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PROFIT IN A PUBLISHING HOUSE

ABSTRACT

This study aims to determine the optimal quantity of pages and the optimal
quantity of each size advertisement that a magazine should have to maximize profit in a
publishing house. The solution of this problem is based on operations research method
application and is composed by four steps: (i) defining the problem, (ii) algorithm appli-
cation, (iii) modeling scenarios and (iv) decision-making. The application of the method is
performed in a publishing house data and the problem is solved by linear programming
perspective. The results indicate that it is possible to maximize the total profit finding the
optimal quantity of advertisements. The main contribution of the paper is to illustrate
the use of operations research at service industries through a publishing house case. In
conclusion, the method proposed to improve the ads allocation regarding the maximum
profit.

Keywords: optimization; operations research; publishing house; advertisements.




1. INTRODUCTION

The need to make the best decisions about the use of the
available resources in World War 1l emerged from the use
of optimization problems (Dym, 2004). Optimization is the
process to make something perfected, in other words, make
your performance the most efficient possible (Christensen
et Bastien, 2015). Furthermore, optimization is an important
concept that leads to the idea of achieving the best result
or finding the optimal outcome, maximizing the gain, profit,
output, performance or efficiency (Dym, 2004; Yang, 2013).
The importance of the optimization is based on the uncer-
tainty and on the limitation of resources, such as time, space
and money, and for these reasons, it has a vast range of ap-
plications (Yang, 2013). The search for optimal results for a
problem is based in a good decision making, once, in most
real-world cases, the parameters and factors that affect the
problem are very complicated and, for this reason, to make
a decision is a challenge (Dym, 2004; Yang, 2013). To sup-
port the decision-making, an optimization problem needs
to be modeled through an objective determination, which is
the structure that will be optimized, and the variables that
are the parameters that will be changed in the optimiza-
tion process (Christensen et Bastien, 2015). An optimization
problem depends on the formulation of an objective func-
tion, whose extreme values will be returned, as well asthe
constrains that limit the variables values to guide toward
a small number of solutions (Christensen et Bastien, 2015;
DYM, 2004). The decision-making is based on the modeling
of the optimization problems, solving the problem through
software and analyzing the results obtained (Zakharova et
Minashina, 2015).

The science that studies the optimization problems is
called Operations Research (OR). After the World War Il, the
OR was introduced to the industry area to improve the pro-
ductivity, obtaining a fast diffusion and great results (Xing et
al., 2013). Supported by the growth of the service industry
role in the modern economy, OR began to be applied in the
context of the service sector. Although the service system
is more complex than the manufacturing system, once the
service industry produces intangible services while the man-
ufacturing industry produces tangible products, the number
of OR studies focused on the service system is increasing
(Xing et al., 2013). The analysis framework from the arti-
cle “Operations Research (OR) in Service Industries was: A
Comprehensive Review” analyzed the applications in service
industries articles published in 17 OR journals from 2007
to 2013. The analysis showed that about 5% of the articles
from the journals are applications in service industries.

The service industry has a lot of branches, including the
publicity branch that aims to offer to a client, usually entre-
preneurs, service providers and industries, an opportunity
to increase your visibility and attract more customers and
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users. The publicity industry faces many challenges every
day, and the operations research could be applied to help
the companies to maximize their profit. One problem that is
always present in the advertisement management is the ca-
pability to allocate the maximum number of ads aiming the
maximum revenue. A literature review about the application
of optimization in the publicity industry showed that there is
a little number of articles available.

Marszatkowski et Drozdowski (2013), propose a meth-
od to optimize the column widths from a website layout
for a given set of advertisement units; each ad unit with its
width and height measured in pixels. The layout partition-
ing, which is the action of dividing the website into columns,
needs to consider the aesthetically pleasing and is made in
an arbitrarily way. For this reason the layout partitioning is
treated as a combinatorial optimization problem, once the
ad units do not have a unification or standardization and can
be compared to a factory layout optimization. The method
uses Wang two-dimensional constrained cutting stock algo-
rithm to join the ad units that fit the given column widths
and find the feasible combinations, evaluating the column
widths for several objective functions and finding the best
solution from the list of layouts founded. The results that
each dataset, with different page width results in different
sets of layout show that the input parameters need to be
correctly configured for each website.

Boskamp et al. (2011), proposes the use of heuristics al-
gorithms to solve the Web banner advertisements allocation
problem. This problem is classified as two-dimensional, sin-
gle, orthogonal, and knapsack. The objective of the author
is to maximize the revenue, finding a suitable pattern, gen-
erating algorithm. A brute force search algorithm was im-
plemented and resulted in a huge time-consuming to find
the optimal solution. In contraposition, four heuristic algo-
rithms are tested: the left justified algorithm, the orthogo-
nal algorithm, the GRASP constructive algorithm, and the
greedy stripping algorithm, configuring each simulation with
one of the three different parameters that include the size
of the banner, the sorting of the advertisements and the al-
gorithm. The analyses of the algorithms showed that they
differ in their effectiveness and efficiency. The most effective
algorithm was the orthogonal and the most efficient was the
greedy stripping.

Kumar et al. (2006), also propose the heuristics algo-
rithms to solve the schedule advertisements on the web
problem in order to maximize revenue. However, besides
the analyses of the advertisement size, other two factors
are considered: the time amount that the ad appears and
the number of possible visualizations of the ad. The authors
developed the Largest Size Most Full (LSMF) heuristic and
used a Genetic Algorithm (GA) to solve the problem. Then,
they combined the GA with LSMF and an existing algorithm,
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and developed a hybrid GA. When comparing the existing
approach with the developed one, the performance of the
hybrid GA is better than the GA algorithm, proving that the
use of the developed algorithm can improve the revenue of
the web advertisement schedule.

In these scenarios, a publishing house that produces
magazines with advertisements wants to maximize the total
profit per magazine produced. The advertisement allocation
has a great influence in the publishing house revenue, and
is made after selling the ads, fitting randomly one by one.
This fitting way leads to a poor space use. The publishing
house has a salesman that sells advertisements for compa-
nies and stores that wants more visibility in order to attract
new clients. The companies and stores can buy five different
sizes of advertisements, each with a different price, and they
compose the total revenue. The publishing house has lim-
itations in terms of the number of pages per magazines and
also has a cost that composes the total cost along with the
salary of the salesman. Therefore, in order to maximize the
profit, what should be the optimal quantity of pages that the
magazine should have, and also, what should be the quanti-
ty of each ad size that the salesman should sell?

To improve the profit of the publishing house and solve
the problem about the optimal quantities, a linear program-
ming can be created including the variables that need to be
decided and also the restrictions about the problem.

2. RESEARCH METHODOLOGY

The research methodology of this article is based on four
steps: (i) defining the problem, (ii) algorithm application, (iii)
modelling scenarios and (iv) decision-making. The four steps
are explained above.

2.1. Defining the problem and model description

First of all, it is important to define the problem that will
be solved with the algorithm application. To a good defini-
tion, it is necessary to have accurate information in terms
of all the processes and parameters that affect the prob-
lem. It is important to observe the deportment of the data
and the characteristics of the situation. To describe the
model, the first step is to define the variables of the prob-
lem, that is, the parameters that will be changed (Chris-
tensen et Bastien, 2015) and that will affect the revenue.
Afterwards, it is necessary to define an objective function
that is the definition of the optimization problem, once this
is the function that will achieve a maximum or a minimum
value (Zakharova et al., 2015). Equation 1 demonstrates
the objective function that leads to a maximum or mini-
mum value, where x,x,,...x_are the variables.

f(x1, %9, o, %) = (max, min) (1)

With the variables and the objective function defined, it
is necessary to extract from the data the information that
limits the variables’ values (Christensen et Bastien, 2015;
Dym, 2004). Equation 2 demonstrates a constraint where
X1, X2, > Xm gre the variables and the Pi is the maximum
value that the function can assume.

g1, Xz s Xm) < by

(2)

2.2. Algorithm application

After the problem is defined, it is possible to solve the
problem through an algorithm. The algorithm used depends
of the model type described.

2.3. Modelling scenarios

The model can be modified to observe scenarios where
the constraints can be different from the current reality.
These scenarios can show to the company the modifications
that will result or not in a profit increase.

2.4. Decision-making

The decision-making is the final step of the methodology
and is based on the other steps. With the results of the algo-
rithm application and the scenarios simulated, it is possible
to analyze the optimal solution and also, the possible mod-
ifications in the problem. It is important to have a critical
thinking to make the best decision for the company, using
the results to structure the processes.

3. CASE DESCRIPTION

A publishing house produces magazines for many cities in
the south of Brazil. The magazines are focused on manufac-
turing workers and their families. The company is composed
by one salesman, one graphic designer and one administra-
tor. The salesman receives a salary that varies according to
the quantity of advertisements sold. Usually, the magazines
are produced once every three months due to the time
needed to sell the advertisement; the time for the graphic
designer to create the advertisement; and the time for print-
ing the magazines. The profit of the publishing house is the
revenue, which is composed by the selling price of the ad-
vertisement, minus the total cost, which is composed by the
salesman salary and by the printing costs.



The magazine is composed by advertisements that are
bought by factories, companies, stores and service provid-
ers, such as doctors, dentists, mechanics and hairdressers,
aimed to show the manufacturing workers the services pro-
vided by their city. Also, to organize the magazine and to fa-
cilitate the handling by the readers, the magazine has a table
of contents that lists advertisers and indicates in which page
the advertisement is located. The table of contents increas-
es with the number of advertisements and it is estimated
that each advertisement needs a space of 2 % of one page.
Customers can choose five types of advertisements; each
one has different sizes and different prices. The sizes are
represented in figure 1.

SIZE NUMBER 2
13CM X 10CM

SIZE NUMBER 1

13CM X 20CM

SIZE NUMBER 3
13CMX5CM

SIZE NUMBER 5
6.5CM X4 CM

SIZE NUMBER 4
13CM X4 CM

Figure 1. Sizes representation
Source: The author(s)’ own.

The advertisement of size number 1 has a width of thir-
teen centimeters and a height of twenty centimeters; thus,
the size number 1 fits exactly in one page. The advertise-
ment of size number 2 has 13 centimeters width and ten
centimeters of height; thus, two size-2 advertisements can
be placed in one page. Size-3 advertisement has thirteen
centimeters of width and five centimeters of height; thus,
one page fits four advertisements of size number 3. Size-4
advertisement has thirteen centimeters of width and four
centimeters of height; in this way, five advertisements of
size number 4 could be placed in one page of the magazine.
Lastly, the advertisement of size number 5 is the smallest
and has six and a half centimeters of width and four centi-
meters of height. Ten advertisements of size number 5 can
be placed in one page.

The bigger the advertisement is, the more visibility the
client will have; however, it will be more expensive. For this
reason, the advertisement selling prices increase according
to its size. The selling prices are: RS 375.00 for an advertise-
ment size number 1; RS 225.00 for an advertisement size
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number 2; RS 185.00 for an advertisement size number 3; RS
150.00 for an advertisement size number 4 and RS 125.00
for an advertisement size number 5.

The pages of the magazine can contain just one size of
advertisement or there can be a combination of some siz-
es. The only rule is that the advertisements need to fit in
one page; in other words, the sum of the height of the ad-
vertisements placed in one page cannot exceed the height
of twenty centimeters. Moreover, the pages cannot have a
blank space. For this reason, the number of advertisements
size number 5 needs to be multiple of two, once this size is
the only one that is half wide in relation to the other sizes.
If the number of advertisements size number 5 is an odd
number, then the magazine will have a blank space once any
other size can fit in this space.

The salesman of the publishing house receives a sala-
ry that varies according to the quantity of advertisements
sold. The salary is composed by a fixed cost for opening the
market for one size, in other words, a fixed cost for selling
one type of size and also a cost per advertisement sold. The
fixed costs for each size are RS 300.00 for advertisements
size number 1; RS 250.00 for advertisements size number
2; RS 150.00 for advertisements size number 3; RS 100.00
for advertisements size number 4; and RS 50.00 for adver-
tisements size number 5. In this way, for example, if the
salesman sells one advertisement or more of size number
3, then the salary of the salesman will have the fixed cost
for selling this size of RS 150.00. In addition, the cost per
advertisement decrease according to the decrease of the
size, since the smaller the advertisement is, the easier it is to
sell. The smaller advertisement sizes generate a low selling
cost, while the bigger ones generate a high selling cost. The
costs per advertisements are RS 100.00 per advertisement
size number 1; RS 50.00 per advertisement size number 2;
RS 30.00 per advertisement size number 3; RS 20.00 per ad-
vertisement size number 4; and RS 10.00 per advertisement
size number 5.

The publishing house has contracts with some big com-
panies that always buy advertisements of the biggest size,
and they request, at least, 5% of the advertisements of the
biggest type. On the other hand, the publishing house is
aware that small companies that want to advertize in the
magazine cannot afford the biggest size; thus, they usually
buy the smallest size. In order to give opportunity to small
companies, the magazine should spare, at least, 10 % of its
smallest size advertisement for them.

The magazines are usually done in small cities; thus, it is
usually difficult to find more than 300 customers that want
to buy advertisement in just one city. For this reason, the
publishing house created a limit in the number of advertise-
ments. This limit should not exceed 300 advertisers.
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The last part of producing a magazine is printing it and
distributing it to the manufacturing workers in the city. The
publishing house estimates an average number of manufac-
turing workers in cities and uses this average to print a fixed
number of copies for all cities. Thus, the publishing house
always prints three thousand issues and the cost for printing
them is always calculated per issue. The printing cost of the
magazine is calculated according to the number of pages.
The cost is composed by two parts: the first part is the cost
per page and the second one is a fixed maintenance cost.
The maintenance is done more than once and the regular-
ity varies according to the range that the number of pages
is included. Thus, with the increase in the number of pag-
es, the frequency of the maintenance of the magazine also
increases. Therefore, the fixed maintenance cost increases
with the number of pages. Thus, if the number of pages is
between 1 and 20 pages, the fixed cost of maintenance is
RS 500.00. The fixed cost of maintenance for a number of
pages between 21 and 40 pages is RS 1,000.00. The fixed
maintenance cost is RS 1,500.00 if the number of pages is
between 41 and 60 pages. And finally, if the number of pag-
es is between 61 and 80 pages, the fixed maintenance cost
is R$ 2,000.00.

One restriction for printing the magazine is that the print-
er prints four pages at a time, since four pages can be fitted
in an A4 sheet. Thus, the magazine needs to have a number
of pages that is multiple of four to avoid blank pages. In ad-
dition, the printer cannot group more than 80 pages with
good quality for the reader. Therefore, the limit of pages
that the printer can print is 80.

4. METHODOLOGY APPLICABILITY

4.1. Defining the problem and model description

The problem of the case is based on how many pages the
magazine should have and which quantity of each size of ad-
vertisements should the publishing house sell to maximize
profit. The model description is showed below.

4.1.1. Variables

The model needs variables that will represent the num-
bers that need to be decided. First, the model should have a
set of variables that will represent the quantity of advertise-
ments of each size that need to be sold in order to have the
maximum profit.

X1 - Number of advertisements size number 1 that should
be sold.

X3 - Number of advertisements size number 2 that should
be sold.

X3 - Number of advertisements size number 3 that should
be sold.

X4 - Number of advertisements size number 4 that should
be sold.

X5 - Number of advertisements size number 5 that should
be sold.

In addition, the model needs a variable that indicates the
number of pages (PQ) and a variable that indicates the size
of the table of contents (TC), because this size varies accord-
ing to the number of advertisements sold. Also, the model
should contain a variable for the printing fixed cost (FC) that
varies according with the range that the number of pages is
included.

To help the constraint that requests that the number of
advertisements of size number 5 should be multiple of two
and the constraint that explains that the number of pages
needs to be a multiple of four, two integer variables are
needed, [Nt; and [Nty

The sales representative earns fixed values for selling one
size of advertisement or not; Thus, to decide whether one
size should be sold or not, the model needs binary decision
variables.

Y: - 1if the salesman should sell advertisements of size 1;
0if not

Y5> - 1if the salesman should sell advertisements of size 2;
0if not

Yz - 1 if the salesman should sell advertisements of size 3;
0if not

Y4 - 1 if the salesman should sell advertisements of size 4;
0if not

Yz - 1 if the salesman should sell advertisements of size 5;
0if not

In a similar way, to determine in what range the number
of pages is included, the model needs binary decision vari-
ables that will describe whether the number of pages is in-
cluded in a determined range or not.

Wi - 0if the number of pages is in the range 1; 1 if not

W, - 0if the number of pages is in the range 2; 1 if not



W= - 0if the number of pages is in the range 3; 1 if not

W, - 0 if the number of pages is in the range 4; 1 if not

4.1.2. Objective function

The objective function is composed by the total revenue
and the total cost and represents the total profit of the pub-
lishing house. The total revenue is composed by the sum of
the selling price of each advertisement size times the quan-
tity that should be sold. The total cost is composed by the
salary of the salesman and the printing cost. The salary of
the salesman has the cost per advertisement sold times the
quantity of each advertisement size and for the fixed cost
for opening the market for one size times the decision vari-
able that confirms whether the salesman should sell one
type of advertisement or not. The printing cost includes the
fixed printing cost that varies according to the range that the
number of pages is included and also for the cost per page.

MaxZ=R-C (3)

where

R = 375X, + 225X, + 185X5 + 150X, + 125X5 (4

c - 100X, + 50X, + 30X5 + 20X, + 10X

+300Y, + 250Y, + 150Y; + 100Y, + 50Y; + Fc +

50Pg (5)

4.1.3. Constraints

The model needs constraints that will represent all the
restrictions that the publishing house has to allocate the
advertisements and to produce the magazine. These con-
straints contain all the information that can modify the re-
sult of the problem.

The major constraint is about the space of the maga-
zine. The sum of the space occupied by all advertisements
and the space occupied by the table of contents should
be equal to the number of pages. The space occupied by
one advertisement of size number 1 is 100 % of one page;
thus, the weight of the variable that represents the quan-
tity of advertisements that should be sold of this size is
1. One advertisement size number 2 represents 50 % of
one page, one advertisement size number 3 represents
25 % of one page, one advertisement size number 4 rep-
resents 20 % of one page and one advertisement size
number 5 represents 10 % of one page. Accordingly, the
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variable that represents the quantity of advertisements
that should be sold of these sizes should have a weight of
0.5, 0.25, 0.2 and 0.1, respectively.

The maximum number of pages is limited to 80, which
leads to a constraint that determines that the pages variable
needs to be less than or equal to 80. Also, the number of
pages needs to be a multiple of 4; thus, the page variable
divided by 4 needs to be an integer number.

The size of the table of contents increase in 2 % of one
page with each advertisement sold. For this reason the ta-
ble of contents variable needs to be equal to 2% of the ads
quantity sums. In order to limit the number of advertise-
ments, the total quantity of them needs to be less than or
equal to 300.

The number of advertisements number 1 should be at
least 5 % of the sum of the advertisements due to the con-
tracts with big companies, thus the number 1 quantity vari-

able X1 should be greater than or equal to 5% of the total
quantity of advertisements. Similarly, the number 5 quantity

variable X5 should be greater than or equal to the ads quan-
tity sum once the number of advertisements of number 5
should be at least 10 % of the sum of the advertisements

in order to give opportunity to the small companies. The Xs
variable also needs to be multiple of 2 because there is no
other size that fits the page with it, as this size has a width
that is half the other sizes. Thus, the number 5 quantity di-
vided by 2 should be an integer number.

To know what types of advertisements should be sold
to include the salesman fixed salary for each one, the

constraint should set the Yito 1 or 0. Furthermore, if the
salesman should sell one type of advertisement, then the

Xi should be less than or equal to the maximum number of
advertisements that fit in 80 pages, which is the maximum
limit of pages.

The fixed printing cost is adjusted according to the
range that the number of pages is included. The constraint
should be an if-then one where the number of pages vari-
able is tested according to the range and then, the fixed
printing cost variable is determined. To test the number of
pages variable, it is necessary to use binary variables that
will assume the value 1 if the test is positive and 0 if the
test is negative. The last constraint indicates that the sum
of these variables should be equal to the range quantity
minus one.
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4.1.4. General algebraic representation

Indices
Number of size index i =1, 2, 3, 4, and 5 corresponding to
size number 1, size number 2, size number 3, size number 4

and size number 5.

Range indexj=1, 2, 3 and 4 corresponding to range 1, range
2, range 3 and range 4.

Multiple integer index k = 2 and 4 corresponding to the mul-
tiple of 2 and the multiple of 4.

Parameters
Spi = selling price for advertisement of size number i

Cpa;= cost per advertisement of size number i for the salary
of the salesman

Sfci = salesman salary fixed cost for selling advertisements
of size number i

SW;= space weight for advertisement of size number i

L; = limit of advertisements of size number i that fits in 80
pages.

Fj = fixed cost of maintenance for the range j

Ub; - upper bound of range j

M=, large number

Variables

Xi = number of advertisements of size number i that should
be sold.

Y,= 1if the salesman should sell advertisements of size num-
ber /; 0 if not.

W = 0/if the number of page is in the range j; 1 if not.
Pg= number of pages that the magazine should have

Tc= size of the table of contents

Fc - fixed printing cost

Inty, = integer variable that indicates if the result is multiple
of k.

Maximize z =

P SpiXi — Nioa CoaiX; — Yi-i Sfc;Yi — Fc — 50Pg

Subject to:

Space constraint: 71 SwiX; + Tc = Pg

Table of contests: 0.02%7., X; =Tc
Limit of pages: Pg <80
Multiple of four: 0.25Pg = Int,
Multiple of two: 0.5Xs = Int,

0.05%7_,X; < X,

Big companies:

Small companies: 01574 X < X-
Limit of advertisements:  Y.1=1 X; < 300
Salesman decision: Xi < LiY;

Fixed Cost: —Fe+ F; < MW,

—Pg+(Ubj+1) <M(1- W)

Non-negativity: Xi 2 0 for allj, 20 Tc =20 Fc=03nqg
Inti = Ofor ail k

Binary: Y € (0,1) for alliand Wi € (0,1) for all j.

Integer: Xi for all i, P9 and [Ntk for all k should be integer.

4.2. Algorithm Application

To solve the problem it was necessary to put the data on
the Excel and utilize the Solver to find an optimal solution.
A table of variables was created with each variable that the
model has. Moreover, a table of costs was created to help in
the constraints.

A cell that contains all the total revenue and the total cost
is the objective function. The constraints were created with
the left hand side with the formulas and the right hand side



with the limits. After all the variables were created and the
objective function and the constraints were settled, the op-
timal solution was found through the Solver.

The software application led to an optimal result. The op-
timal quantity of page is 80, and the optimal advertisements
quantities that the salesman should sell are 15 advertise-
ments of size number 1, 200 advertisements of size number
3, five advertisements of size number 1 and 80 advertise-
ments of size number 5. The table of contents occupies six
pages. The total revenue is R$ 53,375.00 and the total cost is
RS 15,000.00, totalizing a max profit of RS 38,375.00.

The magazine will have 15 pages with one advertisement
size number 1 per page, 50 pages with four advertisements
size number 3 per page, 1 page with five advertisements
size number 4 and eight pages with ten advertisements size
number 5 per page, as shown in figure 2.

SIZE NUMBER 3
13CMX5CM

SIZE NUMBER 3

13CM X5CM
SIZE NUMBER 1

13CMX20CM

SIZE NUMBER 3
13CM X5CM

SIZE NUMBER 3
13CM X5CM

SIZE NUMBER 4
13CM X4 CM

SIZE NUMBER 5
6.5CM X4 CM

SIZE NUMBER 5
65CMX4CM

SIZE NUMBER 4
13CM X 4CM

SIZE NUMBER 5
6.5CM X4 CM

SIZE NUMBER 5
65CMX4CV

SIZE NUMBER 4
13CM X 4CM

SIZE NUMBER 5
6.5CM X4 CM

SIZE NUMBER 5
6.5CM X4CM

SIZE NUMBER 4 SIZE NUMBER 5 SIZE NUMBER 5

13CM X 4CM 6.5CM X4 CM 6.5CM X4CM

SIZE NUMBER 4
13CMX4CM

SIZE NUMBER 5
65CMX4CM

SIZE NUMBER 5
B.5CMX4CM

Figure 2. Representation of the optimal result
Source: The author(s)’ own.
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4.3. Modeling scenarios

The optimal result shows the optimal quantities accord-
ing to the current reality; however, the model can be mod-
ified in order to observe whether different constraints can
result in a profit increase.

A sensitivity analysis can be done in the limit of pages.
Increasing the number of pages changes the total profit only
in numbers multiple of four. The total profit has a small in-
crease and the profit per page has a decrease. Therefore, it
is not profitable to increase the number of pages once the
profit increases less than RS 1,000.00 per each additional
four pages and the profit per page decreases more than RS
10.00, as shown in figure 3.

Profit per page

$479.69
e, 546214
3449 32
o 3434 73
5 .. 542313
o I “o.... S408.60
30 100

Number of Pages

Figure 3. Sensitivity analysis in the limit of pages
Source: The author(s)’ own.

Furthermore, it is possible to analyze the limit of adver-
tisements that the salesman could sell. By decreasing and
increasing the number of advertisements, it is possible to
observe that, with the increase in the limit, the total profit
has a significant increase and the profit per advertisement
has a small decrease, as shown in figure 4. In addition, af-
ter 480 advertisements the total profit remains the same.
Therefore, if one city has more than 480 companies, the op-
timal quantity to have the optimal total profit should be 480
advertisements.
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Profit per ad
$171.35

______ 515120
...... 5-1.49.‘?,?___5134‘80
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Source: The author(s)’ own.

Additionally, analyzing the percentage of small advertise-
ments policy and the percentage of big advertisements poli-
cy itis possible to observe that they have a different reaction
to the percentage increase. Figure 5 shows that, even with
the percentage increase in the small advertisements policy,
the total profit remains the same. However, in figure 6, it is
possible to observe that, with the increase of the percentage
in the big advertisements policy, the total profit decreased.
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Total profit

Percentage of small advertisements

Figure 5. Sensitivity analysis in the small advertisements policy
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4.4. Decision-Making

The Solver found an optimal solution that indicates that
the optimal number of pages is 80, and the quantity of each
size of advertisements is 15, 200, 5 and 80 for the size 1, size
3, size 4 and size 5, respectively. These optimal quantities
leads to a total profit of $38,375.00.

Sensitivity analysis shows some information to improve
or not the values of the problem. To increase the limit of
pages that is possible to print, an investment in the printing
machines and the change the design of the magazine would
be necessary. Therefore, increasing the limit of pages is not
interesting for the publishing house because the profit ob-
tained with its increase is not significant enough.

In addition, the optimal number of advertisements that
has the largest profit is 480. Therefore, it would be profit-
able if the salesman could find more than 300 advertise-
ments per city; however, if the number of advertisements
increased, it would be necessary to hire another salesman
to visit the clients.

The data shows that the percentage of big advertisements
influences the total profit while the percentage of small ad-
vertisements does not influence the total profit.

Analyzing this information, it is possible to define a strate-
gy for the publishing house. The percentage of big and small
advertisements should be kept, while the number of adver-
tisements sold should be a number between 300 and 480,
that is, the maximum that the salesman can sell without
passing the limit of 480.

5. CONCLUSION

In conclusion, a publishing house has the objective of im-
proving the process of producing magazines while maximiz-
ing the profit. To maximize its profit the magazine should
have an optimal number of pages and the salesman should
sell an optimal number of each advertisement. The problem
about the optimal quantity of advertisements and pages
for the publishing house may be solved through an opera-
tions research method. The model created to describe the
problem is a linear programming with variables, objective
function and constraints. The algorithm application led to an
optimal solution and, with these quantities, it was possible
to modify the constraints in order to test different realities
to observe profit increases and decreases. The results of the
algorithm application and the scenarios simulated incorpo-
rated important information about the selling process, and
the existing policies and through decision-making, it is possi-
ble to improve the total profit.
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