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ABSTRACT

The schedule arrangement isof great importance in sportsevents. Because
of the schedule arrangements issue in the 2012 London Olympics, Yu
Yang and Wang Xiaoli, two badminton playersfrom China, were sentenced
disgualified for negative competition. It is thus clear that schedule
arrangements largely affect the outcome of the game. Aiming at grouping
single cycle in badminton competition, this study establishes relative
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mathematical model based on “Beagle” scheduling method and
counterclockwi se rotation method and puts forward the optimal schedule
arrangements, providing theoretic reference for the reasonable

arrangements in big games.

INTRODUCTION

With economic growth and the devel opment of sci-
enceand technology in Today’s society, people’sliving
standards continueto improve and sports competition
has beenraised to anincreasingly important positionin
the growingtension of modernlife. Intrack and field
sportsheld in colleges, middle schools and primary
schoolsin China, hand chorography schedulesisthe
mostly used method, the arranging work of whichis
tedious and error-prone. In recent years, researches
on automatic arrangement management of thetrack and
field sportsarein the ascendant. Former scholarshave
worked out alot of research results of automatic ar-
rangement management in games. And some software
systemsof automaticarrangement management ingames
have a so emerged. The scheduling problem of sports
gamesisaspecid kind of timeplanning problem. Time
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planning had been proved to be NP hard problem as
early asintheearly 1960s. Thegame scheduling ago-
rithms currently used are heuristic search method, net-
work optimization dgorithm and D-scheduled gorithm.
All these methods possess the disadvantage that the
algorithmistoo complex and they do not completely
solvethe practical problemsof the game scheduling
problem. The success of the Beijing Olympic Games
highly enhancesthe sportsweight in people’slivesand
sportsactivitiesplay animportant roleintheir lives. And
that fairnessis especially important for these sports.
Moreover, especially in confrontational round robin
competition, the game schedul es affect the results of
thecompetition grestly.

At present, peoplelay lessemphasi son game sched-
uleandresearchesinthisareaarerelatively less. Inthe
2012 London Olympics, two ChineseplayersYu Yang
and Wang Xiaoli havedready recaeived aqudifying Sa
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tusafter winning thefirst two games, whilethe Chinese
playersof the other team have outlet with the second
group integral. In this case, in order to preserve their
strength and adjust tactics, they both chosenottogo dl
out inthematch, to avoid the*‘rush ahead” phenomenon
among Chineseinlater games. However, thiskind of
behavior iscontrary tothe OlympicGames*“fighting Soirit™.
Asaconsequence, both of themwerecancd ed thequdli-
ficationinthelater competition. And Ping Pang top seed
asomissedthegold medd intheLondon Olympics The
main reason of all theseregret isthe game scheduling
problem. Soit can be seen that schedul e arrangement
for the gameisvery important. Aiming at the optimal
gamescheduling arrangement scheme, thisstudy mainly
solvestheissueof farnessfor sportsgame schedulear-
rangements based on mathemeatical method and offers
theoreti c referencesfor thehommi zation deve opment of
reasonablearrangement for thebig game.

MODEL ASSUMPTIONSAND SYMBOL
DESCRIPTIONS

Model assumptions

(1) Assumethat the strength of the competitionteam
can begeneraly awareof, and thelevel of play isnor-
mal; (2) The competition isdivided into groups, and
grouping game systemissingle-cycle; thecompetition
team do not lack intherace; (3) Thereare no matches
between seeded players, and neither between unseeded
players, (4) The grouping stage start at the sametime
and integra accordingto thewinning pointsof eachteam.

Symbol descriptions

Inorder to facilitate problem solving, the descrip-
tion of thesymbolsisgivenasfollows:

N Indicates the number of participating teams

Yi Each team’s comprehensive index

m The divided grades m of each team’s comprehensive strength
Ornamental index

J .. Popularity index or viewer’s optimistic coefficient of the team

Means the upper limit of field timesin the interval of two
games for each team

M

a Means the round times of the competition teams
The interval field times between adjacent two games

X (i=123-n)

S The standard deviation of field timesin the interval of two
games for each team

N Indicates the number of participating teams

UM The sum of field timesin theinterval of two games for each
team

d Theinterval field timesin all matches of each game

D Theinterval field timesin all matches of all game

PROBLEM ANALYSIS

Ascontestantsal competeswith other contestants
intheround robin competition, theresults can better
reflect thelevel of the competitionteams. Withthe ap-
plication of ranking determination method, therankings
of theteamsin the round robin can be reasonably cal-
culated. Round robinincludessingleloop, doubleloop
and packet loop. Thefollowingisto discussabout the
round robin schedul e arrangements based on the sys-
temredlization of groupingsinglecycle.

Gameschedulingalgorithm

CDetermination of the order of thegame: sortin
“Beagle” method. However, when two playersor teams
inthe samegroup round robin arefrom the sameteam,
the race order should make appropriate changes.
According tothe | BF method, playersfrom the same
team must first encounter in the match, to avoid the
phenomenon that the sameteam players deliberately
losethegame and cause unfair situation. For example,
number 1 and number 2 playersarefromthe sameteam,
thenthe 1-round game should reverseswith the 5-round
game, i.e. the5-round game beginsat first and 1-round
gamebeginsat last. Cd culation of gamerounds when
thenumber of participating people (team) iseven, the
number of rounds=the number of participating people
(team)-1,; for example, there are 6 teams participating
in the single round robin game, then the number of
rounds=6-1=5rounds, i.e. atotal of 5final. Whenthe
number of participating people (team) isodd, the number
of rounds=the number of participating people (team);
for example, thereare5teamsparticipatinginthesingle
round robin game, then the number of roundsis5. O
Cdculation of field’stimes: Field times=thenumber of
participating peopl e or teams* (participating peopleor
teams-1)/2. For example thereare 6 teamsparticipating
inthesingleround robingame, thefidldtimestobehed
is. 6% (6-1)=15(field times). &1 Determination of round
robin ranking: rank according to wintimesand team
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withmorewintimesisat thefront of thelist. If thewin
times of thetwo sides arethe same, thewinner of the
game between the two sides is at the frontier of the
rankingligt. If thewintimesof three (or morethanthree)
Sdesarethe same, determinetheranking accordingto
thenet winningfields, bureau and pointsin al matches
of the three sides at this stage (group). Wherein,
provided that win times of two sides from the three
sidesareexactly the same (net winfields, bureau and
points), thewinner of the game between thetwo sides
isat thefrontier of theranking list. If the net winning
points of three sides (or more sides) are exactly the
same, then determinethearrangement of therankingin
baloting method.

Thenumber of teamsto be scheduled for the group-

ing round robingameisn , and the number of people
ineach groupis m,crepresentsthe number of groups.
DIfN/M=0,6=Nn/m-(DIFN/M >0, G=N/M +1.
And L, srepresent the round number (or total round
number) and field timesin each group and round in
grouping round robin game ofteams, then:
(1) If M/2=0 L=M-15=M/2; (2) |If
M/2=1 L=M.5=(u+1)2, andithasabye; (3) T rep-
resents total field times of all matches, then
T=G=xMx(M-1)/2.

Suppose; ., 3y meansthe seeds’ sequence number
in each group. The commonly used methods are
“Beagle” scheduling method and counterclockwisero-
tation method; thelatter meansthat kegp number 1 place
fixedwhilerotatingdl other places. The““Beagle” sched-
ulingmethodisusaedinthefollowing test with four play-
ersin each group.

“Beagle” scheduling method

The problem of therotation method that keegp num-
ber 1 placefixed whilerotating al other places, canbe
solved by “Beagle”” scheduling method. Whenthe num-
ber of participating teamsis odd number, the applica
tion of “Beagle” scheduling method can avoid theun-
reasonabl e phenomenon that the second round byeteam
will aways competeswith theformer round byeteam
inevery field from thefourth round of the game. When
the number of participating teamsiseven number, in
“Beagle” scheduling method, the partici pating teamsare
divided into two parts (when the number of participat-
ing teamsisodd number, useanumber <“0” at theend
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toformaeven number of participatingteams). Thefirst
half of theteamsisnumbered from 1, andiswritten on
theleft from thetop; the numbersof the second half of
theteams arewritten on theright from thetop. Then
connect therelativenumberswith aline, i.e. thefirst
round of the competition. In the second round of the
competition, the number on the upper right corner of
thefirst round ismoved to the upper left corner; and it
isremoved to the upper right corner inthethird round;
and so on. In other words, when the number of round
timesisodd, “0” or themaxima number ison the upper
right corner; when the number of round timesiseven,
“0” or themaximal number isonthe upper |eft corner,
asshowninTABLE 1.

TABLE 1: “Beagle” schedulingmethod (N = 4)

I I I
1-4 4-3 2-4
2-3 4-2 3-1

Thenumber 1 placeisfixed and therotation meth-
odsof other placesaresimilar; just need to definetwo
ATYS. 4= M-1} B={M/2+2: M 11 M/2+1}

Which control the position transformation of odd
number round and even number round respectively?
When thenumber of round isodd, participating player
lisseenasNo.1 player andthelast lementinarray A
isselected as participating player 2team codes. When
the number of round iseven, participating player 2is
seenasNo.1 player andthelast elementinarray Bis
sel ected as participating player 1 team code. Suchis
theredlization of round robin grouping for players. When
the grouping work isfinished, for manual balloting
grouping method, the group sign and number sign of
theballoting resultsare according filled in the above
generated Against TABLE; for automeatic computer bal-
loting system, thesystem updatesthe participating player
1 team code and participating player 2 team code of
thegroup playersaccording to the seed serial numbers,
which redizesthegrouping of round robin competition.

MODELINGAND SOLVING

Anaysisof theactua problem showsthat, whether
therest and reorgani zation timebetweentwo field games
for each team are equal in single round robin match
playsadecisiverolefor thewinning or losing of the
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game. FHra assumethat therearefiveparticipating teams
and agameschedulethat thereisat least onefidd game
interva between two gamesfor eachteam, isgiven.As
thenumber of participatingteamissmadl, anided game
schedul e can be obtained by means of excluding-as-
suming method. Suppose that the fiveteams arere-
gpectively defined asteam A,B,C,D,E and thetotd field
timesof thefiveteamsinthesngleround robinmatchis

__nin-1)
2

. Thenthetotal field timesof thefiveteamsis

5*(5-1)
= T
Therearefiveteamscompetinginthegame. Asthe

fiveteamshaveno obviouscharacteristicsof theorder,
therearetotdly c: - 10 kindsof team composition poss-
bilitiesinthefirst game. Supposethat team A,B play the
first game. In order to meet the condition that thereisat
least onefidd gameinterva for each team between two
field games, so for the second game, only two teams
chosen from the other threeteams C,D,E can play the
second game. Andtherearethreechoicestotally, ¢, i.e.
CD, CE, DE. Supposethat team combination CD plays
the second game; under the samerestraining conditions
asabove, only team A,B,E can participatein thethird
game, and theteam combinationis AB,AE, BE. It can
assumethat theteam combination of thethird gameis
EA. Becauseitissingleround robin between theteams,
sothereisonly agame between any two teams; i.e. for
any team, it will not encounter with another teaminthe
following competition once has competed with theteam.
By parity of reasoning, thegame schedulearrangement
heresfter canbe BC, DE, AC, BD, EC, AD, BE. There-
fore, thetota field timesaccording with relative condi-
tioNSiSig.3.2x242-20, 88showninFigure 1.

x

f_/“' -
AB——C07_ ~E3
%
Figurel: Gameschedulediagram

Becausethegamefieldtimesislessfor five partici-
pating teams, thefollowing form schedulecan betrans-
formed, fromwhichtheinterva fid dtimesbetweentwo
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fidd gamescanbetoldintuitively and clearly, asshown
iINTABLE 2.

TABLE 2: Interval field timesof thematch
Interval field times

A B C D E betweentwofied
games
A X 1 6 9 3 122
B 1 X 4 7 10 2,2,2
C 6 4 X 2 8 111
D 9 7 2 X 5 2,11
E 3 10 8 5 X 121

The accuracy of assuming-excluding method is
tested by utilizing Matlab programming. The program-
ming canwork out thecompetitionStuation of theoveral
240 field games. Only by finding out the schedule ar-
rangement corresponding to the aboveanaysis, it will
be ableto provethe accuracy of thismethod. TABLE
3 showsthe corresponding results determined through
Matlab software. The schedule arrangement for five
participating teamsin 5 roundsand total 10field games
iIsshownin TABLE 3.

TABLE 3: Schedulearrangement for fiveparticipatingteams

1-2 2-4
34 5-3

5-1
2-3

4-5
1-3

1-4
2-5

As can be seen from TABLE 3, theresult isthe
samewith that of assuming-excluding method, demon-
strating that thismethod issuitablefor situationswith
|essparticipating teams.

To make the match asfair as possible under the
condition that thereis at least one gameinterval be-
tween two gamesfor each team, determinethe upper
limit of interval field times between two games. The
number of participating teamsisN and makethegame
asfair aspossiblefor eachteam. And one of themea
surableindicatorsof match fairnessleisin: whether the
rest time between theinterval of two gamesfor differ-
ent teamsareequa or of great different. Therefore, by
counterclockwiserotation method, first the participat-
ing teams in this match are numbered as A, B,
CD...... withletterandasl, 2, 3,4...... then number
1teamisfixed, arrangetheteamsinto two arrayswith
theleft fromtop to bottom and theright from bottom to
top.

In order to determinetheraceorder, first arrange
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the match field according to rotation method. By re-
search and specul ation, bye situation will occur in odd
number, whileeven number will not. Sothediscussion
should bedivided into two partsaccording to odd num-
ber and even number (when < 4, the upper limit of
interva field times between two gamesfor each game
iSO, whichwill not bediscusseshere):

(1) When Nisan even number, the analysis of upper
limit of intervd fidd timesbetweentwo gamesfor each
teamisshown asfollows. 1 When N=6, thetotal num-
ber of gamesis 15 according to thea gorithm. Thero-
tation of game order is shown as TABLE 4 and the
game scheduleand interval field timesareshown as
TABLES.

TABLE 4: Gameorder rotation of six participatingteamsin
singleround robin game

Round Round Round Round Round
one two three four five
1-----2 1----3 1----6 1----5 1---—--4
34 6----2 5----3 4----6 2-----5
6-----5 5----4 4----2 2----3 3---—--6

TABLE5: Gamescheduleand interval field times

Interval field times

1 2 3 4 56 between two games

1 X 13 10 7 4 1 2222
2 13 X 6 11 2 9 3211
3 10 6 X 3 8 14 2113
4 3 11 3 X 15 5 1,133
5 4 2 8 15 X 12 1332
6 1 9 14 5 12 X 3321

As can be seen from TABLE 5, when N=6, the
upper limit of interval field timesbetween two games
for each gameis 1. Thusthrough programming, when=
8.10,...2n, et . even numbers, repeat the calculation
as to cdculate N=6 theupper limit. Thentherelation-
ship between participating teamsN and the upper limit
of interva field timesbetween two gamesfor eechteam
MisshownasTABLEG6.

TABLE 6: Participatingteamsand theupper limit of inter-
val field timesbetween two gamesfor each team

Number of participatingteamsN 6 8 10 12
Upper limit M 1 2 3 4

Therefore, from TABLE 6 thefollowinglaw canbe
speculated: when N iseven number, theupper limit of
interval field timesbetween two gamesfor each game

is: (N/2)-2; when N=100, by programming the upper
limit of intervd fidd timesbetween two gamesfor each
gameis48. And ca culating by the deduced formula,
when N=100, by programming, theupper limit of inter-
val field times between two gamesfor each gameis
as048. Thusthe correctnessof theformulaisverified.
(2) When N is an odd number, the analysis of upper
limit of intervd fidd timesbetween two gamesfor each
teamisshown asfollows.

When N=5, the cal culated total field timesaccord-
ingtoreatedformulais 10, asshownin TABLE 7:

TABLE 7: Theround tablewhenn =5

Round Round Round Round Round
one two three four five
1-5 1-0 2-1 2-0 3-2
2-4 5-2 35 1-3 4-1
3-0 4-3 4-0 5-4 5-0

As can be seen from TABLE 7, when N=5, the
upper limit of interval field timesbetween two games
for each gameis 1. Thusthrough programming, when
N=7,19,...,2n+1, et a. odd numbers, repeat the cal-
culation as to calculatethe upper limit. Thentherela
tionshi p between participating teams N and the upper
limit of interval field timesbetween two gamesfor each
teamMisshownasTABLES8.

TABLE 8: Participatingteamsn and upper limit of interval
field timesbetween two gamesfor each game

9 11 ... 49

Number of participatingteamsN 5 7
1 2 3 4 ... 28

Upper limit M

Therefore, from TABLE 8thefollowing law canbe
speculated: when N isodd number, the upper limit of
interva field times between two gamesfor each game
Is(N-3)/2; when N=99, by programming the upper limit
of intervd fiddtimesbetweentwo gamesfor eachgame
1s48. And cal culating by the deduced formula, when
N=99, by programming, the upper limit of interval field
times between two games for each gameis also 48.
Thusthe correctness of theformulaisverified.

CONCLUSIONS
Inred life, weoften encounter theproblem of game

schedulearrangement. And whether schedulearrange-
ment isfair, determinesthe outcome of both teamsto
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someextent. Inorder to solve such problems, acounter-
clockwiserotation isadopted to arrange the schedule.
In counter-clockwise rotation method, the most excit-
ing and most important game affecting the competition
result isarranged at thefinal round intherace order.
With an appropriate coll ocation for each round, there
isdwaysaclosegamein each gameto maintainatense
amosphere. Thismethod getsawiderange of gpplica
tionsin the sports scopeandissuitablefor abasketball
game, asingleround robin gameof TABLE tennisand
badminton competitions.
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