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ABSTRACT KEYWORDS
The score changing situation within a Table tennis game is more complex. Matlab simulation;
In order to more accurately describe the problem, this paper usesthe clas- Evaluation model;
sical probabilistic model to establish afunction relationship of singleround Table tennis;
win probability and single game win probability, adopts the method of TOPSIS.

curve fitting images of hyperbolic tangent to simplify expressions, and
thus leads to two evaluation models, namely contingency index and in-
tense index. Study found that the contingency of using 11 points 5 win-
nings 3 wins competition systemisalmost 20 percent higher than 21 points
5 winnings 3 wins competition system. For the indicators of comprehen-
siveevauation model, it usesthe optimal index evaluation model of weight-
variable function, defines a weight-variable function to distinguish the
weight of contingency factors and intense degree when p is not the same
and draws four competition system eval uation schemes by calculating the
distance between each evaluated object and the ideal solution and the

negative ideal solution.

INTRODUCTION

Many researchersin our country focuson theim-
pact of new serveruleson tabletennisplayers. Such as
Zhang Xiao-peng conducted multi-anglevideo shoot-
ing ontheexisting serve gpproach of Chinesetableten-
nislead players, found out theincompatiblelinkswith
thenew serverules, recommended improvements sug-
gestions, conducted video study on theimprovement
suggestions, thefindingsgot the confirmationof ITTE.
There are some researchers analyzed the changes of
new serveruleson tabletennis, and made sometrain-
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ingideasand methodsunder thenew rules. Inaddition,
moreliteraturediscussed on the possibleimpact of new
rulesfor athletesand put forward the corresponding
countermeasures. Wu Huan-qun and Zhang Xiao-peng
made amore systematic summary on theimpact of the
big ball, 11-point competition system and no blocking
servetabletennistechnol ogy. Wefound theimpact of
competition system change on thegame, therearefew
experts have launched amore detailed study from a
mathematical point of view.

Thispaper establishesthe comprehensiveevalua
tionmoded of tennis 11-point and 21-point competition
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system based on Matlab, conductsresearch onthe con-
tingency and raceintense of match resultsfor different
competition system, andyzestherdativerationdity of
the competition system through mathematical model,
and providestheoretica guidancefor thetraining, com-
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: Indicates the intense indi-

cators of i points and (2h-
1) innings competition sys-
tem.

: Indicatesacommercial in-

petition and devel opment of tabletennis.

SYMBOLSASSUMPTION

i (i=11,21) . indicates tennis’ competi-
tion system (the latter
model hasexpanded onthe
valueof i).

h(h=2,3,4) . indicates competition sys-

(i,h) (i=11, 21), (h=2, 3, 4)

An(n>i)

ol

X1

g(x)

fi(p)

a(p.a,)

p(2h-1,h, p)

a(p. &)

oC(i, h)
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tem, typicaly (2h-1) innings
and hwins.

indicates competition sys-
temisthei points system,
using (2h-1) innings and h
wins.

. indicatesthetechnica level

of player a.

. indicatestheevent that “in

a i points system after n
roundsainning endsand a
wins.”

: indicates play stability of

athlete a

. represents spot athletic

ability of athletea.

: stands for of winning per-

centageplayer ainasingle
round match.

. Indicatestheused curvefit-

ting function.

. representsthewinning rate

in asingle game of athlete
ainani ponitscompetition
system.

. Indicatescurvefitting func-

tion of fi (p).

. Indicates the single game

winning percentage of ath-
leteaini pointsand (2h-1)
inningscompetition system.

. Indicates a curvefitting of

function ¢,(2h - 1, h).

. Indicates the contingency

indicators of.

terests function.
. Indicates weight-variable
function.
All other symbolsare described in the paper.

A(p)

MODEL ASSUMPTIONS

(1) Assuming theresults of thegameareonly re-
lated to the skills of both sidesin the game, does not
consider all kinds of interference of the opponent, do
not takeinto account other factorsinside and outside
thefield (including referees, tablesand the audience,
etc.). (2) Assuming athletes’ winning ratein each round
gameiscertain, i.e. itisregardlessof thescoreinevery
game. (3) Assumingthat all of the game can be com-
pleted within the specified time, that thereisno pos-
siblethat existing lottery or other non-scoring factors
determinethe competition results. (4) Assuminginall
game system, thefactors affecting the same player’s
competition level inasingleround are consistent. (5)
Assumingtherearenoties. (6) Assuming consider only
singlesmatch (doesnot affect the essence of the prob-
lem). (7) For smplicity, assumethat both playersof the
gameisaand b. (8) Assumethat the mainfactors af-
fectingthecommercid interestsarethecontingency and
intenseof competition system. (9) Assuming evauation
index to eva uatefour kindsof competition systemsare
mainly contingency factorsand intensity degree and
comptition system that sol utions adopted.

THE ESTABLISHMENT OF EVALUATION
INDEX MODEL

Contingency index model

Throughtheanaysisof Figure 1, welearned that
thetilt angle of the curve canreflect the contingency
indicators of the competition system, sincethereisa
negative correl ation between a.and OC, wedefinethe
followingfunctions

10

ocC(i,h) = ] 0.1 )
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By equation (1) we can concludethe contingency indi-
cators of each scenario (seeTABLE 1):

TABLE 1: Thecontingency indexes of 4 kinds of competi-
tion system

Competition System

Contingency index

11 points 5 games 3 wins 0.4492
21 points 3 games 2 wins 0.4145
11 points 7 games 4 wins 0.4138
21 points 5 games 3 wins 0.3787

That contingency index obtained inthismodel is
essential ly an gpproximate probability of one competi-
tion system, i.e. inthisgame systemwedo not consider
theimpact of individua differencesin athleteson con-
tingency index. Although thereare someerrors, but the
approximation resultsare good; inthelatter commer-
cid interestsmodel contingency indicator inacompeti-
tion systemwill be seen asaconstant value.

I ntenseindex model

Below wegivethefunction expression of intense
indicators.

Intenseindex function o p)=1-4(¢,(2h-1h, p)-0.5)*  then:

0 , (0<p<0307<p<)
AAp)

Y R N | 2
A[l+eq3(—2oqﬂ"(p—0.5)) 1] 07<p<) @)

Whereinthroughthesquaresagorithmwecan ill take
thevalueof pintheinterva (0,1); wecan seefromthe
expressionthat therangeof i p)isasointheinterval
(0,1); wecan say that when ot p)is0, thegamehasno
intensity at al, and when it p) is 1, the game has
reached awhite-hot stage.
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Figurel: Intenseindex curveof four schemes

11 points 5 games 3 wins
21 points 3 games 2 wins
11 points 7 games 4 wins
21 points 5 games 3 wins

Wegivetheintenseindex curvesof four schemes
throughMATLAB inFigurel

We can givethe corresponding andysisby thefunc-
tionimage; theintengty of 11-point competitionisabove
the 21-point competition. For the given four schemes,
if we order them by the intense degree, there are 11
points7 games4wins> 11 points5 games3wins> 21
points 5 games 3 wins > 21 points 3 games 2 wins.
Becausetheintense degree of each competition system
sufferstheinfluenceof p, itisagiven vauedifferent
from contingency factor.

THE EVALUATION MODEL OF COMPET]I -
TION SYSTEM SCHEME

Evaluation model based on TOPSI Sgrey correa-
tion degree

Herewedo not consider theweight changes; sup-
posetheweight of intenseindex is0.6 and theweight
of contingency index is0.4. Inthepreviousmodd, we
have already mentioned that theintenseindex isthe
function of p, but here we use p = 0.4 to approxi-
mately represent the averageintense of acompetition
system (temporarily ignorethe differences of players);
we can draw the following evaluation form (see
TABLE 2):

TABLE 2: Comprehensive evaluation tableof four schemes

shave  Congm e
11 points 5 games 3 wins 0.4492 0.3548
21 points 3 games 2 wins 0.4145 0.2991
11 points 7 games 4 wins 0.4138 0.3975
21 points 5 games 3 wins 0.3787 0.3447

Substitutethe conferred weight  into thetableand
obtain thewe ghted decision-making norm matrix Z:

0.1797
0.1658
0.1655
0.1515

We select the target sequence ¢ = (0.1515, 0.2385)
and respectively seek the grey corrdation va ueof four

0.2129
0.1795
0.2385
0.2068
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schemes and parent sequence, for r1 =0.0174, r2 =
0.0198, r3 =0.0.0217.r4 = 0.0208.

Through theaboveanalysis, 21 points5 games 3
winsand 11 points 7 games4 winsare more reason-
ablecompetition systems.

The optimal index evaluation model based on
weight-variablefunction

Beforemodeling, wefirst givethefollowing defini-
tions thegivenfour schemesaredenoted by j =1,2,3/4,
sothereexistsacorrespondencerelationship of (i, h) °!
], werecordit as:

(11,3) > 1; (21,2) > 2; (11,4) > 3; (21,3) > 4; ©)
By theformula (1), (2) we can seethat contingency
factor isafixed valuefor thej-th competition system,
not sufferstheimpact of level differencesof athletes.
Andtheintensity degree of thecompetition issignifi-
cantly affected by theimpact of level differences of
athletes(i.e., theimpact of p). Soweneedtodefinea
weight-variable function to distinguish theweight of
contingency factorsand intense degree when p isnot
the same. Here we give the evaluation function,
wei ght-variablefunction and the optimal evaluation
vaue.

Here based on symmetry analysis, weassumethat
0<p<0.5, and inthe subsequent anaysisof themode
we have adopted this symmetry assumptions.

MO (p) isdefined asthe eva uation function of the
J-th scheme, A(p, &) isthe corresponding weight-vari-
ablefunction, W) istheoptimal evauation vauef the

J-th scheme,
Then:
M (p) = (1-A(p.8) P )+ A(P.8)¢ (2h-1h,p)  (4)
W(j)=Max{M P (p)} ©)
1 (0<p<03
Mpa)= Tz(p%) (03<p<05) (6)

Herewe makeanew definition to the contingency indi-
cator that oneweaker contestant (asreflectedinthep
vaueintheintervd of (0, 0.5)) isthe probability of il
winning thegame. So theresulting contingency indica:
tor in this caseisafunction of p, rather than by the
constant val uein theforegoing modd . We comparethe
W (j) of different solutionsto conduct comprehensive
assessment onthe scheme.

BioTechnology —

OPTIMIZATION MODEL OF COMMERCIAL
INTERESTS

Beforetheestablishment of themodd , wemust first
beclear that here we here consider only commercial
interests, contingency indicators, intense degreeand the
competition system. Herewegivethedefinition of vari-
ables (according to the above definition of the model
we can seeheretherangeof pisin (0, 0.5)), thefunc-
tionandthefina expression.

Definitionof E (i, h, p) for commercid interest func-
tion, X for O-1variables, §(j) for the commercia opti-
mal valuewhen taking thej-th competition systemthe
nonlinear programming modd isgiven below:
Theobjectivefunction §j) = Max E(i, h, p)

- { 1, taking j —th competition system
! 0 ,nottaking j —th competition system

E(i,h, p) = 2(p,20)BC(i, h) + (1- 2(p,10)8(p) ;
kﬂi(p):zxjﬂ‘h‘( p);

1. oc(,h) = Sy |10 0.1 |;

S ot sy o

>x =1;

1

X; = Qorl ;

1 (0<p<03
Wherein i(p'“):tej(m (03<p<as Wherein (i, h)
andj hasthe correspondencere ation of equation (18).

To make matterseven with moredetails, players’
level will bedivided into two categories, thefirst cat-
egory that thetwo players’ level iscons stent, namely
0.4 <p <0.5; second category isone player’slevel is
one-level higher thanthe other player, i.e. 0.3<p<0.4
(hereconsidering symmetry); (herewedo not consider
0<p<0.3, the previousmodel showsthat thewinning
probability of weak player isamost zero, so herewe
do not consider thisextreme question).

Herewhat weneed to noteisthat theresulting com-
mercia interestsfunction representsacoefficient pro-
portional tothecommercial revenue, which may bere-
ferred to asbus ness efficiency coefficient. We conduct
the analysison the relationship between the schemes’
commercial interests coefficient and p in both cases
through MATLAB programs. Wefirst anayze Figure 2
of caseone.

Hn Tudian Jounual
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Figure?2: Thecorresponding commer cial interestsfigure
of caseone

Accordingtotheactud case, pisnot acontinuous
variable. Herefor convenience of calculation, wetake
him asacontinuousvariable, which canonly takessome
uncertaindiscreteva ues. Wedivided thepinto severa
levelsthrough classification, a though we cannot deter-
minethe specificvaluesof p, but can determineitsspe-
cificrange. Inthe appropriaterange of p, we haveto
analyze adopt which kind of competition system can
have promotion roletoimprovethebusinessinterests
coefficient. Hereto solve themaximum val ue of com-
mercia benefitismoot, so we only anayzefrom the
perspectiveof countermeasures.

Case 1. When 0.4 <p <0.5, the three resulting
curves of four scenarios are almost completely over-
lap, except for the 11 points 5 innings 3 wins competi-
tion system. Thisisduetothat the 11 points5innings3
winssystem scheme hasvery big contingency, reflects
inthefigureisthat thesmooth of curveislow. For this
similar actual strength game, the organizersshould try
to avoid taking theraceway of 11 points5innings 3
wins system. For the other three schemes, its contin-
gency factorsaffect lesson both sidesof thiscase, and
of thecommercid effectivenessfactor usngtheremain-
ingthreeschemesisvery stable. Under thecircumstances
of uncertain player’sspecific p-valueinthisinterval,
using oneof thesethree programsishbeneficial to com-
mercid interests.

Hereweanayzecasetwo, i.e. Figure 3.

Case 2: When 0.3 <p <0.4 it represent that the
level of both playersisdifferent with agrade, the most
suitable scheme in the four schemesis 21 points 3
games 2 wins system, theleast suitable schemeis 11

————, FyuLL PAPER

points5 games 3 wins system. From theimage, when
thelevel of one player iscloser to 0.3, the obtained
businessbenefitsvaueusing 21 points 3innings2wins
system, 11 points 7 innings 4 wins system and 21
points 5 innings 3 wins system can reach 2.3 or so.
From the trend in the figure we can see when using
thesethreekindsof programs, with theincrease of p,
busi ness efficiency coefficient isgradually reduced.
From oneimage of the case one, the decline rate of
theinterests’ valueisgetting slower and eventually
approaches a steady-state val ue.
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Figure3: Thecorresponding commercial interestsfigure
of casetwo

From the above analysisin both caseswe can see
that the competition system of 11 points5games3wins
11 of 5isnot suitablefor usein either case. For one
kind of competition system, if itscontingency index is
larger, itismoreunfavorableto the devel opment of com-
mercid interests.

CONCLUSIONS

This paper givesfour kindsof competition system
schemes, for either of these schemes, thereisno abso-
lute good or bad, only arelatively suitableand not suit-
able. Through researchwecanfindthat, ingenerd, the
contingency of 11-point system gameismuch larger
than 21-point systlem game. The contingency of 11 points
5 innings 3 wins competition systemishigher almost
20% than 21 points 5 innings 3 wins competition sys-
tem. Theincrease of contingency improved the orna-
menta val ue of the ping-pong game, so that eventscan
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havericher suspense, but excess ve contingency makes
the gamel ossthe competitive significance. This paper
arguesthat the contingency using the 11 points5in-
nings3winsistoo big, inimportant international com-
petitionswe should avoid using thisscheme; The con-
tingency using uses 11 points 7 innings4 winsand 21
points5innings3 winsisroughly match, andthey are
more reasonabl e competition systems.

In the current case that table tennis players and
spectatorsgeneraly consider that the contingencies of
11-point systemistoo large and affectsthefairness of
the game, you can consider using the competition sys-
tem between 11-point and 21-point, such asthe 17-
point, 13-point; inorder to well promotethetableten-
nis, weshouldincreasethe ornamenta va ueof thecom-
petition, whilemaintainthegoa sof fair competition.
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