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ABSTRACT 

The garment supply chain is one of the most common supply chains in the world. In this supply chain, quality and cost 
are the most important factors that are strongly related to the selection of suppliers and the allocation of orders to 
them. Accordingly, the purpose of this paper is to integrate decisions for supplier selection, order allocation, and mul-
ti-source, multi-mode, multi-product shipping plans with consideration of discounts under uncertainty. For this pur-
pose, a multi-objective mixed-integer mathematical model is presented, including the objectives of minimizing costs 
and products with delays and maximizing the total purchase value. In this mathematical model, the policy of purchas-
ing materials and determining the number and type of transport equipment are specified. To solve this mathematical 
model, a goal-flexible programming approach with a utility function is presented. In the solution algorithm, a new 
possibility-flexible programming method has been developed to deal with the uncertainties in the model, which is 
based on the expected value method and chance constraint. Finally, using a numerical problem, the establishment of 
the above model in the garment supply chain is investigated. As indicated by the outcomes, the proposed model was 
touchy to certain boundaries, including blended leaders’ mentality, a boundary identified with fluffy imperatives, and 
the degree of certainty characterized by the chief for not exactly equivalent limitations. 
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1. INTRODUCTION 

Supplier selection is a strategic process that deter-
mines the long-term survival of a company and plays a 
key role in achieving the competitive goals of a supply 
chain (Chan et al., 2008; Hammami et al., 2014). The 
share of purchase costs in the price of goods is about 60% 
in some industries and choosing suppliers and purchase 
planning are considerably important in reducing costs 
(Ballou, 2004). Among the globalized industries, attention 
has been paid to the garment industry both in terms of 
participating components and in terms of the complexity 

of the chain. On the other hand, most companies seek to 
produce high-quality products at a low cost, and the activ-
ities in the garment industry are related to the human-
machine system. Therefore, the wages of human re-
sources are a large part of production costs. Since salary 
rates are often lower in developing countries, clothing 
products can be produced in other countries at lower costs, 
which is a reason for the increased importance of global 
resources in the garment industry (Su et al., 2005). The 
purchasing process along with other logistic decisions, 
such as determining the type and number of vehicles for 
the relocation of purchased items, lead to the integration 
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of physical supply channel decisions. Since the transpor-
tation cost is often separate from the purchasing cost, the 
number and cost of means of transportation are important 
due to the limited capacity of vehicles. The importance of 
this issue increases when suppliers stimulate order levels 
as well by offering discounts. Therefore, integration of 
transportation decision-making and delivery modes along 
with other inbound logistic decisions for inventory man-
agement and order allocation help improve the supply 
chain performance.  

The accurate estimation of the system’s parameters 
is a difficult process in decisions related to plans for pur-
chasing raw materials in the global supply chain. In this 
area, values such as transportation and purchasing costs, 
as well as demands and capacities are considered as defi-
nite default while they are naturally fuzzy and inaccurate. 
(Baghernejad and Fiuzat, 2021; Abdollahbeigi et al., 2020; 
Barmasi, 2020). As mentioned by Ghasemy Yaghin et al. 
(2015). There are also shortcomings in probabilistic and 
statistical models. For instance, a lack of correlation is 
assumed between the residuals in the popular and widely 
used method of least squares in estimating parameters, 
which is extremely limiting. This is significantly impor-
tant in industries such as garment where adequate histori-
cal data does not exist for some of the new products. In 
addition, the theory of fuzzy sets is introduced as an alter-
native approach by considering intrinsic uncertainty (lack 
of data). Lack of attention to intrinsic uncertainty in im-
portant input of a logistic issue such as transportation 
costs and demand and applying management decisions as 
strict constraints without any deviations often leads to the 
poor performance of procurement planning in execution. 
In the modern world, order allocation and determining the 
amount of purchase have become significantly important 
considering the extensive competition and the existence 
of several sources of supply. Therefore, various articles 
have been prepared in this field, and an integrated model 
of distribution of fuzzy quality performance and multi-
objective linear programming globally has been proposed 
by Kumar et al. (2011). In addition, Ghodsypour and 
O’Brien (2001), presented a non-linear programming 
model of complex integers to solve the multiple sourcing 
problem. In this regard, other researchers such as Demir-
tas and Üstün, (2008), Hamdan and Cheaitou (2016), 
Razmi et al. (2009), Kumar et al. (2004), and Keskin et al. 
(2010), have developed a model to solve the discussed 
issue. On the other hand, given the importance of trans-
portation costs in the replenishment of the inventory and 
decisions of the supplier, various articles have presented 
models in this field (Pazhani et al., 2016; Songhori et al., 
2011; Ghorbani et al., 2012; Díaz-Madroñero et al., 2014; 
Díaz-Madroñero et al., 2017). 

Exchange-rate volatility is one of the controversial 
issues of buying abroad in the global supply chain litera-
ture. Therefore, Hu and Motwani (2013), proposed a 

model to minimize the risks of price reduction in relation 
to the supplier. In the same field, Hammami et al. (2014), 
proposed a mixed integer model based on the random 
planning method while considering exchange-rate volatil-
ity and discount price. In addition, other studies have fo-
cused on modeling in this area (Prasanna Venkatesan and 
Goh, 2016; Çebi and Otay, 2016). In another paper, Tora-
bi and Torabi and Hassini (2009) presented a multi-
objective model by considering multilevel production 
planning, purchase, and distribution programming in a 
multilevel supply chain network with several suppliers, 
multiple production plants, and multiple distribution cen-
ters in the automotive industry. Garment production com-
panies have developed global sourcing not only for a 
competitive price but also for focusing on the key capa-
bilities and productivity management in a competitive age. 
Global brands such as Gap (California, the United States), 
H&M (Stockholm, Sweden), and Uniqlo (Yamaguchi, 
Japan) are examples of brands that have had successful 
domestic production without a context (Kim, 2012). The 
globalization of the garment industry was initiated when 
clothing companies of the United Stated moved their op-
erations to Asia in search of cheaper production (Bona-
cich et al., 1994). In general, few articles have evaluated 
global resourcing changes and models, especially in the 
garment industry (Kim, 2012). In this research path in the 
field of the garment industry, some articles have only 
focused on the topic of supplier selection with a single-
source strategy and have overlooked order allocation 
worldwide (Teng and Jaramillo, 2005; Koprulu and Al-
bayrakoglu, 2017; Baskaran et al., 2012). For instance, 
Adhikari et al. (2020) studied the garment supply chain 
under uncertainty of demand and proposed a risk-based 
mechanism. In addition, the effect of the wholesale price 
and retail price on garment supply chain efficiency has 
been assessed. Musau (2021) evaluated sustainability in 
the garment supply chain, where the chain value was ana-
lyzed based on economic, environmental, and social in-
dexes. Accordingly, the purpose of this paper is to inte-
grate decisions for supplier selection, order allocation, 
and multi-source, multi-mode, multi-product shipping 
plans with consideration of discounts under uncertainty.  

In this regard, decisions related to purchasing raw 
materials and shipping schedule with multiple transporta-
tion modes at any discount level are considered in a fuzzy 
environment. With regard to the existing articles, the 
present study aimed to present a multi-objective mixed 
possibility-flexible programming approach in the field of 
the garment industry to fill the literature gap. Based on 
the available literature, limited articles have focused on 
global resourcing in the garment industry in the field of 
global purchasing, and most papers have analyzed pur-
chasing decisions under certainty. Meanwhile, there is 
uncertainty in the area of decisions in the supply chain, 
and the main uncertainty is considered in the parameters 
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existing in the model. In addition, despite multilevel dis-
counts of simultaneous study of integrated purchasing and 
transportation decisions in a multi-product and multi-
source, there are a few articles available in this area. The 
remainder of this paper is structured as follows: section 2 
provides problem definitions and assumptions, section 3 
explains the mathematical model and solution algorithm, 
section 4 provides computational results in the garment 
industry and section 5 concludes.  

2. METHODOLOGY 

Consider a supply chain that faces a product supply 
planning issue and has attempted to make raw material 
purchasing decisions (e.g., textile), select purchasing re-
sources, and plan the global transportation of products 

globally under uncertainty. On one hand, providing dis-
counts by suppliers affects the amount of order and pur-
chasing cost and can act as a competitive factor among 
the suppliers. There are various types of discounts, one of 
which depends on the total value of sales volume – not in 
the amount or type of purchased products - over a period. 
With the emergence of the concept of timely purchasing, 
suppliers concluded that discounts were significant based 
on the total value of orders of several products (i.e., total 
business volume) that are ordered by a buyer (Xia and 
Wu, 2007). In addition, different types of transportation 
modes with various volumes and different volumes of 
items to be ordered affect the number of means of trans-
portation for shipping of products and their transportation 
costs, especially at the global level. Decisions about the 
type and number of means of transportation that are si-
multaneously made with order allocation prevent addi-

Table 1. Mathematical model information 
Type  Variable  Descriptions of variables 

Indexes  

1. .g G= …  Index related to the type of mode of transport 
1. .Jj= …  Index related to the type of products (textile) 
1. .i I= …  Index related to suppliers (textile weaving units) 
1. .k K= …  Index related to objective functions 

1. .l L= …  Index related to less-than-or-equal fuzzy constraints 

Parameters  

ijp  Unit price (square meters) of j-th product (textile) from the i-th weaving unit in fuzzy environment 
ijgL  Percentage of product j delivered late by the i-th weaving unit by the g-th mode in fuzzy environment 

iCC  The score of the i-th weaving unit  
  jN  Total purchase of the j-th product from weaving units in fuzzy environment (in m2) 

i jS  The capacity of the i-th weaving unit for the j-th product in fuzzy environment (m2) 
.k minf  The minimum level of satisfaction of the k-th objective function 
.k maxf  The maximum level of satisfaction of the k-th objective function  
d
kw  Importance of the k-th objective function in fuzzy environment  
kw δ  Weight related to  in fuzzy environment  

     iR  Range of discounts of the i-th weaving unit  

im  The number of discount levels in the discount program of the i-th weaving unit  
r  Discount level (rmi 1)  

ird  
Discount coefficient related to the r-th level in the discount program of the i-th weaving unit in fuzzy 
environment (in percentage)

irb  High limit at the r-th level in the discount program of the i-th weaving unit  

ijO  
The mean number of damages in a bolt (90 m2) of textile type j from the i-th weaving unit in a fuzzy 
environment  

ijOS  The maximum number of damages in the textile type j at the i-th weaving unit in each bolt  
gVC  The rate of transportation cost for the g-th mode   

igdd  Distance from the i-th weaving unit to the buyer with the g-th mode (km) 
jv  The amount of fabric in the bolt of the textile type j (in m3 or cm3)  

gVT  Volume (capacity) of the g-th mode in (m3 or cm3) 

iTC  The maximum cost of transportation from the i-th weaving unit in the fuzzy environment (determined 
by the manufacturer) 

( )kf x  The k-th linear objective function  
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tional transportation costs and lead to determining the 
required number of means of transportation proportional 
to the number of purchases per period. Ultimately, the 
central organization seeks to determine the following 
programs in an integrated manner in a multi-objective 
environment:   

•Raw material purchasing program: includes decid-
ing about purchasing source determination and 
purchasing volume at any discount level offered 
by potential suppliers.  

•Transportation program: includes deciding about 
the number of means of transportation required for 
each transportation mode. In fact, this program 
specifies that each supplier, if selected, will ship 
the goods by how long and how many means of 
transportation. 

 
The symbols and parameters used for modeling are 

presented in the table below.  
A hypothesis was considered for modeling the prob-

lem, which included the number of purchases from each 
source, taking into account the capacity of suppliers, is 
limited to the total amount of purchases from sources and 
the capacity of means of transportation. In addition, an 
upper limit is considered for the total damages in pur-
chased textile given the important role of fabric quality in 
the final product. In addition, the percentage of delayed 
products is considered for each supplier based on their 
background. There is a predetermined set of potential 
suppliers, and a multi-level discount program is proposed 

by the suppliers. In other words, the discount percentage 
increases with increased total purchase volume. Moreover, 
all suppliers offer one type of discount (business volume 
discount with similar discount levels). The purchasing 
company is not responsible for the delivery of products. 
Therefore, the buyer only pays the variable cost based on 
“distance”. Furthermore, there are various modes of 
transportation for delivering the purchased items to buy-
ers by suppliers. Symmetric triangular fuzzy numbers are 
used to model uncertainty in parameters.  

In this section, we first developed a multi-objective 
mathematical model. We considered three objective func-
tions (equations one-three) including maximizing the total 
purchase value (f1), minimizing the logistic costs includ-
ing purchasing and transportation (f2), and minimizing 
delayed deliveries (f3). 

1
1 1

( )
J I

i ij
j i

f x cc x
= =

=∑∑  (1) 

( )2
1 1 1

( ) 1
i

I I G

ir ir g ig ig
i r R i g

f x d V VC dd n
= ∈ = =

= − + × ×∑∑ ∑∑  (2) 

3
1 1

( )
J I

ij ij
j i

f x L x
= =

=∑∑  (3) 

                              
1

         
I

ij j
i

x N j
=

= ∀∑  (4) 

                                    ,          ij ijx S i j≤ ∀  (5) 

Table 1. Mathematical model information (Continued) 

Decision- 
making  
variables  

kg  Satisfaction level/target of the k-th objective function  
kmg  The satisfaction level/target m of the k-th objective function   

β The probability of fuzzy equality constraint  
ε  The optimistic-pessimistic parameter to determine the mixed decision-makers’ attitude  
Θ The level of confidence defined by the decision-maker to satisfy greater-than-or-equal fuzzy constraints
Γ  The level of confidence defined by the decision-maker to satisfy less-than-or-equal fuzzy constraints
α  Fuzzy parameter related to fuzzy constraints (in the method of flexible programming for unequal 

constraints) 
dl The amount exceeding the value on the right of each less-than-or-equal fuzzy constraint 
xij  The rate of the order of the textile type j in m2 to the i-th weaving unit (m2) 

irV  The volume (amount) of business (commercial) purchased from the i-th weaving unit at the r-th level 

iru  
The binary variable is equal to one in case of the volume of the business purchased from the i-th 
weaving unit at the r-th discount level nig the number of means of transportation of the g-th mode 
from the i-th weaving unit 

ijgQ  The amount of delivery of the textile type j (in m2) to the i-th weaving unit with the transportation 
mode g (m2) 

igh  The binary variable will be equal to one if the order is transferred from the i-th weaving unit by the mode g

Covariates 

ky   Continuous decision variable related to the k-th objective function (covariate for solving ideal planning)

kd+  The upper limit (positive deviation) of the k-th target  

kd −  The lower limit (positive deviation) of the k-th target  
λ k  The value of the utility for the k-th objective function  
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=
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∑  (11) 

,g ig ig i igVC dd n TC h i g× × ≤ × ∀  (12) 

1

1        
G

ig
g

h i
=

= ∀∑  (13) 

{ }0.1                                        ,      iru i r∈ ∀  (14) 

{ }0.1                                       ,   igh i r∈ ∀  (15) 

                                          ,ijx i j∀  (16) 

0                                         ,       ijgQ i j≥ ∀  (17) 

0.ign i g≥ ∀  (18) 

In the mentioned constraints, constraint (Su et al., 
2005) was related to the corporation’s purchasing policy, 
in a way that the total number of orders made by suppliers 
for a product is equal to a specific amount. Constraint (5) 
was related to the capacity of each supplier, and constraint 
(6) showed the total business volume purchased from 
each supplier. In addition, constraint (7) claims that in 
order to use the discount on a purchase from the supplier, 
the volume of the purchased business should be greater-
than-or-equal to the maximum business volume at the 
previous discount level and smaller than the maximum 
business volume at the current discount level. Constraint 
(8) guarantees that purchasing can be made only at one of 
the discount levels presented by the supplier. Constraint 
(9) is related to the number of damages in each bolt of 
textile. Since each bolt is considered to contain 90 m2 of 
textile, the number of orders is divided by 90 to obtain the 
number of 90-m2 bolts. In addition, constraint (10) shows 
the relationship between the delivered amount with the 
transportation mode and the amount of order from each 
resource. Constraint (11) is related to the number of 
means of transportation from each mode of transport and 
each supplier. Moreover, constraints (12) and (13) are 
related to the transportation cost of each mode. In fact, a 
maximum transportation cost is considered for each sup-

plier. Ultimately, constraints (14) and (15) are related to 
the binary variable, whereas constraints (16) and (17) are 
related to non-negative variables, and constraint (18) is 
related to the integer variable. 

3. RESULTS AND DISCUSSION 

The developed model is a multi-objective model in 
the form of linear programming with integer variables. 
Chang (2011) has developed a new approach entitled 
“multi-choice goal programming with utility functions”. 
Given the uncertainty at the objective/satisfaction level, it 
would be easier for the decision-maker to determine a 
range of objectives or satisfaction instead of a single-level 
target. In this model, the decision-maker seeks to achieve 
maximum utility. The ideal multi-choice planning with 
utility function is, as follows, where d

kw 	 is the impor-
tance (weight) of the objective k and δ

kw  is the weight 
related to kδ

− . 

( )( )
1

K
d
k k k k k

k

min w d d wδδ− + −

=

+ +∑  (19) 

s.t. 

,

, ,

k max k
k

k max k min

f y
k

f f
λ

−
≤ ∀

−  (20) 

( ) kk k k kf x d d y− ++ + = ∀  (21) 

, kk rin k k maxf y f≤ ≤ ∀  (22) 

1 kk kλ δ+ = ∀  (23) 

. 0 kk kd d− + = ∀  (24) 

. . . 0 kk k k kd d δ λ+ − ≥ ∀  (25) 

In the proposed model, constraints of (3-19) for the 
second and third functions and constraints of (4) and (6) 
are considered to be almost equal and fuzzy, which indi-
cated their relative satisfaction. In addition, fuzzy parame-
ters exist in constraints of (3-19) per the second and third 
objective functions. Moreover, the weights related to d+k, 
d-k and δ-k could be considered as fuzzy since the deci-
sion-maker may not be able to express the significance of 
each objective function with an exact value. Therefore, 
due to the fuzzy nature of some mathematical parameters 
and symbols in the original model, it is necessary to first 
de-fuzzy the fuzzy mathematical parameters and symbols. 
Accordingly, the broad state of the fuzzy model of multi-
selective ideal programming with the utility function is 
expressed separately as follows. The body-wide fuzzy 
modeling of ideal multi-objective planning with utility 
function is expressed separately, as follows: 
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Given the uncertainty in mathematical symbols, the 
mathematical symbols must first be de-fuzzified, and the 
fuzzy parameters of the created model are de-fuzzified. In 
general, there are two types of fuzzy constraints: 1) equal 
fuzzy constraints and 2) non-equal constraints, for defuz-
zification of which a possibility-flexible programming 
approach has been developed.  

In this article, we deal with constraints that both 
have fuzzy parameters and equality is established in a 
fuzzy manner. These constraints included (4), (6), (22), 
and (23). A defuzzification method of these constraints is 
using the method developed by Parra et al. (2005) Using 
the expected range, the fuzzy equality constraint encom-
passing fuzzy parameters is turned into two definite con-
straints. If is assumed as a triangular fuzzy number 

( , , )L c Ra a a a= , its expected range will be, as follows: 

[ ] ( ) ,EI( ) ,
2 2

L C C R
L R a a aa aEI E aI a

⎡ ⎤+ +⎡ ⎤ ⎢ ⎥= =⎢ ⎥⎣ ⎦ ⎢ ⎥⎣ ⎦
 (30)  

Therefore, using the model of Parra et al. (2005) the 
fuzzy equality constraints of (4), (6), (22), and (23) will 
be defuzzied, as followed: 
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In the proposed model, some unequal constraints are 
considered flexible (fuzzy inequality), which are men-
tioned below:  

,

, ,

   for 1.2.3k max k
k

k max k min

f y
k

f f
λ

−
≤ =

−  (39) 

, , 1.2f .3ork min k k maxf y f k≤ ≤ =  (40) 

ij ijx S≤  (41) 

Various methods have been proposed to deal with 
this group of constraints, one of which is the technique by 
Cadenas and Verdegay (1997), which was previously 
applied in the article (Ghasemy Yaghin et al., 2013). In 
this method, a value for allowed violation from the right 
is considered the desired limit. According to Cadenas and 
Verdegay (1997), if a mathematical planning model exists 
with the following constraints, the constraint with a fuzzy 
symbol can be replaced by the constraint presented below 
(right side).  

( )1ij i g i i
i

a x b d j Mα≤ + − ∀ ∈∑  (42) 

     {1. . }ij i i
i

a x b j M m≤ ∀ ∈ = …∑  (43) 

On the other hand, since some constraints existing in 
the proposed model have fuzzy parameters on their right 
side, the desired constraint will be as follows using (Zha-
lechian et al., 2017). 

( )1ij i i ij i g i i
i i

a x b a x d jb Mα≤ ⇒ ≤ ⊕ + − ∀ ∈∑ ∑  (44) 

According to the equation above, the symbol of g	  is related to the g linear ranking function. Based on 
Cadenas and Verdegay (1997) it is proven that fuzzy in-
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equality constraint is turned into the right-side constraint 
in equitation (37) and is defuzzied. More descriptions on 
the matter are presented in articles (Ghasemy Yaghin et 
al., 2013) and (Zhalechian et al., 2017). Therefore, the 
fuzzy inequality constraints are defuzzied based on the 
proposed model.  

( )1, 1 1
1 1

1, 1,

d 1max

max min

f y
f f

λ α
⎛ ⎞− ⎟⎜ ⎟⎜≤ + −⎟⎜ ⎟⎟⎜ −⎝ ⎠

 (45) 

( )2, 2 1
2 2

2, 2,

d 1max

max min

f y
f f

λ α
⎛ ⎞− ⎟⎜ ⎟⎜≤ + −⎟⎜ ⎟⎟⎜ −⎝ ⎠

 (46) 

( )3, 3 1
3 3

3, 3,

d 1max

max min

f y
f f

λ α
⎛ ⎞− ⎟⎜ ⎟⎜≤ + −⎟⎜ ⎟⎟⎜ −⎝ ⎠

 (47) 

( ) ( )3 2
1 1, 1 1, 1 1d 1 . d 1max miny f f yα α≤ + − ≤ + −  (48) 

( ) ( )3 2
2 2 , 2 2 , 2 2d 1 . d 1max miny f f yα α≤ + − ≤ + −  (49) 

( ) ( )3 2
3 3, 3 3, 3 3d 1 . d 1max miny f f yα α≤ + − ≤ + −  (50) 

( )4 1ij ijx S d α≤ + −  (51) 

There are various methods to turn fuzzy models into 
non-fuzzy models in the fuzzy planning literature. Mean-
while, the chance-constrained probabilistic programming 
method is the most applied technique due to enabling deci-
sion-makers to control the satisfaction level of constraints. 
Moreover, several fuzzy values have been presented to turn 
fuzzy constraint into its equivalent definitive constraint. In 
this research path (Ghasemy Yaghin et al., 2013). First pre-
sented a new fuzzy value named “Me”, followed by pro-
posing a technique to turn the fuzzy model into the defini-
tive model using the Me value in the expectation and 
chance-constrained model. The main advantage of this 
method is having more flexibility regarding the prevention 
of severe and different attitudes of decision-makers. This is 
mainly because decision-makers often have different opti-
mistic and pessimistic attitudes in handling real situations. 
In other words, the mixed decision-makers’ attitude is con-
sidered, which is something between optimistic and pessi-
mistic (Ghasemy Yaghin et al., 2013). If ξ is assumed as a 
triangular fuzzy parameter . . , the expecta-
tion value is obtained, as follows:  

1 2 3
1 1 3[ ]

2 2 2
E ε

ξ ξ ξ ξ
−

= + +  (52) 

According to Xu and Zhou’s definition, the expecta-
tion and chance-constrained model in definitive mode can 
be turned into two approximate models with upper ap-
proximation model (UAM) and lower approximation 
model (LAM) (Ghasemy Yaghin et al., 2013). According 
to the model developed by Xu and Zhou, the following 
shows the body-wide definitive model for multi-choice 
ideal planning with fuzzy-utility function, which is pre-

sented in section 2-4, for the UAM model: 
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( ) ( )2 3 2(1 )
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ji ji ji

VC dd n TC h VC dd n h

TC TC TCγ

× × ≤ × ⇒ × × ≤

⎡ ⎤× + − −⎢ ⎥⎣ ⎦
 (56) 

Other constraints: (7-8), (10-11), (13-18), (19-5) to 
(19-7), (21), (25)-(32) and (38)-(46). In addition, a 
process similar to that of the UAM is carried out to de-
velop the definitive LAM, as shown below:  
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Other constraints: (7), (8), (10), (11), (13)-(18), (19-5) 
to (19-7), (21), (25)-(32) and (38)-(46). 

According to research, the primary objective for the 
participation of companies is to attain competitive advan-
tage, the main solution of which is global sourcing. How-
ever, this concept is increasingly evolving in the world. In 
the garment industry, textile production and clothing 
manufacturing in the same place can be a complicated 
process for the management. Therefore, the use of foreign 
sources instead of a large production capacity in the pur-

chasing country has become a norm in textile production. 
However, the main advantage of producing textile with 
foreign sources enables us to produce higher-quality 
clothes and choose better textile materials (Su et al., 2005; 
Nayak and Padhye, 2015).This section evaluates the topic 
of textile purchasing planning as a case study. It is notable 
that calculations were carried out in GAMS 25 and 
CPLEX software.  

The hypotheses and parameters related to numerical 
example are presented below: 

1. Six suppliers, two types of products and two 
transportation modes are considered.  

2. The volume (capacity) of transportation modes 1 
and 2 is considered 24.2 m3 and 25 m3, respec-
tively.  

3. The unit of transportation cost from the supplier to 
the buyer is in Tomans per kilometer. 

4. The value of  for each objective function is 
0.8 and the value of  for all three functions is 
0.7.  

5. The four parameters of ε, α, , and  are consi-
dered to be 0.5, 0.9, 0.85, and 0.75, respectively. 

6. Since the order is made in m2, the volume of each 
bolt of fabric is considered 0.012 and 0.013 for 
products 1 and 2, respectively.  

 
All order allocation results and calculations for LAM 

and UAM are presented in Tables 2 and 3, respectively, 
according to which no value is allocated to suppliers 2 and 
5. The utility value in UAM for the first and second objec-
tive functions is one, while there is a 0.195 deviation (devi-
ation of y3 from f3min for the third objective function). In the 
LAM, the utility is equal to 1 for the first function, but 
there is a 0.04 and 0.214 deviation for the second and third 
objective functions, respectively. As observed in Tables 3 

Table 2. Results of order allocation for UAM model 

 Product(j)  Order  
Quantity (m2)

Transportation 
mode 

 Number of 
transportation 

mode 

Variables of 
model Ob. 1 Ob. 2 Ob. 3 

1 
1 38575.468 

1 2  0 0 0 
2  203525 

2 
1  - 

      0 0 0 
2 - 

3 
1 363525 

2 4   0 0 0.195 
2 293525 

4 
1 233814.382

2 2   1 1 0.805 
2  50175 

5 
1  - 

- -   -699000 4.1010E+9 332290.42
2 - 

6 
1  64835.150 

2 2   = 0 .3 8 1 
2 253525 
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and 4, the value of  and  is zero for all three objec-
tive functions in both models. According to Equation 19, 
this means that the value of yk is equal to f(xk). 

Figure 1 shows the difference in the results of the 
two models. According to this figure, the utility value of 
the three objective functions is in the range of 0.8-1. In 
addition, the utility value for the first objective function is 
fully satisfied in both models. Moreover, as deduced from 
Figure 1, the rate of deviation from the utility for the third 
objective function (in both LAM and UAM) is higher 
than the other two objective functions.  

In this section, the value of different parameters (e.g., 
optimistic-pessimistic degree [ε], the level of possibility 
of fuzzy equality constraints (β), and the total amount of 
fabric purchases (Nj). Moreover, the results are recorded 
and their level of impact on the amount of textile order, 
transportation mode, number of means of transportation, 
and values of the objective function is reported. Tables 4 
and 5, as well as Figures 2 and 3 show the effect of ε and β changes on utility value for each of the primary objec-
tive functions in the two models.  

Table 3. Results of order allocation for LAM model 

Supplier(i) Product(j) Order Quantity 
(m2) 

Transportation 
mode 

Number of trans-
portation mode

Variables of 
model Ob. 1 Ob. 2 Ob. 3 

1 
1 41026.42 

1 2 d−  0 0 0 
2 193425 

2 
1 - 

  d+   0 0 0 
2 - 

3 
1 353425 

2 4 kδ   0 0.04 0.214 
2 283425 

4 
1 218480.487 

1 2  kλ  1 0.96 0.768 
2  78975 

5 
1 - 

- - ky   -699000 4.1896E+9 335173.66
2 - 

6 
1 83318.093 

1 2  Z = 0.495 
2 243425 

 

 
Figure 1. Utility value and deviation of  for the three objective functions in both LAM and UAM. 

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

UAM-F1 UAM-F2 UAM-F3 LAM-F1 LAM-F2 LAM-F3

δ λ



Setiawan: Ind
Vol 20, No 2, J
 

 

  

UAM-F

UAM-F

UAM-F

LAM-F

LAM-F2

LAM-F3

  
UAM-F
UAM-F
UAM-F
LAM-F
LAM-F2
LAM-F3

dustrial Enginee
June 2021, pp.22

1 

2 

3 

1 

2 

3 

1 
2 
3 
1 
2 
3 

F

F

0.85

0.9

0.95

1

0.85

0.9

0.95

1

1.05

ering & Managem
23-235, © 2021 

Taɛ=0 

1 

0.97 

1 

1 

0.95 

0.98 

Ta

β=0 
1 

0.95 
1 
1 

0.94 
0.97 

Figure 2. Effec

Figure 3. Effect

5

9

5

1

ɛ=

UAM-F1 U

β=0

ment Systems
KIIE 

ble 4. Sensitiviɛ=0.25 

1 

0.96 

1 

0.97 

0.95 

0.95 

ble 5. Sensitivi

β=0.3 
1 

0.94 
1 
1 

0.93 
0.96 

t of ɛ changes

t of β changes

=0 ɛ=0.25

UAM-F2 UAM

β=0.3

ity analysis of ɛ=
0.

0.

0.

0.

ity analysis of 

0

0.

0
0.

s on the utility v
 

s on the utility v

ɛ=0.5 ɛ

M-F3 LAM-F1

0.6

ɛ parameter

=0.5 

1 

.95 

1 

.97 

.95 

.94 

β parameter

0.6 
1 
.92 
1 
1 

0.9 
.93 

value of LAM a

value of LAM a

ɛ=0

=0.75 ɛ=1

LAM-F2 LA

β=0.8

ɛ=0.75 

1 

0.95 

1 

0.96 

0.95 

0.94 

β=0.8 
1 

0.91 
1 
1 

0.9 
0.92 

and UAM. 

and UAM. 

0

ɛ=0.5

ɛ=1

0.85

0.9

0.95

1

1.05

AM-F3

β=1

ɛ=1

1

0.95

0.98

0.96

0.95

0.92

β=1
1

0.91
0.98
0.98
0.9
0.91

 

 

232
 

 

5 

8 

6 

5 

2 

 

1 
8 
8 

1 



Order Allocation and Purchasing Transportation Planning in the Garment Supply Chain: A Goal-Flexible Planning Approach 
Vol 20, No 2, June 2021, pp.223-235, © 2021 KIIE 233
  

 

As observed in Figures 2 and 3, the utility value for 
objective function 1 (total purchase value) is usually 
equal to one in both models. There is no fuzzy parameter 
in the first objective function and the only effective fac-
tors are the amount of order and score of each supplier. 
The utility value of one means that the minimum amount 
of difference of this objective function and the yk value 
with the difference between the minimum and maximum 
value of the objective function is almost equal. On the 
other hand, the utility value for the third objective func-
tion (delayed products) is lower than other objective func-
tions in both models, which means that the desired para-
meters only affected the utility value of the third objective 
function. According to the diagrams, it seems that most of 
the utility values for all three objective functions in the 
UAM are slightly higher than the LAM, which could be 
due to changes in the properties of the two models. On the 
other hand, as the amount of fabric purchased increases, 
the amount of the main objective function of ideal plan-
ning and the amount of the second objective function 
(cost) increases in the UAM. A decrease in the volume of 
the purchased business is evident when there is a decline 
in demand. This also leads to a decrease in costs. Howev-
er, it may be the case that the volume of the business pur-
chased is at a lower discount level due to the reduction in 
purchases, but at the same time is close to the upper limit 
of that discount level, which can increase costs. In addi-
tion, as the volume of purchases decreases, the number of 
suppliers selected to purchase decreases to three suppliers. 
Overall, increasing and decreasing the number of fabric 
purchases affects the number of means of transportation, 
the type of mode of transportation, the selected suppliers, 
and the cost. In LAM, as the amount of textile purchased 
increases, the amount of the main objective function and 
the amount of cost increase. 

4. CONCLUSION  

In this article, vendors offered different levels of dis-
counts for further purchases, and there were a variety of 
transportation modes for shipping decisions. The expecta-
tion and chance-constrained definitive model was devel-
oped to solve the problem of uncertainty through integrat-
ing the ideal planning and flexible programming with 
mixed decision-makers’ attitude after turning the multi-
objective model into a single-objective model using mul-
ti-choice ideal planning. According to the results, the pro-
posed model was sensitive to some parameters, including 
mixed decision-makers’ attitude, a parameter related to 
fuzzy constraints, and the level of confidence defined by 
the decision-maker for less-than-equal constraints. In 
addition, the utility value increases with an increase in the 
optimistic grade. On the other hand, the utility value is 
fully satisfied for all three objective functions with the 

decrease of the parameter related to fuzzy inequality con-
straints in both UAM and LAM. The decision related to 
choosing a global source may include environmental and 
ethical guidelines set by the manufacturer, which may be 
an option for the future development of this approach. 
Furthermore, in the field of order allocation, other chal-
lenging issues such as random and price-dependent de-
mand, cost and modes of transportation in intermediate 
distribution centers, exchange rate volatility, tax rates, and 
customs duties can be considered in modeling to deter-
mine the amount of purchase. 
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