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World Men’s 200m performance development trend applied
research based on residual correction gm (1, 1) model

Jiangtian Zhu

ABSTRACT

For competitive sports performance prediction problems possessed “poor
datainformation”, “small sample” and “dynamics” as well as other traditional
statistical methods hard problems, grey model’s application will more
effective and accurate solve the problems. But meanwhile grey model’s
application in competitive sports prediction problems, it also appears|ots
of problems; traditional GM (1, 1) model cannot arrive at corresponding
accuracy inlotsof problems’ prediction. The paper researches on residual
correction-based GM (1, 1) grey model application in competitive sports.
Takeworld men’s 200m best performance from 2003 to 2013 as sample, it
carriesout residua correction GM (1, 1) grey model’s modeling, its prediction
accuracy arrives at first grade accuracy, and makes prediction and models
onworld men’s 200m best performance in 2014 with solved model, it solves
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INTRODUCTION

Since Professor Deng Ju-Long started grey math-
ematics, only above 30 years, grey mathematicsappli-
cation and its theoretical research has achieved fast
development, modeling fid dsinvolved decision mak-
ing, controlling, planning and predicting and others, its
applicationfield asoinvolve medical, economy, edu-
cation and sportsaswell asother fields. And in com-
petitivefield, grey model applied developmentisvery
fast. Accordingto correlation thesisstatistics, in recent
fiveyears, quantity of competitive sportsthesswithgrey
model asresearch method will beincreased at annual
9.81%~10.10% speedi. Grey model application’s
rapidly devel opment in sports competitive performance

prediction, it greatly improved competitive sports per-
formance predicted research’s scientific, which also
gresatly prope sto grey mathematical theory’s constant
development. But meanwhilegrey model a so occurs
abusein sports, lots of problemsthat not fit for grey
modé or traditional GM (1, 1) grey prediction model
havebeen gppliedinto GM (1, 1) grey modd to modd,
whichwill surely affect grey mathematica theoretical
devel opment and itsdevel opment in competitive sports
performance prediction.

For GM(1,1) grey prediction modd agpplicationin
competitive sportsfield, lotsof scholarshave aready
carried out lotsof researches, gatedtheir modelingbasic
thoughts, and madelotsof improvementson traditiona
GM(1,1) grey prediction model. Among them: Liu
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Di(2002) from the perspective of sportsapplication, it
discussesgrey modd modeling advantagesand features
in sports problems, it stated grey modeling basic
thoughts, basic methods?; Sun Qiang (2012) by es-
tablishing Olympic Games men’s 400m competition
performancesamedimensiongray recurrenceGM(1,1)
modd, hesolved grey modd middleandlongterm com-
petitive sportsperformance prediction®; HeXin, Chen
YaQing (2010) for Chineserecent years’ civil aviation
enterprise devel opment, they applied Markov chain
theory amended GM (1,1) grey predictionmodel, and
predicted Chinesecivil controllers’ quantity!; Liu Jia-
Jin(2006) analyzed the 14" to the 28" five sessions’
OlympicWinter Gameswomen’s shot competitive per-
formance development trend, heproposed GM(2,1) is
morefit for sports competitive performance prediction
grey model establishing that possessed dightly swing
data sequence™; Ma Wei-Jun(2006) researched on
products sae processfault products sales proportions,
he proposed that adopted supply residud and weighted
average method to improve GM(1,1) grey prediction
model, and improved prediction accuracy!®l.

Now, grey model researchesgpplication hasdready
become one of most rapidly subjectsin sportsfield
applied development. The paper takesworld men’s
200m performanceasan example, and makesresearch
ongrey mode applicationin competitive sportsperfor-
mance prediction. By researching and analyzing, it fi-
naly definesresidual correction GM (1, 1) prediction
model’s establishment. It provides reference for Chi-

nesemen’s 200m sports, meanwhile it propels to com-
petitive sportsfield grey model’s application and de-
vel opment.

WORLD MEN’S200M PREVIOUSCHAMPI -
ONS PERFORMANCEANALYSIS

Inorder to predict world men’s 200m performance
devel opment trend, the paper appliesdocument litera-
ture, it countsworld men’s 200m annual best perfor-
mancein 11 years from 2003 to 2013, and based on
this, itmakesresdud GM (1, 1) grey predictionmodd.
Itsstatistica dataisasTABLE 1.

To sportscompetitive performance prediction, dif-
ferent devel opment changing trends performance data,
it needstomodd onit with different corresponding grey
models, itsprediction resultsthen can arriveat corre-
sponding prediction accuracy. In order to establish high
accuracy predictionmodel onworld men’s 200m an-
nual best performance, it should first analyzes
2003~2013 world men’s 200m annual best performance
changing devel opment trend so that define correspond-
ing grey prediction model.

By Figurel, itisclear that world men’s 200m an-
nual best performance change range is between
20.13~20.94s, from 2003 to 2006, its performance
change overdl performanceisin decliningtrend, per-
formancein 2007 haspromotionsandishigher relative
to performancesin 2006 and 2008 that is higher, per-
formancein 2009 has no big changes by comparing

TABLE 1: 2003~2013 previouswomen’spentathlon highest per formancetable”

Y ear 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Performance  20.13 2058 2069 2091 2058 2091 2094 2074 2082 207 20.63
21
70, 8 /'\ /'"’_‘\w_a_
Bt o \' 7 e
20. 4 /
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2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Figure 1: 2003~2013 men’s200m annual best perfor mance changegraph
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with that in 2008. And from 2009 to 2013, its perfor-
mance changes are also in rising trend. Due to its
changeshasvolilities, they go up and down, fluctuate,
soirregular and dataquantity islittle, information quan-
tity islittle, meanwhileworld men’s 200m annual best
performance devel opment changeisadynamic pro-
cess, traditional mathematical method isasregression
andysis, interpolationfittingand soon, it hashigher re-
quirementson samplesdatathat needslotsof datawith
certain changerulesand deve opsstatic samples, which
isdifficult to analyzeit and judgeitschangetrend. By
anayzingitsdevelopment changestrend, the paper de-
cidestogpply GM (1, 1) grey prediction modd to model
onit, and makes prediction on world men’s 200m in
2014.

WORLD MEN’S200M BEST PERFOR-
MANCE GM (1, 1) MODEL

In grey theory, grey predictionisoneof mainre-
search directions; itsmethod applying positionin grey
mathematical theory isonly inferior to grey relational
anaysis. GM (1, 1) model method issimple, range of
applicationiswide, accuracy ishigh, gpplicationinac-
tua problemsisstrong, itsapplication hasalready oc-
cupied 75.61% of grey prediction model’s application,
and its thesis quantities is increasing at annual
19.69%~21.08% speed. The paper by researching and
andyzingworld men’s 200m annual best performance
changetrend, it appliesGM (1, 1) mode to predict on
itsdevelopment changes.

Data test

By datadtatistics, it carries out world men’s 200m
annua best performance grey model original datase-
guencegeneration from 2003 to 2013. Generated data
sequenceisasfollowing:
x© = (x©(2),x?(2),x@(3),--,x?(12))

Inorder toensureGM (1, 1) grey prediction mode’s
accuracy andit’s precise, it needs to carry out test han-
dlingwith model ling obtained origind sequencedata. It

requiresoriginal sequenceultimaterate A(k) falsin

2 2
theinterval (g i1 gni2), Otherwiseit cannot proceed

with grey prediction moddling onitsdata If itsultimate

rate sequence doesn’t fall in required interval, then it
should handlewith origina sequence. Input n =11 and
it can get interval (0.8465,1.1663).

By sequenceultimaterateformula

_xOk-1)

AK)= k=2311
(k) O )

It can get that obtained ultimaterate sequencefalls
ininterval (0.9781,1.0096),s0 it can use original se-
quenceto directly mode on prediction system.

GM (1, 1) model establishment

(1) Accumulating and mean handling with new data
column
By accumul ating operator AGQ carryingout accu-
mulating with to new data sequence, weaken itsran-
domness, it can get accumulating sequence:
xW = (x®(2),xY(2),--,xP(13))
Andbyformula z (k) = 0.5x® (k) + 0.5x® (k) ,it

solvesitsaverageval ue generation sequence ¥ (k) -
(2) Construct datamatrix B and datavector Y:
-z0@ 1 x@(2)

-7 0
| 1|0

x©@(11)
-0.0002
20.7291

-z0@ay 1

u=(ab)" =B"B)BTY =(

(3) Cdculate|:

@
dxt -0.0002xY = 20,7291

(4) Mode establishment:
It cansolve:

x @ (k + 1) = 1228210-000168803k _ 155801
Solved grey model predictionvaueis:

A (0)
X (K)=xDK)=xDk-1)

Among them,k =2,3,--- 13, then it can solve

2003~2013 men’s 200m best performance prediction
vaueisasfollowingTABLE 2.

GM (1, 1) model test
Model each item test indicator is as following
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TABLE 3 show:

By TABLE 3, it can get prediction model relative
error maximum vaueis0.9%, maximum ultimate de-
viationis0.0217.

Residud qudified model

Relativeerror sequenceis:.

A= (A1:A1:"'vA1)

Thenit can solveaveragereativeeroris:

1
n

A==3A, =0.0051

Correlation degreequaified modd:
Absolute correlation degreeg is original se-

guence x© and corresponding grey prediction se-

quence ;(( *) absol ute correlation degree, it solves:

g =0.9947
(3) Mean sguareerror ratio qualified model

Stand S? are respectively original sequence
x(@ and residua sequence ¢(k) variances, it can solve

mean squareerror ratio vaue:
C=S,/S, =05710

By TABLE 3data, it can solvemodel precisetest
dataasfollowing TABLE 4:

By TABLE4, itisclear that directly usestraditiona
GM(1,1) grey model to predict world men’s 200m
performance, itsreativeerroris0.0051 that isfirst grade
precise, absolute correlation degreeis0.9947 that is
first grade precise, mean square error ratio is0.5710
that isthreegrade precise; on awhole, mode predic-
tion preciseisbetter. To ensure established prediction
model precise, heretakesthreeindicatorslowest pre-
ciseindicator’s precise as prediction model’s precise.
Andby TABLE4, itisclear that GM (1, 1) grey pre-
dictionmodel predicted preciseisthird grade.

RESIDUAL SEQUENCE GM(1,1) MODEL
ESTABLISHMENT

Oneof very important problemsingrey model ap-
plication isprediction modd’s precise. In practical ap-

TABLE 2: 2003~2013 men’s200m best perfor mance prediction table

Y ear 2003 2004 2005 2006 2007 2008
Performance 20.1300 20.7342 20.7388 20.7412 20.7447 20.7482
Y ear 2009 2010 2011 2012 2013
Performance 20.7517 20.7553 20.7588 20.7623 20.7658

TABLE 3: GM (1, 1) model test table

Y ear Original value Model value Residual Relative error Ultimate rate deviation
2003 20.13 21.3000 0 0
2004 20.58 20.7342 -0.1542 0.0075 0.0217
2005 20.69 20.7377 -0.0477 0.0023 0.0051
2006 20.91 20.7412 0.1688 0.0081 0.0104
2007 20.58 20.7447 -0.1647 0.0080 -0.0162
2008 20.91 20.7482 0.1618 0.0077 0.0156
2009 20.94 20.7517 0.1883 0.0090 0.0013
2010 20.74 20.7553 -0.0153 0.0007 -0.0098
2011 20.82 20.7588 0.0612 0.0029 0.0037
2012 20.70 20.7623 -0.0623 0.0030 -0.0060
2013 20.63 20.7658 -0.1358 0.0066 -0.0036
TABLE 4: GM (1, 1) prediction modd precisetable
Precise grade Relativeerror Absolute correlation degree Mean squareerror ratio value
Three grades 0.0051 0.9947 0.5710
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plication, dueto dataitself change devel opment fea-
tures and model application, problem solvers’ self
knowledge aswell asother limits, it lets grey model
prediction model precise cannot arrive at correspond-
ing requirement, and competitive sports performance
model hasno exception. How to solvegrey model pre-
dicted precise problem, how to implement effective
improvement and handlingwith grey modd, itisoneof
major problemsin grey modd development. By above
caculaionresults, itisclear that for world men’s 200m
annua best parformancegrey mode ’s modeling, its mean
square error ratio test indicator is0.5289 preciseis
third grade, prediction model’s predicted precise is
lower. To how to improve grey model s predicted pre-
cisesuch problems, therearelotsof performance meth-
odsand theories, which mostly iswhitening differentia
equation handling with sampledataand selecting grey
modd. Toimproveworld men’s 200m annual best per-
formance predicted precise, the paper carriesout re-
sidual sequencegrey prediction onthe model to cor-
rect GM (1, 1) grey prediction model.

————, FyurL PAPER

Residual sequence GM (1, 1) prediction model’s
establishment

Resdud referstogrey prediction modd’s predicted
valueand actud value’s difference, residual sequence
grey prediction model refersto takeresidua sequence
asgrey prediction mode’s original sequence to carry
out GM (1, 1) modeling, it getsits prediction modd,
and makesuseof itsresidual prediction model to cor-
rect previousmodded GM (1, 1) grey predictionmodd,
so astoimprove prediction modd ’s precise. By above
caculaion, world men’s 200m annual best performance
residual isasTABLE 5 show.

Take year 2007~2013 residual to proceed with
world men’s 200m best performance residual sequence
generation:
g0 =(80(1).&0(2),--,&0(7))

By TABLEDS, itisclear that partid resdud vaueis
negativevalue, it cannot direct useit to carry out GM
(1, 1) grey modeling. Meanwhile, if it needsto carry
out grey prediction modeling, itssequence ultimatera

TABLE 5: 2003~2013 M en’s200m best performanceprediction model residual

Year 2003 2004 2005 2006 2007 2008
Performance 0 -0.1542 -0.0477 0.1688 -0.1647 0.1618
Y ear 2009 2010 2011 2012 2013
Performance 0.1883 -0.0153 0.0612 -0.0623 -0.1358

tio A(k) dropsintheinterval (e’n%,eﬁzz),otherwise

it cannot useits datato proceed with grey prediction
modeling. Amongthem, n = 7, input it and can get in-
terval (0.7788,1.2438).

In order to model on GM(1,1) grey prediction
modédl, it should handlewith residual sequenceand get
new sequence that meets grey model establishment
conditions. In the paper, do trandation transformation

with resdua sequencesg,, that isto takeaproper posi-

tive numberc, lets,” (k) = £,(k) +c, the paper her

takesc =15, and can get transformation sequence as
TABLE 6 show.

By ultimate testing, it can get new generated re-
sidual sequence ultimate rate value range is
[0.9785,1.0136], it meets GM(1,1) grey prediction
model established conditions. That can modd onit ac-

cording to above GM (1, 1) grey prediction model’s
modeling steps.

Residual sequence GM (1, 1) modéd result and
test

To new generated residual sequence, it makes
GM(1,1) modeling, set itsaccumul ating sequenceto
be ¢, it can get itswhiten differential equation solu-

tionas.

A (D)
g (k+1) =3718.11- 3703.27exp(-.00410962K)

To solvepredicted vadueand origind vaue, it makes
TABLE 6: New generated residual sequencevalue

Y ear 2007 2008 2009 2010
Performance  -0.1647 0.1618 0.1883 -0.0153

Y ear 2011 2012 2013
Performance  0.0612 -0.0623 -0.1358
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comparative analysis and test, and gets model error
vauesTABLE asfollowingTABLE 7:

Utilize TABLE 7 solved modd error valueand re-
sdud vaue, it cdculateson GM(1,1)modd, solveseach
item test indicator to cal culate and obtained resultisas
TABLES:

By TABLE 8, itisclear that modd relativeerroris
0.0023, itsprecise gradeisfirst grade, absolute corre-
lation degreeis 0.9978, precise gradeisfirst grade,
mean square error rate valueis 0.3272, and precise
gradeisfirst grade. Residual GM (1, 1) grey system
goesahead with grey prediction modding; itspreciseis
very high and canapply it to predict onitsresidual.

Restoreresidua sequence, set 2003~2006 years

residua predicted valueisOand can get predictionre-
Sidud vadueasTABLE9:

Residual correction-based GM(1,1) grey predic-
tionmodd’s establishment

By aboveresearch calculation, itisclear that new
generated resdua sequencewhiten differentia equa
tionsolutionis

A (D)

g (k) =3718.11- 3703.27exp(-.00410962K)

Andthewhiten differentiad equation solutionisthe
solution that is got by year 2007~2013 residual se-
guence value carries out GM(1,1) grey prediction
model, in order to combineit with year 200352013
world men’s 200m annual best performance sequence

TABLE 8: Residual GM (1, 1) prediction model precisetable

Precise grade Relativeerror Absolute correlation degree Mean squareerror ratevalue
First grade 0.0023 0.9978 0.3272
TABLE 9: Year 20032013 men’s200m best perfor manceresidual predicted value
Y ear 2003 2004 2005 2006 2007 2008
Performance 0 0 0 0 -0.1647 0.1878
Y ear 2009 2010 2011 2012 2013
Performance 0.1255 0.0635 0.0017 -0.0598 -0.1211

TABLE 10: Grey prediction sequenceGM (1, 1) model error value

Y ear Original value Model value Residual Relativeerror
2003 20.13 21.3000 0 0
2004 20.58 20.7342 -0.1542 0.0075
2005 20.69 20.7377 -0.0477 0.0023
2006 20.91 20.7412 0.1688 0.0081
2007 20.58 20.5800 0 0
2008 20.91 20.9360 -0.0260 0.0012
2009 20.94 20.8772 0.0628 0.0030
2010 20.74 20.8188 -0.0788 0.0038
2011 20.82 20.7605 0.0595 0.0029
2012 20.70 20.7025 -0.0025 0.0001
2013 20.63 20.6447 -0.0147 0.0007

carried out GM(1,1)grey prediction model result, it
needsto handlewithit. Set:

0 k<4
sf%m={

gV (k-4 k>4
Set vy (k) isresidua correction-based GM(1,1)

grey prediction model predicted value, from which
k=12,---13. Then y® (k) isresidual grey predic-

tionmodel predicted value’s accumulating sequence.
That cansolve:

A (D)
yOK) =x (k) +&," (k—4)
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TABLE 11: Residual correction-based GM (1, 1) prediction model precisetable

Precise grade Relativeerror

Absolute correlation degree

Mean squareerror ratevalue

First grade 0.0027

0.9980

0.3328

By accumulating sequence y (k) solved predic-

tion sequence y© (k) by restoring, it can solve pre-
dicted vdlueand itserror valueasTABLE 9:

Utilize TABLE 9 solved modd error valueand re-
sidual value, calculate based on residual correction
GM(1,1) grey predictionmodd, it solveseachitem test-
ingindicatorsto ca culateand solved resultisasTABLE
10:

By TABLE 10, itisclear that model relativeerror
is0.0027, itsprecisegradeisfirst grade, absol ute cor-
relation degreeis0.9980, precisegradeisfirst grade,
mean square error rate valueis 0.3328, and precise
gradeisfirst grade. That solved residua correction-
based GM (1, 1) grey prediction model’s predicted
precisegradeisfirst grade; it can make accurate pre-
diction onworld men’s 200m annual best performance.

Based on solved model, it can predict on world
men’s 200m annual best performance in 2014,by for-
mua

A (1)
X (K + 1) = 122821e~0000168803k _ 155801

It can solve k=10,k=11,

A (D) A (D)
X (11)=227.5006 x (12)=248.2699-

That can solve GM (1, 1) grey prediction model

when

, , . A0
predicted valuein 2014 is. i (12) = 20.7639-

Similarly, it can solveresidual predicted valuein

2014 isgz(g) ——0.1821- Then it can solves world

men’s 200m best performance value is 20.59s based
onresidual correction GM(1,1) moddl.

CONCLUSIONS

Thepaper carriesout grey prediction modding with
world men’s 200m annual best performance, it pre-
dictsitsperformancein 2014, meanwhilediscussesgrey
model applied methodsin competitive sports perfor-
mance prediction that propel sto grey model applica

tionin competitivesports. GM (1, 1) grey mode adapts
sample datadistribution modeling processwith expo-
nentia changes, the paper by modeing andysison sta-
tistical data, it expandsgrey prediction model, applies
residua-based GM(1,1) grey prediction modd to pre-
dict world men’s 200m annual best performance, and
carriesout comparativeandysisof it withGM(1,1) grey
model. By results, it can find out that resdua GM (1,
1) grey prediction model complex degreeislow, pre-
dicted preciseis high that adapts competitive sports
performance prediction.
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