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Abstract  

 
In this study, a mathematical programming model is developed for a single round-robin tournament problem to provide a schedule for the 

preliminary round of the Volleyball Nations League. In this setting, the aim is to assign the teams to the pools at each week as well as to 

specify the host teams of the pools. This schedule is obtained by minimizing the sum of the differences between the total distance traveled 

by every team and the average of the total distances traveled by all teams. Then, to evaluate the performance of the developed model, it is 

applied to obtain the optimal schedule for the preliminary round of the Volleyball Men’s Nations League in year 2018. The results indicate 

that the sum of the travel distance deviations from the average of the total travel distances of all teams obtained from the schedule provided 

by the mathematical model is significantly lower than that calculated from the schedule presented by the International Volleyball 

Federation. Moreover, the schedule presented by the International Volleyball Federation leads to a percentage gap of 449.92% in 

comparison with the optimal schedule provided by the developed model. 
   

Keywords: Sport scheduling; Single round-robin tournament; Total travel distance; Volleyball Nations League; Mathematical 

programming model. 

 

1. Introduction  
  

Nowadays, the sports leagues are considered as a major 

economic activity around the world (Kostuk and 

Willoughby 2012). In this point of view, teams’ managers 

do not want to waste their investments because of 

providing poor schedules of matches (Ichim and Moyano-

Fernández 2017). In this setting, the issue of the sport 

scheduling has received considerable attentions in recent 

years (Ribeiro and Urrutia 2012; Westphal 2014). 

Scheduling is planning of the activities by achieving to 

the goals in the available time (Jafari 2021; Behnamian 

2020; Jafari and Haleh 2021; Hassani et al. 2021; Jafari 

2020a; Yavari et al. 2020; Jafari 2020b). Providing a 

sports league schedule is a troublous task due to variety of 

requirements that have to be met (Saur et al. 2012). This 

research area is considered as an interesting topic in 

Operations Research (Alarcón et al. 2017; Cocchi et al. 

2018; Durán et al. 2007; Durán et al. 2012; Januario and 

Urrutia 2015; Kendall et al. 2010).  

The traveling tournament problem is considered as one of 

the famous problems in the sport scheduling (Bonomo et 

al. 2012; Trick et al. 2012). In this problem, the aim is to 

provide a schedule for the home and away matches in the 

tournament by meeting some feasibility requirements as 

well as by minimizing the total distance traveled by all 

teams (Bhattacharyya 2016). There are several studies by 

investigating the issue of the traveling tournament 

problem that most of them are addressed as follows: 

Carvalho and Lorena (2012) developed an integer 

programming model with dynamic constraints for the 

traveling tournament problem. They used the data 

benchmarks from a baseball tournament to evaluate the 

developed model. Guajardo and Jornsten (2017) proposed 

an integer programming model to provide a stable 

schedule with respect to the teams’ preferences. In each 

round of this schedule, the teams play against preferable 

opponents. Urrutia and Ribeiro (2004, 2006) provided a 

lower bound to the problem by minimizing the number of 

the breaks as well as the traveled distances. Cheung 

(2009) and Rasmussen and Trick (2007) proposed a 

Benders decomposition algorithm to the problem, whereas 

Irnich (2010) applied a branch-and-price approach to 

solve the problem. Furthermore, Toffolo et al. (2016) and 

De Oliveira et al. (2016) presented a branch-and-bound 

approach for the problem. 

Thielen and Westphal (2011) investigated the complexity 

of the traveling tournament problem. They proved that the 

problem is NP-Hard when the upper bound of the 

maximum number of the consecutive away matches is 

equal to three. Khelifa and Boughaci (2015) proposed a 

variable neighborhood search algorithm for the problem. 

In this algorithm, first, a feasible solution is provided for 

the problem. Then, a search process is applied to find a 

good solution by minimizing the total traveled distances. 

Moreover, Lim et al. (2006) used the simulated annealing 

algorithm to provide a good quality solution to the 

A round-robin is a tournament in which a team plays 

against other teams at least once. As a matter of fact, it *Corresponding author Email address: hamed.jafari@iut.ac.ir  



Hamed Jafari and et al./ A Mathematical Programming Model for Single… 

192 

 

contrasts with an elimination tournament (Erzurumluoğlu 

2018; Horbach 2010; Knust 2008; Rasmussen 2008). 

A single round-robin tournament is a well-known format 

of the sporting events (Briskorn and Drexl 2009; Briskorn 

and Horbach 2012; Januario et al. 2016). In this problem, 

the matches are scheduled such that in each period each 

team plays against other teams exactly once (Briskorn 

2009; Briskorn and Knust 2010). Examples with the 

single round-robin tournament format are the preliminary 

rounds of the FIFA World Cup and UEFA European 

Football Championship. Below, some of these studies are 

presented:  

Knust and Von Thaden (2006) developed a two-stage 

approach for a single round robin tournament problem. At 

the first stage, the home and away modes are determined 

for each match, while the matches are scheduled at the 

second stage. Moreover, Januario and Urrutia (2016) 

presented a new neighborhood structure for the problem 

based on the graph theory.  

A double round-robin tournament is also considered as 

one of the most common formats of the sports leagues 

schedules. In this problem, each team plays against all 

other teams exactly twice: once at home as the host and 

once at away as the guest (Rasmussen and Trick 2008). 

Around the world, the football leagues are scheduled 

based on the double round-robin tournament format, 

mostly. Several researchers have studied the double 

round-robin tournament problem. Below, most of these 

studies are discussed: 

Atan and Cavdaroglu (2018) developed two integer 

programming models and one constraint programming 

formulation for the double round-robin tournament 

problem. They evaluated the performance of their models 

by comparing the obtained schedules with those provided 

for several instances. Cocchi et al. (2018) proposed a 

mathematical model to provide an optimal schedule for 

the Italian Volleyball League. Lewis and Thompson 

(2011) investigated the double round-robin format by 

considering it as one of the graph coloring problems. 

Moreover, Duran et al. (2014) analyzed the problem by 

maximizing the total revenue generated by all teams 

participated in the tournament.  

Zeng and Mizuno (2012) applied the constraint 

programming model to present a schedule by minimizing 

the number of the breaks for the problem. Knust and 

Lucking (2009) found a feasible schedule for the problem 

by minimizing the number of the breaks as well as the 

total costs to hold the matches.  Furthermore, Elf et al. 

(2003) used a branch-and-cut algorithm to solve a break 

minimization problem. 

Miyashiro and Matsui (2005) proposed a polynomial-time 

algorithm to obtain the equitable home and away 

assignments for a given timetable of the problem, whereas 

Briskorn (2008) presented a necessary condition for the 

problem that i checked in a polynomial time.  

Hof et al. (2010) incorporated a fairness constraint into 

the problem, while Suksompong (2016) considered the 

issues of the quality and fairness of a tournament. 

Furthermore, Della Croce and Oliveri (2006) investigated 

the Italian Football League as one of the double round-

robin tournament formats.  

The current study investigates the single round-robin 

tournament problem to provide an efficient schedule for 

the Volleyball Nations League as a new annual 

international volleyball tournament.  

In the Volleyball Nations League tournament, sixteen 

teams are qualified to compete together during five 

weeks. At each week, the teams are divided into four 

pools of four teams and all teams belonged to each pool 

compete together on three consecutive days in a single 

round-robin format.  

In the last two decades, the operational research 

approaches have been increasingly applied to find good 

solutions for various problems in real world (Jafari 2019; 

Rasti-Barzoki et al. 2017; Jafari et al. 2020; Jafari 2022). 

In this study, a novel mathematical programing model is 

developed to provide an optimal schedule for the matches 

at the preliminary round of the tournament by minimizing 

the sum of the differences between the total distance 

traveled by every team and the average of the total 

distances traveled by all teams. Moreover, applying the 

developed model, the teams are assigned to the pools at 

each week and the host team of each pool is specified. 

The remainder of the paper is organized as follows: In 

Section 2, the considered research problem is descripted. 

The mathematical model is presented in Section 3. In 

Section 4, the developed model is evaluated. Furthermore, 

Section 5 deals with the conclusions. 

2. Problem Description 

In this section, the detailed descriptions of the considered 

research problem are provided.  

2.1. Problem definition 

The Volleyball Nations League is a new annual 

international volleyball tournament that has been replaced 

with the former Volleyball World League since 2018. In 

this tournament, sixteen teams are qualified to compete 

together. Twelve of them are qualified as the core teams 

which cannot be relegated from the tournament, whereas 

other four teams are selected as the challenger teams 

which can face the relegation at the next year. 

At the preliminary round, the sixteen teams compete 

together in a single round-robin format. The matches are 

held during five weeks. At each week, the teams are 

divided into four pools of four teams and all teams 

belonged to each pool compete together on three 

consecutive days in a single round-robin format. After the 

preliminary round, the top five teams join the host of the 

final round to compete at the final round. At the final 

round, the six teams are divided into two pools of three 

teams and the teams belonged to each pool compete 

together in a single round-robin format. The top two 

teams of each pool are qualified for the semifinals. In this 

round, the winner of each pool plays against the runner-up 

of another pool. The semifinals winners advance to 

compete at the final. The winner of these two teams is 

known as the champion of the Volleyball Nations League. 

Note there is no priority between the core and challenger 

teams to provide the schedule of the matches. Moreover, 
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the relegation takes into account only among the four 

challenger teams. The last ranked challenger team will be 

excluded from the next tournament. And, the winner of 

the Challenger Cup will be qualified for the next 

tournament as a challenger team.  

2.2. Constraints 

Below, the considered constraints are addressed: 

 Each pool consists of four teams. 

 At each pool, one team is exactly considered to be as 

the host. 

 The host team of each pool should belong to that 

pool.  

 Each team should be considered as the host at least at 

one pool and at most at two pools during the planning 

horizon. 

 At each week, each team exactly belongs to one of 

the pools related to that week.  

 If two specific teams belong to one specific pool, 

then they cannot belong to one of the other pools, 

simultaneously. 

 During the planning horizon, each team plays against 

the other teams exactly once (Obviously, this 

constraint is redundant regarding the previous 

constraint). 

 A specific team cannot be considered as the host at 

two consecutive weeks (This constraint has been 

considered to balance the total travel distance of the 

teams).     

2.3. Objective 

In this study, the attempts will be made to provide the 

schedule of the matches at the preliminary round during 

the planning horizon in order to minimize the sum of the 

differences between the total travel distance for every 

team and the average of the total travel distances for all 

teams.  

Regarding the considered objective, the aim is to assign 

the teams to the pools at each week at the preliminary 

round. As a matter of fact, the matches concerning the 

teams belonged to each pool are held in the host country 

of that pool. As a result, it is sufficient to assign the teams 

to the pools and specify the host team of the pools to 

calculate the total distance traveled by every team during 

the planning horizon.    

3. Mathematical Programming Model 

In this section, a mathematical programming model is 

presented to assign the teams to the pools at the 

preliminary round and specify the host team of the pools, 

simultaneously. 

3.1. Sets 

The sets are defined as follows: 

     Set of the pools (     *        +) 
      Set of the pools related to the first week (      

*       +) 
      Set of the pools related to the second week 

(      *       +) 
      Set of the pools related to the third week 

(      *          +) 
      Set of the pools related to the fourth week 

(      *           +) 
      Set of the pools related to the fifth week 

(      *           +) 
     Set of the weeks (     *         +) 
      Set of the weeks except the first week (      

*       +) 
     Set of the teams (     *        +) 

3.2. Indices 

The indices are as follows: 

  Index of the pools 

  Index of the weeks 

  Index of the teams 

3.3. Parameters 

The considered parameters are denoted as follows: 

     Distance between the cities that have been 

introduced as the host of teams   and      

3.4. Decision variables 

Below, the decision variables are defined: 

    = 1 if team   belongs to pool  , and = 0 otherwise. 

    = 1 if team   is considered as the host of pool  , and 

= 0 otherwise. 

      = 1 if team   belongs to pool   and team    is the 

host of this pool, and = 0 otherwise. 

    Travel distance for team   from week     to 

week  . 

    Travel distance for team   from its country to its 

host country at the first week. 

    Travel distance for team   from its host country at 

the last week to its country. 

    Total travel distance for team   during the planning 

horizon. 

   Average of the total distances traveled by all teams 

during the planning horizon. 

3.5. Mathematical programming model 

The mathematical programming model is formulated as 

follows: 

(1)           ∑ |      |

      

 

 Subject  to: 

(2) ∑    
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Objective function (1) minimizes the sum of the 

differences between the total travel distance for every 

team and the average of the total travel distances for all 

teams. Constraint (2) ensures that each pool consists of 

four teams. Regarding constraint (3), each pool exactly 

has one host team. Incorporating constraint (4) into the 

model, the host team of each pool belongs to that pool. 

Considering constraint (5), each team is as the host at 

least at one pool and at most at two pools during the 

planning horizon. Regarding constraint (6), at each week, 

each team exactly belongs to one of the pools of that 

week. If two teams belong to one pool, then they cannot 

belong to one of the other pools, simultaneously. 

Constraint (7) meets this fact. Furthermore, constraint (8) 

is incorporated into the model to ensure that each team 

cannot be considered as the host at two consecutive 

weeks. 

Regarding constraints (9) and (10), if team   belongs to 

pool   and team    is considered as the host of this pool, 

then the value of decision variable       is equal to one 

and vice versa. Travel distance for each team between 

each two consecutive weeks is determined using 

constraints (11) and (12). In these relations, symbol   

denotes a sufficiently big number that can be considered 

as the maximum possible distance between each couple of 

the host cities. Moreover, the distance travelled by each 

team from its country to its host country at the first week, 

the distance travelled by each team from its host country 

to its country at the last week, the total distance travelled 

by each team over the planning horizon, and the average 

of the total distances travelled by all teams during the 

planning horizon are calculated by incorporating 

constraints (13)-(16) into the model, respectively. 

The developed mathematical model can be easily 

converted to a linear optimization problem as follows: 

(19)           ∑   
      

 

 Subject  to: 

(20)                             

(21)                             

(22)                        

 And other constraints (2)-(18) 

Obviously, decision variable    denotes the difference 

between the total travel distance for team   and the 

average of the total travel distances for all teams. 

4. Model Evaluation 

In this section, the performance of the developed 

mathematical model is evaluated. For this reason, the 

proposed model is applied to obtain the optimal schedule 

at the preliminary round of the Volleyball Men’s Nations 

League in year 2018. Then, the schedule obtained from 

the developed model is compared with the schedule 

provided by the International Volleyball Federation 

(FIVB) in this year.  

Note that IBM ILOG CPLEX optimization Studio version 

12.2 was applied to solve the problem using the 

mathematical model. Furthermore, a Core i3-6006U CPU 

2.00 GHz PC with 4.00 GB RAM was used for this 

reason.  

The core teams qualified for the tournament are Argentina 

(ARG), Brazil (BRA), China (CHN), France (FRA), 
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Germany (GER), Iran (IRN), Italy (ITA), Japan (JPN), 

Poland (POL), Russia (RUS), Serbia (SRB), and United 

States (USA), whereas the challenger teams are Australia 

(AUS), Bulgaria (BUL), Canada (CAN), and South Korea 

(KOR). 

The pools composition at the preliminary round provided 

by the FIVB has been presented in Table 1. Note that the 

information has been gathered from the International 

Volleyball Federation website.  
 

Table 1 

Pools composition presented by FIVB 
Week The first week 

Pool Pool 1 Pool 2 Pool 3 Pool 4 

Host team France China Poland Serbia 

Host city Rouen Ningbo Katowice Kraljevo 

Teams France 

Australia 
Iran 

Japan 

China 

Argentina 
Bulgaria 

United States 

Poland 

Canada 
Russia 

South Korea 

Serbia 

Brazil 
Germany 

Italy 

Week The second week 

Pool Pool 5 Pool 6 Pool 7 Pool 8 

Host team Bulgaria Brazil Argentina Poland 

Host city Sofia Goiania San Juan Katowice 

Teams Bulgaria 

Australia 

Russia 
Serbia 

Brazil 

Japan 

South Korea 
United States 

Argentina 

Canada 

Iran 
Italy 

Poland 

China 

France 
Germany 

Week The third week 

Pool Pool 9 Pool 10 Pool 11 Pool 12 

Host team Canada Japan Russia France 

Host city Ottawa Osaka Ufa Rouen 

Teams Canada 

Australia 

Germany 
United States 

Japan 

Bulgaria 

Italy 
Poland 

Russia 

Brazil 

China 
Iran 

France 

Argentina 

Serbia 
South Korea 

Week The fourth week 

Pool Pool 13 Pool 14 Pool 15 Pool 16 

Host team South Korea Germany United States Bulgaria 

Host city Seoul Ludwigsburg Hoffman Estates Sofia 

Teams South Korea 

Australia 

China 
Italy 

Germany 

Argentina 

Japan 
Russia 

United States 

Iran 

Poland 
Serbia 

Bulgaria 

Brazil 

Canada 
France 

Week The fifth week 

Pool Pool 17 Pool 18 Pool 19 Pool 20 

Host team Australia China Iran Italy 

Host city Melbourne Ningbo Tehran Modena 

Teams Australia 
Argentina 

Brazil 

Poland 

China 
Canada 

Japan 

Serbia 

Iran 
Bulgaria 

Germany 

South Korea 

Italy 
France 

Russia 

United States 

 

Regarding Table 1, Poland has been considered as the 

host team of pools 3 (at week 1) and 8 (at week 2), and 

this violates the constraint that does not permit the teams 

to be as the host at two consecutive weeks. As it is 

previously stated, this constraint has been incorporated to 

model to balance the total distance traveled by the teams. 

The travel distances between the host cities have been 

provided in Table 2. Note these distances have been 

considered as the air distance (straight-line distance) 

between each couple of the host cities. The distances have 

been obtained from the Google Maps website.  
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Travel distances between the host cities 
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The optimal pools composition given by the proposed 

mathematical model has been provided in Table 3. 
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Table 3 

Optimal pools composition provided by mathematical model 
Week The first week 

Pool Pool 1 Pool 2 Pool 3 Pool 4 

Host team Bulgaria South Korea Brazil Argentina 

Host city Sofia Seoul Goiania San Juan 

Teams Bulgaria 
Iran 

Serbia 

Russia 

South Korea 
France 

Japan 

Australia 

Brazil 
China 

Canada 

Germany 

Argentina 
Poland 

United States 

Italy 

Week The second week 

Pool Pool 5 Pool 6 Pool 7 Pool 8 

Host team Italy Japan Serbia Russia 

Host city Modena Osaka Kraljevo Ufa 

Teams Italy 
Bulgaria 

Brazil 

South Korea 

Japan 
Argentina 

Germany 

Iran 

Serbia 
China 

France 

United States 

Russia 
Canada 

Poland 

Australia 

Week The third week 

Pool Pool 9 Pool 10 Pool 11 Pool 12 

Host team Canada France South Korea United States 

Host city Ottawa Rouen Seoul Hoffman Estates 

Teams Canada 

Serbia 
Japan 

Italy 

France 

Poland 
Brazil 

Iran 

South Korea 

China 
Argentina 

Russia 

United States 

Bulgaria 
Germany 

Australia 

Week The fourth week 

Pool Pool 13 Pool 14 Pool 15 Pool 16 

Host team Poland Brazil Iran Argentina 

Host city Katowice Goiania Tehran San Juan 

Teams Poland 

Germany 
Serbia 

South Korea 

Brazil 

United States 
Japan 

Russia 

Iran 

China 
Australia 

Italy 

Argentina 

France 
Bulgaria 

Canada 

Week The fifth week 

Pool Pool 17 Pool 18 Pool 19 Pool 20 

Host team United States Australia China Germany 

Host city Hoffman 

Estates 
Melbourne Ningbo Ludwigsburg 

Teams United States 
Canada 

South Korea 

Iran 

Australia 
Serbia 

Brazil 

Argentina 

China 
Japan 

Poland 

Bulgaria 

Germany 
Russia 

France 

Italy 

 

The results related to the schedule presented by the FIVB 

and the developed model have been also summarized in 

Tables 4 and 5, respectively. 

The total travel distances for the teams calculated using 

the schedules provided by the FIVB and the mathematical 

model have been shown in Fig. 1. Regarding the figure, 

the total travel distances obtained from the schedule 

presented by the mathematical model for Poland, Brazil, 

Argentina, Canada, Japan, South Korea, United States, 

and Iran decrease in comparison with those obtained from 

the schedule provided by the FIVB, while this 

consequence is reversed for the other teams. Moreover, 

the variance of the total travel distances for the teams 

calculated using the schedule provided by the 

mathematical model is lower than that presented by the 

FIVB, obviously. 

 

 

 

 

 

 

 

 

 

Table 4 

Results related to schedule presented by FIVB 
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Fig. 1. Total travel distances 
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Table 5 

Results obtained from proposed mathematical model 
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The difference between the total distance traveled by each 

team and the average of the total distances traveled by all 

teams has been also indicated in Fig. 2. Clearly, the 

objective value obtained from the schedule provided by 

the mathematical model is considerably better than that 

calculated by the schedule presented by the FIVB. 

 

 
Fig. 2. Difference between total travel distances of the teams and 

average of total travel distances of all teams 

 

The average of the total travel distances for all teams 

calculated from the schedules presented by the FIVB and 

the mathematical model has been exhibited in Fig. 3. 

Moreover, the sum of the differences between the total 

travel distance for every team and the average of the total 

travel distances for all teams obtained from the schedules 

provided by the FIVB and the mathematical model has 

been indicated in Fig. 4.   

 

 
Fig. 3. Average of total travel distances 

 

 
Fig. 4. Sum of differences between total distance for every team 

and average of total distances for all teams 

 

Regarding Fig. 3 and Fig. 4, the average of the total travel 

distances for all teams in the schedule presented by the 

mathematical model is greater than by the FIVB. While, 

the sum of the travel distance deviations from the average 

of the total travel distances of all teams obtained from the 

schedule provided by the mathematical model is 
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significantly lower than that calculated from the schedule 

presented by the FIVB.  

In the current study, the aim is to provide a schedule by 

minimizing the sum of the differences between the total 

travel distance for every team and the average of the total 

travel distances for all teams. As a result, the schedule 

provided by the mathematical model is obviously 

obtained from this objective’s point of view. Note that the 

schedule presented by the FIVB leads to a percentage gap 

of (               )                      

compared to the optimal schedule provided by the 

proposed mathematical model.  

5. Summary and Conclusion 

In this study, a single round-robin tournament problem 

was discussed. As a case study, Volleyball Nations 

League was considered as a new annual 

international volleyball tournament. In this tournament, 

sixteen teams are qualified to compete together. The 

matches are held during five weeks. At each week, the 

teams are divided into four pools of four teams and all 

teams belonged to each pool compete together on three 

consecutive days in a single round-robin format.  

In this setting, the attempts were made to provide the 

schedule of the matches at the preliminary round of the 

tournament by minimizing the sum of the differences 

between the total travel distance for every team and the 

average of the total travel distances for all teams. For this 

reason, a mathematical programming model was proposed 

to assign the teams to the pools at each week in addition 

to specify the host team of the pools.  

Then, the performance of the developed model was 

evaluated. For this reason, the model was used to find the 

optimal schedule at the preliminary round of the 

Volleyball Men’s Nations League in year 2018.  

Regarding the obtained results, the sum of the travel 

distance deviations from the average of the total travel 

distances of all teams obtained from the schedule 

provided by the mathematical model is significantly lower 

than from the schedule presented by the International 

Volleyball Federation. Furthermore, the schedule obtained 

from the International Volleyball Federation leads to a 

percentage gap of 449.92 % compared to the optimal 

schedule provided by the mathematical model.  
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