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ABSTRACT

Non-woven textile materials are used as intermediate raw materials in various sectors such as cleaning, ARTICLE HISTORY
healthcare and automotive. These products are produced based on demand because they are .
requested in different compositions, colors, and weights. To ensure that the company achieves its Received: 29.05.2018
objectives, it is necessary to use the capacity efficiently in the non-woven textile technology since it has ~ Accepted: 06.05.2019
high investment costs and high production capacity. In this study, a decision support system has been
developed for non-woven textile firms so that they can obtain more order revenue. This software
application was developed to sort the orders in 7 different ways based on the Moora and linear
functions. The total order revenues to be obtained from each ranking and the delivery dates of sorted
jobs are calculated and presented to the user to help him/her in the decision-making process. In
addition, this software can also record the operator's planned maintenance data. In the present study,
the decision support system was run with 27 different production scenarios. In the scenarios, the Moora KEYWORDS
method and linear function methods put forward more total order revenues than FCFS (First Come First

Served) and EDD (Earliest Due Date) methods. As a product that can be used by decision-makers, the ~ Non-woven textile, order
present decision support system provides a different point of view to the literature -which generally  ranking, decision support
consists of theoretical studies- on delivery date and order ranking. system, moora, delivery date

1. INTRODUCTION methods. This study is based on total work time.
Considering the recent studies, Guhlich and his team have
proposed a demand management model that includes
businesses which adopt the assemble-to-order strategy for
profit maximization in revenue management [1]. In our
study, it has been optimized with linear function 2 for the
orders that are delayed according to the demand date of the
customers. Similarly, in another study, a binary tree data
structure method was used to determine the common due
date with a little delay for the flow of two sequential jobs [2].
Also, a study was conducted to optimize the penalties from
all jobs by adding some idle time in a single-machine
planning environment [3], assuming punishment of early and
late delivery dates. An integrated delivery date assignment

Delivery date assignment rules are basically derived from ~ method with process planning, genetic algorithm, and
common delivery date, equal slack, and total work time random search techniques was proposed in another study

Companies which produce according to the order size
respond to their customers' requests with an offer including
the product price and product delivery date. Order proposals
with a late delivery date lead to loss of customers or even
market loss. Accepting the delivery date requested by each
customer also leads to the capacity buildup for the
manufacturer. There may be customers who want to pay
more to get a product earlier, or there may be customers
who want to pay less to get a non-urgent order later than the
actual delivery date. For this reason, in addition to the price,
the delivery date of the product is also a negotiable subject
between the customer and the producer.

To cite this article: Aktiirk, C., Giilsegen S. 2019. Determining order delivery date by revenue approach: a case study with non-woven
textile manufacturers in TRC1 region. Tekstil ve Konfeksiyon, 29(2), 133-141.
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[4]. The total weighted delay cost was tried to be reduced in
one study by applying two different delay costs according to
the double delivery date and the time spent in delayed jobs
[5]. Besides, a formulation study was carried out for the
single-machine stochastic model to compensate for the
delay of the ordered jobs and the delay of the delivery dates
[6]. In addition, the problem of minimizing the costs
associated with delays was investigated [7]. In another
study, mixed integer linear programming and dynamic
programming methods were tested on a large data set in a
single machine environment to minimize the total early delay
with a common delivery date [8]. One study aimed to
minimize the cost penalty function, which includes total early
penalties such as delay [9]. A dynamic programming
algorithm and a polynomial-time approximation scheme
were proposed in another study to minimize a cost function
involving the number of late jobs and the delivery date [10].
A study aimed to minimize the number of late jobs whose
delivery dates were not known precisely [11]. In a study, the
relationships among the performance criteria such as delay,
relative delay, and timing reliability from the feedbacks of
the four real producer firms were analyzed statistically [12].
To obtain realistic results, planned maintenance periods and
production setup times of the enterprises were also included
in the time calculations. In a single-machine planning
environment, a study was conducted with the intention of
reducing the absolute deviations of completion times of jobs
for a common delivery date, considering scheduled
maintenance periods [13]. It was aimed to reduce the total
delay to the minimum by using the setup-by-task duration
feature in another study [14]. A study examined total cost
minimization including inventory cost, installation cost,
preventive and corrective maintenance cost and
reprocessing cost to balance the inventory cost and
maintenance cost in a mass production environment [15]. In
a study, an approach was proposed that accepts the
capacity as stochastic for the number of machines,
maintenance and fault conditions [16]. To reduce the cost of
assigning the total weighted number of jobs and the
deadline, an approach scheme using a polynomial algorithm
was proposed in a study [17]. Integrated process planning,
scheduling, and delivery date assignment problems were
studied in another study [18]. A study emphasized that the
genetic algorithm provides the best solution for the same
problem [19]. In contrast to the setup times used in the
calculations in this study, workshop scheduling problems
were studied by assuming there was no waiting period
between consecutive jobs [20]. Another study stressed that
the integration of product design and production is closely
related to the problem of delivery date [21]. Unlike the
method of accumulating orders in a pool, the batch
scheduling problem was studied for a dynamic flow factory
environment in which a new incoming order would be added
to the existing workload [22]. Finally, order sorting activity
was analyzed according to the earliest delivery date [23].

Non-woven textiles, which are the subject of this study, are
commonly used as intermediate products for wet wipes,
nappies, and disposable medical supplies. Such materials
are produced based on orders from customers because
they specify their preferences for various properties such as
raw material composition, weight, and color. This study
proposes a decision support system based on revenue
approach to help non-woven textile companies with order
sequencing and order delivery date calculation. The orders

are sorted by seven different methods with this proposed
model. The total order revenues obtained from each order
made for a certain planning period are presented as
decision support to the marketing unit managers. At the
same time, any sorting method can be selected, and
delivery dates can be assigned to sequenced orders of that
method in the system. This article contributes to the
literature with a new perspective of multi-criteria decision-
making methods and decision support system.

2. MATERIAL AND METHOD
2.1 Linear Function

The method proposed as a linear function is a simple and
useful method of mathematical decision making and is
expressed by the weighted sum of criteria. In this article,
customer and order are determined as the main criteria for
order sorting criteria. The customer-related main criteria are
as follows: the number of years which the customer has
been working with the company, the annual turnover rate of
the company from the customer, and the annual total order
amount of the customer. The order-related criterion is only
the total amount of the relevant order. The principal criterion
of the customer is shown in Equation (1), order criterion in
Equation (2), and F is shown in Equation (3). In the equation
(1); X4, X2 and Xz criteria are customer's annual order
amount, customer's annual order count, and the number of
years the company has been working with the customer,
respectively. Also, X4 criteria in Equation (2) is the order
amount. The F function from these linear functions is the
objective function used in sorting the orders. The sum of the
weight coefficients used in each function has to be equal to
1 as shown in Equation (4). Criteria expressed by different
units and sizes in linear functions are subjected to
normalization process by being divided into maximum
criterion values. In this case, each criterion is transformed
into a size between 0 and 1, and the objective function (F)
consisting of the weighted sum of these criteria is obtained.

M) =wX, +wX, +wX, (1)
S =X, @)
E@)=WM @)+ W,S() (3)

" Wi=1 (4)

2.2 Moora (Multi-Objective Optimization by Ratio
Analysis)

The Moora method is an easy and convenient method that
can provide effective results with simple mathematical
calculations within multi-criteria decision-making techniques.
The Moora method is based on ratio analysis because of
the normalized criterion values obtained by dividing each
criterion value by the square root of the sum of squares of
all criterion values, as shown in Equation (5). For each
alternative in the Moora method, as shown in Equation (6);
normalized values of the maximizing and minimizing criteria
are aggregated within themselves. Then the value of Yi*,
which is the difference between maximized and minimized
sums, is calculated. The decision-making process is
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completed by selecting the alternatives with large Y; values,
sorting the alternatives from large to small according to this
Yi* value. If it is desired to apply a certain importance
coefficient for each alternative, the Moora-significance
coefficient method can be used by multiplying the calculated
Y; values by the desired weight coefficient w in the last case.
F(i) function calculated from the linear method is multiplied
by Y value calculated by the Moora method, and Moora
significance coefficient method is used by specifying the
weighted Moora. The reference point approach, which is
another Moora method, is also an effective method based
on ratio analysis. After the normalization process is
completed, the best criterion value for each criterion is
determined as the reference value, and the distances from
the reference values of the relevant alternatives are
calculated as in Equation (7) by taking the difference of the
relevant criterion value from the determined reference value.
After calculating the differences from the best value in this
way for each criterion, the alternatives are selected as the
alternative decision with the smallest digits in ascending sort
according to the value of dj.

. x; (5)

mo 2

z/':lxtf/'
* _ g * _ Zn—g *
Y= z./zl Xif ,/:g+1Xij

d.=r—-X

ij i ij?

(6)
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min, max ;(d,)

2.3 AHP (Analytic Hierarchy Process)

To get expert opinions, nine non-woven textile companies
actively operating in the region, determined with the help of
Gaziantep Chamber of Industry, were interviewed. six
companies agreed to contribute to the research. The
weighting coefficients used in the decision models were
derived from the AHP questionnaire applied to the
marketing unit managers of non-woven textile firms (Table
1). Participants indicated a more important criterion by
marking the relevant numbers. As the geometric average of
the criteria weights was taken within the scope of the expert
opinion, six participants were deemed sufficient. The weight
coefficients obtained from the study [30] and used in the

decision model are shown in Table 1. The weight
coefficients obtained from the AHP questionnaire and other
weight coefficients used in decision models are shown in
Table 2.

2.4 Capacity Calculation Method
The factory production line based on the study is as follows:

Fiber comb machine
Hydro-entanglement machine

Water removal and air dryer machine
Winder

e Dbh =

The capacity of the non-woven textile production line in the
company from where the data are received is calculated by
the kilogram of fibers (28 kg/min) that can be combed per
minute by the fiber comb machine which constitutes the first
entry of the production line. In all the factories participating
in the study, the production speed depends on this machine
because it is the first machine of the line and its capacity
speed is the least among the product line's other machines.
Although other machines can run faster, they work within
this speed limitation because they work synchronously with
the fiber comb machine. Its combing speed is 28 kg/min.
This data is used to calculate how many minutes it will take
for each order to be produced. In non-woven production, the
size in grams of the fibers per square meter (weight) is a
critical detail. Because the amount of fiber that the
production line can process in kg is limited and constant, the
low weight textiles travel at a higher speed in the production
line. Thus, textiles with more weight travel at a lower speed.
Since total production capacity is constant, the time amount
of each order to be produced according to the weightfeature
of order records is calculated with the following formulas.

H, =K.1000/G, (8)

H,=H W (9)

r iy, (10)
W

Table 1. AHP questionnaire used in determining weight coefficients of criteria

Amount of Customer's Annual Orders 9 7 5 3 1
Amount of Customer's Annual Orders 9 7 5 3 1
Number of Customer's Annual Orders 9 7 5 3 1
Customer Main Criteria 9 7 5 3 1

W W W w

5 7 9 Number of Customer's Annual Orders

5 7 9 Number of Years Worked with the Customer
5 7 9 Number of Years Worked with the Customer
5 7 9 Orders Main Criteria (Amount of Orders)

Table 2. Criterion weight coefficients used in production scenarios

Amount of Number of  Number Customer o .

_ X e rders main

Coefficients group annual orders annual of years main criteria criteria S(i)
X4 orders X, X3 M(i)
Coefficients obtained from research 0.49 0.30 0.21 0.78 0.22
Equal weighted customer and order criteria 0.49 0.30 0.21 0.5 0.5
Dominant order main criteria (Reverse of the Research) 0.49 0.30 0.21 0.22 0.78
TEKSTIL ve KONFEKSIYON 29(2), 2019 135



In Equation (8), H¢ is the production speed calculated in
square meters; K is the capacity of the production line
defined in kilograms/minute; G; refers to the weight of the
product ordered. In Equation (8), first, the speed of the
production line is multiplied by 1000 and converted into
grams per minute. Then it is divided by weight in grams to
calculate the production speed in square meters per minute.
In Equation (9), H+ is divided by the width of the production
line in meters, and the velocity in meters per minute is
calculated. The H, variant is used to calculate the
processing times of orders. In Equation (10), M; denotes to
the order quantity in square meters. T; indicates the
processing time of the order in minutes. The order quantity
taken as a square meter is firstly converted to the meter by
dividing it by W value which is the width of the production
line of the company in meters. It is then divided by Hz, which
is calculated in meters/minute, to obtain the amount of time
for the order to be produced. In the latter case, the T; value
is calculated for each order to find out the amount of time for
each order to be produced. The characteristics of the
production environment in which the decision support
system is operated are as follows: production speed is
28 kg/min, the production line width is 1.6 meters, and
average preparation time between productions is 20
minutes. The number of working hours per day was
determined as 8, 12, 16 and 24 in various production
scenarios used throughout the study. It was assumed that
the firm works on Sundays. If desired, Sundays can be
excluded from the working days by ticking "no" in the
application software. The decision support system was
operated according to the conditions mentioned above for
various periods of 7 and 28 days as well as using different
weighting factors.

2.5 Developed Decision Support System

In this article, it has been shown that non-woven producers
can get more revenue by sorting customers' orders
according to the criteria recommended by application
software developed in C #.net. Application software consists
of seven different methods; linear function1, linear function2
(optimized linear function1), Moora-ratio method, weighted
Moora, Moora reference point approach, FCFS, and EDD.
Then, with these methods, the total revenue that can be

—| SteE 1 :

obtained from the orders sortedin a specific planning
horizon is presented to the decision maker. Which model
will offer better revenue according to the case depends on
weight coefficients, order, and customer data. For this
purpose, seven methods are presented at the same time,
and the method that offers the most revenue is presented to
the user. Marketing unit managers, who are the users of the
system, can offer their customers delivery dates calculated
according to sequential orders that are the output from the
method that recommends more order revenue and can
perform the production schedule. In the application
software, the same delivery date assignment function is
used for orders placed following seven different sorting
methods. It is intended to produce realistic results by
checking that the company has a predefined planned
maintenance record for future dates when the due date is
assigned. In the system development phase, the production
processing times and delivery dates for each order
according to the actual order quantities were calculated by
the system for five different sample scenarios and the
results were verified by the relevant production engineers.
The process steps of the delivery date assignment function
are shown in Figure 1. In Figure 2, the flow of the linear
function2 method, including the optimization operations, to
the linear function1 is shown. In the FCFS method, orders
are sorted according to the order in which they are added to
the database. In the EDD method, orders are sorted
according to the date requested by the customer. The
ranking of the Moora method is done with Y; (Equation 6),
the Moora reference point is done with dj (Equation 7) and
weighted Moora is done by multiplication of F and Y; values
of Equations (3) and (6) described above.

When the application software is run, the main menu form
shown in Figure 3 is displayed. In the form of parameters,
the definitions of the weighting coefficients in decision
models are made. Customer data is recorded on the
customer form. In the maintenance form, the start and end
times of the company's planned maintenance work and
maintenance periods are defined. In the form of operations,
data such as the production capacity (kg/min) used to
calculate the processing times of the orders, the number of
daily working hours of the business, the start time of work,
and the working status on Sundays are recorded.

« Make initial value assignments. {planning start time, production start time, production end
time, start time, work end time, planning days, planning end time.)

—{__ Step 2 }

transactions, if not finish.

= Sort order records according to the method used, retrieve the id number of the orders and
the calculated transaction time from the database.
« If the time period is less than the total time of the transaction, start and continue the

—{__ Step 3 }

production start time.

= Calculate the number of days and the number of minutes of the order processing time.
= Calculate the production end time by adding the processingtime in days and minutes to the

+ Add timings to the counters such as production time, production lead time, etc.
« If the production end time exceeds the end time, add the remaining time to the new day.

—_ Step 4 }

« Check if there is any maintenance during production and add the maintenance run time to
the end time of production if maintenance exists.

« After the production end time is updated, check the end-of-work time again, and add the
remaining time to the new day if it is overtime.

—__Step 5 }

is over time, end the process.

+In the latter case, if the production end time does not exceedthe planning end time, then
record this time in the database as the delivery date calculated for that order. If the planning

= Continue the process for the next order entry by going to step 2.

Figure 1. Delivery date assignment process steps
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_| Step 1 i

of their delivery dates.

«Retrieve the order records with status = "LATE" from the database in ascending order

_| Step 2 i

order's due date.

«Far each of the order records in step 1; take arders from the database earlier than this

_l Step 3 i

« Assign the demand dates and delivery dates of the orders with the status "LATE" and
the ordersto be delivered before it to the variables.

«if {Late Order's delivery date <= early order's delivery date) and (early order's calculated
delivery date <= Late order's demand date) replace the values of Fi that specify the
sequence of the orders, save it to the database.

_| Step 4 i

+Run delivery date assignment function
+Run the optimization function.

orders.

« Continue to make flexible orders from step 2 as appropriate to improve these LATE

Figure 2. Linear 2 function process steps

BAKIM TAKIBI
(MAINTENANCE)

SIPARIS ISLEMLERI
(ORDER OPERATIONS)

MUSTERILER
(CUSTOMERS)

O

ISLETMELER PARAMETRELER
(WORKSHOPS) (PARAMETERS)

Figure 3. Main menu screenshot

In the form in Figure 4, the 1st tab is saved by importing
batches individually or from excel file. At the 2nd tab, order
sorting operations are performed. Some buttons, tabs, and
text boxes are shown with the same number to describe the
screen display in Figure 4. Objects with the same number
belong to the same method. Linear function1 3(obtained by
Equation 3), linear function2 4(obtained by applying the
steps shown in Figure 2 to Equation 3), FCFS 5, EDD 6,
Moora 7, Weighted Moora 8, and Moora Reference point 9
are numbered. For example, when button 3 is pressed, the
linear function1 method operates. The total order revenue
that Linear Function1 suggests is shown in textbox 3 on the
right side of the screen, while the details of the sorted orders
are shown on tab 3. The other objects in Figure 4 are as
follows: The factory is selected by clicking on number 10.
The start time of the production plan is entered by clicking
on number 11, and by clicking on number 12, the number of
days for the planning is specified. In the form of Workshops
in Figure 3, if the start time of the production plan and the
number of days for planning are defined as parametrically,
this data comes automatically. Order data can be entered
both manually and in excel format. The user operates the
order sorting function of each method by clicking the buttons

numbered from 3 to 9. When each method is run, the total
order revenues from the sorted orders are shown in the text
boxes shown at the same number as the method on the left
side of the screen. In this way, revenue from each method
can be easily compared. Sorted orders that offer the most
revenue can be reached from the tab specified by the
method name, and these orders can be used in the
production schedule. The application software is run with
three different data setsto test and monitor the performance
of the proposed models with different data: a real firm's
order data, data derived from actual data, and randomly
generated data. Then, the findings are recorded. The actual
data consists of 19 customers and 182 orders from these
customers. Derived data is generated by multiplying the
production quantities registered in daily production reports
by different coefficients and converting them into order
quantities. There are 136 order records in the derived data.
These orders are based on the customers in the actual data
set. Thirty-two customers and 80 orders are recorded as
random data as a separate data set.

3. RESULTS AND DISCUSSION

The data sets were run in the decision support system using
the weighting factors in Table 2 for various planning
scenarios. The purpose of creating different scenarios is to
observe the maintenance process and findings in different
shift hours. In addition, since the number of records in the
data sets is different, the total work time is not the same.
Then, the findings are recorded. The data of the findings are
transferred to an excel sheet; the delivery times calculated
with order quantities, production speed, and calculated
processing times are checked manually. Also, the accuracy
of the start time of the next order is checked by adding
production preparation time to the delivery time of the
previous order. Each line in the following tables refers to a
running scenario. In each scenario, the maximum amount of
order revenue and the amount suggested by the method are
shown in bold. In the same period, the method with the
highest revenue is shown in the box. Table 4 shows the
findings obtained from running actual data. When Table 4 is
examined, it is seen that the maximum order revenue is
3,546,483.89 TL by working 12 hours a day for seven days
a week. This amount has been obtained from the linear

TEKSTIL ve KONFEKSIYON 29(2), 2019
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function2 method using the equal weighted customer and
order criteria coefficients. When the working hours are
increased to 24 hours a day, the maximum order revenue is
calculated as 5,048,928.66 TL in a 7-day-period. This order
amount is also obtained from the linear function2 method
using the same coefficient group. The maximum order
revenue for the 12-hour-a-day scenario for 28 days was
Moora's reference point method with 8,255,614.38 TL. In
Moora methods, there is no effect of weight coefficients in
the decision process.

The results of the scenario in which the randomly generated
data set is run in the decision support system are shown in
Table 5. Working for 8 hours for 7 days, maximum order
revenue is calculated as 5,746,796.00 TL. This calculation is
obtained by running the linear functions with equal weighted
coefficients. When the number of working hours is increased
to 16, maximum order income in 7 days is given by linear
functions with equal weighted coefficients. Calculated total
order revenue was 9,768,506.00 TL.

1 2 3 4 5 6 7 8 9
| SIPARIS KAYIT  SIPARIS SIRALAMA  DOGRUSAL1 | DOGRUSAL 2| FCFS | EDD | MOORA | AGIRLIKLI MOORA | MOORA RN
ISLETME ADI ISLETME3 BAKM 10 - BASLANGIC ZAMANI 20.11.2017.07.00 11)~  PLANLAMA PERIYODU GONSAVIS) [7 |12 !
ISLEM SORELERI ms) (62790.1103 | 31044055 | 462072812 | [780.0014 608.401 496072 | (41964074 | [3744.0066
TOM DOGRUSAL DOGRUSAL AGR. MOORA |
MODELLER | FONK1 FONK2 | FCFS EDD MOORA | MOORA RN
3 4 5 6 7 8 9
TALEP A .I:IOGRUSAL FONK. 1 )
SiPARIS MOSTERI GELIS EDILEN ISLETME - - BiF | [1.972.720.62 3
NO ADI TARiHI TESLIM ADI MIKTAR BiRIM ORONADI gyl 20200
TARIHI
y i1 18.10.20170... 29.11.20170... i ; DOGRUSAL FONK 2
e 21.1020170... 05.1220170.. iSLETME3 B... 21000 METREKARE  DOKUMASIZ.. 07: | (201735233 4
3 3% 16.10.20170... 08.1220170... iSLETME3 B... 63360 METREKARE  DOKUMASIZ... 0% |
4 337 03.11.20170... |04.1220170... iSLETME3 B... 57000 METREKARE DOKUMASIZ ... 1.0 ;
§ 18 06.1120170... 04.1220170... ISLETME3B... 112320 METREKARE  DOKUMASIZ ... 0.0; i
¢ 13 31020170 22.11.20170... iSLETME3 B... 32724 METREKARE  DOKUMASIZ . 02 | pp
7 M0 021120170 09.1220170.. iSLETME3 B... 68500 METREKARE DOKUMASIZ.. 04' | [1368.88728 |6
g U 06.1120170... 29.11.20170... iSLETME3_B... 39000 METREKARE  DOKUMASIZ .. 1.
g M2 16.10.20170... 09.1220170... SLETME3B.. 21000 METREKARE  DOKUMASIZ.. 0. | MOORA _
TRE 09.1120170... 08.1220170... iSLETME3B.. 45500 METREKARE DOKUMASIZ.. 04 | [1-374.88149 7
R 21.1020170... 09.1220170... iSLETME3B... 77640 METREKARE  DOKUMASIZ .. 0.2'
: AGIRLIKLI MOORA
2 S 1.11.20170... 02.1220170... iSLETME3 B... 67680 METREKARE  DOKUMASIZ .. 14( ES T
e 021120170... 07.1220170... iSLETME3_B... 108000 METREKARE  DOKUMASIZ .. 1.1; 158 |
TR 02.11.20170... 25.11.20170... iSLETME3B... 38016 METREKARE  DOKUMASIZ... 0S¢ | o
, e 2D ; na 11 "}Iil'!“'lﬂ n 19 M17Tn iICIETUET B asnan METREVADE NV IUACI? ﬂ'J‘ X Iz'lmul?m ]g
Figure 4. Order recording and ranking form screenshot
Table 4. Comparison of total order amounts (TL) of real data by models
. Coefficient Linear Linear Weighted. MOORA
Capacity  group function1 __function2 FCFS EDD MOORA  "‘MOORA R.P.
7 days, 12 h sfjf‘zilrg;‘ts 1,663,990.63 1,663,990.63 1,684,863.40 1,864,989.83 2,806,936.00 2,033,765.26 2,806,936.00
7 days, 12 h Sg:f?ilc‘iléilt%hted 3,361,597.26 | 3,546,483.89 | 1,684,863.40 1,864,989.83 2,806,936.00 2,806,936.00 2,806,936.00
7 days, 12 h ?1‘;?3'23?;?5"” 3,361,597.26 3,361,595.89 1,684,863.40 1,864,989.83 2,806,936.00 2,806,936.00 2,806,936.00
7 days, 24 h s::;ilrg:ts 4,662,344.66 4,855,636.66 2,478,334.03 4,138,574.07 4,179,114.66 4,179,114.66 4,494,017.89
7 days, 24 h Sg:f‘;'c‘i’;i'ghted 4,662,344.66 | 5,048,928.66 | 2,478,334.03 4,138,574.07 4,179,114.66 4,179,114.66 4,494,017.89
7 days, 24 h a‘;m";ﬂ?ér‘i’;der 4,727,361.33 5,017,299.33 2,478,334.03 4,138,574.07 4,082,468.66 4,275760.66 4,977,247.89
28 days, 12 h Sf;‘;ifg;‘ts 7,479,897.43 7,479,897.43 4,518,479.45 7,728,005.15 7,600,436.07 7,383,881.66 | 8,255,614.38
28 days, 12 h Eg:;‘i'c‘i“éi'ghted 7,849,453.86 7,849,453.86 4,518,479.45 7,728,005.15 7,600,436.07 7,823,092.43 | 8,255,614.38
28 days, 12 h a‘;m";ﬁ’t‘;r‘i’;der 7,945,851.12 7,945,851.12 4,518,479.45 7,728,005.15 7,600,436.07 7,945851.12 | 8,255,614.38
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Table 5. Comparison of total order amounts (TL) of random generated data by models

. Coefficient Linear Linear Weighted. MOORA

Capacity Group function1 function2 FCFS EDD MOORA MOORA R.P.

Research 5,365,786.00 5,365,786.00  4,097,769.44 4,210,821.44 5,009,688.00 5,365,786.00  5,311,090.00
7 days, 8 h coefficients

Equal weighted | 5 746 796.00 | 5,746,796.00 | 4,007,769.44 4210,821.44 5009,688.00 5,599,786.00  5,311,090.00
7 days, 8 h coefficients

Dominantorder g5 547 39600  5517,396.00  4,007,769.44 4.210,821.44 5009,688.00 5404,836.00  5,311,090.00
7 days, 8 h main criteria

Research 8,497,217.44 8,497,217.44  8,849,137.44 8,924,337.44 8,329,137.44 8,329,137.44  9,739,206.00
7 days, 16 h  coefficients

Equal weighted | g 768 506.00 | 9,768,506.00 | 8,849,137.44 8924,337.44 8,329137.44 8099046584  9,739,206.00
7 days, 16 h  coefficients

Dominantorder ¢ 754 05600 9,720,056.00  8,849,137.44 8,924,337.44 8,329137.44 9.255226.00  9,739,206.00
7 days, 16 h  main criteria
The findings of the derived data are shown in Table 6 by quantity is again obtained with coefficients that are

considering the planned maintenance records or by ignoring
the maintenance plan. When the improved decision support
system is included in the calculation of planned
maintenance records, production capacity decreases, and
thus the order revenues decrease. The derived data were
run for 12 and 24 working hours for a 7-day-period. At the
same time, there was a change in income due to capacity
utilization, with each scenario maintenance plan included
and separately run without inclusion. In the case of working
for 12 hours a day and 7 hours a week with no maintenance
plan included, the maximum order income is given by linear
functions with coefficients that are dominated by the order
criterion. Total order amount has beencalculated as
4,636,346.81 TL in this scenario. When the maintenance
plan for the same capacity is included, the total order

dominated by the ordering criterion and linear function2.
This time, the total order amount decreased to 4,091,049.29
TL. If the maintenance plan is omitted while the working
hours are increased to 24 hours, the maximum total order
amount is calculated as 5,175,435.51 TL by Moora
reference point method using the research coefficients.
When the maintenance plansare also included in the same
scenario, the maximum total revenue recommended by the
decision support system is calculated as 4,675,502.41 TL by
the weighting coefficient, which is the predominant ordering
criterion, and Moora reference point method. In both 12
hours a day and 24 hours a day cases, the decision support
system has shown realistic results when the maintenance
plan is included in the calculation of the operational
capacity.

Table 6. Comparison of total ordered amounts (TL) of derived data by models and maintenance situations

. Coefficient Linear Linear Weighted.

Capacity group functiond function2 FCFS EDD MOORA MOORA MOORA R.P.

7 days 12 h Eﬁ;?f?cr;?ns 3,798,518.56  3,798,518.56  3,612,783.78 3,465981.07 4,433,157.03 4,048,355.79 2,828,081.91
Equal

7 days 12 h Weighted 4,106,499.58 4,106,499.58 3,612,783.78 3,465,981.07 4,433,157.03 4,251,538.84 2,890,561.50
Coefficients
Dominant

7 days 12 h Order Main 4,636,346.81 4,636,346.81 3,612,783.78 3,465,981.07 4,433,157.03 4,517,685.95 2,890,561.50
Criteria

7 days 12 h, Research

with - 2,881,509.16 3,046,471.71 3,032,738.00 3,021,756.63 3,627,350.21 3,162,347.39 2,074,101.03

A Coefficients

maintenance

7 days 12 h, Equal

with Weighted 3,360,016.23 3,5612,442.62 3,032,738.00 3,021,756.63 3,627,350.21 3,590,159.63 2,170,017.06

maintenance  Coefficients

7 days 12 h, Dominant

with Order Main 3,971,328.75 4,091,049.29 3,032,738.00 3,021,756.63 3,627,350.21 3,705,34843 2,170,017.06

maintenance  Criteria

7 days 24 hr ggz‘f*f?‘;‘;';ts 3,798518.56 379851856  3,612,783.78 3,465981.07 4,433,157.03 4,048,355.79 | 5,175,435.51
Equal

7 days 24 hr ~ Weighted 4,106,499.58 4,106,499.58 3,612,783.78 3,465,981.07 4,433,157.03 4,251,538.84 5,158,554.11
Coefficients
Dominant

7 days 24 hr ~ Order Main 4,636,346.81 4,636,346.81 3,612,783.78 3,465,981.07 4,433,157.03 4,517,685.95 5,111,979.01
Criteria

7 days 24 h, Research

with Coefficients 2,881,509.16 3,046,471.71 3,032,738.00 3,021,756.63 3,627,350.21 3,162,347.39 4,353,515.80

maintenance

7 days 24 h, Equal

with Weighted 3,360,016.23 3,5612,442.62 3,032,738.00 3,021,756.63 3,627,350.21 3,590,159.63 4,353,515.80

maintenance  Coefficients

7 days 24 h, Dominant

with Order Main 3,971,328.75 4,091,049.29 3,032,738.00 3,021,756.63 3,627,350.21 3,705,348.43 | 4,675,502.41

maintenance  Criteria
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4. CONCLUSIONS

The Moora reference point model produced maximum total
order revenue 12 times in a total of 27 planning scenarios,
run by three different weighting factors of three different
data sets. The linear function2 method produced maximum
total order revenue in 10 scenarios and linear function1 in
five scenarios. On the other hand, Moora method produced
five times, while the weighted Moora presented the best
total order revenue as decision support. Since the data sets
are entirely independent of each other, each data set is
considered in its own rather than in terms of system
performance. Because the processing of orders with
different criteria is different, the ranking and the proposed
results link only the corresponding order pool (data set).

The proposed methods in delivery date and order ranking
studies compare the performance of FCFS and EDD
methods to the performance of new methods. In this study,
FCFS and EDD methods have been found to be the most
unsuccessful methods in promising maximum order
revenue. This is consistent with the literature [1, 24-29]. The
relevant literature generally consists of theoretical studies
on processing time and cost calculations. However, in this
study, new methods have been proposed, and by going
beyond the theory, an application has been developed to
contribute to the real business process. In the same
planning group, the method of providing the best return
within the varying weight coefficients was the linear
function2 method with 6 top scores. However, the Moora
reference point method has produced the best revenue for
three times. The decision support system has also shown
that producing orders according to FCFS or EDD does not
contribute positively to a firm’s revenue. Participants of the
study do not use any process to sort orders. They accept
orders based on FCFS or EDD. For this reason, a new and
easy work process for order sorting is also proposed. All
methods used in this study, except FCFS and EDD, were
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