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Abstract: Background: People want to be able to evaluate different kinds of information in a good way.
There are various methods that they develop in such situations. Among the optimization methods,
the goal programming method is often used when there are multiple objectives that decision makers
want to accomplish. Because scheduling and planning problems have multiple objectives that are desired
to be achieved, the goal programming method helps the researcher in contradictory situations between
these goals. Methods: This study includes, examines, and analyzes recent research on service scheduling
and planning. In the literature, service scheduling and planning studies have been examined using goal
programming method from past to today. Results: The studies are detailed according to the type of
goal programming, according to scheduling types, the purpose used in the studies, and the methods
integrated with the goal programming. There are 142 studies in Emerald, Science Direct, Jstor, Springer,
Taylor and Francis, Google Scholar, etc. databases that are examined in detail. For readers, diversification
has been made to facilitate the identification of these studies and a detailed overview has been presented.
Conclusion: As a result of the study, studies with the goal programming in the literature have been seen.
The readers’ perspectives for planning and scheduling are discussed.
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1. Introduction

Even at any time in everyday life, people may be faced with situations that need to be decided.
Deciding is to choose the most appropriate option among many. Optimal results may not always be
obtained when a comparison is made between options. Some of the aims may conflict with each other,
while others may be proportional to each other. However, too many factors may need to be ignored in
order to achieve an optimal solution. Multi-criteria decision making is the decision-making tool to
choose the best option among multiple criteria. One of the multi-criteria decision-making methods,
the goal programming method, is a method that helps decision-makers when more than one criterion
is concerned. By trying to reduce complexity problems, it is tried to reach the determined aims as
much as possible. The goal programming method, which is an extension of linear programming, is a
commonly used method in the literature. The difference of the goal programming method from the
linear programming is to consider many objectives at the same time [1].

There are many purposes in production and service systems that are required to be realized,
and there are many factors that affect these goals. In production systems, it is planned in what order
and when to do jobs on machines. In service systems, this definition of planning differs and varies for
each sector. Each task defined in production systems represents activities that transform a piece and
add value to it. In service systems, this activity generally involves people. So, the resources needed
can take many different forms and basically all serve humanity. In the service systems, these resources
are varied in the health environment such as operating rooms, polyclinics, surgeons and else in
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the transportation such as airline, ship, train, passenger, pilot, or general reservation, course-exam
programs. In this system, where there are so many varieties, scheduling and planning are very
important. There are many factors that affect scheduling and planning activities. Taking these factors
into account, synchronizing the use of different resource types is very difficult in real life. For decision
makers, multi-criteria decision-making methods that can take into account multiple objectives that
are influenced by various factors are at the forefront. Among these methods, the goal programming
method, which is frequently used in the literature and has a high efficiency in order to reach the
desired results, is an effective tool. As an extension of linear programming, the goal programming
method allows flexibility in performing many purposes in planning and scheduling studies. Therefore,
it is mostly preferred by the researchers in the literature. The researchers provide solutions for each
scheduling and planning activities in the service sector by using the goal programming method using
different performance criteria [2].

When literature studies related to goal programming method are examined; Tamiz et al. [3]
examined the literature on two types of goal programming methods. They analyzed the application
areas of these 70 studies. Tamiz et al. [4] presented a detailed analysis of the literature on the goal
programming method. They emphasized to application areas in order to guide future work by looking
from a general point of view. Jones et al. [5] presented a review of 280 studies on goal programming
over a period of ten years. By determining the goal programming method as a keyword, they analyzed
the application areas of the studies within the ten-year period. Azmi et al. [6] focused on portfolio
selection and examined the work done with goal programming in this respect. They talked about the
factors that affect portfolio selection in their studies and they included applications that can be worked
on for readers. Colapinto et al. [7] focused on a topic rather than examining the goal programming
method from a general point of view like other studies. In financial portfolio management, they have
examined applications related to goal programming. They have categorized countries, years and so
on, and talked about the importance of the subject and its relation to goal programming.

This study intends to examine in detail the studies related to scheduling and planning with goal
programming method in service systems. This is the first study to analyze the scheduling and planning
studies of the goal programming method which is frequently preferred by the researchers in the
literature according to our studies. In addition, unlike other studies in the literature, we have classified
the studies according to scheduling and planning types. We have believed that the contributions
obtained as a result of the examinations made may be useful for readers who wish to conduct research
in these areas. By putting together, the extensive literature covered in detail, the studies have been
reflected the extent that readers can understand. Goal programming, scheduling, and planning
keywords in Emerald, Science Direct, Jstor, Springer, Taylor and Francis, and Google Scholar databases
are scanned while the literature is being searched. The results of the review of 142 studies are compiled.

All of the studies include all the studies that can be achieved as much as the day-to-day study of the
first year of the goal programming method being used in the literature. Although the number of studies
in the years that the first definition of the goal programming method was made is very small, the number
of studies done in recent years has increased [5]. The majority of the studies examined is varied after
2000. With the development of technology and the changing needs of people, planning, and scheduling
activities in service systems have also been shaped and differentiated according to needs. Especially in
the last decade, these activities have increased and are expected to become even more diverse.

The review structure of this study is basically based on the combination of scheduling and
planning activities of the goal programs. This work, which is more specifically structured to allow
readers to easily access the information they seek, is divided into 5 sections. Section 2 provides
information on which scheduling and planning activities the goal programming method is used
for. In Section 3, the types of goal programming that are frequently used in the literature are given.
The mathematical formulations of these methods are given to give technical information to the reader.
In Section 4, it is mentioned what methods are integrated with the goal programming method in the
literature. In Section 5 the information obtained in the investigation is interpreted.
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2. Goal Programming According to Types of Scheduling and Planning Activities

Planning and scheduling is an effective tool for decision making in production and service systems.
The mechanism to control the sequence of tasks to be performed manually or automatically can be
defined as scheduling [2]. Scheduling and planning studies are carried out according to the determined
goals and constraints in order to balance the load in a system and ensure that the existing resources
are distributed evenly. Mathematical or heuristic methods are used to allocate these jobs to limited
resources. This balanced distribution of resources enables businesses to optimize their objectives
and reach their goals. Scheduling and planning activities differ in terms of process and service
processes, although they are defined as an alignment of tasks and balance of resources. Scheduling and
scheduling activities in manufacturing systems are specified as machining or hand-machining in a
specific sequence of orders that will be driven to the market in a business environment. Works can
be delayed when machines are busy, when machine breakdowns occur, when processing times are
longer than planned, when capacities are inadequate. In such cases, detailed scheduling of the tasks
or tasks planned to be done helps to increase the efficiency of the processes and ensure continuous
control. In manufacturing systems, it is aimed to optimize the allocation of resources based on stock
levels, demands, and resource requirements [8].

In scheduling and planning activities in service systems, there are many different problems.
Though basically the same as the planning and scheduling function in the manufacturing environment,
detailed information systems and decision-making functions are included in service systems.
Differences between manufacturing systems and service systems also affect scheduling and planning
activities. While the number of resources is kept constant in the production process of a job in manufacturing
systems, the number of resources in service systems can change with time. Such variability affects the
objective function. For this reason, planning and scheduling activities in service systems are related to
capacity management and productivity management [2]. Scheduling and planning activities in service
systems have many field applications. It is applied in many different subjects such as manpower scheduling,
reservation scheduling, nurse scheduling, personnel scheduling, shift scheduling, transportation systems
scheduling, and course scheduling. The goal programming method in the literature has been used in
a wide variety of fields in service systems. Table 1 shows the applications in the service sector where
researchers use the goal programming method.

Table 1. Studies by scheduling and planning types.

Course scheduling [9-11]
Financial planning [12,13]
Tour scheduling [14-16]
Shift scheduling [17-22]
Menu planning [23,24]
Manpower planning [25-30]
Maintenance scheduling [31,32]
Urban planning [33-38]
Other [39-55]
Personnel

Nurse scheduling [56-74]

Staff scheduling [75-87]

Examiner scheduling [88,89]
Advertisement

Media planning [90-92]

Advertisement planning [93]
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Table 1. Cont.

Agriculture
Agriculture planning [94-96]
Harvest planning [97-101]
Land planning [102-105]
Forest planning [106-108]
Transportation
Transportation planning [109-112]
Passenger scheduling [113]
Waste
Waste planning [114]
Solid waste management planning [115]
Healthcare
Master Surgical Scheduling [116-120]
Health planning [121]
Polyclinic schedules [122]
Energy [123-130]

As shown in Table 1, scheduling and planning activities in service systems vary widely in the literature.
With this diversity being too much, the work that a particular inland destination programming method is
used to is limited. Nurse scheduling and staff scheduling studies under the heading of personnel appear to
be frequently addressed in the literature. Increasing the quality of service provided to customers in service
systems is a priority goal. It is also important to increase staff satisfaction in order to provide this service
quality at the top level. Taking into consideration the preferences of the staff in working conditions and
creating the schedules according to this, causes performance increases. Louly et al. [76], who draw attention
to this point and improves productivity with the program they have created, has developed a mathematical
model with goal programming. They aimed to create an optimized cyclic program by combining the staff
preferences and operating constraints. The flexibility of the goal programming method is an alternative
tool for many constraint and objective problems. In a set of work models, soft constraints provide the
convenience of developing solutions to these goals and boundaries. At the same time, the excess of the
work load on the staff, the staff can tire and reduce the motivation to work. Therefore, the retirement of the
staff must be distributed equally. The equal division of staff effort means that the work load of all the staff
is balanced. Todovic et al. [79] have developed a methodology to be able to allocate this workload in a
balanced way.

In the nurse scheduling problem, which is another type of personnel scheduling, basically,
the same goals are sought. Providing patient satisfaction at the top level in health care units is linked to
ensuring a high level of employee satisfaction. Careful and productive work by healthcare professionals
has vital preventive measures. However, it is seen that there is motivation and loss of performance on
the staff through wrong and unfair schedules. Azaiez et al. [56-58] developed a mathematical model
for fairness of these schedules and plans by addressing the nurse scheduling problem.

In Table 1, very different application areas are covered by the researchers. While some areas
have become the focus of researchers’ interest, some studies have remained limited in the literature.
In the studies under the other title; the authors of [40] in the planning of information resources for
strategic planning in health systems, the authors of [43] in strategic planning for human resources
in health systems, the authors of [44] in a basketball league game schedule, the authors of [47] for
pre-scheduling in wind power, and the authors of [55] in mine planning used goal programming.
When we look at the studies, it is pointed out that real life problems contain too many limitations.
It seems that it is very difficult to transfer all of these constraints to mathematical models. At this point,
the goal programming method that will soften most constraints, which will help most situations, is at
the forefront. Many objectives can be achieved by allowing deviations from these constraints with
the goal programming method. In the future, researchers should focus on the work in the areas that
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need to use the goal programming method. They should develop alternative approaches to real-life
problems by replicating the limited applications of existing studies.

3. Goal Programming Types

There are many purposes to be realized in the problems encountered in everyday life. These aims
can be contradictory to each other as well as in the same direction. In such cases, researchers resort to
multi-criteria programming methods in order to achieve the objectives simultaneously. One of these
methods, Goal Programming, was first described by Charnes et al. [131] in 1961. Decision makers have
a hard time developing complex mathematical approaches when there are conflicts of interest or lack of
knowledge in complex situations. To reach the desired values for each goal, it is necessary to extend the
mathematical approaches to include multiple objectives. In such decision problems, decision makers
want to achieve their goals as much as possible. All these concerns place the goal programming method
within the multi-criteria programming paradigm [132,133]. There are three different goal programming
methods used by researchers in the literature. Although Lexicographic Goal Programming and
Weighted Goal Programming are frequently used, Chevyshev Goal Programming, also known as
Minmax Goal Programming, is another less commonly used method.

Extensions of the goal programming method include extended goal programming, interval goal
programming, lexicographic extended goal programming, and lexicographic Minmax goal programming
methods (minimize the maximum deviation between goals). The extended goal programming method
is used when decision makers wish to consider the number of goals reached. Researchers benefit from
the flexibility of the expanded goal programming method to bring together the philosophies underlying
the problems. They talk about the ability to produce solutions that fully reflect the basic criteria of
the problems [134]. Another variant of this method is the lexicographic extended goal programming
method [135]. Interval goal programming method minimizes the weighted sum of unwanted deviation
variables within a given set of ranges [136]. The lexicographic Minmax goal programming method
(minimize the maximum deviation between goals) represents the preferences of researchers more accurately
in certain situations [137].

Researchers use these methods when the classical goal programming approach is not sufficient.
In the multi-choice goal programming method developed in cases where the current goal formulation
is not solved, multi-choice aspiration situations are taken into consideration. These multi-choice
aspiration levels may be present in decision-making. It allows decision makers to determine multi
aspiration levels for yield “higher/better” and “less/better” problems at aspiration levels [138].
While expressing these levels, there are difficulties in understanding the multiplicative terms of
binary variables. To overcome these challenges, Chang et al. [139] proposed a revised multi-choice goal
programming method. In this method, the multiplicative values of binary variables are not included.
This leads to more efficient use and understanding of this method. In the proposed new method, it is
also possible to direct the relations between the goals in problems involving multiple goals. At the
same time, the goal programming method has been diversified according to in the case of fuzzy and
uncertainty. Table 2 lists the studies in which the goal programming method is used in the fuzzy state.
Table 3 also shows the use of the goal programming method in uncertain situations.

Table 2. Studies by fuzzy conditions.

Fuzzy [11,27,29,36,38,42,48,49,67,88,104,111,112,115]
Non-fuzzy [9,10,12-26,28,30-35,39-41,43-47,50-66,68-87,89-103,105-110,113,114,116-122]

Table 3. Studies by Uncertainty Status.

Stochastic
Chance-Constraint [47,93]
Stochastic [37,84,107]

Deterministic [9-36,38-46,48-83,85-92,94-116,118-122]
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Tables 2 and 3 show that there is a limited number of fuzzy and stochastic studies. Uncertainty
situations vary according to the problems researchers address. Most researchers are doing solutions
under hypotheses in their work. However, even if the number is small, it seems that they are taken
into account in their uncertainties.

3.1. Lexicographic Goal Programming

In some cases, decision-makers may be faced with prioritizing the solution options to achieve
their goals. In other words, in order to optimize mathematical approaches in the problems encountered,
it is the status of ranking among the objectives in the model. According to this approach, priority
structure is mentioned among the preferences. Each component in the objective function represents the
deviation variables of the goals placed at the priority level to which it corresponds. Then, according to
these priorities, the model is solved, and the result obtained from each priority is added to run the
next priority on the model. This resolution continues until the last priority is executed. This is defined
as sequential reduction of each priority. The mathematical formulation of priority goal programming
is as follows [137,140]:

LEXMIN, = [Ziehl (Déld: + IBller), . ’Eiehr (Déld: + ‘Bld;r), . ’ZiehQ (Déld: + ‘Bld;r)} 1

subject to
filx)+d; —dt =bie{l,...,q},ich,re{l,...,Q} )

d-, d+ >o0. @3)

The expressions in the given mathematical model, /i, represents the cluster index with the goals
at the . priority level, #; and B, represents the weight factors for the d;‘ and d, deviation values,
fs(x) represents the goal constraint. &; = w;/k; if d; is unwanted, otherwise «; = 0 and B; = w;/k; if
d is unwanted, otherwise ; = 0. The parameters w; and k; are the weights reflecting preferential
and normalizing purposes attached to the achievement of the ith goal. Each component in the
objective function minimizes unwanted deviation variables in the goals placed at the level of priority
it corresponds to.

The basic logic in priority goal programming starts with giving priorities to the identified goals.
Then the model continues with resolving the goals with each priority one by one. The deviation
variables d; and d; in the goal constraints are defined as the difference between the achievement
level in reaching the goals set by the decision makers and the actual level. If a goal value is below
a desired level, a negative deviation is reached, and a positive deviation occurs if a desired value is
reached. Deviation variables cannot have a value less than zero. Any variance that is undesirable to be
minimized is given a zero value. In Table 4, there are scheduling, and planning studies made using the
lexicographic goal programming method in the literature.

Table 4. Studies in the literature according to lexicographic goal programming and weighted goal
programming method.

Lexicographic goal programming [9,17,21,24,36,42,43,52,60,64,69,93,94,116-118,122]
Weighted goal programming [10,19,22,35,38,40,56,57,75,77,86,100,108]

In some problems, the results of the solution are affected by the decisions of the decision makers.
When there is an importance level among the objectives, it is necessary to prioritize the objectives.
Sungur et al. [17,24,36] have identified priority levels among goals using the lexicographic goal
programming method in their work. In lexicographic goal programming, decision-makers may not
achieve the desired level of satisfaction at the specified goals. In this point, priority is given to the most
important goals and the solution process is going on. Lexicographic goal programming is used when
decision-makers cannot achieve relative importance of their goals by weight.
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3.2. Weighted Goal Programming

When decision-makers’ demands are determined precisely, a certain weight is given to the
objectives. In the objective function, this weighted sum of deviations is minimized. The deviation
variables of the goals have different relative weight in the objective function. Weighted goal
programming also makes an effort to achieve multiple goals at the same time. Weighted goal
programming is used for problems that cannot be prioritized among goals and can be measured
by weighting goals where all goals are same important. The mathematical formulation of weighted
goal programming is as follows [137,141]:

Min, =Y Mo, + pid;") )

subject to
filx)+d; —df =b, i=1...Q, x€Cs. 5)

In the weighted goal programming, the basic logic is to minimize the sum of the deviations
of each goal weighted relative importance weights. Expressions in the given mathematical model;
fi(x) represents a linear function of x, the attainment of b; represents the desired goal value, d;,
d represents the deviation values in the negative and positive directions from the goal values,
Cs represents a set of constraints in linear programming. «; = w;/k; if d;” is unwanted, otherwise
«; = 0and B; = w;/k; if d;“ is unwanted, otherwise B; = 0. The parameters w; and k; are the
weights reflecting preferential and normalizing purposes attached to the achievement of the ith
goal. For decision makers, the weight of each goal may be different. If a goal value is below a
desired level, a negative deviation is reached, and a positive deviation occurs if a desired value is
reached. Deviation variables cannot have a value less than zero. Any variance that is undesirable to
be minimized is given a zero value. Table 4 contains the scheduling and planning studies using the
weighted goal programming method in the literature.

Looking at the studies in Table 4, it appears that decision makers have weighted on the goals
in the decision-making process. Since these weights are factors that affect the goals in some studies,
various methods are integrated. [10,19,56-77] used weighted goal programming method in their
studies. Weighted goal programming, which minimizes the weighted sum of the deviations in the
goals, can balance the opposites between goals.

3.3. Chebyshev Goal Programming

Weighted goal programming and lexicographic goal programming methods are often preferred
by the researchers in the literature. However, Chebyshev Goal Programming method, known as
Minmax goal programming, is less common in the literature. Although it is not used very often, it has
a theoretically important structure. In the Chebyshev goal programming method, there is a tendency
to minimize the maximum deviation between goals, rather than the minimization of the priority of
deviations or weighted summation of the deviations. In the model, the goals are shown separately and
there is no prioritization among the goals.

In this method, first proposed by the authors of [142] in 1976, the objective function consists only
of the distance parameter giving the minimization of the maximum deviation [143]. The mathematical
formulation of the Chebyshev goal programming method is as follows [137]:

Min D (6)

subject to
(ajn; + Bipi) =D <0 ?)
fl(x)—i—d;—d;r:tl, lE{l,,b]} (8)

df,d- >0 «xeF )
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In the given mathematical model expressions, d;” and d;” represents deviations in the positive and
negative direction from the i goal. If the positive direction deviation is d;" for any value greater than
zero and the negative direction deviation takes the value “0” for d;”, the value of the objective function
is greater than the goal value. Similarly, for any value greater than zero in the negative direction
deviation is dlf, if the deviation variable dl.+ in the positive direction has a value of “0”, the objective
function value is smaller than the goal value. t; is the target level for the ith goal, x is vector of
decision variables, F is feasible set of constraints, D is a maximum deviation. In this goal programming
approach, the maximum deviation D is minimized. Therefore, is called Minmax goal programming.

In this method, normalization process is performed because there are different units among
the goals. Methods such as percent normalization, Euclidean normalization, total normalization,
and Zero-one normalization are recommended for normalization. The first and important difference
between the other goal programming methods is the phasing of the maximum discovery. The general
effect of this punishment is to provide a balance between the levels of the goals, rather than reducing
the sum to the minimum if possible. When considering real-life problems, decision-makers can use it
to define needs as balancing in many applications.

4. Goal Programming According to Integrated Method

In the goal programming method which allows flexibility in the solution process, the goals are
transferred with the model goal constraints. In the model of decision makers, the optimal value of the
objective function is sought in the solution allowed by the system and goal constraints. In other words,
the desired solution is determined according to the area of the desired goals. In the literature, goal
programming method is mostly used alone in scheduling and planning studies. However, in recent
years it has been integrated with various methods and started to be used. Traditional goal programming
methods use simplex-based optimization techniques in the solution process. As the number of factors
to consider in the problem structure increases, the difficulty and complexity of the problem also
increase. The work integrated with the heuristic methods in the literature facilitates the solution
process of the difficult models that cannot be solved by traditional methods. Table 5 shows the studies
integrated with the goal programming in the scheduling and planning studies in the literature.

Table 5. The studies integrated with goal programming.

Multi-Criteria Decision Making

Analytic Hierarchy Process [10,40,75,77,86,130]

Analytic Network Process [22,57]
Heuristic Methods

Particle Swarm Optimization [29]

Annealing Simulation [111]
Other Methods

Data Envelopment Analysis [50,130]

Benchmarking [51]
Not Integrated

Only Goal Programming [9,11-21,23-28,30-39,41-49,52-56,58-74,76-85,87-110,112-122]

As can be seen from Table 5, the number of studies related to the methods in which the goal
programming method is integrated is very limited. The factors that make the solution process difficult
can cause the inclusion of the stochastic functions in the studies. For such complicated situations,
researchers can increase the effectiveness of the goal programming method by increasing the variety
and application area of the models.

In the literature, the goal programming method is often integrated with multi-criteria
decision-making methods so that decision makers can weight their goals. The analytical hierarchy
process method seems to be preferred. Decision makers first identify the factors that influence goals.
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Then, comparisons are made according to the hierarchical structure or interactions among these factors.
According to these comparisons, factors are weighted. Kiris [10] in the course scheduling, [40] in
planning information sources in health systems, Giiler et al. [75] in planning anesthesia patients,
used the analytic hierarchy process method. Hamurcu et al. [22] in staff scheduling, Bag et al. [57]
nurse scheduling used the analytical network process method.

Shahnazari-Shahrezaei et al. [29] have integrated particle swarm optimization with the goal
programming method. They have considered the preferences of the employees of the problem type they
deal with, and they have developed an algorithm for the complexity of the problem. The performance
of the schedules created with this algorithm has been verified. The performance of the schedule
created with this algorithm has been verified. During the studies, the effectiveness of the approaches
developed by integrating the goal programming method with different methods is being increased.
By evaluating the performance of these integrations and approaches, researchers can create more
effective schedules in future work.

The goal programming method integrated with methods such as AHP is the solution to the problems
experienced in the ongoing weighting situations. In this section, researchers can be interpreted that
the researchers have recently turned towards these integrations. According to this evaluation, it is
predicted that such integrations will increase. These integrations are composed of potential study topics
for future researchers.

5. Conclusions

There are many factors and constraints that decision-makers consider in planning and scheduling
study in production and service systems. In line with these constraints and limits, there are many
objectives that need to be realized at the same time. Since it is impossible to transfer such real-life
problems entirely to modeling, researchers are developing solutions algorithms under various
assumptions. Optimization of scheduling and planning studies in these systems is tried to be
achieved by multi-criteria programming models that simultaneously satisfy conflicting objectives.
Today, service systems that operate with the idea of developing technology and meeting the growing
desire of consumers face many limitations. Many approaches are being developed to cope with these
limitations. Various studies are being carried out in order to be able to cope with these limiting
conditions as well as to achieve the determined aims. The goal programming method, which is a
multi-criteria programming model, is an effective tool for solving these complex situations. It offers
an optimal solution for problems with two or more aims. At the same time, contradictory goals are
also included in the modeling. Due to the complicated structure of the problem, sometimes it is faced
to there is no solution in the processes with linear programming methods. The goal programming
method is used by decision makers as a tool to help with such problems.

In this study, studies about planning and scheduling studies in service systems are examined.
We have been researched studies from the first definition of the goal programming method to the
today. Goal programming, scheduling, and planning keywords in Emerald, Science Direct, Jstor,
Springer, Taylor and Francis, and Google Scholar databases are scanned while the literature is being
searched. The studies examined are listed under various headings according to scheduling types,
goal programming types, goal programming with integrated methods. The contributions of these
studies to the literature and readers are mentioned. The theoretical structure of the goal programming
method is discussed, and technical information is provided to the readers. For researchers, a systematic
structure of these studies has been established. This structure makes it easier for readers to focus on
the topics they are researching. In addition, the studies listed according to scheduling and planning
types help the readers to navigate to which areas. Comprehensible lists have been created with the
tables presented in this study and accessibility has been facilitated.

It can be seen from the planning and scheduling studies made by the goal programming method
that the researchers have applied in a wide range of fields. However, there are a limited number of
applications in these areas. Researchers are trying to achieve many goals at the same time by taking
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advantage of the flexibility of the goal programming method. But as with every method, there is a
lack of this method. All limitations and restrictions on real life problems are not reflected in the model.
Even though it is an indirect way, there are contradictions between goals and these limitations make
solution difficult. For this reason, there are various assumptions in studies. In applications performed
with the goal programming method, researchers can be satisfied with the results of the solution as much
as possible. However, this satisfaction is not always fully realized. For this reason, researchers can make
different researches in order to get desired results by going to different approaches. At the same time,
in spite of this diversity in scheduling types, it is possible to make an interpretation that developing
technology and application fields may have changed if there are so few studies. So, as technology
develops, demands and needs change. For this reason, while some areas of service systems are at
the foreground, some areas remain behind. The areas shaped according to these desires and needs,
the researchers also directed the same direction.

The goal programming method is a method that can allow flexibility on the objectives in decision
problems. At this point, researchers can take a look at the different areas of application taking into
account other studies in this study. Researchers can build models that offer solutions to different
problems. The basis of these models can be taken from other studies presented as a reference in this
study. Based on changing technology, it can adapt these studies to today’s problems and extend the
performance criteria mentioned here. Thus, it can become a source of research for different studies.
In addition, the goal programming method helps researchers to achieve the closest successful outcome
as possible to various goals and constraints. It makes it possible for researchers to reach multiple goals
that conflict with their preferences.

The goal programming method is presented as an effective method to researchers by prioritizing
or weighting among the objectives. However, it is foreseen that there may be some points where this
advantageous situation becomes a disadvantage. Researchers may find it difficult to prioritize or
weight their intended objectives. At this point, they should establish a decision support system for these
purposes. This method, which is one of the most suitable tools for researchers for real life problems,
may not provide a solution for some problems in polynomial time. In these challenging situations faced
by the researchers, it is recommended to continue by making assumptions. In some cases, the problem
sufficiently stretched by deviations can be supported by assumptions. Another difficult situation faced
by researchers is that sometimes not all goals are accessible. In this case, the researchers can accept the
most satisfactory result. Another alternative for difficult-to-solve problems is the integration of goal
programming and meta-heuristic algorithms. Utilizing such advances in the solution phase is a good
opportunity to achieve goals of the problem.

The subjects surrounding the determination and sensitivity of the solutions in the goal
programming method are one of the other areas that can be developed for researchers. Furthermore,
unlike the classical formulation, which is insufficient in the solution processes, researchers have
developed various extensions of the goal programming method. It is necessary to test the robustness
of the solutions offered by the new formulations developed and to determine how the model result
will react in variable and parameter variability.

In the study, theoretical information about the frequently used types of the goal programming
method in the literature is given and the basic steps of the modeling structure are mentioned. In the
studies examined, decision makers use different types according to their importance levels in the
goals they set. Some goals are at a more important level in the problem, while others can stay in the
background more than others. In this case, the decision makers either prioritize or weight the objectives.
Researchers can use different methods integrated with the goal programming method in their work
when they are weighing. When weighting is done, it has generally been seen that multi-criteria
decision-making methods are utilized. The factors that are effective on the goals weighted and
integrated to the solution with multi-criteria decision-making methods. With the other methods used
in the integration, the productivity of the planning and scheduling is improved, and their performance
is evaluated.
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Often, in manual planning and schedules, the incentive to use the goal programming method
needs to be increased. It is thought that these planning and schedules should be made more systematic.
The flexibility and effectiveness of the goal programming method needs to be exploited. In changing
areas of application, researchers can use this method to transfer many objectives to the objective
function. Thus, they can carry out contradictory purposes together with misconceptions. At the
same time, by integrating the goal programming method with different methods, the efficiency can
be increased, and the performance of the solution results can be improved. With the quality of the
programs made, decision-makers can achieve satisfactory results.
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