









































































































































GRA 19502

(1) and (2) sets a lower and upper bound on consecutive home or away matches
played by one team.

(3) Requires that if team i plays team j in round r, j must play i in round r.

(4) The constraint makes sure that every team plays every round.

(5) Makes sure that no team plays itself.

(6) and (7) requires that all teams plays every other teams both the first half and
second half of the season.

(8) All rounds require g home matches.

(9)-(11) measures distance travelled by away-teams.

(12) Makes sure that if team i plays home, the opponent j plays away.

(13) If team i plays home against team j one match, team j must play home the second
match.

(14)-(15) Every team starts and end the season at home.

(16)-(17) makes sure that no matches are played in the dummy-round 0 and 2n-1.

4.9.3 Venue extension:

The same extension we added to Model 4 in section 4.8.3 can be added to this model.
Mathematical formulation of extension:

(Ex1): hyy, =1 ,where a is the team that must play home in round b

(Ex2): h,g = 0 ,where c us the team that must play away in round d
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5.0 Results and discussion

In section 5 the results from the models in section 4 will be discussed. When we refer
to a schedule we want to recap that a green (yellow) cell means that the team in the
left most column plays home (away) versus the team numbered in the cell.

Total
Solution  Solution L .
Model: . Objective:  Breaks: travel Time-table:
method: time: ]
distance:
Mizuno
League Table 1
N/A N/A N/A 67 36555 km
2017/2018 (Section 4.2)
(benchmark)
0.41 No No
Model 1 LIP o N/A o Attachment 7
seconds objective objective
457 Minimize
Model 2 LIP 14 Attachment 8
seconds breaks
3600 o
Minimize
Model 3 CP seconds 12 Attachment 9
o breaks
(limit)
0.33 . Attachment
Minimize ;
seconds 38505 km | 10 (Timetable
Model 4 LIP _ travel 30
(See section : (lowest) from
distance
5.1.5) Attachment 7)
UB=2 uUB=2:
36 33062 km
3600 Minimize
uB=3 UB=3: Attachement
Model 5 CP seconds travel
o . 40 28.895km | 13, 14 and 15
(limit) distance
UB=4 UB =4:
54 26.131 km

Table 3 Summary of results

In table 3 we are showcasing the benchmark (Mizuno League) result measurements
and the results from the five models in section 4. In 5.1 we will go through the results

one by one.
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5.1 Results
5.1.1 Results Model 1

The timetable produced by Model 1 was a single round-robin schedule which later
was mirrored to create a double round-robin schedule. The timetable is found in
attachment 7. Model 1 had no objective and was solved using linear integer

programming.

The timetable satisfies the assumptions that every team must play each other team
twice, every team plays one match each round and the season is split into two halves.
The model did not consider breaks as it did not include a HAP. A HAP must be
assigned manually with the assumption that every team must play n-1 (=7) matches at
home. Model 1 acts as our base model and since it has no objective we cannot
measure total travel distance or breaks. Model 4 minimizes travel distance using the
timetable (schedule without HAP) model 1 created.

The problem was solved in 0.41 seconds with the ILOG CPLEX linear solver.

5.1.2 Results Model 2

The schedule from Model 2 can be found in attachment 8. Model 2 has the objective

of minimizing breaks and was solved using integer linear programming.

The ILOG CPLEX linear solver solved the model in 4.57 seconds. The model is
solving a single round-robin problem and the objective value is 6 (six breaks).
However, after mirroring the schedule, we need to multiply the objective value with
two and add the additional breaks occurring in the seam (round 7&8 (2 breaks))
between the two half seasons. In total the schedule has 14 breaks. Model 4 minimizes

travel distance using the timetable model 2created.

5.1.3 Results Model 3

The schedule from Model 3 can be found in attachment 9. Model 3 has the objective
of minimizing travel distance by both assigning matches and HAP at the same time.

The model was solved using constraint programming.
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The ILOG CP Optimizer got terminated by limit (3600 seconds). The solver found 19
solutions and the best objective value was 12 breaks.
5.1.4 Results Model 4

The schedules from Model 4 can be found in attachment 10, 11 and 12. Model 4 has
the objective of minimizing travel distance by changing the HAP using predefined

timetables. The model was solved using linear integer programming.

In table 4 we present the results when minimizing travel distance for the three

timetables derived from Model 1, 2 and 3.

Timetable

Solution Input o Travel Output
from Solution time
method timetable: distance: | schedule:
model:
Attachment
1 LP Attachment 7 0.33 sec 38505 km 10
Attachment
2 LP Attachment 8 0.28 sec 39033 km
Attachment
3 LP Attachment 9 0.12 sec 38954 km 1

Table 4 Result Model 4
5.1.5 Results Model 5

The schedules from Model 5 can be found in attachment 13, 14 and 15. The objective
of Model 5 is to minimize travel distance by assigning matches to a timetable and

setting the home-away pattern. The model was solved using constraint programming.

The solutions with different upper bounds on consecutive home and away matches
can be found in table 5. None of the instances got solved to optimality by the ILOG

CP Optimizer and got terminated after one hour (3600s) of solving.
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Best
Solution o Solutions objective Output
UB Solution time
method found: (Travel schedule:
distance):
Terminated by ) N/A
1 CP o 0 No solution
limit (3600 s)
Terminated by Attachment
2 CP o 169 33062 km
limit (3600 s) 13
Terminated by Attachment
3 CP o 129 28.895 km
limit (3600 s) 14
Terminated by 26.131 km Attachment
4 CP o 320
limit (3600 s) 15

5.2 Comparing the results with the benchmark

5.2.1 Schedule balance

Table 5 Result Model 5

In the 2017/2018 schedule for the Mizuno League (section 4.2, table 1) the schedule
has a total of 67 breaks. Randaberg IL (Team 5) had the lowest number of breaks

with six breaks in the season. Koll IL (Team 3) had the highest number of breaks

with a total of 11 breaks in the season.

All our models outperform the Mizuno League in terms of schedule balance. Even the

models which minimized travel distance had a more balanced schedule. All models

have fewer breaks and less difference in the team with the highest break count and the

team with the lowest break count.

If our primary concern would be schedule balance and fairness, Model 3 outperforms

all the other models. Model 3 was terminated by limit and chose the best schedule out

of 19 feasible solutions.
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A summary of the number of breaks and teams with the lowest and highest break-

count can be found in table 6.

Lowest Highest
Number of
Schedule: break- break-
breaks:
count: count:
Mizuno 2017/2018 67 6 (Team5) 11 (Team 3)
1 (Team 2 (Team
Model 2 14
1,6) 2,3,4,5,7,8)
1 (Team 2 (Team
Model 3 12
1,2,4,8) 3,5,6,7)
Timetable from 20 3 (Team 4 (Team
Model 1 1,7) 2,3,4,5,6,8)
Timetable from 3 (Team 4 (Team
Model 4 28
Model 2 1,3,6,8) 2,4,5,7)
Timetable from 1 (Team
24 6 (Team 3)
Model 3 2,4)
uB=2 36 3(Team8) 6 (Team1)
4 (Team
uB=3 40 8 (Team 3)
Model 5 2,5,6,7,8)
5 (Team
UuB=14 54 9 (Team 1,7)
4,6)

5.2.2 Travel distance

Table 6 Breaks comparison

In the 2017/2018 season of the Mizuno League, the total travel distance was 36555

km. When we are measuring the travel distance for the Mizuno League, we use the

same method and distance matrix as in the models.

Model 5 with an upper bound of 4 consecutive home or away matches has the lowest

total travel distance. 26.131 km is a 29 % reduction in travel distance. The drawback
is the high upper bound, but it is still lower than the Mizuno 2017/2018 schedule. All
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three instances of Model 4 performed worse than the Mizuno 2017/2018 season in
concerning travel distance. In table 7 we present a summary of travel distance in the
different models and the potential reduction compared to the 2017/2018 schedule in

the Mizuno Leauge.

Schedule: Travel distance: Reducyon In ]

travel distance:
Mizuno 2017/2018 36555 km 0%
Timetable Model 1 38505 km -5%
Model 4 Timetable Model 2 39033 km 1%
Timetable Model 3 38954 km -1%
UB=2 33062 km 10%
Model 5 UuB=3 28.895 km 21%
UB =4 26.131 km 29%

Table 7 Travel distance comparison

5.3 Choosing the right model

The question of which model that is the most favorable is just as much a question of
the requirement of the persons assessing them. In terms of balance and breaks, the
schedule from Model 3 outperform the other models. Concerning travel distance,
Model 5 with the different bounds (2-4), all reduce the travel distance significantly
compared to the benchmark.

We mentioned earlier that the individual team’s budget is a concern in the Mizuno
League. From the schedule in the 2017/2018 Mizuno Leauge season, we also see that
little consideration of fairness and balance have been taken. We concluded that the
top priority when scheduling the Mizuno League is to minimize cost. Model 5
performed best in terms of travel distance, and thereby cost. Based on these factors
we conclude that Model 5 is the right model to schedule the Mizuno League. In
section 6 we will discuss Model 5 further and display how it can be used in a real-

world scenario.
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6.0 Discussion and Conclusion

In section 5 we concluded that Model 5 is the most suitable model to tackle the
mission of creating a schedule for the Mizuno League. A schedule perfectly suited for
the Mizuno league is not produced within this thesis. We do not access the
information regarding available venues or team preferences. However, this section
will discuss how schedules produced by Model 5 can be adjusted to fit the real-world

case of the Mizuno league.

With Model 5, schedules with feasible solutions from a mathematical point of view
were achieved. A problem with the schedules produced is that they do not take the
real-world scenario into account. All the schedules would, therefore, need manual
adjustments to various degrees to be feasible in a real-world setting. When using the
term real-world in this section, it refers exclusively to the case of the Mizuno League.
When using the term alter or adjust related to a schedule, it merely refers to the act of

manually placing a match in a different round.

6.1 How were the 2017/2018 Mizuno League scheduled?

Communication with our contact in the Mizuno League 2017/2018 gave us some

insights into how the scheduling process is conducted.

The NVBF received a proposed schedule for the 2017/2018 season in May of 2017
(attachment 16) we will refer to this schedule as the “outsourced schedule”. The final
schedule (Attachment 17) was not finished until days prior to the first round of the

season.

No information was given on the reasoning behind the changes made from the
outsourced schedule to the final schedule which we use as a benchmark. However, it
is reasonable to assume that changes made were because of the availability of venues
or simply that one team does not have the opportunity to play in a specific round. In
our proposed models we added constraints to consider venue availabilities. However,

the models are only able to utilize all requirements if they are known beforehand.
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6.2 Is it real-world feasible to use Model 5 with UB>2?

With Model 5, a feasible schedule with the upper bound of three (3) and four (4)
consecutive home or away matches (2 breaks and 3 breaks) was produced. The

relevant OPL-code and schedule are found in attachment 6 and 14, respectively.

The Mizuno League 2017/2018 schedule shows that it is not a problem with a team
having three consecutive home or away matches over the course of several rounds. In
the 2017/2018 season, one team had seven consecutive away matches. The challenge
is that the maximum amount of matches a team can play per round is two, as all the

matches are set to either Saturday or Sunday.

Model 5 interprets the possible consecutive matches as a chance for team i to visit
three different opponents, utilizing the travel distance between the opponent in round
r to r+1 and from r+1 to r+2, before returning to the home location of team i. This
would be feasible in a real-world setting if the Mizuno League had more than two
days per week to play their matches. Attempts to manually adjust a model with UB=3
(or UB = 4) to make it feasible in a real-world setting proved to be too challenging, as
the consecutive matches were set to separate rounds.

A comparison of the distance BK Tromsg would travel in reality and how it is

measured by the model in round 2-4 is found in table 8.

Traveling team: BK Tromsg (Team 1)

Round: 2 3 4
Opponent team: 2 8 5
Theoretical distance: 1675 393 103
Real-world distance: 1675 393 2206

Table 8 Model 5 UB=3 for Tromsg BK in round 2-4
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The teams in the Mizuno league are somewhat scattered, but a “cluster” of four teams
(team 2, 5, 7 and 8) is found in the western coast of Norway, see figure 2. In terms of
reducing travel distance,

having three (or four) away

matches without returning to
‘o BK Tromsg

their home location would be
quite significant for the teams

outside the cluster (team 1, 3, [ fcreenshottaken }
rom Google Maps
4 and 6).

The idea of the Mizuno

League reducing cost by

A A . o stod It
introducing four consecutive O oo
o
away-matches to the western B
Norge Finland
coast for teams 2, 5, 7 and 8, © o vk
seems overly optimistic, and @ g

o Koll IL.
Tallinr

WI I I nOt be d iscussed in thls eoﬂandaberg IL /\j ‘J}’V‘Lg a °
o Estland
thesis.

Figure 2 Map of team venues

6.3 How to schedule a feasible real-world schedule with UB=2?

With Model 5, a feasible schedule with the upper bound of two (2) consecutive home
or away matches (1 break) was produced. The relevant OPL-code and schedule are
found in attachment 6 and 13, respectively.

The schedule with UB=2 is not seen as feasible in a real-world setting. The schedule
produced has consecutive away matches allocated to different rounds, when in
practice, they are to be played in the same weekend. Consecutive home matches in

separate rounds is not an issue, as home matches do not affect travel distance.

The solution to achieving feasibility in a real-world setting for the schedule with
UB=2 is to alter the schedule manually. Simply allocating corresponding consecutive

away matches to the same round is not enough. One must consider the fairness of the
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schedule and maintain the balance with regards to the number of matches per round

and number of breaks per team.

To ensure the schedule is successful, a simple set of rules is followed when altering:

O

©)

There can be a maximum of two (2) matches per team in a single round

There can be a minimum of three and a maximum of five matches played per

round

To the best of our ability, avoid teams traveling vast distances when playing
both home and away on the same weekend to avoid time conflicts

To the best of our ability, avoid more than two consecutive home or away

matches

No alteration should negatively change the outcome of the total distance

traveled

An extract (round 1 to 5) of the schedule produced with Model 5 is found in table 9.

The yellow cells indicate away matches for the team in column T, while the green

cells indicate home matches. The team corresponding with the number inside the cell

plays against the team in the column T.

Team

T

1

BK Tromsg

Farde Volleyballklubb

Koll |

L

NTNUI Volleyball

Randaberg IL

Stod IL

TIF Viking

wWw| O1f oo | N | N

| o N W | O N

N| B[ 0O O k| Nl W

| W[ P N| O oo O

o N B O] D] W o

ToppVolley Norge

| N o g B W N

4

6

5

2

1

Table 9 Extraction of schedule from Model 5 before manual adjustment

As previously mentioned and showed in table 9, the schedule produced with Model 5

does not allocate two matches per round for the teams. Every team plays exactly one

match, meaning every round has four matches in total.
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Placing corresponding consecutive away-matches (yellow cells) into the same round,
is the first challenge when manually altering the schedule to be feasible in a real-
world setting. The second challenge is to ensure that no teams are playing more than
two matches in a single round. In addition, one single round cannot contain less than
three, or more than five matches. Simultaneously we need to keep the balance of

breaks maintained.

An extract of the proposed schedule which is feasible in a real-world setting is found
in table 10.

Team T 1 2 3 4 5
BK Tromsg 1| 2| 7 3 8| 5

Farde Volleyballklubb 2| 1 5 8| 7 3

Koll IL 3| 7 41 1 6 2|1 95
NTNUI Volleyball 4 3| 8| 6 7 5
Randaberg IL 5| 6 2 8 1| 4| 3
Stod IL 6| 5| 8 4 3| 7

TIF Viking 7] 3 1 2| 4| 6
ToppVolley Norge 8 6 41 2| 5| 1

Table 10 Extraction of Timetable from Model 5 after manual adjustment

A brief explanation of the actions taken in the first rounds when altering the schedule:
(1) The match between team 1 and team 7 in round 2 is moved to round 1. (2) The
match between team 6 and team 8 in round 2 is moved to round 1. Both these changes
were made to have the corresponding consecutive away matches played in the same
round. After these two alterations were made, round 1 now consisted of six matches,
while round 2 consisted of two matches. To balance the number of matches per

round, (3) the match between team 4 and team 8 in round 1 were moved to round 2.

Alterations done from round 2 till the very last round of the schedule is conducted in
a similar fashion. The alterations are done in a round-by-round fashion, with
continuously reviewing the rounds with consideration to the set of rules we
previously described. With UB=2, and the corresponding consecutive away matches

allocated to the same round, the total distance traveled will not change when making
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alterations. The schedule is therefore flexible when it comes to further alterations, e.g.

input from teams regarding their preferences.

Figure 3 illustrates the travel route of BK Tromsg with the manually adjusted
schedule. BK Tromsg has
away-matches in round
(weekend) 1, 4, 8 and 11.
The team is only allowed to
play two consecutive away-
matches. Figure 3 is a
display on how BK Tromsg
can play all its away-
matches effectively only
using four rounds.

The full schedule after
alterations is found in
attachment 18.

Figure 3 BK Tromsg travel route manually adjusted schedule
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6.4 Utilizing Model 5 with the objective of minimizing cost

The schedules which have been discussed in previous sections have had the objective
of minimizing the distance traveled. The work done on the model(s) and the
alterations done on the produced schedule led us to look for additional improvements

to be made.

The primary objective of the NVBF is cost reduction as the budget of the teams are
tight. The reason minimizing travel distance has been the focus is because of travel-
related cost being the teams most significant expense. Out of curiosity, a cost matrix
was created. The idea is that utilizing a cost matrix to minimize cost is more fitted to
the NVBEF’s goal of reducing cost, rather than trying to reduce cost by reducing travel

distance.

The teams in the Mizuno league mainly use three means of travel when traveling to a
match: (1) Travel by plane, (2) travel by private car and (3) travel by rental car. A

descriptive list of transportation is found in section 4.2.

Travel by plane is the most expensive option and is necessary for the lion share of the
matches. Travel by private car is both flexible and affordable, but only practical on
shorter distances (<250 km) because of time constraints. Travel by rental car is
utilized when a team has consecutive away matches. The team flies to a match on
Saturday and drives a rental car to a nearby opponent on Sunday. The costs in the cost

matrix are per person.

To obtain the prices of air travel in the cost matrix we used the travel section at
Finn.no, which includes all available airlines from the selected airport. We assume
the teams book their tickets at a reasonable time ahead of a match. We set the travel
dates to Saturday and Sunday, 17" and 18" of November to ensure we did not
experience any fluctuation in price during the study. The nearest airport was plotted
in for every team where air travel is necessary. The price for Saturday and Sunday
was divided by two to get an average price of a plane ticket for match days. Cost of

traveling to and from the airport was not included.

The price of traveling by private cars uses a price per kilometer traveled. We assumed

a price of 17 NOK per liter of gasoline, and consumption of 0.7 liters per 10 km. The
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cost per kilometer is slightly over 1 NOK per km. We assume four people are
traveling per car. After adding some compensation for maintenance etc., we ended up
setting a price per km of 1 NOK per person.

The price of traveling by rental car was set for the price of renting a feasible car for
one day. In addition, we added the price of 1 NOK per km to cover fuel cost etc.

The price of a rental car varies from 400 NOK to several thousand per day. The only
conditions we set for the car was that it could fit four players including luggage. Most
of the rental companies had some form of deal with the airports for ease of travel. A
price of 600 NOK per day was found for an average rental car. With four players per

car, the final cost for travel by rental car per person was: 1 NOK per km + 150 NOK.

The cost of traveling by rental car is not included in the matrix. It is manually added
when the schedule is produced, as there is no clear answer beforehand as to when it is

needed.

The cost matrix is seen below in table 11.

Cost matrix

Tromsg Fegrde Koll NTNU Randaberg StodIL TIF TVN
Tromsg 0| 1250| 494 561 867 561| 609| 867
Farde 1250 0| 466| 1226 1329 1226| 169| 1329
Koll 494 466 0 445 427 4451 470 427
NTNU 561 | 1226| 445 0 713 128| 627| 713
Randaberg 867 | 1329| 427 713 0 713| 206| 103
Stod IL 561 | 1226| 445 128 713 0| 627| 713
TIF 609 169| 470 627 206 627 0| 233
TVN 867 | 1329 427 713 103 713| 233 0

Table 11 Cost matrix
The schedule produced which utilizes the cost matrix is found in attachment 19. It
was manually adjusted in a similar fashion to the adjusted schedule in section 6.1.3.
For comparison, we calculated the cost using the same matrix for the schedule in
section 6.1 and for the 2017/2018 Mizuno League schedule. As for results, the
schedule reduces cost by 15% compared to the 2017/2018 season of the Mizuno
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league. An overview of the total distances and costs is given in table 12. Details

regarding distance and cost are given in attachment 16-19, and breaks in attachment

20-23.
Distance, km Cost, kr | Breaks
Outsourced schedule 37023 28452 67
The Mizuno league 36555 29971 67
Schedule, min. dist., UB=2 33062 28510 34
Schedule, min. cost., UB=2 34840 25511 39

Table 12 Total distance and cost for the manually adjusted schedules

The results presented in table 12 are purely theoretical as there are considerations we
are not capable of implementing. Our contact at the NVBF mentioned that venue
availability and team preferences made it hard to optimize a schedule, as the factors

are prone to any changes.

What sparked our curiosity, and what can be derived from the results, is that distance
may not be the optimal objective for the Mizuno league. The schedule utilizing the
cost matrix had a 5% larger distance traveled, but a 10% reduced cost compared to
the schedule utilizing the distance matrix. This is a result of the price of plane tickets
not correlating directly with distance, but rather following the law of supply and
demand. Travels to and from larger cities are relatively cheaper than traveling from

the airport in for instance Farde.

6.5 Conclusion

Revisiting the research question can be useful when concluding. The research

question was:

“Scheduling in sports: How to model and optimize a sport schedule focusing on
traveled distance, with validation on the Norwegian top volleyball league’s

constraints and objectives?”

The thesis presented five different models to schedule sports. In section 5.0 we
compared the results and found that every model outperformed the Mizuno League in
terms of breaks. Additionally, Model 5 reduced the travel distance compared to the

Mizuno league benchmark schedule with 10% to 29%.
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To give Model 5 a more practical value we described how we could manually adjust
the schedule in Model 5 to take practical requirements into account. The manually
adjusted schedule reduced the travel distance by 10 % and breaks with 46%, it

reduced the number of rounds to 14, and it is an overall fairer schedule.

Finally, we re-solved Model 5 with a cost matrix to reduce travel cost. This was
motivated by the false assumption that travel distance has a one-to-one relationship
with travel cost. The result increased travel distance by 5 % compared to the model

that minimized distance; however, it reduced travel cost by 10 %.

6.6 Limitations
Finally, we want to highlight some limitations and challenges for another

researcher(s).

Altering the schedule output from Model 5 is our attempt to make the schedule fit
into a real-world scenario. Since we do not have access to the information on venue
times and individual team’s requirements, the manually adjusted schedule is still just
a presentation of a theoretical method, not a final schedule that can be utilized by the
Mizuno League organizers. Creating a model with particular requirements are beyond
the reach of this thesis.

All information used to obtain the results have been disclosed in the thesis, but when
using a case, such as The Mizuno League, there is a possibility that the authors lack

some fundamental understanding about the internal processes within the case.

The communication with our contact within the league has been fruitful, but limited.
The contact has been very helpful in helping us understand the schedule process and
requirements. However, our results and models have not been approved or revised by
the contact before the hand-in date of this thesis. We wish we had a thorough
understanding of the underlying decisions and steps made when the NVBF adjusted
the outsourced schedule (Attachment 16) from May till September 2017. Also, the
understanding of which factors can force a change in the schedule mid-season and

why.

The authors had minimal experience in linear and constraint programming before

writing this thesis. The models are a display of what the authors, two business
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students, can learn in eight months by reading journals and user manuals. The model
might lack some elegance in performance. However, the results give insight into the
scheduling process even outside the world of mathematics. The results are by all
means feasible and an improvement from the case’s perspective but cannot be proven

to be optimal from a mathematical point of view.
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8.0 Attachments:

Attachment 1 General differences between quantitative and qualitative
research
Source:(Bryman & Bell, 2015).

Quantitative Qualitative

Numbers Wards

Point of view of researcher Paint of view of participant
Researcher distant Researcher clowe

Theony testing Theary emergent

Static Unstructured
Generalization Contextual understanding
Hard data Deap data

Attachment 2 OPL code Model 1

[ e e ek ek e e ek ek ek ek e ek ok

* OPL 12.8.0.0 Model

* Author: krist

* Creation Date: May 24, 2018 at 2:14:36 PM

e e ek ek e e ek ek ek ek ek ek |
//Setting the parameters

using CPLEX;

intn=28;

range Teams = 1..n;

int nbRounds = n-1,;

range Rounds = 1..nbRounds;

/Ivariables

dvar oolean x[Teams][Teams][Rounds]; // 1 if team | plays at home against team j
in round k

/lobjective

maximize sum (I in Teams, j in Teams, k in Rounds) x[i][j][K];
/lconstraints

subject to {

/I (1) Every team plays every other team.
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Forall (1,j in Teams: |1 1= )
conl:
sum (k in Rounds) x[i][jl1[K] ==1;
I (2) every team play one match per week

forall (ordered 1,j in Teams, k in Rounds)
x[110]1K] == xO1[K];
con2:
11(3)
forall (I in Teams, k in Rounds)
con3:
sum (j in Teams) x[i][1[k] == 1;
//(4) No team plays itself
forall (I in Teams, k in Rounds)

con4:
X[i[i][K] == 0;
}

Attachment 3 OPL code model 2

/*********************************************

* OPL 12.8.0.0 Model
* Author: krist
* Creation Date: May 28, 2018 at 2:29:36 PM
*********************************************/
//Setting the parameters
using CPLEX;
int n = 8;
range Teams = 1..n;
int nbRounds = n-1;
range Rounds = 1..nbRounds;
range Roundsy =1..(nbRounds-1);
int mid = nbRounds div 2;
int UB = 2;

//variables

dvar oolean x[Teams][Teams][Rounds]; // 1 if team I plays home against

team j in round r
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dvar oolean h[Teams][Roundsy]; // 1 if team I plays home in round r
and r+1

dvar oolean a[Teams][Roundsy]; // 1 if team I plays away in round r
and r+1

//objective

minimize sum (I in Teams, r in Roundsy)( h[i][r]+a[i][r]);
//constraints
subject to {
//(1)Every team plays every other team
forall (I,j in Teams: il!= j)
sum (r in Rounds) (x[i][j]1[r]+x[j1[i]1[r]) ==1;
//(2) Every team play one match per week
forall (I in Teams, r in Rounds)
sum (j in Teams: i!=j) (x[1][3I[r] + x[J1[1i1[r]) == 1;
//(3) No team plays itself
forall (I in Teams, r in Rounds)
x[1][1i][r] == o;
//(4) Every team plays a maximum of (mid+1) matches at home
forall (I in Teams)
sum(j in Teams, r in Rounds) x[i][j][r] <= mid +1;
//(5) Every team plays a minimum of min matches at home
forall (I in Teams)
sum(j in Teams, r in Rounds) x[i][j][r] >= mid;
//(6) Every team plays a maximum of UB consecutive home matches
forall (I in Teams)
sum(r in Roundsy) h[i][r] <= UB-1;
//(7)Every team plays a maximum of UB consecutive away matches
forall(I in Teams)
sum(r in Roundsy) a[i][r] <= UB-1;
//(8) Making h dependent on x
forall(I in Teams, r in Roundsy)
sum(j in Teams)(x[i][j]1[r]+x[1i]1[j][r+1]) <= 1 + h[i][r];
//(9) Making a dependent on x
forall(I in Teams, r in Roundsy)

sum(j in Teams) (x[F]1[i1[r]+x[JF]1[i1[r+1]) <= 1+a[i][r];

//(EX1) Team a must play home in round b
sum (j in Teams) x[a][j]l[b] == 1;
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//(EX2) Team c¢ must play away in round d
sum (j in Teams) x[c][j]l[d] == ©;
¥

Attachment 4 OPL code model 3
/*********************************************
* OPL 12.8.0.0 Model

* Author: krist

* Creation Date: Aug 02, 2018 at 9:38:26 PM

*********************************************/

using CP;

/****

SETTING THE PARAMETERS
falaiaial

//Number of teams
intn=8§;

//Number of rounds

int nbSlots = 2*(n-1);
//Range teams

range T =1..n;

//Range rounds

range S = 1..nbSlots;
//Midseason

int mid = nbSlots div 2;
//Upper bound on breaks

int UB = 3;
/****
VARIABLES
*****/

dvar oolean h[T][S]; //h=1, if | plays home in round r
dvar oolean a[T][S]; //a=1, if | plays away in round r
dvar oolean b[T][S]; //Counts number of breaks

dvar int X[T][S] in T; //x equals the opponent of team I in round r
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/***

Solver parameters
*****/
execute {

cp.param.timeLimit=3600;

cp.param.logPeriod=10000;

cp.param.DefaultinferenceLevel="Extended”;

/*

OBJECTIVE: Minimize distance
*/

minimize sum(l'in T, r in S) b[i][r];

/*******

CONSTRAINTS

falaiaiaiaielel |

subject to {

//(1) b counts home-breaks

forall(I in T, rin 1..nbSlots-1)
con100:

(h[i][r]+h[i][r+1]) <=1 + b[i][r];
//(2) b counts away-braks
forall(I in T, rin 1..nbSlots-1)

conl101:

(@fi][r]+ali][r+1]) <=1 + b[i][r];
//(3) a is the opposite of h
forall(1in T,sinS)

a[i][s] = h[ilsl;
//(4) Upperbound on number of breaks
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forall(1in T, ssin 1..11)
sum(s in ss..ss+UB) h[i][s] <= UB;
//(5) lower bound on number of breaks
forall(1in T, ssin 1..11)
sum(s in ss..ss+UB) h[i][s]>= 1;
//(6) If team | play j in round r, j plays I in round r
forall(sin S, 1,jin T: il=j)
X[il[s] == j => x[il[s] == I;
//(7) x Every team must play every round
forall(sinS, 1inT)
X[i][s] > O;
//(8) No team plays itself
forall(1in T,sinS)
conb:
X[i][s] I=1;
1/(9) All teams plays eachother the first half of the season
forall(1in T)
coné:
allDifferent(all (s1 in 1..mid) x[i][s1] );
//(10) All teams plays eachother the second half of the season
forall(1in T)
con’:
allDifferent(all (s2 in mid+1..nbSlots) x[i][s2] );
//(11) All rounds required n/2 home matches
forall(s in S)
sum(l in T) h[i][s] ==n/2;
//(12) One team must play home and the otherone away
forall(il,i2in T, sin S: il<i2)
x[i1][s]==i2 => h[i1][s]+h[i2][s] ==1;
//(13) That every team plays one home match and one away match against each team
forall(1in T, s1,s2 in S: s1<s2)
X[i1[s1]==x[i][s2] => h[i][s1]+h][i][s2]==1;
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¥}

II(Ex1):
h[a][b] ==1 //a is the team that must play home in round b
a[c][d] ==1//c is the team that must play away in round d

Attachment 5 OPL code model 4
[ e e ek ek e ek ek ek e ek ke ek ok

* OPL 12.8.0.0 Model

* Author: krist

* Creation Date: Jun 7, 2018 at 1:58:29 PM

e e ek ek ek e e ek ek e ek ek ek |

//LIP formulation source:

/[Rasmussen, R. and M. Trick (2009).

/" The timetable constrained distance minimization problem.” Annals of //Operations
Research 171(1): 45-59.

[* SETTING THE PARAMETERS*/

//Number of teams

intn=8§;

//Number of slots

int nbSlots = 2*(n-1);

//Range teams

range T =1..n;

//Range teams to match array

range T2 = 0..n;

//Range slots

range S = 1..nbSlots;

//Range slots to match the array

range SO = 0..nbSlots;

//Range slots with dummy slots to make sure every team starts and end at home
range SD =0..(2*n-1);

// Upper bounds on breaks
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int UB = 2;

//Distance matrix. Distance between standium of team | and j.
int D[T][T] = ..;

int D2[T2][T2] = ...;

/[Timetable, when teams are supposed to play //should be given by our other model

int TT[T][S]=...
int TT2[T][SD]=....
int NULL[T][S]=...;

/Ivariables

/Ih equals 1 if team | plays home in slot s

dvar oolean h[T][SD];

/I The distance team I plays between slot s and slot s+1
dvar int d[T][SO];

/ICheck if our arrays are working
execute{
writeln(“The distance oolean 1 and 6 is” + D[1][6])
writeln(“In round 1 team 1 will play against «“ + TT[1][1])
writeln(“In round 0 team 1 will play against “ + TT2[1][0])
writeln(“the travel distance of team 1 between slots 2 and 3 if team | plays
away in both slots” + D2[TT2[1][O]][TT2[1][1]])
¥
//Objective: Minimize distance

minimize sum(l in T, s in SO)d[i][s];

//Constraints

subject to {

//(1) Relating the d variable to the other variables

forall (1'in T, s in SO)

d[il[s] >= (1- (h[i][s]) — (h[i][s+1])) * D2[TT2[i][s]I[T T2[i][s+1]];
11(2)
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forall (1'in T, s in SO)
d[il[s] >= ((h[i][s]) — (h[il[s+11)) * D2[][TT2[i][s+1]];
11(3)
forall (1'in T, s in SO)
d[il[s] >= (-h[il[s] -h[il[s+1])*D2[TT2[i][s]]LI];
//(4) Every team starts home
forall (1in T)
h[i][0]==1;
//(5) Every team ends home
forall (1inT)
h[i][15] == 1;
//(6)Every team has n.1 home matches
forall (1in T)
sum(s in S)h[i][s]== n-1,
//(7) In a matchup one team plays home, the otherone away
forall(il,i2in T, sin S: il<i2 && TTJil][s]==i2)
h[i1][s]+h[i2][s] ==1;
//(8) That every team plays one home match and one away match against each team
forall(1in T, s1,52 in S: s1<s2 && TT[i][s1]==TT[i][s2])
h[i][s1]+h[i][s2]==1,
1/(9) Upperbound on number of breaks
forall( 1in T, ssin 1..(nbSlots-UB))
sum(s in ss..ss+UB) h[i][s] <= UB;
//(10) Lower bound on number of breaks
forall(1in T, ss in 1..(nbSlots-UB))
sum(s in ss..ss+UB) h[i][s]>= 1;

};
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Attachment 6 — OPL code model 5
using CP;

/****

SETTING THE PARAMETERS
falaiaial

//Number of teams

intn=28;

//Number of rounds

int nbSlots = 2*(n-1);

//Range teams

range T =1..n;

//Range teams to match array
range T2 =0..n;

//Range rounds

range S = 1..nbSlots;

//Range rounds to match the array
range SO = 0..nbSlots;

//Range Rounds with dummy rounds to make sure every team starts and end at home

range SD = 0..(2*n-1);

//Midseason

int mid = nbSlots div 2;

//Upper bound on breaks

int UB =2;

//Distance matrix. Distance between standium of team I and j.
int D[T][T] =...;

int D2[T2][T2] = ...;

/****

VARIABLES

*****/

//h equals 1 if team | plays home in round s
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dvar oolean h[T2][SD];

/I The distance team | plays between slot s and slot s+1
dvar int d[T][SO];

/I x equals the opponent of team | in round r

dvar int x[T2][SD] in T2;

/***

Solver parameters

*****/

execute {

cp.param.timeLimit=3600;

cp.param.logPeriod=10000;

cp.param.DefaultinferenceLevel="Extended”;

/*
OBJECTIVE: Minimize distance
*/

minimize sum(l in T, s in SO)d[i][s];

/*******

CONSTRAINTS

ialaiaiaieiedel |

subject to {

/(1) Upperbound on number of breaks
forall(1'in T, ssin 1..12)

sum(s in ss..ss+UB) h[i][s] <= UB;
//(2) Lower bound on number of breaks
forall(1'in T, ssin 1..12)
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sum(s in ss..ss+UB) h[i][s]>= 1;
//(3) If team | play j in round r, j plays I in round r
forall(sin S, 1,jin T: il=j)
x[i][s] == j => x[l[s] == I;
//(4) x Every team must play every round
forall(sin S, 1'in T)
X[i][s] > O;
//(5) No team plays itself
forall(1in T,sinS)
conb:
x[i][s] 1= I;
1/(6) All teams plays eachother the first half of the season
forall(1in T)
coné:
allDifferent(all (s1 in 1..mid) x[i][s1] );
/1/(7) All teams plays eachother the second half of the season
forall(1in T)
con’:
allDifferent(all (s2 in mid+1..nbSlots) x[i][s2] );
//(8) All rounds required n/2 home matches
forall(s in S)
sum(l in T) h[i][s] ==n/2;
11(9)
forall (1in T, s in SO)
con09:
d[i][s] >= (1- (h[i1[s]) — (h[i1[s+1])) * D2[x[i[s[X[i][s+11];
/1(10)
forall (1in T, s in SO)
conl0:
d[i][s] >= ((h[i][s]) — (h[i][s+11)) * D2[i][x[i][s+1]];
/11(11)
forall (1'in T, s in SO)
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con24:
d[il[s] >= (-h[i][s] -h[i][s+1])*D2[x[i][s1][I];
//(12) One team must play home and the otherone away
forall(il,i2in T, sin S: il<i2)
X[i1][s]==i2 => h[i1][s]+h[i2][s] ==1;
//(13) That every team plays one home match and one away match against each team
forall(1in T, s1,s2 in S: s1<s2)
X[i1[s1]==x[i][s2] => h[i][s1]+h][i][s2]==1;
11(14)
forall(l in T)
h[i][0] == 1;
11(15)
forall(1in T)
h[i][2*n-1] == 1,
11(16)
forall(1in T)
x[i][0] == 0;
11(17)
forall(iin T)
X[i][2*n-1]==0;
I3
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Attachment 7 Timetable model 1
The output timetable from model 1, and the timetable input for model 4.

ROUND
1 2 3 4 5 6 7 8 9 10 11 12 13 14
8| 6| 4] 2| 3| 5| 7| 8| 6 4 2 3 5 7
3| 4, 7] 1| 8] 6| 5| 3| 4 7 1 8 6 5
2 71 5] 8] 1| 4] 6| 2| 7 5 8 1 4 6
6 2 1| 5] 7| 3| 8| 6| 2 1 5 7 3 8
718 3] 4] 6| 1| 2| 7| 8 3 4 6 1 2
41 1| 8| 7| 5| 2| 3| 4|1 8 7 5 2 3
5|/ 3| 2| 6| 4] 8, 1| 5| 3 2 6 4 8 1
1/ 5,6 3] 2] 7| 4] 1| 5 6 3 2 7 4

Attachment 8 Schedule model 2

The output schedule from model 2, and a timetable input for model 4. The Team-
column plays home versus the teams marked in green and away versus the teams
marked in yellow

ROUND
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Attachment 9 Schedule model 3

The output schedule from model 3, and input timetable for model 4. The Team-
column plays home versus the teams marked in green and away versus the teams
marked in yellow.

Attachment 10: Schedule (with HAP) Model 4

Output schedule when minimizing travel distance. Predefined timetable derived from
attachment 7 (model 1). The Team-column plays home versus the teams marked in
green and away versus the teams marked in yellow

ROUND
1 2 3 4 5 6 7 8 9 10 11 12 13 14
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Attachment 11: Schedule (with HAP) model 4

Output schedule when minimizing travel distance. Predefined timetable derived from
attachment 8 (model 2). The Team-column plays home versus the teams marked in
green and away versus the teams marked in yellow

ROUND

Attachment 12: Schedule (with HAP) model 4

Output schedule when minimizing travel distance. Predefined timetable derived from
attachment 9 (model 3). The Team-column plays home versus the teams marked in
green and away versus the teams marked in yellow

ROUND
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Attachment 13 Schedule Model 5 UB =2
The output schedule from model 5 when we set UB=2. The Team-column plays home
versus the teams marked in green and away versus the teams marked in yellow

ROUND

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Attachment 14 Schedule Model 5 UB =3

The output schedule from model 5 when we set UB=3. The Team-column plays home
versus the teams marked in green and away versus the teams marked in yellow

ROUND
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Attachment 15 Schedule model 5 UB =4

The output schedule from model 5 when we set UB=4. The Team-column plays home
versus the teams marked in green and away versus the teams marked in yellow

ROUND

Attachment 16 — Outsourced schedule attained by NVBF
The schedule visualized with included cost and distance per match. Total cost and
distance are calculated in the last row.

Round |Home Away Distance Cost
1745 494
653 1226
128 278
206 206
103 103
457 470
1675 1250
1745 494
850 713
128 278
850 713
103 253
623 627
169 319
1771 609
498 445
103 103
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1150 561
128 278
169 169
464 427
103 253
128 128
420 466
169 319

2206 867
103 253
374 1329
103 253
750 627
128 278
393 1329
169 319
927 713
128 278

1745 494
625 445
128 278

2206 867
379 427
750 627
169 319

1030 561
723 713
103 253
169 169
374 1329
169 319

1150 561

2121 867

2206 867
625 445
128 128
464 427

1771 609
169 319

Total 37023 28452
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Attachment 17 — The Mizuno league, season 2017/2018
The schedule visualized with included cost and distance per match. Total cost and
distance are calculated in the last row.

Round Home Away Distance Cost
1| Koll IL BK Tromsg 1745 494
1|Stod IL Fgrde Volleyballklubb 653 1376
1| Toppvolley Norge TIF Viking 233 233
1| NTNUI Volleyball Fgrde Volleyballklubb 128 278
1| Randaberg IL TIF Viking 103 103
2 | Toppvolley Norge Stod IL 850 863
2 | Koll IL TIF Viking 457 470
2 | BK Tromsg Fgrde Volleyballklubb 1675 1250
2 | Koll IL Forde Volleyballklubb 1745 494
2 | Randaberg IL Stod IL 103 253
3 | Toppvolley Norge Randaberg IL 103 103
3 | TIF Viking NTNUI Volleyball 623 627
3 | Fgrde Volleyballklubb NTNUI Volleyball 169 319
1771 609
498 445
5| NTNUI Volleyball Toppvolley Norge 723 713
5| Stod IL Toppvolley Norge 128 278
6 | Stod IL BK Tromsg 1030 711
6 | Toppvolley Norge Koll IL 379 577
6 | NTNUI Volleyball BK Tromsg 128 278
6 | Fgrde Volleyballklubb TIF Viking 169 169
6 | Randaberg IL Koll IL 103 253
7 | Toppvolley Norge BK Tromsg 2121 1017
7 | Fgrde Volleyballklubb Koll IL 420 466
7 | NTNUI Volleyball Stod IL 128 128
7 | Randaberg IL BK Tromsg 103 253
7 | TIF Viking Koll IL 169 319
393 1329
750 627
128 128
103 253
9| Stod IL Randaberg IL 927 863
9| BK Tromsg Koll IL 1745 494
9 | NTNUI Volleyball Randaberg IL 128 278
10| Stod IL Koll IL 625 445
10 | NTNUI Volleyball Koll IL 128 278
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2206 867

653 1226

379 427

169 319

723 863

169 169

1030 561

103 253

13 | Fgrde Volleyballklubb Randaberg IL 374 1329
13 | BK Tromsg NTNUI Volleyball 1150 561
13 | TIF Viking Randaberg IL 169 319
14 | BK Tromsg Toppvolley Norge 2121 867
14 | Koll IL Stod IL 625 445
14 | Randaberg IL Toppvolley Norge 2206 867
464 427

128 128

393 1329

1771 609

169 319

169 319

Total 36555 29971
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Attachment 18 — Schedule produced by Model 5 after manually adjusting.

Minimizing distance, UB=2

The schedule visualized with included cost and distance per match. Total cost and

distance are calculated in the last row.

Round | Home Away Distance | Cost
1| Fagrde Volleyballklubb BK Tromsg 1675| 1250
1| TIF Viking BK Tromsg 169| 319
1| Randaberg IL Stod IL 927| 713
1| ToppVolley Norge Stod IL 103| 253
1| Koll IL TIF Viking 457| 470
2 | NTNUI Volleyball ToppVolley Norge 723| 713
2 | Farde Volleyballklubb Randaberg IL 374| 1329
2 | NTNUI Volleyball Koll IL 498 | 445
2 | BK Tromsg Koll 1L 1150| 561
3| TIF Viking Farde Volleyballklubb 169| 169
3| ToppVolley Norge Farde Volleyballklubb 233| 233
3| Stod IL NTNUI Volleyball 128| 128
3 | Randaberg IL ToppVolley Norge 103 103
4 | Koll IL Stod IL 625 445
4 |NTNUI Volleyball TIF Viking 623| 627
4|Stod IL TIF Viking 128| 278
4 | Randaberg IL BK Tromsg 2206| 867
4 | ToppVolley Norge BK Tromsg 103| 253
5 | Farde Volleyballklubb Koll 1L 420| 466
5| NTNUI Volleyball Randaberg IL 800| 713
5| Koll IL Randaberg IL 498 | 445
6 | BK Tromsg NTNUI Volleyball 1150 561
6| Stod IL Fgrde Volleyballklubb 653| 1226
6 | NTNUI Volleyball Fgrde Volleyballklubb 128| 278
6| TIF Viking ToppVolley Norge 233| 233
7 | BK Tromsg Stod IL 1030 561
7| ToppVolley Norge Koll IL 379| 427
7 | Randaberg IL TIF Viking 206| 206
7| ToppVolley Norge TIF Viking 103| 103
8 | Koll IL BK Tromsg 1745| 494
8 | Farde Volleyballklubb NTNUI Volleyball 526| 1226
8| TIF Viking NTNUI Volleyball 169| 319
8| Stod IL Randaberg IL 927| 713
8 | BK Tromsg Randaberg IL 1030| 561
9 |Koall IL Farde Volleyballklubb 420| 466
9 | Randaberg IL Fgrde Volleyballklubb 464 | 427
9| Stod IL ToppVolley Norge 850 713
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9 | BK Tromsg ToppVolley Norge 1030 561
10| TIF Viking Koll 1L 457| 470
10 | Randaberg IL Koll 1L 206| 356
10 | NTNUI Volleyball Stod IL 128 128
11 | ToppVolley Norge NTNUI Volleyball 723| 713
11| Stod IL BK Tromsg 1030 561
11 | NTNUI Volleyball BK Tromsg 128| 278
11 | Fgrde Volleyballklubb TIF Viking 169 169
12 | Fgrde Volleyballklubb Stod IL 653 | 1226
12 | TIF Viking Stod IL 169| 319
12 | Koll IL ToppVolley Norge 379| 427
12 | TIF Viking Randaberg IL 206| 206
12 | ToppVolley Norge Randaberg IL 233| 233
13 | BK Tromsg Farde Volleyballklubb 1675| 1250
13| Koll IL NTNUI Volleyball 498 | 445
13 | Randaberg IL NTNUI Volleyball 464 | 427
14 | BK Tromsg TIF Viking 1771 609
14 | Fgrde Volleyballklubb ToppVolley Norge 393| 393
14| Stod IL Koll IL 625| 445

Total 33062 | 28510
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Attachment 19 — Schedule produced by Model 5 after manually adjusting

using cost matrix, UB=2

The schedule visualized with included cost and distance per match. Total cost and

distance are calculated in the last row.

Round |Home

Away

Distance | Cost

2 | NTNUI Volleyball TIF Viking 623 627
2| Stod IL TIF Viking 128| 278
2 | NTNUI Volleyball Ferde Volleyballklubb 526 | 1226
2|Stod IL Farde Volleyballklubb 128| 278

R

Forde Volleyballklubb Koll IL 420| 466
TIF Viking Koll 1L 169| 319
ToppVolley Norge NTNUI Volleyball 723 713
Randaberg IL NTNUI Volleyball 103| 253

o OO OO O

TIF Viking Randaberg IL 206 206
Foerde Volleyballklubb Randaberg IL 169 169
Koll 1L NTNUI Volleyball 498| 445
ToppVolley Norge TIF Viking 233 233

8
8
8
8
8

Koll IL BK Tromsg 1745 494
Farde Volleyballklubb TIF Viking 169 169
NTNUI Volleyball Stod IL 128| 128
ToppVolley Norge Randaberg IL 103| 103
Stod IL Randaberg IL 850 713

10 | ToppVolley Norge

Koll IL

379

427
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10| Randaberg IL Koll IL 103 253
10 | BK Tromsg TIF Viking 1771 609
10 [ Koll IL TIF Viking 1745 494

12 | Randaberg IL BK Tromsg 2206 867
12 | ToppVolley Norge BK Tromsg 103 253
12 | Fgrde Volleyballklubb Stod IL 653 | 1226
12 | TIF Viking Stod IL 169| 319
800
464
14 | BK Tromsg NTNUI Volleyball 1150
14 | Stod IL Koll IL 625
14 | NTNUI Volleyball Koll IL 128

Total

34840 25511
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Attachment 20 — Breaks in the outsourced schedule (Attachment 16)

- 67 breaks

Breaks occurring in the outsourced schedule. Breaks are categorized per team, and

the total is calculated in the last row. Breaks are listed by number and consecutive

home matches is denoted with H, away matches with A. Rounds with occurring

breaks listed in parentheses.

Number of breaks per
Breaks #A/H - (Rounds) team
1H (2,4) - 3A (5,6) - 4H (8,10,11,12,13) -
BK Tromsg | 1A (14) 9
3A(1,2) - 2H(3,5,6) - 1A(7) - 1H(8,10) -
Ferde 1H(12,14) 8
Koll IL 3H (1,2,4) - 6A(5,6,8,9) - 2H(10,13,14) 11
NTNUI 1H(1,2) - 2A(3,4) - 2H(7,8,9) - 2A(11,12) 7
Randaberg
IL 1H(1,3) - 2H(5,6,7) - 2A(8,10) - 1A(12) 6
1H(1,2) - 1A(3) - 4H(5,6,7,8,9) -
Stod IL 4A(10,11,13,14) 10
2A(1,2) - 1A(4,5) - 1A(7) -
TIF Viking |4A(8,10,11,12,14) 8
TVN 1A(2) - 4H(3,4,5,6,7) - 2A(8,10) - 1A(13) 8
Total: 67
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Attachment 21 — Breaks in the 2017/2018 season of the Mizuno league
(Attachment 17)

- 67 breaks

Breaks occurring in the actual 2017/2018 schedule for the Mizuno league. Breaks are

categorized per team, and the total is calculated in the last row. Breaks are listed by

number and consecutive home matches is denoted with H, away matches with A.

Rounds with occurring breaks listed in parentheses.

Number of breaks

Breaks |#A/H - (Rounds) per team
BK
Tromsg |1H(2,4) - 3A(6,7) - 4H(9,11,12,13,14) - 1A(15) 9
Forde  [3A(1,2) - 2H(3,6,7) - 1A(8) - 2H(13,15) 8
Koll IL  |3H(1,2,4) - 6A(6,7,9,10) - 2H(11,14,15) 11
NTNUI [2A(3,4) - 5H(5,6,7,8,9,10) - 3A(12,13,15) 10
Randabe
rg IL 1H(1,2) - 2H(6,7,8) - 2A(9,11) - 1A(13) 6
Stod IL  [1A(2) - 1H(5,6) - 2H(8,9,10) - 3A(11,12,14) 7
TIF
Viking  [2A(1,2) - 1A(4,6) - 1A(8) - 4H(11,12,13,15) 8
TVN 2H(1,2,3) - 1A(5) - 2H(6,7,8) - 3A(14,15) 8

Total: 67

89



GRA 19502

Attachment 22 — Breaks in the schedule produced by Model 5, UB=2,

minimizing travel distance (Attachment 18)

- 34 breaks

Breaks occurring in schedule produced by Model 5. Breaks are categorized per team,

and the total is calculated in the last row. Breaks are listed by number and

consecutive home matches is denoted with H, away matches with A. Rounds with

occurring breaks listed in parentheses.

Number of breaks

Breaks |#A/H - (Rounds) per team
BK 1A(1) - 1A(4) - 1H(6,7) - 1H(8,9) - 1A(11) -
Tromsg |1H(13,14) 6
Forde 1H(1,2) - 1A(3) - 1A(6) - 1A(9) - 1H(11,12) 5
Koll IL  [1A(2) - 1H(8,9) - 1A(10) - 1H(12,13) 4
NTNUI |[1H(2) - 1H(4,5) - 1A(8) - 1A(13) 4
Randabe
rg IL 1H(3,4) - 1A(5) - 1A(8) - 1H(9,10) - 1A(12) 5
Stod IL  |1H(1) - 1H(4,6) - 1H(8,9) - 1A(12) 4
TIF
Viking 1A(4) - 1A(7) - 1H(8,10) - 1H(12) 4
TVN 1H(7) - 1A(9) 2

Total: 34
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Attachment 23 — Breaks in the schedule produced by Model 5, UB=2,

minimizing cost (Attachment 19)

- 39 breaks

Breaks occurring in the schedule produced with Model 5. Breaks are categorized per

team, and the total is calculated in the last row. Breaks are listed by number and

consecutive home matches is denoted with H, away matches with A. Rounds with

occurring breaks listed in parentheses.

Number of breaks
Breaks |#A/H - (Rounds) per team
BK 1A(1) - 1H(3) - 1A(5) - 1H(9,10) - 1A(12) -
Tromsg |1H(14,15) 6
Forde 1A(2) - 1H(10,12) - 1A(13) 3
1H(1,3) - 1A(4) - 1H(5,6) - 1A(9) - 1H(10,13) -
Koll IL [1A(14) 6
NTNUI [1H(2) - 1A(4) - 1A(6,7) - 1A(10) - 1H(11,12) 5
Randabe
rg IL 1A(3) - 1A(6) - 1A(8) - 1H(9,12) - 1H(13,15) 5
Stod IL  [1A(1) - 1H(2) - 1H(5,7) - 1H(8,11) - 1A(12) 5
TIF
Viking 1A(2) - 1H(4,6) - 1A(10) - 1H(12,15) 4
TVN 2H(4,5,6) - 1H(8,10) - 1A(11) - 1A(15) 5
Total: 39
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