ISSN : 0974 - 7435 Volume 10 | ssue 6

LioSechn o/oyy

A Indian Yournal

—====> FyLL PAPER

BTAIJ, 10(6), 2014 [1403-1408]

The application research of ARMA forecasting model in
prediction of medals and ranking for 2016 olympic games

Shibiao Dong

School of Physical Education, Xuchang Univer sity, Xuchang 461000, Henan, (CHINA)

ABSTRACT

The medal number and ranking of previous Olympic Game isthe focus of
people’s attention. By studying the time series method, this paper applies
it in predicting the number of medals. It respectively predicts the medal

numbers of China, the U.S. and Russia, arrives at the medal number and
ranking of Chinainthe 2016 Olympic, obtainsthat Chinawill respectively
win 40 gold medals, 25 silver medalsand 27 bronze medalswith atotal of 92
medals at the 2016 Olympic Gamesby using the weighted moving average
method, uses autoregressive( AR) model, moving average(AM ) model

and autoregressive average ARM A model to respectively predict the medal

condition of American and Russian inthe 2016 Olympics, usesSAS software
to test the stationary of the data, teststhe autocorrel ation coefficient model,
and ultimately determinesthe predicted and estimated value. It ispredicted
that U.S. will get 44 gold medals, 36 silver medalsand 23 bronze medals, a
total of 103 medals; Russiawill get 32 gold medals, 36 silver medalsand 23
bronze medals, atotal of 91 medals; thus Chinawill be the second.
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INTRODUCTION

Thefirst modern Olympic Gamesin 1896 wereor-
ganized inAthensby the Greek. Olympic takes soli-
darity, peace and friendship asthe purposefor along
time. The Olympic Gamesisthe competition opportu-
nity to show the comprehensive strength of the nation,
it represents not only the sport devel opment of ana-
tion, but a so representsthe conditionin all aspectsof a
country’shumanistic qudity, political system, economic
devel opment and socid harmony. The performance of
acountry at the Olympicsdirectly dependson the num-
ber of Olympic medals. Olympic meda not only repre-

sentsthesportscompetition ability of individud, but also
bears people’slovefor sports, and anticipation of the
masses. Thenumber of medalsdirectly reflectswhether
acountry’ssports, economy, policy isadvanced or not.
China’s performance at the Olympicsis more promi-
nent, whichisaminiature of the rapid devel opment af-
ter China’sreform and opening up. Especialy inthe
2008 Beijing Olympics, Chinarankedfirstintheworld
withtheadvantage of 51 gold medd's; which effectively
promotesthe devel opment of sportsundertakingsin
Chinaat thesametimefulfillsChina’s Olympic dream,
but al so showsthe Chinese powerful comprehensive
nationd strength and thehumanigtic quality totheworld.
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The number of Olympic medalsin the Olympic
Gamesisthe focus of people’s attention around the
world. Peopleoftenincorporatealot of fedingsinmedd.
China’soutstanding performanceinthe Olympic Games
promotes the awareness unity and patriotism of the
people. Themeda number prediction canmake China
devel op better sports-rel ated policies, which iscondu-
civetothedeve opment of sportsand economic cause.
Therefore, theforecast for the number of medalshas
important significancefor the economic sportsdevel -
opment. Most of the papers are now predicting the
number of gold medal s at home and abroad, and pa-
persto predict thetotal number of medalsand Chinese
ranking onthewholearevery little. Themost powerful
opponentsfor Chinato havegood rankingin the Olym-
picsaretheUnited Statesand Russia. Thisarticlere-
spectively predictsthe medalsnumber of China, the
U.S. and Russiain 2016 asawholethereby deduces
China’sranking. From the dataobservation, the data
of thethree countrieshavetheir own characteristics.
For thedifferent characteristics of ninedatasets, this
article usesdifferent methods of timeseriesto predict,
whichismoretargeted and more accurate.

THEAPPLICATIONAND RESULTSANALY-
SISOFARMAFORECASTINGMODEL IN
THE OLYMPICSPERFORMANCE PREDIC-
TION

Weighted moving aver age method

Supposethetimesequenceisy,, ¥,,--+, Y,, - ; the
welghted moving averageformula:

M WY FWoY g+ WiYina !
tw Wi +W,+-+Wy s t>N @

—_— T T T
—— Gold medal | .
Silver medal

5 B0

: BISES Mtal: s s b onase

Intheformula M, isa t period weighted moving

averagevalue; w istheweightof v, ;.,. Theprediction
fomula
9t+1 =M @
That istotakethe t period weighted moving aver-
agevaueasthepredictivevaueof the t +1 period.
Figure 1 showsthat the 2008 Olympic Gamewas
organized in China, thenumber of medalsobtainedis
obviousabnormal, so round the Chinesemedd datain
2008.
Takew, =3, w, =2, w, =1, theprediction formulais:

Y +2Y 1 +Yyo
3+2+1
Accordingto theaboveequation, after theweighted
average, theresultsof the calculated prediction value
areshownin TABLE 1. Thepredictivevaluefor the
number of Chinawinningthe2016 Olympic gold medal
IS(number):

- 3x38+2x32+28
Y2016 == 6

Asthe overal trend tends to rise, the predicted
vaueslag. Itisnecessary to correct thepredictivevalue,
themethodis: first calculatetherelativeerror of the
predicted value and the actual value of each session,
such asthe 1996 session:

16-16.1667
16

Therelativeerrorisshownin TABLE 1, and then

calculatesthetota averageerror 0.932749122.

1- Z Yt 1000 = (1- 106'3334)x 100% = 6.725%
v, 114

Y1 =

= 34.3333

=1.042%

From theabovethe average of thetotal predicted
valueislower than the actua value33.04%, thusthe

Figure1: Chinesemedal case of all previous
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TABLE 1: Themedal ranking of China’sOlympic Gamesand theweighted moving aver agepredicted valuetable

Years

198419881992 1996 2000 2004 2012

t
Gold

The weighted moving average predicted value of three years

Relative error (%)
Silver

Relative error (%)
Copper

Relative error (%)
The total number of medals

Relative error (%)

1 2 3 4 5 6 7
15 5 16 16 28 32 38
16.1667 27.1667 31 32
0.01042 0.0298 0.03125 0.1579
8§ 11 22 22 16 17 27
16 201667 19 175
0.2727 0.2204 0.1176 0.3519
9 12 16 12 15 14 23
85 10 125 20
0.2917 0.3333 0.1071 0.3913
33 30 57 54 64 69 96
44 61 69.5 91
0.1252 0.0341 0.0026 0.0179

predicted valuein 2016 can be corrected as.

343383 _ 398084
1-6.725%

Similarly draw thenumber of silver and bronze, and
fill itinTABLE 1. Inthe 2016 sessionit ispredicted
that Chinawill win 40 gold medals, 25 silver medals,
27 bronze medds, totally 92 medas.

Stochastic timeseriesmodels:

(1) Theauto-regression( AR) model;

(2) Themoving average( AM ) model;

(3) Theauto-regressive moving average( ARMA)
modd,

Introduce backward operator B and difference
operatorV:

Ban = Xn_k,BkCZC,k=O,:L---; C'S a con-

Sant.

And denoteit as;
0,(B)=(1-¢,B-¢,B*—---—¢,BP) €)
First order difference:

VX, =X, - X, 4

Sequence AR(p): suppose{X,,t = 0,£1,+2,---} is
azero mean stationary series, which meetsthefollow-
ing
Xe=0:1Xi 1+ 92X o4+, X, +& ®)

Parameter ¢, isthe stationary whitenoisewith zero
mean and o> variance. Then X, istheauto-regression

sequenceof order p , whichisdenoted as AR(p)se-
guence, wheress.

o=(00.00..0, ) ©)

It ismore convenient to describetheformulaafter
theintroduction of backward shift operator. Operator g
isdefined asfollows:

BX, = X,_1,B*X, =X, @)
Computing sub-polynomid:

¢(B)=1-9,8-¢,B> —---¢,B° ®
Theformula(8) can berewrittenas:

¢(B)Xt =& 9)

Polynomia equationg(1) = 0 iscalled thecharac-
teristicequationof AR(p)model. Thetest of themode!:

its p roots4,,4,,--+,4, arecalled eigenvalue of the

model. Eigenvalue may bereal, and also could be
plura. Accordingtotheconditions, if theeigenvalue p
areoutsidetheunit circle, namely:
hi|>1i=12-p (10)
Model AR(p) iscalled stable or stationary. The
aboveformulaiscalled thestablecondition.

Sequence MA(q): suppose {X,,t = 0,£1%2,---}is
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the zero mean stationary series, which meetsthefol-
lowingmodd:

Xi=g; =018 — 0585~ — 0484 (1)
Parameter ¢, isthestationary whitenoisewith zero

mean and o’ variance, which is denoted as se-

quencemA(p), whereas.

0=(0,,0,,-.0,) (12)
Itiscalled the moving average parameter vector,

whosecomponentsé, , j =1.2,---,q iscaled averagedid-

ing coefficient. For thelinear backward shift operator g,
wehave:

Be; =¢i_1, Bkst =&k (13)
Re-introducetheoperator polynomids:
6(8)=1-0,8-0,82----—8,B" (14)
Theformula(14) can bewritten as:

X, =0(B)e, (15)

Polynomial equationd(1) = 0 iscalled thecharacter-

isticequationof MA(q) models; its qrootsarecalled
theeigenvaueof MA(q).
Themoded test: If theeigenvalueof MA(q) areoutside

of theunit circle, thenthe MA(q) model isreversible.

Sequence ARMA(p, q): the definition of ¢, 4,(B)

and @, (B) isthesamewith that of above, thewide sta-

tionary sequence X, mests:

EX, =0 X, ~$ X, — =4, X, =& — 0,5, —— 06,
Then X, Iscalled autoregressive moving average

model of order(p,q), which is referred to as

ARMA( p, q)model.

ARMA( p, q) can bewrittenin theform of opera-
tors

¢p(B)Xn =9q (B)en
For ARMA(p,gq) model, we always as-

(16)

sume¢, (B) and 6, (B) (asapolynomia of thevari-

able B) have no common factor, and respectively sat-
isfy gationary conditionsand reversible condition.

Predict the gold medal number of U.S. in 2016
Olympic Game, asshown in Figure2.

Use SAS software for data processing, and test
dationary of thedata:

L T T

Gold madal
— Silver medal |
Bronze Medal |

15 ]

B il
Figure2: TheU.S’>smedal condition of all previous

Autocorr elations

Lag Covariance Correlation -198765432101234567891 Std Error
0 6.478225 1.00000 | |********************| 0
1 4,942171 0.76289 | [ ok ko ko | 0.277350
2 2.423277 0.37407 [ [k ko o 0.407997
3 0.353969 0.05464 [ * o 0.433576

Thecd culation resultsof autocorre ation coefficients
aregiven, it can be seenthat withtheincreasing of de-
lay deployment, theautocorrel ation coefficientsshows
adeclining trend. Autocorre ation coefficient of the se-

quence quickly reducesto O; it isknown that the se-
guence is the stationary time series. As can be seen
from thetabletheautocorrelation Pis 1.

Conduct correlation analysisand partial correla-

BioTechnology —

Hn Tudian Jounual



BTAIJ, 10(6) 2014

Shibiao Dong

1407

tion analysisof thedatato determinethe model order:

Partial Autocorreations

Lag Correlation -198765432101234567891
1 0.76289 | |*************** |
2 049745 | | . |
3 002166 | | . |

Thecaculationresultsof partia correlation coeffi-
cient aregiven, whereinthefirst columnisthedeayed
deployment, the second columnisthepartia correla
tion coefficient, thethird column usesan asterisk to ex-
pressthepartia correlation coefficients. It can beseen
that after one step delay, the partia correlation coeffi-
cientsared| between twiceof the standard errors. And
theva ueof correlation coefficientismuch smaller. So
we can say that the model ends after the one step de-
lay.

Through the above analysisit can be considered
that the hypothetical model isapplicable. Accordingto
theidentified order, estimate the coefficientsthat the
model establishes. It usesthe estimate statement to es-
tablish afirst-order autoregressive model, first-order
moving regression model, as well as a first-order

autoregressive moving average ARMA(1,1) mode!.
Model test

Thefitting statistics givesthe evaluation of the
mode results. Inthegiven Satistical parameters, itin-
cludesthe estimated va ue of themodd, the estimated
value of theresidual variance, the estimate val ue of
standard deviation, thestandard of information amount
AlIC and SBC, and theresidua number. With the pro-
gramrunning results, it establishesthreemodel sof dif-
ferent time series. We can study themodelsfrom the
followingtwo criteria: 1 thehigher thelikelihood func-
tion valueis, the better; 2 the fewer the number of

————, FyurL PAPER

model position parametersis, the better. The model
that can makethefunction minimum isconsidered to
bethebest model. For criterion SBC, thesmaller the
better SBC is. By judging AIC and SBC, the third
mode! ismuch better.

AR(1) MA(2) ARMA(L, 1)
AlIC 53.71279 51.77924 48.82854
SBC 54.84269 52.90913 50.52339
Significant test
Conditional L east Squares Estimation
Standard Approx
Parameter Estimate Error tvalue Pr>|t| Lag
MU 69.33704 0.81936 84.62 <.0001 O
MA1L, 1 -1.00000 0.28198 -3.55 0.0053 1
ARL 1 0.65025 0.26055 250 0.0317 1

Thevalueof Pislessthan 0.05, which meetsthe
test requirements.

Itisderived from SAS softwarethat the devel op-
ment function of thegold medal that United Stateswon
IS
y = 0.007219 x° - 0.2985 x? + 3.855 x + 20.75

Itisobtained that U.S. inthe 2016 Olympic Game
will win44 gold medals, based on thismode the num-
ber of slver medal is 36, thenumber of bronzemedd is
23, atotal of 103 medals.

Predict the number of gold meda sfor Russiaat the
2016 Olympic Games, asshownin Figure 3.

Themethod isthe samewith the prediction of the
number of gold medal sthe United States, it iscal cu-
latedthat pisland gisl1l. Themodel checkingisthe
samewiththeabovemodd:

By combiningthevalueof AIC and SBC, it draws
anoptima sgnificant test of model one:

VauePislessthan 0.05 and meetsthetest require-

g ! -Gold medal
©r———Silver medal

_Bronze Medal .

Figure 3: Russia’smedal condition of all previous
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AR(D MA(1) ARMA(1, 1)
AlC 63.88356 69.2892 64.03058
SBC 64.67935 70.08499 65.22426
Conditional Least Squares Estimation
Standard Approx
Parameter Estimate Error tValue Pr>|t| Lag
MU 85.35841 4.06892  20.98 <.0001 0
AR1, 1 1.00000 0.18187 5.50 0.0004 1
ments.

Itisderived from SAS softwarethat the devel op-
ment function of thegold meda that theRussanwonis:

¥ =0.01865x> —0.9725x* + 9.688x + 15.8
Itisobtainedthat Russiawill win 32 gold medds,

based on thismodel the number of silver medal i1s36,

thenumber of bronze meda 1523, atota of 91 medds.

CONCLUSIONS

Timeseriesmode isthe common solutionto solve
the prediction problem that hasaclear chronological
order. Intheprevious Olympic Games, the strengths of
China, theU.S. and Russaare nearly the same, which
aredl intheworldtop level. Aiming at the quantity of
gold silver and bronze meda sthat the three countries
got inthe previous Olympic Games, accordingto the
different characterigticsof nine setsof data, this paper
respectively sel ectsthe auto-regression (AR) model,
moving average(AM ) model, autoregressive aver-
age ARMA model to conduct prediction, obtainsthe
number of Olympic medalsobtainedin 2016, and de-
rives the ranking. Thus each set of the datais more
targeted, and theresultsaremoreaccurate. Timeseries
model can bewiddy used to chronological prediction
problems, in additionto sportsmedd predictions; itdso
can be used for avariety of dataforecasting problems,
such aspopulation prediction.
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