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ASSIGNMENT MODEL FOR THE PERUVIAN FILM
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ABSTRACT: The film industry is governed by
supply, pre-defined premieres and supported by
millionaire marketing strategies and promotions.
In this context, capacity management is crucial
to withstand and maximize demand peaks for
each release. For the case of Peru, it is proposed
to use the modeled demand and, on that basis,
to construct an algorithm for assignment of
theaters and schedules for the business format
of multiplexes. In this research, it is recognized
that the demand generated by movies has a
stochastic behavior and, after their first release,
a polynomial trend of degree 3 follows. The
newsvendor model allows us to include the
variability of this demand and the assignment
algorithm allows us to optimally manage theaters
and schedules for each movie on the billboard at
each specific time, considering that empty seats
must be minimized at each time.
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INDUSTRY

KEYWORDS: Assignment, optimization, movie.

MODELO DE ATRIBUICAO PARAA
INDUSTRIA DO CINEMA PERUANA

RESUMO: A indUstria cinematogréafica é regida
por ofertas, estreias predefinidas e apoiada
por estratégias e promocbes de marketing
milionéarias. Nesse contexto, o gerenciamento de
capacidade é crucial para suportar e maximizar
0s picos de demanda para cada versdo. Para
0 caso do Peru, propde-se utilizar a demanda
modelada e, a partir disso, construir um
algoritmo para atribuicdo de salas e horarios
para o formato comercial dos multiplexes. Nesta
pesquisa, reconhece-se que a demanda gerada
pelos filmes tem um comportamento estocastico
e, ap6s seu primeiro langamento, segue uma
tendéncia polinomial de grau 3. O modelo do
newsvendor permite-nos incluir a variabilidade
desta procura e o algoritmo de atribuicdo permite
gerir de forma otimizada as salas e horarios de
cada filme do outdoor em cada hora especifica,
considerando que as poltronas vazias devem ser
minimizadas a cada momento.

PALAVRAS - CHAVE: Atribuicdo, otimizagéo,
filme.

11 INTRODUCTION

After the planning of operations where
product lines, industrial areas and delivery
channels are established, managers must
give equal importance to the programming of
operations. In this second administrative activity,
those actions where efficiency is sought through
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the optimization of resources are summarized. Programming involves activities such as:
task sequencing, resource assignment algorithm and scheduling, among other actions. The
use of applied mathematical models in these three areas indicated in order to optimize
results is becoming increasingly widespread in various economic and productive areas.

For example, in the agricultural sector, specifically in rice-producing companies,
efficiency is sought through the programming process, considering: planting dates,
machine allocation, efficiency, terrain conditions and cost overruns for violating time
windows associated with crop harvesting time, becoming necessary the application of full
programming models to achieve allocation effectiveness (Puentes, Arango, & Orejuela,
2019).

In logistics, it is necessary to apply storage space allocation models, where some
applications provide solutions and results independently, which allows identifying their
implementation potential, even more if there are different types of products, which means
applying an algorithm that makes an adequate arrangement of products in the warehouse
over a defined time horizon, which would achieve the efficiency in cost management
(Ballesteros-Riveros, Arango-Serna, Adarme-Jaimes, & Zapata-Cortes, 2019).

The film industry, in which this research work is focused, is also immersed in the
need to optimize its operations. Perhaps an important aspect to take into account in a
theater allocation and sequencing process is the consumer behavior, which is recurrent,
random and seasonal, as in the case of Spain where 54% of the population attends once
a year, being surpassed only by activities such as listening to music or reading (Monserat,
2015)

According to Jaime Akamine, at the beginning of 2017, Peru had more than 550
movie screens and sold 40 million tickets that year. These numbers have grown steadily
since the 90s, and today the business model is made up of chains' such as: Cinemark,
Cineplanet, UVK and Cinépolis, which offer about 250 movies a year, and 75% of them
come from major producers such as: Fox, Paramount, Warner, Sony, Universal and Disney,
and they also have their premieres scheduled. (from: www.elcomercio.pe)

At present, the analysis of the Peruvian film market, under the 4Ps approach, shows
that the product offered, i.e. the billboard, is not an advantage that boosts demand among
the various movie theater chains, since, as it has been pointed out, billboard premiers are
already standardized and scheduled. Likewise, the strategy of growing through new premises
(plaza) is limited to the speed at which malls are expanding in Lima and provinces, as in the
case of Cinemark and Cineplanet. Stimulating demand through prices and promotions,
offering these advantages through their sales and loyalty channels, has been a strategy
that has been strongly used in recent years, but at the same time it has led the chains to an
operating space with tighter profitability margins than before.

At a time when marketing strategies to stimulate demand have reached apparent

1 https://larepublica.pe/economia/1169480-cual-fue-el-cine-con-mas-espectadores-en-2017
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saturation, it is appropriate to review whether it is possible to improve business profitability
by optimizing the available resources.

In response to this problem, it is necessary to address the solution through asset
efficiency. In other words, focusing efforts on filling the available theaters and times with the
“blockbuster” movie that is on release, besides optimizing the use of the other theaters with
other movies on the billboard, seeking to minimize empty seats. And for this purpose, the
classic assignment models can serve as a theoretical solution to this problem.

2| DESCRIPTION OF THE PROBLEM

An assignment model includes tasks to be assigned, which, in the problem
described, is the movie on the billboard and also includes resources where these tasks
will be executed (the theater - schedule). The latter have various characteristics (seating
capacity, sound and audio effects, unit prices, etc.). The basic structure of the problem can
be seen in Table 01:

What is To whom it is

assigned...

assigned...

Cost of assignment

Restrictions

Objective

Every movie on
the billboard.

To each movie
theater and
schedule.

Opportunity cost of
using or not using
the seat

Matching supply
(seats) and demand
(box office)

Minimizing the
number of empty
seats.

Colegao desafios das engenharias: Engenharia de produgéo 2

Table N°1 Summary of parameters described in the assignment study

“(...) more precisely, the classical assignment model deals with matching
workers (with varying skills) to jobs. Presumably, skill variation affects the cost
of completing a job. The goal is to determine the minimum cost assignment of
workers to jobs.”.?

Before starting this modeling, we must understand that the aforementioned demand,
like any show, presents a peak at the beginning of its release, and then drops sharply until it
leaves the billboard, for reasons of attracting a minimum audience. This trend is followed by
all the movies that are offered simultaneously, which indicates that the allocation of theaters
is an operational time and dynamic decision, since the day of the premiere screening, the
time slot in which it will be programmed, and the advertising budget for the movie, all play
a role. Table 02 shows an example of the historical box-office revenue distribution for a

standard movie.

2 Taha, Handy (1997). Investigacion de Operaciones, (4° Ed.), p201,USA: Prentice Hall
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Box office day
Time Slot
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
Morning 10%
Afternoon 40%
Evening 40%
Midnight 10% i

Where r, represents the percentage at which box-office revenues for each time slot per day are
historically distributed.

Table N°2 Distribution of box-office revenues during the first week and by time slot

Another point to note is that the box office projected throughout the life cycle of the
movie has a probabilistic behavior, where the risk of oversizing or undersizing the seats
offered comes into play. For this situation, it is proposed to use the newsvendor model,
which will allow us to transform the probabilistic demand into deterministic time demand for
each movie along its curve, and, in that order, work the assignment to each of the theaters,
at their respective times, following a classic assignment model.

To sum up, the case to be modelled refers to the decisions that have to be made by
managers of movie theaters, who, based on their current need, seek to allocate in the best
way their installed capacity, in this case, movie theaters, against the expected demand of
their billboard. To this end, it is sought to generate a model that allows optimizing the use of
facilities, initially identifying the billboard.

31 PARAMETERIZATION OF THE PROBLEM

The billboard is composed of “p” movies, which behave following a polynomial curve,
different for each one, of degree 3, generically described in image 1; where for each period
“t”, there is a projected box office T, with mean (u), and standard deviation (o). Being t1 =
Thursday, which is the release date.
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Elaboration: Own

41 ESTIMATED DEMAND

Since it is a stochastic demand (l,0), and since schedules are treated as “unique”
periods, it is possible to apply the newsvendor problem for this scenario: “ by analogy with
the situation faced by a newspaper vendor at the beginning of each day, when he must
decide how many copies of the day’s paper to stock in order to supply an uncertain demand
and considering that he should not incur excessive missing or extra copies™. This algorithm
seeks to offer the “optimal” number of seats (Demand) for a single movie with stochastic
behavior, in a specific period (schedule).

D=T+Z*0c *
Where:

D = projected demand. (deterministic)
T = box office projected on day t. (probabilistic)
M, o = parameters of T.

Likewise, Z = InvNorm (Cu/ Cu + Co) °®
Cu
Co

profit per seat

maintenance cost of a seat

3 David F. Mufioz. (2009). Gestion de Inventarios. En Administracion de Operaciones, Enfoque de Administracion de
Procesos de Negocios (196 -201). Mexico: Cengage Learning Editores.
4 Adapted from Taubber, L, (2001), La construccion del significado de la Distribucién Normal a partir de actividades de
analisis de datos (Tesis Doctoral), pp76, Universidad de Sevilla, Spain.
5 Adapted from Taubber, L, (2001), La construccion del significado de la Distribucién Normal a partir de actividades de
analisis de datos (Tesis Doctoral), pp76, Universidad de Sevilla, Spain.
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Once the demand (D) has been established for each movie (p) - schedule (h), each
of the theaters (s) - schedule (h) is assigned, following a classic assignment model:

51 MATHEMATICAL ASSIGNMENT MODEL

Sets:

Movie /1..p/: ;

Theater / 1..s/: ;

Schedule/ 1..h/: ;

SxH (theater,schedule) : capacity;

PxH (movie,schedule): demand_proj, demand_unsatisfied, demand_inflated;
PxSxH (movie,theater,schedule):X;

end sets

Data:

capacity = ;
demand_proj = ;
end data

IObjective Function;
Min = @SUM(PxH(p,h): demand_ inflated (p,h));

IRestrictions;

Ifor each movie-schedule, the accumulated capacity of the theaters assigned is
equal or bigger than the occupied seats;

@for (PxH(p,h):

@SUM(SxH(s,h):capacity(s,h)*X(p,s,h)) =

demand_proj (p,h) - demand_ unsatisfied(p,h) + demand_ inflated (p,h));

Ifor each theater-schedule, only ONE movie can be assigned;
@for (SxH(s,h):

@SUM(PxSxH(p,s,h): X(p,s,h)) = 1);
! for each movie-schedule, only TWO theaters can be assigned;
@for (PxH(p,h):

@SUM(PxSxH(p,s,h): X(p,s,h)) <=2);

IX = is the binary assignment variable, of movie “p”in the theater “s” and the schedule
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o
@for (PxSxH(p,s,h): @BIN (X));

end

61 CONCLUSIONS

For the development of this research, compact mathematical modeling was used in
lingo system, where the objective function represents the minimization of free or unoccupied
seats, taking into account the assigned capacity per theater, the unit assignment per movie/
theater, and movie/schedule; which allowed results where 95% of use of installed capacity
is observed, leaving only 5% of seats free due to the stochastic behavior of demand.

The application of the newsvendor problem allowed to manage the stochastic
behavior of the box office demand in the projection of the offer of seats, an indispensable
step to carry out the mathematical modeling of assignment.

The optimal development of this model allowed to use better the installed capacities
per theater, with the consequently increase of profit for having a minimum of seats
unoccupied by movie and time slot. This type of optimization strategies must work in parallel
with marketing strategies in order to safeguard the continuous growth of the business.

The feasibility of the model requires a correct approximation of the polynomial curve
of demand projection, as shown in figure 1. In that order, it is appropriate to apply advanced
computational techniques, such as “machine learning”, where the model is constructed
under unsupervised algorithms, such as clusterization techniques, or supervised ones
based on evidence and error, and that will contribute to our next studies.
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