
ORIGINAL PAPER

Optimization Letters
https://doi.org/10.1007/s11590-026-02320-x

Rogelio Gutierrez and Igor Cardoso have contributed equally to this work.

	
 Hamidreza Validi
hvalidi@ttu.edu

Rogelio Gutierrez
rogelgut@ttu.edu

Igor Cardoso
Igor.Cardoso@ttu.edu

1	 Department of Industrial, Manufacturing & Systems Engineering, Texas Tech University, 
Lubbock, USA

Received: 22 December 2025 / Accepted: 31 May 2026
© The Author(s) 2026

Sport scheduling to minimize travels at the FIFA World Cup 
2026

Rogelio Gutierrez1 · Igor Cardoso1 · Hamidreza Validi1

Abstract
Motivated by a recent FIFPRO (the International Federation of Professional Foot-
ballers’ Associations) report on the adverse effects of international travel load and 
time-zone crossings on player performance and physical well-being, this paper de-
velops an optimization framework to reduce the total distance traveled by national 
teams in the FIFA World Cup 2026. We propose a mixed integer programming 
model that minimizes the total internal distance traveled by the 48 teams in the 
group stage, subject to the structural constraints implied by FIFA’s official schedule. 
Computational results yield a feasible schedule that reduces total internal travel 
distance by 50% and decreases the total number of time-zone crossings by 83%. To 
encourage the use of operations research tools and techniques in scheduling sports 
events and to promote transparency, our code and results are publicly available on 
GitHub. An interactive interface is also provided for soccer fans to explore and 
compare travel distances and time-zone crossings across teams at ​h​t​t​p​s​​:​/​/​i​g​o​​r​l​u​c​i​​n​d​
o​.​​g​i​t​h​u​b​.​i​o​/​f​i​f​a​-​w​o​r​l​d​-​c​u​p​-​2​0​2​6​-​s​c​h​e​d​u​l​e​r​-​A​P​P​/​​​​​.​​
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1  Introduction

The FIFA World Cup is a global mega-event whose logistical design directly affects 
players’ performance and physical well-being, broadcast value, and costs. The 2026 
edition, co-hosted by the United States, Mexico, and Canada, is unprecedented in 
geographic scale and operational complexity: 48 teams, a short group-stage horizon 
(11 June–19 July), a regionally distributed stadium footprint spanning multiple time 
zones, and stringent venue-availability constraints. This combination of compressed 
timelines as well as the long-distance and multi–time zone travels can exacerbate 
fatigue and recovery challenges, potentially undermining the performance and physi-
cal well-being of professional soccer players.

In line with these concerns, the recent FIFPRO Men’s Player Workload Monitor-
ing (PWM) annual report highlights the recovery burden associated with interna-
tional travel windows. In particular, it emphasizes that repeated cross-continental 
travel and multi-time zone crossings can amplify fatigue. These effects are especially 
pronounced when players are required to compete shortly after long-haul flights [1]. 
As an illustrative example, the report documents Moisés Caicedo’s October 2024 
window: across a 14-day span, he played four matches while accumulating a total 
flight distance of 15,408 miles and crossing 10 time zones [1]. Notably, after play-
ing 90 minutes in the English Premier League on 6 October, he reportedly traveled 
5,732 miles between club and national-team fixtures (crossing five time zones). Then 
he undertook an additional 2,796 miles trip from Ecuador to Uruguay for the subse-
quent qualifier [1]. Taken together, these observations corroborate that long-distance 
travel concentrated into short recovery windows is not merely a theoretical concern, 
but a recurring workload stressor with adverse implications for player health.

Motivated by growing concerns about the workload burden created by long-
haul international travel for elite soccer players, as highlighted by FIFPRO’s Player 
Workload Monitoring program [1], we study whether the group-stage assignment of 
matches in the 2026 FIFA World Cup can be redesigned to reduce aggregate team 
travel. In particular, we develop a mixed integer programming (MIP) model that min-
imizes total flight distance incurred by national teams during the group stage while 
enforcing the key structural requirements of the published FIFA match calendar (e.g., 
fixed dates, venues, and related operational constraints) [2]. Beyond distance, our 
travel-minimizing assignment has a direct implication for player recovery because 
long-haul trips often entail transmeridian travel that disrupts circadian rhythms (jet 
lag) and can impair sleep and performance, especially under short turnaround times 
[3–6]. Accordingly, by reducing the need for long cross-country legs, our approach 
also tends to reduce the cumulative number (and magnitude) of time-zone crossings 
teams experience across successive group-stage fixtures. As we show computation-
ally, the resulting schedules yield substantial reductions not only in aggregate travel 
miles but also in cumulative time-zone crossings—a workload-related benefit that 
is not explicitly optimized in the objective but is induced by the structure of the 
distance-minimization formulation.

Since the original distance-minimization objective is cubic, we decompose it into 
the sum of two quadratic terms, yielding a more tractable mixed integer program 
(MIP). We also introduce symmetry-breaking constraints; empirically, these tighten 
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the formulation and improve computational performance, leading to smaller final 
optimality gaps within a 4-hour time limit. Overall, we obtain a feasible schedule 
that reduces total travel by about 50% relative to the baseline, with savings in every 
group; moreover, it reduces the total number of time-zone crossings by about 83% 
relative to the official schedule of FIFA. To promote transparency, reproducibility, 
and broader adoption of operations research (OR) tools for mega-event sports sched-
uling, we release (i) an interactive web application that introduces non-OR audiences 
and soccer fans to the challenges of sports scheduling ​(​​​h​t​t​p​​s​:​/​/​i​​g​o​r​l​u​c​​i​n​d​o​​.​g​i​t​h​u​b​.​i​o​/​f​
i​f​a​-​w​o​r​l​d​-​c​u​p​-​2​0​2​6​-​s​c​h​e​d​u​l​e​r​-​A​P​P​/​​​​​)​, and (ii) our full implementation and computa-
tional results in a public GitHub repository ​(​​​h​t​t​p​​s​:​/​/​g​​i​t​h​u​b​.​​c​o​m​/​​h​a​m​i​d​r​e​z​a​v​a​l​i​d​i​/​F​I​F​
A​_​W​o​r​l​d​_​C​u​p​_​2​0​2​6​​​​​)​.​​

The remainder of the paper is organized as follows. Section 2 reviews the related 
literature, with an emphasis on sports and soccer scheduling. Section  3 describes 
the FIFA World Cup 2026 group-stage scheduling context and summarizes the rel-
evant operational constraints for the travel-minimization problem studied in this 
paper. Section 4 presents our MIP formulation for the scheduling problem. Section 5 
describes computational enhancements and reports the results. Section 6 concludes 
and discusses directions for future work.

Disclaimer Our MIP formulation is intended as a schedule-comparable redesign 
tool and therefore captures only the standard structural restrictions that can be directly 
inferred from the currently published FIFA match schedule (dates, rounds, and ven-
ues) available at ​h​t​t​p​s​​:​/​/​w​w​w​​.​f​i​f​a​​.​c​o​m​​/​e​n​/​t​​o​u​r​n​a​m​​e​n​t​s​/​​m​e​n​s​​/​w​o​r​l​d​c​u​p​/​c​a​n​a​d​a​m​e​x​i​
c​o​u​s​a​2​0​2​6​/​a​r​t​i​c​l​e​s​/​m​a​t​c​h​-​s​c​h​e​d​u​l​e​-​f​i​x​t​u​r​e​s​-​r​e​s​u​l​t​s​-​t​e​a​m​s​-​s​t​a​d​i​u​m​s​​​​​. We emphasize 
that additional practical “field” constraints—such as detailed stadium availability 
windows, local security/transportation considerations, contractual broadcast require-
ments, and other operational policies—are not publicly accessible to the authors and 
hence are not modeled explicitly. Nonetheless, such requirements can be incorporated 
in a straightforward way by adding the corresponding linear constraints (or by fixing/
forbidding specific match–venue–day assignments) within our formulation, without 
altering its core structure. We also do not model team-based camps, since base-camp 
selection is made by the participating teams (after the final draw in December 2025) 
rather than by the tournament organizers. This omission does not materially affect 
the organizer-facing insights: minimizing inter-round venue distances (Rounds 1→
2 and 2→3) reduces the unavoidable travel component under any reasonable base-
camp strategy adopted by teams. Moreover, by keeping a team’s match locations 
geographically compact, our assignments allow teams to choose nearby base camps 
that can further limit travel.

2  Background and literature review

Sports timetabling has long served as a flagship application area for OR, connecting 
graph theory, integer programming (IP), constraint programming (CP), decompo-
sition methods, as well as heuristics and metaheuristic approaches. A foundational 
reference is de Werra [7], which frames round-robin scheduling using graph-based 
encodings and points to structural notions—such as home/away patterns and the 
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counting of “breaks” (consecutive home or consecutive away games)—that remain 
central in modern models.

Two widely used entry points to the broader OR literature are the annotated bibli-
ography of Kendall et al. [8] and the survey of round-robin scheduling by Rasmussen 
and Trick [9]. Kendall et al. [8] curate and classify a large body of work spanning 
many sports and formats, with emphasis on common objectives (i.e., travel, breaks, 
fairness, broadcast value) and on the solution paradigms that typically succeed in 
practice (IP/CP, metaheuristics, and hybrids). Rasmussen and Trick [9] focus more 
narrowly on round-robin structures and show how standard policies (i.e., mirrored 
rounds, no-repeat rules, limits on consecutive home/away games) shape the feasible 
space and drive model design.

When venues are geographically dispersed, travel minimization becomes a defin-
ing objective, and the Traveling Tournament Problem (TTP) has emerged as the 
canonical benchmark abstraction. Easton, Nemhauser, and Trick [10] introduced the 
TTP to crystallize the interaction between round-robin feasibility and travel cost, 
and the benchmark has since motivated both exact and heuristic methods. At the 
applied end of the spectrum, deployed decision-support systems in soccer illustrate 
how travel objectives are operationalized alongside fairness and television require-
ments, e.g., in the Belgian league [11].

Our setting follows this tradition but differs structurally from season-long league 
scheduling. The World Cup group stage is short-horizon (three matches per team), 
imposes concurrency in the final group round, and must respect a fixed calendar 
of venue/day/time windows. These features shift the emphasis from constructing an 
entire timetable to solving a tightly constrained assignment problem over a pre-spec-
ified match calendar.

2.1  Sports timetabling in OR: foundational structures and surveys

de Werra [7] is representative of early work that links sports schedules to discrete 
mathematics. Beyond the introduction of graph encodings, the paper articulates how 
the problem can be separated into (i) combinatorial feasibility of pairings and (ii) 
sequencing of those pairings over rounds, and it discusses how “pattern” constraints 
(home/away sequences and breaks) can be expressed in a disciplined way. This view-
point is echoed in many later formulations that use pattern-based variables, side con-
straints on patterns, and decomposition between pairing/timetabling components.

Kendall et al. [8] provide an annotated bibliography intended to help practitioners 
and researchers quickly situate a new model. In addition to cataloging papers, they 
summarize, for each stream, the dominant constraints and objective functions, and 
they explain which algorithmic ideas tend to be effective (e.g., pure IP for smaller and 
highly constrained leagues; CP for complex logical constraints; metaheuristics for 
large instances with soft constraints; and hybrids for “best of both worlds”).

Rasmussen and Trick [9] survey round-robin scheduling with a modeling-centric 
lens. They formalize standard structural restrictions (mirroring, no-repeats, bounds 
on consecutive home/away games) and discuss feasibility implications via home-
away patterns (HAPs). They also review common objective components (travel, 
breaks, fairness) and show how these objectives can be coupled to the structural con-
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straints in both exact and heuristic frameworks. The survey is particularly relevant 
for our setting because many World Cup policies resemble round-robin primitives 
when viewed at the group level (even though the overall tournament format is not 
a full league season). Ribeiro  [12] complements the above surveys by emphasiz-
ing how practical constraints enter deployed systems. It discusses, among others, 
stadium availability windows, conflicting events in the same metro area, limits on 
simultaneous home games, and commercial/broadcast requirements.

2.2  Travel minimization and the traveling tournament problem (TTP)

Easton, Nemhauser, and Trick [10] introduced the TTP as a benchmark for travel-
aware league scheduling. In its standard form, the problem considers a double round-
robin tournament and minimizes total travel while enforcing canonical feasibility 
restrictions such as the no-repeat rule and bounds on consecutive home/away games. 
The benchmark is influential because it isolates a practically meaningful objective 
(travel) while retaining enough structure to stress-test algorithmic ideas across exact 
and heuristic paradigms.

The TTP benchmark catalyzed work on hybrid algorithm design. Easton et al. [13] 
propose a combined integer programming and constraint programming approach that 
uses CP to enforce intricate scheduling structure while leveraging IP to guide global 
decisions, illustrating a decomposition-like division of labor between modeling tech-
nologies. This line of work motivated later “matheuristic” strategies that treat feasi-
bility enforcement, neighborhood definition, and objective improvement as distinct 
modules.

On the exact optimization side, Irnich [14] develops a branch-and-price algorithm 
for the TTP. The key contribution is to exploit route/schedule structure in a column 
generation framework, yielding stronger relaxations and enabling larger benchmark 
instances to be solved. Complementary complexity results clarify why such special-
ized algorithms are needed: Thielen and Westphal [15] establish hardness results for 
TTP variants, while Bhattacharyya [16] provides an earlier note emphasizing intrac-
tability considerations for the problem family.

High-quality heuristics are also central because real leagues often have far more 
side constraints than benchmark instances. Anagnostopoulos et  al.  [17] propose a 
simulated annealing approach with neighborhood moves designed to preserve core 
tournament feasibility while improving travel, showing that problem-tailored neigh-
borhoods can close much of the gap to optimal schedules at much lower computa-
tional cost. Goerigk and Westphal [18] argue for a modern matheuristic perspective 
that couples large-neighborhood search with integer programming components, aim-
ing to combine the scalability of local search with IP-based improvements and fea-
sibility repair.

Travel objectives are typically balanced against fairness requirements that pro-
tect competitive integrity and stakeholder needs. A canonical fairness instrument is 
control of breaks—consecutive home games or consecutive away games—because 
uneven breaks can advantage some teams and burden others. Rasmussen and 
Trick [9] review break-related constraints and discuss how feasibility over HAP sets 
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can become a subproblem inside larger models (e.g., via pattern generation or as a 
source of cutting planes and repair moves).

International tournaments bring an additional fairness dimension: concurrency in 
decisive rounds. It is standard practice that, within a group, the last two matches are 
played simultaneously to reduce incentives for strategic play and collusion. From 
a modeling viewpoint, concurrency introduces coupling constraints across matches 
that share a group and a round. A broader OR view of such tournament-design con-
siderations (fairness, incentives, and stakeholder objectives) is surveyed by Devries-
ere et al. [19].

2.3  Time-zone crossings

Long-haul international travel across multiple time zones is widely recognized as 
a distinct workload stressor for elite athletes because it can induce circadian mis-
alignment (“jet lag”), degrade sleep quantity and quality, and prolong recovery. The 
magnitude of this burden is largely driven by the number of time zones crossed, the 
direction of travel (eastward travel is typically more challenging than westward), 
and the time available for circadian re-entrainment before competition [3–5]. Recent 
sport-science syntheses further emphasize that transmeridian travel should be treated 
as an additional load alongside match congestion, particularly when short turn-
arounds constrain post-flight recovery [20, 21].

Evidence from professional leagues supports that time-zone travel can measur-
ably affect competitive performance. For instance, observational analyses in Major 
League Baseball report performance degradation patterns consistent with jet-lag 
mechanisms, with effects often more pronounced after eastward travel [6]. Comple-
mentary studies in North American leagues connect game outcomes to “circadian 
disadvantage”—a mismatch between a team’s internal clock and local game time—
showing associations that vary by travel direction, the number of time zones crossed, 
and game timing [22, 23]. Recently, league-scale evidence in the National Basketball 
Association links eastward jet lag to impaired performance and game outcomes [24].

In soccer, FIFPRO’s Player Workload Monitoring (PWM) program highlights 
repeated long-haul travel and multi-time-zone crossings as recurring features of the 
modern international calendar, and flags their potential to compound fatigue when 
players compete shortly after transmeridian flights [1]. These concerns are particu-
larly salient for the 2026 FIFA World Cup, whose host geography spans multiple 
time zones and therefore creates an inherent trade-off between operational feasibility 
and travel/circadian burden [2]. In our setting, although the primary objective mini-
mizes total flight distance, we also quantify time-zone crossings under each schedule; 
importantly, reduced travel typically translates into fewer (and smaller) transmerid-
ian jumps, yielding a meaningful reduction in aggregate time-zone crossings relative 
to the baseline schedule reported in Sect. 5.

2.4  Applied soccer scheduling and related assignment problems

Deployed OR systems in professional soccer illustrate the translation from styl-
ized models to policy-rich and stakeholder-driven constraints. Goossens and 
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Spieksma  [11] describe the scheduling of the Belgian professional soccer league, 
showing how a mathematical programming model can integrate travel, fairness, and 
television/broadcast constraints and how such constraints are elicited and enforced 
in practice. Goossens and Spieksma [25] survey professional soccer scheduling in 
Europe and explain common league-specific rules and constraint types, providing 
useful context for how “broadcast-friendly” and “fairness” policies are operational-
ized. Bartsch, Drexl, and Kröger [26] study the professional soccer leagues of Austria 
and Germany under a rich set of constraints. Their work demonstrates how prob-
lem-specific modeling, together with algorithmic hybridization, is often necessary to 
achieve feasible and high-quality schedules in league settings.

Related assignment problems outside soccer further illustrate how travel interacts 
with frequency/exposure constraints and how hybrid methods scale. Trick, Yildiz, 
and Yunes [27] study Major League Baseball umpire scheduling through the traveling 
umpire problem, combining network optimization ideas with neighborhood search 
to respect assignment-frequency rules while controlling travel. Bonomo et al.  [28] 
provide another example in the context of the Argentine volleyball league, where 
travel-aware tournament scheduling constraints produce instances closely related to 
TTP-like structures.

3  Problem description

The FIFA World Cup 2026 is co-hosted by Canada, Mexico, and the United States 
across 16 host cities and stadiums, and it is the first World Cup played with 48 
national teams. The tournament format consists of 12 groups of four teams each, 
followed by an expanded knockout phase. In this paper, we focus exclusively on the 
group stage, which comprises 72 matches and is organized into three matchdays/
rounds. In particular, we consider the standard decomposition of the group stage into 
24 matches in Round 1, 24 matches in Round 2, and 24 matches in Round 3, i.e., 72 
total group-stage matches.

The 2026 group stage is played over a short and fixed planning horizon span-
ning June 11–27, 2026, which we partition into three round-specific date windows: 
Round 1 is held on June 11–17, Round 2 on June 18–23, and Round 3 on June 24–27. 
This fixed calendar is a key feature of the World Cup setting: rather than creating 
pairings and dates from scratch, the scheduler must assign each pre-defined group-
stage match to an available (stadium, day) slot consistent with operational rules and 
fairness policies.

The core decision in our model is a structured assignment: (i) for each team and 
each of the three rounds, select the stadium where that team will play, and (ii) for 
each of the 72 group-stage matches, choose exactly one (stadium, day) pair within 
the round’s allowable date window. Travel costs are induced by these assignments, 
because each team may have to move from its Round 1 stadium to its Round 2 sta-
dium, and then to its Round 3 stadium. The overall goal is to redesign the group-stage 
assignments to reduce total travel while remaining compatible with the published 
operational “shape” of the FIFA calendar.
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Our objective is to minimize the total distance traveled by all teams between con-
secutive rounds—from Round 1 to Round 2 and from Round 2 to Round 3—where 
distances are computed between the assigned stadium locations (e.g., via great-circle 
distances as in our implementation). This objective directly targets the concentrated 
travel burden created by a geographically wide tournament footprint and a com-
pressed group-stage timeline.

The assignment must satisfy several groups of operational constraints that reflect 
the FIFA group-stage calendar structure available at ​h​t​t​p​s​​:​/​/​w​w​w​​.​f​i​f​a​​.​c​o​m​​/​e​n​/​t​​o​u​r​n​a​
m​​e​n​t​s​/​​m​e​n​s​​/​w​o​r​l​d​c​u​p​/​c​a​n​a​d​a​m​e​x​i​c​o​u​s​a​2​0​2​6​/​a​r​t​i​c​l​e​s​/​m​a​t​c​h​-​s​c​h​e​d​u​l​e​-​f​i​x​t​u​r​e​s​-​r​e​s​u​l​
t​s​-​t​e​a​m​s​-​s​t​a​d​i​u​m​s​​​​ and stadium feasibility: 

1.	 Each match is scheduled exactly once (unique slot). Every group-stage match 
must be assigned to exactly one stadium on exactly one day within its round’s 
permissible date window.

2.	 Daily match-count requirements by round. The model enforces that the cal-
endar “load” matches the expected World Cup rhythm: on each day of Rounds 1 
and  2 (with explicit exceptions on the first two opening dates), exactly four 
matches are played; and on each day of Round 3, exactly six matches are played. 
This captures both the density of the group stage and the higher concurrency typi-
cal of the final group matchday.

3.	 Stadium utilization bounds over the group stage. Each stadium is required to 
host a reasonable number of matches over the full group stage, bounded between 
a minimum and a maximum load (to avoid under-utilized venues and to prevent 
over-concentration at a few sites).

4.	 Within-round pairing (“partner match”) synchronization. In a given group 
and round, the two matches of that group are treated as a paired unit (a “partner” 
relationship): if one of the paired matches is played on a given day, then its partner 
match must also be played on that same day (with explicitly listed early-calendar 
opening dates exceptions). This encodes the World Cup practice of organizing 
group play in coordinated daily blocks, and it creates the concurrency structure 
needed for competitive integrity and broadcast design.

5.	 Stadium recovery constraints. To reflect operational feasibility at venues, a sta-
dium cannot host matches on consecutive days. Moreover, in the early and middle 
portion of the group stage (Rounds 1 and 2), we strengthen this notion by prevent-
ing a stadium from hosting within any three-day window, modeling additional 
turnaround needs such as pitch recovery, staffing, and security/logistics resets.

6.	 Minimum rest between a team’s consecutive group matches. The group stage 
is short, so rest windows matter. The model links each match to the next match in 
the same group “thread” and enforces that the next match must occur sufficiently 
later in the calendar (at least a specified minimum number of days after the earlier 
match). In our computational implementation, we refine this to a bounded window 
(minimum and maximum gap) to reflect both recovery needs and the official FIFA 
schedule.

7.	 Match-to-team consistency. A match can only be placed in a stadium if both par-
ticipating teams are assigned to that same stadium in that round. In other words, 

https://www.fifa.com/en/tournaments/mens/worldcup/canadamexicousa2026/articles/match-schedule-fixtures-results-teams-stadiums
https://www.fifa.com/en/tournaments/mens/worldcup/canadamexicousa2026/articles/match-schedule-fixtures-results-teams-stadiums
https://www.fifa.com/en/tournaments/mens/worldcup/canadamexicousa2026/articles/match-schedule-fixtures-results-teams-stadiums


1 3

Sport scheduling to minimize travels at the FIFA World Cup 2026

match placement decisions are linked to round-by-round team venue assignments 
to ensure consistency between the match schedule and the teams’ venue locations.

8.	 Exactly one stadium per team per round. In each round, every team is assigned 
to exactly one stadium, ensuring a unique venue assignment for that team within 
the round (and preventing a team from being “split” across multiple stadiums in 
the same round).

Having established the structural rules that define a schedule comparable to FIFA’s 
published group-stage blueprint, we now formalize the corresponding optimization 
problem. Section 4 presents a MIP formulation that simultaneously (i) enforces the 
calendar- and venue-driven constraints summarized above (unique match assignment, 
round-dependent daily match counts, partner-match synchronization, stadium work-
load and turnaround requirements, minimum rest windows, and consistency between 
match placements and team venue assignments) and (ii) optimizes a travel-minimi-
zation objective. Concretely, the model chooses round-by-round venue assignments 
for teams and assigns each match to an admissible (stadium, day) slot, so that the 
induced inter-round travels (Round 1→Round 2 and Round 2→Round 3) are mini-
mized while preserving feasibility by construction.

4  A MIP formulation

Let S denote the set of stadiums and G the set of groups in the FIFA World Cup 2026. 
The set of teams is T :=

∪
G∈G G, and the group stage unfolds over the round index 

set R := {1, 2, 3}. Travel is measured by a nonnegative metric ℓss′ ≥ 0 for any pair 

of stadiums {s, s′} ∈
(

S
2

)
 (i.e., the great–circle distance [29]). The US, Canada, 

and Mexico are host nations. We collect them in H ⊆ T  and, for each host team 
h ∈ H , specify the admissible venue subset Sh ⊆ S in which h may appear. Because 
the stadium of host teams at every round of the group stage is fixed, we define shr as 
the stadium of host team h ∈ H  in round r ∈ R.

Let M be the set of all 72 matches of the group stage, with M1 = {m1, · · · , m24}
, M2 = {m25, · · · , m48}, and M3 = {m49, · · · , m72} being the sets of matches in 
rounds 1, 2, and 3, respectively (M = M1 ∪ M2 ∪ M3). Also, we define D as the set 
of days in which the group stage games are held. We denote the days of the first round, 
second round, and the third round as D1 = {d1 = 11 June, · · · , d7 = 17 June}
, D2 = {d8 = 18 June, · · · , d13 = 23 June}, and 
D3 = {d14 = 24 June, · · · , d17 = 27 June}, respectively (D = D1 ∪ D2 ∪ D3). 
For every round r ∈ R, binary decision variable ym

s,d is one if match m ∈ Mr is held 
in stadium s ∈ S, on day d ∈ Dr.

To facilitate navigation between the narrative description and the mathematical 
formulation, we align the numbering of the constraints in this section with the num-
bering of the corresponding operational requirements introduced in Sect. 3.

Each match is played at exactly one stadium on exactly one eligible day in its 
round. So, for every round r ∈ R and every match m ∈ Mr, we have
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∑
s∈S

∑
d∈Dr

ym
s,d = 1.� (1)

Our proposed schedule respects FIFA’s daily match pattern in the official schedule. In 
other words, we have four matches per day in Rounds 1 and 2 (with stated early-date 
exceptions) and six matches per day in Round 3. So, for every round r ∈ {1, 2} and 
every day d ∈ Dr, except 11 June and 12 June, we have 

	

∑
s∈S

∑
m∈Mr

ym
s,d = 4;� (2a)

and for every day d ∈ D3, we have

	

∑
s∈S

∑
m∈M3

ym
s,d = 6.� (2b)

Following the official FIFA schedule, we impose minimum and maximum hosting 
requirements per stadium during the group stage, ensuring equitable utilization while 
avoiding excessive clustering of matches at a few sites. For every stadium s ∈ S, we 
impose the following inequality.

	
3 ≤

∑
m∈M

∑
d∈D

ym
s,d ≤ 5.� (3)

For each group in each round, the two matches are treated as a paired set according 
to the official FIFA schedule. In other words, if one is played on a day, the other is 
played that day as well (with stated early-date exceptions). This preserves FIFA’s 
block scheduling and the concurrency required for sporting integrity and media cov-
erage. For every match m ∈ M \ {m3, m4, m6, m8}, we define the partner match 
function p(·) that maps a match of a group to another match in the same round. For 
example, the partner of match A1 vs. A2 in Round 1 is A3 vs. A4. Then, for every day 
d ∈ D \ {d1, d2, d3} and every match m ∈ M \ {m3, m4, m6, m8}, we have

	

∑
s∈S

ym
s,d =

∑
s∈S

y
p(m)
s,d .� (4)

For operational reasons and in accordance with the official FIFA schedule, a stadium 
may not stage matches on consecutive days. In Rounds 1 and 2, it may host at most 
once in any three days to allow sufficient turnaround (pitch, staff, and logistics). So, 
for every stadium s ∈ S and every day index i ∈ [13] := {1, 2, · · · , 13}, we have 

	

∑
m∈M

ym
s,di

+
∑

m∈M

ym
s,di+1

+
∑

m∈M

ym
s,di+2

≤ 1.� (5a)

In Round 3, no two matches are allowed to be held in a stadium on two consecutive 
days. So, for every stadium s ∈ S and every day index i ∈ {14, 15, 16}, we have
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∑
m∈M

ym
s,di

+
∑

m∈M

ym
s,di+1

≤ 1.� (5b)

 Because the group stage is tightly scheduled, adequate recovery time is essential. 
Following the FIFA official schedule, our model maps each team’s match to its next 
group-stage match and imposes lower and upper bounds on the number of days 
between consecutive matches. We also define next(·) as a function that maps a match 
of a group in a round to the next match in the next round.1 For Round 1 and every day 
di ∈ D1 with index i ∈ [7], and match m ∈ M1, we have 

	

∑
s∈S

ym
s,di

≤
∑
s∈S

∑
d′∈D2:di+5≤d′≤di+7

y
next(m)
s,d′ ;� (6a)

and for Round 2 and every day di ∈ D2 with index i ∈ {8, . . . , 13}, and match 
m ∈ M2, we have

	

∑
s∈S

ym
s,di

≤
∑
s∈S

∑
d′∈D3:di+4≤d′≤di+6

y
next(m)
s,d′ .� (6b)

 Furthermore, a match may be scheduled at a stadium only if both of its teams are des-
ignated to play at that venue in the corresponding round. In other words, the match-
by-day venue choice is tied to the teams’ round-specific venue assignments, so the 
schedule and team locations remain consistent. To capture this set of constraints, we 
define new binary decision variables x. For each team t ∈ T , stadium s ∈ S, and 
round r ∈ R, we define binary decision variable xr

ts that equals 1 if team t plays its 
round-r match at stadium s, and 0 otherwise. So, for every round r ∈ R, every match 
m = {t, t′} ∈ Mr between teams t and t′ in the same group, and every stadium s ∈ S
, we have

	

∑
d∈Dr

ym
s,d ≤ xr

ts

∑
d∈Dr

ym
s,d ≤ xr

t′s.
� (7)

For every round r ∈ R and every team t ∈ T , the following constraint ensures that 
team t in round r plays in exactly one stadium.

	

∑
s∈S

xr
ts = 1.� (8)

1 The mapping next(·) links each group-stage match in Round 1 (resp. Round 2) to the corresponding 
match in Round 2 (resp. Round 3) within the same group “thread”: one thread follows the match involving 
the group’s first team (e.g., A1), and the other follows the remaining match.
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Finally, we have the following cubic objective function that minimizes the internal 
distances traveled by all teams of the tournament.

	

∑
t∈T

∑
s1∈S

∑
s2∈S

∑
s3∈S

(ℓs1,s2 + ℓs2,s3)x1
ts1

x2
ts2

x3
ts3

.� (9)

Here, ℓ denotes the travel distances between stadiums. We compute travel distances 
using city-level coordinates for each host venue and the great-circle (spherical) dis-
tance between successive match locations. Specifically, each stadium s ∈ S is rep-
resented by latitude and longitude coordinates (φs, λs), and for any two venues 

{s, s′} ∈
(

S
2

)
, the distance in miles is computed via the haversine formula

	
ℓs,s′ = 2R arcsin

(√
sin2

(
φs′ −φs

2

)
+ cos(φs) cos(φs′) sin2

(
λs′ −λs

2

))
,

where R = 3, 958.8 is the Earth radius in miles and angles are measured in radians 
[30, 31]. For each team t, group-stage travel equals the sum of the two inter-round 
legs (Round 1→Round 2 and Round 2→Round 3) induced by the assigned venues.

Since objective function (9) is cubic (i.e., trilinear in the binary venue-assignment 
variables), it lies outside the standard MIP class that general-purpose solvers handle 
natively. In practice, state-of-the-art optimizers are designed for linear and (convex or 
nonconvex) quadratic objectives and constraints, whereas higher-order polynomial 
terms typically require an explicit reformulation (e.g., auxiliary variables and extra 
constraints) to be accepted and solved reliably. Proposition 1 exploits the “exactly-
one-stadium-per-round” identities in constraints (8) to eliminate the third-order prod-
ucts without introducing new variables, yielding an equivalent quadratic objective 
that preserves the intended two-leg travel structure (Round 1→2 and Round 2→3) 
and is therefore much more amenable to modern MIP solvers.

Proposition 1  Let x̂  be a binary point that satisfies constraints (8). For every team 
t ∈ T \ H , we have

	

∑
s1∈S

∑
s2∈S

∑
s3∈S

(ℓs1,s2 + ℓs2,s3)x̂1
ts1

x̂2
ts2

x̂3
ts3

=
∑
s1∈S

∑
s2∈S

ℓs1,s2 x̂1
ts1

x̂2
ts2

+
∑
s2∈S

∑
s3∈S

ℓs2,s3 x̂2
ts2

x̂3
ts3

.

Proof  We start from the left side of the equation to reach the right side.
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∑
s1∈S

∑
s2∈S

∑
s3∈S

(ℓs1,s2 + ℓs2,s3)x̂1
ts1

x̂2
ts2

x̂3
ts3

=
∑
s1∈S

∑
s2∈S

∑
s3∈S

(ℓs1,s2 x̂1
ts1

x̂2
ts2

x̂3
ts3

+ ℓs2,s3 x̂1
ts1

x̂2
ts2

x̂3
ts3

)

=
∑
s1∈S

∑
s2∈S

ℓs1,s2 x̂1
ts1

x̂2
ts2

(
∑

s3∈S

x̂3
ts3

)

+ (
∑
s1∈S

x̂1
ts1

)
∑
s2∈S

∑
s3∈S

ℓs2,s3 x̂2
ts2

x̂3
ts3

=
∑
s1∈S

∑
s2∈S

ℓs1,s2 x̂1
ts1

x̂2
ts2

+
∑
s2∈S

∑
s3∈S

ℓs2,s3 x̂2
ts2

x̂3
ts3

.

The last equality holds because 
∑

s1∈S x̂1
ts1

= 1 and 
∑

s3∈S x̂3
ts3

= 1 by con-
straints (8). � □

5  Computational improvements and results

This section provides the computational pipeline used to solve the full 2026 group-
stage instance and to quantify the benefits of the proposed travel-minimizing assign-
ment. All experiments were conducted on a 64-bit, x64-based machine equipped 
with an Intel(R) Core(TM) Ultra 9 285 processor (2.50 GHz) and 64.0 GB of RAM. 
We implemented our algorithms in Python and solved the proposed MIP using 
Gurobi 13.0.0. We set a 4-hour time limit for running the MIP formulation with 
Gurobi. For transparency and to encourage future sport scheduling efforts, the full 
implementation and computational outputs are publicly available at ​h​t​t​p​s​​:​/​/​g​i​t​​h​u​b​.​c​​o​
m​/​h​​a​m​i​d​r​e​z​a​v​a​l​i​d​i​/​F​I​F​A​_​W​o​r​l​d​_​C​u​p​_​2​0​2​6​​​​​. Furthermore, we provide an interactive 
graphical interface for soccer fans at ​h​t​t​p​s​​:​/​/​i​g​o​​r​l​u​c​i​​n​d​o​.​​g​i​t​h​u​b​.​i​o​/​f​i​f​a​-​w​o​r​l​d​-​c​u​p​-​2​0​
2​6​-​s​c​h​e​d​u​l​e​r​-​A​P​P​/​​​​ that allows users to design their own schedule and directly com-
pare it against both the official FIFA schedule and our MIP-based solution.

5.1  Computational improvements

Our MIP formulation suffers from symmetry: many distinct assignments of matches 
to (stadium, day) slots and of teams to round-by-round venues induce schedules that 
are equivalent from the solver’s perspective, differing only by permutations of labels 
(e.g., renaming groups) and by permutations of interchangeable daily “blocks” of 
Round 1 matches. Such symmetries are well known to severely degrade branch-and-
bound performance by creating large families of equivalent incumbent and fractional 
solutions, inflating the search tree, and slowing bound improvement in scheduling 
models [32–35]. Symmetry is particularly prominent in sports scheduling because 
repeated structures (e.g., rounds, blocks, and repeated constraint templates) naturally 
generate automorphisms of the formulation; exploiting and breaking these symme-
tries is often decisive for scalability [36].

https://github.com/hamidrezavalidi/FIFA_World_Cup_2026
https://github.com/hamidrezavalidi/FIFA_World_Cup_2026
https://igorlucindo.github.io/fifa-world-cup-2026-scheduler-APP/
https://igorlucindo.github.io/fifa-world-cup-2026-scheduler-APP/
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In our setting, the symmetry is most acute in Round 1 because it is the first stage of 
the group phase: there is no prior-round placement to anchor the calendar, and many 
groups are structurally interchangeable under the model’s generic round/day con-
straints. To mitigate this, we implement a calendar anchoring strategy for Round 1 
by fixing the day of play for specific Round 1 matches according to the official FIFA 
day-block order. Concretely, we enforce: (i) both Round 1 matches of Group A on 
June 11, (ii) one Round 1 match from each of Groups B and D on June 12, (iii) the 
remaining Round 1 matches of Groups B and D, together with both Round 1 matches 
of Group  C, on June  13, and (iv) for June  14–17, we fix the Round  1 pattern so 
that groups {E, F} play on June 14, groups {G, H} on June 15, groups {I, J} on 
June 16, and groups {K, L} on June 17 (with both matches of each group occurring 
on the same day). These fixings are implemented by adding equalities of the follow-
ing form for every match m ∈ M1 and every day d ∈ D1:

	

∑
s∈S

ym
s,d = 1.

This anchoring is a stronger symmetry-breaking mechanism than typical lexico-
graphic ordering constraints: rather than selecting a representative solution from each 
symmetry class, we fix the Round 1 day-block structure as part of the input calendar 
that our study aims to respect. Under our problem definition, the Round 1 block order 
is not a decision to optimize; it is inherited from the official FIFA match-day schedule 
blueprint we adopt. Therefore, enforcing this order does not remove any schedule 
that would be admissible under that blueprint, but it eliminates a large set of solver-
equivalent permutations that would otherwise be explored. In addition, anchoring 
Round 1 is especially impactful because all inter-round rest-window constraints are 
defined relative to the Round 1 dates; fixing Round 1 removes “calendar-shift” ambi-
guity early in the search and stabilizes the implied feasible windows for Round 2 and 
Round 3.

Computationally, these Round 1 day fixings accelerate the solving process. Under 
the same solver configuration and time limit, anchoring Round 1 reduces the final 
optimality gap from 41.6% to 30.0%, i.e., 27.88% relative improvement in the gap.

5.2  Distance results

Using the MIP formulation of Sect.  4 and computational enhancements described 
in Sect. 5.1, we obtained a feasible group-stage schedule with total team travel of 
30, 860.7 miles. For comparison, applying the same travel accounting method to the 
currently published 2026 FIFA World Cup match schedule yields 61, 324.3 miles 
for the group stage [2]. Thus, our solution reduces total group-stage team travel by 
30, 463.6 miles, i.e., a 49.68% decrease relative to the baseline.

Figure  1 reports the total group travel (summed over the four teams) for each 
group under the official FIFA schedule (orange) and under our MIP solution (blue). 
The reductions are broad-based: nearly all groups exhibit sizeable improvements, 
with particularly large drops for Groups A, C, E, G, H, J, K, and L. A few groups 
show smaller changes (e.g., Group B and Group I). Overall, the figure indicates that 



1 3

Sport scheduling to minimize travels at the FIFA World Cup 2026

the global improvement is not driven by a single outlier group, but rather by consis-
tently shorter inter-round moves across the tournament.

Figures 2 and 3 provide a team-by-team breakdown within each group. Several 
groups exhibit simultaneous reductions for most or all teams (e.g., Groups A, C, D, E, 
G, H, J, K, and L), suggesting that the optimized assignments can keep the group geo-
graphically coherent across rounds. In a small number of cases, one team’s travel can 
increase even when the group total decreases (e.g., Group F and Group I), which is a 
natural consequence of global feasibility trade-offs: the model may accept a localized 
increase for a single team to unlock larger reductions elsewhere while satisfying the 
tournament-wide constraints.

5.3  Time-zone crossing results

Crossing time zones during a short tournament window can impose meaningful 
physiological and performance costs on elite soccer players, largely due to circadian 
misalignment (“jet lag”), disrupted sleep timing, and reduced recovery quality after 
travel. These effects can be amplified when travel occurs repeatedly with limited rest 
days between matches, which is a common feature of World Cup group-stage play. 
Accordingly, beyond total travel distance, an operationally relevant secondary metric 
is the number of time-zone crossings a team experiences across consecutive rounds, 
as frequent time-zone changes can hinder recovery routines and consistent match 
preparation (see, e.g., the broader workload and recovery concerns emphasized in 
recent FIFPRO monitoring reports [1]).

We partition the set of venues into three time zones—Pacific, Central, and East-
ern—and define a time-zone crossing whenever a team plays in different time zones 

Fig. 1  Total group-stage travel by group under the official FIFA schedule (orange) and our MIP solution 
(blue). Totals are computed using great-circle distances and the inter-round legs (Round 1 → Round 2 
and Round 2 → Round 3)

 



1 3

R. Gutierrez et al.

in two consecutive rounds (i.e., between Round  1 → Round  2 and Round  2 → 
Round 3). Hence, each team contributes an integer in {0, 1, 2} crossings over the 
group stage, and the tournament-wide total is the sum over all 48 teams.

Across all teams, the official schedule induces a total of 24 time-zone crossings, 
while our travel-minimizing MIP schedule reduces this total to 4. This corresponds to 
an 83.33% reduction in time-zone crossings. This improvement is particularly nota-
ble because it targets a fatigue-related mechanism (repeated time-zone changes) that 
is not directly captured by distance alone.

Figures 4 and 5 visualize the induced time-zone transitions using 3 × 3 transition 
matrices, where entry (i,  j) counts the number of teams that move from time zone 
i in the earlier round to time zone j in the next round. Diagonal entries (shaded) 

(a) Group A (b) Group B

(c) Group C (d) Group D

(e) Group E (f) Group F

Fig. 2  Team-level group-stage travel (miles) under the official FIFA schedule (orange) and our MIP 
solution (blue), for Groups A–F

 



1 3

Sport scheduling to minimize travels at the FIFA World Cup 2026

correspond to no time-zone change, while off-diagonal entries represent time-zone 
crossings.

For Round 1 → Round 2 in Fig. 4, the official schedule yields 10 crossings (sum 
of off-diagonal entries), including several Central → Eastern moves as well as move-
ments into the Pacific time zone. In contrast, the MIP schedule reduces Round 1 → 
Round 2 crossings to only 2, with nearly all teams staying within their original time 
zone between the first two rounds.

A similar pattern holds for Round 2 → Round 3 in Fig. 5. The official schedule 
produces 14 crossings, driven primarily by Central ↔ Eastern transitions. Under the 
MIP schedule, Round 2 → Round 3 crossings drop to only 2, again concentrating 

(a) Group G (b) Group H

(c) Group I (d) Group J

(e) Group K (f) Group L

Fig. 3  Team-level group-stage travel (miles) under the official FIFA schedule (orange) and our MIP 
solution (blue), for Groups G–L
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the mass on the diagonal and keeping teams time-zone-consistent across consecutive 
rounds.

Overall, these results show that our MIP-based schedule not only reduces travel 
distance, but also substantially stabilizes teams’ time-zone exposure during the group 
stage. This provides an additional, practically meaningful mechanism for improv-
ing player recovery conditions and potentially mitigating travel-related performance 
degradation.

(a) Official schedule (R2 R3). (b) MIP schedule (R2 R3).

Fig. 5  Time-zone transition matrices from Round 2 to Round 3. Off-diagonal entries count time-zone 
crossings between rounds, while diagonal entries indicate that teams remain in the same time zone

 

(a) Official schedule (R1 R2). (b) MIP schedule (R1 R2).

Fig. 4  Time-zone transition matrices from Round 1 to Round 2. Off-diagonal entries count time-zone 
crossings between rounds, while diagonal entries indicate that teams remain in the same time zone
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6  Conclusion and future work

This paper developed a MIP optimization framework for redesigning the 2026 FIFA 
World Cup group-stage match-to-venue assignment to reduce team travel while 
respecting the FIFA official schedule structure and key operational constraints 
(including fixed match-day windows, venue workload restrictions, and within-group 
concurrency requirements in the final round). Computationally, we obtained a fea-
sible schedule with total group-stage travel of 30, 860.7 miles, compared to 61, 324.3 
miles under the currently published FIFA baseline, yielding a 49.68% reduction. 
Importantly, the same assignment also delivers a substantial reduction in cumulative 
time-zone crossings across teams’ successive group-stage matches (about 83% rela-
tive to the baseline), providing an additional workload-related benefit that is induced 
by distance minimization and directly relates to recovery and circadian disruption 
concerns. These savings are broadly distributed across groups, and the remaining 
trade-offs reflect unavoidable global feasibility constraints, such as host-nation fix-
ings and limited venue-day capacity.

Several extensions could further enhance realism and decision support for mega-
events. First, the travel metric can be expanded beyond inter-round legs to incorporate 
pre-tournament arrivals and transitions into the knockout phase, and to model other 
notions of burden such as time-zone crossings, recovery time, and routing complex-
ity. In particular, future work could treat time-zone crossings as an explicit optimiza-
tion criterion in a single- or multi-objective framework alongside distance. Second, 
fairness objectives can be integrated in a multi-objective formulation. Finally, larger 
integrated variants motivate incorporating decomposition tools and techniques in 
MIP.
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