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Abstract
Sports tournaments commonly place the points and scores of particing teams or players in tables. For
football tournaments, the state of a final table is based basically upon the numbers of wins (W), draws (D)
and losses (L) together with the sum of points (P) corresponding to team standings at the end of a
tournament. This paper describes a point-based algorithm to generate and enumerate all possible states of
final tables that can take place in a football tournament with a variable number of teams. The algorithm
attempts to determine the possible final WDL values of the teams using their sums of points. The position of
a team in the final table can lead to either that team’s qualification to the next stage or its elimination from
the tournament, which thus makes it important to predict the final position of the team at the end of the
tournament. The study provides an elegant way to estimate the position of a team with a particular value of
WDL in the final table. In the paper, the experimental results of the described algorithm are also presented
and discussed, by comparison with those from a blind search algorithm, evaluating a set of tournaments with
the number of teams ranging from two to eight.
Keywords: tournament, enumeration, number partition, combinatorics

Introduction
Recently, studies with great interests on sports have considerably increased due to the wide
popularity of some sporting events such as the Olympic Games and the FIFA World Cup. Of the sportsrelated studies, the most recent ones seem to be those that mainly focus on the scheduling of round-robin
tournaments [2, 8, 9] for some sports like football [1], basketball [10], ice hockey [7] and cricket [4]. Some
others deal with round-robin tournaments from different perspectives; namely generating the score sequence
of every tournament up to a given size [6], solving the linear ordering problem for the weighted tournaments
[3] and addressing the number of players with a high average of wins [5]. In this paper, we propose an
algorithm which determines the possible states of final tables for football tournaments, based on the final
points of the teams.
The incomes generated in some countries from sporting events like football (TV rights and
advertisements) also have a positive impact on the incomes of the participating teams. Hence the demotion
or promotion of teams to a lower or higher league will significantly influence their incomes. The generation
of the possible states of a tournament final table will help to predict whether a team can reach a specific
position at the end of the tournament based on the current state of the table or not.
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Problem description
A football tournament with n teams involves g = n(n-1)/2 games and each team plays n-1 games. Let
TWDL(n) represent a final state of a tournament with n teams, which contains the final WDL values of
participating teams with respect to the order of their number of points. For example the final table of Group
E in the 2006 FIFA World Cup [11] can be represented as TWDL(4)=((2, 0, 1), (2, 0, 1), (1, 1, 1), (0, 1, 2)).
For a tournament with n-teams, the general set of possible WDL values that might be gained by a team can
be generated as follows:
SWDL(n) = {(w, d, l) | ∀w ϵ {0,1, ... , n −1},∀d ϵ {0,1, ... , n −1},
∀l ϵ {0,1, ... , n −1}, w + d + l = n −1}
(1)
In this case, the number of WDL values in the set would be determined by the relation:
N(SWDL(n)) = n(n+1)/2.
(2)
For instance, there are 10 distinct values of WDL for n = 4, as seen in the set:
SWDL(4) = {(3, 0, 0), (2, 1, 0), (2, 0, 1), (1, 2, 0), (1, 1, 1),
(1, 0, 2), (0, 3, 0), (0, 2, 1), (0, 1, 2), (0, 0, 3)}
(3)
The variety of WDL values of teams leads to the occurrence of many different table states. To enumerate all
possible states of a tournament table, the number of states based on the relation N(SWDL(n)) that a blind
search algorithm must evaluate would be:
B(n) = (n(n+1)/2)n
(4)
In fact, not every evaluated state is valid. For example, the state TWDL = ((2, 0, 1), (3, 0, 0), (1, 0, 2),
(1, 1, 1)) is not valid because the WDL values are not in descending order with respect to the points of the
teams. Also, there is no consistency between the WDL values, for instance, where the WDL=(1, 1, 1)
contains a D value of 1 as all D values for the other teams are equal to 0. To generate the states of the final
tournament table only the valid states must be taken into account, that is the validity of each generated state
must be checked. When the number of the invalid states gets bigger, a larger time is spent on checking the
states which will not be taken into account as final states. In this paper we propose an algorithm which
minimizes the generation of the invalid states and generates all the possible final states based on the final
points of the teams.
The Proposed Approach
In a football tournament with n teams, a team gains 3 points for each win and 1 point for each draw.
At the end of the tournament, the number of points Pk of a team Tk at the kth position is:
Pk = 3Wk + Dk, where 1 ≤ k ≤ n
(5)
Our approach is based basically on calculating the possible WDL values of teams through their number of
points. Formula (6) defines the set of all the possible WDL values that can be calculated based on a specific
number of points:
SWDL(P)={(w, d, l) | w = ⌊P/3⌋-x, ∀x ϵ {0, ..., ⌊P/3⌋}, d = P-3w, w+d≤ n-1, l = n-1-w-d}(6)
The maximum number of points that can appear in the final table of a tournament with n teams is
3n-3. This value appears when the first team wins all its games against the other teams. Also, the minimum
number of points is 0, which appears when the last team loses all its games. So, generally we can write:
0 ≤ P ≤ 3n-3
(7)
Since P = 3n-3 can be gained only by the first team and only the last team can have 0 points, formula (7) can
be described in detail as follows:
0 <P1 ≤ 3n-3
0 <Pk< 3n-3 , where 1 <k<n
(8)
0 ≤ Pn< 3n-3
As Pk ≤ Pk-1 when 1 <k ≤ n, formula (8) can be written as:
0 <P1 ≤ 3n-3
0 <Pk<Pk-1 , where 1 <k<n
(9)
0 ≤ Pn<Pn-1
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Formula (9) represents the search space which our approach is based on during the generation of the final
states. The used search space ensures that the generated states are in descending order depending on the
points of the teams. The following algorithm shows the pseudo code which implements the proposed
approach:
Point-Based Algorithm to Generate Final Table States of Football Tournaments
Intput: the number of teams (n)
Output: the states of TWDL (STWDL[][n][3])
TWDL[n][3]

: tournament final table

Main Procedure: validStatesGenerator(n)
1: validStateGenerating(n, 0, TWDL)
Procedure: validStateGenerating(n, k, TWDL[][])
1: if k≠n then
2:
maxP ← TWDL[k-1][0]*3+TWDL[k-1][1]
3: else
4:
maxP ← 3*n-3
5: if k≠n-1then
6:
minP ← 1
7: else
8:
minP ← 0
9: for P ← maxP to minP do
10:
calculateWDLvalues(n, k, TWDL, P)
Procedure: calculateWDLvalues(n, k, TWDL[][], P)
1: w ← ⌊P/3⌋
2: d ← P-3*w
3: while w ≥0and w+d ≤ n-1do
4:
TWDL[k][0] ← w
5:
TWDL[k][1] ← d
6:
TWDL[k][2] ← n-1-w-d
7:
if k+1 <n then
8:
validStateGenerating(n, k+1, TWDL)
9:
else
10:
if the current state of TWDL is valid then
11:
sort TWDL into STWDL
12:
w ← w-1
13:
d ← P-3*w

A TWDL state is considered to be valid if it leads to at least one case of the games results for a tournament,
otherwise, it can not be valid. The following algorithm checks the possibility of finding a case of the games
results based on a TWDLstate:
TWDL State Validity Checking Algorithm
Intput: the number of teams (n) and a state of TWDL table (TWDL[n][3])
Output: true or false
tracker[n][n] : tracks the conflicts
Main Procedure: isValid(n, TWDL[][])
1: set all tracker[i][j] to 0
2: trackingInds[] ← {1, 1, 1}
3: return stateValidity(n, 0, trackingInds)
Procedure: stateValidity(n, k, trackingInds_p[])
1: valid← false
2: if the points of the teams are in a descending order then
3:
trackingInds[] ← trackingInds_p[]
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4:
find the non-zero minimum of W, D and L values for k-th team and set an index
variable (minInd) to 0, 1 or 2 accordingly, or −1 if all is 0
5:
if minInd = −1 then
6:
if k = n-1 then
7:
if TWDL elements are all 0 then
8:
valid ← true
9:
else
10:
trackingInds[] ← {k+2, k+2, k+2}
11:
valid ← stateValidity(n, k+1, trackingInds)
12:
else
13:
for i ← trackingInds[minInd] to n-1 do
14:
if TWDL[i][2−minInd] > 0 and tracker[k][i] = 0 then
15:
TWDL[k][minInd] ← TWDL[k][minInd] − 1
16:
TWDL[i][2−minInd] ← TWDL[i][2−minInd] − 1
17:
tracker[k][i] ← 1
18:
tracker[i][k] ← 1
19:
trackingInds[minInd] ← i
20:
valid← stateValidity(n, k, trackingInds)
21:
if valid= true then
22:
go to 28
23:
else
24:
tracker[k][i] ← 0
25:
tracker[i][k] ← 0
26:
TWDL[k][minInd] ← TWDL[k][minInd]+1
27:
TWDL[i][2−minInd] ← TWDL[i][2−minInd]+1
28: return valid

Computation Results
The proposed approach is programmed using the Java programming language, compiled by JDK 1.6
compiler and ran on Windows 7 Ultimate 64-bit operating system. A set of tournaments with the number of
teams ranging between two and eight is examined during our experiments, where each of the numbers of the
valid states, invalid states and the execution time are measured. The machine on which our experiments are
performed is equipped with an Intel core i5 1.60GHz CPU, 6GB of RAM and a WDC WD10JPVX55JC3T0 ATA hard drive with 1 TB of memory space.. The obtained experimental results are shown in
Table 1.
Table 2 shows the number of the checked invalid states in the case of our proposed algorithm and the
ones which must be checked during the blind search algorithm. Comparing with the blind search algorithm,
we find that the proposed approach reduces the number of the checked invalid states up to 99.99% there by
considerably optimizing the execution time especially when the number of teams gets bigger.
Table 1. Experimental results
n
2
3
4
5
6
7
8

Number of valid states
2
7
40
404
6317
131288
3366444

Number of invalid states
3
43
698
13514
308191
8582812
275675646
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Execution time
0
0
0
0
2 seconds
4 minutes
54 hours
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Table 2. The invalid states in our proposed algorithm versus those in the blind search algorithm
n
2
3
4
5
6
7
8

The proposed algorithm
3
43
698
13514
308191
8582812
275675646

Blind search algorithm
7
209
9960
758971
85759804
13492797224
2821106541012

Conclusion
This study focuses on generating the possible final table states of football tournaments, using the
final points of the teams. Comparing with a blind search algorithm, an optimized search space which is
based on the final points of the teams is proposed. For the proposed search space, an algorithm is developed
to calculate the possible WDL values of each team from its final number of points. Also, an algorithm to
check the validity of each of the generated states is presented. The proposed approach is expermented with a
set of tournaments with number of teams ranging between two and eight. The results of the experiments are
discussed, where our proposed approach proves its effectiveness compared to the blind search algorithm
regarding the number of the generated invalid states.
The scope of the study can be extended to cover a competitive sports league environment. Since the
position of a team in the final table is the main reason of its qualification to the next stage or elimination
from a tournament, generating the states of the tournament’s final table will be helpful in predicting the
chances of a team to gain a specific position at the end of the tournament based on the current state of the
table.
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