantis Press.
This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).



crease [1]. With criteria increasing, the chance of
qualitative and quantitative criteria appearing simul-
taneously will be certainly greater.Therefore,using
a method which can evaluate simultaneously quali-
tative and quantitative criteria is a must. The CO-
PRAS [14] is a well-known approach for multi-
criteria decision-making (MCDM) problem. In this
study, we improved the standard COPRAS method
to meet the demand of qualitative and quantitative
criteria in supply chain downstream strategic cost
control on cross-border E-commerce. This new
method, called L-COPRAS, offers a more flexi-
ble way to solve evaluating problems in the real-
world. Furthermore this study focuses on strate-
gic cost control measures regarding to separately as-
signed weights. This application has few attempts
before.

The reminder of the paper is organised as fol-
lows. Section 2 presents the L-COPRAS method
in detail. Section 3 overviews strategic cost control
measures in supply chain downstream and discusses
the selection of criteria in strategic cost control. Sec-
tion 4 focuses on the application of the L-COPRAS
method on a cross-border E-commerce and com-
pared it with the TOPSIS method. Finally, Section
5 presents the conclusion and directions for further
steps of this study.

2. The L-COPRAS method

In this section, we firstly overview the standard CO-
PRAS method and preliminary definitions of fuzzy
numbers. Then we present an extended COPRAS
method, the L-COPRAS method.

2.1. The COPRAS method

The COPRAS method is a widely-used multi-
criteria decision making technique, which contains
three main steps [14]: (1) normalises initial assess-
ments regarding to each individual evaluation cri-
terion; (2) calculates two optimisation indexes for
each alternative based on criteria’ optimisation di-
rections (decision directions); and (3) ranks alterna-
tives based on an overall ranking index calculated
from optimisation indexes. These steps are briefly
described below.

Let A = {a1,a2, . . . ,an} be a set of alternatives
for a decision problem, C = {c1,c2, . . . ,cm} be a set
of evaluation criteria and W = {w1,w2, . . . ,wm} be
the associated weights with C. Suppose X is the ini-
tial assessment (score) matrix

X =


x11 x12 · · · x1m

x21 x22 · · · x2m
...

...
. . .

...
xn1 xn2 · · · xnm

 (1)

where xi j is the assessment on alternative ai with re-
spect to criterion c j. Given X , C and W , we can use
the COPRAS method to rank alternatives a1, · · · , an.

2.1.1. Normalisation

The normalisation step converts each score xi j in X
to a normalised score xi j by

xi j =
xi j

∑n
k=1 xk j

, (2)

for each individual criterion c j, j = 1,2, . . . ,m. The
normalised score matrix is denoted by X = (xi j)n×m.
Then the weight of each criterion c j is imported
into X to get a weighted score matrix X̂ = (x̂i j)n×m,
where

x̂i j = xi j ·w j, i = 1, . . . ,n; j = 1, . . . ,m. (3)

2.1.2. Optimisation indexes

The calculation of optimisation indexes is deter-
mined by the preferable optimisation direction of
each criterion. A c j is associated with one of two
preferable optimisation directions, i.e., positive (the
bigger the better) or negative (the smaller the bet-
ter). Without loss of generality, let C+ be the set of
criteria with positive optimisation direction and C−

be the set of criteria with negative optimisation di-
rection, then for each alternative ai ∈ A two optimi-
sation indexes corresponding to C+ and C− respec-
tively can be calculated as

S+i = ∑
c j∈C+

x̂i j, S−i = ∑
c j∈C−

x̂i j, i = 1,2, . . . ,n

(4)
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2.1.3. Ranking index

Using these two optimisation indexes, an overall
ranking index Qi is therefore calculated for each al-
ternative ai:

Qi = S+i +

n
∑

k=1
S−k

S−i
n
∑

k=1

1
S−k

, i = 1,2, . . . ,n (5)

Finally, Qi, (i = 1,2, . . . ,n) is used to rank alterna-
tives. A higher Qi means a better assessment on ai.

2.2. Fuzzy numbers and their operations

Strategic cost evaluation is an MCDM problem. Par-
ticularly because of the introduction of qualitative
evaluation, using linguistic methods to process qual-
itative evaluation becomes more and more popular
[11, 15]. In these methods, fuzzy set is a widely
used representation of qualitative information.

A fuzzy set Ã of a universe of discourse U is de-
fined by a membership function µÃ such that for any
u ∈U , µÃ(u) ∈ [0,1].

A fuzzy number ũ is a convex and nor-
mal fuzzy set, such that µũ(αu1 + (1 − α)u2) >
min{µũ(u1),µÃ(u2)} for any u1, u2 ∈ U and α ∈
[0,1] and exists u ∈U such that µũ(u) = 1.

The triangular fuzzy numbers are most used and
can be expressed as below. A triangular fuzzy num-
ber ũ is denoted by a triple (u1,u2,u3) and the mem-
bership function µũ is

µũ(u) =



0.0, u < u1

u−u1

u2 −u1
, u1 6 u < u2

u3 −u
u3 −u2

, u2 6 u < u3

0.0, u3 < u

(6)

The principle of extension on fuzzy sets can be
used to induce operations on fuzzy numbers. In gen-
eral form, the principle of extension is expressed as:
Suppose U and V are two universes of discourse and
f is a mapping from U to V . Let Ã be a fuzzy set of
U , then under the mapping f , a fuzzy set B̃ of V is

obtained with membership function

µB̃(v) =
∨

v= f (u)

µÃ(u) (7)

where
∨

is the superior of µÃ(u)s. Similarly, we
can apply the principle of extension to extend the
binary operators “+, −, ×” on R to the set of all
fuzzy numbers. Take two triangular fuzzy numbers
ũ = (u1,u2,u3) and ṽ = (v1,v2,v3) for example

ũ+̂ṽ = (u1 + v1,u2 + v2,u3 + v3) (8)

ũ−̂ṽ = (u1 − v3,u2 − v2,u3 − v1) (9)

ũ×̂α = (u1 ×α,u2 ×α,u3 ×α) (10)

ũ×̂ṽ ≈ (u1 × v1,u2 × v2,u3 × v3) (11)

where α is a (crisp) real number. Note that in Eq.
(11), the result is just a trapezoidal approximation
[4, 5] which may lead to errors in complex calcula-
tion involving many multiplications.
Table 1. Commonly used linguistic variables expressed in tri-
angular fuzzy numbers.

Linguistic variable Triangular Fuzzy Number

Very Low (VL) (1.0, 1.0, 3.0)
Low (L) (1.0, 3.0, 5.0)
Medium (M) (3.0, 5.0, 7.0)
High (H) (5.0, 7.0, 9.0)
Very High (VH) (7.0, 9.0, 9.0)

In real applications, fuzzy numbers are often
used to represent linguistic variables which convey
uncertainty in opinions, assessments or evaluations.
Several typical sets of linguistic variables and corre-
sponding triangular fuzzy numbers are shown in Ta-
ble 1. From these preliminary linguistic variables,
complex linguistic variables can be induced through
operations on fuzzy numbers.

2.3. The L-COPRAS method

The motivation of the L-COPRAS method comes
from three aspects: adapting advanced defuzzifica-
tion techniques, providing a general form of ranking
index and assigning different weights for each alter-
native.

Step 1: Defuzzify linguistic variables to numeric
form in the initial assessment matrix X if required
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Defuzzifying the linguistic expression is the first
step when handling uncertainty using fuzzy logic
and fuzzy numbers. Many defuzzification tech-
niques (such as mean of maxima, centre of gravity,
centre of mean, and midpoint of area) have been pre-
sented and developed in engineering applications to
achieve a common target of converting a fuzzy sets
into a numeric value [12]. For example, the centre
of gravity method calculates the x-coordinator of the
centre of a fuzzy set as

G =

∫
µÃ(u) ·udu∫

µÃ(u)du
. (12)

In this study, we claim that using advanced de-
fuzzification techniques can provide more options to
solve real-world problems. For its popularity in ap-
plications and simplicity in calculation, the centre of
gravity method will be used as the default defuzzifi-
cation technique below.

Step 2: Normalise defuzzified assessment matrix
to normalised assessment matrix X following stan-
dard COPRAS method

There are many different normalisation meth-
ods. Some of them are (ref: https://cran.

r-project.org/web/packages/clusterSim/

clusterSim.pdf):
Table 2. Compared normalisation methods.

Type Formula

n1 xi j =
xi j−xxx j

s j

n3 xi j =
xi j−xxx j

r j

n4 xi j =
xi j−mini{xi j}

r j

n5 xi j =
xi j−xxx j

maxi |xi j−xxx j |

n6 xi j =
xi j
s j

n7 xi j =
xi j
r j

n8 xi j =
xi j

maxi{xi j}

n9 xi j =
xi j
xxx j

n10 xi j =
xi j

∑n
i=1 xi j

n11 xi j =
xi j√

∑n
i=1 x2

i j

n12 xi j =
xi j−xxx j√

∑n
i=1(xi j−xxx j)2

n13 xi j =
xi j−m j

r j/2

where

• xxx j – mean for the j-th criterion
• s j – standard deviation for the j-th criterion
• r j – range for j-th criterion
• m j – mid-range for the j-th criterion, i.e. m j =

maxi{xi j}+min j{xi j}
2

We can see that the standard COPRAS method uses
the type “n10”.

Step 3: Generate weighted assessment matrix X̂
by x̂i j = xi j ·wi j

Compared with the standard COPRAS method,
the L-COPRAS method uses a weight matrix; while
the standard COPRAS method uses a vector, which
can be seen as a special case of the L-COPRAS
method.

Step 4: Calculate optimisation indexes for each
alternative by S+ = ∑

c j∈C+
xi j ·wi j and S− = ∑

c j∈C−
xi j ·

wi j
The sum of S+i and S−i by Eq. (3) and Eq. (4) is

S+i +S−i = ∑
c j∈C

xi j ·w j (13)

It is the weighted sum of normalised scores on ai
with respect to all criteria. Because the weighted
sum is one of typical aggregation operators, we can
replace it by other popular aggregation operators
such as the geometric mean. Moreover, the weight
associated to a criterion is the same for all alterna-
tives by the standard COPRAS method, which is un-
usual to the practical problems. Commonly, differ-
ent alternatives have different emphases on differ-
ent criteria and associate the criteria with different
weights. Hence, it is rational to replace w j by wi j in
Eq. (13), i.e. the extended S+i and S−i are calculated
by

S+i = ∑
c j∈C+

x̂i j = ∑
c j∈C+

xi j ·wi j,

S−i = ∑
c j∈C−

x̂i j = ∑
c j∈C−

xi j ·wi j, i = 1, . . . ,n
(14)

Step 5: Select ranking function f to calculate
ranking index Qi

Recall Eq. (5), the ranking index Qi is com-
pletely determined by optimisation indexes S+i and
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S−i , i = 1,2, · · · ,n. Furthermore, Qi can be any func-
tion f (S+i ,S

−
i ) of S+i and S−i such that f is increasing

with S+i and decreasing with S−i . Some typical forms
of such f are

1. difference between S+i and S−i : f1(S+i ,S
−
i ) =

S+i −S−i

2. ratio between S+i and S−i : f2(S+i ,S
−
i ) =

S+i
S−i

3. positive proportion of S+i : f3(S+i ,S
−
i ) =

S+i
S+i +S−i

Similarly, we can build more complex form of f as
the ranking index provided that the f is increased
with S+i and decreased with S−i .

Step 6: Make final decision based on Qi

3. Criteria choice on Supply chain downstream
strategic cost control measures

Cost is an important element that has direct impact
on efficiency in business [10]. Now, business need
to implement strategies to manage and reduce costs
not only on a short-term basis, but also in a long run
for intense competitive pressures [8]. Cost control
problem on E-commerce business is more promi-
nent than the other business, because most products
in E-commerce business need to achieve through lo-
gistics and distribution. In the study, we focus on the
evaluation of supply chain downstream strategic cost
on E-commerce business and provide three strategic
cost control measures from different perspectives.

Measure 1: to choose the right logistics opera-
tion modes

Measure 2: to achieve value chain by entire pro-
cess of supply chain management (SCM)

Measures 3: to improve facility development and
information & communication technology (ICT)

With the above three strategic cost control mea-
sures, we can evaluate supply chain strategic cost
performance from different perspectives. In this
study, we summarise these costs in ten categories as
criteria to evaluate the three potential strategic cost
control measures. They are:

Rental cost (c1) is the dominant cost on cross-
border E-commerce business. It includes the cost

of business operation platform, bond, annual fee for
technical service, and capital cost, etc.

Operating cost (c2) includes packaging cost,
maintenance costs, order handling cost, shipping
cost, administration cost, warehouse cost, distribu-
tion cost and labour cost, etc.

Safety cost (c3) is the cost caused by the busi-
ness’s reputation, brand, scale, and organisational
impact, etc. Though it is intangible, it will have a
marked impact on the future of E-commerce busi-
ness.

Risk cost (c4) is the legal and economic cost
caused by different international economy and poli-
tics, international policy, customs risk and exchange
rate, etc. All these can dramatically bring cost fluc-
tuations.

Added service capacity (c5) is the ability to pro-
vide additional services for individual customers.
It can generate additional revenue by offering in-
creased benefits. So the more service the business
can provide, the less average cost it has. It is ex-
tremely important to E-commerce business, because
E-commerce business does not create value itself
and it just realises value by its service. The service
is one of the most important factors to win competi-
tion.

Timely distribution rate (c6) is the cost caused by
delayed or not on-time delivery. Distribution is the
process that business is most close to customer. So
this process can best reflect the real reaction of cus-
tomers.

No return rate (c7) is the cost caused by low
performance-price ratio. Return is the process
from supply chain downstream to upstream.To E-
commerce business, the product is provided by sup-
ply chain upstream. But it is the customers in supply
chain downstream who measure the quality. If the
product has low performance-price ratio, customers
usually return it. No doubt, the return will increase
the cost of the whole supply chain.

Customer complaint rate (c8) is the cost caused
by customer dissatisfaction with poor service level.
Customer satisfaction is the ultimate purpose for E-
commerce business, but it is not easy to quantify an
exact figure. So in the study, we quantify service
satisfaction with exact customer compliant rate.
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Information and communication technology (c9)
is the cost caused by systems quality, information
quality, environmental and technical characteristics,
technical support, support functions cost and infor-
mation technology, etc.

Facility management (c10) is the cost caused
by geographical location, environmental compliance
and capacity, etc.

The selection of the ten criteria is based on the
research of many scholars and third-party consultan-
cies [2, 3, 7, 9, 13]. The criteria are dramatically
different which can be quantitative or qualitative.
Though that costs are often used by decision-makers
to appraise the efficiency, it is difficult to differenti-
ate these costs in an E-commerce business. Further-
more the costs are rarely constant and predictable.
So we developed the L-COPRAS method to evalu-
ate the costs.

4. Case study

In this section, we use the presented L-COPRAS
method to evaluate three potential strategic cost con-
trol measures for a cross-boarder E-commerce busi-
ness in China.

4.1. Background

A Chinese cross-boarder E-commerce business
wants to select one of three strategic cost control
measures given in Section 3 to increase the whole
performance in its supply chain. The company con-
sulted a third-party consultancy to evaluate the three
potential strategic cost control measures in terms of
the 10 cost-related criteria given in Section 3. Re-
garding each individual criterion, the consultancy
defined its optimisation direction and weights for
each alternative measure which are listed in Table
3.

Table 3. Criteria for strategic cost control measures with deci-
sion directions and predefined weights.

Criterion a1 a2 a3 Direction

c1 0.10 0.10 0.10 negative
c2 0.15 0.09 0.08 negative
c3 0.15 0.09 0.08 negative
c4 0.10 0.10 0.10 negative
c5 0.12 0.15 0.08 positive
c6 0.12 0.15 0.08 positive
c7 0.12 0.15 0.08 positive
c8 0.12 0.15 0.08 negative
c9 0.01 0.01 0.16 positive
c10 0.01 0.01 0.16 positive

With respect to the 10 criteria, evaluations on the
three strategic cost control measures are given (see
Table 4) and expressed using linguistic terms listed
in Table 1.

We apply the L-COPRAS method to rank alter-
antives as follows:

Step 1: Defuzzify the linguistic expression
Let X =(x ji)3×10 be the raw score matrix, we use

the centre of gravity of the corresponding triangu-
lar fuzzy number to replace the initial assessment in
X . Given a triangular fuzzy number ã = (a1,a2,a3),
the centre of gravity of ã is simply (a1 +a2 +a3)/3.
Hence a defuzzified score matrix X ′ is obtained:

Step 2: Normalise the defuzzified score matrix
Based on the standard COPRAS method, a nor-

malised score matrix X is obtained from X ′.
Step 3: Generate weighted assessment matrix X̂
Noted that x̂i j = xi j ·wi j, we get X̂ .
Step 4: Calculate optimisation indexes S+i and

S−i
In this example, C− = {c1,c2,c3,c4,c8} and

C+ = {c5,c6,c7,c9,c10}, hence S+i , S−i and Qi (i =
1,2,3) are calculated and listed in Table 6.

Table 6. Ranking indexes of optional strategic cost control mea-
sures based on default ranking index Qi and alternative ranking
indexes given in Section 2.3.

S− S+ Q f1 f2 f3

a1 0.281 0.110 0.215 -0.171 0.390 0.281
a2 0.164 0.211 0.391 0.047 1.285 0.562
a3 0.112 0.246 0.508 0.133 2.184 0.686

International Journal of Computational Intelligence Systems, Vol. 10 (2017) 815–823
___________________________________________________________________________________________________________

820



Table 4. Initial assessment matrix in linguistic expression (“+”
= positive, “-” = negative).

Criteria c1 c2 c3 c4 c5 c6 c7 c8 c9 c10

Direction - - - - + + + - + +

a1 VH VH H H M M M M L L
a2 M M L L H VH VH VH L L
a3 M M L L L M M M VH VH

Table 5. Case study steps 1–3.

Defuzzified score matrix X ′

8.33 8.33 7.00 7.00 5.00 5.00 5.00 5.00 3.00 3.00
5.00 5.00 3.00 3.00 7.00 8.33 8.33 8.33 3.00 3.00
5.00 5.00 3.00 3.00 3.00 5.00 5.00 5.00 8.33 8.33

Normalised defuzzified score matrix X

0.454 0.454 0.538 0.538 0.333 0.273 0.273 0.273 0.209 0.209
0.273 0.273 0.231 0.231 0.467 0.454 0.454 0.454 0.209 0.209
0.273 0.273 0.231 0.231 0.200 0.273 0.273 0.273 0.581 0.581

Weighted assessment matrix X̂

0.045 0.068 0.081 0.054 0.040 0.033 0.033 0.033 0.002 0.002
0.027 0.025 0.021 0.023 0.070 0.068 0.068 0.068 0.002 0.002
0.027 0.022 0.018 0.023 0.016 0.022 0.022 0.022 0.093 0.093

Step 5 and Step 6: Calculate the ranking index
Qi and rank available measures

The index Qi and other three alternative indexes
f1, f2, and f3 indicate a3 is the best option which is
followed by a2 and a1.

4.2. Discussion

4.2.1. Alternative calculation for optimisation
index

In Section 2.3, we mentioned that we can use other
aggregation methods to calculate the two optimisa-
tion indexes S+i and S−i . For example, considering
that the geometric mean is a kind of information fu-
sion which can better handle normalised values and
cope with varied ranges of values, we use it to cal-
culate the two optimisation indexes, i.e.,

S+i = |C+|

√
∏

c j∈C+

x̂i j, S−i = |C−|

√
∏

c j∈C−
x̂i j. (15)

Using geometric mean for optimisation indexes in
the L-COPRAS method, the ranking indexes are cal-
culated accordingly and listed in Table 7. The com-
parison indicates that similar rankings of alternative,
a3 > a2 > a1, is obtained.

Table 7. Comparison of ranking indexes based on alternative
calculation of optimisation indexes.

S− S+ Q f1 f2 f3

by weighted-sum
a1 0.281 0.110 0.215 -0.171 0.390 0.281
a2 0.164 0.211 0.391 0.047 1.285 0.562
a3 0.112 0.246 0.508 0.133 2.184 0.686

by geometric mean
a1 0.054 0.011 0.563 -0.042 0.212 0.175
a2 0.029 0.017 1.022 -0.012 0.579 0.367
a3 0.022 0.037 1.360 0.014 1.641 0.621
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4.2.2. Comparison with TOPSIS

TOPSIS is one of the most popular methods for
strategy selection and evaluation problems. The L-
COPRAS method presented is similar to it in two
points: 1) both methods need to identify the optimi-
sation direction of criteria, and 2) both methods need
to normalise the initial decision matrix. The main
differences between them are: 1) the L-COPRAS
method uses a weight matrix in processing, while
the TOPSIS method uses a weight vector; and 2) the
L-COPRAS method uses the two optimisation in-
dexes to build the ranking index, while the TOPSIS
uses the distances to two ideal (optimal and worst)
solutions to build the ranking index. We compared
both methods using the above data and using differ-
ent normalisation methods (see Table 8). An inter-
esting outcome of using the TOPSIS method is that
it gives the same ranking, i.e., a3 > a2 > a1, using
the normalisation methods in Table 2. Although this
outcome shows the stability of the TOPSIS method
in terms of ranking, this fact may not be a good sign
in applications because it means the difference be-
tween different criteria is not significant any more
after normalisation when considering their impacts
on the decision problem.

Table 8. Comparison between the L-COPRAS and the TOPSIS
methods.

normalisation type L-COPRAS TOPSIS
a1 a2 a3 a1 a2 a3

n1 3 1 2 3 2 1
n3 3 1 2 3 2 1
n4 2 1 3 3 2 1
n5 3 1 2 3 2 1
n6 3 2 1 3 2 1
n7 3 2 1 3 2 1
n8 3 2 1 3 2 1
n9 3 2 1 3 2 1
n10 3 2 1 3 2 1
n11 3 2 1 3 2 1
n12 3 1 2 3 2 1
n13 2 1 3 3 2 1

5. Conclusion

The rapid development of E-commerce owes to the
saving of transaction cost. Nevertheless, there is
surprisingly little empirical evidence as to the im-
pact of E-commerce on the cost of business. Based
on the analysis of characteristics of cross-border E-
commerce, we explored the issue of strategic cost
control in supply chain downstream. We have ar-
gued that researchers in E-commerce need to take
advantage of strategic cost, because traditional cost
models usually focus on estimating cost and they
do not have mechanism for alternative selection to
make decision. Consequently, we have summarised
three strategic cost control measures and evaluated
them with an extended COPRAS method. Fur-
thermore we have developed and assigned different
weight set to each strategic cost measure. Then, we
facilitated the experts to evaluate alternatives with
ten different criteria. At last this in-depth case study
indicates that the facility improvement and its re-
lated ICT proved to be most valuable. This is the ba-
sis for cross-border E-commerce supply chain wide
application. It will enable a new level of trans-
parency and thus a more sophisticated supply chain.
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