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ABSTRACT

Currently the powerful nation of badminton in the world are monopolized
by some countries of Middle-South Asia, drawing on the experience of
successful reform of table tennis, the 21 points new scoring system of
badminton comes shining through. In this paper, it uses the classical
probability model to establish afunctional relationship between thewinning
probability of single round and the winning probability of single game,
through observation, and uses hyperbolic tangent curve fitting method to
simplify the expression, and thus leads to the indicators of the game time.
By calculating the distance of each evaluated object separately to theideal
and non-ideal solution, coupled with the comparison, the comprehensive
evaluation of four different competition systems are obtained. However,
thereisno absolute advantage or disadvantage for each competition system.
Therefore, in the evaluation process, this paper uses the relative analysis
and comprehensive evaluation methods to analyze the four options given
in the title. The outcome is that the best of three innings for 21 points
systemand the best of fiveinningsfor 15 points system are more reasonable
competition system. © 2014 Trade ScienceInc. - INDIA
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Since December 11, 2005, the International Bad-
minton Federation Council decided that the 21 points
systemwill beput intofull trid snceFebruary 1, 2006,
thisdecisionissuitablefor menand women’ssingles,
doublesand mixed doublesand other five projects. In
April 2006, the““Thomas-Uber”” hedin Japan used the
new game system of the 21-points. After avoteinthe
IBF meeting on May 6 Tokyo, Japan, al members of
the IBF voted and decided to abolish the 15 points
systemand officiadly opened the 21 pointssystem. New
scoring systemwasfirgt usedinthe 2008 Beljing Olym-

pic Games; the new game system makes the game
shorter and more confrontational (3.

Inthispaper, it establishesfour sub-models, namely
theplayer’sathl etic ability model, probability mode of
sngleround, probability modd of singleinning and prob-
ability mode of singlegame, thereby obtainsthe prob-
ability function relationship between that of singleround
andthat of singleinning and betweenthat of sngleround
and that of singlegame, and ssimplifiesthefunction ex-
pression by fitting method“®. Becausethereisno ab-
solute advantage or disadvantage for each game sys-
tem, intheeva uation process, it usesamethod of rela
tiveanayssand comprehensiveevauation analysisto
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study, obtainsthe conclus on that which scoring system
should beadopted under norma gamesystem and spe-
cial competition systeml™9. In order to study more con-
veniently, weassume: theresult of thegameisonly re-
lated with the player’stechnical level, which doesnot
consider any kind of opponent’sinterference; neither
takeinto account other factors (including referees, sta-
dium and spectators, etc.). In each round of the game,
thewinning probability of athleteiscertain, namely it
has no relationship with the pointsin each game. Any
game must be completed within the stipulated time,
namely thereareno ballot or other non-scoring factors
that determinethe outcomeof thematch. For al game
system, thefactorsthat impact the same athletes’ play
level inasingleroundiscongstent and consider only in
the singlesmatch9,

Since|BF adopted the new rules“direct scoring
system of 21 points”, theimpact of thenew game sys-
tem on badminton competition law hasreceived wide-
spread concern. Moremediaand professional article
andyzesthepossibleimpact of new competition sys-
tem on the game, mostly based on visual observation
and subjective description, but they lack andysisof the
changereasons.

CLASSICAL PROBABILITY MODEL ANALY-
SISOF SINGLE ROUND AND SINGLE
FIELD PROBLEMS

Athletes’ competition level model

Therearemany factorsthat impact thetechnol ogi-
cd leve play of abadminton athlete, including the speed,
strength, skill, responsivenessand psychol ogical qual-
ity. At the sametime, different athl etes have different
characteristicson links of return of serve; serve, the
first three shotsand the ability of Coscokill. Itisof a
great difficulty toweigh dl rdevant factorsand makea
comprehend veeva uation on the spot competitivelevel
of athletes. Therefore, this paper presentsasimplified
model, and under the premisethat it doesnot affect the
validity of themodel, it can be cons dered that thetech-
nical leve of athletes can be measured by usng astan-
dardized indicator i . Here, 1 isdefined asthe ath-
letes’ inherent competition technical level, only

when 4, > u,, it can be considered that thetechnical

level of athletea isbetter than thetechnical level of
athletep .

Meanwhile, in athletic competitionswe a so con-
sider any kind of non-technical factors. After analyzing
many aspects, whether athletescan play well inthegame
isrelated with many factors, and thesefactorsall be-
long to random variabl es, the accurate modeling pro-
cessisrdatively difficult, andinthemodelingit should
be cons dered mutualy.

Accordingtothe central limit theorem of indepen-
dent distribution, we supposethat the spot competitive
ability of ahleteinasingleroundisarandomvariable x .
Andwehavetheformula(1):

X ~N(p,02) @
Wherein u representstheinherent technical level of
athletes (theskill level intheaverage state), o repre-

sentsthe stability of the athletes’ state play (thedegree
deviation of spot levelsfromtheinherent level).

Theprobability model of asingleround
Supposethat inaround of athletea and athletep ,

the spot play level of athleteais X, , thespot level of

play for athletep is X, , thewinning probability of ath-

letea inthisroundis: p{x, > x,}.Sincethe basic as-
sumption doesnot consider themutual interference be-

tween athletes, that istherandom variables X, and X,

areindependent and identically distributed.
Because x, ~ N(u,0,2): X, ~ N(u,,0,2), the prob-

d)ilitydmsityfunctionofXMs
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The probability of awinningthegameinasingle
roundisasfollows.

p= J‘J‘ X Bi) _(X Bo)*
27“’152 012 202
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Theprobability of p winningthegameinasingle
roundisq=1- p.
Thewinning probability modd inasingleround

By theoriginal assumption (2), thewinning prob-
ability of asngleinningof athletea andp canbecacu-
lated by using classica probability theory. Through the
background condition of the problem analysis, respec-
tively ca cul ate the probability of appearing thefollow
ball and not appearing thefollow bal. Andyzethe case
that athletea wins. (Becauseherea ,p hassymmetry,
so only analyzing thesituation that a winsdoesnot af-
fect the substance of theissues)

Case 1: When the situation does not arisethat the
twosdebattleinto (i-1) even, athletea haswonj bdls,
then thisround ends. Theanalysisshowsthat:

P(Ai)=iAn (6)

Analysisshowsthat each round can beseen asa
Bernoulli trid, then:

P(An)=CrZip" ™" 'p=Crip’q"™
(h=i+k,k=012-,i-2) @)

Case 2: whenthesituation arisesthat thetwo side
battleinto (i-1) even, the parties continuethe game until
ais2pointsmorethanp, and aislessthan the upper
limit of competition rounds, then a winsthisround.

The above anaysisshowsthat, at the moment the
gamehasfightsforn rounds, n = 2(i —1)+ 2m where
inm=123---.

For thisproblemit can bedividedinto three stages
toanalyze, thefirst stageisthefirst2(i — 1) rounds, the
twopatiesa, b eachwinj —1 rounds, the second stage
fights2m balls, whereeach of thetwo rounds can be
seen as a round; in each round of them—1 former
rounds, eacha, b winsaround; inthe m roundswins
two-roundsand winsthisinning, namely:

P'(An) = Ciqyp'™'a' (2pq)™
8

1 i+1

p? = Chiyp'™a'"™ (2p9)™
Thereforewhenthecredit systemisi , thewinning
probability of a towineveryinningis:

BioTechnology —

i-2 o
fi(p)= D ClzksP'a + ) CityP g (2p0) ™
k=0 m=1

i—2
=pikZ::,JC§11K_1qk +Chi P '™ 71_12pq ®

Maketherelationa diagram between thewinning
probability p of asingleround and thewinning prob-
ability f,(p) of asingleinning by using MATLAB soft-
ware (Figure 1); Here expanse the definition of j ,
definei = 71117,21,27 (in the assumption only de-
finei =11,21, hereexpandthevalueof j , inthelater text
i still remainsthedefinition of theorigind assumption).
Figure 1 showstherdationa diagram betweenthewin-
ning probability p of asingleround and thewinning
probahility f,(p) of asingleinningwhenij = 7.

Thefunctionlinein Figure 1 respectively represents
thefunctiona relationship between thewinning prob-
ability of asngleround and thewinning probability of a
singleinning under aseven-point system. Accordingto
thesamemethod, wheni = 15,17,21,27,, thewinning prob-
ability of asingleround can show thecomprehensive
athletic ability of the athlete; in accordance with the
contingency of thegame defined in thequestion, it can
be considered that the winning probability of asingle
inning iscompl etely unrel ated with thewinning prob-
ability of asingleround; thecompetitionresultsareab-
solutely accidentd, thewinning probability is0.5; when
thewinning probability of asingleinningiscompletely
determined by thewinning probability of asingleround,
thereisabig economic gap between the players, the
game hasabsol utely no chance (Figure 1); the higher
the point system that the game rule adopts, the closer
thefunction curveisto thefunction line of no chance;
when the gamerules adopt alower pointssystem, the
curveismorecloser to thefunctionlineof entirechance.
Theinclinationin graph 1 refl ectsthe contingency un-
der different pointssystem, from 7 pointsto 27 points
system, they of each curve successively increases, the
chancereducesinturn, ¢ showsanegeativecorre ation

withthecontingency; thex = 0.5 and y = 0.5 asdefined
in Figure 1 arethe two asymptotes; when ¢ changes
from O tow, the curve sweeps over[0,0.5]+[0,0.5]
and[o.51]+[0.51] tworegions; in the next modd, weuse
to represent the accidental indicators under different
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Figurel: Thefunctional relationship between thewinning
probability of asingler ound and thewinning probability of a
singleinning under a seven-point system

competition system, which bringshuge convenienceto

cdculation.

Theprobability modd of asingleinning
Badminton competition generally usestherulesof

hwinsin 2h — 1innings, assuminginthe 2h —1games

of athletes a andp , each gameisindependent of each

other, that the athlete a hasthe samewinning probabil-

ity, that is f,(p). Set event B(s) is*“p winss innings
totaly, and awinsthefina victory”, then:

P(B((S) = Choss (1= f; (P)*f;" (P) (10)
Assumingtheevent gis“awinsthegame”, then:

h-1 h-1
P(B)=Y PB(®)=f"(0)Y,Chsa1-Fi(P)° (1)
s=0 s=0

of thewinning probability of asingleinning; therefore, it
isalsothefunction of thewinning probability of asingle
round; through MATLAB it givesthefunctional rela-
tionship between thewinning probability of asngleround
and thewinning probability of asinglegameunder four
different competition systems; by observing thefunc-
tion graph, wefind that theimagesall go through fixed
point(0.5,0.5), thegraphicsisvery similar to the hyper-
bolic tangent function diagram, so hereweusethehy-
perbolic tangent functionto carry through curvefitting.

By equation (9) and (12), we can obtain the func-
tiona relationship between thewinning probability of a
sngleround andthewinning probability of asnglegame
through the compositefunctional relationship. Theex-
pressonwill berdatively more complex, so by curve
fitting weagpproximatdy fit thecomplex polynomid into
relatively smplehyperbolictangent function; essentidly
it carries out the one step inverse operation of power
seriesexpangon.

Herewe usethefitting functiong(x), namely:

2 -05
1+ exp(—2a(x — 0.5))

9(x) = (13)

By fitting function ¢, = (2h—1,h, p)can be ap-
proximately cal culated asfollows:

) 2
@i (2h-1,h,p)~g(p,a, ) = [0) -
1+exp(—2a,"’ (p-0.5))

05 (19
Wherein, ah(‘) istheinclination of thecorrespondingfit-
ting functionwhen thecompetition systemis(i, h).

TABLE 1: Inclination under thefour different game systems

0]

Sowehavethefollowing expression: competition system Indlination &h
h-1 o .
0 (2h=1h,p) = fih (p)ZCﬁ+s—1(1_fi (P))S (12) Best of fiveinningsfor 15 points 4.1471
s=0 Best of three innings for 21 points 4.2948
According to thecal culation method givenabove,  Four winsin seven innings for 15 points 4.2960
thewinning probability of asnglegameisthefunction  geg of five inni ngsfor 21 point 4.4620
TABLE 2: Comprehensiveevaluation tableof four programs
\ Contingency indicators Intense degree
Best of fiveinnings for 15 points system 0.4492 0.3548
Best of three innings for 21 points system 0.4145 0.2991
Four winsin seven innings for 15 points system 0.4138 0.3975
Best of five innings for 21 points system 0.3787 0.3447
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Obtained by theMATLAB curvefittingprogram TABLE 3: Thefinal score statistics of men’s badminton
singlesin L ondon Olympic Games2012.08.05

weobtaintheinclination, ' under four different com-

.. . ) First game Second game Third game
petition systems, the specific values are shown in " J 0 o J 1 " J 0
TABLE L j : :

The range of value p used in thefitting process L . L . L 1
i5(0.3,0.7) toimprovetheaccuracy of curvefitting, and L 2 L 2 2 1
thismethod of removed fittingimprovesthe condstency 2: 2 L 3 2: 2
of thefitting curve to some extent; According to the 3 2 2: 3 2: 3
actual situation, therange of curvefitting variable p 3 3 3 3 3 3
1S(0.3,0.7); and when p <(0,0.3) the function valueisa 4: 3 4: 3 3 4
constant 0, when p < (0.72) thefunction valueisacon- 5: 3 4: 4 4: 4
stant 1. 5: 4 4 5 5: 4

Throughthe aboveanays s, we can makethefol- 5 5 5 5 5 5
lowing approximationong, (2h—1,h, p). 5: 6 5: 6 6: 5

B . (0<p<03) 6: 6 6: 6 7: 5

2 7 6 6: 7 8: 5

2h-1hp)= : -05 , (03<p<0,
i preeyE ) e N 77 & s & 6
1 , (07<p<)

8: 7 7 8 8: 7

8: 8 7 9 8: 8

THE EVALUATIONMODEL ANALYSIS 9 8 7. 10 g 9
BASED ON TOPSISGRAY CORRELATION 10: 8 7 11 9 9

DEGREE ' ' '

11: 9 7: 12 o: 10

Here we do not repeat the concrete steps of the 12 9 7 13 9:_ 1
method, but givedirectly theevauaionformin TABLE 12 10 8 13 10: 1
2, obtainthecomprehensiveevaluationvalueofeach 13 10 8: 14 10: 12
option. 13: 11 8: 15 11: 12

Right herewe do not consider theweight changes, 14: 11 8 16 12: 12
supposetheweight of theintensity degreeindex is0.6, 15: 11 8: 17 12: 13
theweight of the contingency index is0.4; intheprevi- 16: 11 o 17 13: 13
ous model, we have a ready mentioned that theinten- 16: 12 o: 18 14: 13
sty index isafunctionon p ; but hereweusep=0.4 to 17: 12 o: 18 15: 13
approximately represent theaverageintensity under cer- 17 13 10: 19 15: 14
tain competition system (temporarily ignoring the dif- 18 13 10 20 15 15
ferencesof players), wecan draw thefollowing evalu- 19 13 10 21 16 15
ationform (seeTABLE2). 19 14 16 16

Subgtitutetheweightsinto thetableand obtain the 19 15 17 16
wel ghted decis on-making specification matrix 7 : 20 15 18 16

0.1797 0.2129 21 15 18 17

_ 0.1658 0.1795
“|0.1655 0.2385 21 15 18 18

0.1515 0.2068 19 18

Select thetarget sequencesc = (0.1515,0.2385) and 19 19
seek thegray valuesof four kindsof solutionswiththe 19 20

19 21

BioTechnology —
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parent seguence, which is
r, = 0.0174,r, = 0.0198,r, = 0.0217,r, = 0.0217,r, = 0.0208..

Through theaboveanalysis, four winsin sevenin-
ningsfor 15 pointsand best of fivegamesfor 21 point
aremorereasonablecompetition syssemsfromthenum-
ber of gamesand the scoresin eachinning.

ANALYSISOFTIME INDICATOR EVALUA-
TION MODEL

Thismode only considerstheimpact of canceling
rally point syssem on thetotal match time, and assumes
other conditionsare the same. Conduct statisticonthe
datain each round of the whole game for A,B and
obtain the probability of winning acontinuous i scores.

Conduct statistical summary on the data in the
whole match for player p, obtain the proportion of

AWinning consecutive j godsintota scores:
P(A) (i=1234..) (16)

According totheformula(17) and formula(18),
sum formula(16) and obtain thetotal score probability

of pre- reform NA’ and post-reformN , :

NA=Zi'Pi(A) (17)
i=1

Na =3 (-1)-P,(A) (18)
i=1

The proportional relationship between the total
score probability and the match time before and after
thereformis:

————, FyurL PAPER

Cometo the total match time before the reform
under the same scenario:
hA, = NiA' . hA

NA

Conduct statistical summary on the data in the
whole match for player g , obtain the proportion of
B Winning consecutive j round goalsintotal scores:
R(B) (i=1234..) (21)

According to theformula(22) and formula(23),
sumformula(21) and obtain thetota score probability

(20)

of pre- reform Ns’ and post-reform N, :

Ns=ii'Pi(B) (22)
Ng = (i-1)-P(B) 23)
i=1

The proportional relationship between the total
score probability and the match time before and after
thereformis.
hs Ng
ha NG (29

Come to the total match time before the reform
under the same scenario:

'_Ns
hg = N, hg (25)

Conduct datastatisticsfor each of therivals, there
isacertain correlation between the data, so seek the
averagegameof thetwo andfindly get thetotal match
beforethereform:

hy +hg

(26)
2
Inorder to better verify thechange of thetotal match

h

hA' N, timebeforeand after canceling therally point system,
ha N, (19 takethe dataof Lee Chong Wei and Lin Danin the
TABLE 4: Thedatisticsdataof Lin Dan and L ee ChongWei in three games
Side-out scoring system Rally points system
Score Lee Chong Wei Lin Dan Score Lee Chong Wei Lin Dan

1 0.34 0.4 0 0.34 0.4

2 0.28 0.32 1 0.28 0.32

3 0.3 0.18 2 0.3 0.18

4 0.08 0.24 3 0.08 0.24

212 2.54 112 14

the total time after the reform: 1.5 (hour); the total time before the reform: 2.780 (hour)
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badminton men’ssinglesfind of theLondon 2012 Olym-
pic Games for example (http://data.2012.163.com/
matchvlive/ BDM001101.html) showninthefollowing
TABLES:

Accordingtothetimeindex modd, theratio of Lin
Dan and LeeChongWe winningthecontinuous j round
ballsinthree gamesinthetotal scoreinislisted and
cdculatedin TABLE 4:

By comparing thetotal match time, for the same
gamethetotal timebeforethereformis 1.9 timesof
that after thereform. Overlong playingtimewill increase
therisk of injuries of athletes, and will aso makethe
audiencetired.

CONCLUSIONS

No matter for what kind of game system program,
thereis no absolute good or bad, but only relatively
suitable and not suitable; from the above comparative
analysisof contingency and intensity wecan find that:
The contingency using the best of five gamesfor 15
points system isabout 20% higher than that of best of
fivegamesfor 21 pointssystem; theincrease of contin-
gency improvesthe ornamenta va ue of the badminton
game, which gainsricher suspense onthetournament,
but excess vecontingency makesthegamel osetoomuch
athleticmeaning.

Accordingtotheresultsof gray correlation model
analysis, the contingency using the best of fivegames
for 15 pointssystemisvery big; inthemagor interna-
tiona badminton competitionswe should avoid using
the program. The contingency using four winsin seven
inningsfor 15 pointssystemisroughly equal to that of
best of fivegamesfor 21 pointssystem, whichismore
reasonabl e competition system and canreduceinjuries

andimproveenthusiasm for athletestothe greatest ex-
tent.

Duetothe cancellation of side-out scoring system
can greatly shorten thetotal time of the game signifi-
cantly, thusin the organization of ma or eventsthebad-
minton committee can more calmly make tournament
arrangements, meanwhileviewerscan watch moreex-
citing badminton tournament, and then the badminton
can get promotion.
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