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What is the result of a football game?

1. FulRball-Bundesliga 2004/05
(first football league in Germany)
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SC Freiburg

18-17=306 games

18 teams, i.e.

Home teams



What results do we have and
where do they come from?

European leagues: Cup matches: Women leagues:
* Belgium e Austria * Germany * Austria
* Bulgaria * Portugal * UEFA * Germany
* GDR * Rumania
e Germany 12" e Russia
* England * Scotland Tournaments:
* France * Spain * European Championships
* ltaly e Czechoslovakia e World Championchips
* Netherlands e Hungary

Simple list: <home> <away>

R

12
22
02
perl, awk, grep, ... 03
11
41

Data came from the Internet:




1. FulRball-Bundesliga

A “typiCalu reSUIt 2004/05 (Germany)
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Question: what kind of distribution is this?



Simplest possible idea:

constant probability (in time)!
probability to score a goal

o Goals are scored with a\ N\ number of time steps (?)

The scores of the home and during one time step
the away team don't influence
each other! /
goals

Binomial distribution

Poisson
distribution

average number of goals: (P, (k)),=A



Does the Poisson distribution work?

(At least it worked with horses and Preussian soldiers!)

1. Fuball-Bundesliga 2004/05 (Germany) 1. FuRball-Bundesliga1963-2004 (Germany)
! I I I I ‘data 10° p T T ' T T T
fit o data —————
101 [ fit
0.1 ] 10° ¢
%\ ; Z 100 |
5'9 ioﬁ 104
001 — T 4 10-5 B
10° ¢
. 107 L : .
0.001 L— ' ' ' | ' ' 0 2 4 6 g8 10 12
o 1 2 3 4 5 6 goals
goals
X*/d.o.£=0.1 306 games X’/d.of=82 12794 games
6 : the fit is bad for small
II» Errors from bootstrap are wrong! i 1 numbers of goals
More data is needed! z | %'!?V%E:.‘;:J‘fg?%@ﬁ?
ks .l N | f}pv ‘a. i .t.qg
Conclusion: it may be good for a single (?) D

game but otherwise pretty useless oo 2 4 s 8 w0 v




Maybe a model can help?
/

Ingredients:

1. Starting probability
2. Probability to score a goal
depends on the actual score

3 different updates if a goal is scored:

home scores away scores Algorithm:

additional motivation
“success succeeds”




Fitting of the model o] A

X°/d.o.f=0.91
1. FuRball-Bundesliga1963-2004 (Germany) Model “B”: x*/d.o.f=1.04
100 L | | I I I I T
S data ——+—— 2.5
L model A ——— ] 2r
101 b model B 1"
L 4 1+
Z  os)
1072 | 12 ol
- © s
i ) al
59 103 - E 115 |
A 104 _ I T _ Yo 2 4 goils g 10 1
10° | ] :
[ _ We don't even
L0 need to simulate
1 1 1 1 1 1 '
0 2 4 6 8 10 12 the model!
goals -
O R R gl recursion) ™
? ? A: p(n)=p,+kn
no goal at time n goal at time n B:  p(n)=p,«"

technical: fill matrix from bottom to top in O(n N) steps



What distribution is described by
model “A”, “model B’, ...

take recursion relation B) transform in difference equation

mm)  perform continuum limit N — ¢ independent of a

specific p(n)
mm)  transform in differential equation
=) solve differential equation using p(n)
Finally, negative binomial distribution

for model “A” I (pidi+n) F@en)
— Pyt pO K-Tn —kit|\" nt+n n r

P — Po 1_ P — 1_

et LA ﬁ L N

ki1 Do KI' he negative binomial\

K distribution describes a
process with:

* n+r Bernoulli trials (0,1)

® success probability p

* ntimes success

[

No closed
expressions
for model "B” and
model “C” so far!

r times failure
last attempt is a failuy




P(goals)

Fitting of the negative binomial

distribution (NBD)

0.95

100 CT T T T T ﬁtl — NBD: Xz/dOf:
- data ——+——

101 | ]

102 | ]

103 | 1| Are we the first
] i 1 that tried to fit a

| B NBD to football

107 F T3 results?

10 | ]

10_6 L L I I ! |
0 2 4 §) 3 10 12

Not exactly! See
M.J. Moroney:
“Facts from Figures”




What else did we fit?
General extreme value (GEV) distributions!

i B 1-1/€ " -1/g
P, (n)=— 1+§u) exp|—|1+82—E £+£0
o o (03 o
P, U(n)ziexp —exp Bt I E—0
’ g o 02
shalpe paramTter 3 most important, controls the overall
Scale parameter o shape of the function:
location parameter u
* £<0: Weibull
Why did we fit GEV? We saw it in * £>0: Fréchet
Greenhough et al.: “Football goal * £=0: Gumbel

distributions and extremal statistics”,
Physica A 316 (2002) 615-624

But 2006: Bertin and Clusel: “Generalised _ _ _
extreme value statistics and sum of ,  miscroscopical model with
correlated variables”, cond-mat/0601189 feedback can lead to GEV




We did not only fit the score of the home
team but also:

K
* the score of the away team/' ,;) P'(k) P (K k)
* the sum of the scores
¢ and the difference of the scores \ .

"(k+d)P"(k)
eg.. h=2,a=1 then K=h+a=2+1=3 =0
and | d=h—a=2-1=1
To summarize:
home/away sum difference
/2
H . _/\_k A > ()\h_'_/\) (A, +A,) A _ﬂd (A,+4,)
Poisson: P, (k)= Py (K )= Pua(d)=(] 1a(2a,) e
NBD: Pw,(n):Ir:.(/??f))p”ﬂ—p“«r P,L,’_,,M",,M(K):(lfph)r”(lfpu)r"plfll;(j}Tf))F(*K,r,l,'lforu;%) P,’f,”,.h,,,w,.u(d)=(l—ph)"”(l—pa)"p"Z(,rr( d))F( +d,r,;1+d;p,p,|
1-1/g —-1/g
Weibull/Frechet: Pg_w(n)zﬁ exp|—
no closed expressions for sum/difference
. _1 _ _nTH)_nTH
Gumbel: P, ,(n)=_exp|—exp|—— =

Model “A”/’B”: approximation for finite N can be found



Comparison GDR vs. We

Oberliga 49/50-90/91 (~7.700 matches)

Bundesliga 63/64-90/91 (~ 8.400 matches)

100

10

100

Oberliga

.

L
T ¥

st Germany

goals

E | | | | | | | ?
[ Bundesliga -
E, 3
E 3
3

E | ]
0 2 4 6 8 10 12

goals

Oberliga Bundesliga
Home Away Home Away
Poisson A 1.85+0.02 1.05+0.01 2.01 +£0.02 1.1740.01
x%/d.o.f. 12.5 12.8 6.53 7.31
NBD D 0.17+0.01 0.14+£0.01 0.114+0.01 0.1040.01
r 9.06 +0.88 6.90 +0.84 1594210 11.3+1.84
Do 0.0191 0.0112 0.0213 0.0126
K 0.0021 0.0016 0.0013 0.0011
x%/d.o.f. 0.99 4.09 0.68 2.29
GEV ¢ +0.05 £ 0.01/0.02 £ 0.01 +0.09 + 0.01|—0.01 £ 0.01
L 1.1240.02 0.494+0.02 1.28+0.02 0.5840.02
o 1.30 £0.02 0.90 £ 0.02 1.36 £0.02 0.96 £+ 0.02
x%/d.o.f. 1.93 5.04 1.83 4.74
Gumbel p 1.1240.02 0.48 = 0.02 1.28£0.02 0.59 4+ 0.01
o 1.25+0.01 0.924+0.01 1.25+0.01 0.954+0.01
x2/d.of. 413 4.65 12.9 4.06

all fits (GDR/West Germany) are NBD

Crux: GDR goals are more encouraging



Bundesliga: men vs. women

Bundesliga men 63/64-04/05 (12800 matches)

10° g | I I I I 3
s Bundesliga -
107 F, 5
%\ - ] Bundesliga Frauen-Bundesliga
g 1072 F E
= 3 3 Home Away Home Away
C B .
T . . Poisson A 1.91+0.01  1.16 4 0.01 1.78 + 0.04 1.36 = 0.04
10 F total = 2
E Lo x2/d.o.f. 9.21 9.13 14.6 14.4
e L e e | | u | NBD  p 0.11+0.01  0.09 £ 0.01 0.45 = 0.03 0.46 % 0.03
0 2 4 6 8 10 12 r 16.24 4 1.82 12.08 & 1.69 2.38 & 0.24 1.97 & 0.22
goals Do 0.0202 0.0125 0.0160 0.0133
Bundesl 97/98-04/05 (1050 match K 0.0012 0.0010|  0.0067 |  0.0068
undesiiga women ) ( matches) x2/d.o.f. 1.08 2.22 2.32 1.37
10° g7 I I I I I 3 GEV ¢ —0.10 4 0.01 —0.02 + 0.01 0.04 =+ 0.04 0.25 + 0.07
- Frauen-Bundesliga 1 u 117 40.02  0.57 +0.01 0.83 % 0.08 0.77 + 0.07
1
107 - E o 1.3340.01  0.9640.01 1.49 & 0.06 1.18 £ 0.05
=z ] x2/d.o.f. 3.43 7.95 3.40 1.55
S 102
2 E 3 Gumbel 41 118 £0.01  0.58 4 0.01 0.81 % 0.08 0.58 = 0.07
N 1 T ] o 1.2140.01  0.94+0.01 153+ 0.05 1.31 +0.05
-3 <
10  Lotal E X% /d.od. 24.5 7.26 3.17 4.09
- ome .
L away —x—] J
104 Y ! ' : : : : all fits (men/women) are NBD
0 2 4 6 8 10 12



Sum and difference:

Bundesliga men 63/64-04/05 (12800 matches)

0.3

0.25 -

0.2

0.15 -

P(goals)

0.05 |-

| | |
Model “A” (x%/d.o.f. = 18.4)

i

-10

Bundesliga women 97/98-04/05 (1050 matches)

goal difference

10

109

| |
Model “A”
Model “B”

E

2
X
2

0

goal difference

Bundesliga 04/05 Bundesliga 90/91 Oberliga Women
Poisson A, 1.91 +0.01 2.01 £0.02 1.85+0.02 1.78 +0.04
Aa 1.16 £0.01 1.17£0.01 1.05 £0.01 1.36 £ 0.04
Home X2 /d.o.f. 9.21 6.53 12.5 14.6
Away  x2/d.odf. 9.13 7.31 12.8 14.4
Total  x%/d.of. 10.7 15.9 16.3 10.4
Difference x3/d.o.f. 67.6 578 474 20.2
NBD Ph 0.11 £ 0.01 0.11£0.01 0.17 £ 0.01 0.45+£0.03
Th 16.24 + 1.82 15.9 +2.10 9.06 £ 0.82 2.38£0.24
Da 0.09 £0.01 0.10 £0.01 0.14 = 0.01 0.46 = 0.03
Th 12.08 £ 1.69 11.3+1.84 6.90 £ 0.84 1.97+0.22
Home  xj/d.o.f. 1.08 0.68 0.99 2.32
Away  x2/d.odf. 2.22 2.29 4.09 1.37
Total x%/d.o.f. 25.1 17.3 8.31 18.9
Difference x4 /d.o.f. 23.9 18.0 7.16 3.55
Bundesliga 04/05 Bundesliga 90/91 Oberliga Women
Model “A” pon 0.0199 £ 0.0002 0.0210 £ 0.0002  0.0188 £ 0.0002 0.0159 % 0.0005
Kh 0.0015 £ 0.0001 0.0016 £ 0.0002  0.0024 £ 0.0002 0.0070 £ 0.0005
Po,a 0.0125 £ 0.0002 0.0125 4+ 0.0001  0.0112 £ 0.0001 0.0132 4+ 0.0004
Ka 0.0012 4+ 0.0001 0.0013 +0.0002  0.0018 £ 0.0002 0.0071 4 0.0007
Home xi/d.of. 1.01 0.68 1.07 2.28
Away x2/d.of. 2.31 2.37 4.23 1.44
Total x%/d.of. 16.6 115 5.33 124
Difference x4 /d.o.f. 18.6 14.0 5.63 2.86
Model “B” pon 0.0200 £ 0.0002 0.0211 £0.0002  0.0189 £ 0.0002 0.0166 £ 0.0005
Kh 1.0679 +£ 0.0060 1.0695 £ 0.0072  1.1115 4 0.0083 1.3146 + 0.0303
Poa 0.0125 4+ 0.0001 0.0125 £ 0.0002  0.0112 £ 0.0001 0.0138 £ 0.0004
Ka 1.0932 £ 0.0106 1.1015£0.0124  1.1526 £ 0.0149 1.4115 £ 0.0543
Home  /d.o.f. 1.25 0.71 0.75 3.24
Away x2/d.of. 1.96 2.02 3.35 0.95
Total X&/d.o.f. 16.9 11.8 5.40 13.5
Difference x%/d.o.f. 18.4 13.8 5.26 2.82
sum, difference as R Cov(k,, k,) Rp =-—0.031
consistency check o0, R, =—0.015



FIFA World Championships (TM)

Qualification phase (~ 3400 matches)

0.45 T I I I I
0.40 _“'ﬁ, iigg; m - Home Away
035 %‘a NBD oo . Poisson A 1534002  0.89+0.01
. 030 e ] 2/d.o.f. 18.6 25.0
2 oY, e cp— e
S om0k W | NBD P 0.3740.02  0.38+0.02
A 0.15 ::\\ B r 3.04 +£0.21 1.76 £ 0.12
010 "«,,& S _ Po 0.0154 0.0094
0.05 imﬁ':-:&&\ - K 0.0051 0.0053
0.00 U l i =N E— x2/d.o.f. 2.67 2.02
0 8 GEV 3 0.11+0.02  0.1940.02
[ 0.864+0.03  0.36+0.03
o 1.214£0.03  0.86 % 0.02
X2/d.o.f 1.89
100 I I 3 Gumbel 4 0.80 £ 0.03 0.25 + 0.03
e %3525 mak 4 1.314£0.02  0.94+0.02
107 E *\‘:..&\ 1(\;%8 """"" E x%/d.o.f. 3.29 12.9
7 “&:"\@ Model “A7 e Model “A” py 0.0152 4 0.0003 0.0093 = 0.0002
§J 102 ~ g Model B ===~ 4 K 0.0053 4 0.0003 0.0055 = 0.0003
= ;‘f}— : /o, 2.19
108 | ‘\ *:i\ f‘ + Model “B” py 0.0155 4 0.0002 0.0095 = 0.0002
' ‘ SN _ K 1.2780 £ 0.0130 1.4775 + 0.0343
10 (') ! :1 é é 1‘0 ";Z 1'4 /dod. 0.80



Summary by us:

ray , 9
e _
Technical: , 4 \, 4

* Poisson fits bad (in all cases)

NBD fits quite well (in the majority of cases)
* Heavy tails fit even better with GEV -

e Model “A” can be compared to NBD V 4 ‘
* Model “B” can fit large tails (as GEV) | |

Interpretation: o
* Strongly different team strengths lead to fat tails V 4 ‘
* Fat tails lead to large « \_. |
* QOberliga vs. Bundesliga can be compared to women to men b il 4
* World Cup qualification can be compared to the women's league

., o -



* “Das nachste Spiel istimmer das
schwerste Spiel!”

* “Das Runde muss in das Eckige.”

* “Der Ball ist rund und das Spiel
dauert 90 Minuten.”

* “Der nachste Gegner ist immer der
schwerste.”

* “Der schnellste Spieler ist der Ball.”

on N

Wéihrend des {WM-End spiels v on 1954
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