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Abstract: (IJPME Abstract Header)
Incentives to maintain health through physical exercise have been increasingly disseminated, counting with it, the constant increase in the number of gyms in Brazil and the consequent increase in competition among these companies, the need for a competitive differential in business has grown so that the company can continue in the market and expand. In this context, a common problem is the layout design of gyms, which consists in allocating the equipment with higher priority in the available space or in a way that minimizes the lost space. The gym under study wanted to expand its number of equipment assertively. Thus, the goal of this work is to select the best equipment for the available budget and allocate them in the available space in the best possible way, thus generating a layout project. To solve the problem, a mathematical model was applied in AMPL, considering restrictions and what the gym already had. The result was satisfactory, for the reason of meeting the available budget, as well as the other restrictions, and the equipment being compatible, in layout suggestion, and, therefore, the suggested solution proved to be effective, with a lower expense than the financial effective available.
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1. Introduction (IJPME Header 1)
It is common knowledge that physical activity is a tool for health maintenance. For example, by controlling weight, one can avoid the appearance of chronic diseases that are linked to hormonal issues and to the full functioning of the body, such as high blood pressure (hypertension) and diabetes mellitus. It is understood that the good practice of physical exercise decreases the consumption of continuous use medication, improves the metabolism functioning, decreasing possible health problems (BRASIL, 2006).
A Study conducted in 1953 report researches in which the object of study was to investigate the impact of physical activities on the risks of chronic diseases. From this, studies relating physical activity and its benefits in various ways began to gain interest in academia. For example, studies in the 80's proposed the measurement of maximal oxygenation during physical activities and its contribution to the prevention or control of chronic diseases. More recently, a statistical study showed a linear relationship between physical exercise and a reduction between 20 and 30% in the risk of acquiring these diseases considered preventable (RUEGSEGGER and BOOTH, 2017, WARBURTON and BREDIN, 2017).
With the expansion of the encouragement of physical exercise practices, large cities have adopted programs, as in the case of Rio de Janeiro, which linked this service to primary health care units, in order to reduce the need for medical services by the elderly population, thus improving health indicators (CORAÇÃO et al., 2019).
In addition, there was a media opening in television and social networks, spreading the idea that the practice of physical activities is very beneficial. With this, the service sector focused on leisure and "physical well-being" has been gaining space in the last decade in the country. According to the Association of Gyms (ACAD), the country recorded at the end of 2017, a growth of 34,000 new gyms in Brazil compared to the year 2013 (SOUSA, 2019, BASTOS et al., 2020).
As Boaz (2016) addresses, with the increase in the number of gyms managed largely by physical education professionals, who wish to undertake in the area, an obstacle has been the management. According to Boaz (2016), these professionals, during their training in physical education, may not have had contact with management tools, which can become a challenge for sustaining the gym enterprise. Given this, determining the organizational planning, defining the best allocation of resources, is necessary in any gym, aiming at the best experience for the final customer.
For Rufino, Soares and Santos (2000), in the gym the customer will find a space in which to practice activities continuously and regularly, with specialized staff for guidance and equipment that can extract the best from each part of the body. To plan optimally and offer the best relation between cost and the gym's physical space, the availability of capital is the main limiting factor in this planning. Therefore, there is the need to choose the best equipment and dispose it in the best way to offer the best cost-benefit to the final customer (BRETAS, 2016).
One way to find the best equipment is through optimization, which has been used in several applications: from the scope of supply chain coordination (DUTRA et. al., 2022), to the financial market (ALVES et. al., 2022). In the field of resource allocation, such as equipment, one form of optimization is by solving the knapsack problem.
The definition of the knapsack problem is inspired by the following context: a climber must load his backpack with a finite number of items of his utility. Each item has a utility value and a weight. The climber defines the maximum amount of weight he can carry, with this, the climber must choose the items to be placed in his snpacksack (MARQUES, 2002, FINCATTI, 2010).
Many companies focus on expanding the physical space of their facilities to achieve economy of scale, (CARVALHO DE SÁ et al., 2022), in such a way as to better offer the service to the customer (DE KOSTER et al., 2006). The economy of scale consists in diluting the fixed costs in more units, the fixed cost does not change and the interested party gets more consumers to consume its products or services, thus decreasing the cost per unit (Szwarcfiter and Dalcol, 1997).
Considering the need to choose the best equipment in a gym and to determine an optimal layout with the disposition of the equipment, the general objective of this work was to find a viable solution for equipment selection and layout determination in a gym. Specifically, the objective is to develop a mathematical model, based on linear programming, with basis on the knapsack problem, which makes possible to determine an optimum layout for the disposition of the equipments of a gym, including the existing ones and making a suggestion for the purchase of new equipments, considering budget and physical space restrictions. 
1. Literature review
The use of mathematical modeling tools such as heuristics, problem solving algorithms in structuring a layout project and the importance of the latter for the management of companies in different areas will be addressed in this section.
The manuscript should in general comprise (a) an essential data (title, author names, abstract, and keywords) and (b) an extended contribution. 
1. Heuristics, metaheuristics and solving algorithms (IJPME Header 2)
The heuristics are like generalized rules of influence, being conceptualized to reach the judgments in decision making and involving uncertainties, decreasing the time employed in the decision making process and reducing the efforts, given the complexities of the tasks (TONETTO et al., 2006).
According to Rodrigues (2001), metaheuristics are techniques that overlap specific heuristic methods, obtaining results of superior quality when compared to heuristics, due to their possible generality when compared to heuristics (RODRIGUES, 2001).
There are a variety of heuristic methods applicable to the solution of layout problems, which use the trial and error method for approximate results. There are also metaheuristics, such as ant colony and genetic algorithms, and exact methods. The way of solving the problems follows a standardization, that is, although each method follows its own logic, the general step-by-step is similar: understand the problem and define the mathematical model (DRIRA et al., 2007).
Hybridizations of these methods can be used in order to deliver, through this mathematical formulation, the most robust values possible, which can be exact, those considered such good results that cannot be improved, or else closer to the best mathematical result. Exact solving approaches were dealt with in the 1980s and 1990s by four authors. One of them, in the 1980s, considered an exact solution, which still considered a dynamic layout, sensitive to market variations. However, the solution was only suitable for problems with few instances, basically applicable to a short period of time and few storage zones (DRIRA et al., 2007).
As a complementary way, other authors seeking more robust results, developed heuristics and metaheuristics, searching in dozens of studies improved the results. (DRIRA et al. , 2007).
The rise of heuristics and exact algorithms to solve problems considered more complex related to the layout design emerged in the 90s, using approximations that date back to the 70s. Today there are several algorithms and the Branch and Bound strategy, which uses a kind of trial and error and always seeks the best solution among the possible ones (XIE and SAHINIDIS, 2008).
To consider the infinite layout combinations, the main scientific contribution, was to identify an algorithm that has no size and area extension limitation, always working with tight lower and upper bounds, in order to obtain more robust results (XIE and SAHINIDIS, 2008). One approach can be compared to nonlinear programming that considers additional constraints, aiming to decrease the flow costs between facilities (SINGH and SHARMA, 2005).
The MIP (mixed integer programming), therefore, can solve problems of dynamic layouts, with facilities of different sizes, but applied to small problems. To solve the problems, branh-and-bounds algorithms have size limitation, heuristics use approximations, which always find a result, which may or may not be close to optimality, even though this is not the goal, heuristics are usually more present in layout arrangement, however, metaheuristics also gain more strength in this scenario. In previous approaches, the goal was always to optimize the cost of material handling and equipment purchases, as is presented in this paper. The scientific contribution was to identify the trends in layout planning studies in order to give a greater notion to other authors about what to approach, in a judicious manner, so that the result found is satisfactory (SING and SHARMA, 2005). 
The biggest indicator of efficiency of a layout is the cost of material handling, representing up to 70% of the cost of production of a product, additionally, is estimated a lose up to 35% of the efficiency of the system due to incorrect layout planning, it can decrease the cost of production and improve the handling of materials. Manufacturing systems can have some forms of layout, such as layout per product, layout per process, layout with fixed position and cellular layout, and each of these types, will have a greater importance of each particularity when it comes to assembling a layout, which raises the need for a good pre-assessment of what will be considered as a better layout distribution. (HOSSEINI-NASAB et al., 2007).
For the analysis of this type of problem it is considered whether the size of the facility is regular, irregular and whether it is fixed, whether the cost with material handling is only one, or whether it is considered more than once (it is moved in several steps). The main constraints are budget, which in this case was not considered much, area, whether the product can be overlapped, pickup and destination process, and orientation and clearance. The representation of the problem, consists in dividing the areas in blocks and their respective sizes, the objective of this formulation is to minimize the sum of the material flow between facilities based on the distance function, or even to minimize the distance between the facilities. To formulate the layout a lot of information about the company is needed and cannot be left out when formulating the problem. In the graphical survey, areas and product overlap are the restrictions that appeared most in the studied works, which makes it clear that physical space is the biggest problem when formulating a layout (HOSSEINI-NASAB et al., 2007).
After long years of research on computational methods, the evolution of technology has contributed to make the results of both heuristics and computational tests and simulations more robust, especially after the emergence of Industry 4.0, using artificial intelligence, internet of things, terms very present in the concept of Industry 4.0, increasing the efficiency and accuracy of manufacturing systems, supporting layout design, generating more complete layouts that better serve companies. (AL-ZUBAIDI et al., 2020).
Simulation is beem considered recently to analyze layout designs, because although it dates back many years of study, improvements made in computer equipment lead to efficient and robust results to be applied in practice, integrated manufacturing systems have also been developed to improve other techniques in the production process. The trending topics are more up to date and are generally linked to technology, such as simulation technology, consideration of data security and also about the manufacturing system being flexible, as well as the use of Lean as a manufacturing system, reducing waste, often with the help of technology. All of these topics considered, have appeared in greater numbers in recent literature, when there has been a leap in technology, in recent years. While some old and treated methods from the 1980-90s are accurate when it comes to formulating a layout, relying on technology has been quite effective for dynamic, static problems and those that consider multiple facilities or multiple floors in a facility (AL-ZUBAIDI et al., 2020).
1. Layout Design
Corrêa (2012) simplifies the concept of layout as the physical arrangement of resources that occupy space within a given facility.
Koster et al. (2006) conducted a literature review to understand the design and control of picking in a warehouse. The  facility layout problem aimed to determine where to position each sector (such as receiving, picking, storing, sorting, and shipping) to minimize the order handling cost, usually represented by a linear function that depends on the travel distance between one sector and another. This is achieved by combining several ways of organizing a layout. For example, a layout can be defined with a focus on allocating the highest priority products in the available space or allocating products in a way that minimizes wasted space. To solve specific problems, such as sizing the size of the storage system, choosing whether the pick and place system will be in one place or several, ensuring that the product should be stored in a predetermined location. This survey of information should be done carefully so that each decision, such as the place where a product should stay does not end up affecting other needs in the layout project, with the intention of finding a common goal that meets all the needs of this layout project, developing the best possible project (DE KOSTER et al., 2006).
De Koster et al. (2006), also address the most common systems presented in the literature on warehouse layout organization, which can influence external factors such as marketing positioning, customer demand, supplier replenishment. These systems focus on maximizing the service level, the same way it happens in this study, which aims to maximize the return on investment, given the priorities previously defined. When it comes to layout formation, the authors consider that the objective is mostly to minimize the cost of handling the items.
According to De Koster et al. (2006), regarding solving methods, heuristic approaches have been widely used. The authors reinforce that heuristics are the most used way to solve NP-hard problems and ranked the layout formation problem, by zone, by lot, in order of priority when the problem is solved by means of a heuristic. Analytical models for layout optimization are not as present in the literature, when it comes specifically to methods more common in everyday life, but there are alternatives and combinations that can lead to optimal solutions of the problems, or solutions that generate a good result for the problem raised (DE KOSTER et al., 2006).
Drira et al. (2007) corroborate De Koster (2006) by stating that layout problems are considered NP-Hard problems, and by defining that the layout problem aims to minimize the cost of handling materials between warehouses or within the warehouse, makes it clear, therefore, that making the company's layout more efficient involves considering the interactions between facilities, whether in the same warehouse, or even in external warehouses. The main indicator of a layout's efficiency is the material handling cost, which includes travel, labor, and other specific items (HOSSEINI-NASAB et al., 2017).
Simulation technology, consideration of safety aspects, flexible manufacturing systems, and Lean Manufacturing are concepts that have been associated with heuristics, metaheuristics for solving layout problems to further support decision making (AL-ZUBAIDI et al., 2020).
The application of layout designs, according to the literature, focuses on hypothetical cases and classic problems, in critical areas with high volume of services or movement of people, such as hospitals, airports, stations, and logistics terminals (warehouses). This variety of applied locations shows a breadth of real-world applications (PÉREZ-GOSENDE et al., 2021).
There are several ways to determine a layout, but one way of arranging products that can be considered efficient is to classify by use of each product. In this sense, the product that has a high turnover is called "product A", a product with medium turnover is called "product B", and a product with a lower turnover is called "product C". This classification should decrease the average travel time, in which the separation process will prioritize the shortest distance for products with higher turnover (DE KOSTER et al., 2006). 
The fusion of several theoretical ways of layout organization combined, can generate a good organization result in practice. Drira et al. (2007) propose a discrete simulation based on approximately seven ways of layout organization, dividing the plant into blocks of the same area and shape, considers the number of facilities in the layout (similar to the number of apparatus present in the gym), evaluating what should be purchased. However, the authors consider the cost of the flow of materials between the facilities, which would not have a direct analogy with the case studied in this work. In the problem of these authors, the impossibility of overlapping blocks is considered as constraints, which corresponds in the present work to the impossibility of overlapping appliances.
According to Drira et al. (2007), there is a single drawback about solving problems by exact methods: they are usually not enough, or end up being too complicated to formulate when it comes to large problems. Therefore heuristics and metaheuristics are used to solve these problems.
The classification of a layout design system is based on the evolution of the layout, characteristics of the workstations, and the approximation of the optimal solution, but it can also consider the type of problem, the approach, planning phase, and the production characteristics of the facility, the latter would leave the formulation more generic for companies that are not yet very concerned with the physical arrangement of their space (PÉREZ-GOSENDE et al., 2021). 
Recent techniques that support the layout design even help in safety and analyze risk factors, which allow avoiding monetary loss and protection to the integrity of employees, as well as measuring the quality of the designed systems, using the QFD (Quality Function Deployment) method, i.e., there is improvement in the economic sense with the prevention of poorly made investments, without fatal or partial accidents for the employee - and their monetary value for the company - also in the quality of the service offered, all by integrating software and linear programming methods (AL-ZUBAIDI et al, 2020).
A small number of studies on formulating a layout design consider as examples, in a single building or single floor, but do not consider temporary facility structures such as mezzanines. Only more recent studies consider a more dynamic structure (PÉREZ-GOSENDE et al., 2021).
Reducing material movement, reducing losses in production and with damage to materials, controlling and sequencing the withdrawal of orders is the objective of layout formulation. The result of this study is a "block" with the suggested location for each department, although there are problems such as multi-objective when the layout formulation tries to understand some other particularities of each organization (SINGH and SHARMA, 2005).
Decision making ensures the way the layout of the company will be divided. However, there are pre-defined layout designs that will assist in the decision making process. Examples of such designs are the structure of the storage shed, which can be all on one floor. As there may be lower floors, it can be in long and not very wide warehouses, where only one aisle is needed, as well as a kind of circular track that passes through all the aisles, larger warehouses with more than one aisle, and even of irregular aisles, i.e., that have different sizes and do not necessarily follow a traditional geometric shape. There are also structures with more than one floor or a mezzanine to take advantage of vertical space (DRIRA et al., 2007).
The Facility Layout Problem is a combinatorial optimization problem that can be used to solve problems in several areas (SINGH and SHARMA, 2005).
The design of a new layout can be of completely new plants, or also of companies that already have a physical arrangement and have been using it for quite some time. The attention of previous studies are focused only on the first case, suggesting that a layout must remain the same or is very complex to change, however, the most common cases are of companies that need to readjust for various reasons, among them, the search for increased productivity (PÉREZ-GOSENDE et al., 2021).
1. Static and dynamic layouts
With the recent and constant launch of new products, consumer preferences tend to change, impacting decisions made by company managers. According to market changes, new products need to be acquired in a short period of time, as well as, changes in consumer behavior can cause a product to decrease its demand and no longer require a priority space within the company, being displaced to less priority areas (DRIRA et al., 2007).
Globalization and constant quest for power requires rapid changes in technology and this includes the life cycle of many products, which may be stored in different locations or companies that need to be redesigned at the expense of the emergence of new products, which require repositioning, both literal and subjective, this leads to constant changes in layouts (HOSSEINI-NASAB et al., 2017).
Static layouts allow little or no change in storage, dynamic layout is a layout studied to be changed for periods of time, the latter is a greater trend in companies working with seasonal products, which need to have, in the previous study, an additional cost with repositioning after the period (DRIRA et al., 2007).
For static layouts, the supply and pick points for shipping, the process after picking each order, matter more than the location of each one, since these will be standardized costs and there will be hardly any additional repositioning cost (DRIRA et al., 2007).
A survey showed that planning approach for dynamic layouts was present in less than 20% in the scientific literature, however, dynamic layouts are considered to be flexible and robust and therefore would show results closer to what is used in most companies (PÉREZ-GOSENDE et al., 2021).
There is a variety of heuristics and metaheuristics in the literature that are applicable in solving layout problems, it is necessary to have this careful analysis that goes from a specific heuristic, to the hybridization or combination of heuristics (DRIRA et al., 2007, SINGH, SHARMA, 2005).
1. Methodology
The methodology of this study begins with the need to invest in new equipment in a gym and for this, a readjustment of space is required in order to optimize the current arrangement of equipment to order new equipments, for this, the Operations Research approach was used.  The first subsection will address the problem and the second, the mathematical model implemented. The data for this work was collected in Bretas (2016).
The problem
In gyms, the equipment is placed in a limited area. In some cases, this area is too small for what you want to offer, especially in old cities, where shops were not as numerous as they are today and did not demand much space.
Aiming to take advantage of the space where a gym is located, in order to improve the circulation of people and the better use of the room where there are already a number of equipment and there is the need to acquire new ones, a physical rearrangement of the space will be made to better adapt the equipment.
The academy under study is in the city of Ouro Preto, in the state of Minas Gerais. The establishment works where it used to be a health and aesthetics center, but for financial reasons, the academy no longer belongs to a complex and now works only as an academy.
The gym has 42 equipments, as well as useful equipment, such as a support for storing balls, a stack of ten mattresses, and a closet for carrying objects. Besides this equipment and apparatus, the gym also has some objects, such as equipment boxes, columns, stairs, tables, and corridors, which make up the total area of the gym and limit its available area, which is 285 square meters.  Table 1 summarizes the 47 existing equipment in the gym, as well as the objects that occupy physical space.
	Equipment
	Quantity

	Scott
	2

	Leg press
	1

	Dumbells rack
	1

	Shoulder development
	1

	Free bench
	2

	Articulated supine
	1

	Declined supine
	1

	Inclined supine
	1

	Straight supine
	2

	Bike
	4

	Backrest
	3

	Mat
	7

	Ring rack
	1

	Dumbells tower
	2

	Horizontal flexor
	1

	Strength development
	1

	Pararell abdominal
	1

	Equipment
	Quantity

	Leg press 45°
	2

	Calf
	1

	Squat hack
	1

	Multiuse
	1

	Row
	1

	Crossover
	1

	Pulley
	1

	Low row
	1

	Bar hack
	1

	Flyer
	1

	Ball support
	1

	Mattress pile
	1

	Cabinet
	1

	Desk
	1

	Equipment box
	1

	Column
	7

	Ladder
	1

	Bigger aisle
	1

	Smaller aisle
	2


Table 1. Overview of current equipment and quantities
A sketch of the gym's architectural design is provided in Figure 1, showing the shapes and measurements of the gym space.
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Figure 1. Physical space of the academy
In Table 2 are listed the market values of important devices and equipment for a gym, based on the technical selection made by a physical education professional. For each accessory or equipment selected, the professional defined an order of priority in what is considered most important for the good execution of the physical exercise practice. The priorities were defined from 1 to 5, where 1 defines the lowest, and 5 the highest priority to have in this gym. The parameter Q min is the minimum quantity of each device, already existing, and it is understood that there is no need to get rid of any device. The parameter Q max, on the other hand, concerns the maximum quantity and refers to the use of the equipment by the gym's students and its usefulness for the good development of physical exercise. The values and areas occupied by each device or equipment were obtained from the Life Moment Fitness Equipment electronic catalog, which has equipment compatible with an intermediate market line, considered of excellent cost-benefit by professionals in the area.
	Equipment
	Identifyer
	Area
	Q min
	Priority
	Q max
	Price (BRL)

	Adductor/abductor
	
	2.05
	1
	3
	1
	10735.00

	Gluteus
	
	1.77
	1
	2
	1
	9183.34

	Extender
	
	1.49
	1
	2
	1
	8050.00

	Sit Flexor
	
	1.44
	1
	2
	1
	12345.31

	Abductor
	
	1.78
	1
	1
	1
	9009.16

	Adductor
	
	1.89
	1
	1
	1
	9009.16

	Strenght develop
	
	1.71
	1
	1
	1
	8318.20

	Horizontal leg press
	
	3.11
	1
	1
	1
	9133.33

	Dorsal bench
	
	1.36
	1
	1
	4
	3249.95

	Inclinated bench
	
	3.88
	1
	1
	4
	1361.61

	Scott
	
	1.34
	2
	1
	4
	3249.95

	Dumbells hack
	
	1.89
	1
	5
	3
	1531.18


	Strenght develop
	
	0.71
	1
	4
	3
	3968.29

	Bench
	
	2.8
	2
	3
	4
	1330.00

	Straight artic supine
	
	3.12
	1
	1
	1
	4132.50

	Bike 1
	
	0.93
	1
	5
	5
	3924.45

	Bike 2
	
	0.75
	2
	5
	5
	5206.95

	Bike 3
	
	0.88
	1
	4
	5
	4693.95

	Backrest 1
	
	1.5
	2
	4
	3
	1805.00


	Backrest 2
	
	1.04
	1
	2
	3
	1947.50

	Mat
	
	1.60
	7

	3
	9
	9071.55

	Inclined supine
	
	3.83
	1
	4
	4
	4460.47

	Declined supine
	
	3.61
	1
	1
	5
	5668.34

	Straight supine
	
	3.7
	2
	5
	5
	3261.66

	Ring hack
	
	0.53
	1
	5
	3
	819.85

	Dumbells tower
	
	0.18
	2
	3
	5
	274.55

	Horizontal flexor
	
	2.32
	1
	1
	1
	7125.00


	Strength development
	
	1.99
	1
	1
	1
	2755.00

	Pararell abdominal
	
	1.04
	1
	2
	3
	3261.66


	Leg Press 45°
	
	2.54
	2
	1
	2
	8201.66

	Calf
	
	1.00
	1
	5
	3
	3261.66

	Squat hack
	
	4.39
	1
	1
	1
	10669.45

	Row
	
	1.79
	1
	3
	1
	9009.16

	Multi
	
	3.8
	1
	1
	1
	8741.01

	Crossover
	
	4.37
	1
	1
	1
	11309.86

	Pulley
	
	1.75
	1
	4
	4
	8676.66

	Low row
	
	2.42
	1
	2
	2
	4655.00

	Bar hack
	
	0.26
	1
	1
	3
	1254.00

	Flyer
	
	1.73
	1
	2
	1
	3980.50

	Ball support
	
	0.52
	1
	1
	2
	1663.81

	Mattress pile
	
	0.57
	1
	1
	1
	356.30

	Cabinet
	
	0.51
	1
	1
	1
	1580.00


	Desk
	Desk
	1.00
	1
	N/A
	N/A
	N/A

	Equip box
	Box
	0.17
	1
	N/A
	N/A
	N/A

	Column
	Col
	0.15
	7
	N/A
	N/A
	N/A

	Ladder
	Lad
	15.57
	1
	N/A
	N/A
	N/A

	Big aisle
	Big aisle
	19.00
	1
	N/A
	N/A
	N/A

	Small aisle
	Lit aisle
	10
	2
	N/A
	N/A
	N/A


Table 2: Equipment information selected by the Physical Education professional
Finally, the budget available for the acquisition of new equipment in the gym is BRL180,000.00.
Mathematical Model
The methodology applied in this work is based on the Operations Research approach, which is a tool to assist decision making (Ferreira et al., 2022; Dutra, 2022). The representation of a real problem is done via mathematical models, which are responsible for finding the optimal feasible solution for the real problem (MARQUES, 2000; KIRBY, 2000).
Among the known optimization problems, there is one that mentions a climber who must carry his knapsack with the items that are most indispensable to him, faced with an impasse of what to carry in this knapsack, the individual must attribute importance to the items that need to be carried, selecting items by importance, maximizing the total utility choosen (MARQUES, 2000, CARVALHO, 2015).
Considering the above, a model for the problem object of study of the work is as follows:
Sets:
{1,2,...,48} : is the set of equipment that can be purchased;
{ } : is the set of utilitarian objects for the gym, which compose its area;
Parameters: 
Area (in m²) available in the gym;
area occupied by equipment ;
number of objects  already existing in the gym;
 minimum number of equipments;
maximum quantity of equipment;
cost of equipment ;
available budget for purchase of equipment;
priority order for purchase of equipment ;
Decision variable:
: é a quantidade de aparelhos : 
[bookmark: _Hlk96466927]Optmization model:
 		(1)
	(2)
	(3)
	(4)
		(5)
				(6)

In equation (1)  is the quantity of equipment  to be purchased,  is the priority of buying this equipment and varies from 1 to 5; equation (2) concerns a constraint that limits the sum of the quantity  of equipment to be purchased multiplied by the area  added with the sum of the quantity  of already existing objects multiplied by the area  occupied by already existing objects must be less than or equal to the useful area  of the gym; already in equation (3) is shown the restriction that the quantity  of equipment summed up with , must be bigger than or equal to the quantity , which represents the quantity of equipment already existing in the gym, in equation (4), the restriction is shown is that the quantity  of equipment summed up with   must be less than or equal to the quantity , which represents the maximum quantity of equipment that the gym can support, according to what is suggested by the physical education professional, so that not only equipment of maximum priority order are chosen; equation (5) involves the available budget constraint and is given by the sum of the quantity of equipment , multiplied by , which is the cost of equipment  and must be less than or equal to the available budget of the company, determined by ; in equation (6) it is simply shown that the number  of equipment to be purchased must be positive (or zero) since the gym does not want to discard any equipment.
Compared to the work of Bretas (2012), despite the mathematical model being similar, this was done in a different software than the one studied by Bretas, and as a difference in parameters, a Physical Education professional was consulted to establish new levels of priority, considering that with the passage of time and the evolution of scientific studies, other equipment can be considered more important in relation to those that, at the time, were considered more important.
1. Results
The model was implemented in AMPL (A mathematical programming language) and solved by the Gurobi solver. The model was run on a computer with an Intel Core i7-7500U 2.70GHz processor and 16GB of RAM.
The optimal value found for the model is equal to BRL 179213.40, to make the purchase of 47 new equipment, obeying the maximum budget of R$180,000.00 previously stipulated and, therefore, acceptable.
[image: Diagrama, Esquemático

Descrição gerada automaticamente]
Figure 2: The proposal layout
The optimal solution regarding the quantity of each equipment was proposed by solving the model. With this, it was manually allocated in the layout, such equipment resulting in the physical arrangement illustrated in Figure 2. This arrangement proved to be satisfactory since it obeyed the restrictions of maximum and minimum quantity of each device, budget and available area. The intention with this result is that the gym can attract new students, with modern equipment, and also avoids possible problems of congestion of a specific equipment, according to each use, reducing the chances of students being dissatisfied with the variety of equipment and the waiting time to use them.
1. Discussion
The increase in the number of gyms in the country in recent years has required the modernization and creation of attractions to get new students. To this end, offering differentials keeps the students enrolled, even though the perception about the importance of physical activity for health maintenance has increased, through various forms such as governmental incentives for these practices and television advertisements, both from the public and private sectors.
Although the technical knowledge of a physical education professional is indispensable, and this makes the majority of gym owners to be professionals graduated in this area, the technical part of the management remains in the background, which can bring harm in the medium and long term, such as strategic decision making when the company is threatened by competition.
To present management as an aid in decision making, a study was conducted in a gym that wished to expand its facilities. A model was developed considering that, with the available budget and area, the number of equipment that would compose the gym's expansion was chosen. Restrictions of area, budget, minimum and maximum number of equipment were considered. A physical education professional determined which equipment would have the highest priority among the existing ones so that this expansion could be done with the greatest possible utility, in an analogy to the backpack problem, which seeks to determine which items will be chosen from a list, maximizing its utility.
Implemented in AMPL language, the model indicated, as a solution, the purchase of  47 new equipment to be placed in the gym, whose expenditure totaled BRL 179,213.40. This amount is an investment in the gym's assets, with the intention of attracting new students and adding value to the service offered by the gym. According to the technical study conducted by the Physical Education department, and by the indexes shown, this gym maximized efficiency in the purchase of new equipment, choosing the most useful ones that would bring better results, both for existing students and for potential new clients. The core of the study was the proposal of a layout along with the application of resources in new equipment, for the layout study it would be interesting to have a reformulation vision, but for this study to be done, the gym was emptied for the relocation of all the equipment, before the data collection.
For future studies, it is suggested the addition of restrictions to the model that specify where each equipment should be placed, considering its area, in order to increase the circulation space, obeying a possible sectoring of equipment, which occurs in some gyms, in order to facilitate the execution of exercises by the students. As a complement, it is also suggested that the next investment could be thinked by invensting in new technology offered to students, such as control of entry, exit and attendance, applications aimed at facilitating the monitoring of workouts and activities to be performed by them in the gym, also as a way to attract new students.
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