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SPORTS SCHEDULING

3

A SPORTS The problem:
Y FIXTURES given a set of matches,

given a set of rounds (time slots),

decide which matches are scheduled on which rounds.

Each match A — B Is played at the venue of the home team (A), with the
opponent (B) being the away team.

We focus on double round robin tournament (2RR):
each team plays twice against each other team: once at home, once away
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SPORTS SCHEDULING

S,

SPORTS The problem:
A FIXTURES given a set of matches,

given a set of rounds (time slots),

decide which matches are scheduled on which rounds.

Assumptions: RL_|R2 _|R3 |R4 [R5 |R6 |R7 |R8 |R9 |RI10
e ateam can play at most A-B B-E B-D BC FB B-A EB DB C-B B-F
one match per round Cbh DA AF EA DE DC AD FA AE E-D
* time-constrained EF FC EC FD AC FE CF CE D-F CA
schedules A time-constrained schedule for a 2RR tournament with 6 teams (A-F)
NN
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A BRIEF HISTORY

Scheduling round robin tournaments

("
AMERICAN

MONTHLY.
Round Robin /?
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ROUND ROBIN MATHEMATICS* \
MATHEMATICAL J. E. FreunD, Virginia Polytechnic Institute
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ﬁl’ homas P. Kirkman (1806 — 1895) \

Constructs a feasible
schedule (for any number
of teams) with the clock
method (1847)

The resulting schedule is
called a “canonical

schedule”. /




A BRIEF HISTORY

The 60’s and 70’s: a lack of computational tools

Although the above formulation shows that zero-one

Tcmgﬂ:}tlhiﬁﬂcv?:él;gfnce _pl'ﬂgl'ﬂﬂll‘l’liﬂg iﬂ- H memﬂd fﬂl’ Sﬂlﬁng thﬂ pl'ﬂblﬁm, thE IIUII'I'
Round Robin - ber of decision variables and constraints required makes

Freund Bean and Birge

existing al umhms too large to handle on the available

1975: IBM 5100

P = vl e—
1955 1976 1978 1980

Basketball conference
Campbell and Chen

MLB
Cain

pested formula-

> for the real problem are at least twice this size. [The cost of solving
rods would most likely outweigh the savings derived

tions of this t
such a program by standard met
from the improved schedule.
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A BRIEF HISTORY

y . . . elaium Sat17 Jun < ustria
The 80’s: how to minimize breaks Belgium ) 57— & Aust

Se€ more

away break

Theoretical work by de Werra estonia @ 57

oee more

hleti fer Dutch soccer ® ~ —f . . f
Team athotc contorence 1RR ~ 1-tactorization of K,,
Round Robin Australian basketball
i NBA -
MatF',‘.Z[ﬂf‘é'CS Bean and Birge LA 52t 98
at 9 Sep
... Azerbaljan e TN
1955 1976 1978 1980 1982 1984 1986 1988 1990 [
Olympic games o
Basketball conference Andreu and Corominas
Campbell and Chen Grot
I(\:"r:lfill?1J Belgium ‘ ' —Tu;ﬁiw @ cstonia
Round 1 Round 2 Round 3 e
* Orientation of edges to minimize PR
Austria - —”20:456 ‘ ' Belgium

breaks
home break
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A BRIEF HISTORY

The (late) 90’s: first real-life applications

Team athletic conference
Ball and Webster

Round Robin

Mathematics NBA
Freund Bean and Birge

Q==
1955 1976 1978 1980 1982

Basketball conference
Campbell and Chen

MLB
Cain
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Australian state cricket
Willis and Terril

Dutch soccer
Schreuder

County cricket
Australian basketball Wright NHL
de Werra Costa

ACC basketball
Nemhauser and Trick

1984 1986 1988 ' 1990 1992 . 1994 1996 1998 2000

Olympic games
Andreu and Corominas NHL
Ferland and Fleurent

Multi-league non-professional
tennis, Della Croce et al.

Cricket World Cup
Armstrong and Willis

Texas minor baseball
Russell

Computing power increases
Methodological breakthroughs
Manual solutions still dominant
Craftspeople, e.g. Henri & Holly
Stephenson (MLB)




A BRIEF HISTORY

Finizh Mational Hockey

The turn of the century: the age of consulting Nurm et a.

Mew Zealand Basketball _ Swedish handball
Wright Canadian f@othalfl arson and Johansson
Kostuk and Willoug -
MNew Fealand,Cricket ) o
Wright Japanase Pro Baseball South American qualifiers
Hoshino and KawaraBayashi Duran et al.
Iﬁtlr_jasqu Elg fHDDthHIIII Finish first division hockey Softhall Argentina's baskethall
rban and Russe i i
Australian state cricket A sl e Saur et al. Sl
Wil and Terl Basketball in New Zealand ! Brazilian soccer, J":,Eh‘ﬁsztf,ﬁ‘:ﬂ‘é'f.b‘r?ggt
Team athletic conference Dutch soccer right Ribgiro and Urrutia NHL Argentina‘s baseball
Ball and Webhster Schreuder ACC basketball Craig et al. rgentina’s baseba
i Memhauszer and Trick College baske - Duran et al.
_ County crigket Van V drl . Belgian soccer Softball italian valleyball
Eﬂﬁrl'l-lgn?aq[?clg NBA Australian basketball L MHL Dinitz and Frencek an Yol Gdossens and Spieksiha Grabgu Cocchifet al.
: de Werra — - Ar . i
Freund - S : ) Duran et al

Pas ]
1955 1976 1978 1980 19a2 1984 1986 19488 1990 1992 1994 1996 1998 2000 2002 2004 2006 2005 2010 2012 w2014 2016 2018 2020 2022
; : Belgian youth soccer

. L s
Olympic games i ¥ Australian foothdll

. Multi-league non-profession : i -

Basketball conference Andreu and Corominas pNHL tennif? Della CIIJDEE et al Bllrﬂm..--a:linn:_:| tournament problengy Soccer in Norway Kynoéset . o Loier
Campbell and Chen Ferland and Fleurent - ' Easton et al Flatbergeet al: = = T Tuikish soccer
—— Récalde et al Gunneg and Demir

MLEB Cricket World Cup Non-professionaltable tennis Volleghal in Argentina  Minor couhties cricket
Cain Armstrong and Willis Schinberger Razmusgsen Bormemoeet al. Wright
— -
Texas minor basehall Czech volleybalf Bigl0 Conference Socter in Hondurgas Finish major ice hockey
Ruszzell Froncek Zhaihg Fiallos et al. Murmi et al.
—

Indoor soccer

* _Finizh U20 hockey ¥anBulck et al.
Soccer in Germany and Austria Welsh rbgb¥  Nurmi et al. s

Bartzch et al. Lewiz and Tho Ol Belgian soccer
Wonwegian soccer Goossens

Hausken et al.
erman basketball

Chilean first divizion soccer
Cruran et al.

Korean baseball
Westphal Ko et al; Kim

Chilean second division soccer

htalian foothal
Cella Croce et al.

Finizh major ice hockey
Kyngas and Murmi
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A BRIEF HISTORY

The turn of the century: the age of consulting

Lack of benchmarking
) * The literature consists mostly of specific case studies, with tailor-
made algorithms.
* Problem instances are rarely shared.
« Algorithms are almost never benchmarked.

Lack of generality & understanding

« To what extent do approaches work well on other sports scheduling
problems?

* When do algorithms work well, and why?

« Can we develop a general solver that can handle a wide variety of
constraints?

N
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FROM CONSULTING TO SCIENCE

1. A classification scheme for round robin tournament
timetabling problems

A standard problem instance data format

A benchmark instance set

General sport scheduling solvers

Algorithm selection & insights

o &~ W

GHENT
UNIVERSITY

10



1. CLASSIFICATION SCHEME

Each sport scheduling problem can be classified using 3
fields:

— O . competition format

— [3 : constraints In use

— Y . objective function

[Inspired by the notation for machine scheduling problems by Graham et al. (1979)]

N
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1. CLASSIFICATION SCHEME

a . competition format

. Alpha 1 ‘ Alpha 2 ‘ Alpha 3

Tournament structure Compactness Symmetry
» k round-robin (kRR) » Time constrained (C) » None ()
» k bipartite round-robin » Time relaxed (R) » Phased (P)
(kBRR) » Mirrored (M)
> . ' e B =
Non-round robin (NRR) 2 32C a2 ¢ > Inverse (1) L
R i — S
Example of a NRR: a 1BRR E e Qe e S . 12345 54321
combined with a 1RR T e S T e s s e e e e e e e > EﬂglISh (E) =/
- ~ - 1+Zj:'5+5 3 * ;. E 12345 51234
f N 1 3 » French (F) S
. » " Nl 7
Ca
- - 3
Ca
=_
i
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1. CLASSIFICATION SCHEME

B : constraints In use

5 constraint groups:

» Capacity constraint (CA1 — CA5)

» Game constraints (GA1 — GA2)

» Break constraints (BR1 — BR4)

» Fairness constraints (FA1 — FAG)

» Separation constraints (SE1 — SE2)

N
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1. CLASSIFICATION SCHEME

B : constraints In use

For each constraint C, we define: Five cost functions:
* hard or soft constraint > Sum: 37 d;
. . : q 2
* a deviation vector D > Sum-squares: ) iy d
» cost function f Square-sum: (32, o)
C

>
_ _ » Min: ming.ep, d;
* constraint weight w,_ S

Max: maxq.ep, d;

I Pc — chc(D::)
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1. CLASSIFICATION SCHEME

Y : objective function

« No objective (9)

* Minimum (weighted) breaks (BR)

* Travel distance minimization (TR)

* Cost minimization (CR)

 Minimum (weighted) carry-over effect value (CO)
* Minimum soft constraint violation (SC)

N
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1. CLASSIFICATION SCHEME

Notation overview

_________________________

I |
| ' a1 | | kRR, kBRR, NRR |
I I I |
o L az ! 1 CR |
I l |
0 Lias o | O,MLEF,P :
D : o I
1 —1 B | ! CAL, CA2, CA3, CA4, CA5 :
S B 1 GA1, GA?2 !
B 1 B . BRI, BR2, BR3, BR4 :
I I |
! ' ' By | ! FAL, FA2, FA3, FA4, FA5, FAG !
1 =1 Bs .| SEL SE2 !
I I | I I
I | I I I
'y 1—— M | !0, BR, TR, CR, CO, SC ;
o~ - — — = L — — -1 L _ o o o o o o o o ____o___ 1
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1. CLASSIFICATION SCHEME

Classifying the literature

GHENT
UNIVERSITY

Paper reference Description

Bean and Birge (1980) NRR, R, @ | CA1, CA3 | TR

Ball and Webster (1977) 2RR, R, P | GA2, CA3, | TR

Bao and Trick (2010) 2RR, R, 0 | CA3, SE1| TR

Bartsch et al. (2006) 2RR, C, M | BR1™®, BR2", cA1", CA3™®, cA4", GA1", SE1" | SC
Bartsch et al. (2006) 2RR, C, E | BR1", cA1™®, cA2", CA3®, CA4", GA1", SE1" | SC
Bonomo et al. (2012) 2RR, C, M | BR1, CA1, CA3 | TR

Briskorn and Drex| (2009a) 1RR, C, () | BR1, BR2, CAl, CA3, CA4, GA1l| CR

Westphal (2014) 2RR, C, P | BR2°, CA1™°, FA6°, GA1® | SC

Wright (2006) 2RR, C, 0 | CA1®, CA2°, CA4®, FA2®, FA5®, GA1® | SC

Zhang (2002) NRR, C, 0 | CA1, CA2, CA3, CA4 | ()

17



1. CLASSIFICATION SCHEME

Online query tool

GHENT
UNIVERSITY

Alpha: competition format

Alpha1
Alpha 3
Data set

XFL American Football

Finish U20 hockey

Belgian soccer

Brazilian soccer

Danish soccer

Swedish handball

Italian volleyball
Non-professional table tennis 3
English soccer holidays

Australian Football

I [ =
M

DEOEEDE -

Constraints in use

OO [ oo | oc:

Ref. No. Teams
Dinitz & Froncek [1] 8
Nurmi et al. [2] 15
Goossens & Spieksma [3] 18
Ribeiro & Urrutia [4] 20-22
Rasmussen [5] 12
Larson & Johansson [6] 14
Cocchi et al. [7] 14
Knust [8] 10
Kendall [9] 92
yngia [10] 18

No. Slots

10

62

34

38 - 42

33

26

100

138

Objective function

Classification

NRR, C, @ | BR1, BR2, CA1, CA2, CA3, CA4, SE1|SC
3RR, R, o | BR2, CA1, CA2, CA4, FA2, GA1,SE1|SC

2RR, C, M | BR1, BR2, CA1, CA2, CA3, CA4, GA1|SC
2RR, C, M| BR1, BR2, CA1, CA2, CA4 FA1|SC

3RR, C, P | BR1, BR2, CA1, CA2, CA3, CA4, GA1, SE1|SC

NRR, C, 0 | BR2, CA1, CA2, CA4, FA1 FA3, SE2 | SC

2RR, C, M | BR1, BR2, CA1, CA2, CA3, CA4, FA1 FAB, GA1|SC

1RR, R, ¢ | BR2, CA1, CA2, CA3, FA1, GA1|SC

ML, C, @ | BRZ, CA1, CA2, CA4, FA6 | SC

NRR, R, ¢ | BR1, BR2, CA1, CA2, CA3, CA4, FA5 GA1, SE1]|SC

www.sportscheduling.ugent.be/RobinX/query.php

S| o] s | o o
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FROM CONSULTING TO SCIENCE

1. A classification scheme for round robin tournament
timetabling problems

A standard problem instance data format

A benchmark instance set

General sport scheduling solvers

Algorithm selection & insights

o & W
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2. A STANDARD DATA FORMAT

ﬁ'RobinX: an XML-driven classification for round-robin sports timetabling

<RobinX=

« User-friendly web-application

Instance XML:

<Instance>

Sports timetabling archive

cObjectiveFunction/»

<Resources:

<TeamGroups />

XML

A e
Instance Solution Bound
Metadata
(Instance) (Solution) (Bound) S ;;;;1:%;(
(Metadata/) (Metadata/) (Metadata/) Contrbutor 40 ot use speci chrs
(Structure /) (Games /) (Lowerbound /) Date T .
(ObjectiveFunction/) (/Solution) ( /Bound) county Select a county v
(Data/) pescripion [ .
(Resources /) Remark
(Constraints /)
( /Instance) an

GHENT
UNIVERSITY

Competition format

* Open-source C++ library to read, write, validate XML files

www.sportscheduling.ugent.be/RobinX

20
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2. A STANDARD DATA FORMAT

Problem instance repository

Soft constraints objective repository

GHENT
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Specification XML files

Instance name
AUS1
GER1
GER2
BEL1
BEL2
BEL3

CHI1

DanishFootball

FIN1

FIN2
FootballEcuador_2012

FootballSouthAmerica

Downloads

Contributor

Bartsch, Drexl, Kroger
Bartsch, Drexl, Kroger
Bartsch, Drexl, Kroger
Goossens, Spieksma
Goossens, Spieksma
Goossens, Spieksma

Duran, Guajardo, Miranda, Saure, Souyris,
Weintraub, Wolf

Rasmussen

Kyngas, Nurmi
Kyngas, Nurmi
Recalde, Torres, Vaca

Duran, Guajardo, Saure

NorwegianFootball_1_2009 Hausken, Andersson, Fagerholt, Flatberg

Teams Slots Classification

10

18

18

18

18

18

20

12

14

12

12

10

18

34

24

34

34

34

19

33

30

22

22

18

10

2RR,
Z2RR,
2RR,
2RR,
Z2RR,
2RR,

1RR,

3RR,
Z2RR,
2RR,
2RR,
2RR,

Z2RR,

. | BR2, CA1, CA4, GA1, SE1|SC
M| BR2, CA1, CA4, GA1, SE1|SC
.M|BR1, BR2, CA1, CA4, GA1| SC
M| BR1, BR2, CA1, CA2, CA3, CA4, GA1| SC
M| BR1, BR2, CA1, CA2, CA3, CA4, GA1| SC
M| BR1, BR2, CA1, CA2, CA3, CA4, GA1| SC

. NULL | BR1, CA1, CA3, CA4, GA1| SC

.P|BR1, BR2, CA1, CA2, CA3, SE1| SC

NULL | BR1, BR2, CA1, CA3, CA4, FA1, FA2, FA3, GA1, SE1|SC
_NULL | BR1, BR2, CA1, CA3, CA4, FA1, GA1, SE1| SC

1] BR1, CA2, CA3, CA4| SC

.F|BR1, CA1, CA3| SC

. P|BR1, BRZ2, CA1, CA3, CA4, GA1, SE1|SC

www.sportscheduling.ugent.be/RobinX

Best
LB

(.1
(.1
(.1
(.1
(.1
(. 1)
(.1

()
(.
(.1
(. 1)
(.1
(.1

Best UB
(0, 89)
(.9
)

(0, 122)
(0, 102)
(0, 150)

(.1

(0, 49)
(, 1)
(0, 87)
(0, 12)
(0,0)

(0, 14)

History
history
history
history
history
history
history

history

history
history
history
history
history

history

21
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2. A STANDARD DATA FORMAT

# Home £ RobinX W 3-Field Q Query [B XML £ Repository ~

Online validator

@ Instance @ Solution Validator

Filter = TravelOptimization/Instances/NL4 xm

1. Select (or generate) your instance "

TravelOptimization/Instances/NL4. xml

t
TravelOptimization/Instances/NLG. xml
TravelOptimization/Instances/NLS.xml
T t

ravelOptimization/Instances/NL10 . xml

GHENT
UNIVERSITY www.sportscheduling.ugent.be/RobinX/validator.php



http://www.sportscheduling.ugent.be/RobinX/validator.php

2. A STANDARD DATA FORMAT

A Home & RobinX W 3-Field Q Query [& XML

Online validator

@ Instance @ Solution Validator

Filter = TravelOptimization/Solutions/NL4_Sol_Eastor

1. Select (or generate) your instance e

TravelOptimization/Solutions/NL4_Sol _Easton_ Trick. xml

2 . G e n e rate / u p I Oad yo u r SOI Utl O n TravelOptimization/Solutions/NL6 _Sol_Easton_Trick xmll

GHENT
UNIVERSITY

TravelOptimization/Solutions/NLE _Sol_Uthus. xm

TravelOptimization/Solutions/NL10_5Sol_Langford . xml

www.sportscheduling.ugent.be/RobinX/validator.php

£ Repository ~

23
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2. A STANDARD DATA FORMAT

# Home

Online validator

[a] Instance

Instance file to
be validated:

1. Select (or generate) your instance

2. Generate / upl
3. Press validate

GHENT
UNIVERSITY

oad your solution

Solution file to
be validated:

Validate

£ RobinX W 3-Field Q Query [B XML = Repository ~

[4)  solution validator

<7xml version="1.0" encoding="UTF-8" standalone="no" 7>
<Instance>

<MetaData=
<InstanceName=NL4=/InstanceName:>
<DataType=A</DataType:=
=Contributor=Easton, Nemhauser, and Trick=/Contributor=
=Date day="0" month="0" year="2001"/>
=Country/=
=Remarks=Based on National Hockey League</Remarks=

<7xml version="1.0" encoding="UTF-8" standalone="no" 7>
<Solution=

<MetaData=
=SolutionName=NL4_Easton_Trick=/SolutionMName=
=InstanceName:= /Repository/TravelOptimization/Instances/ML4 xml</InstanceName:
=Contributor=Easton, Trick=/Contributor=
=Date day="28" month="8" year="2002"/=
=0ObjectiveValue infeasibility="0" objective="8276"/>
=<Remarks=Solution retrieved from source code website Trick. </Remarks=

RobinX Validator 2.8

GNU General Public License v3.8@.
See the README for more details or type '-h' for more help.

www.sportscheduling.ugent.be/RobinX/validator.php

54 Contact and more

24
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FROM CONSULTING TO SCIENCE

1. A classification scheme for round robin tournament
timetabling problems

A standard problem instance data format

A benchmark instance set

General sport scheduling solvers

Algorithm selection & insights
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3. ABENCHMARK INSTANCE SET

Goal: develop a diverse set of challenging and realistic problem instances

Setting the scope

€

2RR

ournament structure (a)

Time-constrained
Phased, or no symmetry

Constraints (B)
Capacity constraints (CA1-4)
Break constraints (BR1-2)
Fairness constraints (FA2)

Game constraints (GA1l)

~

Objective function (y)
Minimize sum of soft
constraint penalties (SC)
[satisfy all hard constraints]

k Separation constraints (SE1) /
Starting point
Name Contributor No. Teams Description
BEL Goossens & Spieksma (2009) 3 18 2RR, C, P | BR1¥, BR2H, CA1H4S, CA25, CA3HS, CA4HS, GAT1S, SE15| SC
PRIN Lewis & Thompson (2011) 10 12-18  2RR, C, @ | CA1H, CA2%s, CA3HS, CA4H, SE15| SC
ECUA Recalde, Torres, & Vaca (2013) 12 2RR, C, P | BR1%S, CA2H, CA3"S, CA4H, SE15| SC
FIN Kyngis & Nurmi (2009) 14 2RR, C, P | BR1S, BR2S, CA1%S, CA3S, CA4S, FA2S, GA1H, SE15| SC
GER Bartsch, Drexl, & Kroger (2006) 18 2RR, C, P | BR1¥, BR2¥, CA1H4S, CA4®, GA1¥, SE15| SC
— ART Nurmi et al. (2010) 16  10-16  2RR, C, {P¢} | BR1H, BR2S, CA1%S, CA3S, CA4HS, GA1S, SE15| SC
LTI SOUTHA  Duran, Guajardo, & Sauré (2017) 10 2RR, C, P | BR1S, CATH, CA3", SE15| SC
GHENT ITA Cocchi et al. (2018) 14 2RR, C, P | BR1", BR25, CA1HS, CA21S, CA3H, CA4H, FA2S, GA1S, SE15| SC
NIVERSITY RRT Horbach, Bartsch, & Briskorn (2012) 33 10-22  2RR, C, P | BR1", CA1S, CA4", GA1S, SE15| SC
U NOR Hausken, Andersson, Fagerholt, & Flatberg (2012) 8 14-16 2RR, C, P | BR1H, BR2®, CA1%, CA35, CA4%s, GA1"S, SE1°| SC 26




3. ABENCHMARK INSTANCE SET

Goal: develop a diverse set of challenging and realistic problem instances

Setting the scope

€

~

ournament structure (a) Constraints (B) Objective function (y)
2RR Capacity constraints (CA1-4) Minimize sum of soft
Time-constrained Break constraints (BR1-2) constraint penalties (SC)
Phased, or no symmetry Fairness constraints (FA2) [satisfy all hard constraints]
Game constraints (GA1l)
k Separation constraints (SE1) /

How to characterize problem instances?
Using problem “features” (= measurable properties of a problem instance)
 Number of teams
« Symmetry (phased or not)
C— « For each hard constraint type: number

I _
GHENT * For each soft constraint type: number

UNIVERSITY



3. ABENCHMARK INSTANCE SET

Goal: develop a diverse set of challenging and realistic problem instances

Setting the scope

/Tournament structure (a) Constraints (B) Objective function (y) \
2RR Capacity constraints (CA1-4) Minimize sum of soft
Time-constrained Break constraints (BR1-2) constraint penalties (SC)
Phased, or no symmetry Fairness constraints (FA2) [satisfy all hard constraints]

Game constraints (GA1l)
k Separation constraints (SE1) /

How to characterize problem instances?

H S H S H 5 H 5 H S H 5 H 5 S S
JCITI fP fcm fcm fcm fcaz CA3 fcm CA4 fcm fc.m fc.m BR1 BR1 BR2 fBRz fFAZ fsm

min 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
10% decile 10 0 5 15 6 12 1 12 18 18 2 1 12 10 1 1 1 1
mean 1483 068 556 1635 390 2792 027 2036 3206 1901 1.78 6499 26.14 060 008 031 003 094
90% decile 20 1 42 32 72 620 2 112 85 340 34 126 44 24 1 1 1 1
max 22 1 116 60 112 620 2 126 198 374 34 4368 602 24 1 1 1 1

—_

I
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3. ABENCHMARK INSTANCE SET

Goal: develop a diverse set of challenging and realistic problem instances

How to visualize set of problem instances?

0.4

0.2

ure 3 (f3)

_ x - 0.0
1 -0.2 e
X = X2 > 04 ¥ >
. -0.6
PCA
1 X18

-0.2 @
-0.4 Qe'a

Feature vector Feature space (18D)

T See e.g. Smith-Miles et al. (C&OR, 2014)

GHENT
UNIVERSITY

PC2

15 pc1

2D space

29



3. ABENCHMARK INSTANCE SET

Goal: develop a diverse set of challenging and realistic problem instances

These instances may be challenging and realistic, but not diverse.

PC2
2.0 _— T
— T~
— ~
-
7 ~
P ~~_
-~ ‘\"‘-x
1.5 .
/BEL + PRIN
1.0 %
[ w %, .
|
[ ECUA (" .\
| - \
0.5+ | '
l\ |
\ |
\
GER SouthA i l
outhAmerica |
* 2 ART '
+
0.0 ° ITA
‘” +
'..“P -tl-_'_ ++
RRT + +
.
—0.5 . u
~ NOR N
~ -
H\“‘a_ /-/’//
~
—1.04 T _/_///-”
-1.0 —0.5 0.0 05 10 15 PC’I
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So let’s try to fill the gaps: target instances
(within the red “convex hull” of realistic instances)
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3. ABENCHMARK INSTANCE SET

Goal: develop a diverse set of challenging and realistic problem instances

Applicable
Real-life synthetic
instances instances

Feature extraction ¢ A Instance generator

with RobinX
Feature vector
- - Feature vector
2RR, C. @ | CA4=10. SE1=2 | TR PCA Undo PCA 1RR. C, @ | CA1=10, CA2=2 | TR
2RR. C, M [ BR1=20| CO with 1P 2RR, C, M | BR1=5, SE1=20 | CO
4RR, C, @ | CA4=10, SE1=3 | BR

2RR, C, @ | CA1=10, CA3=27 | BR

Parameters minimize M - E e s R R

F = set of all features ek
w; , — PCA-coefficient of feature i for dimension x Z{gﬂ' Wi x) + Si,x + € x =X
' ieF
X, y = target coordinates in 2D-space Z
(8iwiy) +siy +eiy =y
Variables icF Y by by
f; = value of feature i (max; — min;)g; — f; = —min; VieF
g; = value of normalized feature i _ _
i E N .S 2,8 x,Siy,8 y = 0 i € F

I Si_x € x = slack (excess) on x-projection of feature i
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3. ABENCHMARK INSTANCE SET

Goal: develop a diverse set of challenging and realistic problem instances

Final check: are these instances challenging?

Empirical hardness check

* |nteger programming solver

« Constraint programming solver
* Fix-and-optimize matheuristic

Note: feasible solution exists by design.
Feasible solution found within 1 hour for 12 (IP),
16 (CP) and 15 (F&O) instances.

None solved with proven optimality.

Solutions with different objective values found.

N
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m Early

% Middle
® Late
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FROM CONSULTING TO SCIENCE

1. A classification scheme for round robin tournament
timetabling problems

A standard problem instance data format

A benchmark instance set

General sport scheduling solvers

Algorithm selection & insights

a &~ b

N
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4. GENERAL SPORT SCHEDULING SOLVERS

How to develop general sport scheduling solvers?

International Timetabling Competition (ITC2021)

_ o 2020 2021
History of ITC competitions
Oct Nov D Jan Feb M Ap May
1stITC 2002 University course timetabling N - o maances | —'
2" |TC 2007 Examination & course timetabling Late group of instances Milestone ]
3@ |TC 2011 High-school timetabling Competition closes
4" |TC 2019 University timetabling
\Sth ITC 2021 Sports timetabling )
—_
I
GHENT

UNIVERSITY 34



4. GENERAL SPORT SCHEDULING SOLVERS

Main competition rules:

— No computation time or technology restrictions
(one deadline for all problem instances)

— Organizers do not run algorithm code

— The same version of the algorithm must be used
for all instances

— For each instance, points are awarded according
to the position of the competitor

— Ordering of participants is based on weighted sum
of points for all early, middle and late instances

N

GHENT
UNIVERSITY

Instance

Position  Early @ Middle Late
1st 10 15 25
2nd 7 11 18
3rd 5 8 15
4th 3 6 12
5th 2 4 10
6th 1 3 8
7th 2 6
8th 1 4
9th 2
10th 1
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4. GENERAL SPORT SCHEDULING SOLVERS

Team Early Middle Late Total Feas. sol Best sol. EGVV/
PATAT
1. UoS 121 178 297 596 45 21 AUTOMATED
2. Udine 75 114 235 424 44 4 [METABHIE
3. Saturn 64 115 207 386 37 16 E
4. GOAL 38 72 133 243 37 4 (yv
5. MODAL 21 65 150 236 40 4 ORIN
SPORTS
6. TU/e 41 47 136 224 38 2
7. DES 8 42 72 122 37 3
8. Gionar 25 16 68 109 40 3
9. DITUol Arta 4 29 68 101 37 2
10. NHH 5 13 70 88 40 1
11. Aures 0 1 12 13 31 1
12. UoR 0 0 10 10 29 1
13. Team zero 0 0 5 5 26 0

GHENT
UNIVERSITY
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FROM CONSULTING TO SCIENCE

1. A classification scheme for round robin tournament
timetabling problems

A standard problem instance data format

A benchmark instance set

General sport scheduling solvers

Algorithm selection & Iinsights

g s

N
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UNIVERSITY

37



5. ALGORITHM SELECTION AND INSIGHTS

Search
method

Software details

Hardware details

Computational experiment

— [ algorithms from ITC 2021

— 1 newly generated algorithm
(FBHS)

-> algorithm portfolio with a variety -

of approaches

GHENT

UNIVERSITY

IP Branch &
Cut

Fix-and-
optimize
matheuristic

Adaptive
LNS
matheuristic

VND
matheuristic

Simulated
annealing

CP/SAT -+
Simulated
annealing

Pseudoboolean

optimization

IP Decom-
position +
matheuristic

Python, Zimpl, C,
Gurobi 10, Xpress

Java 16, Gurobi
10.0

Python 3.10,
Gurobi 10.0

Python 3.10.4,
Gurobi 9.0.2

C++17

Python 3.10, OR-
Tools 9.4

Perl, clasp 3.3.9,
Sat4J] 2.3.6,
RoundingSat Git
Nov 2022

C++,  CPLEX
12.10

Per instance one thread
was used and several in-
stances where run at the
same time on a machine
with multiple Intel(R)
Xeon(R) Gold Proces-
sors with an average
clock speed of 2.4 GHz
and enabled with 768
GB and 36 threads.

Intel Core i7-8700
3.2GHz with 12 GB
RAM (single thread
running for 24 hours per
instance)

Intel Xeon 3.9GHz with
4 cores and & threads
(Google Compute En-
gine “c2-standard-8”) for
2.5 hours per instance

Dual 2.0 GHz Intel Sky-
lake with 4 or 20 cores

Intel Xeon Processor
(Cascadelake) @ 2.4
GHz, 16 cores, (max one
core per execution)

6 x Intel Core i5-10505
@ 3.2 GHz with 8GB
RAM (all cores acti-
vated for the solver only)
for 1 hour each time
for each instance (an in-
stance may run multiple
times though)

Intel Core i7-8700
3.2GHz with 64 GB
RAM (single core run-
ning for 2.5 hours per
instance)

Intel Xeon E5-2660v3
(Haswell-EP @ 2.6 GHz)
processor enabled with 8
cores
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5. ALGORITHM SELECTION AND INSIGHTS

Using the same approach, we generated 518 additional
problem instances

2.0
1.5] /
1.01
0.5

0.0
0.5 /
~1.0{

—_
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5. ALGORITHM SELECTION AND INSIGHTS

Experimental settings:

— Every algorithm Is given 2 weeks time for the 518 instances

— Each algorithm Is run on infrastructure available at the
developing institution
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5. ALGORITHM SELECTION AND INSIGHTS
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5. ALGORITHM SELECTION AND INSIGHTS

Overview of best performing algorithms
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5. ALGORITHM SELECTION AND INSIGHTS

Algorithm footprint: Udine

Phased
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5. ALGORITHM SELECTION AND INSIGHTS
Algorithm footprint: FBHS

Il.cl
r0.8

BR2 Soft
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5. ALGORITHM SELECTION AND INSIGHTS

|1

Algorithm footprint: Modal

N

J I  BR2Hard
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5. ALGORITHM SELECTION AND INSIGHTS

Can we predict which algorithm will work well on which instance?

Classification models Regression variants
» K-nearest neighbours (kNN) « K-nearest neighbours (kNN)
 Random forest (RF)  Random forest (RF)
» Gradient-boosted trees (GB) » Gradient-boosted trees (GB)

* Support vector machines (SVM) * Support vector machines (SVM)

* Majority voting (MV)

N

GHENT
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5. ALGORITHM SELECTION AND INSIGHTS

I Accuracy 1.0 I Accuracy
1.0 Inv. rel. gap ' Inv. rel. gap
Bl Feas. sol. Bl Feas. sol.
0.8 0.8
0.6 0.6
0.4 0.4
0.2 | 0.2
0.0 I 0.0
E 80T 2 2 g3 0 9 = @ f‘g%%%g o © = o
Qﬂjomﬁno&m§zum§2 Qggomﬁﬂoumﬁzumgz
O = nd O] =z e U] =z (ng ) =z
8 LL D % = 5 S 5) S 8 L D % = 5} < % <
= 3 = 9
&) o ) x
T Validation set Test set
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5. ALGORITHM SELECTION AND INSIGHTS
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Feature permutation based on the kNN classifier, showing for each feature
the mean decrease in classification accuracy when disabling the feature.
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CONCLUSION

From consulting

* find a customer with a particular problem

» develop a clever tailor-made method

» celebrate your success of beating a manual solution
* do not disclose the problem specifics

to science

« share your problem instance (RobinX XML instance repository)

« test your approach on other instances (benchmark instance set)

* |earn what the strengths and weaknesses of your algorithm are
(footprints)

* understand why, and improve

N
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