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Abstract— The weapon identification and selection issue is an
important and strategic component and has a significant impact
on the efficiency of defense system in US. The main purpose of
this research is to develop a universal model and system to
effectively assess, evaluate and identify the optimal weapons from
a large collection of available weapon systems that have multiple
criteria based on a fuzzy multiple criteria decision making
(FMCDM) model. A simple but effective weight estimation
method is adopted in this paper to make this selection more
objective and reliable. There are some different weight estimation
methods reported by researchers, however, most methods need a
lot of mathematical operations and make the process very time
consuming and even more complicated. In this paper, we utilized
a weight estimation method based on the paired comparison
matrix to simplify this estimation process. The evaluation and
selection process can be significantly simplified and improved by
using this method.

Keywords- Optimal weapon systems; fuzzy multi-criteria
decision making; similarity measure; decision matrix

I. INTRODUCTION

One of the most important and critical issues related to the
national defense is to correctly evaluate and assess the optimal
weapons or weapon systems from a large collection of
weapons to improve and enhance the overall performance and
productivity of the national defense system. This evaluation
and assessing issue becomes more important after September
11, 2001 since some enemy countries have defined US as their
target and began to attack the US territory in an offensive way.
In order to effectively protect our country from being attacked
by any foreign country who has offensive weapons and
effectively attack back those enemy countries, developing and
building efficient models and systems to correctly evaluate
and assess the optimal weapons or weapon systems is a
prerequisite task to the US defense system. In this research, we
will develop and build a fuzzy multiple criteria decision
making model (FMCDM) to perform this evaluation and
assessing task in a more efficient and reliable way. The
FMCDM technique is based on multiple criteria decision
making (MCDM) technique.

The MCDM technique can be divided into two major
categories: crisp or classical and fuzzy MCDMs. In recent
years, many researchers have attempted to use fuzzy MCDM
methods for optimal equipment selection problems. Such as
Lin and Yang using the AHP method to build a machine
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selection model [1], Tabucanon et al. developed a decision
support framework for selecting the most appropriate
machines in flexible manufacturing systems (FMS) [2],
Atmani and Lashkari developed a model for machine tool
selection and operation allocation in FMS [3], Wang et al.
presented a fuzzy multiple attribute decision making model to
select the appropriate machines for FMS [4], Arslan et al.
presented a multi-criteria weighted average (MCWA) method
for machine tool selection [5]. Yurdakul proposed a model
linking machine alternatives to manufacturing strategy for
machine tool selection [6]. Ayag and Ozdemir used the fuzzy
AHP technique to weight the machine tool alternatives under
eight main and nineteen sub-criteria and then carried out
benefit/cost ratio analysis by using both the fuzzy AHP score
and procurement cost, of each alternative [7].

Some other researchers reported different methods to
perform the optimal evaluations and estimations for various
machine tools and equipments [8-13]. Although weapon
evaluation and selection play an important role in the design of
an effective defense system, however, the publications and
researches on this subject are very limited [14-20].

Basically, correct evaluating and assessing of the optimal
weapon systems can be defined as a decision making process.
In recent years, different conventional decision making
methods and models have been developed and adopted, such
as the optimal estimation, linear programming and Karman
filter. However, the fuzzy decision making model is a good
candidate among those methods. As we know, one of the most
useful aspects of fuzzy set theory is its ability to represent
mathematically a class of decision problems called multiple
objective decisions (MODs). This class of problems often
involves many vague and ambiguous (and thus fuzzy) goals
and constraint factors. The object of the fuzzy decision
methodology is to obtain a decision, optimum in the sense that
some set of goals is attained while observing (i.e. not
violating) a simultaneous set of constraint factors.

The paper is organized as follows. The scope and objectives
of this paper, combined with a technique review to FMCDM,
are provided in section 1. The detailed description of the
FMCDM model is described in section 2. The adopted method
used to estimate the weight to the associated criteria or
objectives is discussed in section 3. A case study with an
example of evaluating and assessing the optimal weapon
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system (missiles) is given in section 4. Section 5 provides the
conclusion for the paper.

II. Fuzzy MCDM MODEL

Normally, a triangular fuzzy number 4 can be defined by a
triplet (a, b, ¢) shown in Fig.la. An example of a fuzzy
member of an equipment cost is shown in Fig.lb. The
membership function is defined as (1).

® & o 10,000 20000 30,000 uss

(a) (b)

Figure 1. A representation of a triangular fuzzy member

0, x<a,
Z_a, a<x<bh,
wy(x)=1""4 (1)
c—x
N b<x<c,
c—b
0, x>c

The general multi-attribute decision making (MADM)
model can be described as follows [11]:

= LetX={X;li=1,...m} denote a finite discrete set of
m (=2) possible alternatives (courses of action,
candidates);

= Letd={4;]j=1,... n} denote a finite set of n (>2)
criteria according to which the desirability of an
alternative is to be judged,

= Letw = (0w, wy ..., a),,)T be the vector of weights,

where )" @, =1, 0;>0,j=1, .., n, and w;denotes the
j=1
weight of criterion 4;,
*  Let R = (¥;; )=y denote the m x n decision matrix, where
ri;(=0) is the performance rating of alternative X; with
respect to criterion 4.

In this section, we will introduce in details the algorithm
based on the theory of fuzzy MCDM, which includes the
following steps [11].

A. Representation of Fuzzy Requirements

When evaluating and assessing the optimal weapon system
from a number of similar alternatives, a decision maker
normally develops in his/her mind some sort of ambiguity.
Representation of fuzzy requirements has been introduced in
the beginning of this section.

B.  Similarity Measure

In step 4, the requirements of selecting optimal weapon
systems have been described as the triangular fuzzy number
with respect to different criteria. In this step, we will take the
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requirement vector as the ideal weapon system, with the
purpose to measure the similarity degree with the existing
candidate weapon vectors, in which the specification values
are known and determinate. As we know, a fuzzy number
cannot be compared with a crisp one directly unless a non-
fuzzy number has to be transformed into the form of fuzzy
number firstly. For example, for a crisp number b, the form of
its triangular fuzzy can be written as (2).

b= ", b" bY) )

where b* = p" = bV, and Similarity measure between two
triangular fuzzy numbers can be calculated with (3) [21].

albt + aMpM 4 gUpY
max[(a*)* +(@")? +(@”)%, (0")* + 6M)* + (V)]

s(a,b)=

)

where two triangular fuzzy numbers are a = (a" ,a", a”) that
represents the ideal number and b = (" , b bY) that
represents the real number, respectively.

Because there are various types of criteria for different
weapon systems, in which some criteria, such as the missile
launching distance, warhead and speed, are not suitable to be
represented as a fuzzy number. Therefore these numbers can
be expressed as crisp numbers.

C. Construction of Decision Matrix

Calculation result of the similarity measure between
alternate weapon systems and the ideal weapon system can be
concisely expressed in a matrix format, which is called
decision matrix in MCDM problems, and in which columns
indicate weapon criteria and rows alternate weapons. Thus, an
element s; in the in Eq. (4) denotes the similarity degree to the
ideal weapon of the ith weapon with respect to the jth
criterion.

S11 512 S13 ceeeeeens Sin
S21 522 523 ceeeeeensS s

DM =| 521 522 523 2n 4)
Sl Sm2 Sz ceeeeensS S

D. Normalization

In order to eliminate the difference of dimension among
different criteria, the operation of normalization is needed to
transform various criteria dimensions into the non-dimensional
criteria. Generally, the criteria of alternative weapons can be
divided into two categories: the ‘benefit’ type attributes (the
larger the better) and the ‘cost’ type attributes (the smaller the
better). For example, the cost and weight belong to the ‘cost’
attributes, and the range and speed are ‘benefit’ attributes. In
order to normalize those ‘cost’ attribute values to make them
equivalent to the ‘benefit’ attributes (the larger the better), we
developed a converting equation similar to [11] for those
attribute values. The ‘cost’ attribute is calculated as (5):



_ xjmax_xj

X, = J=1,23 oum (5)
X

<
J max

For instance, the converted weapons’ cost values are: ¢, =
(Cimar — €))/Cimaxs (=1, 2,...18), and ¢;me= 1200k in this study.
Similar processing is performed for the weapons’ weight
attributes Wy = Wimax — W))/Wjmar, Where wj,,= 3700 in this
research.

Equations (6) and (7) are utilized to perform the
normalization for the fuzzy attributes or criteria [11].

rl.:[ 4 b _¢ /\IJ for benefit criteria (6)
_max bimax max

C

i i

min min min
a; b; i
= > >

b; a;

1 1

A l] for cost criteria @)

Ci

where (8)™ = max{(e);} and ()™= min{(e);}.

E.  Rank of Alternate Weapons

The element s;; in the decision matrix reflects the closeness
degree of the ideal weapon with the ith alternate weapon with
respect to the jth criterion. In this step, we can use the simple
additive weighting (SAW) method, which is widely used in
MCDM, to calculate the relative importance value with
respect to all criteria, with which the ranking order of alternate
weapons according to the relative importance value can be
obtained. And we can consider the weapon with the highest
relative importance value as the closest one to that of the
decision maker requires. The relative importance value of ith
alternate weapon can be calculated with (8).

n
U, = E xjeoy i=1,2,...,m
i—1

(®)

And the maximum of relative importance value can be
written as (9).

n
Upmax = max E xjoj i=1,2,...m
b=l

)

III.  ALGORITHM OF THE WEIGHT ASSIGNMENT

Compared with most MCDM methods, the FMCDM
model reported by Bin Zhu et al. is one of the simplest and
most effective methods [11]. A similarity measure method is
utilized to build the decision matrix. However, one problem of
this method is that the weight associated with each alternative
is estimated or determined by the decision maker or an
evaluation team based on their experience. Generally, this kind
of weight estimation is acceptable for a small set of
alternatives, such as 5 or less than 10. However, for a large set
of alternatives, which is a popular situation, this weight
estimation is not accurate and correct based only on the
decision make’s experience.

A simple but effective weight estimation method is adopted
in this paper to make this evaluation process more objective
and reliable. There are some different weight estimation
methods reported by researchers, such as Saaty who developed
a paired comparison matrix and then an eigenvector that is
equivalent to the weight for an associated alternative can be
calculated based on that paired comparison matrix [22]. Yager
multiplied the normalized eigenvector by the order of the
system to obtain exponents for weighting the fuzzy criteria in
a decision problem [23]. However, both methods need a lot of
mathematical operations and therefore make the process very
complicated and time consuming.

In this paper, we adopted a weight estimation method
based on the paired comparison matrix to simplify this
estimation process. The operational procedure is completed by
the following steps:

1. List the degree of importance or importance level of each
criterion relative to another criterion based on Table I
[24].

2. Construct a paired comparison matrix W based on the
importance levels in step 1. Each element w; in the
matrix W is a ratio of the importance level of the ith
criterion over to the jth criterion.

7

3. Add each row @ =iw..; where i = 1 ~ n and n is the
j=1

total number of criteria.
4. Calculate the normalized weight factor for each criterion

. a) n

using @, =—; where o, =Y .

n i=1

5. These weight factors can be used to build the decision
matrix based on the similarity measure method.

TABLE L WEIGHT ASSIGNMENT TO A PAIRED COMPARISON CRITERIA

ImportanceValue Definition

Equal Importance

Weak importanceof one over the other.

Strong importanceof one over the other.
Demonstrated importanceof one over the other.
Absolute domination of one over the other.
Intermediate values between the two adjacent

— e e

=)

2.4.6.8

judgements..

In the following section, we will use an example to
illustrate this weight estimation method.

IV. CASE STUDY

In this section, we use a group of weapon information [25-
30], which is collected by Federation of American Scientists
(FAS) and contains the updated missiles, as an example to
illustrate the weight estimation method we adopted in this
paper with the Fuzzy MCDM model we discussed in section 2
to evaluate and assess the optimal weapon systems (missiles)
currently used in the U.S. defense system.
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Based on the different target locations and launching
methods, all missiles can be divided into four categories: Air-
launched, Ground-launched, Ship-launched and Submarine-
launched. In this study, we concentrate on the Air-launched
guided missiles with the ground targets because this is a kind
of popular missiles and widely utilized in the U.S. defense
system. First let us create a specification table for those
missile alternatives based on twelve (12) criteria, which is
shown in Table II. The ‘cost’ type criteria such as weapon’s
cost and weight have been converted to the ‘benefit’ type
criteria in columns ¢3 and c7, respectively.

It can be found from Table II that some criteria contain
vague and ambiguous (and thus fuzzy) definitiions, such as
Guidance, Propulsion, Platform and Fuse system. The reason
for that is because those criteria cannot be determined or
described by crisp variables, and some human-being-language
related terminologies must be applied to define them. For
instance, a guidance system of a missile can be evaluated as a
low if only manual guidance system is adopted for that
missile, and a mid can be used to describe a guidance system
that contains passive radar homing system, and a high can be
used for a guidance system that uses an Inertial Navigation
System (INS) and Global Position System (GPS).

TABLE II.  AIR-LAUNCHED GUIDED MISSILE ALTERNATIVES

Missile

AGM-12 L 10 0.518 1.8 W P 0988 L 970 13.6 18.0 48
AGM-45 M 28 0.895 20 M G 0973 L 145 10.0 8.0 36
AGM-62 L 16 0.696 2.5 W M 0984 L 825 11.3 12.5 45
AGM-65 M 12 0.875 09 MM 0986 M 125 8.2 12.0 28
AGM-78 M 65 0.635 2.0 M G 0.750 M 223 15.0 13.5 39
AGM-84 H 60 0.603 0.7 S G 0.604 M 488 15.0 13.5 36
AGM-86 H 600 0.122 0.7 M P 0.500 M 1500 20.0 24.5 36
AGM-88 M 26 0.784 1.8 S M 0.763 H 143 13.7 10.0 44
AGM-114 H 4 0973 13 M G 0979 M 18 53 7.0 13
AGM-122 M 9 0947 23 M G 0917 M 25 94 50 25
AGM-123 M 13 0.654 09 S M 0921 M 991 14.1 19.7 63
AGM-129 H 1620 0.000 0.9 M P 0.000 H 290 20.8 27.8 122
AGM-130 H 35 0212 0.8 M M 0.625 H 2000 12.9 15.0 59
AGM-136 M 43 0.884 0.7 S G 0.833 H 40 8.3 27.0 62
AGM-137 H 100 0460 0.6 S G 0.393 H 1000 14.0 30.0 100
AGM-142 H 43 0.189 1.2 M M 0.150 H 750 15.8 21.0 68
AGM-154 H 60 0.595 0.7 M G 0.765 H 500 14 13.0 106
AGM-158 H 200 0392 09 S G 0417 H 1000 14 18.0 95

= cl: Guidance (L-low, M-mid, H-high)

= ¢2: Range (nautical miles)

= ¢3: Weight (pounds)

= c4: Speed (Mach)

= c5: Propulsion (W-weak, M-mid, S-strong)

= c6: Platforms (P-poor, M-mid, G-good)

= ¢7: Cost (USS$ thousands dollars - k)

= ¢8: Fuse system (L-low, M-mid, H-high)

= ¢9: Warhead (pounds)

= ¢10: Length (feet)
= cl1: Diameter (inches)
= cl2: Wingspan (inches)

The mapping relationships between some non-crisp
parameters and fuzzy definitions for each missile should be
indicated clearly. Table III shows an example of this kind of
mapping for the Platform parameter.

TABLE III. MAPPING BETWEEN PLATFORM AND FUZZY DEFINITIONS

Platform
Description

Fuzzy

Missile Definitiion

AGM-12 F-4, F-105 poor
AGM-45 F-4, F-16, F-105, A-4, A-6, A-7, B-2 good
AGM-62 F-18, F-4, A-4, A-7 mid
AGM-65 A-10, F-15E, F-16 mid
AGM-78 F-16C, EA-6B, EF-18G, F/A-18, F-4G, F-105G good
AGM-84 A-6, F/A-18, S-3, P-3, B-52H, Ships good
AGM-86 B-52H poor
AGM-88 F-4, F-16C, F/A-18, EA-6B mid

AGM-114 AH-1G, AH-64, MD-530, OH-58D, SH-60, HH-60 good
UH-60A, S-70 RAH-66, SA-342, F-4, F-5E, F-16
F/A-18, OV-10D

AGM-122 F-8, F-14, F-15, F/A-18, AH-1, AV-8B, OV-10 good
Fighters/Bombers

AGM-123 A-6E, A-7, F/A-18 mid

AGM-129 B-52H poor

AGM-130 F-4E, F-15E, F-111 mid

AGM-136 B-52H, All Fighters and Bombers good

AGM-137 All Fighters and Bombers good

AGM-142 F-4,F-15,F-111, B-52H mid

AGM-154 F-14, F-15, F-16, F-117, B-1B, F/A-18, AV-8B good
B-52H, All Other Fighter and Bombers

AGM-158 All Fighters and Bombers good

Next we need to build the relative important levels for all
criteria. This level is represented by a ratio between two or a
paired of criteria. The ratio between the same criteria is 1 and
a number represented in the intersection of a row and a
column represnets the importance ratio between that row and
that column. For example, the number in the intersection cell
of row ¢5 and column ¢4 is 2, which means that the criterion
c5 (Propulsion of a missile) is 2 times more important than
that of criterion c4 (Speed of the missile). A completed
importance level of this example is shown in Table I'V.

TABLE IV. RELATIVE IMPORTANT LEVEL OF ALL CRITERIA

cl 2 ¢c3 ¢4 5 c6 c¢7 8 ¢9 cl0 cll cl12
cl 1 2 3 5 2 5 6 6 4 8 8 8
c2 172 1 3 2 1 3 3 5 2 7 7
¢3 1/3 1/3 1 1/2 1 2 3 5 1 5 5 5
c4d 1/5 12 2 1 1 3 3 5 12 3 3 3
c5 112 1 1 1 1 3 4 3 12 3 3 3
c6 1/5 1/3 172 13 1/3 1 3 3 12 3 3 3
c¢7 1/6 13 13 1/3 1/4 1/3 1 3 12 3 3 3
c8 1/6 1/5 1/5 1/5 13 13 13 1 1/5 2 2 2
c9 1/4 112 1 2 2 2 2 5 1 5 5 5
cl0 18 1/7 1/5 1/3 1/3 1/3 1/3 12 1/5 1 1 1
el 18 1/7 15 1/3 13 1/3 13 12 1/5 1 1 1
cl2 18 1/7 1/5 13 1/3 1/3 1/3 12 1/5 1 1 1

Table IV is exactly a paired comparison matrix W and the
diagonal weight element @, =1/, .
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Now let’s calculate the overall weight for each row by

adding each row @ = Zw where i = 1 ~ n and n=12 is the

)i
I
total number of the criteria. The result of this calculation is

shown in Table V.

TABLE V. THE OVERALL WEIGHT FOR EACH CRITERION

cl c2 c3 4 c5 c6
o) 58.00

41.50 29.17  25.20 24.00 18.20

c9 cl0 cll cl2
29.75 5.50 5.50 5.50

w 1525 8.97

The total weight is obtained by adding all weights of
criteria together, which is 266.54. The normalized weight for
each criterion is shown in Table VI.

TABLE VI. THE NORMALIZED WEIGHT FOR EACH CRITERION
cl c2 \ (] c4 c5 c6
A 0.218 0.156  0.109 0.095 0.090 0.068
c7 c8 c9 cl0 cll cl2
A 0.057 0.034 0.112 0.021 0.021 0.021
Qi

Now we can perform step 4 in section II to add these
normalized weight for each criterion with all criteria to
construct the ideal and criteria weight table, which is shown in
Table VII.

TABLE VII. THE IDEAL MISSILE AND CRITERIA WEIGHT
Criterion Ideal Lower Upper Normalized Weight
cl 4 1 8 0.218
c2 600 4 1620 0.156
c3 0.9 0.0 1.5 0.109
c4 2.0 0.5 2.5 0.095
c5 4 1 8 0.090
c6 4 1 8 0.068
c7 0.9 0.0 1.5 0.057
c8 4 1 8 0.034
c9 1500 18 2200 0.112
cl0 15.0 5.0 21.0 0.021
cll 15.0 5.0 30.0 0.021
cl2 60 12 125 0.021

The vector of the ideal missile can be represented as the
following form of the triangualr fuzzy number (Table VII):

T=[(14 8), (4 600 1620), (0.0 0.9 1.5), (0.5 2.0 2.5), (14 8),
(148),(0.00.91.5), (1 4 8), (18 1500 2200),
(5.0 15.0 21.0), (5.0 15.0 30.0), (12 60 125)]

The corresponding vector of the criteria weight can be
expressed as:

®=(0.218, 0.156, 0.109, 0.095, 0.090, 0.068,
0.057, 0.034, 0.112, 0.021, 0.021, 0.021)

The decision matrix, which can be calculated based on the
similarity degree with respect to each criterion between the
ideal missile and the alternatives, is shown in Table VIII by
using (3) — (7). The relative importance value of ith alternate
missile with respect to all criteria can be computed by (8), and
the final calculating results are shown in Table IX.

TABLE VIII.  DECISION MATRIX

Missile ¢l c2 c3 c4 c5 c6 7 c8 ¢ ¢l it c12
AGM-12 01605 00075 04060 08571 0.1605 0.1605 07745 0605 05086 08069 07826 04882
AGM45 03210 00209 07016 08333 03210 06420 07634 04605 00760 05933 03478 0.3662
AGM-62 01605 0.0119 05458 06667 0.1605 03210 07719 01605 04326 06705 05435 04577
AGM65 03210 00089 06864 04286 03210 03210 07732 03210 00855 04865 05217 02848
AGM-78 03210 0.0484 04981 08333 03210 06420 05882 03210 0.169 08900 05870 0.3%67
AGM-84 06420 00447 04727 03333 06420 06420 04739 03210 02559 08900 05870 0.3662
AGM86 06420 04471 00954 03333 03210 01605 03922 03210 07866 06833 06803 0.3662
AGM88 03210 00194 06147 08571 06420 03210 05987 06420 00750 08129 04348 04475
AGM-114 06420 00030 07631 06190 03210 06420 07680 03210 00094 03145 03043 0432
AGM-122 03210 00067 07430 07246 03210 06420 07190 03210 00131 05577 02174 02543
AGM-123 03210 00097 05125 04286 06420 03210 07222 03210 05197 08366 08460 0.6408
AGM-129 06420 04576 00000 04286 03210 0.1605 00000 06420 04521 06571 05995 (0.5383
AGM-130 06420 00261 01660 03810 03210 03210 04902 06420 06197 07654 06522 06001
AGM-136 03210 00320 06932 03333 06420 06420 06536 06420 00210 04925 06173 06306
AGM-137 06420 00745 03602 02857 06420 06420 03085 06420 05244 08307 0555 (0.6567
AGM-142 06420 00320 01484 05714 03210 03210 01176 06420 03933 08650 07937 06916
AGM-154 06420 0.0447 04664 03333 03210 06420 06000 06420 02622 08307 05652 06195
AGM-158 06420 0.1490 03074 04286 06420 06420 03268 06420 05244 08307 07826 06912

TABLE IX. THE FINAL RESULT

AGM-12 AGM-45 AGM-62 AGM-65 AGM-78
0.3374 0.3864 0.3290 0.3271 0.3804
AGM-86 AGM-88 AGM-114 AGM-122 AGM-123

0.4010 0.4265 0.3684 0.4068

AGM-84
0.4368
AGM-129
0.3684

0.4493
AGM-130 AGM-136 AGM-137 AGM-142 AGM-154 AGM-158

0.4106 0.3816 0.4605 0.3881 0.4297 0.4864

The relative importance level of ith alternate missile can be
calculated with Eq. (8) as:

Uizis,./a)j i=1,2,...m (m=12)
j=1

The maximum important level of missiles can be obtained
as:

U,.. :masti/.a)/. i=1,2,...m (m=12)
e

The missile that has the maximum important level can be
found from Table IX, which is the AGM-158 with a most
important level of 0.4864. The order that shows the top-10
closeness degree to the missiles that have the more important
levels is:

AGM-158 >AGM-137 >AGM-86 >AGM-84 >AGM-154 >
AGM-114 >AGM-130 >AGM-123 >AGM-88 >AGM-142

This is the optimal missile sequence estimated and
evaluated based on the FMCDM system we developed in this
paper. This evaluation and estimation is based on multiple
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criteria and missile properties given by some references listed
on our reference list.

One point to be noted from this assessing result is that the
data we collected and used for this FMCDM system come from
different reports issued by different agencies since 1993. Since
the defense situation is always changing, therefore this result
may not make very sense to today’s situation. We just use these
data as an example to illustrate the effectiveness and avalibility
of our proposed method. The real and actual assessing result is
dependant on the updated data.

V. CONCLUSION

Decision making is one of the most important and popular
research and application topics in the national defense and
security. To assess and evaluate the optimal weapon system
such as missiles from a large group of alternatives that contain
multiple criteria is a challenging, sometimes may be a headach
task to decision makers in the defense system. A correct or
optimal model and the associated algorithm are critical tools to
complete this task. In this paper, a fuzzy multi-criteria decision
making model is developed to help decision makers to
correctly estimate weight factors for all criteria to make this
process simplier and easier. To correctly pridict and effectively
protect our nationa’s safety, accurately evaluate and correctly
assess the optimal weapon system is a prerequsite and critical
task. In this paper, we used a collection of weapon information
reported by different agencies in recent years with a target
example to illustrate how to use FMDCM model to simplify
this assessing process. The actual and more updated assessing
result depends on the updated information reported by different
sources in the future.

ACKNOWLEDGMENT

Some missiles data used in this paper are originally
published in the page: http://www.fas.org/man/dod-101/sys/
smart/index.html by Federation of American Scientists (FAS),
USA.

REFERENCES

[1] Lin, Z. C., & Yang, C. B, “Evaluation of machine selection by the AHP
method”, Journal of Materials Processing Technology, 1994, 57, pp.
253-258.

[2] Tabucanon, M. T., Batanov, D. N., & Verma, D. K., “Intelligent
Decision Support System (DSS) for the selection process of alternative
machines for Flexible Manufacturing Systems (FMS)”, Computers in
Industry, 1994, 25, pp. 131-143.

[3] Atmani,A.,&Lashkari,R. S., “A model of machine tool selection and
operation Allocation in flexible manufacturing systems”, International
Journal of Production Research, 1998, 36, pp. 1339—1349.

[4] Wang, T. Y., Shaw, C. F., & Chen, Y. L., “Machine selection in flexible
manufacturing cell: A fuzzy multiple attribute decision-making
approach”, International Journal of Production Research,2000, 38, pp.
2079-2097.

[5] Arslan,M.C., Catay, B.,&Budak, E., “A decision support system for
machine tool selection”, Journal of Manufacturing Technology
Management, 2004, 15, pp. 101-109.

[6] YurdakulLM., “AHP as a strategic decision-making tool to justify

machine  tool selection”, Journal of Materials Processing
Technology,2004, 146, pp. 365-376.

(7]

(8]

(9]

(10]

(1]

[12]
[13]

[14]

[15]

(16]

[17]

(18]

(19]

(20]

(21]

(22]
(23]

[24]

[25]
[26]
[27]

[28]
[29]

(30]

1515

Ayag, Z., & Ozdemir, R. G., “A fuzzy AHP approach to evaluating
machine tool alternatives”, Journal of Intelligent Manufacturing, 2006,
17, pp. 179-190.

Ayag, Z., “ A hybrid approach to machine tool selection through AHP
and simulation”, International Journal of Production Research, 2007,
45(9), pp. 2029-2050.

Mishra, S., Prakash, Tiwari, M. K., & Lashkari, R. S., “A fuzzy goal-
programming model of machine tool selection and operation allocation
problem in FMS: A quick converging simulated annealing-based
approach”, International Journal of Production Research, 2006, 44(1),
pp. 43-76.

Chan, F.T. S.,& Swarnkar, R., “Ant colony optimization approach to a
fuzzy goal programming model for a machine tool selection and
operation allocation problem in an FMS. Robotics and Computer-
Integrated Manufacturing, 2006, 22, pp. 353-362.

Bin Zhu, Zhan Wang, Haicheng Yang, Rong Mo and Yanwei Zhao,
“Applying fuzzy multiple attributes decision making for product
configuration”, Journal of Intelligent Manufacturing, 2008, 19, pp. 591-
598.

http://www.emedicine.com/emerg/TOPIC924. HTM

Dena M. Bravata, Vandana Sundaram, Kathryn M. McDonald, Wendy
M. Smith, Herbert Szeto, Mark D. Schleinitz, and Douglas K. Owens,
Emerging Infectious Diseases. www.cdc.gov/eid, Vol. 10, No. 1,
January 2004

Cheng, C.H., & Mon, M.L., “ Evaluating weapon system by analytic
hierarchy process based on fuzzy scales”, Fuzzy Sets and Systems, 1994,
63, pp. 1-10.

Cheng, C.H., “ Evaluating naval tactical missile systems by fuzzy AHP
based on the grade value of membership function.”, European Journal of
Operational Research, 1996, 96, pp. 343-350.

Cheng, C.H., “Evaluating weapon systems using ranking fuzzy
numbers”, Fuzzy Sets and Systems, 1999, 107, pp. 25-35.

Cheng, C.H., Yang, K.L. & Hwang, C.L., “Evaluating attack helicopters
by AHP based on linguistic variable weights”, European Journal of
Operational Research, 1999, 116, pp. 423-435.

Cheng, C.H., & Lin, Y., “Evaluating the best main battle tank using
fuzzy decision theory with linguistic criteria evaluation”, European
Journal of Operational Research, 2002, 142, pp. 174-186.

Mon, D.L., Cheng, C.H., & Lin, J.C., “Evaluating weapon system using
fuzzy analytic hierarchy process based on entropy weight”, Fuzzy Sets
and Systems, 1994, 62, pp. 127-134.

Wang, T.C., & Chang, T.H., “Application of TOPSIS in evaluating
initial training aircraft under a fuzzy environment”, Expert Systems with
Applications, 2007, 33, pp. 870-880.

Xu, Z. S., “Study on method for triangular fuzzy number based multi
attribute decision making with preference information on alternatives”,
Systems Engineering and Electronics, 2002, 124 (18), pp. 9-12.

Saaty, T.L., “A Scaling Method for Priorities in Hierarchical Structures”,
J. Math.Psychology, 1977, 15, pp. 234-281.

Yager, R.R., “Multiple Objective Decision-Making Using Fuzzy Sets”,
Intl. J. Man-Machine Studies, 1977, 9, pp. 375-382.

Metin Dagdeviren, “Decision making in equipment selection: an
integrated approach with AHP and PROMETHEE”, Journal of
Intelligent Manufacturing, 2008, 19: pp. 397-406.

http://www.fas.org/man/dod-101/sys/missile/

http://www.fas.org/man/dod-101/sys/smart/index.html

http://www.fas.org/programs/ssp/man/miltutorials/missile-dumb-

smart_bomb.html.

Hajime Ozu: "Missile 2000 - Reference Guide to World Missile
Systems", Shinkigensha, 2000.

"Vision... Presence... Power, A Program Guide to The U.S. Navy", 2002
Edition.

"Gallery of USAF Weapons", 2008 Almanac, 4ir Force Magazine, May
2008, pp. 155.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /WorkingCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 400
        /LineArtTextResolution 1200
        /PresetName <FEFF005B9AD889E367905EA6005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


