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ABSTRACT

New-type ammunition, as an important part of weapon system, is one of the most important composition factors of
army battle effectiveness. How to confirm the question whether the new-type ammunition supports capability can
meet the requirements of the rules is a complicated problem. On the basis of analyzing the factors affecting the
new-type ammunition support capability, the article constructs an evaluation index system, containing 6 secondary
indicators, totally 20 underlying index, such as staff efficiency, storage, transportation, loading and unloading
capacity, management efficiency and self-supply ability. The comprehensive index weight is determined based on the
gray-fuzzy thought and Analytic Hierarchy Process (AHP), on basis of which the extension evaluation model of the
new-type ammunition support capability is further constructed. This model is used to carry out an overall evaluation
of the new-type ammunition support capability. The evaluation results show that the model is an effective method of
evaluating new-type ammunition support capability, which can be used to guide the support capability construction
of the new-type ammunition support unit.
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INTRODUCTION

With the development of science and technology,enamd more high and new technology has been wigsdd in
the field of ammunition; a variety of new-typesahmunition arises and put into the battlefield, ahhproduces
enormous military benefits. New ammunition has tharacteristics of intelligentization, accuracy graiverful

attack ability. Despite its huge military benefitse new-type ammunition also has some problemis ascomplex
structure, high costs, high requirements for steragc. How to evaluate and improve the new-typenanition

support capability is a very important topic ofeasch, which can put the essence, accuracy an#ress of the
new ammunition support into effect, not only megtthe requirements of the combat unit, but alsading the

waste of important resourcés?

Based on this background, this article, taking rieg-type ammunition support capacity as the rebealgect,

constructs the new-type ammunition support caggbilidex by analyzing the factors influencing theamnsupport
capability and repeatedly consulting relevant etgpeand puts forward an evaluation model of nevetyp
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ammunition support capability based on extensiondgess, so as to implement an effective assessameht
guidance of building the new-type ammunition suppapacity.

I. Analysis of the factor sinfluencing the new-type ammunition support capability

To build a scientific and reasonable index systerari important procedure and foundation of evajnatOn the
basis of making an in-depth analysis of the facitofteencing the informatization construction ofuiigment support
capability, following the principle of constructinpe index related system, such as systematictiessliness,
mutual exclusivity, completeness and normalizatiet;®®. Through making investigation & research and
consulting relevant experts, a system of evaluatidex (figure 1), totally consisting of 6 secondardexes, 26 a
tertiary index is constructed.
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Figure 1 evaluation index system of the new-type ammunition support capability construction

This article selects staff efficiency, storagensortation, loading and unloading capacity, manmage efficiency
and self-supply ability of 6 secondary indexes, |2l tertiary indicators to establish a new-typanaunition
support capability evaluation index system. Thehmeétof index data acquisition is shown as Table@mong which
some quantifiable tertiary indexes are definedodews:

Existing number of permanent St"i‘(qoo%

Staffing rate 4, = D
Rated number of staff
staff on- the- job rateQ:The .nu.mber ofor the job persong%o% (2)
Existing number of permanent staff
staff qualified rate A = The number of people evaluatgd better than g&%%% (3)
The number of or the job personnel
im'n(The standard magnitude of Ammunition resejve
= The actual ity of A itia (4
quantity meet rate A == . e actual capacity of Ammunitian %100%
ZThe standard magnitude of Ammunition reserve
i=1
species meet rate, A= Number of species mgetlng mlnlmu.m reseneso, (5)
Number of species to be provided
warehouse utilization rate A= Current usage area of Warehogseloc (6)

Total usage area of warehouse
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Table 1 Index calculation method

index Calculation method index Calculation method

A equation(1) As equation(1)
A, equation(2) Az equation(3)
Az equation(3) Agz  equation(6)
Auq 0-1 Aus 0-1
A equation(4) As1  equation(4)
Az equation(5) As;  equation(5)
Az 0-1 As3 0-1
Az 0-1 Ae1 0-1
Az equation(6) As;  0-1
As;  equation(1) Asz  0-1
Asz;  equation(3) Ass  0-1
Az equation(6) Aes  equation(1)
Ass  0-1 A 0-1

As shown in Table 1, the qualitative indexes shalfuantified by applying Delphi method, and thecsiic value is
determined by experts’ investigation and evaluatiord the value range is 0-1.

I1. Research of the new-type ammunition support capability evaluation model

2.1 The determination of index weight

2.1.1 Establishing the matrix fuzzily evaluating the importance of factors

The article changes the former method to solvexndeight, and uses Delphi, fuzzy evaluation and/ grelation
method to build gray-fuzzy evaluation model soasdlve the index weight.

Applying Delphi method, a certain number of expeaate invited to evaluate the importance of the mgve
ammunition support capability indexes, the quesiiore on the Delphi method shown as Table 2. Then t
suggestions from all members are collected to neakercentage statistical summary. According tostigistical
results, the fuzzy evaluation matrix on importadegree of each index factor can be structured. éMaduation
model is divided into four fuzzy levels, and thesific evaluation sets:

U= very importantJ,,  importarlt), ,
averagdJ,, not importaft,

Table 2 Delphi questionnaire

index | Very important| importanf  ordinal Not impartal
Aij

Requirements: as long as the sigriis filled in one important degree column for evangex, other item shall be
blank.

For example, the investigation statistics for tterage capacity index factors are conducted amaperes, who
made evaluation on each indicator, and the firslssical summary is as follows:

f(A, ¥ (40302010) f(A,, F (3050200)
f(A; F (2040400) f(A,)= (0203050
f(As ¥ (0305010

Taking the evaluation ofAZlindex factor for example, 40% of the experts com®d the quantity meet rate as
“very important”, 30% “important”, 20%"average”, @i 0% “not important”.

If the single factor evaluation set is taken asadrixi consisting of lines, the fuzzy comprehengvaluation matrix
of A shall be:
40 30 20 10
30 50 20 O
Z=(20 40 40 O
0 20 30 50
10 30 50 10

210



ZHAO Zhi-ning et al J. Chem. Pharm. Res,, 2014, 6(7):208-215

In the similar way, the fuzzy evaluation matrix abthe importance of other indicators at variougele can be
acquired in turn by applying evaluation set, thpegkassessment, and the final statistical summary.

2.1.2 Solving index weights by using gray correlation

Within each level indicators, taking the importalggree of each index evaluation sets as a sequvecgray
correlation degree of each index importance iseshland the gray correlation degree is the meakgeee of each
index importance, and then normalization processingplemented to acquire each index weight.

1) within the each layer index system, the evaluatiets of each index can be marked )égk) , comparing
sequencéis constructed in turn.

x ={x (K)|k=1,2,1m4 €0
2) the evaluation criterion is given, namely, refeesequenck,
X, ={ %,(K)| k =1,2,1m4 (8

X,is optimal value of all indexes, the maximum vabfethis index from all plans is selected when theeix is

“efficiency-type” (the greater the value, the mayptimal);the minimum value is selected when theeinds
“cost-type”(the smaller the value, the more optimal

3) Confirm
A, (k) =[%,(K) =% (K)| (i =1,2,0M), MinMinA, (K) andMax Max, (k) .

4) Selectp = 0.5, Solve correlation coefficierd;, (k)
£9= MinMinlx,(K) = (K)|+ o MexMeax{x,(k) = (K)
‘ [0 =% (] + P MexMexx, (k) —x (K)

5) to solve correlation degrgé

y =%i5(k) (10)

The greater correlation degree reveals that theximportance is greater.

(9

6) to solve weight
The importance the each index, with the expresefocorrelation degree, normalizing each layer indér each

index weightty can be acquired.

o=t (11)
N4
i=1

N refers to the number of index within each layer.
Thestorage capacity of index is taken as an exampteatke an analysis:

Table 3 Fuzzy relations comparison and reference sequence of important degree

Reference seriespX 40 50 20 O

Quantity meet rate 40 30 20 10
Species meet rate 30 50 20 O
Storage security 20 40 40 O
Storage capacity 0 20 30 50

Utilization rate of warehouse 10 30 50 10
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Table 4 gray correlation coefficient, gray correlation degree and weight of index

1 2 3 4 % @
&K) 1 ose 1 071 08175  0.2359
LK) o711 1 1 09275  0.2677
&) os6 071 056 1 07075  0.2042
&(K) o038 045 071 033 04675 0.1349
&(K) 045 056 046 071 05450  0.1573

Table 4 shows tertiary index weight that storageacity belongs to shall be:

a;= (0.23590.2677,0.20420.13490.1573

Each index weight of the new-type ammunition suppapability index system can be successively aeduas
shown in Table 5.

Table 5 the new-type ammunition support capability index system weight

Secondary index weight Tertiary index  weight

An 0.0528
A1 0.0431
Az 0.1956 Aus 0.0489
Ay 0.0508
Axn 0.0368
Az 0.0418
A, 0.1562 Azs 0.0319
Az 0.0211
Azs 0.0246
Az 0.0461
Az 0.0426
Az 0.1659 Ass 0.0409
Aszy 0.0363
Asn 0.0375
Az 0.0402
A4 0.1451 Aus 0.0381
A 0.0293
Asy 0.0473
As 0.1423 As; 0.0461
Asz 0.0489
As1 0.0325
As2 0.0347
Agz 0.0361
As 0.1949 Acs 0.0294
Ags 0.0317
Ags 0.0305

2.2 Constructing the evaluation model of extension goodness

The method of extension goodness refers to theofiayaluating the extent that an object is goobait in the case
of weighting the measuring conditions. Correlatfoimction is established to operate interval anerial sets,
realizing the quantification of qualitative indék?. The basic steps are:

(1) Determine the matter-element to be evaluated

M. o :
For the target of evaluation ! , the value of evaluation index can be expressedrim bf matter-elementR :

Nj C le

R =(N.,C\V,)= L (12)
] | |
Cn an

In formula, R; is the matter-element 8, , N, is the name ofM ;, V;is the quantitative value o€ , namely,
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the concrete value of evaluation index

(2) Determining the classical domain and joint doma

NOj is used to signify] evaluation levels the quantitative value scope of evaluation inGeat all levels
isVOji =<aoji,boji> ,1=@,2,--,n), j=(,2,--,m); nisthe number of evaluation indexMis the number

of evaluation level the matter-element of classical domain can be sgpckas follows

Noj c Voj1 Noj G <aoj 1’b0j
- ¢, Vojz|_ G, <a0j2’b0j 2> 13
Roi = : o : :
C, Vojn c, <aojn’b0jn>

The matter-elemeanp consisting of totaNpof evaluation IeveNoj is named as the matter-element of joint

domainV,, :<api,bpi> is the qubit range of matter-element of joint damabout evaluation index , the

matter-element can be expression as

N, ¢ Vyu _Np e <ap1,bp1>_
R = ¢ Vo - G <ap2’ bp2> (14
P : : . .
C, Vpn | C, < a,, bpn>_

From aboveVy; UV,; can be concluded.

(3) Establishing correlation function to calcul#tte degree of qualification
Correlation function describes the extent that gbing is of certain characteristics in form of qtification,

establishing the correlation functié(X) aboutc,(M),c,(M ),c,(M),---c,(M ).

1) if¢ (M) is expressed by an intervaX; , getting:

X, Xy :

K(X):_u i=123:n a5
[Xol

Thereunt0|,XOi | is the length of interval O(X, XOi)is called distance signifying the distance betwe&rand the

interval X, = <a, b> :

1

a+b -5 b-2) (16)

p(X, in):‘X_T

(4) Calculating goodness
The qualification degree of the evaluation tardé; about each indexc,, C,, C,...Cis:

T .
k(Mi):(klj’kzjw--knj) ]=L2,--m an
Weight coefficient distribution isW ={wg Wy, Wy, - Wik ;

Therefore, the goodness valuel\lifj iS:
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C(Mj):\Nk(Mj)=(V\4,W2,...Wn)(klj,k2j ,...knj)T

n (18)
=2 wk; (j=123.m)
According to the principle of maximum membershipCoq(Mj):max{COi (Mj)}, so the evaluation

targetM ; is Ny, level.

[11. The evaluation of the new-type ammunition support capability construction in a unit asan example
Taking a new-type ammunition support unit as anexa, we evaluate its new-type ammunition suppapiadility.

(2) Setting the threshold value at all levels ofidgy index
Evaluation level can be divided into four levelsiqualified, ordinary, good and excellent, accortingach
underlying index for the four levels of thresholadtérval is given) is shown as Table 6.

Table 6 the table of threshold value of each index at all levels

Two levels indexThree level indexunquanli-fication ordinary good excellenvalue

Ay 0-0.6 0.6-0.8 0.8-09 0.9-1 0.82
A Az 0-0.75 0.75-0.89.85-0.95 0.95-1 0.79
t A1z 0-0.8 0.8-0.850.85-0.95 0.95-1 0.81
As 0-0.7 0.7-0.8 0.8-09 0.9-1 0.76
Axn 0-0.8 0.8-0.850.85-0.95 0.95-1 0.80
Az 0-0.75 0.75-0.89.85-0.95 0.95-1 0.75
Az Az 0-0.8 0.8-0.850.85-0.95 0.95-1 0.81
Az 0-0.6 0.6-0.7 0.7-08 0.8-1 0.74
Azs 0-0.6 0.6-0.750.75-0.85 0.85-1 0.79
Az 0-0.7 0.7-0.8 0.8-0.950.95-1 0.87
A Az 0-0.8 0.8-0.850.85-0.95 0.95-1 0.85
8 Asz 0-0.8 0.8-0.850.85-0.95 0.95-1 0.88
Azg 0-0.6 0.6-0.750.75-0.85 0.85-1 0.84
Asn 0-0.6 0.6-0.7 0.7-0.850.85-1 0.86
A Az 0-0.7 0.7-0.8 0.8-0.950.95-1 0.87
4 Asz 0-0.7 0.7-0.8 0.8-0.950.95-1 0.76
A 0-0.8 0.8-0.850.85-0.95 0.95-1 0.90
Asy 0-0.7 0.7-0.8 0.8-09 0.9-1 0.81
As As; 0-0.6 0.6-0.8 0.8-0.950.95-1 0.76
Asz 0-0.6 0.6-0.750.75-0.9 0.9-1 0.82
As1 0-0.7 0.7-0.8 0.8-0.950.95-1 0.80
As2 0-0.6 0.6-0.750.75-0.85 0.85-1 0.76
A Agz 0-0.6 0.6-0.7 0.7-0.850.85-1 0.77
6 Ass 0-0.6 0.6-0.750.75-09 0.9-1 0.71
Ags 0-0.7 0.7-0.8 0.8-09 0.9-1 0.80
Ags 0-0.6 0.6-0.7 0.7-0.850.85-1 0.82

(3) Evaluation results calculated
The data are put into the formuld5). (16), getting the correlation degree of each index nedatib each level.

-0.3667 -0.1000 0.2000 - 0.80
~0.0533 0.4000 - 0.6000- 3.20
~0.0125 - 0.2000 — 0.4000- 2.80
~0.0857 0.4000 — 0.4000- 1.40
k(x) =
~0.2833 - 0.7000 0.4667 — 0.53
~0.1833 0.2667 - 0.2667— 1.90
~0.1428 0.0000 — 0.0000- 1.00
~0.3667 —1.2000 0.2000 - 0.20

From the formula(18) , the goodness value of evaluation object can haised as follows
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C =(-0.3018;- 0.1553,0.1104, 0.10¢

According to the maximum membership principle, maxin: 0.1104, so the support capability of the ngpet
ammunition support unit shall be: good.

It can be seen from the evaluation results thatstiggport capability of the new-type ammunition suppnit is
being in good condition, and there is room forHartimprovement to make its support capacity achiexcellent
level, that is to say, there exists some weak dspkat need improving, which involves the deteation of weak
indexes. It can be comprehensively considered fwmaspects of index weight and index values termeine the
new-type ammunition support capability weak asp€®tavhich is the future direction of researching tieav-type
ammunition support capability.

CONCLUSION

How to determine the new-type ammunition suppoftacity construction level? This article puts fordiaa
evaluation model of extension goodness on the hE#stonstructing a new-type ammunition support téja
evaluation index system, realizing the effectivaleation of the new-type ammunition support cagacfta unit,
which lays a good foundation for further determgnithe weak points existing in the support capaeibg finally
provides an effective guidance for improving thestouction level of the new-type ammunition supmapacity of
a unit.
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