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ABSTRACT

The paper analyzes tennis players’ techniquesstiets comprehensive evaluation players’ tennihitéques two
main indicators and their corresponding indicat@®ven small indicators, applies AHP to establigrdrchical
structure, and for the structure, it applies pairedmparison method to construct judgment matrixttos basis it
introduces overall consistency test model. ApplyPAhkthod to state athlete sports ability, meanwiildesigns
judgment matrix weight algorithm and overall cotsigy test algorithm, realizes four world excelléetnis
players’ actual parameters AHP analysis and ge¢sftur players’ service techniques merits and passasistency
test.
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INTRODUCTION

Since Li Na won the Australian Open, Chinese tetmais further ranked among the top nations in wepdrts.
Tennis players sports ability is a kind of spotiattcomprehensive reflected by age, sports flagibiplaying
techniques, psychological qualities [1-3]. Now tisrplayers’ technical evaluation is indispensilmiesports training,
and evaluation ways for each kind of techniquee alsply more mathematical theories, and abanddngdtive
uncertainness. Service is crucial to tennis, a gawdice can master tennis rhythm so that let oppbto get caught
in passive situations [4-8]. In service technicahlaation research, thousands of people have meide of
researches, and got some result, these evaluattimods have been applied in practice which makasiderable
real description on tennis techniques [9-12]. Amtrgm, Wu Qiang (2009) in researching US Open Fgdennis
techniques, he got that ordinary times trainingusthdocus on tennis players’ techniques, tacticychology and
others comprehensive development, and should pag attention to psychological qualities trainingamtplaying
the games [13-16]. Lin Chu-Hui and others establisfuzzy mathematics evaluation model to make dpadire
evaluation on tennis techniques each indicatorclvpirovided feasible mathematics methods for ptgedection.
Zhou Jie in master thesis, he used world exceltes’'s tennis players technical statistics to makalysis, he
thought the key to win in the field for tennis pday is increasing winners and reduce unforced £f&3r

The paper analyzes tennis service techniques velatatistical data, establishes relative indiGatmonstruction
hierarchical structure, by calculating each indicateight, applying analytic hierarchy process reathtical model
to establish tennis service technical evaluatiodehat realizes service technical quantitativeleation.

TENNIS SERVICE TECHNICAL EVALUATION AHP MODEL ESTABLISHMENTS

A complicated problem is composed of lots of blapooblems, AHP makes methodize combing on comiglita
influence factors, and makes clear about theserfigirimary and secondary as well as hierarchstalcture, it
further makes paired comparison with every primang secondary factors and calculate their weidinally
analyzes and gets each part priority. In addit®dP method can adopt subjectivity to construct juégt matrix
and use objective values to make final evaluati@asuring. Objectively, it requires subjective eatibn should
conform to actual test evaluation consistency tedkens subjective randomness, increases subjestalaation
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rationality and accuracy. In the following, it ®tat AHP analysis steps, sports ability hierarchis@ucture
establishment, sports ability judgment matrix elssaiment and algorithm designing as well as coesisy test
algorithm designing principles and methods.

AHP analysis steps

Apply analytic hierarchy process to solve probleneed to establish indicators logic relations, AHRlgsis
includes four steps, as Figure 1.

4 Selecting

3 Evaluating

2 Weighing

1 Decomposing

Figure 1: AHP analysisfour steps

In Figure 1, it represents decompose overall syatéora serious of small parts, as the paper tesengce technical
ability; Step-2 represents weight all small paffterasystem decomposing; Step-3 represents each parts to
athlete player sports ability total contributiorilés evaluation; Step-4 represents obtain judgbresult according
to different players’ each small parts to tennchtéques contribution ability strong and weak.

Sports ability hierarchical structure establishment

When AHP method researches on problems, it shavidedproblems into several layers according togheblems’
each factor causal relationship, which is calleztdrichy. Relative simple problems usually can beldd into three
layers: target layer (tennis techniques), critetayer (attack technique, defense technique) arasore layer (four
athletes). The paper researched problems areveeladimplex that totally divides into four layersptlayer is target
layer and called O layer for short that is tenahhique; medium layer is criterion layer thats&llayer for short,
which divides into two layers that are respectivielp main indicators Cllayer and its corresponding section
content C2 layer, bottom layer is measure layetr ¢hlis P layer for short, which are four playeks. Figure 2, it
shows the hierarchical structural graph.
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Figure 2: Hierarchical structuregraph

Evaluation model establishment and algorithm design
Definition 1: The first layer and second layer weigxpression is as formula (1) show:

2375



Miao Zhang J. Chem. Pharm. Res,, 2014, 6(6):2374-2379

w,+w, =1 (1)

In formula (1), W represents attack technique to tennis technigaesilbution weight, W, represents defense
technique to tennis techniques contribution weight.

Definition 2: The second layer and the third layeight expression are as formula (2) show:

Wy + W, + Wy + Wy, + Wog 1

W21 + W22 + W23 + W24 =1 (2)

In formula(2), Wll'W12'W13’W14'W15respectively represent first service success fast, service scoring rate,
first service evaluation speed per hour, highesedpper hour and net success rate to attack abdityribution
weight;WZl'WZZ’WZ?"W24 Respectively represents second service scorileg satond service average speed per
hour, receiving scoring rate and breaking rateetieidse technique contribution weight.

Judgment matrix establishment and each layer weight generating algorithm design
If compare N pieces of factors to one factdr influence size, generally adopt paired factor cangon method

B,

judgment matridR | in the paper, we set the second layer and teeléiyer judgment matrix to b(Bl, element to

to establish judgment matrix. Sa@trepresents fact0|'8i and to factor F influence size ratio, it can get

be , factors to e , factor to be Fl, and then it has as formula (3) showed judgmemtixngi:

R o a a a,
a, &, 8, 3 a,
R=la, ay @, a; a,
a3 383 8y 83 8
a, 8, 8, a3 8y (3)

a5,05,0, represent body shape factor, body function

Fy

In formula(3), Fy represents factor sports abilitgl’
factor, psychological quality factor and sport dpyafactor, % represents fact(g' and factor ! to factor
influence size. & size defining, we generally adopt-B proportional scale to impact weight, as Figush8w.

Table 1: 1~9 scaletable

i Definition

Scale &

1 factor i and factor j have equal importance

3 factor i is slightly more important than factor j

5 factor i is relative more important than factor |

7 factor i is extremely more important than fagtor

9 factor i is absolute more important than factor j

2,4,6,8 Indicates middle state corresponding scale valwbofe judgments:
Reciprocal If compare factor i with factor j, ittg judgment value as
X _, & &,

At first, solve judgment matrix, according to abqwinciple, reference 1-9 scale setting, and adongrtb experts’
experiences and refer to lots of documents, it peitsed comparison matrix.

Consistency test algorithm design
Due to objective things complex and people recagmidiversity decision, in judgment matrix constian process,

.. ¢ A, =
it will not let %i® 8~ & seriously to be true, so when calculate weightareender single criterion, it should
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also make consistency test. Take matril?1 as an example to do algorithm design, as follovsimgw:

Step-1: It solves vectof* ~ (al,az,ag,a4) and vector'V = (Wl’WZ’W3’W4);

Step-2: It solves matrile maximum feature vaIue/‘maX, its computational method is as formula(4)show:

Wl
O Wz
Amax =asw= (ai a2 a@ a4)
3
Y (4)
Step-3: Calculate consistency indicatbr! , its computational method is as formula (5)show:
Cl = Amax_n = Amax _ﬂ
n-1 3 3 (5)
In formula(5), M represents number of criterion, which is alsorthenber of factors, so tcBl matrix N=4
Step-4: Calculate consistency rath, its computational method is as formula(6)show:
Cl
CR=—
RI (6)

In formula(6), RI represents Random Consistency Index value, as Patitew.

Table 2: Consistency test

n 1 2 3 4 5 6 7 8 9 10 11
Rl 0 O 058 090 112 124 132 141 145 149 151

A 4

— “"max

So formula (6) can be revised into  3x0.9

Step-5: Consistency judgment

When CR> 0-1, judgment result outputs “present obvious incdesise”, wheHCR< 0-1, judgment result
outputs “ present considerable consistence”.

COMPREHENSIVE EVALUATION ESTABLISHMENT

y:Zn:VViXi

By above each indicator weight calculation, it ggt evaluation model: =t

Among them, W X , respectively represent second indicator weightssetond grade indicator.
TENNISTECHNICAL EVALUATION APPLICATION EXAMPLE

Judgment matrix and consistency test

According to experts research and interview, expanid professors data, it makes paired comparisandicators
with  1~9 grades scale method, it gets indicator judgmexttirmas following table.
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125 6 6 7 4 28
2 1 6 5 7 8 4 39
516 1 1/5 3 5 15166
615 5 1 4 3 22151

R=| /6 Y7 Y314 1 2 14165
V7 18 /5 Y312 1 16 U3 4
V404 5 2 4 6 1 V47
Y213 6 5 6 3 4 1 8
18 19 16 17 15 14 U7 1/8 1

It can get by MAtlab computing./]max =304 ci1=o0019
Make consistency test on judgment matri, it det&= Cl/ Rl = 0019/052= 004< 010
It passes consistency test that shows objectivghv@gidgment can be done.

Weight calculation and list
n
W =2 a/n

Each indicator weight calculation can accord fommul i

By calculating, it gets each indicator weight atofeing Table 3 show.

Table3: Weight table

L]}
First grade indicator  Weight Second grade indicator Weight
First service success rate 0.198
First service scoring rate 0.226
Attack technique 0.466 First service evaluation speed per hour  0.080
Highest speed per hour 0.106
Net success rate 0.047
Second service scoring rate 0.034
. Second service average speed per hour  0.129
Defense technique 0.657 Receiving scoring rate 0.170
Breaking rate 0.113

Men’s four main tennis competitions champions amgoments fighting in 2012, each indicator relatil&ta
statistics is as following Table 4 show:

Table4: Indicator datatable

Indicator Djokovic Federer Murray Nadal
First service success rate 60.71 66.71 60.71 62.86
First service scoring rate 73.71 79.14 74.57 77.14
First service evaluation speed per hour 188.29 .8184 178.14 183.29
Highest speed per hour 201.14 203.7 212.86  203.14
Net success rate 70.86 72.71 70.29 75.71
Second service scoring rate 59.14 59.43 51.71 61
Second service average speed per hour 150.86 157.136.14  145.43
Receiving scoring rate 51.43 44.86 42.86 50.29
Breaking rate 53 47.57 41.86 61.14

Evaluation result
Input four tennis players’ indicator data into amal hierarchy process evaluation model, calculsderes as

following Table 5:

Table 5: Comprehensive evaluation result table

Name Djokovic Federer Murray Nadal
Score 104.60 106.25 100.33 105.93

The paper uses simple analytic hierarchy procesgprehensive evaluation model to evaluate four werdellent
tennis players, and then gets the four rankingaceessively as: Federer, Nadal, Djokovic and Murra
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CONCLUSION

The paper applies analytic hierarchy process methta tennis technical evaluation, and then it ldsthes
subjective evaluation and objective technical iathcs combative mathematical model, scientific esasonable
solves tennis techniques each indicator weight Iprod that provide easy and feasible methods famigetalents
selection. Meanwhile, it provides objective methdds objective and reasonable evaluating a tenméyep
technique, and gets rid of single relying on sctoesvaluate players or referees provided subje@ialuation.

Meanwhile, different players has different abiltian tennis techniques’ each indicator, compareh widicator
weights, it can provide certain evidence for terpleyers’ training, such as, it should put emphasistraining
tennis players larger weights techniques so thatlkgimprove tennis.
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