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ABSTRACT

In this paper, sprint athletic performance can be volatile and it isdifficult
to quantify the real strength of the athletes. After the studies and long-
term practice, the traditional research methods have been improved and
more scientific and reasonable evaluation index system of sprint athletic
ability has been established. According to AHP, we establish quantitative
model; using Matlab, we solve a large number of matrix calculation
problems in the AHP model. At the mean time of satisfying the high
precision and efficiency, the model can be easily modified and adjusted.
Finally, after the empirical evaluation, theresultsare scientific, reasonable
and can be effectively solve the overal quantification problem of the
comprehensive strength of sprinters. This achievement has a high
application value for the design of the targeted training programs to

improve sprint performance.

INTRODUCTION

Althoughwehavefound alot of factorsinfluencing
the sprint performance after theresearchfor may years,
because thesefactorsaremultifaceted and therelation-
shipwiththeactud performanceisonly correlated, the
majority of researchesare the qualitative researches,
and accurate quantitativeanalysisarevery difficult to
implement. So it requires an objective and accurate
eval uation exercise capacity.

After theestablishment of thesprinting ability evau-
ation mode by using of AHP, dueto alarge number of
thematrix cal culation caused by AHPindex weight ca -
culation and judgment matrix consistency test, the use
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of computer isthe undoubtedly the best choice when
thetraditiona manua caculationisdifficulttomeetthe
efficiency and requirements of accuracy. Based onthe
computing processing power of scientific computing
platform Matlab from thewe I-known American Math
Works, weuse of M-language programmingto realize
the combination of AHPand computer-assi sted deci-
sion-making and implement the solution of theimpor-
tant parameters of AHP model and consistency test,
which can not only provide the computer-ai ded deci-
son-making for thescientific eval uation of sprint ability,
but al so provideanew way of thinking for the math-
ematical methodsand computer-aided applicationsin
thefield of sportstraining.
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OBJECTSAND METHOD

Resear ch obj ect

Theempirica object of thestudy is40 ma e sopho-
moresinour university, including 20 specidized sprint-
ing studentsand 20 non-professiona students, aiming
at when conducting longitudina studiesand doing hori-
zontal comparison at the same time. We will testify
whether thismethod isscientific and universa or notin
thefield of theevaluation sprint capacity based on ob-
jectivedata.

Resear ch method

In this paper, we usetheAnalytic Hierarchy Pro-
cess(AHP). ThestructureisasFigure 1. Layer Aisthe
target Layer; Layer Bisfirst gradeindex layer; Layer
Cissecond gradeindex layer.

The establishment of theindex system strivesto
select the easily measured, high sensible, and content-
richindicatorsfrom many indicatorswhich caninflu-
enceathletic ability. Thisindicator sel ection methods
used aretheliterature method and expert questionnaire
method. Wewill study thefactorsthat affect sprint per-
formanceand read alot of literatures. Consideringthe
research resultsfrom Hu Xiaofang and Yuan Yunping,
and the suggestions from many expertswho are en-
gaged in sprinter training and teaching for along time,
weimprovetheindicator system created by the prede-
cessorsand select theindicators. Finaly weobtain the
evauationindicator sygemmentionedinthisarticle. The
systemincludesquantitativeindicatorsand qualitative
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indicators which are body shape, physiology, sports
qudlity, coaching evauation, totaling fivefirst gradein-
dicatorsand 17 secondary indicators. Theindicators
areshowninTABLE 1.

After theestablishment of the eval uation indicator
system, theweights of theindicators should be deter-
mined. Firgt, thescaling exponent should be determined.
Theweight ca culation of AHPhasmany different sca-
ing exponents, and themost common methodis1 ™ §9
anditsreciprocd raised by Satty. Thismethod hasmany
shortcomings such as subjectivity and low accuracy of
thevalues. Sointhisarticle, weuse one new scaling

exponent whichisn(ge|-n(¥e]. Theweight cal culation
resultsby using thisscaing exponent aremorescientific

and reliable. The comparison between thisstandard and
thetraditional 1 - ¢ evaluation standardisasTABLE 2.

a; representstherelativeimportance of thetwo

elements; construct therel ativeimportance judgment
matrix A toindicatetheresult of each comparison.
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Wehave sent out 74 indicator weight investigation
formsand received 70 feedbacksincluding 20 senior
coaches, 30 professors and associ ate professorswho
have been engagedin thetrack and field training for
years. Consdering theopinionsof theexperts, thejudg-
ment matrixes have been obtained.
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Using theabovejudgment matrix A , wecan get the
indicator weightsin theindicator layer g and these
weights construct theimportance of theindicatorsin
Layer. Inthe sameway, we can get theweightsof each
indicator inLayer totheindicatorsin Layer. Atlast we
can get the comprehensiveweight of theindicatorsin
Layer andLayer tothetarget layer. Thecommonweight

cd culation methodsare average method and squareroot
method. Inthisarticlethe squareroot method hasbeen
adopted which meansto multiply all thefactorsinthe
judgment matrix and then seek 1/n power.
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Figurel: AHPstructuremodel

TABLE 1: Sprint capacity assessment indicators

Target .
Layger Flrs_t Grade Secondary Indicator C
A Indicator B
AgeCl
Height C2
Quetdlet Index
(Weight/Height X 1000) (g/cm) C3
g‘ljdy ShaPe | wer Extremity/Height X 100% C4
Thigh Length /Shin Length < 100%
S C5
8 Ankle Girth/Tendon Length % 100%
T C6
w Heart Rate (Frequency/m) C7
%‘ Physiology FVCiweight (mi/kg) C8
=1 B2 Time of the Acoustic
O Response (ms) C9
= 60m Running Race (s) C10
& Sports Standing Triple Jump (m) C11

Quality B3 Step Frequency (Step/s) C12
After Throwing Shot Put (m) C13
Physical Coordination C14

TABLE 2: Comparison between two scaling exponents

Scaling Exponents 1~9 In(gej~|n(1—17 j
Equally Important 1 In(g ej =1.000
Tiny Important 2 In(l—ge] 1223
Slightly Important 3 |n[l7le] —1452
More Important 4 In(%e] - 1603
Obviously Important 5 In[l—: ej ~1956
Very Important 6 In(l—:e] - 2.253
Strongly Important 7 In(l—?‘? ej ~ 2600
Extremely Important 8 |n[£§e] ~3.079
Most |mportant 9 |n(l—l7 ej =3.833

cr=femt @
n-l
« (AW
=23 ®
R~ ®)

cl isthegenera consstency indicator. istheaverage
random cond stency indi cator. When the exponent num-
ber isdifferent, thevalueisshownin TABLE 3. isthe

Coaching n maximum eigenva ueof thejudgment matrix. Whenthe
Evaluation 7\cceptance Ability C15 vaueof issmaller, thejudgment matrix ismore effec-
B4 Running Posture C16 tive. Theusud standard is. Onthe contrary, when the
Willpower C17 : : Y,
TABLE 3: Valuesof averagerandom consistency indicator s
Exponent Number 1 2 3 4 5 6 7 8 9
Rl 0.00 0.00 0.58 0.90 112 124 1.32 141 1.46
Exponent Number 10 11 12 13 14 15
R 1.49 152 14 1.56 1.58 1.59
Then normalize and get weight sub-vaue vaueof isbigger, weneed to adjust thejudgment ma-
o trix.
S (€)

Weight vector isp = (. w,...m,

In order to ensurethe validity of the above judg-
ment matrix and weights, weshouldimplement thecon-
sistency test, becausetherel ativeimportance of each
indicator is determined by the questionnaire, scores
made by the experts and statistics. When the degrees
of importance are close, we should make consistency
test. Theusua test method istouse CR valuewhichis
therandom consistency ratio. Theformulaisasbel ow,

Theindicator weight determined by thejudgment
matrix and the consistency test can be realized by
Matlab. The process can be shownin Figure 2 asbe-
low.

According to the above judgment matrix and for-
mula, compileand calculate the weight vectors of the
indicators. Themaximum eigenva uesand Matlab pro-
gramimplementing the consistency test to thejudgment
matrixesareasfollows.

From the above result, the first grade indicator
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Input the number of first grade indicators

A

Input the judgment matrix of
first grade indicator to target

y

Negati

<0.17

/

Judge CR

v

A

Normalization calculation of

Negative

Positive

Tudge CR < 0.17

Input the number of secondary
indicator influencing first grade
indicator

y

Calculate overall CR

Input the judgment matrix of
> secondary indicator to first
grade indicator

:

Normalization caleulation of judgment matrix

Negative

Positive
Tudge CR < 0.17

Calculate weight matrix

Figure2: Matlab Processing flow based on AHP

weight vector is and the secondary indicator weight

vectoris W =(0.07,0.21,015,0.18,0.15,024) ;

W, =(0.18,0.26,0.56)" W, =(0.34,0.24,0.28,0.14)"

; W, =(0.41,0.09,0.25,0.25)"

When obtaining theweight vectors, the maximum
eigenvalue and random consistency indicator canbe
got. Fromtheresult, thevauesof aresmdlerthan0.1,
which meansthat the all thejudgment matrixes have
good consistency. Thiscan grestly reflect therelative
importance among theindicators. We can know that
theweightsof theindicatorsare scientific and reason-
ablewnhich canreflect theimportancethe opinionsfrom
expertsand theindicatorsto the sprintersability.

By weighted summing the 4 first gradeindicator
weightsand the partial weightsof 17 secondary indi-
cators, the overall comprehensive weights of all the

secondary indicators can be got. It can beshownin
TABLEA4.

Combining the eval uation indicator system con-
structed above, thejudgment matrix tested to satisfy
the consistency and the partia and comprehensive
welghtsof theindicators, we can ca culate the compre-
hensveindicatorsof al thesprinters, redlizethe quanti-
zation of performance of the sprintersand evaluateand
andyzethesprinters.

Thisempirica research selects40 ma e sophomores,
including 20 from PE mgor and 20 from non-PE mgor
a theageof 19-21. They havethebest performancein
the100m sorint. Theindicatorsarefromtheyearly evau-
ation which can beshownin TABLE 5. Only 10 stu-
dents’ dataavailable, including datafrom 5 PE maor
studentsand 5 non-PE students.

The calculation formulaof sprinter sport capacity
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TABLE 4: Comprehensivequality evaluation indicator weightsof sprint

First Grade Secondary Weiahts Third Grade Partial Compr ehensive
Indicator Indicators 9 Indicators Weights Weights
C1 0.07 0.025
c2 0.21 0.074
C3 0.15 0.053
B1 0.35
Cc4 0.18 0.063
C5 0.15 0.053
C6 0.24 0.084
C7 0.18 0.040
B2 0.22 C8 0.26 0.057
A C9 0.56 0.123
C10 0.34 0.099
B3 0.29 Cl1 0.24 0.070
C12 0.28 0.081
C13 0.14 0.041
Cl4 0.41 0.057
B4 0.14 C15 0.09 0.013
C16 0.25 0.021
C17 0.25 0.019
TABLE5: Original dataof Evaluation indicators
Serial Number 1 2 3 4 5 6 7 8 9 10
Cl 21 20 21 21 20 20 19 20 19 20
Cc2 181 175 172 177 168 170 163 167 169 170
C3 382 395 380 403 410 389 375 384 370 381
Cc4 53.2 52.8 51.3 515 52.1 50.9 50.4 51.2 50.2 51.3
C5 70.2 715 714 70.5 69.8 67.6 69.6 70.1 68.5 67.4
C6 102 104 101 99 100 101 95 97 94 97
C7 73 74 80 75 78 81 85 80 78 82
C8 98 100 95 97 102 105 97 95 90 77
C9 100 95 98 110 102 95 120 118 117 121
C10 7.38 7.24 7.40 7.31 7.30 7.10 7.09 7.10 7.15 7.13
Cl1 9.21 9.15 9.05 8.90 9.14 8.72 8.65 8.54 8.70 8.82
Ci12 4.5 4.6 4.7 4.3 4.2 4.0 39 4.2 4.1 4.0
C13 14.5 14.0 14.3 13.8 135 12.8 12.4 12.9 13.1 12.8
Ci4a 79 84 74 71 68 75 74 58 74 68
Ci15 77 78 75 75 70 73 73 75 55 56
C16 75 77 71 80 68 70 76 57 67 60
C17 71 74 73 75 75 69 67 58 46 45
indicator isasfollows, can’t be quantified can be standardized by averaging
- Z o the scoresmade by the experts. The standardizationis
TELIN () implemented by formulas (8), (9), (10) and (11). First

Intheformula, a, isthecomprehensivequalityin-  definetheaverage value and standard deviation of the
dicator; x; (0<x, <1) representstheevaluationresultof  j thindicatorinthe f samples.
the th indicator of theth sampleand it isastandard
data. For thevalueof eachindicator, theindicatorsthat
can be quantified can be standardized and theimpact
of thedimenson can be diminated; theindicatorsthat
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Then standardize the original data.

5 = (5 )5 (10
Weuseextremeva uestandardi zation formulaand make
the standardized datamapin, whichisasbelow,

r
X =%

R i
T e =% (1)

Intheformula, x,,'and x, ' respectively repre-
senttheminimumand maximumin x.', x,/"... x,; X,
isthe standardized result of theth indicator of theth
sample. By using the above formula, we can get the

standardized resultsof al theindicatorswhichispar-
tidlylistedin TABLEG.

sport quality and body shape arethe main influentia
fectors. Height, theratio of anklegirth and tendon length,
wel ght and thelength of lower extremity have most im-
pact on thephysical quality; in the aspect of the sport
quality, 60m race can reflect the speedup ability of the
players, which hasthe most impact, followed by step
frequency and standing triplejump. Thesetwoindica-
tors, thecrucid influentid factors, haveconnectionwith
the strength of thelower extremity and thefrequency.
Besides, thetimes of response and body coordination
area so theimportant factorsof thesprint ability. These
resultsarevauablefor the player selection, trainingand
performanceimprovement.

By contrasting themeasured results of sprint ability

TABLE 6: Sandar dized resultsof thesampledata (Part)

Serial Number 1 2 3 4 5 6 7 8 9 10
C1 0.83 0.84 0.70 0.87 0.68 0.69 0.73 0.68 0.69 0.60
c2 0.78 0.62 0.76 0.69 0.52 0.50 0.62 0.61 0.58 0.60
C3 0.69 0.73 0.60 0.69 0.61 0.65 0.58 0.60 0.69 0.64
C4 0.63 0.69 0.60 0.75 0.44 0.49 0.47 0.48 0.44 0.40
C5 0.65 0.58 0.60 0.69 0.60 0.41 0.40 0.42 0.38 0.37
C6 0.70 0.75 0.65 0.56 0.53 0.69 0.60 0.61 0.69 0.74
Cc7 0.53 0.59 0.57 0.70 0.67 0.64 0.71 0.63 0.61 0.58
C8 0.77 0.84 0.80 0.69 0.60 0.70 0.65 0.77 0.72 0.60
C9 0.64 0.63 0.61 0.58 0.60 0.66 0.60 0.65 0.61 0.65
C10 0.81 0.87 0.72 0.80 0.66 0.65 0.62 0.59 0.74 0.67
Cl1 0.78 0.85 0.81 0.85 0.74 0.73 0.70 0.7 0.64 0.71
C12 0.80 0.89 0.74 0.87 0.83 0.79 0.80 0.65 0.65 0.68
C13 0.83 0.80 0.70 0.86 0.80 0.70 0.69 0.61 0.62 0.64
C14 0.75 0.80 0.70 0.67 0.64 0.71 0.70 0.54 0.70 0.64
C15 0.71 0.72 0.69 0.69 0.65 0.68 0.68 0.70 0.50 0.51
Ci6 0.69 0.71 0.65 0.74 0.62 0.64 0.70 0.51 0.61 0.54
C17 0.66 0.69 0.68 0.70 0.70 0.64 0.62 0.53 0.42 0.41
TABLE 7: Comparison between model evaluation result and yearly top achievements
Serial Number 1 2 3 4 5 6 7 8 9 10
Evaluation Value 0.722 0.744 0683 0719 0.633 0.646 0.632 0606 0.620 0.610
Measured Value (s) 1158 1120 11.72 11.65 12.03 12.64 1279 1323 13.02 1241

According to theformulaof sprint ability and the
indicator weights, we can get:
4, = 12 x,w, = 0.025d, +0.074d, +0.053d; ++-+0.019d,,

i=1

Usingthedatain TABLE 6, we can get theevalua
tion resultsof sprint ability of each samplewhich canbe
seeninTABLE7.

ANALYSISOFRESULT

From theindicator weights, we can find that the

fromthismodewith theannua bests 100m performance;
we can find that the sprint ability eval uation systemin
thisarticlecanwell reflect thelevel of athletic ability.
Theresultsare objectiveand accurate. The quantified
resultscan effectively avoid thevolatility caused by the
instability and the performance. Through the compari-
son between the PE students and the non- PE students,
themodd can effectively identify and quantify theim-
pact of quality improvement on the sprint capacity. It
hasawideapplicability.
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CONCLUSIONS

Inthisarticle, wefirst establish ascientificand rea-
sonable sprint comprehengveability evauationindica
tion and then through study and practice, weimprove
thetraditiona sport ability research method, establish-
ing anew and more scientific sprint ability evaluation
indication systlem. Thesprint ability quantization model
based on AHP has been established. We use Matlab
softwareto cd culate thewei ght and implement thecon-
sstency test, which can makethemodd moreaccurate
and efficient. Whenthemodel isinappropriate, wecan
adjust andrevise. After theempirical test, wecan evau-
ate the comprehensive ability of the sprinters objec-
tively and accurately. It isvaluableto thedraft of the
targeted training plan, theimprovement of the perfor-
manceand scientific player seection. Itisadsooneim-
portant attemjpt combining the computer-al ded process-
ingwiththemathematical method, which canprovidea
way for thefuture research.
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