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6. Scheduling
Sports Scheduling
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ZELT=LVEH  Home-Away XEHIZ kTl
el o s . - R Home v.s. Home %>
¢ ﬁﬁjﬂi%?—ﬁh‘Home'G%D—jib\AwaytTé Away v.s. Away H#HYD5

F—LNRAYr 1 2 3 4 5 Home Awy

= =T (O &®

KEIT(F—L) TONMTNWTWLSERTN, ZDF—LhHAwayTED
(5) slotl M[Avs. D] I&, ADFTIZOMNHAD T, AHAway TDAHHome




SPORTS SCHEDULING

ZELT=LVEH  Home-Away XEHIZ kTl
el o s . - R Home v.s. Home %>
¢ ﬁﬁjﬂi%?—ﬁb‘Home'G%D—jib\AwaytTé Away v.s. Away H#HYD5

F—LNROYE 1 2 3 4 5 Home Away

A ®D®ECBF 2 3

= = C O W
>

KEIT(F—L) TONMTWTWSERTIE, ZDF—LHAwayTED
(f5]) slotl M[Avs. D] &, ADITIZONHASD T, AH Away TDAHome
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& ELT=ULV &1 : Home-Away, Break KB STl
wip ~ s o - . Home v.s. Home %
o XEEZAT —AH DI HomeTEI—A D AwayEd 5 Away v.s. Away BHYS5

o HAHAF—LDHome-Away/\FZ—2DH([Z, HH, AA D KDIZ, HomeX AwayhH 2
B:&E#E 9 SmH, Break&l D

[Home-Away table fERLEF D EE)
1 1. BACN\Z—2 DF—LlF2D2ENTGLY

team A: HAHAH X
team B: HAHAH
(EMN?)

2. ZBAOYRTHEAD A ESTIEA A

X

Ieee>@<—
>m7

- T AW
> I I >» T >
> T > I T

N =N NN

®
5

= = T » > T

Home-Away table =~ 10 (FEHM?)
 Break&itZxm=/IME
« BreakD Y Z&/IME (3% Home-Away table SE12% 7L Th, R T 1—ILAEH BEIFRDELN)

(XEBEZ b T-Home-Away table TR 21— )L TEENESIODHIE INPEEE)
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& ELT=ULV &1 : Home-Away, Break KB STl
wip ~ s o - . Home v.s. Home %
o XEKITZNT —ADHome TEHI—A D AwayEd 3 Away vs. Away BHYSS

o HAHAF—LDHome-Away/\FZ—2DH([Z, HH, AA D KDIZ, HomeX AwayhH 2
B:&E#E 9 SimH, Break&l D

[Break#Z/ND/N\F—2)
1. HAHAH (Break 0)
A AAHAH 1 2. AHAHA (Break 0)
B HARBH®MB) 2
C A QQ H A 2 [Break# i KD /\3—2/]
1. HHHHH (Break 4)
D HHM) A H 2 2. AAAAA (Break 4)
E H®WAHA I ThENLAL
X h2 DL
F AHHBEARB 2 s
Home-Away table 10 FoT
X6F—LDIHGE,

BreakM & &1L
AL E20LLTF




SPO RTS SCH E U LI NG XcoelEDEEIE, BMEF—LIC

B>t DT
=B LT=U &4 : coe (carry-over effect) XBHREOBAFNBALEET S

o BEF—LA)ENMEURBLI-F—L (B) EXRICE S F—LITEFEAS
« dBH [teamiv.ss.team k], d+I1H B [team jv.s. team k] D &ZE, Tteam i A
team j [Z carry-over effect # 52 5 | EEE

I1HH [Avs. B]
2HH [D v.s. Bl (i8S A & Xt Bk % TBIXEHEH)

e — A D DIZcoeZxEZT= (¢, =1)
A (GRS B C D AD
(585%%) 2BHE [Avs. C]
B A D C 3HH [Bvs. ClG&=AEXTE & TCIXEEES)
C D A B — AN Bllcoe 25 AT (¢ 571)
3HHB [A v.s. D]
D C B A 1B B [C v.s. D] GRZA &8 % TDIL R #E )
— AMCllcoeZzH5ZT= (¢, =1)
,—
» coefTdl . . ,
AT 1 1 1 IBB [Bvs.A] 2BHE [Cv.s. A] »BAClZcoe Z5 A Tz (cp=1)
0 2HE [Bv.s.D] 3HE [Av.s. D] »BAAlZcoe 5 A 7= (¢p~1)
N_Bl1 0 1 1 38 H [Bvs.C] IHE [Dvs. C] »BHDIZcoe Z5 2 1= (¢y,=1)
(Cl]) — C 0
Dl 0| X F—LE2onEd 5, coelENER/INTEDHDILE,

ERBERNETINEE, BIb
* coefB =3;c;? (= 2n(2n - 1)) Vi, j(i # ), c;j = 1DEET2(2n-1)  balanced schedule
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%FELT,L\“#F Z D ith
TVIRBRTE

« R (Home/ARH#Lith) DERE

- ROFEEHEERTSAAMN? ETnELABAMELN?

« EBEBFOIEIERBETEONTARLL
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vV FLRIIBEHRETEN

(HEN? FHORKFIEESTH?)
Yo x/a ~ —4= ‘. R4 (Y
EEZQE) BRIV )= DOEYA
. E—%;(’7'\/“:L—)lx(Kirkman) [(EvsHRil D& IE
E | ROyhkE(C %&EL D
E \;A D VE C
/ 0o
AIZia-
[B]g B C A B
AOwR2 AAYR3
[%-%Z’T*/:L—)WM’F"UJ']
AOYMT, 1F—LZFHLIC, BRYZARB LICERE
\/ e EZFEY, BYIXETEMNSIBIZEREZSI<
A F D B E C 0 v OBROIEENSIRISRECT H(£RAYMLE)
VvV EETHEIEN=F—LESLHELS (FEAI A Home )
B E C A D F 1 v Z2OvR20E, BIOESICABIZA>TEteamZE— DB EISE
5 (LIFERIC. Filrteam T EYHMIAELY)
¢ D B E 'F A 1 . ggouz 209EISHTT30EN?)
D C A F B E 1 [g#2501— 0T 4L [H/A, break]]
E B F C A D 1 v beéteam&TF}El@ﬁﬁa@ligw. 11ﬂteam(iF3JﬁJ:(:%=r§i
team & EIZEAEAICEAFIIME Eteam listD— D7
F A E D C B 0 [XLxE, AR TR CTE-ABITROMAEHRTE LY
s SAway — S Awa v team FIFA/HMEZ EIZ, teamAlFH/AMZ EIZHEADIFBEEA.
Xﬁfzﬁli tearriE ,ﬁg ?10?2 (;l}:, [A(fw?;)-rv? T)(Hj:rfeﬁ yeR TN LI DteamlIH/AZ B &break][Bl(HH or AA)IZ7E5
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- RY4TY S » = — A C
QE)RL-VERTDa1—1) 0T ORE{EET LA B A
» single round robin tournament problem ¢C [
> €55 Home vs Away TELD E,%Qfg;&g;\ E B

F E D

> iE bR D E 1L (ZREL)
> 0-1R & x; ;=1 ...slots Tivsj DXEZE i DHome TEEY 2
=0 ...slots Tivsj DxIEZFLALY

> ERE HRIEG (I ERAY) T LE0FH4R)

X y:)=1(Vi e T. Vs € S EDteam j +, FKslots T,
D, G+ 3s) =1(¥] €T, Vs €5) b0t tuoo

LET/{j} ETHMthDteam i E1[EELD

Z(xijs + Xjis) = L(VL,jET( #J)) <= £mocami,j b, Lslots @
= ECIT, HAEBLMT,

Xijs € {0,1}(Vi,j € T,Vs € S) THRIERS

|u1|
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> EE)12F—L{o, b0, DIERL-YERSD1—)L

» Google colaboratory TEEZETIE "/ )L/ \— gurobi Z F AL THEL
® Google 7hoUMMZAT AL, google drive NFEENT S ﬂf&gj%
@ [(FHFH]—[Z D] —[Google colaboratory] ZEEiR I

¢ [O—FRIZULTZEE®ML, E1T(D1vY)LT gurobi Z4 2 AL—)L

» | !pip install gurobipy

VAVR=ILE T TEH5 (LT DAYV E—U ML) EFTEFERMNISHED

éﬁécessfully installed gurobipy-13.0.2

V BICAVAR—ILFEADBZEIE, ULTOAYE—UMHS

Requirement already satisfied:...

¢ XRIZ[+a—F] &2y LT [a—F{EZEML, RRX—T D python I—F
AALT, EIT00U9D0)T5
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EBE)I2F—L{a, b, o, Y DIEBY-UEXSo1—)L

Team = [IalllbllICIIIdlllelllfllIglllhlllillljl,lklllll] #}-_A : ‘—l
I,J0,8S = range(len(Team) ), range(len(Team) ), range(len (Team)-1) 'I)# t%@Eiﬂ“O)ﬁi@d)j{
Fl, ABRE®DaIAV (T

from gurobipy import * .t — S 7
md = Model ("SportsScheduling") # EFTIERTE:  AR—Y-R5Ta—1)U5 ET~E%(~1EI7§\Eb‘hfl:‘??ﬁ‘fiﬁ#%
x = {) Bil+31=125 3 XF) IED T,

for 1 iln'I: Eailh-ﬁ—g—%);z\g[ifdtb\

for j 1n J:
for s in S:
x[1,3,8] = md.addvar (vtype=“B”) # 0-1Z# x[i,]j,s] =1:Slot s T [H]i vs j[A], =0:XIEHET
for s in S: # EDslotlZHUVNTE..

for 1 in I: # EDTeam i ...

md.addConstr (x[i,i,s] == 0) # o BF—LEIEFFELAL

md.addConstr (quicksum(x[i,j,s] + x[j,i,s] for j in J if il=3j) == 1) # Hl§91:Team 7 (#1) EXTEL

for i in I: # Team 1 [ZDUVT..

md.addConstr (quicksum(x[i,j,s] for j in J for s in 8) <= len(Team)* (2/3)) # fl#92:HomeGameld2/3
for j in J: # Team jé&..

if r=1i: # 112U Team i &IFELGSD Team j [TDWVT

md.addConstr (quicksum(x[i,]j,s] + x[j,i,s] for s in 8) == 1) # FHI:ETHDslotT i vs § 1[H

md.setObjective (quicksum(x[0,3,s] for j in J for s in S), GRB.MAXIMIZE) # HBHH:F—L 'a' DHCEH =K

md.optimize () # EIL=ET ”
B#EIF— L2’ DHomeGame%{
if md. Status == GRB.OPTIMAL: _ oS
print ("E@EfE " # RBFEZEZRT gﬂ%k(“-g—éij-yl_}bésk
for s 1n“S. &)%):&':LTL\%
print (" Slot %s:" % (s+1), end=" ")

for i in I:
for j in J:
if x[1,],8].X ==
print ("[H]%s vs %$s[A], " % (Team[i], Team[j]), end=" ")
print ()
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>oEE) 12F—L{o, b, o, NDIERY-YEBRy S a1—)L
> EITHR . TEBE#H=F—L DHomeGame# ZF iz KIZIDFEE

Gurobi Optimizer wversion 13.0.2 build v13.0.2rcl (linux64 - "Ubuntu 22.04.5 LTS")

---(EI]H%)---

Optimal solution found (tolerance 1.00e-04)

Best objective 8.000000000000e+00, best bound 8.000000000000e+00, gap 0.0000%

I AR -

Slot 1: [Hla vs b[Al, [Hlc vs k[A], [H]d vs 1[A], [H]le vs g[A]l, [HIf vs h[A]l, [H]Ii vs j[A],
Slot 2: [Hla vs 1[Al, [Hlb vs k[A]l, [H]d vs gl[A]l, [Hle vs c[A]l, [HIf vs j[A]l, [Hlh vs i[A],
Slot 3: [H]a vs gl[A], [Hlc vs h[A], [Hle vs jI[A]l, [H]1f vs kI[A], [H]i vs d[A], [H]1 vs b[A],
Slot 4: [H]b vs g[A], [H]lc vs d[A], [H]If vs 1[A], [H]i vs e[A]l, [H]]J vs h[A], [H]k vs alA],
Slot 5: [Hla vs h[A], [H]b vs e[A]l, [HIf vs d[A]l, [Hlg vs jl[A]l, [Hlk vs i[A]l, [H]1l vs clA],
Slot 6: [Hla vs f£[A], [H]c vs g[A]l, [H]i vs b[A]l, [H]J vs d[A], [H]k vs e[A], [H]1 vs h[A],
Slot 7: [H]la vs j[Al, [H]lc vs b[A], [H]d vs e[A]l, [HIf vs gl[A]l, [H]h vs k[A], [H]i vs 1[A],
Slot 8: [H]b vs f[A]l, [Hle vs al[A]l, [H]lh vs d[A], [H]Ii vs c[A]l, [H]j vs k[A]l, [H]1 vs gl[A],
slot 9: [Hlc vs £[A], [H]d vs k[A], [H]e vs 1[A], [H]h vs g[A], [H]i vs a[A], [H]J vs DbI[A],
Slot 10: [H]la vs c[A]l, [H]lb vs d[A], [Hle vs h[A], [H]1 vs f£[A], [H]j vs 1[A], [H]k vs gl[A]l,
Slot 11: [H]a vs d[a], [H]lb vs h[A]l, [Hle vs f£[A]l, [H]lg vs i[A]l, [H]j vs c[a]l, [H]1l vs k[A],

> B BIBEE (mod.setObjective(quicksum(x[0,j,s]...), GRB.MAXIMIZE) M1T)

RIZHDB x[0,j,s] D0 DERZE, 1~11DENDICEEBLTHEETET (
B9)&, FOF—LDHomeGameM iz KIZL-mxEREEEOND

> 1) x[3.,j.s] ELTETINIE, F—L d DHomeGameHZFZKIZLI-RmBERENFS
> f512) x[7.j.s] ELTETINIL, F—L h’DHomeGameMEFRZKICL-mBEENED

=1TL

nad
nad
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