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ABSTRACT

DEVELOPMENT OF A DECISION SUPPORT SYSTEM
FOR EMPLOYEE SCHEDULING PROBLEM
IN HOSPITALITY SECTOR: A CASE STUDY
IN A TURKISH FIRM

Unsal, Emre Berk

MBA, Department of Business Administration

Supervisor: Assist. Prof. Dr. Giilsah Karakaya

August 2019, 80 pages

Employee scheduling problems arise in many environments where a group of
employees works together. This study deals with the employee scheduling problem
in hospitality sector where the employees are supposed to greet and communicate
with the guests in the events. The content of the problem is assigning different skilled
employees to the events which have different complexity and difficulty levels. We
propose a solution method which aims to create better employee schedules in terms
of cost and quality of the service. Moreover, the proposed solution method takes
workload balance among employees into consideration. Sensitivity analysis is
conducted and it is observed that the results of the proposed method are robust
against small changes in the input parameters. This study focuses of establishment of
a decision support system for a Turkish firm in hospitality sector. Specifically, a
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user-friendly Microsoft Excel-based decision support system is designed to help the
decision maker in composing the employee schedules. The details of the decision
support system into which the mixed integer programming models are integrated are

provided.

Keywords: Employee scheduling, Decision support system, Mixed integer

programming, Hospitality sector
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KARSILAMA SEKTORUNDE CALISAN CiZELGELEME PROBLEMI iCIN
KARAR DESTEK SISTEMI GELISTIRILMESI: BIR TURK ISLETMESI
ORNEGI

Unsal, Emre Berk

Yiiksek Lisans, Isletme Boliimii

Tez Yéneticisi: Dr. Ogr. Uyesi Giilsah KARAKAYA

Agustos 2019, 80 sayfa

Calisan cizelgeleme problemleri birden ¢ok calisanin bir arada calistigi birgok
organizasyonda ortaya cikmaktadir. Bu c¢alisma calisanlarin cesitli etkinliklerde
konuklar1 karsilayip, konuklarla iletisim kurdugu karsilama sektoriindeki calisan
cizelgeleme problemini ele almaktadir. Problemin igerigi farkli yetenekteki
caliganlarin diizenlenen farkli zorluk ve karmasiklik seviyesindeki etkinliklere
atanmasidir. Calisma kapsaminda maliyet ve servis kalitesi agisindan daha iyi ¢alisan
cizelgeleri lireten bir ¢oziim yontemi sunulmustur. Sunulan ¢dziim yontemi maliyet
ve servis kalitesine ek olarak ¢alisanlar arasindaki dengeli is yiikii dagilimmi da
dikkate almaktadir. Gelistirilen ¢6ziim yontemine duyarlilik analizi uygulanmis ve
metodun girdi parametrelerindeki kiiciik degisikliklere karst dayanikli oldugu
gozlemlenmistir. Bu caligma karsilama sektoriindeki bir firma i¢in karar destek

sistemi tasarlanmasina odaklanmistir. Karar vericilere calisan c¢izelgelemesi
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olusturmakta yardimei olmak igin kullanici dostu ve Microsoft Excel tabanli bir karar
destek sistemi tasarlanmistir. Karma tamsayili programlama modellerini i¢inde

barindiran karar destek sisteminin detaylar1 sunulmustur.

Keywords: Calisan ¢izelgeleme, Karar destek sistemi, Karma tamsayili

programlama, Karsilama sektorii

vii



This thesis is dedicated to my parents and love.

viii



ACKNOWLEDGMENTS

I would like to express my deepest appreciation to my thesis supervisor Assist. Prof.
Dr. Giilsah Karakaya for her leadership, advices, criticism and deep knowledge
throughout this thesis. Without her guidance and help this research would not have

been possible.

I would like to thank Prof. Dr. Ozlem Ozdemir and Assist. Prof. Dr. Ceren Tuncer

Sakar for their contributions and valuable comments.

I would also like to thank to all people who made this research possible.



TABLE OF CONTENTS

PLAGIARISM ...ttt ettt nn e nae e i

ABSTRACT ettt b e ae e nneas Y,

07/ vi

DEDICATION .ttt ettt st nbe e et e snne e viii

ACKNOWLEDGMENTS. ...t IX

TABLE OF CONTENTS ... X

LIST OF TABLES ... .ottt e xii

LIST OF FIGURES. ... oo Xiii

LIST OF ABBREVIATIONS ... Xiv
CHAPTER

1. INTRODUCTION ...ttt 1

2. LITERATURE REVIEW ... 4

2.1 Employee Scheduling Methods ...........cccooviiieiicic i 4

2.2 Quality Dimensions in Hospitality Sector ...........ccccoevvveviiieii e 6

2.3. Weighting MethOds...........ccooiiiiieieiie e 9

3. THE APPROACH ...ttt 11

4, EXPERIMENTS ...ttt 17

5. RESULTS AND DISCUSSIONS ......oooiiiiieieie et 24

5.1 Cost Minimization Model SOIUION .........ccccooiiiiiiiic e, 24

5.2 Quality Maximization Model Solution ...........c.ccoceiiiiniinnee, 25

5.3 Workload Balance — CoSt ANAIYSIS .........ccoviiiiiieiiieiese e 26



5.4 AREINALIVE SOIULIONS ... eeeeeeeeeeeees 28

5.5 Comparison of Existing Schedule in the Firm and Proposed Solutions.... 31

5.6 SENSITIVIEY ANAIYSIS ....veeuiiiiieiieiiicie e 34

6. DECISION SUPPORT SYSTEM ....coooiiiicicicieeeeeteeeesese e see s 36

7. CONCLUSIONS ...ttt 46

REFERENCES. ...ttt ettt 49
APPENDICES

A. DETAILED SCHEDULES OF ALTERNATIVE SOLUTIONS ........... 53

B. RANDOM VALUES IN SENSITIVITY ANALYSIS ....ccccccecvrvrernnnene. 57

C. TURKISH SUMMARY / TURKCE OZET .....coeoeeeeeeeeeeeeeeiennn, 64

D. TEZ IZIN FORMU / THESIS PERMISSION FORM ...........c.ccccorvunnnee. 80

Xi



LIST OF TABLES

Table 1. Quality dimensions and referenCes ..........occevverriieneeie s 8
Table 2. Skill ratings and wage rates of employees .........ccccevvieiiiiiiiiniiiceenn 17
Table 3. RatiNgS Of BVENTS.........ciiiicie et 19
Table 4. Required employee numbers and date intervals of events..............c.coc...... 20

Table 5. Experience constraints of events (maximum number of organizers who have
less than 2 years Of EXPEIIENCE) ......cviiiiiieeiere s 21
Table 6. 2019 schedule of managers, organizers, accountants and interns in the
optimal solution of cost minimization MOdel............cccccevviiiiiieie e, 24
Table 7. 2019 schedule of managers, organizers, accountants and interns in the
optimal solution of quality maximization model ..............ccooeiiiinininien 26
Table 8. Minimum scheduling costs for different workload balance parameters..... 27
Table 9. Alternative SOIULIONS .........cccuiiiiiiiiee e 30
Table 10. Existing Schedule of Managers, Organizers, Accountants and Interns.... 31
Table 11. Employee Data of Small Scale Problem...........cccooiiiiiiiiee 40
Table 12. Event Data of Small Scale Problem(ratings,dates)...........c.ccccccevevveiieennenn. 41
Table 13. Event Data of Small Scale Problem(minimum number of employees and

EXPEIIENCE CONSIIAINTS) ..vviueieitiitiite sttt 41

Xii



LIST OF FIGURES

Figure 1. Quality DIMENSIONS ......cciiiiiiieieieie e 12
Figure 2. Tradeoff between workload balance and minimum scheduling costs ....... 28

Figure 3. Optimal solutions of cost minimization and quality maximization models 29

Figure 4. Equal pieces between the base optimal solutions.............ccccceevvvieivenenne. 29
Figure 5. Alternative Solutions and Optimal SolUtions.............ccocceiiiiieiiiincne, 31
Figure 6. Existing Schedule, Optimal Solutions and Alternative Solutions............... 33

Figure 7. Current Schedule, Optimal Solutions, Alternative Solutions and

DomiINating SOIULIONS.........ccviiiiieie e 34
Figure 8. Main Page 0f DSS.........ccciiiiiiiiieiec s 36
Figure 9. Employee Data PAge ..........ccouiiiiiieiiiieiie st 37
Figure 10. EVENt DAta Page ........ccccciiiiiieeie ettt 38
Figure 11. Other Parameters USEr FOIM.......ccoivoiiiieiieie e 39
Figure 12. SOIULIONS PAGE ......ocveiviiiiiiiiieiee e 39
Figure 13. Objective Function Values of Sample Problem ............c.ccocoiiiiiiiienn, 42
Figure 14. Detailed Schedule of Cost Optimal Solution ...........c.cccceevieieice e, 43
Figure 15. Detailed Schedule of Quality Optimal Solution..............ccccoeeviiieivenenne. 43
Figure 16. Alternative SOIULIONS PAQJE .........coviiiiiiiiiiireeeeee s 44
Figure 17. Alternative Solutions Selection User FOrm ..........cccccooeiiiinininineicien, 45
Figure 18. Detailed Schedule of Alternative 2 ...........c.ccoveve e 45

Xiii



LIST OF ABBREVIATIONS

ER Experience Rating

FLR Foreign Language Rating

CR Communication Rating

TWR Teamwork Rating

EIR Emotional Intelligence Rating
IR Importance Rating

DSS Decision Support System

DM Decision Maker

MIP Mixed Integer Programming

Xiv



CHAPTER 1

INTRODUCTION

Employee scheduling is a common problem in several practical applications in which
employees work together. Although there are many studies and research about
employee scheduling, most of organizations do not use a systematic scheduling
model. Instead, they tend to use tentative methods. Usually, the decision maker (DM)
in companies only aim to create a schedule considering the constraints of the
employees. They settle for a feasible schedule. Despite the difficulty and complexity
of the employee scheduling problems, the DMs can get an optimal schedule by using
an optimization model instead of a feasible schedule which they create by
themselves. The main reasons of difficulty and complexity of the employee
scheduling problems can be listed as the constraints of employees and the probability
of disparity in employee skills and job requirements. A better employee schedule
reduces staff costs which can help a company to obtain a competitive advantage in
marketplace. In addition to costs, a better employee schedule increases employee
satisfaction and even the quality of service if the company is a service sector

company.

Hospitality industry is a service industry which contains a lot of social interaction
between the employees and customers. There are so many sectors which fall into
hospitality industry such as accommodation, restaurants and tourism. The main
purpose of hospitality industry is meeting the needs of the customers by greeting,
welcoming, taking care, serving and communicating. Customer satisfaction is the
basis of hospitality industry. In our study, we deal with the congress organization
sector which is included in hospitality industry. Congress organization companies,
organizes the congresses or events of some associations, colleges, societies and

governments. Typically, an organization company determines the place which the
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events or congresses will take place. During the events or congresses, the employees
of the organization company try to indulge the customers who are the participants of
the events or congresses by greeting, welcoming, taking care and communicating.
Although we focus on the congress and event organization companies in the sector,
our study guides all the companies in hospitality industry because the main facets of
all hospitality industry companies are almost the same.

Although the solution approaches to employee schedule problems in literature
generally focus on reducing the scheduling cost, in our study, there are conflicting
objectives which are minimization of employee cost and maximization of quality.
The quality of employee schedule can be described as the match between employee
skills and the complexity of jobs in different dimensions. There is a tradeoff between
these objectives which the DM should overcome. Two mathematical models which
contain two objective functions separately are constructed by mixed integer
programming method in this study. One of the objective functions is cost; the other is
the match between employee skills and complexity of jobs, which can be states as
quality. Two optimal solutions are obtained as a result of these mathematical models.
Moreover, except from optimal solutions, alternative solutions which take both
objectives into consideration are presented. The solution method is implemented in a
real life organization which is a hospitality sector company. The employee schedule
of the company is obtained with the mathematical model which is constructed in this
study. The obtained schedule is compared with the current employee schedule of the

company.

Ernst et al. (2004) stated that, a decision support system (DSS) in employee
scheduling can provide enormous profits to companies. To help DM, a user friendly
DSS is designed for scheduling employees. The DSS finds the optimal schedules in
these two dimensions separately and then shows the tradeoff between these
dimensions. Over and above DM can determine the level of workload balance which
can be stated as the third conflicting objective in our study. The DSS which is
created in this study can be used for any organization dealing with scheduling.

2



The organization of the rest of this study is as follows: Chapter 2 reviews the
previous studies about employee scheduling methods and service sector quality
dimensions. In Chapter 3, the mathematical models which are created by mixed
integer programming are presented. In Chapter 4, the experiments with the data of a
real-life company are provided. Chapter 5 presents the results of the solution
methods and compares these results with the current state of the company. In this
chapter, the contributions of the mathematical models are demonstrated. In Chapter
6, the DSS is explained in detail. Lastly, Chapter 7 discusses the concluding remarks

and future study.



CHAPTER 2

LITERATURE REVIEW

In this chapter the review of previous studies is presented. The review consists of
three main parts which are employee scheduling methods, quality dimensions of

hospitality sector and weighting methods.

2.1 Employee Scheduling Methods
Ernst et al. (2004) present a wide range of review of employee scheduling studies in
literature. They base their review upon three dimensions. Firstly, they classify the
employee scheduling problems according to problem types. They characterize the
employee scheduling problems in six modules, which are demand modelling, days
off scheduling, shift scheduling, line of work construction, task assignment and staff
assignment. After proposing the modules, they provide characteristics of each
module to guide other studies to locate the problem in literature. Secondly, they
introduce the most common application areas of employee scheduling problems.
They provide important studies in each application area they mention. Lastly, they
review the employee scheduling techniques and methods in literature. The most
common solution techniques are mathematical programming, metaheuristics and
constraint programming according to their review. Moreover, they come up with

some comments about suitability of each technique for specific problem types.

Knighton (2005) present a personnel tour scheduling problem solution with a
mathematical programming approach to minimize the costs. The author develops a
linear program which finds the optimal schedule for employees considering some
specialized side constraints. The author aims to assign the different skilled and
waged employees to tours by procuring the required number of employees for each

tour.



After analyzing their problem with the help of Ernst et al. (2004), Stollerz and
Zamorano (2014) propose a mixed integer programming (MIP) to optimize their tour
scheduling problem for employees with multiple skills. They aim to minimize the
assignment cost considering the demand and labor regulations. Stollerz and
Zamorano (2014) state that the complexity of the problem due to skill diversity
makes it impossible for MIP to give a solution in short times. Therefore the authors

develop a heuristic method to solve their problem.

Although Firat and Hurkens (2011) deal with a production sector problem in their
MIP, their study inspires the solution approaches to employee scheduling problems.
Firat and Hurkens (2011) develop a MIP to find the optimal assignment of
technicians to the tasks. The authors are given a set of tasks and a group of
technicians which they try to match on the purpose of reducing the employee costs.
The skill requirements of each task are different from each other. Moreover, all
technicians have different skills. The researchers state that the MIP they developed
for their scheduling model cannot give a solution in a reasonable time because it is a

NP hard problem. Afterwards, they construct a meta-heuristic method.

Sadykov and Wolsey (2003) approach a scheduling problem, which is a multi-
machine assignment problem, with integer programming method. Their objective is
finding the optimal assignment of jobs to the machines, which provides the minimum
assignment costs, considering the release date constraints. Sadykov and Wolsey
(2003) have a set of jobs and they try to assign these jobs to the machines. The logic

of machine assignment problems and employee scheduling problems are parallel.

There are some similarities between the model that we develop in our study and
Knighton (2005). The most important similarity is that in both problems there are
different skill-sets and wage rates within employees. Secondly, the required number
of employees in each shift or event is certain in both problems. The MIP that is
created by Stollerz and Zamorano (2014) and the integer programming model which
is developed by Sadykov and Wolsey (2003) inspire the model which is proposed in
this study since the constraints, objectives and logic are similar. Lastly, the
5



differences between skill requirements of tasks and between technicians’ skills in
Firat and Hurkens (2011) remind the difference in skill requirements in events and
difference in employees’ skills in our study, as a result we originate from Firat and

Hurkens (2011) in our research. The similarities are discussed detailed in Chapter 3.

2.2 Quality Dimensions in Hospitality Sector
Hughes and Rog (2008) aim to clarify talent management’s importance in hospitality
organizations. Although talent management has many definitions, it can be perceived
as a synonymous with workforce or employee planning. Workforce planning is a
general issue which contains many factors to think about. One of them is the match
of employee skills and job’s skill requirements. This match is an indicator of an
effective workforce planning in organizations. According to Hughes and Rog (2008)
an effective workforce planning increases employee engagement which means
employees feel themselves important for the organizations and give their best in each

task. Employee engagement boosts firms’ performance in the long term.

Tourism and hospitality sectors contain so many social interactions between
customers and employees. Since the product is not tangible, the quality of the service
can be defined as the image in customer’s mind. Spielmann et al. (2012) highlight
the importance of the social interactions in hospitality organizations in order to create
a good image in customers’ mind. They propose a scale to measure the factors which
affects the company image in customer’s mind. With the help of the scale, it can be
seen that the social interactions play a critical role. In addition to Spielmann et al.
(2012), Baum et al. (1997) highlight that human factor must be the main focus in
hospitality organizations to satisfy customers’ expectations due to the social

interactions in workplace.

Bhattacharya et al. (2005) discuss the relationship between firms’ performance and

flexibility in human resources (HR). The researchers assert that employee skill,

employee behavior and HR practice flexibility are positively related to the firm’s

financial performance. Employee behavior flexibility means the ability of adopting

the behavior of the employees to different types of demands. With the aid of the
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findings of Bhattacharya et al. (2005) which state that firms’ financial performance
increase by the employee behavior flexibility, the employee behavior adaptation to
different types of jobs is tried to get obtained by matching the employees’ personality

attributes with the jobs’ challenging features.

Emotional intelligence, one of the popular issues of psychology, has a huge impact
on personal relationships and mental health. There has been a lot of study regarding
the relationship between emotional intelligence and professional relationships. In one
of these researches, Nikolaou and Tsaousis (2002) have found out that there is a
strong bond between EI and occupational stress. The author claim that, employees
with higher El can manage their feelings and stress better. As a result of managing
their feelings and stress better, their interactions in organization are more reliable.
Moreover, according to Nikolaou and Tsaousis (2002) the performance of employees
with high EI can increase when they are assigned to a stressful position in the
organization. Besides Nikolaou and Tsaousis (2002), Kim et al. (2012), Zeidner et al.
(2004), Tischler et al. (2002), Rosete and Ciarrochi (2005) and Bracket et al. (2011)

also show that EI helps the employees to be successful in hospitality workplace.

Hospitality sector is a service-intensive sector which leads people factor to come
forward. The skills, qualifications and quality of employees play a critical role in
firm’s performance in this sector. Hai-yan and Baum (2006) determine the critical
personal skills in hospitality sector with a research in hotels in China. They
conducted a survey and applied it in the hotels of the most touristic cities like
Beijing, Tianjin, Shanghai, Jinan, Qingdao and Weihai. After collecting and
analyzing the result of the survey, they have found out that communication skill,
professional and ethical standards and team work skills are the most important
employee skills in hospitality sector.

According to Kusluvan et al. (2010) human resources are one of the key assets of

hospitality organizations. They execute a review of human resource management

issues in hospitality sector to increase employee performance which plays a

significant role in service quality and customer satisfaction. In their review, the
7



authors emphasize the personality and El of employees. Employee personality and
emotional intelligence affect the social interactions and behaviors in hospitality
sector. Kusluvan et al. (2010) compile the previous studies about employee
personality and claim that conscientiousness and agreeableness are the most common
personality traits that increase employee performance. Both conscientiousness and
agreeableness are skills that are positive contributors of a good communication in
tourism and hospitality organizations. The authors deal with another critical issue in
employee performance which is emotional intelligence. As a result of their wide
range review, they find out that customer satisfaction increases as the emotional
intelligence of employees rises.

Employee skills issues in hospitality workplaces are main the topic of Baum (2002).
Baum (2002) work on the key employee skills after highlighting the importance of
hospitality sector in market although there is a prejudice that hospitality workplaces
are low skill economies compared to the other fields. The author summarizes the key
employee skills in hospitality sector as communication; experience, information
technology and teamwork. After discussing the key skills, the researcher presents

some ways to develop these skills in organizations.

As Saleh and Ryan (1991) state that, the service is perceived as qualified if the
service meets the customers’ expectations. To understand the customers’
expectations in hospitality workplace, a wide range literature research is done. After
the research, some critical dimensions are found to close the gap between customers’
expectations and actual service. The dimensions and their references are shown in
Table 1.

Table 1. Quality dimensions and references

Quality Dimension References
Communication (conscientiousness, Saleh and Ryan (1991), Hai-yan and
agreeableness, etc) Baum (2006), Baum (2002), Kusluvan et

al. (2010), Leonard et al. (2004)




Table 1. (cont’d)

Teamwork Hai-yan and Baum (2006), Baum (2002),
Leonard et al. (2004), Manzoor et al.
(2011), Abdullah et al. (2012)

Emotional Intelligence Kusluvan et al. (2010), Nikolaou and
Tsaousis (2002), Kim et al. (2012),
Zeidner et al. (2004), Tischler et al.
(2002), Rosete and Ciarrochi (2005),
Bracket et al. (2011)

2.3. Weighting Methods
The employees are assigned to different events with different importance in our
study. To get a better schedule in terms of quality, it is necessary to determine the
weights of events with regards to the importance. With the help of weighting the
events, mathematical model allows qualified employees to get assigned to more

important events. This is critical in customer satisfaction.

Wang and Luo (2010) propose some approaches in determining the weights in
multiple attribute decision making fields. Basically, the researchers separate the
weighting approaches into three main categories, which are subjective weighting,
objective weighting and integrated approach. Direct rating method and point
allocation methods are some of the most common subjective weighting methods.
Bottomley et al. (2000) make a clear definition for direct rating and point allocation
method. Direct rating method is rating each alternative on a scale of 0 to 100. On the
other hand, point allocation method is spreading a total of 100 points to the
alternatives. Although Keeney, Kelly and von Winterfeldt (2006) use point allocation
method in their research which is about evaluating the academic programs in United
States, Bottomley et al. (2000) present that direct rating method is more accurate than
point allocation method. The reason is that, people cannot give points objectively to
the alternatives when they think how many points they have left to spread.
9




Roszkowska (2013) reviews several weighting methods which convert the rankings
between alternatives into numerical weights. The types of weighting methods that the
author presents can be listed as equal weight method, rank sum weighting method,
rank exponent weighting method, inverse or reciprocal weights and rank-order
centroid weighting method. The equal weight method is used when the DM has too
little information about the priorities about the alternatives. The weights of the
alternatives are determined by the number of alternatives. For example, if there are
three alternatives available, the weights of alternatives are calculated as 1/3. The rank
sum weights are calculated by normalizing the ranks of alternatives by dividing each
of them by sum of the ranks. The rank exponent weight method is similar with the
rank sum weights method. The difference is that the DM can determine the weight of
the most important alternative. The weights of other alternatives are calculated
according to the most important alternative. The inverse weights method calculates
the weights of the alternatives by dividing each alternative by the sum of reciprocals.
The rank order centroid method minimizes the maximum error of the weights by
indicating the centroids of all alternative points while conserving the rank order of
importance. The formula of rank order weight calculation is presented below. N
represents the total number of alternatives, w; represents the weight of alternative j, ry
represents the rank position of alternative k. As Roszkowska (2013), Ahn (2011) also
presents the concept of ROC weights.

Considering all of the weighting methods, we decided to use direct rating method in
our study because of the effectiveness of this method as stated by Bottemley et al.
(2000) present and the preference of the DM.

10



CHAPTER 3

THE APPROACH

In Chapter 3, the problem and the solution approach are presented. The details of the
problem and the solution method are explained.

The problem we deal with in our study is included in the scope of employee
scheduling problems. We want to schedule the employees of hospitality
organizations by taking cost, quality and balanced workload among employees into
consideration. The logic of the proposed solution method is assigning the employees

to the events or organizations.

There are two main parameters in our problem. One of them is the data of events and
the other is data of employees. All the events can have different concepts and
requirements. Moreover, the events have different importances from the firms’ eye.
On the other hand, we classify the employees into four groups according to their
titles. The four groups can be listed as; managers, organizers, accountants and interns
which can be stated as the main employee titles in hospitality or tourism

organizations. Each employee in each group has different skills and wage rates.

One of the aims in the scheduling system is to minimize the employee costs. As
mentioned before, each employee has a different wage rate. This means that the
amount of money which the firms pay for each employee can be different. Each
employee gets a bonus of a predetermined percentage of his/her wage per event if
he/she is assigned to an event. Scheduling cost is defined as the total bonuses of all
employees. Quality is the second objective in our employee scheduling problem.
Quality is defined as the match between employee skills and event requirements and

complexity in determined dimensions.
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The dimensions in Table 1 are the critical factors that affect the customer satisfaction
and work success in hospitality workplaces according to the previous studies. In
addition to these quality dimensions, we add two more dimensions, which are
experience and foreign language skills as a result of our observation and feedback
from the DM. Some of the events can be international, so the foreign language skills
of the employees can affect the quality of that events. On the other hand, experienced
employees can understand the needs of the guests better than inexperienced ones. As
a result, experience of employees is added to the quality dimensions. At the end, the
quality perception consists of five dimensions, which are communication, teamwork,
emotional intelligence, experience and foreign language skills. The quality

dimensions are presented in Figure 1.

Goal: a Good

Schedule

Cost I Quality
Experience Forelgn Communication Teamwork Efotorl
Language Intelligence

Figure 1. Quality Dimensions

After determining the dimensions, the DMs should rate all employees and events in
the company for all the dimensions with the direct rating method stated in Chapter 2.
The ratings should be given from 0 point to 10 points. The ratings of employees
should be given according to their skills and abilities; on the other hand the events
should be rated according to the complexity and difficulty. For example, an

employee who has good communications skills will get a higher communication
12



rating point. In a similar manner, an event that hosts international participants will
get a higher foreign language rating point compared to an event in which all of the
participants are local. Each event or employee is evaluated independently. Moreover,
the DM must determine importance rating (IR) for all events according to the events’
importance from the point of company with direct rating method as in the way that
most important job will have the highest weight.

After all the ratings are determined by the DM, the quality point is constituted. The
quality contribution of an employee to an event is calculated as the summation of the
multiplication of rating of employee, rating of event and IR of event for all
dimensions. For example, if employee 1 is assigned to event 1, the quality
contribution of employee 1 to event 1 is calculated as, (experience rating (ER) of
employee 1)*(ER of event 1)*(IR of event 1) + (foreign language rating (FLR) of
employee 1)*(FLR of event 1)*(IR of event 1) + (communication rating (CR) of
employee 1)*(CR of event 1)*(IR of event 1) + (teamwork rating (TWR) of
employee 1)*(TWR of event 1)*(IR of event 1) + (emotional intelligence (EIR)
rating of employee 1)*(EIR of event 1)*(IR of event 1). The total quality point of the
general schedule is calculated as the summation of the quality contribution of the
attendant employees in all events. Quality point does not have a meaning by its own,
but higher quality point means that the characteristics of employees match better
with the requirements and complexity of events in the dimensions which are

determined above.

After identifying the problem, the mathematical model is constructed by using MIP

method.
3.1 Mathematical Model
Sets
T : Set of employee types in company, 1:Managers, 2:0rganizers, 3:Accountants,

4:Interns
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E: : Set of available type t € T employee in company

| : Set of events that the company organizes

Parameters
P, Cost of assigning employee e of type t to an event
MIN;i :  Minimum number of type t employee required for event i
ERE,, : ERofemployee e of typet
FRE,, : FLR of employee e of type t
CRE,, : CR of employee e of typet
TRE,, : TWR of employee e of type t
IRE,, . EIR of employee e of type t
ER; : ERofeventi
FR; : FLR of eventi
CR; : CRofeventi
TR; : TWR of event i
IR : EIRof eventi
IM; . IR of eventi
dy; {%), if event?s i and j take place at the same time
, otherwise
e €k i,jel teT

Threshold: Workload balance parameter, the maximum difference between the most
assigned employee and least assigned employee. This parameter is determined by the
DM.
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Decision Variable

_ {1, if employee e of type t is assigned to event i
et = |0, otherwise,

teT e € E; i€l
Cost Minimization Model
Minimize Z; = Yie 1 Xeer, Zier Xe,i * P,
Subject to:
YeeE, Xe,i = MINg Viel,VteT Q)
ZiEI xkti - ZiEI xlti < Treshold A k, l € Et k?fl ,Vte T (2)
ZiEI Xiyi - ZiEI X1,i > -1* Treshold v k, (S Et k#,VteT (3)
(xeti+ xetj)*dijf 1 VeEELVtET,Vi,jE| l?é‘] (4)
Xe,i €{0,1} Veek ,VteT Viel 5)

(1) is the set of requirement constraints so that minimum number of
organizers, managers, accountants and interns are guaranteed to assigned to
the events. The constraints are similar to those of Firat and Hurkens (2011)
and Sadykov and Wolsey (2003).

- (2) ensures the balanced workload among employees.

- (4) avoids the employees to get assigned to events which take place at the
same time. The logic of these constraints is same with Stolletz and Zamorano
(2014).

- (5) explains that the decision variables are binary.
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Quality Maximization Problem

Maximize

Zy = Xter Niel Zeek, Xeyi * EREe * ER; * IM; + YierYie1 ek, Xe,i * FREe, *
FR;* IM; + Xier Xie1Xeer, Xeoi * CREe, * CRi* IM; + Xrer Yier Xeer, Xe,i *
TREet * TR; x IM; + ZtETZiEIZeEEt Xepi * IREet * [R; x IM;

Subject to:

1) -0

All of the constraints in the quality maximization model are same with the

constraints of cost minimization model.

Lastly, a DSS is designed for this scheduling problem to help the DM in handling
these conflicting purposes which are cost and quality in this scheduling process. The
solution method is integrated into the DSS. The details of DSS are presented in
Chapter 6.
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CHAPTER 4

EXPERIMENTS

In Chapter 4, we present experiments for a Turkish firm which is operating their
activities in hospitality sector.

The firm, founded in 2008, is organizing congresses, meetings, events and tours all
over the world. The main focus of the firm is medicine and health sector. The firm
organizes approximately 30 events per year in which the company touches 60,000
customers. The management office of the firm is located in Istanbul, Turkey. There

are 29 employees in the firm.

Firstly, the necessary data is obtained from the company. The DM is the founder and
the general manager of the firm and he is not taking charge in events. The DM of the
company is asked to evaluate the current employees of the company. The rates are
given from 0 to 10. After the evaluation each employee gets a skill set. Table 2
shows the skill ratings and wage rates of each employee in each title. According to
the company policy, each employee gets 10% bonus of his/her monthly wage per
event when he/she is assigned to an event. The personal information of employees
such as names, surnames are not provided because of the company policy. Instead of
names and surnames nicknames which consist of the title name and the sequence are

used.

Table 2. Skill ratings and wage rates of employees

Employee ER | FLR | CR | TWR | EIR | Wage Rate
Manager 1 10 10 10 10 10 15,000
Manager 2 10 10 10 10 10 13,000
Manager 3 10 10 10 10 10 13,000
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Table 2. (cont’d)

Manager 4 8 10 10 10 10 9,000
Organizer 1 10 7 10 7 7 6,000
Organizer 2 6 8 8 9 7 4,000
Organizer 3 6 8 9 10 8 4,000
Organizer 4 6 6 8 8 7 3,800
Organizer 5 3 9 6 8 8 2,700
Organizer 6 8 8 8 9 8 4,500
Organizer 7 6 7 8 7 7 4,000
Organizer 8 6 8 7 8 9 3,800
Organizer 9 g 5 10 9 8 2,700
Organizer 10 9 9 8 10 10 5,500
Organizer11 | 6 8 7 8 8 4,000
Organizer12 | 6 3 8 8 8 4,000
Organizer13 | 6 10 8 7 6 4,000
Organizer 14 | 3 7 9 8 9 3,000
Organizer 15 6 7 7 8 8 3,800
Organizer16 | 3 10 8 9 8 2,700
Organizer 17 | 8 6 9 7 7 4,500
Organizer 18 | 3 8 7 8 8 3,000
Accountant1 | 10 2 2 2 3 6,500
Accountant2 | 3 8 7 7 8 3,000

Intern 1 0 8 5 8 6 500
Intern 2 0 9 7 8 7 500

After evaluating the employees and deciding the ratings of them, the DM evaluated
the events that the company organizes in 2019. The DM rated the events in six
quality dimensions which are five quality dimensions mentioned above and events’

importance. The ratings are given from 0 to 10. Table 3 shows the ratings of the
18



events which the company organizes in 2019. Event names are not provided because

of company policy.

Table 3. Ratings of events

Event |ER | FLR [CR | TWR | EIR | IR
Eventl | 10 8 10 10 9 | 10
Event 2 9 8 9 9 7 8
Event3 | 10 | 2 8 9 7 |85
Event 4 9 6 9 9 8 |65
Event 5 9 9 8 9 7 7
Event 6 9 8 9 8 9 |75
Event 7 9 8 9 8 9 |75
Event 8 8 8 8 7 7 |55
Event 9 8 8 8 7 7 |55

Event 10 8 4 7 8 7 3

Event 11 8 8 8 8 7 3

Event12 | 5 8 6 5 5 |05

Event 13 5 8 6 5 5 05

Event 14 5 8 6 5 5 05

Event1ls | ¢ 10 8 7 7 |15

Event1l6 | ¢ 10 8 7 7 |15

Event 17 7 3 6 6 6 2

Event 18 6 8 7 8 7 1

Event 19 6 8 7 8 7 1

Event 20 4 9 6 6 6 05

Event2l | 4 9 6 6 6 | 05

Event22 | 4 9 6 6 6 |05

Event23 | ¢ 8 7 7 7 |15
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The events that the company organizes in a year are determined at the end of the
previous year with a bidding system. The capacity, place and date are determined in
bids. It is assumed that place is not important in our problem because the place of the
events does not change the schedule. On the other hand capacity and dates are
critical. Capacity of the event affects the number of employees required in that event.
Dates are also important because scheduling an employee in the events that are
planned in the same date intervals is not possible. In current event calendar of 2019,
event 2 and event 5 take place in same time, so same employees cannot be assigned
to both events. The DM determines the minimum number of employees needed in an
event according to the capacity of that event. The required number of employees for

the events and the dates of events are obtained. They are shown in Table 4.

Table 4. Required employee numbers and date intervals of events

Minimum Minimum Minimum
Event Number of Number of Number of | Date Intervals

Managers Organizers | Accountants
Event 1 3 12 1 03-06 October
Event 2 2 10 1 01-05 May
Event 3 2 10 1 07-09 February
Event 4 2 12 1 22-25 April
Event 5 2 8 1 03-04 May
Event 6 2 5 1 10 March
Event 7 2 5 1 09 April
Event 8 2 4 1 13-14 June
Event 9 ) 4 1 18 April
Event 10 2 6 1 27 March
Event 11 2 5 1 29 November
Event 12 1 3 0 25 May
Event 13 1 3 0 29 June
Event 14 1 3 0 12 October

N
o



Table 4. (cont’d)

Event 15 0 3 0 13 April
Event 16 0 3 0 07 September
Event 17 0 3 0 22 June
Event 18 0 3 0 16 October
Event 19 0 3 0 25 November
Event 20 1 3 0 15 April
Event 21 1 3 0 08 June
Event 22 1 3 0 25 October
Event 23 0 % 0 20 October

The last step before the solving the mathematical model is obtaining specific
constraints about the events that is going to involve in the model. The minimum
numbers of employees for each event are one of the constraints. In addition to this,
there is an experience constraint for each event according to the company policy. The
company aims to set minimum experience year limits to some events. These
limitations are given in Table 5. Experience is defined as the total experience of

years of employees in the hospitality sector.

Table 5. Experience constraints of events (maximum number of organizers who have

less than 2 years of experience)

Event Constraint
Event 1 2
Event 2
Event 3
Event 4

Event 5

|l B el S > I S B OV )

Event 6

Event 7
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Table 5. (cont’d)

Event 8
Event 9
Event 10
Event 11
Event 12
Event 13
Event 14
Event 15
Event 16
Event 17
Event 18
Event 19
Event 20
Event 21
Event 22
Event 23

N N N N DN N NN NN NN NN DN

To ensure the specific experience constraints of the company, an experience
constraint is added into the mathematical models. Two extra parameters are needed
to construct the experience constraint. The parameters and constraint are shown

below.
Parameters:

MT; : Maximum number of organizers who have less than 2 year experience for

eventi €1l

TE = {1, if organizer e is less then 2 years experienced
e o, otherwise
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Experience constraint:

ZeEez Xei * TEez < MT;
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CHAPTER 5

RESULTS AND DISCUSSIONS

In Chapter 5, the results of the mathematical models will be shown. After
constructing the mathematical models and obtaining the necessary data from the
company, the models are solved with optimization software CPLEX OPL v12.8. The
optimal employee schedules will be presented for both cost minimization and quality
maximization models. Afterwards, four other solutions will be provided except the
optimal solutions. In addition, the difference in schedule costs will be shown in
different workload balance threshold parameters. Lastly, the solutions will be

compared with the current schedule of the company.

5.1 Cost Minimization Model Solution
The cost minimization model which is constructed in Chapter 2 is solved with the
data which is provided by the company by using optimization software. The
objective function value which is the schedule cost of year 2019 is founded as 84,850
TL. The quality value which is the second objective of our scheduling problem is
calculated as 278,000 where the cost is minimized. The solution time is 05.92
seconds. The detailed schedule for managers, organizers, accountants and interns are
shown in Table 6. If there is a “1” in a cell, it means that the corresponding employee
is assigned to the corresponding event. If there is a “0” in a cell, it means that the
corresponding employee will not take a role in corresponding event. Table 6 is
presented below. In the detailed schedule, it can be observed that Accountant 1 and
Intern 2 are assigned to only one event. These two employees can be utilized better
as their current workload is below the average. This will be in line with the workload

balance equity concerns of the DM.
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Table 6. 2019 schedule of managers, organizers, accountants and interns in the

optimal solution of cost minimization model

Events
112(3/4|5|/6(7|8|9(10(11|12|13|14|15(16(17|18(19|20|21|22|23

Man11/1/1)1/0)1/1/0/0/0]0|0|0O|0O]|0O]0O|O]O]|0OJO]0O]O0O]O

Man2|1/0/0)1/1/0)1/1/0/0j0|0OjJ0O|2]|0]0O|J0O]0O]OJ21]0]1]O0

Man3|1/0|0|0|1/0|0J21|1]1]1]0}]1]0]|0O]j0O]j0OjOjOjOj0OfO]O

Man4 |0/1/1/0/0)1/0/0j2)j1 1|1 /0/0]|0O]0O|J0O]O]OJO]1]O0]O

Orgl |0O)1]|0|0|0O|0O|O|O|O|1 |O |O |O |O |O |O O OO 1T (O 1 2

Org2 |0]1]1]1]0|0)21/0/0/0 |O |O |1 (O |O |O |1 |O |O |O |1 |0 |O

Org3 |1|0|0f1}1|0)1/0]|0|0O |O |O |[O |O |O |1 |O |O |1 |0 |0 |0 |1

Org4 |1|0j1|1}1|0)1/0]0|0 |1 |O |O |1 |O |[O |O |O |O |O |0 |0 |O

Org5 |1/0j1|1)1/0/0)0/0|1 |O |1 |O |1 |0 |O |O |O |O |O |O |O |O

Org6 |1|1)1|1|0|0/0|0O|0O|2 |O |O |[O |O |O |[O |O |O |O |O |0 |0 |O

Org7 |1]1]1/1|0j1/0/0/0/0 |1 |O |O |O |O |O |O |O |O |O |O |O |1

Org8 |1/0|0|0|2|21/0/0]|0]|O |1 |1 |O |O |O |[O |O |O |O |1 |1 |0 |O

Org9 |0]1]0|1]0|0|0|0|2/0 (O |O |O (1 |O |O |1 |1 |1 |O |O |O |O

Org10|1|0}1|0|1|0|0|O0|O|O |1 |O |O |O (O |1 |O |O |O |O |O |O |O

Orgl1j1j1|0|0|0|0]|0|0Of0O|O |O |O |O |O |2 |1 |1 |1 |0 |0 |0 |1 |0

Org12|1|0|0/1|1|1|0|1{1{0 |O |O |[O |O |O |O |O |O |1 |0 |O |O |O

Orgl13/0}1|0j1/0|0]|0J1/0|1 |O |O |O |O |2 |O |O |O |O |0 |1 |0 O

Org14|0|1|0|1|0|1|0|1|0|0O |O |O |1 |O |1 |0 |O |O |O |O |O |1 |O

Orgl5/1|0f1)1f1}1j1/041|0 |O |O |O |O |O |O |O |O |O |0 |O |O |O

Orgl6/1/0/1/0f1|0|0J1/0}21 |1 |1 |O |O |O |O |O |0 |O |0 |0 |O |0

Orgl7|1|1|1|0|0|0|1|0|0O|1 /O |O |[O |O |O |O |O |O |O |O |O |O |O

Org18/0}1{1)1/0|0]|0/0Of1]|0 |O |O |1 |O |O |O |O |1 |O |1 |0 0O |0

Accl |(0/0]|0|0|1/0/0]|O|O|O |O |O |O |O |O |O |O |O |O |O O |0 |O

Acc2 |1|1)1j1/0f2)1f1}2|1 |1 |O |[O |O |O |[O |O |O |O |O |O |O |O

Int1 |0|0)1)1/1|0|0f1j1}21 1 |1 |1 |1 j1 j1 |1 |1 |1 |1 |1 |1 |1

Int2 |0/1]0{0|0/0O|O]O|O|O |O |O |O |O |O |O |O |O |O |O |O |O |O

5.2 Quality Maximization Model Solution

As the cost minimization model, quality maximization model is solved with the data

obtained from the company by using optimization software. The objective function
value which is the quality value of the schedule of 2019 is founded as 524,423.5. The

cost of this schedule is calculated as 221,280 TL. The solution time is 02.31 seconds.

25



The detailed schedule is shown in Table 10 which shows the schedules of managers,

organizers, accountants and interns.

Table 7. 2019 schedule of managers, organizers, accountants and interns in the

optimal solution of quality maximization model

Events
1/12|3(4|5(6|7(8|/9(10(11|12({13|14|15|16|17(18(19(20|21(22|23

Manl|1/1/1/2/0/2f2y2y2f2 2|11 }1j1,1j1{111(1|1|1(1

Man2 |1|1f1j1|0|2f21}2y2y2;1f2j1}1f41j1}141j1j1)1|1]1

Man3|1|0f1j1}1|2f1/2y2y1;1(42j1}1f41j1}141j1j11|1]1

Man4 |1|0f1j1}2|2f12y2y2;1f42j212}1f412j1}141j1j11|11

Orgl |1]1]1(1|0J1|2|1f2|1 |1 |0 |0 |O |1 |1 |1 |0 |0 |O |O |O |O

Org2 |1]1]1(1|0|1|2|1|2|1 |1 |O |0 |O |1 |1 |1 |0 |0 |O |O |O |O

Org3 [1|1|1/1(0|2|1]1)2)21 |1 (O [O |O |1 |1 |1 [0 |0 |O |O |O |O

Org4 |1]/0|1f1|1)1|2|1f2|1 |1 (O |1 |O [0 |0 |O |O |O |O |1 |1 |O

Org5 [0]/0/0|0(1|0{0]|1/21/0 |O |1 |1 |1 |1 |0 [0 |1 |0 |1 |1 |1 |0

Org6 |[1]1]1(1|01|2|1f2|1 |1 |0 |0 |O |1 |1 |1 |0 |0 |O |O |O |O

Org7 |1]0|1f1|1)1}1|1/2|1 |1 |O |0 |O |1 |1 |O |O |O |1 |0 |0 |O

Org8 [1|1|1|1(0|2{1]121)21 |1 (O [O |O |1 |1 [1 [0 |0 |O |O |O |O

Org9 |0|1]1(1|0|0|0|1f2|1 |O |1 |0 |O (O [0 |1 |1 |1 |0 |0 |O |1

Orgl0j1|1|1{1/0/2f2}2|1|1 |1 |O |O |O |1 |1 |1 |0 |0 |0 |0 |0 |O

Orgllj1|oj1j1f2|1/2|2|1)2 |1 |0 (O |0 |2 |1 [0 |1 |0 |0 |O |0 |O

Orgl2j1|1|1{1]/0/21f2|2|1|1 |1 |1 |O |1 |O |O |1 |0 |O |O |0 |0 |O

Orgi3|1|0|1j1f21|1/2|21|1f2 |1 |0 |O |O |21 |1 |0 |O |O |O |O |O |1

Orgl4|1|1|1]|1/0|0/O|21|1|2 |1 |O (O |0 |O |1 [1 |O |0 |0 |O |0 |1

Orgl5(1|0f1{1]1/2f2|2|1|1 |1 |O |O |O |1 |1 |0 |O |1 |0 |0 |0 |O

Orgl6|1|0|1]1f2|1/2|21|1/0 |1 |O (O |0 |1 |1 [0 |O |O |O O |O |O

Orgl7j1|1|1[{1]|0/2f2}2|1|1 |1 |O |O |O |1 |1 |1 |0 |0 |O |0 |0 |O

Orgl8|0|0|1]1(1|0/0|1]|1/0 |0 |O |1 |1 |O |0 |0 |O |1 |1 |1 |1 |0

Accl |1(0]2|1]|21|1f2|2f2]2 |1 |2 |2 |1 |1 |2 |1 |1 |1 |1 |1 |1 |1

Acc2 |1]1(1/1/0[2|2|1]2f2 |1 |2 |2 |1 |1 |2 |1 |2 |1 ]1 |1 |1 ]1

Intl j1{0J21|2]21)2|2]2f2|1 |21 j2 |1 |21 |1 |1 |2 |1 |1 |1 |1 |1 |1

Int2 |1{1/1]1]{0f2|2]2(2|1 |21 |2 |1 |21 |2 |1 |2 |1 |1 |2 |1 ]1 |1

5.3 Workload Balance — Cost Analysis

In our employee scheduling problem there are two objectives which are minimizing

the cost and maximizing the quality. In addition to these two objectives, the balanced
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workload among the managers and organizers is another point which is taken into
consideration in the mathematical models. The workload balance is not defined as an
objective, but there is a constraint which limits the difference between the maximum
and minimum number of events that an employee is assigned. This constraint
provides equity in workload. We use a predetermined threshold level which is
defined by the DM beforehand. That is, the difference in event numbers to which
managers or organizers assigned cannot exceed this workload balance threshold. For
example, if an organizer is assigned to six events and the workload balance threshold
is two, then other organizers can be assigned to four, five, six, seven or eight events.
If the workload balance threshold is set as zero by the DM, all the managers and
organizers should be assigned to the same number of events. The current workload
balance threshold is decided as two by the DM. The cost minimization and quality
maximization models are solved with the current workload balance threshold. To see
how workload balance threshold parameter affects the scheduling costs, different
solutions are obtained by using different workload balance threshold parameters and

report the corresponding cost values in Table 8.

Table 8. Minimum scheduling costs for different workload balance parameters

Workload Balance Scheduling
Threshold Cost(TL)
0 93,650
1 85,500
2 84,850
3 83,800
4 82,850
5 81,900
6 81,100
7 80,200
8 79,350
9 78,500
10 77,900
11 77,350
12 76,860
13 76,570
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Table 8. (cont’d)

14 76,280
15 76,020
16 76,020

The tradeoff between workload balance and scheduling costs is shown visually in
Figure 1. As it can be observed from the Figure 2, the scheduling costs decreases
when the workload balance threshold increases. The scheduling cost is highest when

the firm decides to assign the each employee exactly the same number.

95000 Iy
90000
*

o 85000 * .
o 2 2
O * o

80000 * o

* o W R
*
75000 MR
70000
0 2 4 6 8 10 12 14 16
Balance Treshold

Figure 2. Tradeoff between workload balance and minimum scheduling costs

5.4 Alternative Solutions
Two base optimal solutions are founded by solving the cost minimization and quality
maximization models. The minimum scheduling costs is founded as 84,850 TL and
the quality value is 278,000 when the cost is minimum. The maximum quality value
is founded as 524,423.5. The cost is 221,280 TL when quality value is maximum.
The detailed schedules are provided in Table 6 and 7. It can be seen that there is a
tradeoff between cost and quality. The base optimal solutions are shown together in
Figure 3.
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Figure 3. Optimal solutions of cost minimization and quality maximization models

In our study, we seek to present alternative solutions besides to the two base optimal
solutions. We intended to find four alternative solutions. To obtain these alternative
solutions we divided the range between the maximum and minimum cost into five
equal pieces. The maximum cost is 221,280 TL and the minimum cost is 84,850 TL.
The difference between them is 136,430. If this difference is divided into five equal,

one piece corresponds to 27,286. The equal pieces are shown in Figure 4.
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Figure 4. Equal pieces between the base optimal solutions
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After dividing the range into five pieces, we wanted to find the maximum quality
value in each line in Figure 4. To find the maximum quality value, we added a

constraint in quality maximization model which limits the scheduling cost. The cost
is defined as ZtETfole{:l Xe.i* P, We defined this cost function as

“SchedulingCost” and the constraint which is shown below is added into the quality

maximization model.
SchedulingCost <=...;

Afterwards, the right-hand side of the constraint is set as the cost value of the lines
one by one which are described in Figure 4 and the quality maximization model is
solved four times. The corresponding values that are used in the constraints are
112,136, 139,422, 166,708 and 193,994. The constraints which are added to the
quality maximization model are shown below with the right-hand side values.

SchedulingCost <=112,136;
SchedulingCost <=139,422;
SchedulingCost <=166,708;
SchedulingCost <=193,994;

These constraints are added one by one and the model is solved four times. The

solutions are shown in Table 9.

Table 9. Alternative Solutions

Cost Quality
112,120 [436,536.5
139,410 |490,492.5
166,680 |511,702.5
193,880 | 521,336
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These solutions show the maximum quality values in limited costs to the DM. These
solutions are presented with the original optimal solutions in Figure 5 where the
circles show the optimal solutions and the squares show the alternative solutions. The

detailed schedules are presented in Appendix A.
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Figure 5. Alternative Solutions and Optimal Solutions

5.5 Comparison of Existing Schedule in the Firm and Proposed Solutions
In this section, the firm’s current employee schedule and the results of mathematical
models is compared. To make the comparison, firstly the company’s current schedule
is obtained. Table 10 shows the existing schedule of managers, organizers,

accountants and interns.

Table 10. Existing Schedule of Managers, Organizers, Accountants and Interns

Events

1/2(3/4|5/6(7|8|9|10|11|12|13|14|15|16|17(18|19|20(21|22|23
Man1|1|1(0f1|1|1(1/0{0j0|21|(0]JO|0O|0O]|JO|21|0|0O]|1|1]0]0
Man2|1|1(0{0|0|1f1j21{2|212(0(1]J]0|0|0|J0O|0|21]0]0|0]|2]0
Man3|1|0f1j1|0|1f1j1{2|2}(0(0j0O|O0O|1]0|0|0O|0O|O0|0O|O0]1
Man4 |0|1(1/0{2|0f0}2{2j0|1(1]2(1(0|0|0|0]|]0]|]0|0]|0]O
Orgl |1]1]|0|1]|0|1|1|0|0jO|0O|1]0Of0O]O]O|JO]O]OJ21]0]0O]O
Org2 |1]/0]1|1]|1]|0|0|0Oj2j0O|1|0]j0O|21]0]O|JO]1]|]0|J0O]0O]O]O




Table 10. (cont’d)

Org3 |1/1/0f1/0f1/0j1/0/0]|0|0O|0O]|O]|OJ1]|0]0OJ2]|0]0O]0O]1
Org4 |1|0f11]1]|0|0J0OJ1|21]|O]JO]1]|0O]|O]O]O]JO]O]JO]O]1]0O
Org5 |1/0f1j1/1/1/1/0/0/0]0)21|/0]|0O]|0O|J0O]1]0O)J0O]0O]0O]O]O
Org6 |1]/1/0|0]|0|0|Of1|1|0O]|O]JO]O]1]|1]0O]1]|0O]|O]O]O]O]O
Org7 |Of1/1/0/0/0|0|0Of1}1|0|0O|1]0O]|0O|JO]0O]|OJ0O]0O]|2]0]O
Org8 |0]1/1/0]|0|0|0Oj1/0]|1]|O0O]O]O]O]|1]0O]O]O]O]O]1]0O]0O
Org9 [1/0/0|1[1]|0|0J0OJ1|0O]1]O0O]O]1]|O0O]O]O]O]1]O0O]O]O]O
Org10|0f1]1f1|0|1j1|0j0j0O|0O|0O]21|0O]|0O]|OJ0O|0O]|OJO|O]O]1
Orgl1/1)|0(1/0/2/0j1{0j0/0OfJ2|0O|j0OJOJ2|0O|0O|O|OJ2|0J0O]O
Orgl2|1|1|0[1]|0|1|0j0OjOj1|0|0O|OJ1]0]|0OJ0Oj1]|0Oj0Of0O]1]O
Org13|1|0|1{1}1|0j0j0j21)0|1]0]0|J0|1]|0)J0j1]|0O|0f0]O] O
Orgl4|0f1|1|1|0|0jO0j1|0j21|0|0O]0O|JO]O]21|0j0O|1|0f0]0O]1
Orgl5|1|1]|0|0|0|O0j1]0jOj0O|1|1]|0|0]|0O]|0OJ0Oj0O|21|0Of1]0] O
Orgl6|0|0|1(1}1|0j0jOj2}|0O|1]|0]2|/0j0O]|21)/0j0]|OJOfO]1]O
Orgl7|1]1]|0|0|0|1|1]0j0j0O|0O|0O|0OJO|0O]|2)0j0O]|OJ2|0]0O] O
Org18|0{0|1f1}1|0j0j1|j0j2/0|1]0|J0O]|0O]|0OJ1/0]|0OJOf0O]O] O
Accl |1/1/0/0/0)2j2j1/1/0]0]|0|J0O]|0O|0OJ0O]0O]|O]JO|0O]|0O]O]O
Acc2 |0/0/2/2/2/0/0/0/0j1]1]0)J0]0|0O)J0O]0O]|0O]JO|0O]0O]O] O
Intt |0/1/0/0/0/0/0j1j1j1j0j2j1j1j1 /1 j1j1]1j1j1]1|1
Intz2 |10/0/1/0/0/0J0J1j1j0j1j2j1 11111 )1 j1]1]1]1

After obtaining the existing employee schedule of 2019 from the company, the
scheduling cost and quality point are calculated. Scheduling cost is 106,690 TL and
quality value is 311,118.5. The existing schedule’s cost and quality value are added
to the Figure 3 and Figure 4 is obtained. Figure 6 shows the company’s current
schedule and the six schedules which is created by the mathematical models in
previous chapters. The circles show the optimal solutions, the squares show the

alternative solutions and the triangles shows the current schedule.
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Figure 6. Existing Schedule, Optimal Solutions and Alternative Solutions

It is not possible to make a comparison between the current schedule and six
solutions which are obtained from the mathematical models because the alternative
solutions and extreme optimal solutions do not dominate the existing schedule of the
company. To make a comparison, we intended to find two solutions which are at the
same cost with the current schedule and at the same quality value with the current
schedule separately. Firstly, we updated the cost constraint in quality maximization
model and we changed the right-hand side of the constraint as the current scheduling
cost which is 106,690 TL. The cost of this new schedule is 106,690 TL and quality
value is 417,875. After solving the quality maximization model, the objective
function in quality maximization model is defined as quality function and this
function is added as a constraint in cost minimization model. The current schedule’s
quality value is set as the right-hand side of the quality constraint in cost
minimization model and the new cost minimization model is solved. The cost of the
solution is 86,050 TL and the quality value of the solution is 311,410. These
solutions are shown with the previous solutions and current schedule in Figure 7. The
points which are marked with a cross and a square are the new two solutions which

are obtained in this section.
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Figure 7. Current Schedule, Optimal Solutions, Alternative Solutions and

Dominating Solutions

It is shown that, the new two solutions dominate the current schedule. This means, a
solution at almost same quality point with a lower cost or a solution at same cost
with a higher quality point is possible with the mathematical models which are

constructed in our study.

5.6 Sensitivity Analysis
In this section, we further investigate the sensitivity of the proposed mixed integer
programming model through detailed analysis. We intended to capture if the
proposed model is robust to small changes of parameters which are determined by
the DM. For this analysis, we evaluate the effect of quality ratings of the employees
and events to the scheduling decision by changing their values within the range of
+5% of current values. We generated 10 random ratings within the range of +5% of
each employee and event rating for each employee and event in each dimension
which are explained in Chapter 3. The generated random values are presented in
Appendix B. After the generation of random ratings, we design 50 test problems with

the random ratings and solve them. We found out that the schedule do not change in
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these 50 test problems. As a result, it can be stated that the proposed mixed integer

programming model is not sensitive to small changes in the parameters.
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CHAPTER 6

DECISION SUPPORT SYSTEM

In this chapter, the DSS for the employee scheduling problem is presented.

A user-friendly DSS is designed for the hospitality organizations to schedule their
employees by using our proposed solution approach. The parameters used in the
employee scheduling problem which are event number, employee number, event’s
characteristics, employee’s characteristics, event dates and employee’s wage rates
can vary in time. The DSS can handle this change. The DSS is based on Microsoft
Excel and Microsoft Visual Basic. We incorporated our models into the designed
DSS. The mathematical models are solved in Excel Solver Add-In. DSS is designed
to create the employee schedules at the beginning of the year because event calendar
is set yearly. DM can change every parameter in the problem and get the new

solutions. The details of designed DSS are shown below.

There is a main page of the DSS which contains 4 buttons. The main page is shown

in Figure 8.

A B C D E F G H 1 ] K L M N o P a R

EMPLOYEE SCHEDULING DECISION SUPPORT SYSTEM

Employee Data Event Data Other Parameters

@[ i e

14 Solutions

Figure 8. Main Page of DSS
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DM can click on these 4 buttons. If DM clicks on “Employee Data” button, a new
page appears. DM can change all parameters about employees on this page.
Employee title parameter is limited. DM can set the title as “Manager”, “Organizer”,
“Accountant” or “Intern”. The points should be given from 0 to 10. After changing
the data, DM should click on “UPDATE” button. DM can add more employees to
the system or delete some of the employees. If DM renounces changing, ‘“Main
Page” button should be clicked. Figure 9 shows the employee data page.

A B C D E F G H | J K
A Foreign . Team | Emotional
Employee |Employee| Years of |Experience Communication . Wage
Main Page i . ) Language ) Work |Intelligence
Title No Experience Point . Point . . Rate
1 Point Point Point
2 Manager 1 10 10 10 10 10 10 15000
3 Manager 2 8 10 10 10 10 10 13000
4 Manager 3 6 10 10 10 10 10 13000
5 Manager 4 3 8 10 10 10 10 9000
UPDATE ;

6 Organizer 1 5 10 7 10 7 7 6000
7 Organizer 2 2 6 8 8 9 7 4000
8 Organizer 3 2 6 8 9 10 8 4000
9 QOrganizer 4 2 G & ] ] 7 3800
10 Organizer 5 1 3 9 6 8 & 2700
11 Organizer 6 3 2 8 2 9 2 4500
12 Organizer 7 2 6 7 8 7 7 4000
13 Organizer g 2 6 8 7 8 9 3800
14 QOrganizer 9 1 3 3 10 9 8 2700
15 Organizer 10 4 9 9 & 10 10 5500
16 Accountant 1 5] 10 2 2 2 3 6500
17 Accountant 2 1 3 8 7 7 8 3000
18 Intern 1 0 0 8 5 8 6 500
19 | Intern |~ 2 0 0 9 7 8 7 500
20 Manager

Organizer
21 Accountant
22

Figure 9. Employee Data Page

After clicking the “UPDATE” button, the main page appears again. If the DM clicks
on “Event Data” button, a page about event data opens. Similar with employee data
page, the DM change each parameter about the events in this page. Also, the DM can
add more events to schedule or delete some events from the schedule. There is an
“Experience Constraint” column in this page. This column indicates the maximum
number of employees which have less than 2 years of experience allowed for that
event. Same with employee data page, “UPDATE” button should be clicked after a

change. The page which contains the event data is presented in Figure 10.
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A B € D E F G H I J K L M N o]

B Foreign L Team Emotional Event B
Event Ci Experience

Main Page Event No . Language N Work | Intelligence | Event Start Date| lenght |Number of | Number of | Number of N
Importance Point ) Point . N . N Constraint

a Point Point Point (in days) Org; A s

2 1 10 10 8 10 10 9 3.10.2019 4 3 12 1 2
3 2 8 9 8 9 9 7 1.05.2019 5 3 10 1 3
4 3 8,5 10 2 8 9 7 7.02.2019 3 2 10 1 4
5 4 6,5 9 6 9 9 8 22.04.2019 4 2 12 1 4
6 (T 5 7 9 9 8 9 7 3.05.2019 2 2 8 1 4
7 6 7.5 9 8 9 8 9 10.03.2019 1 2 5 1 1
8 7 7.5 9 8 9 8 9 9.04.2019 1 2 5 1 1
9 8 5,5 8 8 8 7 7 13.06.2019 2 2 4 1 -
10 9 3,5 8 8 8 7 7 18.04.2019 1 2 4 1 -
11 10 3 8 4 7 8 7 27.03.2019 1 2 6 1 2

12
13
14

16
17
18

Figure 10. Event Data Page

The last button about the parameters is the “Other Parameters” button. A user form
appears when this button is clicked. The DM can change 3 parameters in this user
form which are workload balance threshold, percentage of wage rate gain for each
event and number of solutions except extreme optimal solutions. Workload balance
threshold is set as “2” in existing situation. DM can change this parameter in this
form and obtain a new solution. The second parameter is percentage of wage rate
gain for each event. In current system, an employee gets 10% of his/her annual wage
rate if he/she is assigned to any event. This percentage can be changed by DM in this
form. Last parameter is the number of solutions except extreme optimal solutions. In
Section 5.4 we presented 4 alternative solutions except the optimal solutions. DM
can select the number of alternative solutions. The alternative solutions are
composed in same way as described in Section 5.4. The user form which appears

after clicking “Other Parameters” button is shown in Figure 11.
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Figure 11. Other Parameters User Form

The last button in the main page of DSS is “Solutions” button. After providing the

necessary data to the system, the results can be seen in the solution page which

appears as the button is clicked. The solutions page is shown in Figure 12.

1
2
Y
4
5
6
7
8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

A

Main Page

SOLVE

D E
COST OPTIMAL SOLUTION
Cost
Quality Point

Click to see detailed
schedule

G H I J K L M

QUALITY OPTIMAL SOLUTION

Clickto see detailed
schedule

Cost
Quality Point

AlternativeSolutions

Figure 12. Solutions Page
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The page is empty when it is opened. There is a “SOLVE” button on the left side of
the page. If this button is clicked, the mathematical models are solved by Excel
Solver Add-In and the objective function results are displayed in this page. In the
column “E” objective function values of cost minimization model, in the column “I”
objective function values of quality maximization values are shown. There are two
buttons under these values. To see detailed schedules, which means to see which
employee is assigned to which event, these buttons should be clicked. The last button
on this page is “Alternative Solutions” button. The number of alternative solutions is
determined by the DM in the main page of DSS. If this button is clicked, the

alternative solutions are shown.

To clarify these buttons and pages, a small scale problem is solved by the DSS. The
reason why a small scale problem is used is Standard Excel Solver Add-In’s number
of decision variable and constraint limits. Standard Excel Solver Add-In allows a
maximum number of 200 decision variables and 100 constraints. Premium Solver

Products can be used if the problem size is bigger.

As mentioned above, a small scale problem is constituted and solved in DSS. The
problem contains 3 managers, 5 organizers, 2 accountants, 2 interns and 10 events.

The employee and event data is shown in Tables 11 and 12 respectively.

Table 11. Employee Data of Small Scale Problem

T | TR | et | R | FLR | R | Twe | EiR | e
Manager 1 10 10 10 10 10 10 15,000
Manager 2 6 10 10 10 10 10 13,000
Manager 3 3 8 10 10 10 10 9,000
Organizer 1 5 10 7 10 7 7 6,000
Organizer 2 2 6 8 8 9 7 4,000
Organizer 3 1 3 9 6 8 8 2,700
Organizer 4 1 3 5 10 9 8 2,700
Organizer 5 4 9 9 8 10 10 5,500
Accountant 1 6 10 2 2 2 3 6,500




Table 11. (cont’d)

Accountant 2 1 3 8 7 7 8 3,000
Intern 1 0 0 8 5 8 6 500
Intern 2 0 0 9 7 8 7 500

Table 12. Event Data of Small Scale Problem(ratings,dates)

EventNo | IR | ER | FLR | CR | TWR | EIR | Event Start Date E‘ﬁrr]‘td'aeg‘ght
1 0]10] 8 |10 10 | 9 3.10.2019 4
2 89| 8 | 9] 9 | 7 1.05.2019 5
3 |85|10| 2 | 8 | 9 | 7 7.02.2019 3
4 |65| 9] 6 | 9] 9 | 8 22.04.2019 4
5 719 9 | 8] 9 | 7 3.05.2019 2
6 |75| 9| 8 | 9| 8 | 9 10.03.2019 1
7 |75] 9| 8 | 9] 8 | 9 9.04.2019 1
8 |55/ 8| 8 |8 | 7 | 7 13.06.2019 2
9o |55/ 8| 8 | 8| 7 | 7 18.04.2019 1
10 38| 4 | 7] 8 | 7 27.03.2019 1

Required employee numbers and experience constraints of events are shown in Table
13. Experience constraint represents the maximum number of employees who have

less than 2 years of experience.

Table 13. Event Data of Small Scale Problem(minimum number of employees and

experience constraints)

Minimum . -
Minimum | Minimum .
Event | Number Experience
Number of | Number of .
No of : Constraint
Organizers | Accountants
Managers
1 2 4 1 2
2 2 3 1 3
3 1 3 1 4
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Table 13. (cont’d)
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The solutions are obtained with the small scale problem’s data. The objective
function values are presented in the solution page when the “SOLVE” button is

clicked on this page. The objective function values of the sample problem are shown

in Figure 13.
A B C D B F G H I J K
COST OPTIMAL SOLUTION QUALITY OPTIMAL SOLUTION
Main Page
Cost 28650 Cost 61020
Quality Point 111905 Quality Point 223223,5

1
2
3
4
5
6
7
8

SOLVE Clickto see detailed Clickto see detailed
schedule schedule

9

10
1
12
13
14
15
16
17
18

Alternative Solutions ‘

Figure 13. Objective Function Values of Sample Problem

If the DM clicks on the buttons under the objective function values, the detailed
schedules are presented. Figures 14 and 15 show the detailed schedules of cost

optimal and quality optimal solutions respectively.
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A B|C|D|E|F|G|H | J K L M|N 9] PIQ|R|S|T|U |V W|X|Y | Z AA
; BACK Cost Minimization Model Detailed Schedule
3
4 Events Events
3 1 (2|3 |4|[5|6|7|(8|9]|10 1|2 (3|4|5|6 7|89 10
6 if1f{1jojofojo|1|O|1]|0 i(1|o0jofoOof(1]|jOo |1 |Oo]|0]|0
7 gers [ 2 | 0|01 01|00 |0O|1]|1 2|1 (0111|000 ]0O|1
8 3 1|10 1|01 |1]|1|0]|0 Organizers| 3 [0 |1 |1 |1|0o]o|1|0o|1]|0
9 4|11 |1 |1|1|0|O0|0Of1]|]O0)|0
10 5(1|1]Jof1|o|j1]O0|0O]|0O]0
11
12
13
14
15
16 Events Events
17 1 (2|3 |4[5]|6|7[8]|9]|10 1|2 (34|56 |7 |89 |10
18 1({0f0]0 1(o|jlojJofOo|a0 i({ojojJofOofOojJOjO|O]|0O]O
Accountants Interns
19 2111|1011 |1]1]|1 2|lo|lojJofOfO|jOjO|O]|0O]|0
20
21
22
Figure 14. Detailed Schedule of Cost Optimal Solution
A B|C|D| E|F|G|H | 1 K L M N 0] PIQ|R|S|T|U|V | W|X|Y|Z AR
; BACK Quality Maximization Model Detailed Schedule
3
4 Events Events
5 1 (2|3 45|67 |8|9 |10 1 (2|3 |4|5|6|7 |89 |10
1] 1|{1|1(1 10|11 |1]1]|1 1|1 (1|1 |1]|]o|1|1|1]|1]1
7 Managers | 2 |1 |1 |1 |1 |0 |1 |1]|1]|1]1 2|1 (01|11 )1|1|1]1]1
8 (101|111 |1]1|1]1 Organizers| 3 | 1 |0 |1 |1 |1]|o0o|0o|1]|1]|1
5 4 (1|1 (1|1 fo]|1f1]1|1]1
10 51111 fo]1|1]1|1]1
11
12
13
14
15
16 Events Events
17 1|2 |3 4|56 |7|8|9 |10 1|12 |3 (45|67 |89 |10
18 1|/1|0|1|1|1|1|1|1]1]|1 1|1 (1|1 |1]|]o|1|1|1]|1]1
Accountants Interns
19 2111|101 |1]1|1]1 21111 fo]1|1]1|1]1
20
yal
22

Figure 15. Detailed Schedule of Quality Optimal Solution

Except from the optimal solutions, DM can see the alternative solutions by clicking
the “Alternative Solutions” button in the solutions page. The page which appears

when the “Alternative Solutions” button is clicked is shown in Figure 16.
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A B C D B G H |
1 Cost Quality
2 BACK Cost Optimal Solution 28650 | 111905
3 Alternative 1 35000 | 170250 . .
4 Alternative 2 41550 | 188318 Clickto see detailed
- schedule
5 Alternative 3 43070 203150
6 Alternative 4 54170 | 216210,5
7 Quality Optimal Solution | 61020 |223223,5
8
9
10 Alternative Solutions
o 250000
12 i
fv';
13
200000 bt
14
15 | 4 Cost Optimal Solution
150000

16 E B Alternative 1
17 g .

é * A Alternative 2
18 100000
19 o Alternative 3
20 50000 i Alternative 4
21 @ Quality Optimal Solution
22 0
23 ] 10000 20000 30000 40000 50000 60000 70000
24 Cost
25
26
27
28

Figure 16. Alternative Solutions Page

Figure 16 shows the alternative solutions page. A graph of all solutions is provided

so DM can interpret all the solutions and trade-offs between them.

There is a button next to the objective function values or alternative solution in this
page. This button is used for getting the detailed schedule of the alternative solutions.
When this button is clicked, a user form appears. DM can select the alternative

solution of which he/she wants to see the detailed schedule. This user form is

presented in Figure 17.
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A B 5 D E F G H 1 1 K

Cost Quality
BACK Cost Optimal Solution 28650 | 111905
Alternative 1 35000 170250
Alternative 2 41550 | 188318 Click to see detailed
Alternative 3 48070 | 203150 schedule

Alternative 4 54170 | 216210,5
Quality Optimal Solution| 61020 |223223,5
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Figure 17. Alternative Solutions Selection User Form

After the selection of alternative solution, the detailed schedule of the selected
solution is presented in a new page. In the example above, Alternative 2 is selected.
Figure 18 shows the detailed employee schedule of the Alternative 2 solution.

A |B|IC|D|EJF|G|[H]I]J]K|L M N|] © [P][a R[S | T|U|[V|[W][X]|Y]Z
1 oAk |cosT 41550 Alternative 2 Detailed Schedule

2 QUALITY 188318

3

4 Events Events

5 1[2[3]a][s[e6[7][8]9]10 1]2]3]a[s|[e]7][8]o]1w
5 1l1fafafofofaf[1]ofo]0 11 afafofafafafa]o
7 sl2lafafofofofaf1fol1]0 2 [1fofafa|afafafaa]o
8 3{1fofofafafafo 111 organizers| 3 [ 1 [0 |11 1|1 ]o[1]1]0
e a1 [afafafofo]]1]1]1

10 s{afafafafofafafaa]o

11

12

13

14

15

16 Events Events

17 1[2]3 s[e6[7[8]9 10 1]2]3]a|s|[e|[7][8]o]1

18 [1]2]ofo|o|l1]o|o]o]o]w [1]a]a]ofa|ofla[a]a]a]0w
Accountants Interns

19 [2lalalalalolalala]a] [2lalalalaJol a1

20

21

|22

Figure 18. Detailed Schedule of Alternative 2
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CHAPTER 7

CONCLUSIONS

Employee scheduling is a common problem in all sectors where several employees
work together. It has so many popular application areas such as flight crew
scheduling, nurse scheduling, shift scheduling and public transport driver scheduling.
Generally, employee scheduling problems are difficult and complex problems, as a
result it takes long time to create even a basic and feasible schedule for DMs. Staff
costs are one of the basic costs of the organizations so it is important to reduce these
costs in order to increase the profitability and gain competitive advantage in the
market In our study, we deal with the optimization of an employee scheduling
problem. Moreover, not only we concern with the cost of the schedule but also the

quality measures and balanced workload among the employees.

Firstly, we identified the key skills and attributes of employees in hospitality sector
which ensure the quality in this sector from the previous studies. We came up with
five critical attributes which are experience, foreign language, communication skills,
team work ability and emotional intelligence. After introducing these five
dimensions, we presented optimization models by using mixed integer programming.
As we treat the employee scheduling considering two objectives, we suggested two
separate models which are cost minimization and quality maximization models. We
defined quality as the match of employee skills and event difficulty and complexity
in the five dimensions which stated above. Two optimal solutions are obtained from
the two mathematical models. The solution of cost minimization model provides the
lowest cost; whereas, the solution of quality maximization model provides the best

quality.
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The workload balance, another concern of employee scheduling problem, is defined
as a constraint in our mathematical models. The maximum event difference between
the most assigned employee and least assigned employee is set as a parameter and
this parameter prevents the inequitable workload among employees. Unfair workload
can pull the motivation down in organizations. By securing the balanced workload
among employees, the motivation and performance of the employees are aimed to

rise.

The method in our study is implemented on an organization company which
organizes congress events. The employee and event data are obtained from the DM
in the company. The mathematical models are solved with the obtained data. Two
optimal solutions are provided to the company. After obtaining the optimal solutions
of two mathematical models, we suggest four additional alternative solutions which
take both objectives into consideration at the same time. As a result, six schedules
are provided to the company. Afterwards, the company’s current employee schedule
is analyzed. The cost of the current schedule and the quality point of current schedule
are calculated. The cost of the current schedule is set as a constraint in our quality
maximization model and the quality point of the current schedule is set as a
constraint in our cost minimization model. The models are solved with these
constraints and two new solutions are obtained. These solutions dominate the
company’s current schedule. It means that, our method offers a schedule which has
same quality with the current schedule with a lower cost or a schedule which has

same cost with the current schedule with a better quality.

We review three quality dimensions from the previous studies which are
communication, teamwork and emotional intelligence skills. During the application
of our proposed approach, we find out two more quality dimensions which are
experience and foreign language ability. These two dimensions are included in
quality of the service to cover more dimensions and reflect the real-life situations in

hospitality sector better.
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We also establish a DSS into which the developed models are incorporated. The DM
can change every parameter in the problem and get the new solution. DMs can get
the employee schedule in a short time. The DSS is designed user friendly; each
organization in hospitality sector can use this DSS to generate their employee
schedule easily. The DSS which is designed in our study is the most critic managerial
impact to hospitality companies.

Our study has some limitations which should be considered in the future studies. One
of them is Excel Solver’s decision variable and constraint capacity. Premium Excel
Solver Add-In must be bought in order to solve large problems. Secondly, we assume
that the DMs in organizations are rational and consistent while rating the employees
and events. The rating is the main point in quality maximization model. If the DMs
rate the employees and events biasedly, the maximization model will not give a
meaningful solution. In our approach, there is not any difference between employees’
genders. Gender factor in hospitality industry cannot be underestimated, so it should
be included in future studies. Lastly, employee fatigue is not considered in our study.
Apart from the balanced workload among employees, employee fatigue factor plays
a critical role in employee satisfaction and motivation. If an employee works in

several events in a short time, he/she can lose his/her motivation and energy.

There is a constraint which ensures that the employees cannot work in different
events in the same time in our method but employee fatigue is not discussed in our
study. The mathematical models can be rearranged by taking the fatigue factor into

the consideration.
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APPENDICES

A. DETAILED SCHEDULES OF ALTERNATIVE SOLUTIONS
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B. RANDOM VALUES IN SENSITIVITY ANALYSIS

Random Values of ERs

Ranl | Ran2 | Ran3 | Ran4 | Ran5 | Ran6 | Ran7 | Ran8 | Ran9 | Ran10
Manl 959 | 993 | 965|986 | 963 | 953 | 10 | 957 | 9.71 | 9.98
Man2 996 | 992 | 9.76 | 954 | 10 | 9.89 | 9.65 | 9.6 10 9.64
Man3 9.82 | 988|957 (994|971 | 10 9.8 10 | 9.68 | 9.62
Man4 8 76 | 763 |79 | 765 | 78 | 804 | 793 | 787 | 7.78
Orgl 9.70 | 10 10 | 957 | 9.67 | 959 | 9.77 | 9.76 | 9.7 10
Org2 572 | 581|594 | 575|598 | 589|591 | 59 | 6.02 6
Org3 592 | 589 | 5.78 | 5.74 | 5.83 | 5.81 6 58 | 5.9 | 6.05
Org4 597 | 5.77 | 572 | 576 | 593 | 5.89 | 5.83 | 5.74 | 5.76 | 5.94
Org5 3 289 | 286 | 295 | 2.87 | 297 | 292 | 295 | 291 3
Org6 793 | 789|799 | 766 | 763 | 7.77 | 7.89 | 7.70 | 7.82 | 7.92
Org7 594 | 576 | 5.77 | 591 | 5.89 | 594 | 58 | 575 | 5.78 | 6.05
Org8 584 | 586 | 5.74 | 572 | 578 | 5.75 | 5.88 | 593 | 597 | 6.06
Org?9 299 | 297 | 2.89 | 287 | 291 | 2.86 3 297 | 2.89 | 2.99
Org10 895 | 8.77 | 883 | 888 | 874 | 8.68 | 898 | 8.64 | 8.87 | 9.01
Orgll 575|581 | 581|595 |594 | 576|599 | 586 | 583 | 6.01
Org 12 592 | 577 | 583 | 572 | 59 | 578 | 596 | 596 | 5.92 | 5.96
Org13 581 | 597 | 585 | 571 | 592 | 583 | 5.92 | 585 | 5.79 | 6.06
Org 14 294 | 286 | 299 | 2.88 | 294 | 296 | 292 | 288 | 2.9 3
Org15 598 | 5.74 | 583 | 594 | 573 | 585 | 58 | 586 | 5.79 | 5.81
Orgl6 292 | 291|298 | 294 | 289 | 288 | 292 | 292 | 294 | 2.96
Orgl17 790 | 772 | 764 | 799 | 7.9 | 774 | 769 | 7.76 | 7.98 | 7.85
Org18 2.95 3 298 | 295 | 292 | 2.98 3 291 | 295 | 2.92
Accl 10.00| 952 | 9.96 | 9.74 | 9.63 | 9.56 | 9.78 | 9.93 | 9.92 | 9.98
Acc2 295 | 286 | 287 | 297 | 289 | 297 | 299 | 295 | 29 | 292
Intl 0.00 0 0 0 0 0 0 0 0 0
Int2 0.00 0 0 0 0 0 0 0 0 0
Event 1 9.89 | 968 | 986 | 10 | 963 | 9.75 | 9.95 | 9.85 | 9.79 | 9.63
Event 2 899 | 898 | 893 | 8.74 | 864 | 878 | 895 | 9.03 | 8.64 | 9.02
Event3 | 991|985 | 968|992 | 983|964 |984 | 98 | 9.96 | 9.75
Event4 | 8.85 9 897 | 898 | 856 | 86 | 897 | 881 | 8.79 9
Event5 | 870 | 855 | 872 | 894 | 87 | 858 | 8.86 | 8.74 | 8.74 | 8.85
Event6 | 874|878 | 86 |883|898| 871|888 |871|865| 89
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Event 7 882 | 89 89 |874 857|879 891|892 | 893 | 878
Event8 | 7.70 | 778 | 8.03 | 791 | 7.75 | 7.63 | 8.03 | 7.83 | 8 7.73
Event 9 788 | 776 | 794 | 779 | 79 (783 | 79 | 793|801 | 791
Event10 | 769 | 7.76 | 798 | 76 | 7.85 | 7.66 | 7.86 | 7.88 | 7.85 | 7.8
Event1l | 762 | 785 | 771|795 | 79 | 776 | 786 | 7.79 | 7.68 | 7.89
Event12 | 496 | 491 | 485 | 495 | 492 | 494 | 5.02 | 493 | 493 | 475
Event13 | 4.87 | 4.96 | 483 | 487 | 496 | 489 | 493 | 495 | 499 | 4.76
Event14 | 496 | 4.84 | 489 | 495 | 491 | 491 | 497 | 5.01 | 495 | 4.82
Event15 | 592 | 594 | 57 | 591 | 588 | 598 | 593 | 5.88 | 593 | 5.93
Event16 | 594 | 5.87 | 5.72 | 5.71 | 5.75 6 6.03 | 5.78 | 581 | 5.83
Event17 | 6.83 | 6.83 | 6.71 | 6.73 | 6.85 | 7 6.81 | 6.7 | 6.78 | 6.99
Event18 | 583 | 599 | 584 | 571 | 591 | 596 | 5.81 | 5.78 | 5.83 6
Event19 | 570 | 5.85 | 595 | 5,78 | 5.76 | 593 | 6.02 | 5.83 | 5.75 | 5.89
Event20 | 389 | 39 | 394|386 | 3.98 | 3.85 | 3.89 | 3.83 | 3.88 | 4.02
Event21 | 393 | 385|394 | 396 | 394|385 392|387 | 3.9 3.99
Event22 | 393 | 3.92 (392|386 | 38 |381|389 383|384 | 392
Event23 | 595 | 594 | 57 | 584 | 587 | 579 | 5.79 | 5.81 | 579 | 5.98
Random Values of FLRs
Ranl | Ran2 | Ran3 | Ran4 | Ran5 | Ran6 | Ran7 | Ran8 | Ran9 | Ran10
Manl | 953|974 | 10 | 9.76 | 10 | 9.62 | 999 | 10 | 9.92 | 9.78
Man2 | 959 | 962 | 972 | 96 | 9.9 | 985 | 9.67 | 9.61 | 9.74 | 9.92
Man3 | 951 | 982 | 999 | 975 | 984 | 9.71 | 9.77 | 9.84 | 9.88 10
Man4 | 956 | 98 | 9.72 | 965 | 9.89 | 9.75 | 993 | 9.9 | 9.92 | 9.73
Orgl 6.75 | 688 | 684 | 694 | 6.71 | 6.86 | 7.02 | 6.69 | 6.94 | 6.76
Org2 785|794 | 778 | 797 | 7.77 | 785 | 7.75 | 7.86 | 7.67 | 7.98
Org3 798 | 78 | 768 | 783 | 7.7 | 792 | 7.66 | 798 | 7.67 | 7.99
Org4 593|596 | 586 | 579 | 582 | 588 | 5.81 | 585 | 5.72 | 5.75
Org5 | 863 | 868 | 888 | 8.72 | 861 | 88 | 889 | 859 | 8.87 | 8.65
Org6 786 | 7.9 79 | 791 | 7.85 | 7.88 8 791 | 794 | 7.97
Org7 | 6.97 | 6.73 | 6.97 | 6.97 | 6.78 | 6.92 | 6.82 | 6.69 | 6.7 | 6.71
Org8 788 | 766 | 797 | 763 | 772 | 79 | 792 | 798 | 7.718 | 7.67
Org9 486 | 484 | 496 | 4.84 | 491 | 482 | 494 | 4.78 5 4.79
Orgl0 | 881|895 | 88 | 868|897 |877 | 871|899 | 869 | 883
Orgll 78 (797 | 781|789 788 | 789|781 | 7.7 | 7.89 | 7.97
Orgl2 | 29 | 298 | 297 | 288|296 |295| 29 | 286|295 | 2.95
Orgl3 | 973 | 10 | 9.87 | 964 | 986 | 985 | 10 | 9.84 | 9.84 | 9.83
Orgl4 | 6.66 | 6.88 | 7 6.82 | 6.81 | 6.93 | 6.86 | 6.76 | 6.98 | 6.75
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Orgl5 | 697 | 6.79 | 6.7 | 6.83 | 695 | 6.71 | 6.77 | 6.92 | 6.68 | 6.82
Orgl6 | 9.62 | 9.68 | 9.71 | 9.68 | 9.53 | 9.65 | 9.91 | 9.99 | 10 9.75
Orgl7 | 576 | 5.94 | 582 | 582 | 578 | 5.99 | 599 | 597 | 592 | 5.81
Orgl8 | 781|785 | 7.7 | 792|769 |768|795| 79 |774| 771
Accl 194 | 194 | 196 | 1.92 | 192 | 198 | 1.92 | 1.99 | 1.99 | 1.97
Acc2 | 769 | 784|789 | 778|779 | 785|783 | 767|787 | 7.78
Intl 799 | 789 | 7.78 | 789 | 792 | 785 | 7.99 | 7.87 | 799 | 7.73
Int2 885 (884|879 | 87 | 888|864 |886|859|872| 867
Event1 | 7.79 | 7.78 | 7.97 | 7.62 8 783 | 7.78 | 789 | 7.75 | 7.85
Event2 | 7.77 | 765 | 78 | 791 | 7.76 | 794 | 767 | 7.75 | 7.76 | 7.8
Event 3 | 1.94 2 196 | 1.98 | 1.99 | 1.92 2 191 | 195 | 1.99
Event4 | 598 | 597 | 597 | 589 | 591 | 6.03 | 598 | 5.94 | 5.78 | 5.93
Event5 | 8.65 | 871 | 8.72 | 866 | 88 | 896 | 8.89 | 8.71 | 8.87 | 8.89
Event6 | 7.83 | 7.73 | 786 | 789 | 7.88 | 791 | 7.71 | 7.88 | 7.75 | 7.76
Event7 | 761 | 797 | 763 | 785 | 7.89 | 795 | 785 | 7.75 | 7.82 | 7.7
Event8 | 7.93 | 7.74 | 792 | 767 | 7.92 | 795 | 7.88 | 7.75 | 7.89 | 7.98
Event9 | 7.97 | 7.96 | 7.82 | 7.65 | 7.63 8 798 | 7.63 | 7.89 | 8.02
Event10| 3.97 | 393 | 3.9 | 398 | 382 | 389 | 4 39 | 395 | 387
Event11| 791 | 7.74 | 7.87 | 7.76 | 7.84 | 793 | 7.79 | 7.76 | 7.99 | 7.78
Event12| 7.77 | 7.88 | 763 | 7.7 | 7.78 | 7.69 | 794 | 763 | 79 | 7.96
Event13| 766 | 7.96 | 793 | 7.88 | 7.73 | 7.77 | 1.7 79 | 765 | 7.73
Event14| 799 | 7.73 | 7.74 | 763 | 7.88 | 7.67 | 7.82 | 7.82 | 7.75 | 7.92
Event15| 99 | 95 | 958 | 96 | 9.69 | 10 9.8 | 9.61 | 9.64 | 9.88
Event 16 | 9.77 | 9.77 | 9.7 10 | 967 | 987 | 10 | 9.77 | 9.73 | 9.68

Event17| 29 | 293|291 | 288 | 297 | 297 | 299 | 2.89 | 2.98 3
Event18| 7.82 | 7.63 | 7.85 | 7.86 | 7.74 | 7.69 | 7.83 | 793 | 7.63 | 7.73
Event19| 7.88 | 7.95 | 789 | 7.76 | 7.72 | 8.03 | 7.7 | 7.64 | 7.88 | 8.03
Event20 | 8.86 | 8.63 | 8.66 | 8.63 | 8.83 | 9.01 | 8.68 9 8.62 | 8.86
Event21| 8.72 | 855 | 8.66 | 8.69 | 8.67 | 899 | 8.77 | 8.75 | 8.62 | 8.95
Event22 | 857 | 885 | 8.66 | 8.71 | 8.64 | 885 | 8.75 | 8.86 | 8.58 | 9.03
Event23| 796 | 7.97 | 7.72 | 7.68 | 7.78 | 7.75 8 7.96 | 7.71 7.7

Random Values of CRs
Ranl | Ran2 | Ran3 | Ran4 | Ran5 | Ran6 | Ran7 | Ran8 | Ran9 | Ran10

Manl [957 [9.99 [9.56 |9.57 |9.52 |10 9.64 |10 9.65 |9.6
Man2 986 [9.52 |9.7 |9.86 |9.75 |9.67 |9.65 |9.86 |9.77 [9.76
Man3 975 [9.98 |10 10 9.61 |9.98 |9.99 |9.88 |10 9.93
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Man4 |10 |9.67 [9.93 [9.79 |9.8 [9.97 |10 [9.92 [9.89 |9.84
Orgl (982 [10 |9.57 |9.94 |966 |[9.79 [9.96 |9.97 |9.8 |9.83
Org2 784 |7.74 |7.68 |7.61 |76 |7.84 |7.71 |7.78 |7.82 |7.96
Org3 [8.81 [8.69 |855 |873 [88 |89 |9 8.83 |8.72 |8.95
Orgd [7.96 (798 |79 |7.99 |7.63 |7.81 |[7.95 |7.88 |8.03 |7.72
OrgS |595 [593 |592 |572 |6 579 |5.82 |5.92 |5.84 |5.78
Org6b [7.71 |8 797 |7.73 |7.82 |7.7 |7.84 |7.78 |7.95 |7.85
Org7 |7.82 |7.95 |7.67 |7.71 |7.86 |7.85 |7.74 |7.84 |7.78 |7.89
Org8 [6.97 [6.84 |69 |6.78 |6.97 |6.98 [6.75 |6.93 |7.06 |6.84
Org9 [9.65 (951 |9.73 |9.52 |9.72 |9.8 [951 |9.82 |9.66 |9.55
Orgl0 |7.93 |7.94 |7.63 |7.89 |7.73 |8.03 |7.69 |7.81 |7.83 |7.63
Orgll |6.97 |6.66 |6.82 [6.92 |6.89 |7.01 |6.69 [6.95 |7.07 [6.91
Orgl2 |80l |7.88 [7.93 |7.67 |7.98 |7.75 |7.95 [7.93 |7.71 |7.88
Orgl3 |7.88 |7.93 |7.91 |7.66 |7.91 |7.93 |7.71 |7.76 |7.75 |7.97
Orgl4 [8.99 |8.58 |8.88 [8.82 |8.61 |88 [8.99 [8.81 [9.06 [8.82
Orgl5 |69 [6.94 |6.92 |6.84 |68 |6.93 |6.73 [6.99 |7.07 |6.89
Orgl6é |(7.75 |7.63 |7.65 [7.63 |7.73 |7.91 |7.75 |7.76 |8.05 |7.81
Orgl7 |8.89 |8.98 |8.74 |8.78 |8.77 |9.04 |8.88 |8.88 |8.91 |88
Orgl8 |6.95 |6.88 |67 |6.76 |67 |6.93 |6.74 |6.95 |7.05 |6.82
Accl 1197 [1.99 [1.99 [1.92 |[1.93 |1.94 [1.92 |2.02 |1.96 |1.92
Acc2  6.87 |6.99 |6.95 |6.87 |6.94 [6.87 |7.02 |69 |6.65 |6.71
Intl 1479 |491 |4.88 |4.78 |487 |494 |502 [4.98 (491 [4.93
Int2 697 (682 |7 693 |6.8 [6.91 |7 6.79 |6.83 [6.82
Eventl |968 [9.64 [9.95 |99 |10 |9.85 [9.8 |9.72 |9.82 |10
Event2 |895 [8.65 [8.85 |89 [8.82 |8.82 [8.69 [9.14 |8.94 |8.85
Event3 |7.71 |7.67 [8.01 |7.65 |7.62 |7.94 |8 8.1 |7.79 |7.67
Event4 |g862 |8.61 [8.69 |8.77 |8.78 |8.88 |8.65 [8.74 |8.69 |8.82
Event5 |7.82 |7.69 (7.8 |7.78 |7.86 |8.02 |7.99 [8.09 |7.86 |7.79
Event6 |g884 [8.88 [8.99 |8.77 |8.79 |8.68 [8.97 [89 |8.65 [881
Event7 |893 |8.65 (858 |8.65 |87 |898 |9.06 [8.89 |8.91 [8.83
Event8 |794 |79 |7.82 (788 |7.65 |7.84 |7.72 |7.77 |8.01 |7.81
Event9 |793 |7.81 |7.97 |7.61 |7.73 |7.93 |7.69 |7.95 |7.86 |7.85
Event 10 |6.88 |6.67 |6.68 |[6.79 |6.78 |6.8 |[6.94 |7.02 |7.07 |6.91
Event1l (788 |7.88 |7.62 |7.8 |7.96 |7.92 |8.04 |7.88 [7.95 |7.69
Event12 |572 |576 |578 |5.94 |596 |5.87 |5.89 |598 |5.89 |5.78
Event13 |58 |579 |57 |593 |573 |5.86 |6.05 |5.88 |5.97 |5.77
Event14 |587 |578 |5.82 |5.92 |589 |5.81 |582 |597 |5.83 |5.89
Event15 |799 |7.88 |7.91 |78 |7.73 |8.08 |7.98 |8.12 |7.98 |7.85
Event16 (799 |798 |7.71 |7.81 |7.98 |7.87 |7.82 |7.88 [7.76 |7.91
Event17 |599 |571 |5.86 [5.77 |581 |6.02 |578 |5.97 |6.05 |5.97
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Event18 |6.71 |6.73 |7 6.89 |6.95 |6.79 |6.91 |7.02 |[7.03 |6.67

Event19 |6.69 |6.86 [6.84 [6.87 |7 7.07 |6.88 [6.89 |6.92 |6.86

Event20 | 584 |5.85 |5.77 |5.89 |578 |5.83 |5.99 |6.08 |5.81 |5.99

Event2l |582 |5.87 |5.97 |5.71 |585 |5.96 |59 |6.06 |5.81 |5.73

Event22 |591 |576 |5.81 |5.98 |579 |6 598 |61 |6.01 |581

Event23 |6.87 |6.75 |6.93 |6.97 |6.97 |69 |7.04 |7.1 |7.04 |6.89

Random Values of TWRs

Ranl | Ran2 | Ran3 | Ran4 | Ran5 | Ran6 | Ran7 | Ran8 | Ran9 | Ran10

Manl | 9.66 | 9.83 | 9.86 | 9.83 | 9.86 | 99 | 9.7 10 | 9.7 | 953

Man2 98 961|981 | 95 | 974|966 | 997 | 964 | 10 9.76

Man3 993 | 9.77 | 9.85 | 10 10 10 | 961 | 9.75 | 10 9.7

Man4 10 | 9.73 | 961 | 981 | 958 | 9.89 | 10 | 9.98 | 9.86 | 9.72

Orgl 6.76 | 6.69 | 6.68 | 6.77 | 6.69 | 6.78 7 6.75 7 6.92

Org2 88 | 859|867 | 875|867 |9.01|884 899|885 | 898

Org3 951 | 10 | 9.64 | 981 | 9.64 | 9.85 | 959 | 9.99 | 9.81 | 9.89

Org4 765 | 784 | 762 | 761 | 7.73 | 7.79 | 7.95 | 7.88 | 7.86 | 7.84

Org5 763 | 76 | 78 | 789 | 7.67 | 7.97 | 7.89 | 7.86 | 7.75 | 7.69

Org6 8.74 | 8.67 | 884 | 886 | 8.87 | 8.68 | 8.81 | 9.03 | 898 | 8.78

Org7 6.84 | 6.8 | 672|699 | 69 | 7.02 | 6.87 | 6.94 | 6.97 | 6.75

Org8 7.74 | 7.67 | 7.86 | 7.88 | 7.87 | 7.85 8 8.02 8 8.03

Org9 859 881|875 |883|878| 861|887 | 876|882 877

Orgl0 | 9.99 | 9.53 | 9.88 | 9.93 | 9.86 | 9.81 | 9.72 | 9.83 | 9.82 | 9.64

Orgll | 785|792 | 78 |7.71 | 785|792 | 763 |7.76 | 7.72 | 7.89

Orgl2 | 7.76 | 7.81 | 7.72 | 7.93 | 7.69 | 7.65 | 7.63 | 7.83 | 7.74 | 7.94

Orgl3 | 6.78 | 6.98 | 698 | 6.88 | 6.88 | 6.73 | 6.87 | 6.7 | 6.75 | 6.96

Orgl4 | 765 | 7.69 | 781 | 7.75| 7.86 | 7.66 | 7.78 | 7.87 | 7.64 | 7.89

Orgl5 | 768 | 788|787 | 77 | 78 | 773 | 784 | 7.78 | 7.83 | 7.82

Orgl6 | 881|883 | 89 |885|89 |891| 868 | 881|867 | 872

Orgl7 | 684 | 6.7 | 6.65| 6.78 | 6.82 | 6.87 | 6.67 | 6.81 | 6.7 | 7.05

Orgl8 | 7.69 | 767 | 7.7 | 7.66 | 7.73 | 7.86 | 7.67 | 7.92 | 7.62 | 7.91

Accl 194|198 | 195|199 | 198 | 196 | 1.94 | 199 | 199 | 194

Acc2 6.99 | 6.87 | 6.86 | 6.89 | 6.96 | 6.76 | 6.8 | 6.99 | 6.66 | 6.86

Intl 7.73 | 7.88 8 7.63 | 7.81 | 7.74 8 781|782 | 7.9

Int2 791 | 781|778 | 784 | 777|802 783|793 |795| 7.8

Eventl | 9.89 | 954 | 10 9.7 | 959|997 | 953 | 9.93 | 9.81 10

Event2 | 892 | 885|898 | 895 | 8.68 | 8.82 | 8.88 | 9.02 | 8.63 | 8.81
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Event3 | 867 | 864 | 892 | 896 | 858 | 8.79 | 8.69 | 8.72 | 87 | 8.78
Event4 | 88 | 885|864 | 892 | 868 | 897 | 8.62 | 8.86 | 8.98 | 8.68
Event5 | 873 | 868 | 887 | 874 | 86 | 894 | 8.66 | 8.77 | 8.99 | 9.04
Event6 | 7.78 | 7.86 | 7.72 | 7.75 | 7.65 | 7.77 | 797 | 7.96 | 7.98 | 7.74
Event7 | 7.77 | 797 | 764 | 773 | 762 | 799 | 783 | 785 | 79 | 7.94
Event8 | 698 | 6.89 | 6.74 | 69 | 69 | 69 | 667 | 69 | 6.96 | 6.81
Event9 | 684 | 6.83 | 692 | 6.79 | 6.7 | 691 | 6.75 | 6.83 | 6.77 | 7.06
Event10 | 7.97 | 7.76 | 7.61 8 771|776 | 763 | 802 | 7.96 | 7.9
Event11 | 785 | 785 | 786 | 795 | 7.9 | 7.72 | 765 | 7.69 | 7.62 | 7.95
Event12 | 493 | 485 | 48 | 493 | 495 | 483 | 477 | 481 | 477 | 4.95
Event 13 | 4.86 | 4.86 | 4.76 | 498 | 479 | 4.87 | 494 | 491 | 499 | 4.83
Event14 | 484 | 485 | 482 | 482 | 493 | 478 | 484 | 5.02 | 49 | 4.87
Event15 | 6.94 | 6.89 | 6.71 | 6.75 | 6.87 | 6.97 | 6.79 | 6.95 | 6.97 | 6.82
Event16 | 6.72 | 6.94 | 6.69 | 6.99 | 6.78 | 6.76 | 6.83 | 6.77 | 6.9 | 6.77
Event17 | 594 | 59 | 592 | 591 | 586 | 5.75 | 5.75 | 5.86 | 5.95 6
Event18 | 7.92 | 7.67 | 7.87 | 7.84 | 7.74 | 7.84 | 7.97 | 7.86 | 8.01 | 7.96
Event19 | 7.93 | 7.87 | 7.73 | 7.74 | 7.66 | 7.85 | 7.77 | 7.99 | 7.74 | 8.02
Event20 | 5.97 | 575 | 575 | 575 | 596 | 578 | 5.9 | 6.01 | 577 | 5.94
Event21 | 599 | 585 | 596 | 587 | 599 | 586 | 5.83 | 595 | 5.8 | 6.03
Event22 | 5.81 | 589 | 592 | 577 | 597 | 5.89 | 5.85 | 599 | 5.95 6
Event23 | 6.69 | 6.82 | 6.67 | 695 | 6.8 | 6.8 | 6.85 | 6.84 | 6.83 | 6.95
Random Values of EIRs
Ranl|Ran2 | Ran3 | Ran4 | Ran5 | Ran6 | Ran7 | Ran8 | Ran9 | Ran10
Manl 9.56 | 10 10 | 971 | 10 99 | 99 | 9.9 10 9.9
Man2 956 | 954 | 985 | 10 | 9.69 | 9.7 | 9.7 | 9.7 | 9.88 | 9.77
Man3 9.72 | 9.83 | 9.84 | 9.63 | 9.68 | 10 10 10 | 9.79 | 9.85
Man4 | 9.69 | 955 | 9.84 | 9.88 | 9.72 | 9.99 | 9.99 | 9.99 | 9.75 10
Orgl 6.88 | 68 | 6.78 | 6.8 | 6.91 | 6.84 | 6.84 | 6.84 | 6.77 | 6.99
Org2 7 6.75 | 69 | 6.71 | 6.73 | 6.72 | 6.72 | 6.72 | 6.79 | 7.04
Org3 762 | 786 | 773|788 | 792|788 | 788 | 788 | 7.76 | 7.87
Org4 6.79 | 6.69 | 6.73 | 6.85 | 6.95 | 6.91 | 6.91 | 6.91 | 6.84 | 6.82
Org5 769 | 768 | 795 | 785 | 76 | 7.68 | 7.68 | 7.68 | 7.99 | 7.86
Org6 764 | 765|793 | 78 | 789 | 779 | 7.79 | 7.79 | 7.79 | 8.03
Org7 6.73 | 6.71 | 6.7 | 6.78 | 6.93 | 6.91 | 6.91 | 6.91 | 6.67 | 6.79
Org8 8.81 | 8.73 | 8.87 | 8.89 | 8.74 | 9.06 | 9.06 | 9.06 | 8.9 | 9.09
Org9 791 | 783 | 773 | 771 | 795|792 | 792|792 |7.83| 791
Orgl10 10 | 9.76 | 997 | 9.64 | 9.66 | 9.78 | 9.78 | 9.78 | 9.53 | 9.87
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Orgll | 7.86 | 7.64 | 7.77 | 7.66 | 7.69 | 8.04 | 8.04 | 8.04 8 8.09
Orgl2 | 763 | 76 | 79 | 783 | 7.71 | 7.71 | 7.71 | 7.71 | 7.95 | 7.99
Orgl3 | 591 | 573|577 | 583 | 57 | 6.02 | 6.02 | 6.02 | 591 | 5.95
Orgl4 | 8.74 | 859 | 881 | 8.87 | 8.74 | 9.06 | 9.06 | 9.06 | 8.91 | 9.12
Orgl5 | 7.71 | 762 | 765|794 | 762|786 | 786 | 786 | 7.8 | 812
Orgle | 7.73 | 761 | 7.76 | 7.62 | 775 | 7.77 | 7.797 | 7.77 | 7.86 | 7.77
Orgl7 69 | 6.69 | 6.92 | 6.67 | 699 | 69 | 69 | 69 | 6.8 | 6.99
Orgl8 |7.75 | 7.7 | 784 774|768 | 78 | 78 | 7.8 | 797 | 8.01
Accl 2.93 | 299 | 2.95 3 2.87 | 298 | 298 | 2.98 | 294 | 3.03
Acc2 763 | 781|799 | 764|783 | 78 | 78 | 7.8 | 784 | 7.8
Intl 6 593 | 591 | 587 | 58 | 581|581 |581|579| 583
Int2 691 | 6.7 | 668 | 6.71 | 666 | 69 | 69 | 69 | 6.7 6.8
Eventl | 883 | 891 | 8.73 | 872 | 871 | 893 | 893 | 893 | 8.82 | 8.81
Event2 | 6.85 | 6.72 | 692 | 6.99 | 6.96 | 6.93 | 6.93 | 6.93 | 6.88 | 7.08
Event3 | 6.75 | 6.89 | 6.98 | 6.92 | 6.94 | 6.88 | 6.88 | 6.88 | 6.78 | 6.98
Event4 | 767 | 7.77 | 771 | 764 | 793 | 7.7 | 7.7 | 7.7 | 766 | 7.87
Event5 | 6.68 | 691 | 69 | 695 | 6.7 | 691 | 691 | 691 | 6.87 | 7.11
Event6 | 892 | 868 [ 899 | 89 | 88 | 875|875 | 875 | 8.69 | 8.89
Event7 | 882 | 878 | 877 | 875 | 8.75 | 8.67 | 8.67 | 8.67 | 8.98 | 9.01
Event8 | 6.95 | 6.89 | 6.96 | 6.99 | 6.85 | 6.77 | 6.77 | 6.77 | 6.9 | 6.78
Event9 | 6.8 | 6.79 | 6.87 | 6.67 | 6.73 | 6.98 | 6.98 | 6.98 | 6.91 | 7.09
Event10 | 6.94 | 6.72 | 6.98 | 6.75 | 6.69 7 7 7 6.83 | 6.78
Event1l | 6.82 | 6.82 | 6.7 | 6.85 | 6.66 | 6.93 | 6.93 | 6.93 | 6.94 | 6.95
Event12 | 494 | 484 | 491 | 48 | 476 | 481 | 481 | 481 | 485 | 4.86
Event13 | 488 | 482 | 48 | 48 | 488 | 49 | 49 | 49 | 491 | 488
Event14 | 494 | 497 | 481 | 48 | 479 | 493 | 493 | 493 | 496 | 5.08
Event15 | 6.97 | 699 | 6.7 | 6.85 | 698 | 6.75 | 6.75 | 6.75 | 6.89 | 6.85
Event 16 | 6.87 | 6.82 | 6.71 | 6.78 | 6.68 | 6.97 | 6.97 | 6.97 | 6.84 | 6.96
Event17 | 5.79 | 593 | 58 | 584 | 572 | 592 | 592 | 592 | 5.83 | 6.09
Event 18 | 6.69 | 6.71 | 6.77 | 6.73 | 6.93 | 6.73 | 6.73 | 6.73 | 6.72 | 7.02
Event19 | 6.96 | 6.82 | 6.69 | 6.74 | 693 | 6.84 | 6.84 | 6.84 | 6.99 | 6.85
Event20 | 581 | 598 | 589 | 596 | 5.83 | 6.02 | 6.02 | 6.02 | 597 | 6.03
Event21 | 5.76 | 5.77 | 582 | 5.88 | 5.87 | 6.04 | 6.04 | 6.04 | 598 | 5.86
Event22 | 59 | 588 | 584 | 587 | 588 | 5.78 | 5.78 | 5.78 | 5.96 | 5.97
Event 23 | 6.89 | 6.73 7 6.79 | 6.79 | 6.76 | 6.76 | 6.76 | 6.78 | 7.04
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C. TURKISH SUMMARY / TURKCE OZET

GIRIS

Calisan ¢izelgeleme problemleri karar verme biliminin en popiiler konularindan
biridir. Bu konuda ¢ok sayida c¢aligma ve arastirma olmasina ragmen gercek
hayattaki  organizasyonlar sistematik bir c¢alisan g¢izelgelemesi modeli
kullanmamaktadir. Bunun yerine gegici metotlar kullanma egilimindedirler.
Genellikle sirketlerdeki Kkarar vericiler sadece c¢alisan kisitlarini g6z Oniinde
bulunduran bir planlama olusturmay1 hedeflerler ve olurlu bir ¢alisan ¢izelgelemesini
kabul ederler. Calisan cizelgelemesinin zorlugu ve karmasasina ragmen karar
vericiler kendi olusturduklart olurlu cizelgeleme yerine bir en iyileme modeli
kullanarak en iyi bir ¢izelge elde edebilirler. Zorluk ve karmasiklik nedeniyle en iyi
cizelgelemeyi elde edemeseler bile bir ¢alisan ¢izelgeleme modeli kullanarak daha
kot bir plan elde etmeyecekleri kesindir. Daha iyi is¢i programlamasi personel
maliyetlerini azaltmaktadir ki bu da sirketin pazar yerinde rekabet iistiinliigii
kazanmasini saglar. Daha iyi bir ¢alisan ¢izelgelemesi giderlere ek olarak calisanlarin

memnuniyetlerini ve hatta servis sirketlerinin servis kalitesini artirmaktadir.

Karsilama sektorii, calisanlar ve miisteriler arasinda bir hayli sosyal etkilesim igeren
bir hizmet sektoriidiir. Karsilama sektorii altinda konaklama, restoranlar ve turizm
gibi bircok sektor bulunmaktadir. Karsilama sektoriinii temel amaci; karsilama,
ilgilenme, hizmet ve iletisimle miisterilerin ihtiyaclarini karsilamaktir. Miisteri
memnuniyeti, karsilama sektoriiniin temelini olusturmaktadir. Kongre organizasyon
sirketleri; bazi derneklerin, kolejlerin, derneklerin veya topluluklarin kongrelerini
veya etkinliklerini organize etmektedirler. Genellikle, bir organizasyon sirketi
etkinliklerin veya kongrelerin nerede yer alacagini belirlemektedir. Etkinlikler veya
kongreler boyunca organizasyon sirketlerinin ¢alisanlari, katilimcilar1 karsilayarak,
onlarla ilgilenerek ve iletisim kurarak memnun etmeye ¢alismaktadirlar. Sektordeki
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kongre ve etkinlik organizasyonu sirketlerine odaklanmamiza ragmen g¢alismamiz,

karsilama sektoriindeki biitiin sirketlere yol gostermektedir.

Literatiirdeki calisan ¢izelgeleme sorununa yaklasim genelde maliyet azaltmaya
odaklansa da, bizim ¢alismamiz ¢alisan maliyetinin yani sira ¢alisan becerileri ile
islerin karmasiklig1 arasindaki eslesmeyi saglamay1 da hedeflemektedir. Iki amag
icin ayr1 ayri iki matematiksel model bu ¢aligmada karma tamsayili programlama
metoduyla olusturulmustur. Amag¢ fonksiyonlarindan bir tanesi maliyetken digeri
calisanlarin becerisi ile islerin karmasikligi arasindaki eslesme olup kalite olarak
tanimlanabilir. Iki en iyi ¢dziim bu matematiksel modellerin sonucu olarak elde
edilmistir. Ayrica, en iyi ¢oziimlerin haricinde iki amaci ayn1 anda goz Oniinde
bulunduran alternatif ¢oziimler sunulmaktadir. Coziim metodu, bir konaklama
sektorii sirketinde uygulanmistir. Sirketin ¢alisan gizelgesi bu ¢alismada olusturulan
matematiksel model ile elde edilmistir. Elde edilen gizelge, firmanin mevcut

cizelgesiyle karsilastirilmistir.

Ernst ve digerleri (2004); calisan gizelgeleme icin tasarlanan bir karar destek
sisteminin girketlere biiyiik fayda saglayabilecegini belirtmistir. Calismamizda karar
vericiye calisan cizelgelemesi olusturulmasinda yardimci olan bir karar destek
sistemi tasarlanmistir. Karar destek sistemi iki amag icin en iyi ¢izelgeleri ayri ayri
bulmakta ve sonrasinda bu gizelgeleri karsilagtirmaktadir. Bunun otesinde_karar
verici, ¢alismamizda tgiincii amag olarak ifade edilebilen calisanlar arasindaki is
yiikii dengesi seviyesini de belirleyebilmektedir. Karar destek sistemi maliyet ve
kalite amaglar1 dogrultusunda en iyi ¢oziimleri bulmasinin yani sira, karar vericiye

iki amact ayni anda g6z oniinde bulunduran alternatif ¢ézlimler sunmaktadir.
LITERATUR TARAMASI

Bu bolimde gegmis calismalar gozden gegirilmistir. Bu tarama ii¢ bdoliime
ayrilmistir. Bu boliimler ¢alisan ¢izelgeleme metotlari, karsilama sektoriindeki kalite

kriterleri ve agirliklandirma metotlaridir.
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Calisan Cizelgeleme Metotlari

Ernst ve digerleri (2004) literatiirde biiyiik ¢apli bir ¢alisan ¢izelgeleme problemleri
incelemesi sunmaktadir. Incelemelerini {ic boyuta dayandirmislardir. Ik olarak,
calisan ¢izelgeleme problemlerini problem tiirlerine gore siniflandirmaktadirlar.
Calisan cizelgeleme problemlerini; talep modellemesi, izinli gilinler ¢izelgelemesi,
vardiya c¢izelgelemesi, is yapilandirmasi, gorev atamasi ve personel atamasi olmak
lizere alti modiilde karakterize etmislerdir. Ikinci olarak, c¢alisan cizelgeleme
yontemlerinin en yaygin uygulama alanlarini tanitirlar. Bahsettikleri her uygulama
alaninda onemli ¢aligmalar saglarlar. Son olarak, Ernst ve digerleri (2004) literatiirde
calisan cizelgeleme teknik ve metotlarin1 gézden gegirmislerdir. Incelemelerine gore
en ¢ok yaygin olan ¢6ziim teknikleri matematiksel programlama, sezgisel ve kisit
programlamadir. Bu tekniklerin hangi problem tiplerinde kullanilabilecegini

yorumlamiglardir.

Knighton (2005), maliyetleri en aza indirgemek i¢in matematiksel bir programlama
yaklagimi ile bir personel turu c¢izelgeleme problemi ¢oziimii sunmaktadir. Yazar
Ozellestirilmis kisitlar1 goz Onilinde bulundurarak en iyi ¢alisan ¢izelgesini bulmak
amactyla dogrusal programlama modeli gelistirmistir. Yazar farkli yetenekteki ve

farkli ticretlere sahip ¢alisanlari turlara atamaya ¢alismaktadir.

Problemlerini Ernst ve digerleri (2004) yardimiyla analiz ettikten sonra Stollerz ve
Zamorano(2014) coklu becerilere sahip ¢alisanlar i¢in tur ¢izelgeleme problemini en
lyilemek i¢in bir karma tamsayili programlama modeli énermektedir. Talep ve is
diizenlemelerini goz oniinde bulundurarak atama maliyetlerini en aza indirgemeyi
amaglamaktadirlar. Stollerz ve Zamorano(2014) beceri ¢esitliligi nedeniyle sorunun
karmagikliginin karma tamsayili programlama modelinin makul siirede bir ¢6ziim
vermesini imkansiz kildigini belirtmektedir. Bu sebeple aragtirmacilar problemlerini

¢ozmek i¢in sezgisel bir metot gelistirmislerdir.

Firat ve Hurkens (2011) karma tamsayili programlarinda bir {iretim sektorii sorunu

tizerinde durmalarina ragmen arastirmalar1 ¢alisan ¢izelgeleme problemleri

66



¢ozlimiine ilham vermektedir. Firat ve Hurkens (2011) teknisyenlerin gorevlere en
uygun sekilde atanmasini saglamak icin bir karma tamsay1 programi gelistirmistir.
Arastirmacilar kendilerine verilen bir dizi goérev ve bir grup teknisyeni kendi
aralarinda eslestirirken calisan maliyetlerini azaltmayr hedeflemektedirler. Her
gorevin beceri gereksinimi birbirinden farklilik gostermektedir. Dahasi, biitiin
teknisyenler farkli becerilere sahiptir. Arastirmacilar, cizelgeleme modelleri icin
gelistirdikleri karma tamsayr programlamasinin makul bir zamanda ¢6ziim
saglayamamasini problemin NP-zor olmasina baglamaktadirlar. Daha sonrasinda,

meta-sezgisel bir yontem gelistirmislerdir.

Sadykov ve Wolsey (2003) ¢ok makineli atama problemine tam sayili programla
yontemiyle yaklagsmaktadirlar. Amaglari, serbest birakilma tarihleri kisitlarint goz
ontinde bulundurarak isleri makinelere maliyeti en aza indirgeyecek sekilde
atamaktir.  Sadykov ve Wolsey (2003) bir dizi isi makinelere atamaya
calismaktadirlar. Makine atama problemleri ile c¢alisan c¢izelgeleme problemleri

birbirlerine mantiksal olarak benzemektedir.

Knighton (2005) ile ¢alismamiz arasinda bazi1 benzerlikler bulunmaktadir. En 6nemli
benzerlik, problemlerdeki calisanlarin farkli yeteneklere ve farkli iicretlere sahip
olmasidir. ikinci olarak, her iki ¢aligmada da her bir etkinlik veya vardiya icin gerekli
olan ¢alisan sayis1 onceden belirlenmistir. Son benzerlik ise iki ¢calismada da ¢alisan
cizelgelerinin yillik olarak olusturulmasidir. Stollerz ve Zamorano (2014) nun
olusturmus oldugu karma tamsayili programlama modeli ve Sadykov ve Wolsey
(2003) iin olusturmus oldugu tamsayili programlama modeli, ¢aligmamizda
onerdigimiz modele ilham vermektedir. Bu modeller kisitlar, amaclar ve mantiksal
acidan Dbirbirlerine benzemektedir. Son olarak calismamizda g6z Oniinde
bulundurdugumuz etkinliklerin yetenek gereksinimleri farkliliklar1 ve calisanlarin
yetenek farkliliklari, Firat ve Hurkens (2011) deki farkliliklar1 animsatmaktadir.

Calismamizda Firat ve Hurkens (2011) den esinlenilmistir.

67



Karsilama Sektoriindeki Kalite Kriterleri

Hughes ve Rog (2008) beceri yonetiminin konaklama sirketleri i¢in Onemini
aciklamay1 amaglamaktadir. Beceri yonetiminin bir¢ok tanimi olsa da basit¢e isin
veya calisanlarin planlanmasi olarak algilanabilir. Is planlamas1 yapmak, iizerinde
diisiiniilesi bircok faktérii barindiran bir konudur. Calisanin yeteneklerinin isin
gerektirdigi ozelliklerle ortlismesi bu faktorlerden biridir. Bu ortiisme, sirketlerde
basarili bir is planlamasi yapildigin isaret etmektedir. Hughes ve Rog’a gore etkili
bir is planlamasi, ¢alisanlarin kendini Onemli hissetmesine ve ise kendilerini
vermelerine 6n ayak olmaktadir. Ayn1 zamanda isini severek yapan ¢alisanlar uzun

vadede firmalarin performansini artirmaktadir.

Turizm ve konaklama sektorii, ¢alisanlar ve miisteriler arasinda yogun bir sosyal
etkilesim yaratmaktadir. Somut bir {irlin olmadigindan dolay1 servis kalitesi
miisterilerin kafasinda olusan imaj ile degerlendirilebilir. Spielmann ve digerleri
(2012) miisterilerde iyi bir izlenim birakma agisindan konaklama servislerindeki
sosyal etkilesimin Onemine vurgu yapmaktadir. Miisterilerde olusabilecek kotii
imajlara sebep olan faktorleri engellemek amaciyla bir 6lgek one siirmektedirler. Bu
Olcegin yardimiyla sosyal etkilesimin kritik bir rol oynadigr goriilebilmektedir.
Spielmann ve digerlerine (2012) ek olarak Baum ve digerleri (1997) de konaklama
sirketlerinde is alanindaki sosyal etkilesim sayesinde miisterilerin beklentilerini

karsilama konusunda insan faktoriinlin ana odak olmasi gerektigini vurgulamaktadir.

Bhattacharya ve digerleri (2005) firmalarin performanslari ve insan kaynaklarindaki
esnekligi tartismaktadir. Arastirmacilar, calisan becerilerinin, ¢alisan davraniglarinin
ve insan kaynaklari uygulamalar1 esnekliginin firmanin finansal performansiyla
pozitif iligkili oldugunu iddia etmektedir. Calisan davranis esnekligi, c¢alisan
davraniglarini farkl tip isteklere gore degistirebilme yetenegi anlamina gelmektedir.
Firmalarin finansal performansinin c¢alisanlarin davranis esnekligiyle arttigim
belirten Bhattacharya ve digerleri (2005) c¢alisanlarin islere adaptasyonunun
calisanlarin  kisisel oOzellikleri ile islerin  gereksinimlerinin  eslesmesiyle
basarilabilecegini savunmaktadir.
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Duygusal zeka, zihinsel saglik ve kisisel iligkiler {lizerinde biliylik etkisi olan
psikolojinin en popiiler konularindan biridir. Duygusal zekd ve mesleki iligkiler
arasindaki baglant1 ile ilgili bircok c¢alisma yapilmistir. Bu calismalarin birinde,
Nikolaou ve Tsaousis (2002) duygusal zeka ile mesleki stres arasinda giiclii bir bag
oldugunu bulmuslardir. Caliganlarin duygularin1 ve stres seviyelerini daha iyi
yonetmelerinin sonucunda organizasyondaki etkilesimleri daha giivenilir hale
gelmistir. Dahasi, Nikolaou ve Tsaousis (2002) ¢alismasina gore yiiksel duygusal
zekaya sahip calisanlarin performanslari organizasyonda stresli bir pozisyona
atandiklarinda artabilmektedir. Nikolaou ve Tsaousis (2002) gibi Kim ve digerleri
(2012) de duygusal zekanin g¢alisanlarin agirlama ve karsilama isyerinde basarili

olmalarina yardimci oldugunu gostermektedir.

Konaklama sektorii, insan faktoriiniin 6ne ¢ikmasina yol acan servis agirlikli bir
sektordiir. Bu sektorde; c¢alisanlarin beceri, nitelik ve Kkalitesi firmalarin
performanslarinda biiyiik rol oynamaktadir. Hai-yan ve Baum (2006) konaklama
sektoriinde kritik kisisel becerilerin Cin’deki otellerde yapilan bir arastirma ile
belirlenmesini amaglamaktadirlar. Pekin, Tianjin, Sangay, Jinan, Qingdao ve Weihai
gibi turistik sehirlerdeki otellerde olusturduklari anketi uygulamislardir. Anket
sonuclarini topladiktan ve analiz ettikten sonra, Hai-yan ve Baum (2000), iletisim
becerilerinin, mesleki ve etik standartlarin ve ekip ¢alismasi becerilerinin konaklama

sektorlinde en 6nemli ¢alisan becerileri oldugunu bulmuslardir.

Kusluvan ve digerlerine (2010) gore insan kaynaklari, konaklama sektoriiniin en
onemli varliklarindan biridir. Hizmet kalitesi ve miisteri memnuniyetinde énemli rol
oynayan, ¢alisan performansini artirmak i¢in konaklama sektoriinde insan kaynaklari
yonetimi  konularmin  bir incelemesini yiiriitmektedirler. Incelemelerinde,
arastirmacilar  c¢alisanlarin  kisilik  ozelliklerini  ve  duygusal  zekasim
vurgulamaktadirlar. Calisanlarin kisiligi ve duygusal zekas1 konaklama sektoriindeki
sosyal etkilesimi ve davraniglari etkilemektedir. Kusluvan ve digerleri (2010)
calisanlarin kisilikleri hakkindaki 6nceki ¢alismalar1 derlemekte ve diiriistliik ile

uzlagmaciligin g¢alisan performansini artiran en yaygin Ozellikler oldugunu iddia
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etmektedirler. Hem diiriistliik hem de uzlasmacilik, turizm ve konaklama sektoriinde
iyi bir iletisime katki saglayan ozelliklerdir. Arastirmacilar, ¢alisan performansinda
bir diger kritik olan duygusal zeka ile ilgilenmektedirler. Kapsamli incelemelerinin
sonucu olarak, calisanlar1 duygusal zekasi arttikca miisteri memnuniyetinin arttigini

bulmuslardir.

Konaklama isyerlerinde ¢alisanlarin becerileri sorunlari Baum (2002) ¢aligmasinda
ele almmistir. Arastirmaci, agirlama igyerlerinin diger alanlara nazaran daha dar
ekonomiler olduguna dair bir 6nyargiya ragmen, konaklama sektoriiniin pazardaki
Oonemini belirttikten sonra dnde gelen calisan becerilerini bulmaya calismaktadir.
Baum (2002), konaklama sektoriindeki basta gelen c¢alisan ozelliklerini sdyle
Ozetlemektedir: iletisim becerileri, deneyim bilgi teknolojisi, takim caligmasi ve
O0grenme ve performans gelistirme. Temel becerileri ele aldiktan sonra, arastirmaci

organizasyonlarda bu becerileri gelistirmek i¢in baz1 yollar sunmaktadir.

Saleh ve Ryan (1991) calismasinda belirtildigi gibi, servis sektoriindeki miisterilerin
beklentilerinin karsilanmasi sayesinde kaliteli olarak algilanir. Karsilama sektoriinde
miisterilerin beklentilerini tespit edebilmek icin genis bir literatiir arastirmasi
yapilmigtir. Bu arastirma sonucunda tespit edilen en 6nemli kalite faktorleri iletisim

becerisi, takim ¢alismasi ve duygusal zeka olarak tespit edilmistir.

Agirhklama Metotlari

Kalite anlaminda daha iyi bir program olusturmak i¢in Onemine bagli olarak
gorevlerin agirhigini belirlemek ¢ok onemlidir. Gorev agirligini dogru belirlemenin
yardimiyla matematiksel model, nitelikli c¢alisanlarin daha oOnemli gdrevleri
istlenmesine olanak saglamaktadir. Bu, miisteri memnuniyetinde kritik bir 6nem
tasimaktadir. Oncelikle, Wang ve Luo (2010) coklu ve nitelikli karar alma alaninda
yogunluk belirlemesi i¢in bazi yaklasimlar One slirmektedir. Arastirmacilar is
yogunlugu konusunu basit¢e li¢ ana kategoriye ayirmistir: siibjektif yogunluk,
objektif yogunluk ve ¢ok yonlii yaklasim. Dogrudan derecelendirme ve puan dagitma

en yaygin siibjektif yogunluk belirleme metotlarindan bazilaridir. Bottomley ve
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digerleri (2000) dogrudan derecelendirme ve puan dagitma metotlart i¢in net bir
tanim belirlemistir. Dogrudan derecelendirme, her alternatifi sifirdan yiize bir 6lgek
iizerinden derecelendirmektir. Ote yandan puan dagitma, toplam yiiz puan
alternatiflere paylastirmaktir. Wang ve Luo’ya (2000) gore, karar vericiye ulasmanin
zorlugundan dolay1 her zaman siibjektif yogunluk belirleme metotlarini uygulamak
imkansizdir. Arastirmamizda, karar vericiyle iletisime ge¢cmek ve karar vericinin
fikirlerini almak kolay oldugundan siibjektif yogunluk belirleme metodu
kullanilmaktadir. Keeney ve digerleri (2006) Amerika’daki akademik programlari
degerlendirme arastirmalarinda puan dagitma metodunu kullansa da; Bottomley ve
digerlerinin (2000) dogrudan derecelendirme metodunun daha kesin sonuglar
verdigini belirtmesi nedeniyle ¢alismamizda dogrudan derecelendirme metodu
kullanilmaktadir. Insanlar dagitilacak ka¢ puan kaldigim diisiindiigiinde puanlart

objektif dagitamadigi i¢in boyle bir yaklagim sergilenmistir.

Roszkowska (2013), alternatifler arasindaki siralamay1 sayisal agirliklara doniistiiren
birka¢ agirliklandirma metodunu goézden gegirmektedir. Yazarin sundugu
agirliklandirma metotlari; esit agirlik metodu, sira toplam agirliklandirma metodu,
sira Uis agirliklandirma metodu, ters veya karsilikli agiliklandirma ve ROC
agirliklandirma olarak siralanabilmektedir. Esit agirlik metodu, karar verici
alternatiflerle ilgili oncelikler hakkinda c¢ok az bilgiye sahip oldugu zaman
kullanilmaktadir. ~ Alternatiflerin ~ agirligi,  alternatiflerin  sayisina  gore
belirlenmektedir. Ornegin; uygun ii¢ alternatif varsa, alternatiflerin agirliklar1 1/3
olarak hesaplanmaktadir. Sira toplami agirliklari, alternatiflerin siralarin her birini
sira toplamina bolerek normallestirme ile hesaplanmaktadir. Sira iis agirliklandirma
metodu, sira toplami agirliklandirma metoduyla aynmidir. Fark, karar vericinin en
onemli alternatiflerin agirligini belirleyebilmesidir. Diger alternatiflerin agirligi, en
onemli alternatife gére hesaplanmaktadir. ROC metodu, 6nem sirasini koruyarak tiim
alternatif noktalarin kiitle merkezini belirterek agirliklarin maksimum hatasini en aza

indirmektedir. Roszkowska (2013) gibi Ahn (2011) de ROC metodunu sunmaktadir.

71



Calismamizda dogrudan derecelendirme metodu kullanilmigtir. Bunun nedeni karar
vericinin tercihi ve bu yontemin Bottemley ve digerleri (2000) ¢alismasinda

belirtilen avantajlaridir.
YAKLASIM

Calismamizda karsilama ve agirlama sektorii i¢in, maliyet, kalite ve dengeli is ytkii
dagilimim1 g6z Oniinde bulundurarak c¢alisan atama problemini ele aldik.
Calismamizin kapsami c¢esitli yeteneklerdeki c¢alisanlarin, cesitli 6zelliklerdeki

etkinliklere atanmasidir.

Ele aldigimiz problemde temel olarak iki parametre bulunmaktadir. Bunlar
calisanlarin ve etkinliklerin 6zellikleridir. Etkinliklerin igerikleri, gereksinimleri ve
firmalar acisindan 6nemleri birbirinden farkli olabilir. Calismamizda bu farkliliklar
g6z Oniinde bulundurulmaktadir. Calisanlar gérev tanimlarina gore dort kategoriye
ayrilmistir. Bunlar, yoneticiler, organizatorler, muhasebeciler ve stajyerler olarak
siralanabilir. Bu kategoriler belirlenirken sektordeki firmalarin genel olarak hangi
gorev tanimlarini kullandiklar1 6grenilmistir. Calisanlarin yetkinlikleri ve maaglar1 da

birbirinden farkl: olabilir, ¢alismamizda bu farkliliklara imkan taninmustir.

Caligmamizin ii¢ amacindan ikisi maliyet ve kalite, karma tamsayili programlama
yonetimi kullanarak olusturdugumuz matematiksel modellerin amaglaridir. Dengeli
15 yiki dagilimi ise modellere kisit olarak eklenmistir. Cizelge maliyeti her bir
etkinlige katilan g¢alisanlara 6denecek iicret olarak tamimlanmistir. Kaliteyi amag
fonksiyonu olarak tanimlamak i¢in karsilama ve agirlama sektoriinde kaliteyi
etkileyen faktorler literatiirde taranmustir. Yapilan taramalar sonucunda tecriibe,
yabanci dil bilgisi, iletisim becerisi, takim c¢alismas1 becerisi ve duygusal zeka
karsilama ve agirlama sektoriinde hizmet kalitesini belirleyen ana faktorler olarak
belirlenmigtir. Bu faktorler belirlendikten sonra olusturulacak c¢izelgenin kalitesini
simgeleyen bir kalite puani hesaplanmasi tanimlanmistir. Bu kalite puaninin
hesaplanmasi i¢in dncelikle calisanlarin ve etkinliklerin belirlenen kalite faktorleri

acisindan O ile 10 arasinda puanlanmasi gerekmektedir. Daha sonra etkinliklere
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atanan calisanlarin yetenek puanlariyla atandiklar1 etkinliklerin karmasiklik puanlari
carpilarak bir puan elde edilmektedir. Bu puan tek basina bir ifade etmese de bu
puanin yiiksek olmasi, daha zor ve karmasik islere daha yetenekli ve becerili
calisanlarin atanmasi anlamina gelmektedir. Tanimlanan kalite puanim1 en
biiyiikleyecek ve maliyeti en kiiciikleyecek iki adet matematiksel model
olusturulmustur. En son olarak, karar vericiye yardim etmek amaciyla bir karar
destek sistemi tasarlanmis ve Onerilen ¢oziim yOnetimi bu karar destek sistemi ile

biitiinlestirilmistir.
DENEYLER

Bu boliimde 6nerilen ¢6ziim yontemi karsilama ve agirlama sektoriinde yer alan bir
Tiirk firmasinda uygulanmistir. Firmanin 2019 yili ¢alisan ¢izelgesi olusturulmak
hedeflenmistir. Bu dogrultuda firmadaki karar vericiden firmaya ait calisanlarin
belirlenen kalite faktorleri puanlari, maaslari, gérev tanimlari, etkinliklere ait kalite
faktorleri puanlari, etkinlik tarihleri, etkinlikler icin gerekli minimum personel
sayilar1 ve etkinliklerin firma i¢in 6nemleri temin edilmistir. Etkinliklerin firma icin
onemleri, kalite faktorleri puanlamasi gibi 0 ile 10 arasinda dogrudan puanlama

metodu ile yapilmistir.

Elde edilen veriler ile ¢oziimler alinmadan once firmanin firma politikast olarak
benimsedigi ek bir kisit modele eklenmistir. Bu politikaya gore firma bazi
etkinliklere tecriibe kisitlamasi getirmek istemektedir. Firma bazi etkinlikler i¢in iki
yildan daha az tecriibeli organizator atamalarini kisitlamak istemektedir. Firmanin bu
0zel kisit1 kalite en biiyiiklemesi ve maliyet en kiigiiklemesi modellerine eklendikten

sonra modeller ¢oziilmiistir.
SONUCLAR VE TARTISMA

Bu kisimda firmadan alinan verilerle CPLEX OPL v12.8 yaziliminda c¢6ziilen
matematiksel modellerin sonuclar1 sunulmaktadir. Ik olarak maliyet en kiigiikleme
ve kalite en biliylikleme modellerinin optimal sonuglar1 detaylariyla birlikte
gosterilecektir. Daha sonra, iki modelin optimal sonuclarina ek olarak bu iki amaci
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ayni anda gozeten dort adet alternatif ¢oziim sunulacaktir. Problemimizdeki {igiincii
amacimiz olan calisanlar arasindaki esit ig ylikii dagiliminin maliyet {izerindeki etkisi
analiz edilerek iki parametre arasindaki oOdiinlesim tartisilacaktir. Son olarak,
firmanin kullandig1 mevcut ¢alisan ¢izelgesi ile ¢alismamizda onerdigimiz ¢&ziim

yontemi araciliiyla lirettigimiz c¢alisan ¢izelgeleri karsilastirilacaktir.

Malivet En Kiiciikleme Modeli Coziimii

2. kisimda olusturulan maliyet en kii¢iikleme matematiksel modeli ¢ézdiiriilmiis ve
optimal bir ¢6ziim bulunmustur. Optimal ¢6ziimiin amag¢ fonksiyon degeri yani
firmanin 2019 yili ¢alisan g¢izelgesinin en kiiciik maliyeti 84.850 TL olarak
bulunmustur. Bu ¢6ziimde ¢alismamizdaki diger amacimiz kalite degeri ise 278.000
olarak hesaplanmigtir. Optimizasyon yazilimi olusturdugumuz matematiksel modeli

5,92 saniye gibi makul bir siirede ¢dzebilmistir.

Kalite En Biiviikleme Modeli Coziimii

Olusturdugumuz kalite en biiyiikleme modeli de, maliyet en kiigiikleme modeli gibi
firmadan aldigimiz veriler ¢6zdiirilmiis ve optimal bir ¢6ziim bulunmustur. Bulunan
¢oziimiin amag¢ fonksiyonu degeri, yani kalite degeri 524.423,5 olarak
hesaplanmistir. Bu ¢oziimdeki ¢izelge maliyeti ise 221.280 TL olarak hesaplanmustir.

Optimizasyon yazilimi kalite en biiyiikleme modelini 2,31 saniyede ¢6zmiistiir.

Dengeli s Yiikii Dagilmi — Maliyet Analizi

Ele aldigimiz ¢alisan ¢izelgeme problemine ¢oziim yaklagimimizda maliyeti en
kiiciikleme, kaliteyi en biiyiikleme ve c¢aligsanlar arasindaki is yiikiinii dengeleme
belirledigimiz {i¢ amacimizdir. Bu amaglarimizdan maliyet en kiigiikleme ve kalite
en biyiikleme olusturulan matematiksel modellerin amag¢ fonksiyonlarim
olusturmaktadir. s yiikii dengesi ise bir parametre olarak tanimlanmis ve modellere
bir kisit olarak eklenmistir. Is yiikii dengesini saglamak amaciyla karar vericiden bir
deger belirlenmesi istenip, bu deger calisanlar arasindaki en ¢ok calisan ile en az

calisan arasindaki farki kisitlayacak sekilde bir matematiksel kisit tanimlanmistir.
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Beraber calisilan firmadaki karar verici bu farki 2 olarak atamis, elde edilen
¢oziimlerde en ¢ok etkinlige atanan organizator ile en az atanan arasindaki fark en
fazla 2 olarak gozlemlenmistir. Bu boliimde, karar vericinin belirledigi bu
parametrenin ¢izelge maliyetine nasil etki ettigi gézlemlenmistir. Bu parametre 0 dan
baslayarak birer birer arttirilarak maliyet en kiiciikleme modeli ¢ozdiiriilmiis ve

parametrenin arttik¢a maliyetin azaldig1 gézlemlenmistir.

Alternatif Coziimler

Caligmamizda iki ana optimal deger bulunduktan sonra bu boliimde iki temel amaci
ayn1 anda gozeten ¢oziimler sunulacaktir. Ana optimal ¢oziimlere bakilarak agikca
goriilmektedir ki kalite ve maliyet arasinda bir ddiinlesim vardir. Iki ana optimal
degerin arasinda ¢oziimler bulmak ic¢in, en kiiciik maliyet ¢ozliimiindeki maliyet
degeri ile, en biiyiik kalite ¢oztimiindeki maliyet degeri arasindaki fark 5 esit araliga
boliinmiistiir. Bu 5 araligin sinirlarindaki maliyet degerleri kalite en biiyiikleme
modelinde teker teker maliyet kisitt olarak tanimlanmistir. Kalite en biiyiikleme
modeli bu kisitlarla birlikte ayri ayr1 ¢ozdiiriilerek 4 adet alternatif c¢oziim
tiretilmistir. Bu ¢6ziimler iki optimal ¢6ziim arasinda bulunan iki amaci da ayni anda

g6z Oniinde bulunduran ¢oziimlerdir.

Firmanin Mevcut Cizelgesi ile Matematiksel Modellerle Elde Edilen Sonuclarin

Karsilastirilmasi

Bu kisimda firmanin kullandig1 mevcut ¢izelge ile ¢6ziim yontemimizde onerdigimiz
matematiksel modellerin sonuglar1 karsilastirilacaktir. Bu dogrultuda ilk once
firmanin mevcut durumda kullandig: ¢izelge elde edilmis ve maliyet ile kalite puan
hesaplanmistir. Firmanin mevcut ¢izelgesinin firmaya maliyeti 106.690 TL, kalite
degeri ise 311.118,5 olarak hesaplanmistir. Matematiksel modellerle mevcut
cizelgeyi daha iyi karsilagtirabilmek icin, firmanin mevcut ¢izelge maliyeti
olusturdugumuz kalite en biiylikleme modeline; firmanin mevcut kalite puani ise
olusturdugumuz maliyet en kiigiikleme modeline kisit olarak eklenmis ve modeller

¢Ozdiirtilmiistiir. Elde ettigimiz sonuglara gore, olusturdugumuz modeller sayesinde
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firmanim mevcut durumdaki maliyetiyle hemen hemen ayni maliyette fakat kalite
puan1 daha yiliksek ve firmanin mevcut kalite puaniyla hemen hemen ayn1 seviyede
fakat maliyet olarak daha diisiik ¢oziimler elde edilmistir. Ozet olarak matematiksel

modeller sonucunda elde edilen ¢oziimler firmanin mevcut ¢izelgesinden daha iyidir.

Duvyarhlik Analizi

Bu béliimde 6nerdigimiz karma tamsayili programlama modeline duyarlilik analizi
uygulanmistir.  Onerdigimiz  modelin  karar  vericinin  belirledigi  girdi
parametrelerindeki ufak degisikliklere karsi giiclii olup olmadigi arastirilmistir. Bu
dogrultuda c¢alisanlarin ve etkinliklerin puanlamalart kendi degerlerinin +5%
araliginda rastgele degerlerle degistirilmistir. Onerdigimiz model bu rastgele
degiskenler ile 50 kere c¢oOzdirilmistir. 50 ¢oziimiin hi¢ birinde ¢izelge
degismemistir. Sonu¢ olarak, Onerilen karma tamsayili programlama modelinin

parametrelerdeki kiigiik degisikliklere karst duyarli olmadigi tespit edilmistir.
KARAR DESTEK SISTEMI

Calismamizda Microsoft Excel tabanli bir karar destek sistemi tasarlanarak,
Onerdigimiz ¢6ziim yontemi bu karar destek sisteme entegre edilmistir. Bu karar
destek sistemini kullanarak karar verici problemdeki her bir parametreyi degistirerek
yeni ¢oziimler elde edebilmektedir. Karar destek sistemi ¢oziicii olarak Excel Solver
eklentisini kullanmaktadir. Bu boliimde karar destek sisteminin nasil kullanilacag:

gorsellerle detayli bir sekilde anlatilmaktadir.
KAPANIS

Calisan cizelgeleme, bircok calisanin birlikte c¢alistigr sektorlerde yaygin bir
problemdir. Ugus elemani ¢izelgelemesi, hemsire cizelgeleme, vardiya cizelgeleme,
toplu tasima araci cizelgeleme gibi birgok popiiler uygulama alani vardir. Genelde
calisan ¢izelgeleme problemleri zor ve kompleks problemler oldugundan karar verici
icin uygulanabilir ve basit bir ¢izelge ortaya koymak bile uzun zaman almaktadir.

Personel maliyetleri, organizasyonlarin temel maliyetlerinden biridir, bu nedenle
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pazarda rekabet¢i bir avantaj kazanmak ve karliligi azaltmak icin bu maliyetleri
azaltmak onem arz etmektedir. Optimizasyon modelleri veya bir yazilim kullanarak
calisan maliyetlerini diisiirmek miimkiindiir. Calismamizda, bir ¢alisan ¢izelgeleme
probleminin optimizasyonu ile ugrasmaktayiz. Dahasi, sadece c¢izelgenin maliyeti
degil ayn1 zamanda kalite ol¢iileri ve ¢alisanlar arasindaki dengelenmis is yiikii ile

ilgilenmekteyiz.

Ik olarak, o&nceki galigmalardan agirlama sektdriinde kaliteyi saglayan galisanlarin
temel beceri ve niteliklerini tanimladik. Tecriibe, yabanci dil, iletisim becerileri,
takim ¢alismasi kabiliyeti ve duygusal zeka olmak {izere bes kritik belirleyici 6zelligi
ele aldik. Bu bes boyutu tanittiktan sonra karma tamsay1 programlamayi kullanarak
optimizasyon modellerini sunduk. Calisan ¢izelgelemesine iki amag¢ dogrultusunda
yaklasirken maliyet minimizasyonu ve kalite maksimizasyonu modelleri olmak iizere
iki ayr1 model onerdik. Kaliteyi yukarida belirtilen bes boyutta ¢alisan becerilerini
etkinlik zorlugu ve karmasikligiyla eslesmesi olarak tanimladik. iki optimal ¢oziim
iki matematiksel modelden elde edilebilmektedir. Maliyet minimizasyon modelinin
¢Oziimii en diisiik maliyeti saglarken kalite maksimizasyon modelinin sonucu en

yiiksek kaliteyi saglamaktadir.

Calisan ¢izelgeleme problemimizin {igilincii hedefi olan isi yiikii dengesi,
matematiksel modellerimizde kisit olarak tanimlanmaktadir. En fazla atanmis ¢alisan
ile en az atanmis ¢alisan arasindaki maksimum etkinlik farki bir parametre olarak
belirlenmekte ve bu parametre calisanlar arasinda esit olmayan is yiikiini
onlemektedir. Adaletsiz is yikii ~ organizasyonlardaki ~ motivasyonu
diisiirebilmektedir. Calisanlar arasindaki dengelenmis is yilikii muhafaza edilerek

calisanlarin motivasyonlar1 ve performanslarinin artirilmasi hedeflenmektedir.

Calismamizdaki yontem, kongre etkinlikleri diizenleyen bir organizasyon sirketinde
uygulanmaktadir. Calisan ve etkinlik verileri sirketteki karar vericiden elde
edilmektedir. Matematiksel modeller elde edilen verilerle ¢oziilmektedir. Sirkete iki
uygun ¢dziim saglanmaktadir. iki matematiksel modelin optimal ¢dziimlerini elde
ettikten sonra her iki hedefi ayn1 zamanda dikkate alan uygun ¢oziimlere dort farkl

77



alternatif ¢6ziim Onermekteyiz. Sonug olarak, sirkete alt1 ¢izelge saglanmistir. Bunu
takiben, sirketin mevcut ¢alisan ¢izelgesi analiz edilmistir. Mevcut ¢izelge maliyeti
ve mevcut calisan ¢izelgesinin kalite puani hesaplanmaktadir. Mevcut c¢izelge
maliyeti kalite maksimizasyon modelimizde bir kisit olarak tanimlanirken kalite
puani, maliyet minimizasyon modelimizde bir kisit olarak tanimlanmaktadir.
Modeller bu kisitlarla ¢oziilmekte ve iki yeni ¢oziim elde edilmektedir. Bu ¢oziimler
sirketin mevcut ¢izelgesini domine etmektedir. Bu, yontemimizin mevcut gizelgeyle
ayni kalitede olan bir ¢izelgeyi daha diisiik maliyetle ya da mevcut ¢izelgeyle ayni

maliyette, daha iyi bir kaliteye sahip olan ¢izelge sunmasi1 anlamina gelmektedir.

Yontemi bir sirkete uyguladiktan sonra, ayni yontemi kullanan bir karar destek
sistemi tasarladik. Karar verici problemdeki biitiin parametreleri degistirebilmekte ve
yeni ¢Oziim elde edebilmektedir. Dahasi, karar destek sistemi Microsoft Excel’ e
dayali oldugundan kullanimi ticretsizdir. Karar vericiler, ¢alisan ¢izelgesini kisa bir
zaman igerisinde ve lcretsiz olarak alabilirler. Karar destek sistemi kullanict dostu
olarak tasarlanmistir; agirlama sektoriindeki her kurulus ¢alisanlarinin ¢izelgelerini

olusturmak i¢in kolaylikla bu sistemi kullanabilmektedir.

Calismamizda bazi kisitlamalar bulunmaktadir. Bunlardan ilki Excel Solver’in karar
degiskeni ve kisit kapasitesidir. Daha biiyiik problemlerin ¢6ziimii i¢in Premium
Excel Solver eklentisi kullanilmalidir. Ikinci olarak, calismamizda karar vericinin
etkinlikleri ve ¢alisanlar1 mantiksal, objektif ve tutarli olarak degerlendirdigini farz
ettik. Karar vericinin bu degerlendirmeyi yaparken tarafli olmasi kalite en biiyiikleme
modelinin anlaml bir ¢6ziim vermesini engeller. Calismamizda ¢alisanlarin cinsiyeti
goz oniinde bulundurulmamistir. Karsilama sektoriinde cinsiyet faktorii géz ardi
edilemez, bu nedenle cinsiyet faktorii gelecek calismalarin kapsamina dahil
edilecektir. Son olarak, calisan yorgunluklar1 g¢alismamizda yer almamaktadir.
Dengeli is ylikii dagiliminin yani sira, calisan yorgunluk faktorii g¢alisanlarin
motivasyonu ve is tatmini konusunda ¢ok 6nemli bir yere sahiptir. Bir ¢aligsan kisa
bir siire icerisinde ¢ok fazla etkinlige atanirsa motivasyonunu ve enerjisini
kaybedebilir.

78



Yontemimizde, c¢alisanlarin ayn1  zaman igerisinde farkli  etkinliklerde
calisamamalarin1 saglayan bir kisit bulunmaktadir fakat calisan yorgunlugu
calismamizda ele alinmamistir. Yorgunluk faktoriinii hesaba katarak matematiksel

modellerimiz yeniden diizenlenebilir.
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