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Abstract

This article proposes a multi-objective mixed-integer linear programming model to
assist event managers in obtaining and evaluating non-dominated solutions to the
problem of selecting a daily lineup of shows and activities for a festival — be it
cultural, sports, ceremonial, or any other kind. The model, which is especially
adequate for designing festivals with public funding, has five objectives, relating to
financial, logistical, and how renowned the festival artists or acts are. It includes
support for multiple days, multiple stages, and different types of shows, all subject
to constraints imposed by the intrinsic nature of the festival itself. The output of the
model is a set of optimized daily lineups for the activities that constitute the festival,
each corresponding to a particular compromise between the five objectives. The
approach is demonstrated with a case study for a 5-day festival, for which non-
dominated solutions are derived, presented, and discussed. Results show that the
model can provide a good variety of solutions while ensuring persistence of the more
desirable shows. The model is a novel decision support tool to assist in designing
festival lineups which provide optimal audience experience, a key factor in attracting

spectators, tourists, and increasing comeback value.

Keywords: event and festival planning, multi-objective optimization, mixed-integer linear

programming, cultural event management.
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1. Introduction

Ever since the creation of societies, people have organized large-scale events of various types, be
it cultural, sports, ceremonial, or any other kind (Maeng et al., 2016). Henceforth designated as
‘festivals’, these events celebrate cultural heritage, societal aspects, and contribute decisively
towards defining a society’s collective identity (Ferdinand and Williams, 2013; Tanford and Jung,
2017). Festivals play an important role in fostering tourism (Lin and Chang, 2020) and are very
often considered in the marketing of destinations (Chang, 2006; Getz, 2008; Picard and Robinson,
2006), increasingly calling out to both national and international audiences. Festivals fall into the
category of event tourism (Getz, 2008), which involves the travelling of people to attend the
events, benefiting hosting communities at the economic, social, cultural, and well-being levels

(Arcodia and Whitford, 2006; Grappi and Montanari, 2011; Yolal et al., 2016).

Given the rising numbers in festival attendance worldwide and growth projections prior to the
COVID-19 pandemic (see e.g., Weber and Hsu, 2021), which could reach hundreds of thousand
visitors (Honggen and Smith, 2003; Richter, 2019), an optimized management of these events is
likely to produce sizeable plus-values to both attendees and the hosting community. Recent
research puts festival tourism as one of the fastest-growing fields in the industry and examples
exist where high competition between local events and low program quality led to low tourist
satisfaction (Choi et al., 2021; Weber and Hsu, 2021; van Heerden and Saayman, 2018). This
highlights the need for decision support tools for festival planning, first and foremost per se, but
also because rising attendance is likely in the aftermath of COVID-19 (Miao et al., 2021; PwC,
2021; Zhong et al., 2021). The high costs associated to the production and programming of
festivals, the ever-easier access to global information about artistic production (contacts, costs,
agendas, etc.), and the existence of mutually conflicting objectives and restrictions when
attempting to design concrete daily lineups, make it evident that it is not possible for a human to
process the full complexity of the information involved, while retaining the efficiency and
effectiveness levels that the festival’s relevance requires. Despite this, few theoretical studies exist
on the management and organization of festivals, as recognized by Getz (2008). To give festival
management the predominant role it calls for, it is thus necessary to develop decision support
tools which can aid organizers to find the best lineup of shows, taking into consideration the

multiple dimensions of reality such events deal with.

Literature themes on event studies have been summarized by Patterson and Getz (2013) and, in
what respects tourism festivals, Yan et al. (2017) identified the following three major categories
of Patterson and Getz as especially relevant: event planning and management from the supply
side, antecedents to participation/attendance (the demand side), and the measured outcomes. The

research presented herein falls on the event planning and management line of research and is
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motivated both by the need to develop the aforementioned decision support tools and because it
addresses the important issue of quality of program, a topic identified by Saleh and Ryan (1993),
Kinnunen and Haahti (2015), and Tan et al. (2020) as an important factor attracting tourists to
festivals. It also increases quality experience, a driver of comeback value (Gannon et al., 2019),
particularly for tourists of the hedonist kind (Serrato et al., 2010). Quality of program deals
essentially with determining the lineup of shows, within the constraints imposed on the

organization.

In order to address the problem of finding optimized daily lineups for festivals, this article
proposes a multi-objective mixed-integer linear programming model, which can assist festival
organizers and managers in selecting the best possible lineup of shows or, more broadly, activities.
The model considers five objectives, namely: (i) minimization of costs and (ii) logistic
complexity, and maximization of (iif) how renowned artists are, (iv) stage occupation, and (v)
correspondence between audience expectations and seats offered. Sets of constraints which
represent specific aspects of a festival are also supported. It is a decision support tool for event
planning, generating options and solutions that optimize the satisfaction provided to the audience
to a grand event and is, to best of the authors’ knowledge, one of the first attempts of addressing
the festival planning problem with exactly solvable mathematical models. Because the model
focuses on cost minimization, rather than generation of profit, it is especially adequate for
organizations that typically seek lower costs or deal with limited budgets, such as e.g., public

entities or public-private partnerships.

2. Literature review

Since this article relates to both festivals and event planning and management, the literature
review focuses on festivals and other events that may require similar approaches. Event planning
and management is one of the cornerstones of the framework for studying knowledge on event
tourism proposed by Getz and Page (2016) and studies on the subject have mostly focused on
issues of development and marketing (Bramwell, 1997; Getz, 2016; Gursoy and Kendall, 2006;
Mackellar and Nisbet, 2017; Pappas, 2014; Phi et al., 2014; Tkaczynski, 2014; Weed and Bull,
2009), strategy (Baumann et al., 2009; Ford et al., 2009; Stokes, 2006, 2008), and image and
branding (Arellano, 2011; Chalip and Leyns, 2002; Chalip and McGuirty, 2004; Hede, 2005; Jago
et al., 2003; Karadakis et al., 2010; Kim et al., 2014; Li and Vogelsong, 2005; O’Brien, 2006;
Ritchie, 2000; Smith, 2005; Ziakas and Getz, 2021). However, all the above are top level
approaches, in the sense that researchers try and understand how to best explore synergies

between stakeholders, local communities and media broadcast, with the objective of maximizing



E VS I )

O o0 9 N W

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

31

32
33
34

International Transactions in Operational Research

visitor experience, economic impact, and comeback value. The approaches concentrate on
strategic aspects and do not go down to the level of selecting the individual activities that form
the festival. The general literature in planning and scheduling of multiple activities is rich, but
concentrates on subjects that are very different from festivals. Typical examples are personnel
scheduling problems, in which an optimal scheduling of employees and jobs is sought-after
(Ozder et al., 2020; Van den Bergh et al., 2013), including variations such as multi-skilling
(Afshar-Nadjafi, 2021), multi-skilling with partial preemption (Polo Mejia et al., 2023); project
scheduling problems, which deal with optimizing the scheduling of a complete set of jobs under
specific conditions (Fotedar et al., 2023; Schwindt and Zimmermann, 2015), with variations such
as time-dependent scheduling (Gawiejnowicz, 2020) or the resource-constrained project
scheduling (Hartmann and Briskorn, 2010; Coelho and Vanhoucke, 2011); and machine
scheduling problems, where a set of jobs is to be processed by assembly machines (Abedinnia et
al., 2017; Zhang et al., 2023). Sports planning and scheduling is closer to the topic of this article
but, as the review of Ribeiro (2013) showed, most problems tackled in the literature deal with
very specific issues such as e.g., minimizing team distance travelled (Ribeiro and Urrutia, 2007)
(see Kendall et al. [2010] for more examples), rather than broader issues such as Olympiad
planning, a problem akin to the one this research targets. Albeit these examples address a very
broad array of problems, none of them deals with all the specifics of festival planning. The model
herein proposed does not require, for instance, every artist under consideration to be hired and
assigned to a stage at a given day. Consequently, the set of activities to be lined up is not fixed
but decided by the model a posteriori. Also, model objectives related to audience expectations
and artist (or act) renown, as well as the set of constraints, are unique to festivals. To best of
authors knowledge, no example exists in the literature which focuses specifically on planning
festival lineups using mathematical optimization techniques. The present research makes a
contribution towards filling this literature gap, bringing mathematical programming to the field
of festival management, a technique that has been successfully utilized in other fields of tourism
management, such as e.g., the generation of optimized tour routes (Zheng and Liao, 2019; Zheng
et al., 2020), shuttle vehicle scheduling (Liu et al., 2023) and routing (Hu et al., 2023), the
exploration of sustainable ecotourism solutions (Zografos and Oglethorpe, 2004), or the

modelling of multi-period tourist car trips (Taplin and McGinley, 2000).

3. The Model
In this article a ‘festival’ is defined as a series of individual events, or activities, taking place in

different locations, within time windows which can span multiple days, such that different
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activities cannot overlap in location. To simplify the approach and rigorously identify valid and
widely representative objectives, the option was taken to base the model on the planning of a
festival in the specific field of arts and culture. Concretely, this could mean an arts festival, event
planning for a city of cultural capital status, etc. Without any loss of generality, the model is
extendable to festivals of different natures and themes, as long as the overall structure is consistent
with the model premises. The model is a planning tool intended to assist festival organizers, which
play the role of the decision maker, to select the shows (i.e., acts, or activities) that will make up
the festival, and their respective daily lineup, in a way which respects all the constraints imposed
by the festival’s context. It operates mainly at the strategic level, by helping in selecting the
activities, but incorporates operational considerations that see to the feasibility of those selections.
The model provides daily lineups for the festival, but leaves the decision maker free to schedule,

i.e., time-order them within each day.

Determining the contents and lineup of an arts and culture festival can be seen in the perspective
of offering an entertainment product (or service) which, in its final form, will be perceived by the
public as more than just a compilation of a set of experiences that could be acquired separately
(Allen et al., 2010). From the point of view of a festival, hiring and lining up individual activities
can be considered as event programming. In addition, one must add-up all actions of diverse
nature that integrate the global experience — venue preparation, concessions, licenses,
conceptualization of the environment, risk management, attendance of guests and artists,

budgeting, etc.

The model proposed is a mixed-integer linear programming (MILP) model, with five objectives
addressing different dimensions of the decision-making process: the first objective minimizes
cost, a ubiquitous goal in management problems. The second and third objectives maximize,
respectively, the correspondence between the categories of activities and the expectations of the
public (in terms of places offered), and how renowned the artists are. Achieving these two
objectives provides audiences with quality experiences, fostering their comeback for future
events, and provides adequate supply for spectators. The fourth objective minimizes the logistic
complexity, thus decreasing the probability of unforeseen delays and improving timekeeping of
the event, which is also important for a quality experience. The fifth objective maximizes daily
occupation of stages, making sure resources available are used as much as possible. These
objectives were normatively set, based on the experience of the research team members, one of
which has worked on the field of publicly funded festivals, and on information available in the
literature, which signaled them as important in event and cultural management (Boatwright et al.,
2007; Papies et al., 2017; Taneja and Bala, 2022; Wee et al., 2012). Note that part of the normative

nature of the model appears because, to best of the authors’ knowledge, no explicit formulation
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exists in the literature for concepts such as correspondence of expectations, renown, or logistic
complexity, so these had to be modelled in mathematical terms for the context of this research,

from the authors’ experience.

Another important point to note is that a multi-objective approach is justified because, as
mentioned, planning and organizing a festival naturally encompasses multiple dimensions of
reality. Private organizers often simplify this complexity by considering the different dimensions
in a purely financial manner, so that a profit maximization approach can be subsequently
followed. Public organizers have a different strategic managerial objective, which is to provide
the most effective service possible to the population (a quality festival) in the most efficient way
possible (cheapest, less complex, fullest use of resources). So, they need to consider several
aspects, not just the one-dimensional ‘cost vs. revenue’ conundrum that is more characteristic of
private organizers. Thus, because the proposed model considers multiple dimensions
independently, it is naturally more suited to plan publicly funded festivals. Or, seeing it the other
way around, if a decision aid model for publicly funded festivals is sought, then it should consider
different dimensions of reality, and this justifies the multi-objective approach that is followed

herein.

In the context of an arts and culture festival, the parameters, indexes, and decision variables
describing it were identified and are presented in Tables 1-3 below. The multi-objective model is
then presented, together with a motivation for its set of constraints. Also, superscripts are to be

read as indexes, not exponents.

Table 1. Model parameters.

Parameter  Type Description Observations

ND Integer  Nr. of festival days

For N# = 3 these areas could be e.g., 1.
Music, 2. Dance, 3. Theatre. An area may
NH Integer  Nr. of activity areas contain different categories, e.g., Music:
rock, classical, electronic; Dance: ballet,
contemporary; Theatre: drama, comedy.

Total number, the sum of all categories for

NC Integer  Nr. of categories

& & each area. For the example above, N¢ = 7.
N4 Integer  Nr. of activities of category ¢ Not all activities need to be lined up.
NS Integer  Nr. of available stages Stagg s taker} na brgad sense, e.g., street

location, exhibition site, etc.
P Nr. of places for spectators of Places can be either seats or spaces for
Ny Integer .
stage s standing spectators.
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Minimum nr. of activities of
category c to line up

Maximum nr. of activities of
category c to line up

Minimum nr. of occurrences of
activity a of category ¢

Maximum nr. of occurrences of
activity a of category ¢

Maximum nr. of blocks of
occurrences of activity a of
category ¢

Maximum festival budget

Cost of activity a of category ¢

Maximum budget for category ¢

Importance (weight) given by the
public to category ¢

Importance given by specialized
critics to activity a, within
category ¢

Logistical complexity of activity
a, within category ¢

Duration, in hours, of activity a of
category ¢

Label of stage pre-assigned to
activity a of category ¢

Availability, in hours, of stage s
in day d

1 if stage s is suitable for
activities of category c, else 0

Code of the area of category ¢

1 if activity a is the star activity in
its area, else 0

Occurrences in the solution. E.g., if N4

=4 and NZ”C = 3, at least three activities
of category ¢ must feature in the solution.

The same activity may be repeated in
different days (NT4 > 1),

Example: in a one-week festival, if the
same activity a occurs in days 1-3 and 5-7,
there are two blocks. If it occurs in days 1-
2, 4-5, and 7, there are three blocks.

Alternatively, one could opt for a per-area
budgeting (see comments to constraints
11).

Y W& = 1. Weights are attributed by the
decision maker, based on his experience,
previous attendances, or media impact.

A
Ve WA = 1. Attributed by the decision
maker, based on his experience or critics’
scores (e.g., movie ratings, etc.).

Complexity refers to stage preparation and
operation; 1 = very complex activity, 0 =
not complex. Attributed by the decision
maker, based on his experience and
proficiency of support teams.

Includes preparation and clean-up of the
stage.

Ifsk4 =0, activity a can be lined up for
any compatible stage. Else, if activity a is
lined up, it must be to a stage with label
she.

Relates areas and categories.

Example: for the music area, 1 for the lead
band, 0 for support bands. Maximum 1 star
activity lined up per area, per day.
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Table 2. Model indexes

Index set Index name Description Range
H h Area 1,..,.NH
c c Category 1,..,.N¢
A€ a Activities of category ¢ 1,..,N4
S s Stage 1,..,.NS
d Day 1,..,NP
Table 3. Model decision variables
Description Observations

Variable Type

Xacsd Binary

Zacd Binary

Yacd Binary

1 if activity a of category c is lined up to
stage s on day d, else 0

1 if activity a of category c is lined up to
day d, else 0

1 if activity a of category c is lined up to
day d, but not to the day before, else 0

Variable count: NSNPY . N4,
Variable count: N?Y, . N4.

Variable count: N?Y. . N4.

Unless otherwise stated, summations run over the extent of the index set. In particular, note that

activities always have an associated category, so summations over a run from 1 to N4.

The multi-objective mathematical model is formulated as follows.

Objectives:

O1: minimization of the total cost of the festival.

min0q = 2222 Cécxacsd
d s ¢ a

(1)

The right-hand-side represents total cost, i.e., the sum of all C4. that are lined up. The setup of

objectives is geared towards minimizing costs while providing the best service possible to the

audiences. The model is thus especially adequate for management structures that deal with limited

budgets as, e.g., events with public funding or public-private partnerships, who may be more

worried of adhering to budgets than considering profits a priori in the modelling approach. It may

also be used as the planning method of choice if pricing is to be considered a posteriori.

02: maximization of the correspondence, in terms of places on offer, between the categories of

activities and the expectations of the public.

max0; = Z 2 Z Z W(C:Wéchstacsd 2)
d s ¢ a
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How renowned an artist may be is defined as the product of the importance given by the public
to its category (W¢) and importance given by specialized critics within that category (W4,).
Multiplication of how renowned the artist may be by stage places (N%) yields the correspondence
between the availability of places and audience expectations. This objective suggests placing the

more renowned artists in larger stages.

03: maximization of how renowned the artists are.

max 03 = ZZZZWSWécxacsd 3)
d s ¢ a

This objective is similar to O2 and suggests contracting the more renowned artists, which have

higher values for the wéwA. product.

04: minimization of logistic complexity.

min 04 = Z Z Z Z Wé‘:}xacsd 4
d s ¢ a

More complex activities have higher W4, which may cause unforeseen delays and disrupt

festival flow. In the context of an arts festival, logistic complexity is usually associated with more
renowned artists. This need not be so for other types of festivals (e.g., sports), so this objective

may, or may not, align with O2 and O3.

0S5: maximization of daily occupation of stages.

max Os = Z z 2 Z Décxacsd (5)
d s ¢ a

This objective tends to favor activities with longer duration, i.e., higher D4.. Occupancy does not

discriminate between stages.

Constraints:

Zxacsd = Zacd VqE A€, V.€C, Vz4€D (6)

N

Each activity is lined up, at most, one time per each day of the event. Recall z,4 is binary, so Z4cq

<1
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Yac1 < Zacl Va € AC; Vc eEC (73-)
Yacd = Zacd — Zac(d—1) V,EAC, V. €C, VaED:d+1 (7b)
Z Yaca S Nt V,EAC V. EC (7¢)

d

These constraints impose a maximum number of blocks for each activity, namely N¥54. Since
idle days exist between blocks, this prevents artists who act more than one time from having too

many idle days.

Xacsq < ASg Voo €{ACC):SFA=0,v,€S, V4 €D (8a)
Xaesa =0 Voc€{ACCY:SEA>0,ves #SEA vyeD  (8b)

Activities can only be lined up for a preset stage or for a stage suitable for its category.

Z Z Xacsd = NZLCA Va. € AC, V.EC (9a)
d s

Z Z Xacsd < Nog' Vo €A, V. EC (9b)
d s

Each activity is lined up a number of days between preset minimum (N74) and maximum values

(NMA) These constraints may be used e.g., to ensure that a famous artist whose audience could
overbook the venue on one day is repeated at least a certain number of days, giving everybody a

chance to watch it.

ZZDécxacstDfd V4€D, Vs €S (10)
c a

For each day D, the activities lined up to stage S cannot exceed its time availability, ng. This

constraint prohibits stage overbooking.

zzzCﬁcxacstCi”C V. €C (11a)
d s a
Zzzzcécxacsdgclw (llb)
d s ¢ a

Total (CM) and category-specific (CM*) budget constraints. Festivals usually must deal with
budget constraints, regardless of funding source (see e.g., Garcia [2001] for an example from the

private sector). Category-specific budgeting is preferred when, within each area, categories are

10
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somewhat heterogeneous (e.g., rock and classical music). If area-specific budgets were preferred
instead, this constraint would become Y. Yc:HC=h Yq CA.xgcsa < CMH, V), € H, with CYMH the

maximum budget for area 4.

Z Z Zxacsd = N7ch V.eC (12a)
d s a
ZzzxacstNﬂ“ V.EC (12b)
d s a

These constraints impose a minimum (N™¢) and a maximum (N¥¢) number of activities to line

up for each category.

z z Z HiXgesa < 1 V,EH, V4€D (13)

s c¢HS=h a

Each area can only have one star activity (H}.) per day, e.g., the day a rock star is lined up, no
major classical music events may run. Restricting star activities to one per day mitigates audience
dispersion within each area. This constraint could, instead, be imposed on a per-category basis,
rather than per-area. That would change the constraint to ¢ Y., Ci Xqesa < 1, V. EC, V4 €D,

with C7,. the star activity in category c.

Other remarks

The model determines which activities should feature in the festival on a daily basis. Since a day
is nothing but a period of time, an arbitrary quantity, this period can be altered if the decision
maker wishes to have finer-grained time periods, e.g., afternoon/evening split, or even shorter
periods. Constraints (7) can be used to make sure activities which span longer than the time period

considered are not interrupted.

Model summary

A summarized model formulation is given below.

Model:

min0q = ZZZZ Cécxacsd
d s ¢ a

11



International Transactions in Operational Research

max 0, = Z z Z Z WEWENEXgcsa
max 0z = Z 2 Z Z WEW eXacsd
min 04 = Z Z Z Z Wacxacsd
max Os = z Z Z Z DfcXacsd
d s ¢ a

2 Subject to:

z Xacsd = Zacd

N
Yac1 < Zacl

Yacd = Zacd — Zac(d—1)

MBA
ZYacd < Nac
d

S
Xacsd < Acs

Xacsd =0

szacstNZch
d s
szacstNg/ch
Z Z Dacxacsd < D
Zzzcacxacsd<CMC
Zzzzcgcxacsdsclw
d s ¢ a
EzzxacstNan
d s a
ZzzxacstNyC
d s a
2 z ZHZcxacst]-

s c¢HS=h a

v,€AC, V. €C, V€D

V,EAC, V. EC
V,EAC, V. €C, VsE€D:d+ 1

V,EAC, V. EC

Vo €{ACCY:SEA=0,V €S, V4 €ED
Voc €{ACCY:SEA > 0,vges #SEA v €D

v,€AC V. eC
V,EAC, V. EC
V4€D, V,€S

V.EC

Vy,€H, Va4€D

12
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Obtaining solutions

In a multi-objective problem, the concept of an optimal solution is replaced with that of an
efficient solution, also referred to as non-dominated, non-inferior, or Pareto-optimal solution
(Cohon, 1978). These form the Pareto front, i.e., the set of solutions for which no improvement
can be found in one objective without degrading values in any other objective (Ehrgott, 2005). A
large number of non-dominated solutions usually exist, but it is not realistic to generate the entire
set. However, it is important to identify various non-dominated solutions to obtain a general
understanding of the underlying trade-offs among the objectives and to help in the search for

additional solutions, with an aim at ultimately identifying of the most preferred solution.
Weighted sum method

The search for non-dominated solutions often starts with the weighted sum method. This method
allows obtaining individual optima, have a first look at solution space, and derive benchmarks for
further exploration of that space. The method works by transforming the original multi-objective
problem onto a single-objective problem whose objective function is a convex combination of the
original objectives (see e.g., Ehrgott, 2005). The method guarantees the generation of non-

dominated solutions and boils down to solving:

5
max0 = Z w;0; (14)
i=1

where objectives to minimize are multiplied by -1 and w; is the weight assigned to objective O;,

normalized such that }}; w; = 1.

Since objectives are expressed in different unit scales, it is first necessary to obtain individual
optimal solutions, Opt;, for each of the five objectives by running the model with w; = 1 for the
sought-after objective and w; = 0, j # i. The infinitesimal positive value given to w; ensures the
identification of a non-dominated solution. Then, to obtain additional non-dominated solutions,

the weights in (14) are replaced at runtime by those given by the calibration formula:

Zi Optl‘

=W i = 15
i =wy Opt, i=1,.,5 (15)

w
The Opt; solutions form the pay-off table and define the ideal solution, i.e., Opt;,V;, which is used
as a reference point; a benchmark to guide the search for more solutions.

Once the calibration of (15) is complete, weighted sum solutions can be obtained for any set of
w;. The weighted sum method can be seen as a way to generate non-dominated solutions, whose

trade-offs between the different objectives can then be analyzed by the decision maker.
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Goal programming

Goal programming is an example of how to use the ideal solution benchmark to derive additional
solutions (see e.g., Tamiz and Jones, 1997). Goal programming looks for solutions that minimize
distance to a hypothetical solution, which is defined by a set of desired values on each objective
(goal). That solution can be, e.g., the ideal, and this is assumed below. Concerning distance, it can

be measured by (one of):

0, —Opt 01— 0Opt
1= g 2 i 2 (Manhattan, or linear distance) (16a)
Opty Opts
01— Opt 01— Opt
Lo = max{ ! P 1| ! P’s } (Tchebyschev distance) (16b)
Opt; || Opts

The L1 distance to the ideal is the sum of the (relative) distances of each objective to its goal value
(in this case the optimum), whereas the Lo, distance is the maximum (relative) distance among all
the objectives to their goal values. A ‘goal programming solution’ is then the solution that
minimizes the L1 (or L) distance to the goal. If a goal other than the ideal were sought, it would

suffice to replace Opt; for the other goal values in (16).

The weighted sum method and goal programming are commonly used in multi-objective
optimization to obtain solutions for subsequent trade-off analysis between the objectives, and
those were the two methods this research used. Being a linear model, both types of solution can
be obtained from existing MILP solvers. Other specialized methods may be used to generate
solutions of the Pareto front, such as e.g., the constraint method (Cohon, 1978), in which the
decision maker establishes upper/lower limits for all but one of the objectives, which is then
maximized/minimized subject to those limits. However, this method is usually not very practical

for three or more objectives.
Searching for further solutions

Should the decision maker wish to look for more solutions, she can investigate regions of solution
space in the neighborhood of any particular solution which shows good compromise between the
objectives, generating additional (similar) solutions which may turn out even more appealing.
Such a closer look may help deciding between candidate solutions or suggest directions for
generating additional solutions. This iterative procedure, whereby the decision maker
interactively explores the solution space looking for one solution which will ultimately be
implemented, is common in multi-objective optimization problems. Advanced interactive
programming methods, such as those based on aspiration levels or pair trade-off analysis (Stewart,
1999), may also be used to further guide the decision maker in the search for a preferred

compromise solution. If such a procedure is needed, the choice of which one will depend on what

14
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the decision-maker is aiming at, as they have different purposes. For instance, if the decision
maker is interested in a particular solution but wishes to have a slightly better value in a certain
objective, the aspiration level procedure can be used to look for candidates in the vicinity of that
solution. Figure 1 provides a possible flowchart for the interactive approach, adequate for the

festival planning model.

The alternative of generating the entire set of efficient solutions is usually recognized as a
daunting task and, as the number of objectives increases, analyzing the trade-offs among them
and among the various efficient alternatives becomes more difficult (Cohon, 1978; Zeleny, 1982),

if not outright intractable.

15
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Define festival aims and bounds

a. Estimate maximum budget (search for sponsors,
advertisement contracts, etc.)

b. Define areas, categories, stages, days

Y

Define model parameters

a. List activities and artists to consider, collect and curate
activity data (cost, estimate correspondence, notoriety,
stage time)

b. Curate the remaining data (choose min/max parameters,
stage types and availability)

Y
Initialise search: generate individual optimal
solutions
Obtain Optx solutions: pay-off table and auxiliary “ideal
solution”

Y

Generate some additional solutions

Generate additional solutions by using the weighting sum of
objectives in order to generate a broader range of efficient
solutions.

Compare solutions \L

Identified a satisfactory
compromise solution?

Generate additional solution(s)

a. Obtain more weighted sum solutions and/or Lp solutions
Yes (with goal programming);

b. Establish constraints on the objective function values to

generate additional non-dominated solutions;

c. Apply advanced interactive programming methods (e.g.,

pair trade-off or aspiration level analysis).

End search
Implement preferred solution.
Hire artists, set up venues

Figure 1. Flowchart for selecting a solution interactively.
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4. Case study

To demonstrate the model, a case study was generated which simulates a festival suitable for a
mid-sized city. The case study was inspired by the cultural scene of Coimbra, Portugal (circa
140,000 inhabitants), a city with higher education and healthcare as main economic activities.
Coimbra attracts many visitors from nearby districts that come to watch the shows and often hosts
multiple-day festivals of various kinds (e.g., religious, folk, students’ festivals, etc.). From time
to time, Coimbra applies for cultural capital status and the case study simulates what a week under
that status might look like in terms of cultural offer, when optimized. Stages and cultural venues
of the city correspond to existing locations and real artists of various genres were considered for
the activities, with a budget based on their customary charges. The case study festival is thus
realistic and could actually be carried out. A summary of the data is presented in Tables 4 and 5

below.

Table 4. Case study data summary.

Days Areas Categories Activities Stages Max budget (total)
5 4 35 100 7 350,000 EUR

Table 5. Areas, nr. of categories per area, and stages.

Area code Area name Categories

1 Music 7

2 Dance 4

3 Theatre 6

4 Media Art 18
Stage code Stage name Max places

1 TAGYV Auditorium 800

2 Theatre Cerca de S. Bernardo 400

3 Visual Arts Centre 150

4 Museum Casa das Caldeiras 200

5 Chapito at Jardim da Sereia 350

6 Boulevard of Jardim da Sereia 4000

7 TAGV Foyer 100

Out of the 35 categories, 28 have N™¢ > 0, covering all areas. Variety in parameter values was
also sought, so that the case study would have a general character and attract a wide range of

spectators. In terms of problem size, the case study can be characterized as a mid-sized instance,
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as both larger (more activities) and longer festivals (more days) exist in practice, as well as smaller

and shorter ones.

Results

The model was setup and run for the case study. Solutions were derived with the weighted sum
and goal programming methods, using the CPLEX 22.1 solver on an Apple M1 processor. This
yielded Table 6 below, whose first five rows form the pay-off table. Solutions in rows 6 to 11
were generated using the weighted sum method, and solutions in rows 12 and 13 were generated
with goal programming. The pay-off and other solutions of Table 6 assist the decision maker in
analyzing the trade-offs between the various solutions. For the solution in each row, columns
indicate objective values, with AL the solution’s distance to the ideal, as measured by (16ab). The
solution ‘equal weights’ corresponds to |w;| = 0.2, V¥;. The solutions ‘focus Ox’ are weighted sum
solutions with objective x weighting twice as much as each of the remaining ones and are
presented as examples of a broader exploration of the solution space. The entry values, which are
underlined and in bold, form the ideal solution and the entries in italics form the anti-ideal (nadir),

another reference point with the worst values in each objective.

Table 6. Pay-off table (rows Optx) and additional solutions.

Solution (ég;t Corr. Renown Complex. Sta%lel)occ. ﬁ)ﬁs ?Ol/:’;
1 Optl (min) 236,750 10,164 12.9 16.1 180.7 127.5 52.0
2 Opt2 (max) 349,250 21,152 18.4 22.1 2354 1143 475
3 Opt3 (max) 349,700 18,846 19.3 22.9 254.0 120.1 47.7
4 Opt4 (min) 246,250 10,237 13.1 155 193.6 1222 51.6
5 Opt5 (max) 349,400 15,168 17.9 22.7 294.6 130.0 47.6
6 Equal weights 320,050 19,182 17.4 20.2 254.7 979 352
7  Focus Ol (2,1,1,1,1)/6 260,100 12,940 14.6 17.0 217.9 108.8 38.8
8  Focus O2 (1,2,1,1,1)/6 347,350 20,751 18.3 21.5 267.0 101.3  46.7
9  Focus O3 (1,1,2,1,1)/6 336,650 19,657 18.4 21.2 267.9 99.3 422
10 Focus O4 (1,1,1,2,1)/6 281,600 15,768 15.3 17.6 220.9 103.5 255
11 Focus O5 (1,1,1,1,2)/6 346,900 19,464 18.5 21.4 279.3 101.5 46.5
12 Goal Lq 320,050 19,182 17.4 20.2 254.7 979 352
13 Goal Lo 287,550 16,618 15.4 18.7 231.7 1053 215

A quick look at Table 6 shows that the Optx are extreme solutions that optimize a particular
objective at the expense of considerable degrades of the other ones. Weighted sum and goal
programming solutions are more balanced solutions that nonetheless exhibit some variety among

themselves. Further interpretation of Table 6 results and the types of line ups they yield is done

18
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in the discussion section. In addition to the table solutions, given the low CPU time required (see
below), a total of 235 supplementary weighted sum solutions were derived, spanning a wider set
of the weight space. These additional solutions allow for a deeper, more precise understanding of
how solutions behave as weights change and are explored in Appendix B. Exploration of these
solutions may also lead to the decision maker finding a satisfactory one, waiving the need for

iterative solution-seeking procedures.

Of the total 248 runs, all finished in 1-30 seconds CPU time, except for Opt2 and Goal L, which
took respectively 3 and 15 minutes to obtain. In the end of section 5 some computational

considerations are discussed.

5. Discussion

Focusing first on Table 6, solution Optl (minimize cost) is the cheapest one which satisfies all
model constraints. Solutions Opt2 and Opt3 show that maximizing the correspondence between
places and audience expectation is not the same as maximizing how renowned the artist or act
may be. The two are however similar objectives, so it is not surprising that their optima have
relatively similar solution values for all objectives. Solution Opt4 (minimize complexity) is
similar to Optl because minimizing logistic complexity amounts to choosing the simplest
activities possible while respecting the constraints. Finally, Opt5 is limited essentially by logistic
and budgetary constraints, as the total stage time available is 464 hours, of which only circa 63%

can ever be occupied.

FocusOx are weighted sum solutions which span a small subset of the Pareto front, but exhibit
some coverage of the solution space, as individual objective values vary between close to ideal
and nadir values. Their quality, as measured by distance to the ideal, is, as expected, better than
Optx solutions, because weighted sum solutions are compromise solutions rather than extreme

ones.

The two goal programming solutions also exhibit some variety between them, further showing
that the decision maker has some freedom of choice between the various solutions. Notice that
the L4 solution is equal to the equal weights one. It may be checked this is a consequence of the

normalization formula (15).

To help visualizing the trade-offs between solutions, the BAGAL (best against least) diagram of
Figure 2 can be used (Coutinho-Rodrigues et al., 1997). This diagram allows for a quick, intuitive
comparison of solutions and can be helpful to decide which direction to go in search for more

compromise solutions, should none thus far prove satisfactory. The diagram was normalized as
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—Opt;
1 ratio difference to the ideal by replacing x; objective values by xi_)l\h:iiT—pOpti' The closer the 5-

2 sided polygon is to the central pentagon, the better the solution is.

3 Inspection of the BAGAL diagram shows that Goal L., may be considered a good compromise
4 solution, with FocusO4 a similar choice. FocusO2, FocusO3 and FocusOS5 are similar among
5  themselves: they are expensive but provide good-quality lineups. FocusOl is the cheapest
6  solution, but it comes at the expense of the quality of the lineup. The goal Li/equal weights
7  solution interpolates between the cheap and expensive solution types.
8
BAGAL diagram
e FOCUS O] e FOCUS O2 s FoCus O3 Focus O4 e Focus O5
s 1 /€. W e | e |deal e Nadir
0O1-Cost
05-Stage occ. O2-Corr.
0 04-Complex. 100% 0O3-Renown
10 Figure 2. BAGAL diagram of normalized distances to the ideal for FocusOx and L, solutions. Scale:
11 %distance to ideal (smaller is better).
12
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Ultimately, Table 6 solutions and the BAGAL diagram evidence trade-offs between solutions that
reflect the nature of the festival planning problem: O2, O3 and OS5 push for filling stages and
hiring the most renowned artists. Since these typically have higher costs and more complex
logistics, quality lineups degrade scores in objectives O1 and O4. In turn, improving O1, O4
scores degrades O2, O3 and O5 scores. The non-extreme solutions of Table 6 represent optimized

compromises between these trade-offs, which are usually what the decision maker looks for.

In evaluating a solution, the decision maker may also want to look at its profile, i.e., how many
activities get lined up for each category, and which artists are selected. This helps understanding
how the different solutions look like in practice and how they fit the festival context. Tables 7 and

8 below show a breakdown of the profiles for Table 6 solutions, ordered by cost.

Table 7. Solutions profile for Table 6 — category lineup vs. cost.

. A B (o D E F (] H | J K L M N (o] P
1 Solution ID Optl  Opt4 FocusOl1l FocusO4 Linf L1 Eq_W FocusO3 FocusO5 FocusO2 Opt2 Opt5 Opt3
pAll Category Area Category name \ Cost (€) 236750 246250 260100 281600 287550 320050 320050 336650 346900 347350 349250 349400 349700
E] 1 Music Pop/Rock 2 2 2 3 3 3 3 3 S B B |
4 2 Music Folk
5 3 Music World Music
6 4 Music Jazz
7 5 Music Hip-Hop
3 6 Music Contemporary Folk
9 7 Music Classical Music
8 Dance Contemporary Dance
9 Dance Classical Ballet
10 Dance Ballroom
11 Dance Folk Dance
12 Theatre  Classical Theatre
13 Theatre  Interactive Theatre
14 Theatre  Musical Theatre
15 Theatre  Puppet Show
16 Theatre  Historic Reenactment
17 Theatre  Street Performance

18 Media Art Cinema

19 Media Art Video Installations

20 Media Art Painting

21 Media Art Cartoon/Drawings

22 Media Art Photography

23 Media Art  Sculpture

24 Media Art Body Art

25 Media Art Multimedia Installations
26 Media Art Web-Art

27 Media Art Holographic Art

28 Media Art Clown Show

29 Media Art Fire Performance

30 Media Art Ventriloquism

31 Media Art Urban Crafts

32 Media Art Tatoos

33 Media Art DJ/VJ

34 Media Art Creative Writing

35 Media Art Miscellaneous Video-Art

R R R RERNORKRORNRORNRRERRERREBREBRBONRRORRERERERORLERO
R PR RNORKFRORNRORNRRERRERRLRRELRLRLONRRORRREROERLERO
P RPRRPRRPWORRFRORNRORNRRERREPRRELPONRRORRRERRERERO
R R R RWORRLRORNRORNRRRERRERRLONRRORRERERHRIERLRO,
R R RPRRWRRLRRPRORNRORNRRERRERRREBRPONRRORRRERRENO
R R R RWRNNRRBRNRORNRRERREREBLENONRRORREERERERBERENO
P RPRRPRRWRNNRPRRPRNRPORNRRERREPRLRRELNONRRORRRERRRENDO
FRPRNRWRNNRRERNRORNRREPENRLRNONRRORRBRERERRENNDO
PR NRWRNNRRBRNRORNRRERERNRENRLRNRRLORRERREREBERENO
PR RPRRWRERNNRRNRPRORNRREREBNRENONRRORRRERRERNNRER
R R NRWRRBRNRERRBRNRORNRRREREBENONRRORRERERREBNNLR
R EPENRWRNNORNRRRERNRRERRERNRERNRNNRORNNRRRENON
PR NRWRNNORNRORNREREBNRENONNRRERNERRENNO

In Tables 7 and 8, rows are categories (activities) and columns the solutions. The numbers indicate
how many times the respective category (activity) gets lined up in the respective solution.

Category names correspond to the artists’ art genre and activity names were anonymized, as they
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would otherwise include real artist names. In Table 8, activities which never get lined up were

omitted (35 out of 100).

Analyzing Table 7 reveals that all categories feature in at least one solution and some categories
always feature. However, some, but not all, always feature due to N ZlCA =1 and N Z”C =1
parameters. It is interesting to note that some categories, e.g., #2, #10, and #23, only feature in
the more extreme Optx solutions, which are unlikely to be selected. This may happen because of
low renown of that category but also if artists in that category are not competitive, e.g., too
expensive to hire or too complex to stage. If the festival context is such that the decision maker
wishes to always have representatives of those categories, she would need to set the respective
N™C parameters to 1 or consider more artists. For instance, one can argue that a festival on a city
of cultural capital status should hold at least one sculpture exhibition (#23), which currently only
happens for the extreme Opt5 solution. This suggests setting that category’s N™C to 1 and rerun
the model. Likewise, such a festival may not necessarily need to hold fire performances (#29), so

that category’s N7, which is 1 for the case study, may be lowered to 0.

Moving to Table 8, of the 100 activities, only 65 ever get lined up. Of these, 21 feature in all
solutions (8 due to N™4 > 1). Again, it is seen the Optx are considerably extreme, as 17 activities
only get lined up for these solutions. On the other hand, for the other, more balanced, solutions,
27 activities always get lined up at least once, so the festival management team is well-advised to
book the corresponding artists well in advance. Only two star activities get lined up (#2 and #79),
but more exist in the 35 activities that are never lined up. Having more star activities would require
setting N™ > 1 for those activities. However, they may also arise per se in solutions besides

those of Table 6.

Looking at tables 7 and 8 together, and referring to the presence/absence of categories and
activities in the solutions, the picture is both of some persistence and moderate variety, which is
arguably desirable for a one-week festival in a city of cultural capital status. All categories are
present, and there is some variation as to which activities get lined up inside each category. As
with most MILP models, solution profiles and their overall characteristics depend on the input
data. The case study data, which is realistic, led to solutions that are neither too predictable nor
restrictive, making it reasonable to select one of the FocusOx or goal programming solutions for
implementation. Should the decision maker still not be satisfied with any of those solutions, they
make good starting points for the interactive procedure of looking for other, more satisfactory

ones.

Given the computational efficiency in deriving solutions, it was possible to generate many

additional weighted sum solutions and study their spread in the space of objectives. This finer-

22
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grained analysis is presented in Appendix B and enables the decision maker to have a better

understanding of the problem solution structure and trade-offs possible between the various

objectives.

Table 8. Solutions profile for Table 6 — activity lineup vs. cost (* denotes a star activity).

Name
Activity 2*
Activity 3
Activity 5
Activity 7
Activity 8
Activity 10
Activity 11
Activity 14
Activity 16
Activity 19
Activity 20
Activity 22
Activity 23
Activity 24
Activity 26
Activity 30
Activity 31
Activity 32
Activity 33
Activity 34
Activity 35
Activity 36
Activity 37
Activity 38
Activity 39
Activity 41
Activity 42
Activity 43
Activity 44
Activity 46
Activity 47
Activity 48
Activity 49
Activity 50
Activity 51
Activity 53
Activity 57
Activity 58
Activity 61
Activity 63
Activity 64
Activity 68
Activity 69
Activity 70
Activity 71
Activity 73
Activity 74
Activity 76
Activity 78
Activity 79*
Activity 80
Activity 81
Activity 82
Activity 83
Activity 84
Activity 86
Activity 87
Activity 90
Activity 93
Activity 94
Activity 95
Activity 96
Activity 97
Activity 99
Activity 100

Area
Music
Music
Music
Music
Music
Music
Music
Music
Music
Music
Music
Dance
Dance
Dance
Dance
Dance
Dance
Dance
Theatre
Theatre
Theatre
Theatre
Theatre
Theatre
Theatre
Theatre
Theatre
Theatre
Theatre
Theatre
Theatre
Theatre
Theatre
Theatre
Theatre
Theatre
Media art
Media art
Media art
Media art
Media art
Media art
Media art
Media art
Media art
Media art
Media art
Media art
Media art
Media art
Media art
Media art
Media art
Media art
Media art
Media art
Media art
Media art
Media art
Media art
Media art
Media art
Media art
Media art
Media art

D E F G H I J K L M N [0} P

Solution ID Optl  Opt4 FocusOl1l FocusO4 Linf L1 Eq_W FocusO3 FocusO5 FocusO2 Opt2 Opt5 Opt3
Category \ Cost (€) 236750 246250 260100 281600 287550 320050 320050 336650 346900 347350 349250 349400 349700
Pop/Rock 1 1 1 1 1 1 1 1 1 1 1
Pop/Rock
Pop/Rock
Folk
World Music
World Music
Jazz
Hip-Hop
Contemp. Folk
Classical
Classical
Contemporary
Contemporary
Contemporary
Classical Ballet
Ballroom
Folk
Folk
Classical
Classical
Classical
Classical
Interactive
Interactive
Musical
Musical
Puppet
Puppet
Puppet
Hist. Reenactment
Street performance
Street performance
Street performance
Cinema
Cinema
Cinema
Video installations
Painting
Cartoon/Drawings
Cartoon/Drawings
Photography
Sculpture
Body art
Body art
Multimedia
Multimedia
Multimedia
Web-art
Holographic
Holographic
Clown show
Clown show
Clown show
Fire performance
Fire performance
Ventriloquism
Urban crafts
Urban crafts
Tatoos
DIVI
DI/VI
DI/VI
Creative writing
Misc. Video-art
Misc. Video-art

OrPO0OO0OOROORRPORPRROORRLRLRRLRPEPRLRLOOFPOORPRHRLOOFROONOOOORORORPROORRERORRERRERRELROORDO
ORPRO0OOOROORHPLOFRHROOFRKHPRREPLHROOFPFOOFRKROOFROONOOOOROROKROORRERORERERREOORLER
PR OOOKROOKRRORPROROKRRRERRELREREBPOOOORKHLOKROOONOOOOROROROORRERORERIERERIKEREORR
P PP RPORORRLRRPORPRROORRRERRELPRLOOFPROORRORHEPLOONOOOOROROROORREROREREREERIEREORLER
PR R RPRORORRRBRORROORRRERRELRELOOFROORRLRORELOONOOOOROROROORRERORERIERERIKRORRR
D - PR RPRORORRRLRLORRLROORRREPRLELELPOORORRLRRELORRLOONOOOOROROROORRERORERERNIERIEROIERLER
R PP RPRORORRHBOMRROOKRRBRRERREBRHBLOOMRKHBORRLRORHEHORERNOOOOROROROOREORERIEREERIRORRR
R EPE R RPORORRLRRORPRKHROORRRERRELHLOOFCRORRHLRORELOONOOOOROROROORRERORRERNERRERRR
PR OORRERLORRPRORRLROORRRERRELHLOOROORKRLRORRELOORRELRELPOOOOROROORORRERNERRERRER
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The decision maker, after using all the aids, then must pick a particular solution (or continue
generating additional solutions), knowing that, regardless of the actual solution picked, all

dimensions of reality have been considered in the process.

In Appendix A a possible flyer for the case study festival is presented, made from the Goal L,
solution, combining artistic quality, match to spectator expectations, and management and
financial issues. The final decision over the festival’s concrete program will ultimately be of the
responsibility of the management team and its success up to performance of the artists, knowing

that this success is potentiated by the choices suggested by the model.

Computational considerations

For the case study it was possible to terminate all calculations. Given the computational efficiency
of MILP solvers as of the time of writing, it is likely that solutions can be derived in reasonable
time even for very large festivals. To test the model on larger problem sizes, two more instances
were generated. The first extended the case study to about twice the size: 12 days, 60 categories,
20 stages, 8 areas, and 740,000 € budget. In making the extension, realistic activities and prices
were considered. The second instance consisted of 15 days, 100 categories, 25 stages, 12 areas,
and a 2,500,000 € budget. Data for this second instance was randomly generated, conditioned

only to feasibility.

For both instances, solutions of Table 6 could be derived within CPU times comparable to those
of the case study, i.e., 1-30 seconds. Some runs however carried on and were terminated at 30
min runtime, exhibiting at that point a gap < 0.1% between the best integer and real solutions (one
case had a gap of 0.33%). On these runs a good solution, at or near the gap, was found in just a
few seconds and subsequent improvements were very small or non-existent. This behavior is
usual with MILP models (see e.g., Dominguez-Martin et al. [2024] or Espejo et al. [2023] for
recent examples) and, albeit solutions at termination time may not be guaranteed non-dominated,
they are otherwise close enough to be considered by the decision maker as valid planning
proposals. It does however warn that advanced interactive approaches might run into difficulties

in large problems, as deriving many solutions could become time-consuming.

Model limitations and possible variations
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The model’s main limitation is that it does not consider revenues, so it is best applied to contexts
where budgets are constrained and/or costs are to be minimized, rather than contexts where more
profitable solutions are preferred. Upgrading the model to include revenues would allow for
changing objective Ol into ‘maximize festival profit’, but that would require modeling supply
and demand in some sensible way. A possible variation that may appeal to privately-funded
festivals would be to estimate revenues based on fixed ticket prices (e.g., past prices) and change
Ol to max01 = Yy N X Y o(RA, — C4 )X esq» With R4, the estimated revenue of activity a of
category c. Dropping the budget constraints (11) is also a possibility in this model variant, as
leaving them might hinder discovering high cost, but very profitable solutions. An example would
be, e.g., hiring an extremely famous but expensive artist: a private organizer might be willing to
risk this option if the revenue expectancy is attractive. In any case, running the model in this
alternative formulation would expectably lead to solutions that shift from the lower cost activities

to the higher profit ones.

More precise revenue estimations might need including ticket price as a model variable, as well
as a stage dependency of revenues, as the number of places available might impact attendance.
These considerations lead to more complex model variations and are left for future work. One
should, however, keep in mind that finding relations between price, supply, and demand is
difficult task and it is possible that a reliable relation, even if found, could cause the model to
become non-linear, in which case metaheuristics would be needed to derive solutions. If, on the
other hand, such relations cannot be found (or are found but are not precise enough), there is
always the option to run the model for a few different estimates of ticket prices and place
occupancy rates and compare solutions. The model, in its present formulation, follows a different
approach: it does not consider price/supply/demand issues and relies on objectives O2 and O3 to
obtain quality line ups, leaving ticket pricing for subsequent stages of festival management. It is
worth noting that the model’s approach may be appealing even to private sector festival

organizations, given it always provides quality line ups.

Another limitation is that parameters relating to objectives 02, O3 and O4 are subjective and thus
prone to imprecisions. For O2 and O3 parameter values could, perhaps, be improved upon using
specialized surveys or looking at past attendance. For O4, a possible objective quantification
might be WL4 = pLAtLA  with pL4 the probability of a delay in stage preparation for activity a of

category c and t54 the corresponding average delay time (both derived, e.g., from past shows).
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6. Summary and future work

This article presented a multi-objective model for the planning large-scale festivals composed of
multiple simultaneous activities, spanning several days. The budgets and spectator numbers
usually involved in this type of event make it important to carefully plan such festivals, matching

artistic quality to audience expectations while keeping financial and logistic aspects under control.

The model proposed takes all these dimensions of reality into account, making it a decision
support tool to assist event planners and managers in providing audiences with optimized festival
lineups, in the fields where such events are typically held. It is especially suited for publicly
funded festivals, as these typically deal with limited budgets or wish to minimize costs, and often
worry about the multiple organizing aspects this research considers. To best of the authors’
knowledge, this is one of the first contributions to the literature on multi-objective decision

support for festival management and event tourism.

Optimal lineups have the potential to attract larger audiences to festivals, increase spectator and
tourist flows, and maximize comeback rates, fostering all the benefits for the local community
that come from the presence of a high number of people attending the shows. Flexible decision-
aid tools for generating and exploring optimal lineups are therefore a plus-value for festival
management that may yield interesting returns, especially if organizational and financial aspects
are also considered, as they are in the model proposed here. The bigger and more complex the
festival is, the higher the chances for gains coming from lineup optimization are, and the more

profitable the use of the proposed decision-aid tool becomes.

The model herein presented is a first step in the development of mathematical festival planning
tools and is open to improvement. As future work, possibly the most interesting direction would
be to develop a supply-demand model which could include ticket prices and other income sources,
evolving the model into profit-oriented variations, which would appeal to festival organizers of
the private sector. Another possibility would be to change the renown objective into maximize
specific renown, i.e., the quotient between total renown and the number of activities to line up.
This would sidestep solutions with many cheap, but lesser activities, replacing them with possibly
more impactful artists. However, such a change would also make the model non-linear and to
obtain solutions one would either need to find a linearization procedure or use some metaheuristic
method. Possible model-specific upgrades could be to make logistic complexity depend on stage
and/or add preferences to stage occupation (this would slightly modify egs. 4 and 5). We hope to

address some of these lines of research in the near future.
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Appendix A
A possible festival flyer

Bienal | Coimbra | Biennial
Artes e Criatividade | Ceativity and Arts

1-5 Setembro 2022 September 1-5
Coimbra > Portugal

1 Qua | wed

Auditorio | TAGV | Auditorium

Crazy Quartet

Hot Jazz

Curved Silence

Dirty Money

Teatro | Cerca S. Bernardo | Theater I
Invisible Moon

Dark Force

Centro de Artes Visuais | Visual Arts Center ll
Gold Splash

Purple Snow

Chapiteau | Jardim da Sereia | Circus Tent ll
Fun Tune

Twin Guitars

Alameda | Jardim da Sereia | Boulevard Il
Gipsy Ventura

2 Qui | Thu

Auditério | TAGV | Auditorium
Blue Company
Hight School
Fantastic Theater
M Teatro | Cerca S. Bernardo | Theater
Big Apple Bros
B Casa das | Caldeiras | House
Barebones
Total Fiction
B Chapiteau | Jardim da Sereia | Circus Tent
Eye Blink
Ocult Dream
B Alameda | Jardim da Sereia | Boulevard
Tony Company
Uggly Family

3 sex | Fri
Auditério | TAGV | Auditorium Il
Chic Clic

Minds Fusion

Teatro | Cerca S. Bernardo | Theater ll
ABC Collection
Human Beat

Chapiteau | Jardim da Sereia | Circus Tent
UV Ray
Alameda | Jardim da Sereia | Boulevard

Hologram

4 sab | sat

Auditério | TAGV | Auditorium
Plus Quartet
Pink Marionettes
Fantastic Dot

Teatro | Cerca S. Bernardo | Theater ll
Fresh Air Ballet
Casa das | Caldeiras | House H
Apple Stapple
Alameda | Jardim da Sereia | Boulevard &

Deep Sound

5 pom | Sun

B Auditério | TAGV | Auditorium
Indian Chapati
Shimmer Light

M Teatro | Cerca S. Bernardo | Theater
Broken Tooth
Naked Sky

I Casa das | Caldeiras | House
Stone Apple
Chapiteau | Jardim da Sereia | Circus Tent
Home-made
I Alameda | Jardim da Sereia | Boulevard

Smashed Pink
Double Trouble

Figure Al. Festival Flyer based on the Goal Lo solution
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Appendix B

Further exploration of solution space and trade-off analysis

A total of 235 extra solutions to the case study were generated, spanning combinations of weights
having ternary values of 1, 2 and 3, with subsequent normalization s.t. );; w; = 1, and removal of
duplicate weights, for a total of 235 additional solutions. In the supplemental material to this
article the reader can find a spreadsheet containing solution profiles for all 248 solutions derived,

ordered by cost (O1) values.

For these 248 solutions, specific renown scores, i.e., the quotient between renown (02) and
number of lined up activities, averaged 0.411 with little dispersion (standard deviation 0.0068),
proving the model succeeds in selecting the most impactful activities, as the average of the
product WEW4. was 0.388. Looking at the solutions in increasing order of cost, it was possible
to see that, as expected, within each category the number of lined up activities grows from N™¢
to NMC as budget increases. This was the case for most categories, but three (non-mandatory, N™¢
= 0) categories in particular exhibited a very small number of appearances in the 248 solutions,
namely once, seven, and 25 times. This was already noticed while exploring Tables 7 and 8 in the
manuscript text and can be tracked down to low on renown and the corresponding activities being

too expensive.

A similar analysis, now at the level of each activity, reveals that the total number of lined up
activities (2] x4.sq) ranged from 33 to 47 for the whole festival. Out of the 100 activities, 20 were
lined up at least once in all of the 248 solutions. Of these 20, eight were so by a N7¥! = 1 parameter,
which forces their lineup. The remaining were naturally selected by model solving. A total of 40
activities featured in at least half the solutions, so the case study data points at these activities as
the most efficient ones and natural candidates for advanced booking of the corresponding artists.
On the other hand, 55 activities feature in at most 25 of the 248 solutions. These activities are not
very competitive in terms of their contribution to the model objectives and therefore only get

selected under special circumstances, confirming the trend from Tables 7 and 8.

It is important to note that the reason why some activities always get lined up, while others never
get lined up, essentially has to do with the specifics of case study data and parameter choice. Other
datasets and parameters may lead to different scenarios when it comes to how often an activity

features in the solutions.

Plotting the 248 solutions as a function of cost reveals the behavior of the model in general. In

Figures B1 to B4 below 2D plots of Ox vs. cost (O1) are presented. In those figures, Optx solutions
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are presented in red, FocusOx solutions in orange and goal programming solutions in green. Blue
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solutions are weighted sum solutions.
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Renown vs. Cost
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Figure B3. Logistic complexity vs. Cost for 248 solutions (04 vs. O1 plot).
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Stage occupancy (hours)

Similar figures could be derived for general Ox; vs Ox;. Figures B1-B4 show a trend of increasing
objective value (y-axis) as investment cost increases (x-axis). The increase is relatively linear for
correspondence and renown (Figs. B2 and B3), but wider and more scattered for stage occupancy
(Figs. B1 and B4), but this is due to the circumstantial factor of case study data. All plots show

that the Optx solutions are indeed extreme and therefore unlikely to be selected as a basis for
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Figure B4. Stage occupancy vs. Cost for 248 solutions (O5 vs. O1 plot).

implementation.

A more interesting analysis is that of distance to the ideal solution vs. cost. This is featured in

Figures B5 and B6 below.
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Total distance to ideal (L1) vs. Cost
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Figure B6. L, distance to ideal vs. Cost for 248 solutions.
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Figures B5 and B6 show that solution distance to the ideal improves with more spending, up to
the point where the L, minimum is reached, and more investment increases becomes penalizing,
despite improving renown, correspondence, and stage occupancy, due to added costs and
complexity. The linear increase in Fig. B6 is curious and can be explained considering that L,
measures the maximum distance to the ideal. As the budget allowance increases, cost becomes
the objective with the most distance to the ideal and this is precisely what the vertical axis show:
for high budget, doubling the cost means doubling the distance to the ideal and a linear plot

emerges.

Looking at all Figures B1 to B6, it is noted that FocusOx and goal programming solutions seem
to cover a good extent of the Pareto front. However, since no FocusOx solution sits close to L1,
which is equivalent to the equal weights solution, this latter combination of weights is important

to consider.

Solution selection from a wider set

When many solutions are generated, an interesting management feature of the model is it can be
used to select solutions on the fly. That is to say, by looking at the detailed breakdown of the 248
solutions, e.g., in the format of the spreadsheet in the supplemental material, the decision maker
can contact the artists asking for their availability, and successively remove solutions from the
pool as artists eventually decline the invitation. This will work best for artists which would feature
in a lot of solutions and/or play key roles in the festival (e.g., star activities), as such declinations
quickly narrow down the pool of solutions, making it easier to select the final lineup. An
advantage of this methodology is that it may not be necessary to rerun model calculations, should
an artist decline an invitation to participate. Likewise, activities which never get selected can be

quickly discarded.
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