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In this study, a production plan proposal is made for a company that produces furniture using fuzzy
goal programming (FGP) and aim to reach Produce amount and profit goal of the decision maker.
These goals were determined to be fuzzy because they cannot be determined precisely. In the
proposed model, the number of workers in each section has been rearranged. In the case of using the
proposed model, it was suggested that the company could continue its activities by using 8% less
workers than in the previous period and the production departments would work more efficiently.

1. Introduction

objectives of decision makers is to meet the demand for
products. Production planning is one of the basic principles of

In order to minimize the loss of material, machine time and
workforce, production planning is required in modern
enterprises in order to ensure that the enterprises operate
economically. The purpose of production planning is to ensure
that the resources allocated for the respective production and
minimize the total production costs (Kogan and Khmelnitsky,
1995; Jain and Palekar, 2005). But some strategic issues may
be more important than cost minimization. One of the main
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planning for every industrial unit. It seems necessary to use a
sophisticated programming system in order to meet product’s
demands in an efficient way at different planning periods
(Mosadegh et al.,2017).

Multi-period and multiproduct production planning is a
planning activity between 3 and 18 months (Zhu et al.,2018;
Gansterer 2015). A medium-term plan is being prepared for a
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period of three months to one year (Sipper and Bulfin, 1998).
In the medium-term production planning model, it is decided
to determine the level of production and the number of labor
force should be considered each month in order to minimize
the total cost by considering demand forecasts.

In order to start the production planning, the processing times
for the machine and the employees time must be measured.
Production planning steps should be simplified. In addition, all
parameters and limitations should be taken into consideration
when planning decisions are taken and the alternatives should
be evaluated (Stevenson, 1996).

As mentioned by Wang and Liang (2004), production planning
problems with multiple conflicting targets coincide with real-
world problems. GP models aim to minimize deviations of the
parameters in the objective function. The parameters used as
deterministic the first studies on Goal programming. However,
decision-makers cannot determine the target functions,
constraints and resource values to be used in production
planning problems as flawlessly. In fact, real-world problems
often occur in an uncertain environment (Yaghoobi and Tamiz,
2007; Zhu et al., 2018). The production planning takes place
in an uncertain framework that the decision-maker must
determine. The boundaries is due to the inaccuracy of the size
of available resources (Jamalnia and Soukhakian, 2009).

Zadeh (1968) define fuzzy sets that do not have a crisply
defined membership, but rather allow objects to have grades
of membership from 0 to 1. Mamdani (1974) applied fuzzy sets
first time in order to control of dynamic plant. Zimmermann
(1975) first used fuzzy set theory in traditional Linear
Programming (LP) problems. In this study, fuzzy purposes and
fuzzy constraints are used. Bellman and Zadeh (1970)
suggested that LP programming problems could be solved by
using linear membership functions in the proposed approach.
Fuzzy linear programming solution for fuzzy optimization
methods has been developed. Finally, Hintz and Zimmermann
(1989) developed fuzzy linear programming solutions using
fuzzy optimization methods. Narasimhan 1980 first used
Fuzzy set theory in GP problems. Goals and constraints are
considered as fuzzy unlike conventional GP.

The furniture production was carried out by independent and
small-scale enterprises and labor-intensive production since
the beginning of the 1990s, furniture production has started to
change and production has begun to industrialize. In the last
twenty-five years, significant developments have been
achieved in the field of production in the sector (Yicesan,
2016).In this respect, production planning in furniture sector is
very important. In this study, it is aimed to achieve the produce
amount and profit goal of the decision maker by using FGP.
These goals were determined to be fuzzy because they cannot
be determined precisely. Also, it is aimed to reveal the
necessity of using scientific methods in these activities. FGP
applications for the furniture industry are very limited. In this
respect, this study is thought to contribute to the literature.

2. Literature review

While the use of FGP is common in many areas, studies for the
furniture industry are quite limited. In this section, some
studies with FGP are presented. Especially in recent years,
there are a lot of studies done with multi-disciplinary areas
FGP.
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Kagnicioglu et. al. (2006) uses 0-1 integer FGP in order to
solve exam assignment problem. Fuzzy model with real data
has been solved by using Max-Min approach of Bellman and
Zadeh. research assistants have been used as input for
proposed approach. They claimed that the proposed model is
effective for various data sets. Sharma et al. (2007) used FGP
to optimally allocate agricultural land. Goals such as
production, profit, water, labor requirements and machine time
are modeled as fuzzy. The aim of the proposed model is to
reach the highest membership level by taking into account the
determined tolerance values of the variables. Madadi and
Wong (2014), aim to reach the targeted quality level with a
multi-criteria FGP model in automotive parts manufacturing
company. In the proposed model, goals, resources, service
level are considered fuzzy by considering the performance and
availability of the model production lines. Khalili-Damghani
and Shahrokh (2014) proposed integrated production planning
using fuzzy mixed integer goal programming method. The
production plan is for three purposes. These objectives are
total cost minimization, service level and quality
maximization. The proposed model is compared with the
previous production plan. It is claimed that the 17% delivery
time will decrease by 37.5% if the proposed model is used.
Silva and Marins (2014) presented a production plan proposal
using a FGP model in a company producing sugar and ethanol.
Uncertainties in sugar and ethanol production are considered
fuzzy. Bhargava et al. (2015) used FGP to maximize
production capacity, maximize profit, minimize labor and
furnace use. The main purpose of the study is to meet the desire
of the decision makers. Ertugrul and Oztas (2016) aim to
generate optimal course programming, fuzzy parameters are
determined as goals. Then the fuzzy model defuzzificated with
Max-Min method developed by Bellman and Zadeh. Chen et
al. (2017) considers each customer's needs as a response
variable and design requirements as the input variable. The
aim of this study is to optimize the maximum customer
satisfaction, minimum cost and minimum technical difficulty
of DRs parameters using FGP. Mosadegh et. al.(2017) present
a FGP model with considering shortage and inventory,
overtime, idle time and manpower constraints. Gupta et. al.
(2018) presented an efficient FGP proposal to solve the multi-
product production and distribution problem. In order to
compose the efficient FGP model, fuzzy programming is
presented together with goal programming and interactive
programming. The aim of this method is to minimize
transportation costs and transportation times at the same time.
While aiming to achieve this goal, they have also taken into
consideration the parameters of budget, inventory levels,
stock, market demand and available warehouse space.
Umarusman (2018) proposed a model in order to determine
optimal system by FGP. Budget parameter is identified as a
goal. Finally, MA and Min-max approach are compared with
respectto results. Kagmaz et. al. (2018) proposed menu
planning for special patients in hospitals with using FGP. The
amount of nutrients that special patients should take cannot be
determined precisely. Therefore, the FGP approach has been
proposed as a suitable method for this problem.

Our study will contribute to the literature in some ways. Fuzzy
goal programming applications in the furniture industry are
quite rare. Moreover, in the literature search, FGP was not used
for use in furniture seating groups.
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3. Fuzzy Goal Programming

GP method is one of the main methods used in production
planning problems. Charnes and Cooper (1961), the first
implementers of the of this method, have created the goal
programming model for linear problems. The traditional GP
problem must precisely determine the target level to be
reached by the decision-makers. This is often difficult and
costly for decision-makers. Fuzzy set theory allows decision
makers to overcome this challenge.

Goals which are not determine precisely can be considered
fuzzy (Yaghoobi and Tamiz, 2007). There are three types of
fuzzy goals. The following FGP model contains these three
kinds of fuzzy goals.

(AX) <y i=1- i (1)
0

OPT (AX). >b i=ig+l--jp (2
)

(AX) _b i=jo+l-- K (3)
0

where OPT means finding an P optimal decision X such that

n
all fuzzy goals are satisfied. (AX ), =Zaijxj, i=1---K,b is
j=1

the aspiration level for the ith goal, C; is an optional set of
hard constraints as found in linear programming (LP) and the
symbol ‘~ a fuzzifier representing the imprecise fashion in
which the goals are stated.

1 (Ax)i < bi
W (AX) = lf(AxA)ii_bi b; <(AX), <h +Ag i=1,..i @)
0 | (AX), 2 b, + Ay
1 (AX). 2 bi
Hi(AX) =1- bi 7A(AX )i bi _AiL < (Ax)i < bi i:io_"]"""j‘J (5)
0 (AX); <b -4,
(AX), b,
1- bi _A(AX )i bi _AiL < (Ax)i < bi i:j0+1""’K
K (AX) = ] ©
l_w b, < (AX), <b, + A,
0 (AX), 2 b + A,

where A, and A, are chosen constants of the maximum

admissible violations from the aspiration level b;. Values are
determined by decision-makers in subjective judgments.
Fuzzy goals can be considered as a fuzzy set. Also fuzzy sets
can be expressed by triangular linear membership functions as
in Figure 1.
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Figure 1. Linear membership functions

Fuzzy goal in Fig. 1 is an example triangular linear
membership functions (TLMF) all of the above membership
functions belong to the class of problems with piecewise linear
concave membership functions (Yang et al. 1991). Yang et al.
have proposed a model to solve an FGP problem with TLMFs.
they have extended the well-known Zimmerman (1975) to
transform the problem into a conventional single objective LP
model aiming maximize A. A is a degree achievement fuzzy
function with 0 <A <1 as follows model ;

max A
st a<1-BZb G
iR
ksl—w i=1,...K
AiL
A2=0, XeC,.

A is a degree achievement fuzzy function with 0 <A <1
3.1 MINMAX Approach to FGP Problems

MINMAX (GP) was first introduced by Flavell (1976). This
proposed approach aims to minimize the deviation from the
target. It aims to achieve optimally conflicting goals. General
MINMAX goal programming (MMGP) is stated as follows (8)

min D

st o, +B;p, <D i=1,...K
(AX) +n. —p, =b i=1,...,K (8)
D,n,p, =20 i=1,...K
X eC,.

where bi is the precise aspiration level for the ith goal (i = 1, .

. ,K), ni, pi are negative and positive deviations from
aspiration value of the ith goal, o;(B;)=w, /k ni(pi) is
unwanted, otherwise o, (f; ) =0 The parameters w; and k; are
the weights reflecting preferential and normalizing purposes
attached to the achievement of the ith goal (YYaghoobi and
Tamiz, 2007).

Yaghoobi and Tamiz (2007) extend to model (8) to solve the
FGP models and showed the proposed solution stages model

).
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max A

st. (AX) —p, <hb
(AX), +n. > b,
(AX) +n, —p, =D,

i=1,...,i,

i=i, +1,...],

i=j, +1,..K

k+i p, <1 i=1,...i, 9)
AiR

}L+ini <1
iL

i=i, +1,...],

7L+ini +i p, <1
iL iR

AN, p; 20

X eC,

i=j, +1,..K

i=1,...K

4. Research method
4.1 Problem Description and Its Modeling

The Production Process consists of a total of 5 sections. These
sections are metal section, dyeing section, furnishings section,
textile processing section, sponge sizing section, and wood
processing section. There are total of 154 sub-processes. In the
metal section: 3, 13 in the dyeing section, 62 in the textile
processing section, 36 in the sponge section, 40 in the wood
section and 4 in the textile processing section. The workflows
of the 11 sitting groups are different (Ytucesan, 2016).
Production flow chart of sitting groups is given Figure 2.

Metal section
. Textile
Sponge sizing | . .
. processing Packaging
section X
section
i processing | —— dyeing section
section

Figure 2. Production flow chart of sitting groups

Production planning can be an effective tool in determining
manpower, production and, idle time and planning period. On
the other hand, a planning which aims to determine company’s
yearly production policy should take all aspects of problem
into consideration and fulfill managers’ defined goals.

Policies considered in this paper are as follow:

e First goal: Since the loss caused by delay is high,
management never accepts shortage. Managers do
not want their production to fall below a certain value
in order not to lose their existing market shares.
Therefore, managers have set a production target for
the enterprise.

e Second goal: Especially in the furniture industry
where the competition is intense, the enterprise must
provide a certain amount of profit in order to carry
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out its activities in a healthy manner. Therefore,
another objective of the enterprise is profit.

e Third goal: Managers always want workstations to
work balanced. Thus, it is possible to pass the
bottlenecks that will limit the production. It will also
guide new products to be designed in the future.

The operational conditions together with the assumptions of
the model are as follows.

(i) It is assumed that production planning inputs do not change
for a year.

(i) It is assumed that the inventory level stock is not zero.

(iii) It is assumed that the labor force working on the machines
in the furniture production line did not change during the
period of the planning.

(iv) The initial product quantity for all products is zero.
(v) Maintenance and failure of the machines aren’t considered

(vi) No further operation can be started on that workstation
unless an operation is completed.

(vii) A process initiated on a workstation is continued
continuously until it finishes.

(viii) Between workstations, the transport times of the products
are considered within the processing times and these periods
are independent of the way they are transported.

(iix) Production route of each product is determined. It will not
change during the periods.

(ix) There is no overtime in the enterprise.

(X) The tempo is assumed to be 100% when calculating time
studies.

(xi) In production planning, working time is assumed to be 7
hours in one day. 1 hour reserved for maintenance and
unexpected errors. Also, the proposed production plan is
considered as 3 months.

(x) Some parameters that cannot be determined precisely
considered to fuzzy.

(xi) The tolerance values used in the model are determined by
the  decision-makers using their information and
interpretations.

4.2. Problem Modeling

The following notations are used for the fuzzy target
programming model. The proposed model is solved in LINGO
18.0. LINGO is designed to solve mathematical optimization
problems. It is very common to use this program since its user
friendly and compact.

yi: product quantity of i
ci: living room cost of i

wij: usage coefficient of component y; sub-processes j.
d,, : maximum work time of the workstation

b1: the aspiration level for the profit goal

b2: the aspiration level for the production goal
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Ag, A :chosen constants of the maximum admissible
violations from the aspiration level bi

Wi1s, W1, W17, W1g W1g Woo : number of workers in work stations.

tm15, tml6, tml17, tml8, tm19, tm20: percent use of
workstations

max A (10)
11

Dy +n —p, =3470 (12)
i=1

11

2 ((pry;)—(co,y, ))+n, > 3650000 (12)
i=1

tmlS—tml7+n, - p, =0 (13)
tml7 —-tm19+n, - p, =0 (14)
tm19—-tm20+n,—p, =0 (15)
A+(1/200)n, +(1/200)p, <1 (16)
A+(1/15000)n, <1 a7
A+(1/18000)n, +(1/18000)p, <1 (18)
A+(1/18000)n, +(1/18000)p, <1 (19)
A+(1/18000)n, +(1/18000)p, <1 (20)
11 3

DD (o Y ) S (80 1 W) (21)
i=1 j=1

11 13

Zz (“15,j Yi ) < (815 / W15 ) (22)
i=1 j=1

11 62

ZZ(UNJ yij ) < 617 / W, ) (23)
i=1 j=1

11 36

ZZ(“J_SJ yij ) < 818 / Wig ) (24)
i=1 j=1

11 40

Zz(ulg,j yij ) < 819 / W19 ) (25)
i=1 j=1

11 4

ZZ("J’lQ,j yij ) < 616 / Wie ) (26)
i=1 j=1

Prs P2y Psi Pys PsiMysN,,N5,N,,Ng 20

y. 20, i=1,...,11

The following fuzzy goal programming model is given. In this
model, it is aimed to reach the targets of production, profit and
balance the work stations working times. For this purpose, it is
aimed to minimize deviation variables which are indicative of
the difference in working time of workstations. It is not
possible for all workstations to work together in equal time.
m15, m17, m19, m20 workstations are intended to work in
equal time.

Eq.(10) is the objective and A is a degree achievement fuzzy
goals with 0 < A <1Eq (11) and Eq. (12) refers to production
and profit goal respectively. Eq.(13-15) is set for the goal of
balance to work staions working time. n; and p; are the negative
and positive deviation variables for the ith goal. Eq.(16-20)
refer designate both left and right admissible violations for the
fuzzy goals. Eq. (21-26) constraints of workstations. Eq.(21)
represent maximum working level of metal section. j refers the
subprocess quantity, 3 sub-processes of 11 products are
performed in metal section. (5, /W, ) refers maximum

working time of this sections. this value is determined by the

Yiicesan, M. & Zengin, H. / Anemon Mus Alparslan Universitesi Sosyal Bilimler Dergisi, 2019 7(4) 141-147

decision maker at 2073600 second. tm15-20 variables indicate
the usage capacity of workstations. They calculate with
workstation active time which is find from the GP model.

5. Results of the FGP model application

The profit of the proposed production plan is 3650759 and the
associated A value is 0.86. The results show that the degree of
satisfaction of the decision maker is appropriate. The profit
that can be obtained according to the proposed plan is 3650759
TL and the amount of the product is estimated 3498 living
groups. Other outputs of the proposed model are shown in
Table 1.

Table 1. Outputs of the proposed model

A 0.873

ny 0

n, 313.7785
N3 0

N4 0

Ns 0

p1 25

Ps 20118.67
Pa 2274.233
Ps 2272.933
Profit 3783563
Production 3495
tm20 (%)  98.80993
tm15 (%)  99.99945
tml7 (%)  99.02922
tm18 (%) 100
tm16 (%) 86.91737
tm19 (%) 98.91954

Labor costs have an important place in the production of the
sitting groups. In order to reorganize the number of workers,
the current period was analyzed and the number of workers
was rearranged. At the beginning of the study group, a total of
164 people were employed at the previous production plan,
including seven at tml5, forty-eight at tm16, five at tm17,
thirty at tm18, ten at tm19, and four at tm20. According to the
proposed model, it will be able to continue its operations if
four at tm15, forty-five at tm16, sixty at tm17, thirty-one at
tm18, five at tm19, three at tm20. If the proposed model is
used, the company's activities can be sustained by using
approximately 8% less workers. In addition, workstations will
be used more efficiently in the proposed model. The
comparison of the proposed model with the previous period is
shown in Figure 3.
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20

tm20 tm15 tm17 tm18 tm16 tm19

E Proposed production plan @ previous production plan

Figure 3. Comparison of proposed plans with previous
6. Conclusions and Future Research Directions

In the past years, furniture production was realized in small
workshops and low production volumes. Due to today's
competitive conditions, furniture production has started to
move from labor-intensive production to technology-
supported series production. Production volumes increased,
prices decreased and competition increased. In today's
competitive conditions, the continuity of the enterprises is
possible with the most effective use of the production facilities
available.

The fact that production planning problems depend on many
parameters and the objectives contradict each other make the
decision-makers work very hard. The complex and difficult-
to-solve decision problems have to be simplified by various
assumptions. In order to solve the production planning
problem, some assumptions have been made and production
planning problem has been made suitable for solution by goal
programming.

Businesses should either improve their production
opportunities or use existing opportunities effectively to
increase profits. Due to the structure of the furniture
companies, it is a difficult and costly process to increase the
production opportunities in the short term. In this study, it is
assumed that the production facilities are fixed and it is aimed
to reach the goals determined by the existing opportunities.
This study presents an FGP model that can be used in decision
making processes for an enterprise that produces production
under uncertainty in the furniture industry. FGP provides many
advantages to decision makers. The most important of these
advantages is that working time which is not determined
precisely and targets can be expressed as fuzzy.

Based on the proposed production plan model, new results can
be obtained for different purposes by changing the number of
different product numbers, types and working periods in the
future periods. Thus, the usage rates and profitability of
workstations can be determined. After the production plan has
been created, a production schedule can be created using this
plan. In addition to the objectives in the proposed model, new
goals can be considered in new models to be developed in
order to increase product quality based on raw materials
suppliers and prices.

146

References

Application of fuzzy algorithms for control of simple dynamic
plant. In Proceedings of the institution of electrical
engineers (Vol. 121, No. 12, pp. 1585-1588). IET.

Bellman, R. E., & Zadeh, L. A. (1970). Decision-making in a
fuzzy environment. Management science, 17(4), B-141.

Bhargava, A. K., Singh, S. R., & Bansal, D. (2015). Fuzzy
Goal Programming techniques for production planning in
industry. International Journal of Computer Applications
Technology and Research, 4(2), 92-6.

Charnes, A., & Cooper, W. W. (1961). Management models
and industrial applications of linear programming (No.
339.23 C4).

Chen, L. H., & Tsai, F. C. (2001). Fuzzy goal programming
with different importance and priorities. European Journal
of Operational Research, 133(3), 548-556.

Chen, L. H., Ko, W. C., & Yeh, F. T. (2017). Approach based
on fuzzy goal programing and quality function deployment
for new product planning. European Journal of
Operational Research, 259(2), 654-663.

Da Silva, A. F., & Marins, F. A. S. (2014). A Fuzzy Goal
Programming model for solving aggregate production-
planning problems under uncertainty: A case study in a
Brazilian sugar mill. Energy Economics, 45, 196-204.

Ertugrul, 1., & Oztas, G. Z. (2016). Ders programi
olugturulmasinda 0-1 tam sayili bulamik hedef
programlama yaklasimi. Omer Halis demir iiniversitesi
iktisadi ve idari bilimler fakiiltesi dergisi, 9(1), 159-177.

Flavell, R. B. (1976). A new goal
formulation. Omega, 4(6), 731-732.

Fung, R. Y., Tang, J., & Wang, D. (2003). Multiproduct
aggregate production planning with fuzzy demands and
fuzzy capacities. IEEE Transactions on systems, man, and
cybernetics-Part A: Systems and humans, 33(3), 302-313.

Gansterer, M. (2015). Aggregate planning and forecasting in
make-to-order production systems. International Journal
of Production Economics, 170, 521-528.

Gir, S., Hamurcu, M., & Eren, T. (2017). Ankara’da Monoray
projelerinin analitik hiyerarsi prosesi ve 0-1 hedef
programlama  yontemleri  ile  se¢imi. Pamukkale
Universitesi Miihendislik Bilimleri Dergisi, 23(4), 437-
443.

Hintz, G. W., & Zimmermann, H. J. (1989). A method to
control flexible manufacturing systems. European Journal
of Operational Research, 41(3), 321-334.

Jain, A., & Palekar, U. S. (2005). Aggregate production
planning for a continuous reconfigurable manufacturing
process. Computers & operations research, 32(5), 1213-
1236.

Jamalnia, A., & Soukhakian, M. A. (2009). A hybrid fuzzy
goal programming approach with different goal priorities
to aggregate production planning. Computers & Industrial
Engineering, 56(4), 1474-1486.

Kagmaz, S., Sengiil, N., & Eren, T. O. (2018). Hastanelerde
Ozel Hastalar icin Bulanik Hedef Programlama ile Menii

programming



147

Planlamasi. Beykent Universitesi Fen ve Miihendislik
Bilimleri Dergisi, 11(1), 1-37.

Kagnicioglu, C. H., & Yildiz, A. (2006). 0-1 tamsayil1 bulanik
hedef programlama yaklagimi ile sinav goérevi atama
probleminin ¢oziimii. Anadolu Universitesi Bilim ve
Teknoloji Dergisi A - Uygulamali Bilimler ve Mithendislik
dergisi, 7(2).

Khalili-Damghani, K., & Shahrokh, A. (2014). Solving a new
multi-period multi-objective multi-product aggregate
production planning problem using fuzzy goal
programming. Industrial Engineering & Management
Systems, 13(4), 369-382.

Kogan, K., & Khmelnitsky, E. (1995). An optimal control
method for aggregate production planning in large-scale
manufacturing systems with capacity expansion and
deterioration. Computers & industrial engineering, 28(4),
851-859.

Madadi, N., & Wong, K. Y. (2014). A multiobjective fuzzy
aggregate production planning model considering real
capacity and quality of products. Mathematical Problems
in Engineering, 2014.

Mosadegh, H., Khakbazan, E., Salmasnia, A., & Mokhtari, H.
(2017). A fuzzy multi-objective goal programming model
for solving an aggregate production planning problem with
uncertainty. International Journal of Information and
Decision Sciences, 9(2), 97-115.

Mosadegh, H., Khakbazan, E., Salmasnia, A., & Mokhtari, H.
(2017). A fuzzy multi-objective goal programming model
for solving an aggregate production planning problem with
uncertainty. International Journal of Information and
Decision Sciences, 9(2), 97-115.

Narasimhan, R. (1980). Goal programming in a fuzzy
environment. Decision sciences, 11(2), 325-336.

Ozcan, U., & Toklu, B. (2009). Multiple-criteria decision-
making in two-sided assembly line balancing: A goal
programming and a fuzzy goal programming
models. Computers & Operations Research, 36(6), 1955-
1965.

Sipper, D., Bulfin, R. L., Gonzalez Osuna, M., & Hernandez
Garcia, S. (1998). Production: planning, control, and
integration.

Yiicesan, M. & Zengin, H. / Anemon Mus Alparslan Universitesi Sosyal Bilimler Dergisi, 2019 7(4) 141-147

Stevenson, W. J., & van Ness, P. (1999). Study guide for use
with Production/operations management. Irwin McGraw-
Hill.

Umarusman, N. (2018). Optimal Sistem Tasarmm Icin
Minmaks Tabanli  Bulamik Hedef Programlama
Kullanimi. Alphanumeric Journal, 6(1), 177-192.

Wang, R. C., & Fang, H. H. (2001). Aggregate production
planning with multiple objectives in a fuzzy
environment. European  Journal  of  Operational
Research, 133(3), 521-536.

Wang, R. C., & Liang, T. F. (2004). Application of fuzzy
multi-objective  linear programming to aggregate
production planning. Computers & Industrial
Engineering, 46(1), 17-41.

Yaghoobi, M. A., & Tamiz, M. (2007). A method for solving
fuzzy goal programming problems based on MINMAX
approach. European Journal of Operational
Research, 177(3), 1580-1590.

Yang, T., Ignizio, J. P, & Kim, H. J. (1991). Fuzzy
programming with nonlinear membership functions:

piecewise linear approximation. Fuzzy sets and
systems, 41(1), 39-53.

Yiicesan M. (2016). Biitiinlesik tiretim planlamasi
uygulamasi: Mobilya sektérii  Ornegi, Unpublished

Doctoral Thesis, Karadeniz Teknik Universitesi Sosyal
Bilimler Enstitiisii, Trabzon.

Zadeh, L. A. (1968). Probability measures of fuzzy
events. Journal  of  mathematical analysis and
applications, 23(2), 421-427. Mamdani, E. H. (1974,
December).

Zadeh, L.A., (1965). Fuzzy sets. Inf. Control. 8, 338—-353.

Zhu, B., Hui, J., Zhang, F., & He, L. (2018). An Interval
Programming Approach for Multi-period and Multi-
product Aggregate Production Planning by Considering
the Decision Maker’s Preference. International Journal of
Fuzzy Systems, 20(3), 1015-1026.

Zimmermann, H. J. (1975). Description and optimization of
fuzzy systems. International Journal of General
System, 2(1), 209-215.






