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Abstract

A Hamilton path tournament design is based on round-robin tournament. For n
teams, It takes (n — 1) days and each team plays in each stadium not more than
twice. Moreover, the set of matches played in each stadium forms a Hamilton path.
Formerly, an inductive proof has been given for the construction of Hamilton path
tournament designs. It was shown for n = 2P > 8(p > 3). Here, I provide an
algorithmic proof which constructs Hamilton path tournament designs for n =
2P > 8(p > 3) teams. It completes the inductive proof for practical means.
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Chapter 1

Introduction: Tournament
Designs

1.1 Round-robin Tournament

A round-robin tournament[I] is a tournament in which each team plays with every
other team. When each team plays every other team once, it is known as single
round-robin. Similarly, If each team plays all others double times, it is called a
double round-robin tournament. Let n is the number of teams or players, a pure
round robin tournament needs (n/2) * (n — 1) games. If n is even, then in each of
(n — 1) rounds, n/2 games can be played in parallel and it requires n/2 stadiums
for complete tournament. If n is odd, it will take n rounds, each with (n — 1)/2
matches and one team will not play any match in that round. The round-robin
algorithm can be stated by assigning each team a number and pair them off in the
first round.

Example 1 Let for n = 6, team numbers are 1, 2, 3, 4, 5 and 6. The first round
can be {(1,4), (2,5),(3,6)}. Now, fix one team and rotate the others clockwise one
position. In this way, other rounds are {(1,5), (4,6),(2,3)}, {(1,6),(5,3), (4,2)},

{(1,3),(6,2), (5,4)} and {(1,2),(3,4),(6,5)}. See Table[L.1]

1.1.1 Applications of Round-robin Tournament

In sports with a large number of competitive matches per season, double round-
robins are common. Most association football leagues in the world are organized

Table 1.1: Round-robin schedule, for n = 6

Stadium 1 | Stadium 2 | Stadium 3
Day 1 (1, 4) (2, 5) (3, 6)
Day 2 (1, 5) (4, 6) (2, 3)
Day 3 (1, 6) (5, 3) (4, 2)
Day 4 (1, 3) (6, 2) (5, 4)
Day 5 (1, 2) (3, 4) (6, 5)




1.2 Balanced Tournament Design

on a double round-robin basis, in which every team plays all others in its league
once at home and once away. This system is also used during qualification for
major tournaments such as the FIFA World Cup|2] and the respective continental
tournaments (e.g. UEFA European Championship[3], CONCACAF Gold Cupl4],
etc.). There are also round-robin chess, go, and Scrabble tournaments. The World
Chess Championship[5] decided in 2005 and in 2007 on an eight-player double
round-robin tournament where each player faces every other player once as white
and once as black.

Frequently, pool stages within a wider tournament are conducted on a round-
robin basis. Examples with pure round-robin scheduling include the FIFA World
Cup, UEFA European Football Championship and UEFA Cup (2004-2005) in
football, Super Rugby (rugby union)[6] in the Southern Hemisphere during its
past incarnations as Super 12 and Super 14, the Cricket World Cup[7], Indian
Premier League(IPL)[8] Twenty-20 Cricket and many American Football college
conferences, such as the Pacific-10. The group phase of the UEFA Champions
League is contested as a double round-robin, as are most basketball leagues outside
the United States, including the regular-season and Top 16 phases of the Euro
league[9]; the United Football League[I0] has used a double round-robin for both
its 2009 and 2010 seasons.

1.2 Balanced Tournament Design

A balanced tournament design[I] for n teams is a round-robin schedule on (n — 1)
days in which

e n/2 games, one in each stadium are played on each day, and
e cach team uses each stadium at most twice.

A balanced tournament design[11] of order n, BT D(n), defined a 2n-set V is an

arrangement of the (22") distinct unordered pairs of the elements of V' into an

n* (2n — 1) array such that:
1. every element of V is contained in precisely one cell of each column, and

2. every element of V' is contained in at most two cells of any row.

An example of Balanced Tournament Design is shown in Table [1.2]

Table 1.2: Balanced Tournament designs, for n = 6

Stadium 1 | Stadium 2 | Stadium 3
Day 1 (1, 2) (3, 4) (5, 6)
Day 2 (1, 3) (2, 5) (4, 6)
Day 3 (2, 6) (3, 5) (4, 1)
Day 4 (3, 6) (4, 2) (5, 1)
Day 5 (4, 5) (1, 6) (2, 3)




1.3 Graph Factorization and 1-factor

Figure 1.1: Complete Graph, Kg[13]

1.3 Graph Factorization and 1-factor

Before going in Graph Factorization and 1-factor in detail, It is necessary to focus
on some basic graph terminology.

1.3.1 Complete Graph

A complete graph[12] is a graph with n vertices in which there is an edge between
every two vertices. It has no loops and every two vertices share exactly one edge
i.e. simple graph. We use the symbol K, for a complete graph with n vertices. A
complete graph Ky is shown in Figure|l.1

1.3.2 Chromatic Number and Index

Painting all the vertices of a graph with colors such that no two adjacent vertices
have the same color is called the proper coloring of a graph. A graph G that
requires k different colors for its proper coloring, and no less, is called a k& —
chromatic graph, and the number k is called the chromatic number{12] of G. Tt
deals with vertex coloring problem.

The minimum required number of colors for the edges of a given graph is called
the chromatic indez[14] of the graph. It deals with edge coloring problem. Edge
coloring of an eight-vertex complete graph, see Figure|l.1. Each of the seven color
classes consists of one edge from the center to a polygon vertex, together with the
three perpendicular edges connecting pairs of polygon vertices.

1.3.3 Covering and Perfect Matching

In a graph G, a set g of edges is said to cover G if every vertex in G is incident
on at least one edge in g. A set of edges that covers a graph G is said to be an
edge covering, a covering subgraph, or simply a covering[12] of G. For example, a
spanning tree in a connected graph is a covering. A Hamilton circuit in a graph
is also a covering.



1.3 Graph Factorization and 1-factor

Figure 1.2: Petersen Graph [12]

A covering in which every vertex is of degree one is called a dimer covering[12).
A dimer covering is obviously a matching because no two edges in it are adjacent.
Moreover, a dimer covering is a maximal matching. This is why a dimer covering
is often referred to as a perfect matching.

1.3.4 Factorization of graph and 1-factor

A k-factor of a graph is a spanning k-regular sub graph, and a k-factorization
partitions the edges of the graph into disjoint k-factors. A graph G is said to be
k-factorable if it admits a k-factorization. In particular, a 1-factor is a perfect
matching[15], and a 1-factorization of a k-regular graph is an edge coloring with
k colors. If a graph is 1-factorable, then it has to be a regular graph. However,
not all regular graphs are 1-factorable. A k-regular graph is 1-factorable if it has
chromatic index k[I5] [16]; examples of such graphs include:

e Any regular bipartite graph[I5]. Hall’s marriage theorem can be used to
show that a k-regular bipartite graph contains a perfect matching. One can
then remove the perfect matching to obtain a (k—1)-regular bipartite graph,
and apply the same reasoning repeatedly, and

e Any complete graph with an even number of nodes[17].

1-factorization of Ky is shown in Figure [1.1} Each set of edges with the same
color is a 1-factor. However, there are also k-regular graphs that have chromatic
index k+1, and these graphs are not 1-factorable; examples of such graphs include:

e Any regular graph with an odd number of nodes, and

e The Petersen graph, see Figure [1.2]

One can partition Petersen graph into a 1-factor (red color) and a 2-factor
(blue color). However, the graph is not 1-factorable. See Figure .



1.4 Hamulton Path Tournament Design

1.4 Hamilton Path Tournament Design

For a given graph, a Hamilton path is a path in which each vertex appears ex-
actly once. A Hamilton path tournament design[I, [I8] involving n teams and n /2
stadiums, is a round robin schedule on (n — 1) days in which each team plays in
each stadium at most twice, and the set of games played in each stadium induce
a Hamilton path on n teams. A Hamilton path tournament design is a balanced
tournament design in which for each stadium, the set of edges corresponding to
games played in it form a Hamilton path on the set of teams.

1.5 Thesis Outline

As we have seen First chapter provides glimpse of tournament designs. It also
covers basic graph terminology like Hamilton path, chromatic number, chromatic
index, covering, matching and graph factorization. The rest of the thesis is out-
lined in this section. In Second chapter, literature reviews regarding graph fac-
torizations and different tournament designs are discussed. In Third chapter, the
problem statement is defined. Here, we focus on current existing system or sce-
nario. Based on existing scenario, we define thesis objective and scope. Fourth
chapter discusses the algorithmic proof of presence of Hamilton path based tour-
nament for n = 27 > 8(p > 3), where n represents total number of teams. In this
chapter we discuss use of permutation, combination and various file operations for
achieving our objective. The intermediate and final results are also discussed in
this chapter in form of different tables. The fifth chapter focuses on different test
cases and outputs on various scenario of input value n. Finally, thesis ends with
the conclusion and the scope for the future work in chapter six. The last three
pages carry references and publications.



Chapter 2

Literature Review

The background of this whole research is based on graph theory concepts. Graph
theory provides mathematical base to computer science algorithms. At first step of
this work, we started with basics of graph theory. According to Narsingh Deo[19],
a tree T' is said to be a spanning tree of a connected graph G if T' is a subgraph
of G and T contains all vertices of G. He also defines a regular graph is a graph
where every vertex has same degree. Also, a regular graph with vertices of degree
k is called a k-regular graph. Further, Deo[I2] explains that every tree with two
or more vertices is 2-chromatic. Given a simple, connected graph G, partition all
vertices of GG into the smallest possible number of disjoint, independent sets. This
problem is known as the chromatic partitioning of graphs. A matching in a graph
is a subset of edges in which no two edges are adjacent. A single edge in a graph
is obviously a matching. A mazimal matching is a matching to which no edge in
the graph can be added. For example, in a complete graph of three vertices any
single edge is a maximal matching. The number of edges in a largest maximal
matching is called the matching number.

According to Diestel and Reinharda[I5], a set M of independent edges in a
graph G = (V, E) ia called a matching. M is a matching of U C V if every
vertex in U is incident with an edge in M. The vertices in U are then called
matched(by M); vertices not incident with any edge of M are unmatched. A k-
regular spanning subgraph of a graph G is called a k-factor. A 1-factor is also a
perfect matching[12, 15]. Also, if a graph G accepts a k-factorization then it is
called k-factorable. A k-factorization of graph G partitions all the edges of the
graph into edge-disjoint k-factors. One can do 1-factorization of a k-regular graph
by edge coloring with k£ colors. It means that if a k-regular graph has chromatic
number k then it is 1-factorable. A regular bipartite graph[I5] and a complete
graph with even number of vertices[I7] are examples of such graphs. 1-factorable
graph must be a regular graph.

It is a well-known conjecture that if a regular graph G of order 2n has degree
d(Q) satisfying d(G) > n, then G is the union of edge-disjoint 1-factors. It is well
known that this conjecture is true for d(G) equal to 2n — 1 or 2n — 2. Cetwynd
and Hilton[20] has proved that it is true for d(G) equal to 2n —3, 2n—4, or 2n —5.
They also shown that it is true for d(G) > |V (G)|. It means that if £ > 12n/7 then
given graph is 1-factorable. For a k-regular graph G, if total number of vertices n



is odd and k£ > n then graph G is 1-factorable. Also, if n is even and k > n — 1
then graph G is 1-factorable. It is called 1-factorization conjecture, introduced by
Perkovic et al.[14].

J. H. Dinitz, P. Dukes and D. R. Stinson[2I] used Steiner systems to arrive
at uniform 1-factorizations of K, ,. In their paper, they considered a weakening
of the definitions of uniform and perfect 1-factorizations of the complete graph.
Basically, they wanted to order the (2n — 1) 1-factors of a 1-factorization of the
complete graph Ky, in such a way that the union of any two (cyclically) consecutive
one-factors is always isomorphic to the same 2-regular graph. This property is
termed sequentially uniform; if this 2-regular graph is a Hamiltonian cycle, then
the property is termed sequentially perfect. They discussed several methods for
constructing sequentially uniform and sequentially perfect 1-factorizations.

Many methods to compute 1-factorizations of a complete graphs of even order
are presented. For complete graphs where the number of vertices is a power of 2,
A. Prasant et al.[L6] proposed several new methods to construct 1-factorizations.
There methods are different from methods that make use of algebraic concepts
such as Steiner triple systems, starters and all other existing methods. They
also showed that certain complete multipartite graphs have 1-factorizations by
presenting a method to compute 1-factorizations of such graphs. This method
can be applied to obtain 1-factorizations of complete graphs with the number of
vertices being a multiple of 4 or complete graphs with mn vertices provided a 1-
factorization of K, and a 1-factorization of K, are known. Finally, deterministic
and randomized back-tracking based algorithms to produce a 1-factorization for
K, are presented by them. Both the algorithms always produce a 1-factorization
if one exists.

For 1-factorization of a complete graph, a shift-rotate strategy (S-R)[16] has
been given. In shift-rotate strategy for graph K, ,, let the first end-points of each
1-factor are numbered as 1, 2, 3, ..., n in order. Similarly, the second end-points
are numbered as (n+1), (n+2), ..., 2n. Now, make pairs in order as (1, n+1), (2,
n+2), ..., (n, 2n). Further, for constructing the i, 1-factor, shift and rotate the
sequence (n+1), (n+2), ..., 2n by 7 positions to the left in order as (1, n+141),
(2, n+i+2), .. (n, 2n+1i—n). Each edge of graph K, , comes out in one
1-factor. In general, an edge (i, j) with 1 <7 <n and (n+1) < j < 2n, ordering
of 1-factors the edge (i, j) comes out in the (j —i+ 1), 1-factors as the end point
of i.

Some survey has been done on Round-robin tournaments and applications.
The round-robin schedule is used in many national and international tournaments.
How round-robin and double round-robin is applicable can be understand by FIDE
chess tournament[5] rules:

1. The drawing of lots for the first round of a round-robin tournament shall be
arranged by the Chief Organizer, if possible, to be open to players, visitors
and media. Responsibility for the actual pairings, including drawing of lots,
rests with the Chief Arbiter.

2. The drawing of lots shall take place at least 12 hours (including one night)
before the start of the first round. All participants should attend the cer-
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emony of drawing of lots. A player who has not arrived on time for the
drawing of lots may be included at the discretion of the Chief Arbiter. The
first-round pairings shall be announced as soon as possible thereafter.

3. If a player withdraws, is excluded from a competition after the drawing
of lots but before the beginning of the first round, or there are additional
entries, the announced pairings shall remain unaltered. Additional pairings
or changes may be made at the discretion of the Chief Arbiter in consultation
with the players directly involved, but only if these minimise amendments
to pairings that have already been announced.

4. The pairings for a round robin shall be made in accordance with the Berger
tables, adjusted where necessary for double-round events.

5. If the pairings are to be restricted in any way-e.g. players from the same
federation shall, if possible, not meet in the last three rounds - this shall
be communicated to the players as soon as possible, but not later than the
start of the first round.

6. For round-robin tournaments this restricted drawing of lots may be done by
using the Varma tables, which can be used for tournaments of 9 to 24 players

Super Rugby[6] ( also colloquially referred to as Superl5) is the largest and
pre-eminent professional rugby union football competition in the Southern Hemi-
sphere. It uses round-robin schedule at group stages. The FIFA world cup[2]
also uses round-robin schedule at group stages. The current final tournament fea-
tures 32 national teams competing over a month in the host nation. There are
two stages: the group stage followed by the knockout stage. Each group plays
a round-robin tournament, in which each team is scheduled for three matches
against other teams in the same group. The last round of matches of each group
is scheduled at the same time to preserve fairness among all four teams. The top
two teams from each group advance to the knockout stage. Points are used to
rank the teams within a group. Since 1994, three points have been awarded for a
win, one for a draw and none for a loss (before, winners received two points).

Gelling and Odeh[22] brought out Balanced tournament designs. For n teams,
a round-robin tournament on (n—1) days is a balanced tournament design in which
n/2 matches are played on each day, one in each stadium and each team plays
in each stadium not more than double times. J. H. Dinitz et al.[I1] enumerated
the balanced tournament designs on 10 points BT'D(5) and find that there are
exactly 30, 220, 557 non isomorphic designs. They also found that there are exactly
two non-isomorphic partitioned BT'D(5)’s and 8,081, 114 factored BT'D(5)’s on
10 points. They enumerated other classes of balanced tournament designs on 10
points and also focused on combinatorial explosion phenomenon.

Schellenberg, Van Rees and Vanstone[23] proved that Balanced tournament
designs exist for all even n > 6. Consequently, a Hamilton path tournament
design is a Balanced tournament design. Hamilton path tournament designs are
proved to exist for all even n not divisible by 4, 6 or 10[I, 18]. Recently, a
schedule closely related to balanced tournament designs has been considered by



several authors. As in balanced tournament designs, we have n teams and n/2
stadiums, but in this case the goal is to create a schedule on n days in which each
team pair plays at least once, each team uses each stadium exactly twice, and no
two teams meet twice in the same stadium. Such schedules are called stadium-
balanced. Note that each team has exactly one opponent which it meets twice.
For any given balanced tournament design, one may create an n day schedule in
which each team plays in each stadium exactly twice by adding for each stadium,
a game between the two teams which play only once in it. However, the resulting
schedule is not necessarily stadium-balanced, as the condition that no two teams
meet twice in the same stadium may be violated. On the other hand, stadium-
balanced schedules do not require the existence of a round consisting solely of
games between teams meeting twice, hence we cannot always delete one round
to create a balanced tournament design. Thus, balanced tournament designs and
stadium-balanced schedules are not equivalent in the sense that one can be derived
from the other by simple adjustments.

For even n, pairings in a round-robin tournament matches to a 1-factorization
of a complete graph K, with n vertices. Also, all games played on each day con-
struct a 1-factor of complete graph K, with n vertices. Yoshiko and Akihisa[l]
gave a property A(n) which is equivalent to existence of a Hamilton path tourna-
ment design.

Yoshiko and Akihisa proved that A(n) is true for all n = 2P > 8(p > 3)
by an inductive procedure. They defined a property B(n) for inductive proof.
In the property B(n), 2K, represents a complete graph K, with n vertices, in
which each edge is doubled. A(2P) exists consists of following three facts, first
B(4) holds, second B(n) implies A(2n) and third B(n) implies B(2n). One can
verify the second facts by concerning Lemma 1[1] and Lemma 2[1]. They added
that A(n) may be alternatively be viewed as a statement on 1-factorizations and
Hamilton path decompositions of K, which are orthogonal to each other. The
decomposition of the K, into isomorphic subgraphs which are orthogonal is a
subject on which there have been many studies.

Chengmin Wang, Jie Yan[24] demonstrated about the existence of near gener-
alized balanced tournament designs. In their paper, they completed the existence
of near generalized balanced tournament designs (NGBTDs) with block size 3 and
5. As an application, they obtained new classes of optimal constant composition
codes.



Chapter 3

Problem Statement

3.1 Existing System

Yoshiko and Akihisa[l] defined a property A(n) which is equivalent to existence
of a Hamilton path tournament design.

PropertyA(n)[1] There exist n/2 Hamilton paths Py, P, ..., Py, and (n — 1)
1-factors Fy, Fy, ..., F,,_1 of K, satisfying

e (al) the n/2 Hamilton paths Pi, P,, ..., P,/, form a partition of F(K,),
e (a2) the (n — 1) 1-factors Fy, Fy, ..., F,,_; form a partition of E(K,), and
o a3) |IPNF|=1(i=1,..n/2j=1,..,n—1).

They proved A(n) is true for all n = 2P > 8(p > 3) by an inductive procedure.
For inductive proof, they defined a property B(n). In the property B(n), 2K,
represents a complete graph K,, with n vertices, in which each edge is doubled. In
each pair of edge, one edge is assumed to be blue and other is red. Consequently,
the set of blue and red edges form complete graph K, separately. Further Cj,
1 =1,2,...,n — 1 denotes the subset of edges in which each node is incident to
exactly two edges of C;.

Property B(n)[I] There exist n Hamilton paths Py, P, ..., P, and (n—1) 2-factors
Ci, Cs, ..., C,_1 of 2K, satisfying

e (bl) the n/2 Hamilton paths P, P, ..., P,/ form a partition of the blue
edges of F(2K,),

e (b2) the n/2 Hamilton paths P,/211, Pajot2, .., P, form a partition of the
red edges of E(2K,),

e (b3) the (n — 1) 2-factors C, Cy, ..., C,—1 form a partition of F(2K,,),

o (bd) |[P,NCj|=1(i=1,...,n,j=1,..,n—1).

10



3.1 Existing System

e (b5) for any connected component D of any one of the (n — 1) 2-factors Cf,
Cs, ..., C,_1, the number of blue and red edges contained in D are equal and
even (and thus the total number of edges is a multiple of four).

Figure 3.2: Three 2-factors for B(4)[I]

The existence of Hamilton paths and 2-factors in B(4) are shown in Figure
and Figure 3.2l In Figure the blue paths P; and P, are represented by solid
and dotted lines respectively. Similarly, in Figure the red paths are depicted
by solid and dotted lines respectively. The three 2-factors are shown in Figure
B.2] the numbers on each edge denotes the Hamilton path to which it belongs
to. Further, 2-factors and Hamilton path fulfill (b1) through (b5). A(2P) exists
consists of following three facts:

1. B(4) holds,
2. B(n) implies A(2n), and
3. B(n) implies B(2n).

Note that the whole work in existing system is done in form of mathematical
induction proof. It can not be used as practical point of view. Also, It has no
result sets.

11



3.2 Problem Statement

3.2 Problem Statement

This work aims at improving the mathematical induction proof of Hamilton path
based tournament to next practical level. The whole work covers the algorithmic
proof of presence of Hamilton path in each stadium of balanced tournament. The
main focus of this work is to present the implementation of Hamilton path based
tournament designs for n = 2P > 8(p > 3), where n represents total number of
teams.

3.3 Methodology used for solving the problem

The complete work is implemented and verified with results on Turbo C++ IDE
using C language. The scope of this work is very wide and can be extended at
simulator level. The following methodology and steps have been used in achieving
the objective of this thesis:

e Formation of input data using ASCII codes. [Section
e Permutation operation for generating set of 1-factors. [Section

e Use of basic file operations like read, write, update, set-position, get-position
using file pointers. In this step, we generate unique permutation and elimi-
nates duplicates using first step filter. [Section

e Combination generation and elimination of duplicate combination that not
satisfying Balanced tournament. It uses second step filter. [Section {4.3]

e Filtration from input data based on criteria conditions in each step.
e Passing unique sets for Balanced tournament determination. [Section

e Use of backtracking for Hamilton path determination. It takes data sets
that satisfy Balanced Tournament criteria. [Section

e Analysis and description of intermediate and final results in form of Tables
in each step.

12



Chapter 4

Proposed Algorithmic Proof for
Hamilton path based tournament
design

4.1 Initialization and permutation

Let integer variable n represents number of teams or total number of nodes in a
complete graph. First of all, n is tested for even value determination. After that,
a character array r of size n + 1 is initialized with character set {‘0’, ‘1’, ‘2°) ‘3’

‘4, ..., ‘n’} i.e ASCII codes 48, 49, 50, 51, 52, ..., n + 48, see Algorithm .

Algorithm 1 Initialization

1: procedure Initial(r, n)
2: begin

3: k:=48

4: fori:=1ton—+1do
5: begin

6: rli] ==k

7: k=k+1

8: end

9: end

Algorithm 2 would be called with arguments as Permutate-Onefact(r, 2, n)[25].
It generates all permutations of character array r with last n elements. The first
element, i.e r[1]=‘0", remains unchanged throughout permutation procedure. All
permutations including first entry are written in a text file permutate.txt using
file pointer fq¢ and file operation File-Write(r, fg), see line 5 in Algorithm [2] The
results for value n = 4 has been presented in Table [£.1] The same kind of results
are obtained for other higher value of n like n = 6, n = 8 etc. If we partition each
permutation in pairs then it represents a set of 1-factor( i.e for permutation 1234,
a set of 1-factor would be (1, 2), (3, 4)).
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4.2 First Step Filter

Algorithm 2 Permutation Of One factors [25]
1: procedure Permutate-Onefact(r, k, n)

2: begin

3: if k=n+1 then

4: begin

5: File-Write(r, fq)

6: end

7: else

8: begin

9: fori:=kton+1do
10: begin

11: t1:=r[k]

12: r[k]:=rli]

13: r[i]:=t1

14: Permutate-Onefact(r, k + 1, n)
15: t1:=r[K]

16: r[k]:=rli]

17: r[i]::tl

18: end

19: end
20: end

Table 4.1: All Permutations, for n = 4
01234 | 01243 | 01324 | 0 1342 | 0 1432 | 0 1423
02134 | 02143 | 02314 | 0 2341 | 0 2431 | 0 2413
03214 | 03241 | 03124 | 0 3142 | 0 3412 | 0 3421
04231 | 04213 | 04321 | 04312 | 04132 | 0 4123

4.2 First Step Filter

Now, just notice the entries 1234, 1243, 2134 and 2134 of the Table [4.1] if we
partition all these permutations then it all form same set of 1-factors i.e (1, 2), (3,
4). These entries can be termed as duplicates. The same case occurs with other
higher values of n like n = 6, 8 etc. For removing all such duplicates Algorithm [3]is
given. It receives text file permutate.txt as input and writes first occurrence each
entry in separate file say unigpermutate.txt, see line 9 in Algorithm (3| Moreover,
all other duplicates are identified and its first character ‘0’ is replaced by ‘1’, see
Table .2

Except read and write, there are two other file operations used in Algorithm
which are File-Pos(fq) and File-Set(fq, pos, 0), see line 6, 13, 15, 29, 31 and 35.
The File-Pos(fq) operation tells current position of file pointer and File-Set( fq,
pos, 0) operation sets file pointer at position pos from beginning. A variable f
used in different algorithms throughout paper represents factorial of value n.

14



4.2 First Step Filter

Algorithm 3 eliminating duplicates present in permutations based on un-ordered
pair
1: procedure Duplicate-Filterl(f, n)

2: begin

3: fori:=1to f do

4: begin

5: File-Read(p, n + 1, fq)

6:  pos2 :=File-Pos(fq)

7 if p[1] = ‘0’ then

8: begin

9: File-Write(p, fr)

10: for k: =i+ 1to f do

11: begin

12: c:=0

13: pos :=File-Pos(fq)

14: File-Read(q, n + 1, fq)
15: posl :=File-Pos(fq)

16: if ¢[1] = ‘0’ then

17: begin

18: for j:=2ton do

19: begin

N ¢ {0 =) ANDGL + 1) = alj+ )OR

((pls] = qli + 1) AND(plj + 1] = q[j]))

21: begin

22: ci=c+1

23: end

24: Ji=7+2

25: end

26: if c=n/2 then

27: begin

28: q[1] =1

29: File-Set(fq, pos, 0)
30: File-Write(q[1], fq)
31: File-Set(fq, posl, 0)
32: end
33: end
34: end
35: File-Set(fq, pos2, 0)
36: end
37: end

38: end

15



4.2 First Step Filter

Table 4.2: All Permutations after first step filter(duplicates detection), for n = 4
01234 | 11243 | 01324 | 11342 | 0 1432 | 1 1423
12134 | 12143 | 02314 | 1 2341 | 0 2431 | 1 2413
13214 | 13241 | 13124 | 1 3142 | 0 3412 | 1 3421
14231 | 14213 | 14321 | 14312 | 14132 | 14123

The entries of file unigpermutate.tzt for n = 4 is presented in Table [4.3] For
n = 4, there are total six unique entries. As we have to consider only unordered
pair, one can formulate what are total numbers of unique entries after applying
first step filter i.e Algorithm [3| as follows:

e n =4, total unique entry = 4!/(2!*2!)= 6 [see Table
e n = 6, total unique entry = 6!/(2!/*2!*2!1)= 90 [see Table

e n = 8, total unique entry = 8!/(2!*2!*21*2!)= 2520 and so on.

This calculation is done in Algorithm [4] as final value of t.

Table 4.3: Unique Permutations after first step filter, for n =4
1 2 3 4 5 6

01234 | 01324 | 01432 | 0 2314 | 0 2431 | 0 3412

Table 4.4: Unique Permutations after first step filter, for n = 6
1 10123456 | 2 | 0123546 | 3 | 0123654 | 4 | 0124536 | 5 | 0 124653 | 6 | 0 125634
7 10132456 | 8 | 0132546 | 9 | 0 132654 | 10 | 0 134526 | 11 | 0 134652 | 12 | 0 135624
13 | 0 143256 | 14 | 0 143526 | 15 | 0 143652 | 16 | 0 142536 | 17 | 0 142653 | 18 | 0 145632
19 | 0 153426 | 20 | 0 153246 | 21 | 0 153624 | 22 | 0 154236 | 23 | 0 154623 | 24 | 0 152634
250163452 | 26 | 0 163542 | 27 | 0 163254 | 28 | 0 164532 | 29 | 0 164253 | 30 | 0 165234
31 | 0231456 | 32 | 0 231546 | 33 | 0 231654 | 34 | 0 234516 | 35 | 0 234651 | 36 | 0 235614
37| 0243156 | 38 | 0243516 | 39 | 0 243651 | 40 | 0 241536 | 41 | 0 241653 | 42 | 0 245631
43 1 0 253416 | 44 | 0 253146 | 45 | 0 253614 | 46 | 0 254136 | 47 | 0 254613 | 48 | 0 251634
49 1 0 263451 | 50 | 0 263541 | 51 | 0 263154 | 52 | 0 264531 | 53 | 0 264153 | 54 | 0 265134
55 | 0 341256 | 56 | 0 341526 | 57 | 0 341652 | 58 | 0 342516 | 59 | 0 342651 | 60 | 0 345612
61 | 0 351426 | 62 | 0 351246 | 63 | 0 351624 | 64 | 0 354216 | 65 | 0 354621 | 66 | 0 352614
67 | 0361452 | 68 | 0 361542 | 69 | 0 361254 | 70 | 0 364512 | 71 | 0 364251 | 72 | 0 365214
73 | 0453126 | 74 | 0 453216 | 75 | 0 453621 | 76 | 0 451236 | 77 | 0 451623 | 78 | 0 452631
79 | 0463152 | 80 | 0 463512 | 81 | 0 463251 | 82 | 0 461532 | 83 | 0 461253 | 84 | 0 465231
85 | 0563412 | 86 | 0 563142 | 87 | 0 563214 | 88 | 0 564132 | 89 | 0 564213 | 90 | 0 561234
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4.3 Combination Calculation and Second Step Filter

4.3 Combination Calculation and Second Step
Filter

In this section, we are about to perform basic combination operation on text file
unigpermutate.txt. Consider Algorithm {|i.e Perm-Store(), it performs storage
of unique permutations in 2-D character array unp||[]. It receives n, factorial f of
n and file pointer fr of text file unigpermutate.txt. Further, it calculates total
unique permutation in variable ¢ and at the end stores all unique permutation
inside global 2-D character array unp||[] of size t *x n. A chunk of n + 2 size is
read in 1-D array r, see File-read operation in line 11. The value of total unique
permutations ¢ is also calculated in this algorithm. The different values of ¢ for
n =4, 6 and 8 are 6, 90 and 2520 respectively.

Algorithm 4 Storage of unique permutations in 2-D character array unp]|[]

1: procedure Perm-Store(n, fr, f)
2: begin

B t:=f

4: for 1 :=2 ton do

5: begin

6: t:= t/?

7: =142

8: end

9: for i :=1tot do

10: begin

11: File-Read(p, n + 2, fr)
12: for j:=1tondo

13: begin

1 unpli][j] == plj+2
15: end

16: end

17: end

Once unique permutations are stored in array unp(][], Algorithm [5| named as
Duplicate-Filter2() comes in action. It performs elimination of duplicates present
in combinations that do not satisfy balanced tournament. It is presented in two
parts due to large size. The part 2 is mentioned as Algorithm [6] It starts with ini-
tialization of 1-D integer array comb||, first initialization of array combl[] represents
first combination out of (nfl) In our problem we are dealing with a tournament
of (n — 1) days and n/2 teams each day. Just notice repeat — until loop, at
each iteration all entries of comb|| array are used as index for unpl|[] array and
corresponding entries of unpl][] array are assigned to array al[][]. Next-Comb() i.e
Algorithm [7]26] generates next set of combination for array comb[]. It is called at
the end of repeat — until loop in Algorithm [6] The duplicate filtration condition
is evaluated in if block in line 29 in Algorithm [5] At a time, all entries of array
a][] form a tournament of (n — 1) days and (n/2) teams play at each day. At the
end of previous section, we have total ¢ unique set of 1-factors for each even n.
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4.3 Combination Calculation and Second Step Filter

Thats why, we need to consider total (nil) combinations for each set of {¢, n}. If

n =4 and t = 6 then (2) =20, see Table for all combinations.

Table 4.5: Total Combinations, for n =4 and t =6
123 | 124 | 125 | 126 | 134 | 135 | 136 | 145 | 146 | 156
234 | 235 | 236 | 245 | 246 | 256 | 345 | 346 | 356 | 456

There might be possibility of duplicates at this stage. Now, let us move to
check availability of duplicates at this stage. It can be identified by some output
analysis. Refer Table[4.6] 2-D array a][| containing duplicates in tournament with
combination=125, for n = 4 and ¢ = 6. It contains total 20 entries of array al][]
for combination {1, 2, 5}. In 2nd and 3rd row of Table , there are same pairs
(2, 4) and (1, 3). This is not a valid input for balanced tournament. Such kind of
combinations are many in numbers for different n. In Algorithm |5 starting from
line 19 to line 41, detection and elimination of invalid combinations have been
done. Table [4.7] contains valid combinations for n = 4 after second step filter i.e
Algorithm 5] part 1 and part 2 i.e Algorithm[6] Same scenario happens with higher
value of n. As we notice at the end of part2 of Algorithm |5, a procedure BTD(a,
n)is called. BTD(a, n)i.e Algorithm [§|is called only for valid combinations inside
repeat — until loop of Algorithm [5| It performs balanced tournament detection. It
is called at each iteration of loop when conditions are satisfied. Now, it is time to
recall balanced tournament definitions and criteria conditions before moving next
sections. As we defined balanced tournament in chapter 1:

A balanced tournament design[Il, 1] for n teams is a round robin schedule on
n — 1 days in which

e n/2 games, one in each stadium are played on each day, and
e each team uses each stadium at most twice.

Based on this definition an algorithm for balanced tournament determination is
given, see Algorithm 8 in next section.

Table 4.6: 2-D array al[][] containing duplicates in tournament with combination=1
25, forn=4andt=56

Combination No. | Stadium 1 | Stadium 2
1 (1, 2) (3, 4)
2 (1, 3) (2, 4)
5 (2, 4) (3, 1)

Table 4.7: Unique Combinations after second step filter, for n =4 and t = 6
[ 123 ] 124 [ 135 [ 145 | 236 [ 246 | 356 | 456 |
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4.3 Combination Calculation and Second Step Filter

Algorithm 5 eliminating duplicates present in combinations that do not satisfy
Balanced Tournament part 1

1: procedure Duplicate-Filter2(f, n)

2: begin
3: fori:=1ton—1do
4: begin
5: combli] :==i
6: end
7. repeat
8: begin
9: for i :=1ton do
10: begin
11: k=1
12: for j:=1ton/2do
13: begin
14: alil[7]-u = unpl[combli]][k]
15: ali][j].v = unp[combli]][k + 1]
16: k:=k+2
17: end
18: end
19: for m:=2ton—1do
20: begin
21: c:=0
22: fori:=1tom—1do
23: begin
24: [:=0
25: for k:=1ton/2do
26: begin
27 for j:=1ton/2do
28: begin
N o [ (@lm)ik) = ali)ljl) AN D(alm] (K]0 = ali[7]0) OR
(afm][K].u = ali][j)-0) AN D(alm][K].0 = ali][j].u))
then
30: begin
31: l=1+1
32: end
33: end
34: end
35: if [ > 1 then
36: begin
37: c:=1
38: break
39: end
40: end
41: end
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4.3 Combination Calculation and Second Step Filter

Algorithm 6 eliminating duplicates present in combinations that do not satisfy
Balanced Tournament part 2

42: if ¢ =0 then

43: begin

44: BTD(a,n)

45: end

46: end

AT: until Next — Comb(comb,t,n — 1) = true
48: end

The concept of backtracking[27] and Hamilton path based tournament detec-
tion is used in later sections. Here, brief background on those terms are presented.
Many problems are difficult to solve algorithmically. Backtracking makes it possi-
ble to solve at least some large instances of difficult combinatorial problems. The
principal idea is to construct solutions one component at a time and evaluate such
partially constructed candidates as. If a partially constructed solution can be de-
veloped further without violating the problems constraints, it is done by taking
the first remaining legitimate option for the next component. If there is no legiti-
mate option for the next component, no alternatives for any remaining component
need to be considered. In this case, the algorithm backtracks to replace the last
component of the partially constructed solution with its next option. It is conve-
nient to implement this kind of processing by constructing a tree of choices being
made, called the state-space tree. Its root represents an initial state before the
search for a solution begins. The nodes of the first level in the tree represent the
choices made for the first component of a solution; the nodes of the second level
represent the choices for the second component, and so on. A node in a state-space
tree is said to be promising if it corresponds to a partially constructed solution
that may still lead to a complete solution; otherwise, it is called non-promising.
Leaves represent either non-promising dead ends or complete solutions found by
the algorithm.

As we discussed in chapter 1, for a given graph, a Hamilton path is a path
in which each vertex appears exactly once. A Hamilton path tournament design
involving n teams and n/2 stadiums, is a round robin schedule on (n — 1) days in
which each team plays in each stadium at most twice, and the set of games played
in each stadium induces a Hamilton path on n teams. As in balanced tournament
designs, we have n teams and n/2 stadiums, but in this case the goal is to create
a schedule on n days in which each team pair plays at least once, each team uses
each stadium exactly twice, and no two teams meet twice in the same stadium.
Such schedules are called stadium-balanced. Note that each team has exactly one
opponent which it meets twice. For any given balanced tournament design, one
may create an n day schedule in which each team plays in each stadium exactly
twice by adding for each stadium, a game between the two teams which play only
once in it. However, the resulting schedule is not necessarily stadium-balanced, as
the condition that no two teams meet twice in the same stadium may be violated.
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4.4 Balanced Tournament Determination

Algorithm 7 Combination Calculation [20]

W W W W W NN NDNIDNDINDIRNDNDNDLN /= = = e e e e

35:

procedure Next-Comb(ar, n, k)
begin

finished := 0
changed := 0
if £ > 0 then

begin
1:=k—1

while finished=0 AND changed=0 do

begin

if arfi] < (n—1)— (k—1) + ¢ then

begin

arfi] :=arf[i] + 1
if i <k —1 then

begin

for j:=i+1tok—1do

begin

arljl ==arlj — 1] +1

end
end
changed :=1
end
if i =0 then
begin
finished :=1
end
i=1—1
end
if changed = 0 then
begin
for s :=1to k do
begin
arli] =1
end
end
end

36: return changed
37: end

4.4 Balanced Tournament Determination

Balanced Tournament determination is done in Algorithm [8l It takes value n
and 2-D array a[][] of size (n — 1) % (n/2) which is passed from Algorithm [5| after
filling valid entries. Inside Algorithm [8| entries of array af[][] is tested for balanced
tournament according to criteria discussed in Section 2]
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4.4 Balanced Tournament Determination

Algorithm 8 Balanced Tournament Determination
1: procedure BTD(a, n)

2: begin

3: total := 0

4: for m:=2ton—1do

5: begin

6: s:=0

7 for j:=1ton/2do

8: begin

9: cl:=0,c2:=0

10: fori:=1tom —1do
11: begin

12: if (al[i][j].u = a[m][j].w)OR(a[i][j].v = a]m][j].u) then
13: begin

14: cl:=cl+1

15: end

16: if (a[i][7].u = a[m][j].v)OR(ali][j].v = a[m][j].v) then
17: begin

18: c2:=c2+1

19: end

20: end

21: if (c1 < 2)AND(c2 < 2) then
22: begin

23: s:=s54+1

24: end

25: else

26: begin

27: return

28: end

29: end
30: if s = (n/2) then
31: begin
32: total := total + 1
33: end
34: end
35: if total = n — 2 then
36: begin

37: File-Write(a, fp)
38: HTD(a, n)

39: end

40: end

After execution of this algorithm, we find that balanced tournament does not
exist for value n = 4. But for value n = 6 balanced tournament exists. One
balanced tournament, for n = 6 is shown in Table[4.8] Once balanced tournament
determination is done, balanced tournament array af|[] is passed to Hamilton path
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4.5 Backtracking for Hamilton Path based Tournament Designs

determination i.e Algorithm [J] see line 38 in Algorithm 8]

Table 4.8: Balanced Tournament designs in different stadiums without any Hamil-
ton paths, for n =6

Stadium 1 | Stadium 2 | Stadium 3
Day 1 (1, 2) (3, 4) (5, 6)
Day 2 (1, 3) (2, 5) (4, 6)
Day 3 (2, 6) (3, 5) (4, 1)
Day 4 (3, 6) (4, 2) (5, 1)
Day 5 (4, 5) (1, 6) (2, 3)

4.5 Backtracking for Hamilton Path based Tour-
nament Designs

In this section we are going to discuss about Hamilton path based tournament
determination. The definition of Hamilton path based tournament is described is
section 1 and section 2. In brief, it must be balanced and set of games played in
each stadium during (n — 1) days must form a Hamilton path. Algorithm 8, 9]27],
and 10[27] covers the whole process of Hamilton path detection. Algorithm 8 i.e
HTD(a, n) receives balanced tournament array a[][] from Algorithm 7 i.e BTD(a,
n). Inside Algorithm 8 i.e HTD(a, n) global 2-D array G[][] maintains adjacency
matrix formed by set of games played in a particular stadium during (n — 1) days.
Further, Algorithm 8 i.e HTD(a, n) invokes backtrack Algorithm 9 i.e Hamilton(2,
n) for each stadium, see line 18. Algorithm 9 i.e Hamilton(2, n) calls a criteria
function Next-Value(i, n) i.e Algorithm 10 that uses adjacency matrix i.e global
2-D array G[][] for detection of Hamilton path.

Table 4.9: Balanced Tournament designs having Hamilton paths in three different
stadium 1, 2 and 4

Combination No. | Stadium 1 | Stadium 2 | Stadium 3 | Stadium 4
Day 1 326 (1, 5) (2, 6) (3,7) (4, 8)
Day 2 365 (1, 6) (3, 4) (2, 8) (7, 5)
Day 3 790 (2, 4) (5, 8) (6, 7) (3, 1)
Day 4 1020 (2, 7) (3, 8) (1, 4) (5, 6)
Day 5 1393 (3, 6) (4, 7) (5, 2) (1, 8)
Day 6 1667 (4, 5) (1, 7) (6, 8) (3, 2)
Day 7 2516 (7, 8) (1, 2) (5, 3) (6, 4)
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4.5 Backtracking for Hamilton Path based Tournament Designs

Algorithm 9 Hamilton path based tournament determination

1: procedure HTD(a, n)
2: begin

3: sum =0

4: for k:=1ton/2 do

5: begin

6: fori:=1ton—1do

7: begin

§: Gl(afi)[k]w)][(ali][k].v)] == 1
9 Gl(ald)[k]v)][(ali][k]-u)] == 1
10: end

11: for i =1ton do

12: begin

13: z[l] =1

14: for j ;=2 ton do

15: begin

16: z[j] =0

17: end

18: count[k] :=Hamilton(2, n)
19: if count[k] =1 then

20: begin

21: break

22: end

23: end

24: for i :=1ton do

25: begin

26: for j :=1ton do

27: begin

28: Glily] =0

29: end

30: end

31: sum := sum + count|k]|

32: end

33: if sum :=n/2 then

34: begin

35: fori:=1ton—1do

36: begin

37: for j:=1ton/2 do

38: begin

39: Print(ali][j].u, a[i][j].v)
40: end

41: end

42: end

43: end
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4.5 Backtracking for Hamilton Path based Tournament Designs

Algorithm 10 Hamilton path detection [27]
1: procedure Hamilton(i, n)

2: begin

3: while true do

4: begin

5: Next-Value(i, n)
6: if x[i] = 0 then
7 begin

8: return false
9: end

10: if 2 = n then
11: begin

12: return true
13: end

14: else

15: begin

16: return Hamilton(i + 1, n)
17: end

18: end

19: end

In section 3.5, we have declared that no balanced tournament for value n = 4.
In this section, we have got another important result for n = 6. When all balanced
tournament results for n = 6 are passed for Hamilton path detection, we do
not obtain any Hamilton path based tournament. See Table for n = 6, an
example of balanced tournament which is not Hamilton path based tournament.
Now the most awaited result for value n = 8, when balanced results are passed
for Hamilton path detection then we obtain two kind of interesting results. One
is partial Hamilton path based tournament and another full Hamilton path based
tournament. A partial Hamilton based tournament is shown in Table £.9 It
has three Hamilton paths in stadium 1, 2 and 4 respectively. The result of full
Hamilton path based tournament has been given in Table [£.10] It contains total
4 Hamilton paths one in each stadium.

Table 4.10: Hamilton paths in each stadium, for n = 8

Combination No. | Stadium 1 | Stadium 2 | Stadium 3 | Stadium 4
Day 1 1 (1, 2) (3, 4) (5, 6) (7, 8)
Day 2 152 (1, 3) (5, 7) (2, 4) (6, 8)
Day 3 1098 (2, 8) (3, 6) (7, 1) (5, 4)
Day 4 1518 (3, 7) (6, 2) (4, 8) (5, 1)
Day 5 1761 (4, 6) (1, 8) (5, 3) (7, 2)
Day 6 1863 (4, 7) (5, 2) (3, 8) (1, 6)
Day 7 2194 (5, 8) (4, 1) (6, 7) (3, 2)
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4.5 Backtracking for Hamilton Path based Tournament Designs

Algorithm 11 Criteria Function for Hamilton path [27]
1: procedure Next-Value(i, n)

2: begin

3: while true do

4: begin

5 xfi] == (z[i] + 1)mod(n + 1)
6: if x[i] = 0 then

7 begin

8: return

9: end

10: if G[z[i — 1]][z]i]] # 0 then
11: begin

12: for j=1to7—1do
13: begin

14: if x[j] = z[i] then
15: begin

16: break

17: end

18: end

19: if j =i then
20: begin
21: if ¢ <n then
22: begin
23: return
24: end
25: end
26: end
27: end

28: end
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Chapter 5

Testing and Results

In last chapter, we have discussed algorithmic implementation of our problem. The
whole work has been developed in C' language. Further, in this chapter, different
test cases and corresponding results would be discussed. In this problem, the test
cases is mainly depending upon type and value of total numbers of teams n. It is
covered in different sections.

5.1 For total number of teams, n =4

There are different intermediate results obtained for value n = 4. It is shown in
upcoming subsections of this section.

5.1.1 Days and Stadiums Distribution

At very first step, one need to check for days and stadium distribution according
even value of n = 4. It works fine, see Figure 5.1 and [5.2] It determines days and
stadium according round-robin tournament criteria.

5.1.2 Permutation Generation

After days and stadiums distribution, next intermediate step is permutation gen-
eration. It needs to generate n! arrangements for input n. It works better, just
see Figure

¢+ Command Prompt - tc.exe

enter no of teams

Figure 5.1: Input, n =4
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5.1 For total number of teams, n = 4

* Command Prompt - tc.exe

press any key..

Figure 5.2: Even determination and distribution of days and stadiums, n = 4

Fis BE Fows ew e

11234 2 1243 3 1324 4 1342 5 1432 6 1423
7 2134 B 2143 9 2314 10 2341 11 2431 12 2413
13 3214 14 3241 15 3124 16 3142 17 3412 18 3421
19 4231 20 4213 21 4321 22 4312 23 4132 24 4123

Figure 5.3: Total permutations for even value n = 4
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5.1 For total number of teams, n = 4

1 01234
2 01324
3 01432
4 02314
5 02431
6 03412

Figure 5.4: Unique permutations after removal of duplicates, n = 4

Fis L Fowmat Ve i

012
013
024
034
125
135
245
345

o ~ o v B W o

Figure 5.5: Unique Combinations for n = 4

5.1.3 Unique permutations after duplicates removal

Now, we perform next operation firststepfilter on total permutation. It must
generates total ¢ = 4!/(2! % 2!) = 6, unique entries for input value, n = 4. It can
be verified from output Figure [5.4]

5.1.4 Unique Combinations

The set of unique permutations are further used in generating set of unique com-
binations. At this stage, total (nil) combinations are generated. Each set is
then filtered according balanced tournament criteria. For n = 4, there are total 8
unique permutation. It can be verified from output Figure [5.5

5.1.5 Balanced and Hamilton Path Tournament Designs

For n = 4, we do not get any balanced tournament design. Therefore, if there
is no balanced tournament designs, no possibility of Hamilton path tournament
designs.
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5.2 For total number of teams, n = 6

. Command Prompt - tc.exe

6 _

Figure 5.6: Input, n =6

e+ Command Prompt - tc.exe

enter no of teams

ou Meed 5 Days and 3 Stadiums

eam Mumbers are..

preszs any kewy..

Figure 5.7: Even determination and distribution of days and stadiums, n = 6

5.2 For total number of teams, n =6

There are different intermediate results obtained for value n = 6. It is shown in
upcoming subsections of this section.

5.2.1 Days and Stadiums Distribution

In next test case, one need to check for days and stadium distribution according
even value of n = 6. It works fine, see Figures[5.6/and [5.7] It determines days and
stadium according round-robin tournament criteria.

5.2.2 Unique permutations after duplicates removal

After days and stadiums distribution, next intermediate step is permutation gen-
eration. It needs to generate n! arrangements for input n. It works fine. Now, we
perform next operation firststepfilter on total permutation. It must generates
total ¢ = 6!/(2! * 2! % 2!) = 90, unique entries for input value, n = 4. It can be
verified from output Figure [5.8

5.2.3 Balanced Tournament Designs

For n = 6, we get many balanced tournament designs. See Figures and [5.10},
all satisfy balanced tournament criteria.
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5.2 For total number of teams, n = 6

P L Towa Ves R

1 0123456 2 0123546 3 0123654 4 0124536 5 0124653 6 0125634
7 0132456 8 0132546 9 0132654 10 0134526 11 0134652 12 0135624
13 0143256 14 0143526 15 0143652 16 0142536 17 0142653 18 0145632
19 0153426 20 0153246 21 0153624 22 0154236 23 0154623 24 0152634
25 0163452 26 0163542 27 0163254 28 0164532 29 0164253 30 0165234
31 0231456 32 0231546 33 0231654 34 0234516 35 0234651 36 0235614
37 0243156 38 0243516 39 0243651 40 0241536 41 0241653 42 0245631
43 0253416 44 0253146 45 0253614 46 0254136 47 0254613 48 0251634
49 0263451 S50 0263541 51 0263154 52 0264531 53 0264153 54 0265134
55 0341256 56 0341526 57 0341652 58 0342516 59 0342651 60 0345612
61 0351426 62 0351246 63 0351624 64 0354216 65 0354621 66 0352614
67 0361452 68 0361542 69 0361254 70 0364512 71 0364251 72 0365214
73 0453126 74 0453216 75 0453621 76 0451236 77 0451623 78 0452631
79 0463152 80 0463512 81 0463251 52 0461532 83 0461253 B84 0465231
85 0563412 86 0563142 B7 0563214 B8 0564132 89 0564213 90 0561234

Figure 5.8: Unique permutations after removal of duplicates, n = 6

Fis [ Fowst Vew Heip

I(1,2)(3,4)(5,6)
(1,3)(2,5)(4,6)
(2,6)(3,5)(4,1)
(3,6)(4,2)(5,1)
(4,5)(1,6)(2,3)
(1,2)(3,4)(5,6)
(1,3)(2,6)(5,4)
(2,5)(3,6)(1,4)
(3,5)(4,2)(1,6)
(4,6)(1,5)(3,2)
(1,2)(3,4)(5,6)
fl.4g[2,51(3.5}
(2,6)(4,5)(3,1)
(3,5)(1,6)(2,4)
(4,6)(3,2)(5,1)
(1,2)(3,4)(5,6)
(1,4)(2,6)(5,3)
(2,5)(4,6)(1,3)
(3,6)(1,5)(4,2)
(4,5)(3,2)(1,6)

Figure 5.9: Balanced Tournament Designs-I, n = 6
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5.3 For total number of teams, n = 8

Fis L Fowst Ves Heip

(1,6)(4,2)(5,3)
(2,3)(1,5)(4,6)
(2,5)(3,6)(1,4)
(3,4)(5,6)(1,2)
(4,5)(3,1)(2,6)
(1,6)(4,2)(5,3)
(2,3)(5,6)(1,4)
(2,5)(3,1)(4,6)
(3,4)(1,3)(2,6)
(4,5)(3,6)(2,1)
(1,6)(5,2)(3,4)
(2,3)(1,4)(5,6)
(2,4)(3,6)(5,1)
(3,5)(4,6)(2,1)
(4,5)(3,1)(2,6)
(1,6)(5.2)(3.4)
(2,3)(4,6)(5,1)
(2,4)(3,1)(5,6)
(3,5)(1,4)(2,6)
(4,5)(3,6)(2,1)

Figure 5.10: Balanced Tournament Designs-II, n = 6

5.2.4 Hamilton Path Tournament Designs

In case of n = 6, there is availability of balanced tournament designs. Therefore,
it might be possible that Hamilton path tournament designs exist. But testing has
been done for all unique combinations. We do not get any balanced tournament
that satisfy Hamilton path tournament criteria.

5.3 For total number of teams, n =8

The third test case is designed for value n = 8. There are different intermediate
results obtained for value n = 8. It is shown in upcoming subsections of this
section.

5.3.1 Days and Stadiums Distribution

In this test case, one need to check for days and stadium distribution according
even value of n = 8. It works fine, see Figures and It determines days

and stadium according round-robin tournament criteria.
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5.3 For total number of teams, n = 8

e CAWINDOWSA\system32\cmd. exe - tc.exe

enter no of teams
]

Figure 5.11: Input, n = 8

¢ Command Prompt - tc.exe

enter no of teams

4
ou Meed 7 Days and 4 Stadiums
eam Mumbers are..

123456 78
Stadium Mames..

S1 52 83 84

preszs any key..

Figure 5.12: Even determination and distribution of days and stadiums, n = 8

5.3.2 Unique permutations after duplicates removal

After days and stadiums distribution, next intermediate step is permutation gen-
eration. It needs to generate n! arrangements for input n. Now, we perform
next operation firststepfilter on total permutation. It must generates total
t = 81/(2! * 2! = 2! x 2!) = 2520, unique entries for input value, n = 4. It can
be verified from output Figures and [5.14] It is total 2520 in number. The
first figure covers first 138 entries and second covers entries from 2497 to 2520.

5.3.3 Balanced Tournament Designs

For n = 8, we get many balanced tournament designs. One of such results is
shown in Figure [5.15| It satisfies balanced tournament criteria.

5.3.4 Hamilton Path Tournament Designs

for value n = 8, when balanced results are passed for Hamilton path detection
then we obtain two kind of interesting results. One is partial Hamilton path based
tournament and another full Hamilton path based tournament. A partial Hamilton
based tournament is shown in Figure[5.15] It has three Hamilton paths in stadium
1, 2 and 4 respectively. The result of full Hamilton path based tournament has
been shown in Figure[5.16] It contains total 4 Hamilton paths one in each stadium.
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5.3 For total number of teams, n = 8

B i WLRIG - Motspad
P LS fome Ve e

6 012347856
12 012357846
18 012367854
24 012374856
30 012387456
36 012457836
42 012467853
48 012473856
54 012487356
60 012567834
66 012574836
72 012587436
78 012674853
84 012687453
90 012783456
96 013247856
102 013257846

1 012345678 2

7 012354678 8
13 012365478
19 012375648
25 012385674
31 012453678
37 012465378
43 012475638
49 012485673
55 012563478
61 012573648
67 012583674
73 012675348
79 012685374
85 012785634
91 013245678
97 013254678

012345768 3
012354768 9
012365748
012375468
012385764
012453768
012465738
012475368
012485763
012563748
012573468
012583764
012675438
012685734
012785364
013245768
013254768

012345876 4
012354876
012365874
012375846
012385476
012453876
012465873
012475836
012485376
012563874
012573846
012583476
012675843
012685473
012785436
013245876
0132548706

012346758 5
012356748
012364758
012376458
012386754
012456738
012463758
012476358
012486753
012564738
012576438
012586734
012673458
012683754
012786354
013246758
100 013256748

012346875
012356874
012364875
012376845
012386475
012456873
012463875
012476835
012486375
012564873
012576843
012586473
012673845
012683475
012786435
013246875
101 013256874

103 013265478
109 013275648
115 013285674
121 013452678
127 013465278
133 013475628

134

013265748
013275468
013285764
013452768
013465728
013475268

135

013265874
013275846
013285476
013452876
013465872
013475826

106 013264758
112 013276458
118 013286754
124 013456728
130 013462758
136 013476258

107 013264875
113 013276845
119 013286475
125 013456872
131 013462875
137 013476825

108 013267854
114 013274856
120 013287456
126 013457826
132 013467852
138 013472856

Figure 5.13: Unique permutations after removal of duplicates-I, n = 8

E el WLBICGE - Moirpad
Fi= [ Fousd Vs b

2497
24498
2499
2500
2501
2502
2503
2504
2505
2506
2507
2508
2509
2510
2511
2512
2513
2514
2515
2516
2517
2518
2519
2520

078523614
078523164
078523416
078526134
078526413
078521436
078615342
078615432
078615243
078613452
078613245
078614253
078625314
078625134
078625413
078625154
078623415
078621453
078125634
078125364
078125436
078126354
078126435
078123456

Figure 5.14: Unique permutations after removal of duplicates-I, n = 8
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5.3 For total number of teams, n = 8

P LS Fowst Ve Felp

Combination No. stadium 1 stadium 2 Stadium 3 Stadium 4
pDay 1 326 (1, 53 (2, 6) 3, 7 4, 8
Day 2 365 (1, 6 (3, 4 2, 8 7y 5}
Day 3 790 2, 4 (5, 8) (6, 7) 3, 1)
Day 4 1020 2, 7) (3, 8 (1, 4 (5, &)
Day 5 1393 3, 6 (4, 7) (5:; 2) (1, &
Day b 1667 (4, 5) (1, 7) (6, 8) 3;2)
Day 7 2516 (7. 8) (1, 23 (5. 3) 6, 4

Figure 5.15: Balanced Tournament designs having Hamilton paths in three differ-
ent stadium 1, 2 and 4

Fin L5 Fowsd Vew el

Combination No. stadium 1  Stadium 2 Stadium 3 Stadium 4
Day 1 1 €%, 2) (3, 4) (5, 6) (7, 8)
Day 2 152 (1, 3) £S5, '7) 2, 4 (6, 8)
Day 3 1098 (2, B) (3, 6) b 5 (5, 4)
Day 4 1518 3, (6, 2) 4, 8 (5, 1)
Day 5 1761 (4, 6) (1, &) (5, 3) (7, 2)
Day & 1863 (4, 7 (5, 2) (3, 8 {1, 6)
Day 7 2194 (508 (4, 1) 6, 7 (3, &)

Figure 5.16: Hamilton path tournament design, n = 8
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5.4 For odd value of total number of teams, like n =7

e C:AWINDOWS\system32\cmd.exe - tc.exe

enter no of teams

sorry.you have entered odd entries

Figure 5.17: Determination of Odd entries

5.4 For odd value of total number of teams, like
n==1
The last test case is for determination of odd entries because the whole work of

this thesis is based on even value of n. We get a proper message regarding this
input, see Figure [5.1
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Chapter 6

Conclusion and Future Work

We have shown the presence of Hamilton path tournament designs for n = 27 >
8(p > 3) teams. In this problem-solution the complete graph is base. Many other
graph scenarios may be covered on application basis with this approach. It can be
extended as simulator or commercial product for balanced tournament generator
in National and International games with efficient allocation of stadiums. It can
be useful as research tool in areas where detection of Hamilton paths is done as
a step process. The different ways Hamilton paths formation and 2-factors are
interesting topics for future research.

The practical applications of Graph algorithms are widely in our daily life.
They are used in market research, economy, aeronautics, physics, biology (for an-
alyzing DNA), mathematics and other areas. Also, it is applicable in designing
computer games, maps, drawing a circuit with a plotter in a fastest possible way, or
with a minimum cost. It may be used to determine the cheapest path for garbage
collection, street cleaning, or snow removal. Also applied in routing robots, pack-
ets in networking and others. As we all know to find a Hamilton path in a graph,
is a NP-complete problem. Therefore, presented algorithm can used as a method-
ology in various approximation algorithms for generating approximate solutions
of different NP problems. It can also applicable in class of problems that occur
in cluster environments and require good communication efciency. That means,
in cluster computing for finding Hamiltonian paths in tournaments on clusters in
communication-efficient way.
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