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ABSTRACT

This paper uses two-factor variance analysis, studies the top three
achievements of men’s 110m hurdles in the 15th to 30th Summer Olympic
Games, establishesthe optimal quaternary linear regression prediction model
by optimizing and comparing, respectively builds the achievements
prediction equation of thethird place, runner-up and champion performance,
predictsthetop three scoresof men’s 110 meters hurdles in the 31th Summer
Olympic Games. Studies have shown that achievement of thethird placein
the 31th Olympic 100-meter hurdlesis13.11, achievement of the runner up
is13.09, and achievement of the championsis12.91. Themodel and results
well descript theoverall level variation law of the recent 16 Summer Olympic
Games men’s 110-meter hurdles, predict the achievements development,
and provide a new way for the best combination methodsto play arolein
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INTRODUCTION

Although our technicd leve of themen’s 110-meter
hurdlesbelongstothefirstlevel inAga, itisstill rela
tively below intheworld. By observing thelist of top
three athletesin the previous summer Olympics, there
arefew Asian athletes, and the name of the Chinese
athletesonly appearsonetime. Wemust faceup to our
own defects, compensate through technical improve-
ments and reasonabl e training, and may enter into the
advanced level intheworld. For the determination of
athletestraining strategy, first training objectives need
to bedetermined. At present to carry through correct
and reasonabl e prediction on the achievements of the
top threeathleteswith theinternational advanced level

inthe 2016 Summer Gamesisamust.

Thispaper first anayzed the achievements data of
the top three athletes of the 15th to the 30th Summer
Olympic Gamesmen’s 110m hurdles through the two-
way ANOVA method; thenit established amulti-combi-
nation typelinear regression mode and conducted sta-
tistical testson themodel and theresults, which opti-
mized themodd; using the optimized linear regression
model to describethe sportsleve of men’s 110-meter
hurdlesininternationa; Throughthepredictionand un-
derstanding onthe devel opment direction of thisproject,
itfinally arrived at the prediction resultsonthetop three
scores of the 31th Olympic Games men’s 110-meter
hurdles, which providestarget valuefor theathletes se-
lection andtraining Strategi esdetermingtion of thisproject,


mailto:Email:37679055@qq.com
mailto:Email:39310257@qq.com

1200

The optimal combination model building and application

BTAIJ, 8(9) 2013

FULL PAPER o

aswell asprovidesmethodsfor thedata prediction of
smilar sportsproject that hascorrelation over time,

RESEARCH OBJECTAND METHOD

Resear ch obj ect

This paper takesthe champion, runner-up and third
place achievement dataof therecent 16 Summer Olym-
pic men’s 110 meters hurdles as the research object;
the statistical dataisfrom the official website of the
Chinese Olympic Committee http://mww.olympic.cn/
games/list2.html, and thedataisreligble.

Resear ch method

1) Document literature

Through ISI/EI/CNKI and other database, down-
|oad rel ated research papers, mathemati cal statisticstu-
torialsand matrix calculationsrelated tutorial, which
makes adequate preparation for the correctness of the
theory and calculation.

2) Mathematical statistics

Use SPSS software, EX CEL functionsand math-
emdticd integrated computing sysem-FORLAB to con-
duct processing and computing onthestatistical data.

THE PREDICTION MODEL ESTABLISH-
MENT OFMULTIPLE LINEAR REGRES-
SIONS

Multiplelinear regressions

Hereweestablish multiplelinear equations: If the
randomvariable yisreatedto p(p > 2) numbersof or-
dinary varigblex,, X, X, -, X, , and satisfies equation
(1), equation (1) isthemathematica descriptionway of
themultiplelinear regressions.

Y=o+ X + X, +/33x3+--~+/3pxp +&
{E(g) —O,Var(s) = 6% < 400 (1)

Wherein g, 8., B,. Bz, B, 6> aretheunknown param-

etersthat havenothing to dowith X, X;, X, -, X, ,and

¢ 1stheunobserved random variables. Cal equation (1)
p meta-theory linear regression model,;

Bo: Bi: By B+, B, are the regression coefficients; are
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cdledtheregressonfactorsor designfactor, factorsfor
short. Parametersreflect theinfluence of factorsto the
observation, soisaso known astheeffectsof factor.

Supposethere are groups of sample observations
which arenot al the same, obtaining formula(2) by
formula(l):

Y, ::Bo""ﬂlxil"‘ﬂz)ﬁz+133Xis+'”+ﬂp)§p + &
E(s,)=0,Var(s) = 5% < +o @
Whereini =123,--,n, MOreover ¢, &,, &3, -+, £, isinde-

pendent to each other.
Thematrix expression of theformula(2) isshown
informula(3):

A 1 X - Xip B £
|y ~ 1 %, - Xp B B, e Y=XB+¢
it N e PO I S {E(a):o,Var(g)za‘?ln 3
Yo R 8.) s

Whereinl ,isthe n-order unit matrix, 1, isthe-dimen-

siona column vector that theelementsaredl 1. v is
caled theobservation vector of randomvariables, gis
theunknown parameter vector, x isdesgnmatrix, ¢is
the n-dimensional random error vector. Intheregres-

sonanayss generdly assumerank( X )= p+1,namdy
require that x is the column satisfaction. So it has
E(Y)= XB.Var(s)=6°1,.Generdlytake ¢ ~ N(0,62),
sotheexpressionform of formula(3) isshown asfor-
mula(4) below:

Y=XB+¢
£~N(0,52,) “)
Regr ession coefficient calculation method
Using theleast squares method to solve the esti-

mated vector ﬂ of theregression coefficientscolumn

vector Sinmode (4), theregression coefficientserror
sum of squaresisshowninequation (5):
Q(ﬁu,ﬁ1,ﬁ2,~~-,ﬁp)=i1(y.—ﬁo—ﬁlx.l—ﬁox.z—m—ﬁpxm)z (5)

Based on thé idea of the least squares method,
choosethe group with thesmallest error sum of square
asthe parameters estimation of the regression coeffi-

cients, thatistosay, if 4, 5., 5, 5, existsand it satis-
fiestheequation (6):
Q[ﬂﬂorﬁﬂuﬂ;v”' *ﬂAp) = min {Q(ﬂo'ﬂlvﬂzv“' ’ﬂp)} (6)
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for BB, 5, 1S the | east squares estimation of param- inFigurel.
dasﬂ01ﬂlvﬂz1"'1ﬂp-
Prediction method on sportsresults

i : : bodeadnd i
i A i o H PN : F—
S e e PEE. oo N T
- - - e T i (e N
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Theregression equation obtained by achievements S SREEE e
sample (X, %, X5+ X ¥ Ki=12+,n) isshownin || |

1N SRR Es =i RR RN
formula(7) below: b | L P L N L
Y= Byt BuX+ By X+ Py Xg +o+ B X @) Figurel: Thelinechart of Champion Runner-up third place
pop

) ) and aver ageachievementsof thissession
After test theregression effect and regression co-

efficient are both significant. When given aset of val- The upper left of Figure 1 is the championship
. achievementstrend chart; the upper right isthe runner-
Ues (X, X Xar 1 %), it IS reasonable to

up achievementstrend chart; thelower leftisthethird
take ;O _ /§0+/}1 Yoy + ﬁAz X, +/§3 Yo+ +/§p %, 3 the place achievementstrend chart; left lower istheaver-

age scorestrend chart of al previouschampion runner-
up and third place. As can be seenfrom Figure 1, the
mula(4), y istheunbiased esimation of E(y, ). achievement trend of four categories changewith the

increase of the session number; the change pace of the
scoresisgetting dower. Obvioudy smplelinear regres-

point estimation of E(y,), because according to for-

RESULTANALYSIS sion cannot bewdl | fitting for theabovefour categories
) . of curves. Accordingto thechangetrend, we can carry
Previousachievement datatrends through logarithmic transformation and power transfor-

Accordingtothedatain Table 1, wemakeuseof —mation tothe Olympic session number. Then conduct
EXCEL formulato draw scattered trend chart, asshown  thefree combination, and choosethebest fitting curve.

TABLE 1: List of dataafter processing

X, X X, Y, Y, Y, Y,
Session 2 Natural Championship Runner-up Third place average
number Square logarithm scores scores scores scores

15 225 2.7080502011 13.91 14.00 14.40 14.1033

16 256 2.7725887222 13.70 13.73 14.25 13.8933

17 289 2.8332133441 13.98 13.99 14.17 14.0467

18 324 2.8903717579 13.67 13.74 13.78 13.73

19 361 2.9444389792 13.33 13.42 13.46 13.4033

20 400 2.9957322736 13.24 13.34 13.48 13.3533

21 441 3.0445224377 13.30 13.33 13.38 13.3367

22 484 3.0910424534 13.39 13.40 13.44 13.41

23 529 3.1354942159 13.20 13.23 13.40 13.2767

24 576 3.1780538303 12.98 13.28 13.38 13.2133

25 625 3.2188758249 13.12 13.24 13.26 13.2067

26 676 3.258096538 12.95 13.09 13.17 13.07

27 729 3.295836866 13.00 13.16 13.22 13.1267

28 784 3.3322045102 12.91 13.18 13.20 13.0967

29 841 3.36729583 12.93 13.17 13.18 13.0933

30 900 3.4011973817 12.92 13.04 13.12 13.0267
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Data processing

Through the above study, conduct dataprocessing
onthe Olympic session number (1516,17,---,30). Respec-
tively cdculateits squaresand natura logarithm, and
use vector X,=(x, X, ... %;)to represent session
number; usevector X, =(x,, %, - X.)torepre-
sent the square of the session number; use vector
%16 )10 present the natural loga-
rithm values of the session number; vector
Y,=(yi. Yi» - Yiis)represents championship re-
sults;vector Y, =(y,, v,, - Y.1) FEQresentstherun-

Xy = (X3.l X32

ner-up results; vector Y, = (ys, vs, - Yais) FEQresents
the third place results; vector
Y, =Y Ye» - Yai)rEQresentstheaverageresults;

thecal culation resultsare shownin Table 1 below:
Respectively using X,, X,, X,0r its combinations
(X4, X, ) (Xq, X3 ), (X5, X5 (X4, X5, X, )to do unitary linear
regressonor multiplelinear regressonsony,, Y, Y, Y,. This
kind of combinationshaveatotd of 28 groups, expressed
a(1,1),(1,2),(1,3),(14),21),(22),(23),(24), (3,1,
(3.2, (33, (34, (1, 2,1), (1,2,2), (1,2,3), (1,29,
(1,3,2),(1,32),(1,3,3),(1,34),(231),(23,2), (23,3),
(2,34),(1,23,1),(1,2,3,2),(1,2,3,3),(1,2,34). It rep-
resentsthecombinationof x, andy, , thecorresponding
relationship isone-to-oneor many-to-one. The param-
etersof regression equation areshownin TABLE 2:
TABLE 2 showsthemethod of selecting combina:
tion. Accordingtothetest methodin 3.3, select themini-
mumresidud sumof squares, theminimum varianceand
themaximum multiplecorreaion coefficient. Thecham-
pion combinationis(l, 2, 3, 1) withtheminimum re-
sidua sum of squaresand (1, 2, 1) with theminimum
varianceand maximum multiplecorrel ation coefficient.
Therunner-up combinationis(l, 2, 3, 2) withthemini-
mum residua sumof squaresand maximum multiplecor-
relation coefficient, and (1, 3, 2) with themaximummul-
tiplecorrdation coefficient and minimumvariance. The
third place combinationis(1, 2, 3, 3) withtheminimum
residua sum of squaresand maximummultiplecorrela
tion coefficent, and (1, 3, 3) withtheminimumvariance.
Theaveragecombinaionis(1, 2, 3,4) withtheminimum
residua sum of squares, and (1, 3, 4) with themaximum
multiplecorreation coeffident and minimumvariance. But
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thegoodnessof fitting reflectsthemaximummultiplecor-
relation coefficient, thefina combination of champion-
shipis(1,2,1), thefind combination of runner-upisthe
meanvaueof (1,2,3,2) and (1,3,2), thefina combina-
tion of thethird placeis(1,2,3,3), thefind averagecom-
binationis(1,3,4).

Establish theregression equation of achievements
predictions

Accordingto theleast squares method, ultimately
sel ect combinationsto carry through optimum multiple
linear regressionsfittingin accordancewith TABLE 2.

In accordance with the combination (1, 2, 1) the
regression equation of championship achievementsis
shown asequation (8) below:

\A(l =16.8776-0.2582 >21+ 0.0042 >22 ®)

In accordance with the combination (1, 2, 3, 2)
and (1, 3, 2) theregression equation of runner-up av-
erageresultsisshown asequation (9) below:

’

Y, =25.7107 +0.2512 X,—0.0012 X ,— 5.6126 X,

"

Y, =24.0055+0.1486 X,—4.5133 X,

! "

y Yo tYs ©
z 2

Y, = 24.8581+ 0.1999 X,—0.0006 X ,—5.06295 X,

Y, = 56.9289+1.8098 X,— 0.0173X,—- 24.2559 X,  (10)

In accordance with the combination (1, 3, 4) the
regress on equiation of averageresultsisshown asequa
tion (11) below:

Y, = 26.1633+0.1807 X,~5.4436 X, (12)

Predict the31th Olympic 110 metershurdlesre-
sults

Substitutethedatain TABLE 2into formula(8),

(9), (10) and (12), E(Y, ) E(Y.51) E(y35)and E(y4,31)
can beobtained. Thecd culation formulaand calcul a
tion resultsare showninformula(12) below:

E(y,.1)=16.8776-0.2582x31+0.0042x 31> =12.91
E(Y, 5,)= 248581+0.1999x 31~ 0.0006x 31 ~506295¢In(3) =1309
E(Yy4)=56.9289+1.8098+ 31-0.0173« 3T — 24.2559x In(3]) =13.11
E(y, 51)= 26.1633+0.1807x 31~ 5.4436x 3 =1307

(12)
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TABLE 2: List of regression equation parameters

Theresidual sum

The sum of Multiple correlation

Combination mode . o Variance
of squar es deviation squar es coefficient
(1,2 0.301 1.9301 0.9187 0.301
(2,1 0.3868 1.9301 0.8942 0.3868
3.) 0.2403 1.9301 0.9357 0.2403
(1,21) 0.2003 1.9301 0.9467 0.2003
(1,32) 0.2045 1.9301 0.9455 0.2045
(2,31) 0.2029 1.9301 0.946 0.2029
(1,2,31) 0.199 1.9301 0.947 0.4461
The combination selected b
the champion y (1,2,3,) / (1,2,1) (1,2,1)
(1,2 0.2798 1.3948 0.8941 0.2798
(2,2 0.3557 1.3948 0.8631 0.3557
(3.2 0.2176 1.3948 0.9187 0.2176
(1,2,2) 0.1539 1.3948 0.9432 0.1539
(1,32 0.1511 1.3948 0.9443 0.1511
(2,32 0.1516 1.3948 0.9441 0.1516
(1,232 0.1509 1.3948 0.9443 0.3885
The combination selected b 1,32
therunner-up g (1,23.2) / (5,2,3,%) (132)
(1,3) 0.5332 2.5206 0.888 0.5332
(2,3) 0.7006 2.5206 0.8497 0.7006
3.3 0.3811 2.5206 0.9213 0.3811
(1,2,3) 0.1674 2.5206 0.9662 0.1674
(1,33 0.1376 2.5206 0.9723 0.1376
(2,3,3) 0.1479 2.5206 0.9702 0.1479
(1,2,3,3) 0.1121 2.5206 0.9775 0.3349
The combination selected b
the third place g (1,23.3) / (1.233) (1.33)
(1,9 0.312 1.8678 0.9127 0.312
(2,9 0.4193 1.8678 0.8806 0.4193
(3.9 0.223 1.8678 0.9384 0.223
(1,24 0.1308 1.8678 0.9643 0.1308
(1,34 0.1247 1.8678 0.966 0.1247
(2,34 0.1263 1.8678 0.9656 0.1263
(1,234 0.1237 1.8678 0.9663 0.3517
Selected combination averagely (1,234 / (1,34 (1,34

In summary, weextracted the performancelaw that
changesover timefrom the datatrend of the 15th-the
30th Summer Olympic men’s 110-meter hurdles, and
well predicted the performance of thetop threeinthe
31th Olympic Games.

Onthewholethetime segment that scores change
thefastest isthe 15th to the 24th session. Although there
arefluctuations, the scoresvariation amplitudeisrela
tively large and devel ops toward better results. The
scoresincressereaively dow fromthe 24th to the 30th
Olympic Games. As can be seen from the predicted

results, the Olympics scoresisgrowing over time, but
the31th Olympic Gamesin 2016 still cannot reach the
12.88 records by Liu XianginWorld Championship
andthereishopetorefresh his12.91 Olympic records.

CONCLUSIONS

Thelinear regression model of optimal combina:
tionwell explainstheachievementsvariation trendsand
lawsof the Summer Olympic Gamesmen’s 110-meter
hurdles. It predicted the top three scoresin the 31th
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Summer Olympic Games of this project, forecast
achievementsof the 31th Olympic championsis12.91,
forecast achievementsof therunner upis13.09, fore-
cast achievementsof thethird placeis13.11, and the
results can be used asthetarget value of training deci-
sions, We can usethe variablescombination method to
conduct regression andys's, and then optimizethe port-
foliobased onitsgatistical parameters. Thisoptimiza-
tion model can be closer tothe actual problem.

Themodel can be applied to other sportsdatapro-
cessing that changes over time. With the devel opment
of sciencethe determined variable quantity will con-
tinueto increase. In order to make better use of new
scientificresultsand makeit play arolein sportscom-
petitionsand research, to use the optimal combination
method isacorrect way.

REFERENCES

[1] BaorenChe, Hongjiang Li, Chongxi Tai; Track and
field. Beijing: Higher Education Press, 118- 189
(2000).

Bing Zhang, Yan Feng; The Special Quality Evalu-
ation of the Triple Jump and the Differential EQua-
tionModel of Long Jump MechanicsBased on Gray
Correlation Analysis. International Journal of Ap-
plied Mathematics and Statistics, 40(10), 136-143
(2013).

[2]

(3]

[4]

[5]

[6]

[7]

Chungen Lu, Ziging Liu; 110mhurdletechnical char-
acteristicsof Shi Dong-peng. Shandong Sports Sci-
ence & Technology, 30(1), 41- 43 (2008).
Haifeng Yan; A Comparative Study on Technical
Parameters of Chinaand World Outstanding 110m
Hurdlers. Journal of Hubei Sports Science, 04,
(2004).

Weilan Huang; Structure and Arrangement Analy-
sis of Specific Abillity on Field Evente in
AthleticsyJournal of Guangzhou Physical Educa-
tion Institue, 25(2), 95-97 (2001).

Weishou Zhang, Lihua Wang, Xiaofeng Xu;
Changes of whole speed of elite men’s 110-meter
hurdlerunnersin China. Journa of Shandong Insti-
tute of Physical Education and Sports, 23(5), 101-
103 (2007).

Yunling Deng, Guanglin Zhang, Zhongbing Wang;
Building on male 110m hurdler’s special ability in-
dex system and performance predi cted modely Jour-
nal of Northwest Normal University (Natural Sci-
ence), 43(2), 98-101 (2007).

BioTechnology —

Hn Tudian Jounual



