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Abstract. The decision making problem with interval numbers is an important topic of uncertain multiple at-
tribute decision making. A difficulty to solve the interval decision making problems is the ranking method of
interval numbers, because among the interval numbers exist cross, it’s difficult to ranking the alternatives di-
rectly. This paper studied how to make use of the traditional method for certain circumstance to solve MADM
with interval numbers. Then we proposed an enhanced ELECTRE method based on interval numbers. Con-
sidering the particularities of interval numbers, we use possibility degree for ranking alternatives, establish
the concordance dominance matrix, discordance dominance matrix and aggregate dominance matrix, then
eliminate the inferior alternatives. This method can be used for MADM, in which the attribute values are
in the form of interval numbers, and it solved the hardness in ranking interval numbers in the traditional
method. We solved a selection problem of leather manufacture by this method, and illustrated its application
in real-life.

Keywords: multiattribute decision making, interval number, ELECTRE Method, selection of leather manu-
facture

1 Introduction

Decision making problems are search processes that look for the best option among possible alternatives,
which are given as the feasible solution to a certain problem. This situation is very common in real life, both
in simple situations or in unimportant activities and also in more complex and important affairs with greater
social and economic consequences.

Multiple attribute decision making (MADM) refers to the problem of selecting among alternatives asso-
ciated with multiple attributes. It is a problem with extensive theoretical and practical backgrounds[1, 9, 11]. In
real-world decision problems, MADM methods are a powerful tool that can help reach a consensus in deci-
sion within a complex context. An useful MADM model should be able to display tradeoffs among different
attributes and quantify the preferences held by different interests.

In recent years, researches on the methods of multiple attribute decision making under uncertain cir-
cumstance have already obtained fruitful outcomes. In a MADM problem, if the decision making information
which means the weight vector of attributes and attribute values in decision-making matrix is precise, viz. with
numerical points to express well, then make decision with existing analysis methods is very easy. But it’s worth
pointing out that, because of the complexity of objective affairs and the restriction of mankind’s knowledge
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and cognition, in real problems, the decision making information usually has uncertainty due to the impre-
cise estimate of information or measure error[27]. Earlier studies on multi-attribute decision making(MADM)
with incomplete information can be found in Cook and Kress(1991), Hannan(1981), Hazen(1986), Kim and
Ahn(1997), Kirkwood and Sarin(1985), Kmietowcz and Pearman(1984), Kofler et al.(1984)[4, 7, 8, 12–15]. In
uncertain multi-attribute decision making problems, there are some modes to express imprecise information,
such as fuzzy number, interval number and so on. The interval number is a most commonly used mode.
Therefore, it is very important to research multiple attribute decision making problem with interval numbers,
meanwhile it also causes attention of the scholars at home and abroad[3, 6, 17, 21, 25–27, 31].

A difficulty to solve the interval decision making problems is the ranking method of interval numbers,
because among the interval numbers exist cross, it’s difficult to rank the alternatives directly[27]. The solutions
of decision making problems with interval numbers mostly directly utilize the algorithm of interval numbers,
it has difficulties to complex analytic arithmetic. This paper studies how to make use of the traditional method
for certain decision making to solve uncertain multi-attribute decision making problem with interval numbers,
proposes that the ELECTRE method can be improved and used in interval decision making. ELECTRE is a
method of multiple attribute decision making which establishes outranking relationship at some risk. Accord-
ing to it, this paper presents an improved ELECTRE method based on interval number. On account of the
differences between real numbers and interval numbers, in this method, we use possibility degree method[31]

for ranking alternatives and solve the problem that interval numbers can not subtract directly.
The rest of the paper is organized as follows. In section 2, we used the possibility degree of intervals for

ranking alternatives and proposed ELECTRE method based on interval numbers, and gave the steps of the
method. It solves the difficulties in ranking interval numbers in the traditional method. Section 3 is devoted to
an application of this method to the selection of leather manufacture problem.

2 Electre method based on interval numbers

In this part, an enhanced ELECTRE method based on interval numbers is presented. It can be used to
solve multiattribute decision making problems in which the attribute values are in form of interval numbers.

The following notations are used to represent an interval MADM problem:
A = {a1, a2, · · · , am} : a set of possible alternatives;
U = {u1, u2, · · · , un} : a set of n attributes;

W = (w1, w2, · · · , wn)T : the vector with attribute weights, where
n∑

j=1
wj = 1, wj ≥ 0;

X̃ = (x̃ij)m×n : the decision matrix where x̃ij = [xL
ij , x

U
ij ] is the attribute value for alternative i with

respect to attribute j. i = 1, 2, · · · ,m, j = 1, 2, · · · , n.

2.1 The correlative definitions of interval number

Because of the complexity of objective affairs and the restriction of mankind’s knowledge and cognition,
in real decision-making problems, sometimes the decision information is expressed by interval numbers but
not numerical points[3, 16, 27, 28, 30].

Definition 1. If ã = [aL, aU ] = {x|aL ≤ x ≤ aU , aL, aU ∈ R} , then ã is called an interval number.
Especially, if aL = aU , then ã is a real number.

If ã = [aL, aU ] and b̃ = [bL, bU ] are two interval numbers, then
(1) ã = b̃ if and only if aL = bL and aU = bU ;
(2) ã + b̃ = [aL + bL, aU + bU ] ;
(3) λã = [λaL, λaU ], λ ≥ 0 ;
(4) ã/b̃ = [aL/bU , aU/bL],1/b̃ = [1/bU , 1/bL], 0 < b̃;
(5) ã ≤ b̃ ⇐⇒ aL ≤ bL, aU ≤ bU .
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Definition 2. When ã and b̃ are both interval numbers or one of them is interval number, if ã = [aL, aU ],b̃ =
[bL, bU ], and Lã = aU − aL, Lb̃ = bU − bL, then

p(ã ≥ b̃) =
min{Lã + Lb̃,max(aU − bL, 0)}

Lã + Lb̃

(1)

is said to be the possibility degree of ã ≥ b̃.

Under this definition, p(ã ≥ b̃) has following characters:
(1) 0 ≤ p(ã ≥ b̃) ≤ 1 ;
(2) p(ã ≥ b̃) = 1 if and only if bU ≤ aL ;
(3) p(ã ≥ b̃) = 0 if and only if aU ≤ bL ;
(4) p(ã ≥ b̃) + p(b̃ ≥ ã) = 1, especially, p(ã ≥ ã) = 1

2 ;
(5) p(ã ≥ b̃) ≥ 1

2 if and only if aU + aL ≥ bU + bL, especially, p(ã ≥ b̃) = 1
2 if and only if

aU + aL = bU + bL ;
(6) for three interval numbers ã, b̃, c̃, if p(ã ≥ b̃) ≥ 1

2 and p(b̃ ≥ c̃) ≥ 1
2 , then p(ã ≥ c̃) ≥ 1

2 .

In theory research and application practice of uncertain system, interval number is a powerful theoretical
tool and technical means. It must involve ranking of interval numbers while making decision to a system. For
the ranking of interval judgment matrix, some authors have already conducted on some research, for example,
literature [24, 28, 30, 31] gave some ranking methods.

This paper uses the ranking method of interval numbers based on possibility degree. Hereon, the defini-
tion of possibility degree has been given. To a set of interval numbers ãi = [aL

i , aU
i ], i ∈ M, make use of above

formula of possibility degree to compare them in pairs, get the corresponding possibility degree p(ãi ≥ ãj),
mark pij , i, j ∈ M for short. Then set up possibility matrix P = (pij)m×m, P is a fuzzy complementary
judgment matrix, pij + pji = 1, pii = 0.5.

The ranking problem of interval numbers can be transformed into the problem of resolving the ranking
vector of possibility degree matrix. The following formula can be used[29]:

νi =
1

m(m− 1)
(

m∑

j=1

Pij +
m

2
− 1), i ∈ M (2)

and get the ranking vector V = (ν1, ν2, · · · , νm), then make use of νi to rank the interval numbers ãi.

2.2 The steps of ELECTRE method based on interval numbers

The ELECTRE method (Elimination et Choice Transiating Reality) was originally introduced by Be-
nayoun et al.[2] Since then Roy, Nijkamp, van Delft, Voogd et al. have developed this method to the present
state[18, 20, 22, 23].

This method consists of a pairwise comparison of alternatives based on the degree to which evaluations of
the alternatives and the preference weights confirm or contradict the pairwise dominance relationships between
alternatives. It examines both the degree to which the preference weights are in agreement with pairwise
dominance relationships and the degree to which weighted evaluations differ from each other. These stages
are based on a concordance and discordance set, hence this method is also called concordance analysis[19].

ELECTRE method was mostly used to solve MADM with precise information, namely the attributes
values are number points. For MADM with interval numbers, we calculate the possibility degree of all alter-
natives in pairs and set up the possibility matrix, and get the ranking vector under each attribute, then use the
traditional ELECTRE method to make decisions.

The ELECTRE method based on interval numbers takes the following steps:
Step 1. Calculate the normalized decision matrix. Because the familiar types of attribute are benefit and

cost, and different attributes may have different dimension. So, a basic task before multiattribute decision
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making is normalizing the decision matrix. The normalized decision matrix R̃ = (r̃ij)m×n, r̃ij = [rL
ij , r

U
ij ]

can be calculated as:




rL
ij =

xL
ij√

m∑
i=1

(xU
ij)2

rU
ij =

xU
ij√

m∑
i=1

(xL
ij)2

for benefit attributes. (3)





rL
ij =

1/xU
ij√

m∑
i=1

(1/xL
ij)2

rU
ij =

1/xL
ij√

m∑
i=1

(1/xU
ij)2

for cost attributes. (4)

Step 2. Calculate the weighted normalized decision matrix. Make use of the known weights vector and
normalized decision matrix R̃ = (r̃ij)m×n, calculate the weighted normalized decision matrix Ṽ = (ṽij)m×n.

Ṽ = R̃W =




w1r̃11 · · · wj r̃ij · · · wnr̃1n
...

. . .
...

w1r̃m1 · · · wj r̃mj · · · wnr̃mn


 . (5)

Step 3. Determine the concordance and discordance set. For each pair of alternatives k and l, (k, l =
1, 2, · · · ,m, k , l), the set of decision attributes J = {j|j = 1, 2, · · · , n} is divided into two distinct subsets:
the concordance set Ckl and discordance set Dkl of Ak and Al. In the process of determining Ckl and Dkl,
the conception of possibility degree defined by definition 2 is used. Make use of formula (1) calculate the
possibility degree of all alternatives in pairs under each attribute uj , j = 1, 2, · · · , n, set up the possibility
matrix Pj . Then use formula (2) calculate the ranking vector νj , accordingly rank all alternatives under this
attribute. Finally, determine the concordance and discordance set Ckl and Dkl, the elements in Ckl are all
attributes for which νk ≥ νl, the elements in Dkl are all attributes for which νk < νl. In other words,

Ckl = {j|νkj ≥ νlj}. (6)

The complementary subset is called the discordance set, which is

Dkl = {j|νkj < νlj} = J − Ckl. (7)

Step 4. Calculate the concordance index and establish the concordance matrix. The concordance index

ckl between ak and al is defined as ckl =
∑

j∈Ckl

wj/
n∑

j=1
wj , for the normalized weight set

ckl =
∑

j∈Ckl

wj . (8)

The concordance index reflects the relative importance of Ak with respect to Al. The successive values
of the concordance indices ckl(k, l = 1, 2, · · · ,m, and k , l) from the concordance matrix C of m×m:

C =




–– c12 · · · c1m

c21 –– · · · c2m
...

. . .
...

cm1 cm2 · · · ––




m×m

. (9)
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Step 5. Calculate the discordance index and establish the discordance matrix. For the decision making
problem with real number attribute values, the discordance index can be calculated by formula:

dkl = max
j∈Dkl

|vkj − vlj |/ max
j∈J

|vkj − vlj |.

But for decision making with interval numbers, it is hard to let interval attribute values subtract each
other directly, so, we define

‖ã− b̃‖ = |bL − aL|+ |bU − aU |. (10)

And the discordance index can be calculated as:

dkl =
max
j∈Dkl

‖ṽkj − ṽlj‖
max
j∈N

‖ṽkj − ṽlj‖ , (11)

where ‖ṽkj − ṽlj‖ = |vL
lj − vL

kj |+ |vU
lj − vU

kj |.
According to above formula, calculate all alternatives’ discordance index, then set up matrix D.

D =




–– d12 · · · d1m

d21 –– · · · d2m
...

. . .
...

dm1 dm2 · · · ––




m×m

. (12)

Step 6. Determine the concordance dominance matrix. This matrix can be calculated by concordance
index and a parameter α, this parameter α can be calculated as:

α =
1

m(m− 1)

m∑

k=1
k,l

m∑

l=1
l,k

ckl. (13)

Then through comparing all elements in concordance matrix and the value of α, the concordance domi-
nance matrix F can be established, the elements of which are defined as:{

fkl = 1, ckl ≥ α
fkl = 0, ckl < α

. (14)

Step 7. Determine the discordance dominance matrix. This matrix can be established by discordance
index and a parameter β, β can be calculated by following formula:

β =
1

m(m− 1)

m∑

k=1
k,l

m∑

l=1
l,k

dkl. (15)

Through comparing all elements in discordance matrix and the value of β, the discordance dominance
matrix G can be established, the elements of which are defined as:{

gkl = 1, dkl ≤ β
gkl = 0, dkl > β

. (16)

Step 8. Determine the aggregate dominance matrix. The aggregate dominance matrix E = (ekl)m×n is
established by F and G. Its elements can be calculated as:

ekl = fkl · gkl. (17)

Step 9. Eliminate the inferior alternatives. While the outranking relationship has been constructed, the
less favorable alternatives can be eliminated, then we get a non-inferior solution set. The dominated alterna-
tives can be easily identified in the E matrix, and we simply eliminate any column(s) which have an element
of 1.

So, if an appropriate outranking relationship can be established, the alternative set A can be reduced to a
smaller subset A′. The elements in A′ is preferred to other alternatives. If A′ is small enough, then the process
finishes. Or else, by changing the threshold α and β, we can reduce the number of nondominated alternatives
to the single one.
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3 The selection of leather manufacture alternatives

Oklahoma is prolific in the production of peltry. Economy of this state benefits from the leather manu-
facture industry. In order to develop the leather industry of Oklahoma and find a vigorous alternative for long
views, some experts researched the feasibility to the development of leather manufacture industry among five
possible areas of Oklahoma[5].

Considering the distribution of production resource and other factors(attributes) concerned with leather
industry, the attributes have been considered are[10]: u1— demand of energy (100kw·h/d); u2—demand of
water(100,000 gallon/day); u3—treatment of waste water (ten-mark system); u4—cost of factory and equip-
ment(million dollar); u5—task cost(million dollar/year); u6—economic development of relational areas(ten-
mark system); u7—R&D opportunity(ten-mark system); u8—profit of investment(base of 1). Suppose the
weight vector is known: w = (0.10, 0.12, 0.15, 0.13, 0.17, 0.11, 0.12, 0.10). Attribute values under each at-
tribute are shown as table 1. Try to make decision among these alternatives.

Table 1. Decision matrix ã

u1 u2 u3 u4 u5 u6 u7 u8

a1 [1.5,1.9] [9,9.5] [8,9] [10,12] [12,13] [8,9] [2,3] [1.2,1.3]
a2 [2.7,3.1] [5,6] [9,9.5] [4,5] [4,5] [7,8] [9,10] [1.1,1.2]
a3 [1.8,2] [8.5,9.1] [7,8] [8,9] [9,10] [8.5,9] [5,6] [1,1.3]
a4 [2.5,2.8] [5,6] [9,10] [6,7] [6,8] [7,7.5] [8,9] [0.8,0.9]
a5 [2,2.5] [4,5] [8,9] [5,6] [5,7] [8,9] [5,6] [0.6,0.7]

In above attributes, demand of energy, demand of water, cost of factory and equipment, and task cost are
cost attributes, the others are benefit attributes. Then, we use ELECTRE method based on interval numbers
above-mentioned to solve this problem:

Step 1. Normalize the decision matrix with formula (3) and (4), get the normalized decision matrix R̃.
Where attributes u1, u2, u4, u5 use formula (4) and u3, u6, u7, u8 use formula (3). The result as Table 2.

Table 2. Normalized decision matrix r̃

u1 u2 u3 u4 u5 u6 u7 u8

a1 [0.46,0.71] [0.26,0.32] [0.18,0.22] [0.21,0.31] [0.20,0.27] [0.19,0.23] [0.06,0.10] [0.22,0.24]
a2 [0.28,0.39] [0.41,.58] [0.20,0.23] [0.51,0.76] [0.52,0.82] [0.16,0.21] [0.26,0.34] [0.20,0.22]
a3 [0.44,0.59] [0.27,0.34] [0.15,0.20] [0.28,0.38] [0.26,0.37] [0.20,0.23] [0.15,0.22] [0.19,0.24]
a4 [0.31,0.42] [0.41,0.58] [0.20,0.24] [0.36,0.51] [0.32,0.55] [0.16,0.19] [0.24,0.31] [0.15,0.17]
a5 [0.35,0.53] [0.49,0.73] [0.18,0.22] [0.42,0.61] [0.37,0.66] [0.19,0.23] [0.15,0.21] [0.11,0.13]

Step 2. Calculate the weighted normalized decision matrix Ṽ with the weight vector w= (0.10, 0.12,
0.15, 0.13, 0.17, 0.11, 0.12, 0.10) and the normalized decision matrix R̃. The result is shown as Table 3.

Step 3. Determine the concordance set Cij and discordance set Dij ,(i, j=1,2,3,4,5). First, calculate the
possibility matrix of the five alternatives under each attribute with formula (1), then calculate the ranking
vectors with formula (2) and rank all alternatives under each attribute.

We can get:

P1 =




0.5 1 0.675 1 0.837
0 0.5 0 0.364 0.138

0.325 1 0.5 1 0.727
0 0.636 0 0.5 0.241

0.163 0.862 0.273 0.759 0.5




, P2 =




0.5 0 0.375 0 0
1 0.5 1 0.5 0.220

0.625 0 0.5 0 0
1 0.5 1 0.5 0.220
1 0.780 1 0.780 0.5




,
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P3 =




0.5 0.273 0.769 0.25 0.5
0.727 0.5 1 0.455 0.727
0.231 0 0.5 0 0.231
0.750 0.545 1 0.5 0.750
0.5 0.273 0.769 0.25 0.5




, P4 =




0.5 0 0.154 0 0
1 0.5 1 1 0.772

0.846 0 0.5 0.063 0
1 0 0.937 0.5 0.256
1 0.228 1 0.744 0.5




,

P5 =




0.5 0 0.065 0 0
1 0.5 1 0.934 0.760

0.935 0 0.5 0.153 0
1 0.066 0.847 0.5 0.348
1 0.240 1 0.652 0.5




, P6 =




0.5 0.778 0.429 1 0.5
0.222 0.5 0.125 0.625 0.222
0.571 0.875 0.5 1 0.571

0 0.375 0 0.5 0
0.5 0.778 0.429 1 0.5




,

P7 =




0.5 0 0 0 0
1 0.5 1 0.667 1
1 0 0.5 0 0.533
1 0.333 1 0.5 1
1 0 0.467 0 0.5




, P8 =




0.5 1 0.714 1 1
0 0.5 0.429 1 1

0.286 0.571 0.5 1 1
1 0 0 0.5 1
0 0 0 0 0.5




.

Table 3. Weighted normalized decision matrix ṽ

u1 u2 u3 u4

a1 [0.046,0.071] [0.031,0.038] [0.027,0.033] [0.027,0.040]
a2 [0.028,0.039] [0.049,0.070] [0.030,0.035] [0.066,0.099]
a3 [0.044,0.059] [0.032,0.041] [0.023,0.030] [0.036,0.049]
a4 [0.031,0.042] [0.049,0.070] [0.030,0.036] [0.047,0.066]
a5 [0.035,0.053] [0.059,0.088] [0.027,0.033] [0.055,0.079]

u5 u6 u7 u8

a1 [0.034,0.046] [0.021,0.025] [0.007,0.012] [0.022,0.024]
a2 [0.088,0.139] [0.018,0.023] [0.031,0.041] [0.020,0.022]
a3 [0.044,0.063] [0.022,0.025] [0.018,0.026] [0.019,0.024]
a4 [0.054,0.094] [0.018,0.021] [0.029,0.037] [0.015,0.017]
a5 [0.063,0.112] [0.021,0.025] [0.018,0.025] [0.011,0.013]

The ranking vector ν1 = (0.2856, 0.1251, 0.2526, 0.1439, 0.2029), the alternatives ranking under at-
tribute u1 is: a1 Â a3 Â a5 Â a4 Â a2.

ν2 = (0.1188, 0.2360, 0.1313, 0.2360, 0.2780), a5 Â a2 = a4 Â a3 Â a1.
ν3 = (0.1896, 0.2455, 0.1231, 0.2523, 0.1896), a4 Â a2 Â a1 = a5 Â a3.
ν4 = (0.1077, 0.2886, 0.1455, 0.2097, 0.2486), a2 Â a5 Â a4 Â a3 Â a1.
ν5 = (0.1033, 0.2847, 0.1544, 0.2131, 0.2446), a2 Â a5 Â a4 Â a3 Â a1.
ν6 = (0.2354, 0.1597, 0.2509, 0.1188, 0.2354), a3 Â a1 = a5 Â a2 Â a4.
ν7 = (0.1, 0.2834, 0.1767, 0.2667, 0.1734), a2 Â a4 Â a3 Â a5 Â a1.
ν8 = (0.2857, 0.2215, 0.2429, 0.15, 0.1), a1 Â a3 Â a2 Â a4 Â a5.
According to the ranking vectors and alternatives ranking have got, we can get Cij and Dij .

(i, j=1,2,3,4,5).

C12 = {1, 6, 8} D12 = {2, 3, 4, 5, 7}
C13 = {1, 3, 8} D13 = {2, 4, 5, 6, 7}
C14 = {1, 6, 8} D14 = {2, 3, 4, 5, 7}
C15 = {1, 3, 6, 8} D15 = {2, 4, 5, 7}
C21 = {2, 3, 4, 5, 7} D21 = {1, 6, 8}
C23 = {2, 3, 4, 5, 7} D23 = {1, 6, 8}
C24 = {2, 4, 5, 6, 7, 8} D24 = {1, 3}
C25 = {3, 4, 5, 7, 8} D25 = {1, 2, 6}
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C31 = {2, 4, 5, 6, 7} D31 = {1, 3, 8}
C32 = {1, 6, 8} D32 = {2, 3, 4, 5, 7}
C34 = {1, 6, 8} D34 = {2, 3, 4, 5, 7}
C35 = {1, 6, 7, 8} D35 = {2, 3, 4, 5}
C41 = {2, 3, 4, 5, 7} D41 = {1, 6, 8}
C42 = {1, 3} D42 = {2, 4, 5, 6, 7, 8}
C43 = {2, 3, 4, 5, 7} D43 = {1, 6, 8}
C45 = {3, 7, 8} D45 = {1, 2, 4, 5, 6}
C51 = {2, 4, 5, 7} D51 = {1, 3, 6, 8}
C52 = {1, 2, 6} D52 = {3, 4, 5, 7, 8}
C53 = {2, 3, 4, 5} D53 = {1, 6, 7, 8}
C54 = {1, 2, 4, 5, 6} D54 = {3, 7, 8}.

Step 4. Calculate the concordance index and establish the concordance matrix. Because the weight vector
here is normalized, we calculate the concordance index with formula (8) and concordance set we have got.
Then set up the concordance matrix:

C =




–– 0.31 0.35 0.31 0.46
0.69 –– 0.69 0.75 0.67
0.65 0.31 –– 0.31 0.43
0.69 0.25 0.69 –– 0.37
0.54 0.33 0.57 0.63 ––




.

Step 5. Calculate the discordance index and establish the discordance matrix. Use formula (11) and
discordance set we have got, calculate the discordance index as:

d12 =
max
j∈D12

‖ ṽ1j − ṽ2j ‖
max
j∈N

‖ ṽ1j − ṽ2j ‖ =
max{0.05, 0.005, 0.098, 0.147, 0.053}

max{0.05, 0.05, 0.005, 0.098, 0.147, 0.005, 0.053, 0.004} = 1.

Then get the discordance matrix:

D =




–– 1 1 1 1
0.340 –– 0.3 0.076 0.538
0.519 1 –– 1 1
0.647 1 0.652 –– 1
0.305 1 0.257 0.821 ––




.

Step 6. Determine the concordance dominance matrix F . The value of parameter α can be calculated
with formula (13):

α =
5∑

i=1
i,j

5∑

j=1
j,i

cij

/
5× 4 = 0.5.

Through comparing elements in concordance matrix with the value of α, we can set up concordance
dominance matrix with formula (14):

F =




–– 0 0 0 0
1 –– 1 1 1
1 0 –– 0 0
1 0 1 –– 0
1 0 1 1 ––




.

Step 7. Determine the discordance dominance matrix G. The value of β can be calculated with formula
(15):

WJMS email for contribution: submit@wjms.org.uk



World Journal of Modelling and Simulation, Vol. 2 (2006) No. 2, pp. 119-128 127

β =
5∑

i=1
i,j

5∑

j=1
j,i

dij

/
5× 4 = 0.7228.

Through comparing elements in discordance matrix with the value of β, the discordance dominance
matrix can be set up with formula (16):

G =




–– 0 0 0 0
1 –– 1 1 1
1 0 –– 0 0
1 0 1 –– 0
1 0 1 0 ––




.

Step 8. Determine the aggregate dominance matrix E, where ekl = fkl · gkl.

E =




–– 0 0 0 0
1 –– 1 1 1
1 0 –– 0 0
1 0 1 –– 0
1 0 1 0 ––




.

Step 9. Eliminate the inferior alternatives and get non-inferior solution set. An ‘outranking relationship’
can be gained from the aggregate dominance matrix E: a2 → a1,a2 → a3,a2 → a4,a2 → a5,a3 → a1,a4 →
a1,a4 → a3,a5 → a1,a5 → a3. This relationship can also be directly identified from the aggregate dominance
matrix E, see the first, the third, the fourth and the fifth column all have the element of ‘1’. Hence a1, a3, a4, a5

can be eliminated. So, the alternative a2 is the best decision-making alternative.

4 Conclusions

For MADM methods to be applied in the real-world, they must have a solid theoretical base, but above
all, it is essential that they can be understood by the DM and easily applied. The paper discussed method-
ological extension in existing method of MADM and used it to solve more complex problems. We propose
an enhanced ELECTRE method based on interval numbers. Due to the particularities of interval numbers, use
possibility degree for ranking alternatives, and establish aggregate dominance matrix, we can eliminate the
inferior alternatives from the alternative set.

This method solves the difficulties in ranking interval numbers in the traditional method and has clear
logicality, and can provide a beneficial reference for the DM. It can be widely used in various fields. By this
method, we have succeed in dealing with the selection of leather manufacture problem, in which the attribute
values are in the form of interval numbers. The process shows that the method is easy for people to understand
and operate.

This paper just provided an elementary research, and further researches still need to be conducted. For
example, we will research the decision making problems in which both attribute values and attribute weights
are all interval numbers or fuzzy numbers. Future research should be conducted on the development of more
traditional methods, so that they can be used for more complex uncertain decision making. Finally, we are
convinced that more and more scientific methods will be provided for people to make decisions simply and
efficiently.
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