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Abstract 
    This study aims to construct a supply chain system by using two models.The first 

model is the main frame of supply chain,and purchase,production, 

inventory,distribution,product shortage and demands are considered to solve the 

optimization.In addition,based on the optimal production quantity,the second model 

(production layout-PL) is applied to reveal the suggested layout of the production 

system.The syntax of Lingo 9.0 and Visual Basic 6.0 is applied to achieve the 

optimum solutions of the proposed models respectively.This study provides a 

referenced tool to an enterprise on multi-interval planning and production system 

layout design for a supply chain system. 

 

 
 

keywords: supply chain, production scheduling, Lingo 9.0, visual basic, production 

layout-PL 

 
 
 

 1



 
 
 

I. Introduction 

Traditional management theories propose that all enterprises and firms are 

motivated to seek production at a minimum cost and for a maximum profit. However, 

in this highly competitive society, they should not simply pursue maximization of 

their own profits. Whether the joint profit of the entire supply chain system can be 

maximized is also an important factor that they need to take into account.  

    Weng (1997) mentioned that under short product life cycles, uncertainties of 

demands, and price impacts, manufacturers and distributors should seek a maximum 

joint profit through coordination. Coordination refers to the way that firms share 

information and jointly decide a product’s price, its production/order quantity to 

obtain a maximum profit for all. As mentioned by Simchi-Levi (2001), a supply chain 

is also called a logistics network, which consists of suppliers, manufacturers, 

warehouses, distributors, and retailers. Raw materials, work-in-process inventories, 

and finished goods will flow between facilities in this network. According to Parnell 

(1999), supply chain management (SCM) has five major benefits:  

1. Reduced inventories: Finished goods inventory can be reduced by 20~50%, and 

work-in-process inventory can be reduced by 20~40%.  

2. Improved customer service: On-time delivery rate can be increased by 20~70%, 

and the sales revenue can be increased by 10~20%.  

3. Shortened supply chain cycle: The production lead time can be shortened by 

20~50%, while the planning cycle time can be slashed by 50~80%.  

4. Obsolete inventory can be reduced by 20~50%.  

5. Asset utilization can be increased by 5~10%.  

Rodrigues, et al. (2008) focused on an uncertainty model for the supply chain to 
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Establish a transport operation. Wu and Blackhurst(2005) using a modeling 

methodology to discuss about supply chain system, model , analysis disruptions by 

linking hierarchical level methods. Kim and Rogers (2005) aims to using an 

object-oriented approach building a flexible supply chain business model including 

Unified Modeling Language(UML) and provides some information to modeling a 

supply chain. Berman and Kim(2004) using_Poisson process and the facility provides 

service which takes exponential amounts of time, and discuss about an optimal 

inventory control in a supply chain. Berman and Kim(2001) considered the single 

class of customers, company and suppliers in internet-base supply chain to discussed 

about a problem of dynamic replenishment. Dai et al(2008) consider a two-echelon 

supply chain with one supplier and two retailers, in which the supplier carries all 

inventory to supply the retailers, and focus on nonstationary inventory and pricing 

problem. 

As discussed above, SCM can be viewed as a way to manage and create a 

network of activities without borders between organizations. Through this network, 

all members can form a close relationship of cooperation, increase mutual and value, 

and jointly create a management model that maximizes the profit of the entire supply 

chain. In short, SCM is management of all the cooperative relationships in a supply 

chain.  

    The purpose of production scheduling management is to make the best use of 

productive machines and processes on the condition that finished products can be 

delivered on the customer-demanded (or negotiated) date. Production scheduling 

management can help manufacturers minimize the production lead-time, enhance 

machine production efficiency, and control the entire production progress to maintain 

their reputation for delivery.  

    Muth and Thompson (1963) provided their views of industrial scheduling and 
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proposed the basic concept of scheduling. Charnsirisakskul et al. (2004, 2006) 

constructed a profit-maximizing model with constraints of productivity, holding cost, 

and penalty cost to discuss production scheduling based on flexible order choice and 

lead-time. Chen and Lan (2001) argued that through proper selection of productive 

machines, manufacturers can effectively achieve expected production goals while 

minimizing the total production cost. With an objective to minimize the cost of 

holding completed goods and the backorder cost, Markland et al. (1990) used 

customer orders as a basis to propose a multi-objective production scheduling 

program, in an attempt to obtain an optimal production scheduling decision. Brucker 

et al (2007) survey the complexity of shop -scheduling problems with fixed number of 

jobs. Haouari et al. (2007) using an exact branch-and-bound algorithm to solve an 

optimal scheduling of a two-stage hybrid flow shop problem that considered multiple 

identical machines in each stage. Chatfield et al. (2009) develop a Supply Chain 

Modeling Language platform that enables supply chain problem instance reuse and 

sharing, provides a common format for analytical software interoperability, and can 

improve the quality of the supply chain description. Chen and Xiao (2009) focus on 

Demand disruption and coordination of the supply chain with a dominant retailer that 

consider two coordination schedules, linear quantity discount schedule and Groves 

wholesale price schedule.  Jawahar and Balaji (2009) using genetic algorithm (GA) 

to evolutionary search heuristics is proposed and illustrated and considers a two-stage 

distribution problem of a supply chain that is associated with a fixed charge. Kreipl 

and Dickersbach (2008) discussed about production planning , scheduling in supply 

chain planning software. Hall and Potts (2003) using the using several classtcal 

scheduling objectives to achieve minimize the overall scheduling and 

delivery.scheduling and discussed about batching, and delivery problems in supply 

chain that makes delivery to manufactures and customers. Kim and Jeong (2009) 
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using benchmarked genetic algorithm method to integrated a production and 

scheduling model in supply chain system. Amaro and Barbosa-Póvoa (2008) 

development of a master representation model for optimal scheduling of industrial 

supply chains. 

    From the above studies, we can infer that a good production schedule can 

significantly enhance the productivity, efficiency, and reduce work-in-process 

inventory with limited availability of resources.   

    Therefore, we attempt to establish a supply chain system with considerations of 

multiple intervals, products, raw materials, suppliers, manufacturers, distributors, and 

deliverers. Through this system, we can find out the optimal quantity of each raw 

material that each manufacturer should order from its supplier, the optimal production 

quantity of each product, the optimal quantity of products delivered to each distributor, 

and the optimal quantity of each raw material and each product that should be held in 

inventory during each interval. Besides, for each distributor, we can also estimate the 

optimal quantity of each product to be held in inventory, the optimal quantity of each 

product to be delivered to customers, and the optimal quantity of each product that 

can be backordered. Later, based on the production quantity of each product, a 

production schedule can be planned for its manufacturer to enhance its production 

efficiency. Finally, we will use Lingo 9.0 extended version and Visual Basic 6.0 to 

solve the problem and provide a platform for enterprises to make a comprehensive 

and real-time analysis of multi-interval planning for a supply chain system.  

    The major contribution of this research is to present a practical modeling system, 

which integrates the upstream and downstream firms on a supply chain and their 

bases of production scheduling. This system serves as an important decision-making 

platform that managers can use for supply chain management. 
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II. Assumptions and Notations 

All the assumptions and Notations used in this paper are explained as follows 

respectively:  

(1) Assumptions 

The assumptions in this paper are listed as follows: 

1. Based on a four-layer supply chain (supplier, factory, distributor, and customer), 

we aim to construct a supply chain model with an objective of profit 

maximization.  

2. In this model, we assume that factories and distributors are owned by the same 

business group, and customers are retailers;   

3. Suppliers should deliver all orders to customers at the deadline of each order. 

4. The duration of each production interval is known;  

5. Product demand is a known figure estimated on the basis of historic sales data.  

(2) Notations 

1. Notations in the model 

t : the code of the time interval, t=1,2,…, T 

d: the code of the supplier, d=1,2,…, D 

f: the code of the factory, f=1,2,..., F 

w: the code of the distributor, w=1,2,..., W 

c: the code of the customer, c=1,2,..., C 

g: the code of the product, g=1,2,..., G 

r: the code of the raw material, r＝1,2,..., R 

2. Input parameters 

cgP : the price for customer c to purchase product g. 

tcgL : the quantity of product g that the demand of customer c at time interval t. 
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tdrRC : at interval t, the cost of purchasing raw material r from supplier d.  

tfrIC : the cost for factory f to hold raw material r in inventory at time interval t. 

tdfrTC : the cost for supplier d to transport raw material r to factory f at time interval t. 

tdrPB : the maximum quantity of raw material r that supplier d can provide at time 

interval t. 

grRA : the ratio of raw material r to the materials needed for product g. 

tfgMC : at interval t, the cost of manufacturing one unit of product g at factory f.  

tfgMT : the time that factory f needs to produce one unit of product g at time interval t. 

tfgIC : the cost for factory f to hold one unit of product g in inventory at time interval 

t. 

rS : the inventory space needed to hold one unit of raw material r. 

gS : the inventory space needed to hold one unit of product g. 

tfwgTC : the cost of transporting one unit of product g from factory f to distributor w at 

time interval t. 

twgIC : the cost for distributor w to hold one unit of product g in inventory at time 

interval t. 

twcgTC : the cost for distributor w to transport one unit of product g to customer c at 

time interval t. 

tfUP : the maximum working hours in factory f at time interval t. 

tfUS : the inventory space that factory f can provide at time interval t. 

twUS : the inventory space that distributor w can provide at time interval t. 
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twcgGC : at interval t, the lost sales penalty that distributor w needs to bear for one unit 

of product g backordered by customer c.  

n: the number of production stages for a given product. 

MS: the set of all available machines types. 

ij: 0≤ i<j n, the code of workstation functioning from production stage i+1 to j in 

sequence. ij is said to be a feasible workstation if there is a machine MS ; 

where  is a machine type of performing a sequence of production stages(from 

i+1 to j). 

≤

ijM ∈

ijM

F: F={ij|0 i<j≤ n and ij is a feasible workstation}, means the set of feasible 

workstations.  

≤

ijt : the processing time per unit product performed by a single machine . ijM Fij∈∀

ija : the availability of machine , which is defined by ijM
)( ijij

ij
ija

δε
ε
+

= ;where 

ijε and ijδ  are the mean time between failures and the mean time to fix a single 

machine  respectively. ijM

o
ijc : the operation cost (dollar(s)per unit time) of a single machine . ijM

m
ijc : the maintenance cost (dollar(s)per unit time) of a single machine . Note that, 

 represents the mean maintenance fee of a single machine . 

ijM

ij
m
ijc δ ijM

f
ijc : the fixed cost (dollar(s)per unit time) of a single machine .  ijM

s
ijc : the setup cost (dollar(s)per unit time) of a single machine .  ijM

L:  is a production lie which indicates a sequence of feasible 

workstations, , where 

{ rr iiiiiiiiL 1322110 .......,, −= }

rr iiiiiiii 1322110 .......,, − niiiii r=<<<<= ...0 3210 . 

LT : the production time interval of the production line L. 
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LR : the production rate of the production line L. 

hC : the holding cost of unit product per unit time (All the time points, factories, and 

products in Model 1 should be input into Model 2 to obtain a production layout, so we 

convert an  in Model 1 into  in Model 2).  tfgIC
hC

Q : the production quantity of product (All the time points, factories, and products in 

Model 1 should be input into Model 2 to obtain a production layout, so we convert an 

 in Model 1 into  in Model 2).  tfgMA Q

3. Decision variables: 

tdrRA : the quantity of raw material r to be purchased from supplier d at time interval t. 

tdfrTA : the quantity of raw material r that supplier d transports to factory f at time 

interval t. 

tfrIA : the quantity of raw material r stored by factory f at the end of time interval t. 

tfgMA : the quantity of product g produced by factory f at time interval t. 

tfgIA : the quantity of product g stored by factory f at the end of time interval t. 

tfwgTA : the quantity of product g transported from factory f to distributor w at time 

interval t. 

twgIA : the quantity of product g stored by distributor w at time interval t. 

twcgGA : the shortage quantity of product g for customer c from distributor w at time 

interval t . 

twcgTA : the quantity of product g that distributor w needs to deliver to customer c at 

time interval t. 

)(Lxij : the number of parallel machines for workstation  in the production line L. ij
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III. Model Construction 

In this paper, a supply chain system is constructed. This system consists of two 

models. Model 1 is a supply chain model which focuses on purchase, production, 

inventory, distribution, and stockout. After the solution of output quantity is obtained, 

a production layout (PL) model can be established. This PL model is the second 

model of the system. 

 

 

Figure 1 Production Scheduling of Supply Chain System 

 

Model 1: 

Model 1 is a supply chain model with an objective of profit maximization.  

                            ∑∑ ∑ ∑∑ ⎥
⎦

⎤
⎢
⎣

⎡
⎟
⎠

⎞
⎜
⎝

⎛
−×

g c t t w
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        －{                         [∑∑∑ ×
t d r
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        ＋ ( )∑∑∑∑ ×
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 10



＋ ( )∑∑∑ ×
t f r

tfrtfr IAIC                           

        ＋∑∑∑
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{ [ ] ( )tfgtfgtfgtfg IAICMAMC ×+× }    
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( )∑ ≤×
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r
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( ) ∑∑ =−+−
c

twgtwcg
f

tfwgwgt IATATAIA 1                  gwt ,,∀     (9) 

∑ ∑∑∑ =⎟
⎠

⎞
⎜
⎝

⎛
−

c w c
twcg

w
twcgtcg GATAL                  gt,∀       (10) 

tdrRA , , , , , , , ,  and integer.      (11) tdfrTA tfrIA tfgMA tfgIA tfwgTA twcgGA twgIA twcgTA 0≥

    Formula (1) is the objective function of the model that to maximize profit, and 

the total cost including cost of raw materials, transportation cost for suppliers, 

factories, and distributors, raw material and product inventory cost, inventory cost for 
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distributors, production cost for factories, and stockout cost for distributors). 

Formula (2) to (11) are the constraints of this research model. Formula (2) is the 

constraint of supply. The quantity of raw material r needed by all the factories cannot 

be greater than the quantity of raw material r supplied by all suppliers; the quantity of 

raw materials r supplied by all suppliers cannot be greater than the maximum quantity 

of raw material r that all suppliers can supply. Formula (3) is the constraint of factory 

production capacity at each time interval. It defines that the hours that factory f needs 

to produce all products is not greater than its maximum working hours of factory f at 

each time interval. Formula (4) is the constraint of factory inventory space at each 

time interval. The inventory space that factory f uses to store all products and raw 

materials at each time interval is not greater than the maximum inventory space of 

factory f. Formula (5) is the constraint of inventory space of distributor at interval t. It 

defines that the inventory space that distributor w uses to store all products cannot be 

greater than its maximum inventory space at each time interval. Formula (6) defines 

that the quantity of raw material r transported by supplier d to all factories is equal to 

the quantity of raw material r that all factories purchase from supplier d at each time 

interval.  

    Formula (7) means that the inventory of material r in factory f at the end of time 

interval t-1 plus the quantity of material r that all suppliers transport to factory f at 

time interval t should be equal to the quantity of mater r consumed by factory f for 

production at time t plus the inventory of material r in factory f at the end of time 

interval t. Formula (8) means that the inventory of product g in factory f at the end of 

time interval t-1 plus the quantity of product g produced by factory f at time interval t 

minus the quantity of product g transported from factory f to all distributors at time 

interval t should be equal to the inventory of product g in factory f at the end of time 

interval t. Formula (9) means that the inventory of product g in distributor w at the 

 12



end of time interval t-1 plus the quantity of product g transported from all factories to 

distributor w at time interval t minus the quantity of product g transported from 

warehouse w to all customers at time interval t should be equal to the inventory of 

product g in distributor w at the end of time interval t. Formula (10) means that the 

quantity of product g demanded by customer c minus the quantity of product g 

transported from all distributors to customer c should be equal to the short quantity of 

product g demanded by customer c from distributor w. Formula (11) defines that all 

decision variables are non-negative and integer constraints. 

 

Model 2: 

Model 2 is based on the production layout (PL) model built by Lan and Lan 

(2005).  
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⎛
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)(1)11(
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1 0

)(,,
      (12) 

s.t.  

QTR L
L

L =∑                                                        (13) 

integers are )( and )( LxLij
a

tR
Lx ij

ij

ijL
ij ∈∀

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
=

+

                             (14) 

Formula (12) represents the overall profit of a multi-production-line system for 

producing the given order quantity. Formula (13) limits that the total amount of 

products produced by the production lines in the system should be equal to the 

customer order quantity Q. Formula (14) represents that the number of machines for 

each workstation on the production line L should be an integer and equal to 
+

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

ij

ijL

a
tR

. 
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IV. Analysis of a Numerical Example 

    In the previous section, we established a supply chain model with a profit 

maximization objective and a production layout (PL) model. We also provided a 

complete explanation of these models. For the entire supply chain, all cost factors, 

including purchase, production, inventory, distribution, and stockout, are important 

for supply chain programming. For factories, production scheduling is a key to saving 

costs and enhancing capacity utilization. Therefore, in the programming of a supply 

chain, all the practical conditions should be considered so as to derive an optimal 

plan.  

    The setting of our experimental case is as follows: The duration of the program is 

divided into three intervals, with each interval lasting one month. A supply chain 

consists of 3 suppliers, 2 factories, 2 distributors, and 3 retailers. Each of these 

suppliers supplies 3 raw materials to the factories, and the factories use different 

proportions of these raw materials to produce 2 different kinds of products. The retail 

price of product 1 is $600, and the retail price of product 2 is $800. The quantity of 

each product demanded by each customer at each interval is presented in Table A.1. 

The data show that customer demands increase with the progress of time. Table A.2 

shows the cost of supplying one unit of each raw material for each supplier. Table A.3 

shows the cost of holding one unit of each raw material at each factory. Table A.4 

shows the cost of transporting one unit of each raw material to each factory. Because 

the distances between suppliers and factories are different, the transportation cost will 

vary depending on the practical distance between them. Table A.5 shows each 

supplier’s maximum supply of each raw material at each interval.  

    Table A.6 shows the proportion of each raw material needed to produce one unit 

of each product, i.e. the BOM (bill of materials) of each product. Table A7 shows the 

cost of producing one unit of each product for each factory at each interval. Table A.8 
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shows the time (in hour) needed to produce one unit of each product at each factory. 

Table A.9 shows the cost of holding per unit of each product at each factory at each 

interval. In this example, we assume that the space needed to hold per unit of each 

raw material is 1 cubic unit. Hence, holding one unit of product 1 requires 9 cubic 

units of space, and holding one unit of product 2 requires only 6 cubic units of space.  

    Table A.10 shows the cost of transporting one unit of each product from factory 

to distributor at each interval. Table A.11 shows the unit inventory cost of each 

product for each distributor at each interval. Table A.12 shows the cost of transporting 

one unit of each product from distributor to customer at each interval. In this example, 

we set that the maximum working hour of each factory is 7,000 hours; each factory 

has an inventory space of 7,000 cubic units; and each supplier owns an inventory 

space of 4,500 cubic units. The lost sales penalty for suppliers is also considered in 

our model. Table A.13 shows the cost of lost sales penalty for one unit of each product 

at each interval.  

    This model involves a total of 225 variables (all are integer variables) and 184 

constraints. This model can be classified as a pure integer linear programming (PILP) 

model. We used Global Solver built in Lingo 9.0 to obtain a global solution of the 

optimal profit: $8,644,500. The optimal programming result of the case is presented 

in Tables from 4.1 to 4.8.  

    Table 4.1 shows the quantity of each raw material purchased from its supplier at 

each interval. Table 4.2 shows the quantity of each raw material supplied to each 

factory at each interval. Table 4.3 shows the quantity of each raw material and product 

held by each factory at each interval. 

 
Table 4.1 The quantities of raw materials purchased from suppliers ( ) tdrRA

 dr 
t 11 12 13 21 22 23 31 32 33 
1 8,000 7,000 10,000 6,000 3,200 3,200 0 0  100 
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2 8,000 7,000 10,000 7,000 6,000 9,000 4,800 1,650 0 
3 8,000 7,000 10,000 7,000 6,000 9,000 6,000 2,750 2,000 

Table 4.2 T nt  r ria sp liers to fache qua ities of aw mate ls tran orted from supp tories ( tdfrTA ) 

fr 
td     11     12     13     21     22      23
11 8,000 7,000 10,000 0 0 0 
12 
13 

1,200 0 0 4,800 3,200 3,200 
  

7,000 6,000 6,000 
1,65

8,00 7 10,00
    0 3,000 7,000 6,000 6,000 

2,00

0 100 0 0 0 0
21 
22 

8,000 
0 0

7,000 10,000
3,000

0 0 0 

23 2,800 0 0 2,000 0 0 
31 
32 

0 
0 

,000 0 0 0 0 

33 4.000 2,750 2,000 0 0 0 

 

Table 4.3 The quantities of raw ma d produ ts stored ories ( tfrIA  and tfgIA

/fg 

terials an c  in fact ) 

fr
t 1 12 13 21 22 23 1 
1 0/0 0/0 0/NA 0/0 0/0 0/NA 
2 0/0 0/0 0/0 0/0    0/NA 
3 0/0 0/0 0/0 

0/NA 
0/NA 0/0 0/NA 

 

    Table 4.4 shows the quantity of each product produced by each factory at each 

interval. T ble 4.5 shows the quantity of each product transported to each distributor 

at each interval. Table 4.6 shows the quantity of each product held by each r 

at each interval. Table 4.7 sho the qua of ea product transpor

customer at each interval. Table 4.8 show  

by each customer from each distributor at each interval. 

a

 distributo

ws ntity ch ted to each 

s the quantity of each product backordered

 

Table 4.4 The quantities of products produced by the factories ( tfgMA ) 

fg 
t 11 12 21 22 
1 2,900       2,100 0 1,600 
2 4,350 2,150 0 3,000 

0 3,000 3 5,250       2,250           
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Ta e 4.5 The quan  products transp d from factori  distributors (TA ) 

fwg

bl tity of orte es to tfwg

 
t 111 112 121 122 211 212 221 222 
1 2,000  2,100  900 0 0   0 0 1,600 
2 2,800 2,150 1,550 0 0  1,700  0 1,300 
3 3,700 2,250 1,550 0 0  1,200 0 1,800 

 

Table 4.6 The quantity of each product held by each distributor ( twgIA
) 

wg  
t 11 12 21 22 
1 0 0 0 0 
2 0 650 250 0 
3 0 0 0 0 

 

Tab The duc sported from di but tTA

cg 

le 4.7 quantities of pro ts tran stri ors to retailers ( wcg ) 

tw 11 12 21 22 32 31 
11 800  500 1,200 1,600 0 0 
21 0 
31 1,600 1,800 2,100 2,300 0 0 
12 0  500 0 0 900 1,100 
22 0 0 1,300 00 
32 0  0 0 0 1,800 00 

1,200 1,400 1,600 1,800 0 

  0 0 1,3
1,8

 

Table 4.8 The short quantities of products demanded by retailers ( GA ) twcg

cg 
tw 11 12 21 22 31 32 
11 0 0 0 0 0 0 
21 
31 

0 
0 

0 
0 

0 
0 0 0 0 

0 0 0 

12 0 0 0 0 0 0 
22 
32 

0 
0 

0 
 0 

0 
0 0 0 0 

  0 0 0 

 

    Through the proposed system, managers can make decisions based on optimal 

solutions and also obtain som portant notes from hem. For instance, in the above 

case, factory 1 can produce products at a lower cost. Manage

for product hen f tory 1 has 

reached the allowed maximum working hour.  

e im  t

rs can prioritize factory 1 

ion and assign production tasks to factory 2 only w ac
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    We obtained the quantity of produc anufactured by each factory using Model 

1 and used Model 2 to assist each factor in produ on sched ing. The quantity of 

product 1 manufactured by factory 1 at interval 1 (2900 units) and the operating costs 

of each factory (Appendix Ta A.14) were used as the numerical example. 

    The optimal solution of the example is illustrated in Figure 2, The suggested 

workstation 01 is three( x =3), for workstation 13 is four( x =4), for workstation 36 

is eight( x =8), and for workstation 67 is(one x =1). 

 

ts m

y cti ul

ble 

multi-production-line system consists of three production lines.The first production 

line consists of workstations 01, 13, 36, and 67. The number  of machines for 

01 13

36 67

 

  

    The production time interval of the f t line

Figure 2  The suggested solution ge  

 is 299.9691 hours, and the 

roduction time interval of the second line is 156.709. The manufacturer who 

considered the holding cost of production will schedule all production lines to 

complete their production at the same time to reduce the product holding cost. 

Therefore, 143.2601 hours (299.9691-156.709=143.2601) after the first line starting 

production, the second line {01, 12, 25 ,56, 67} can then start its production with 

5.458052 units per hour (production rate), and the number of machines for each 

nerated by the developed program

irs

p
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workstation is 01x

    Based on the 

hours after the first line star  56,67) starts 

machines for each 

workstation is 01x se its production 

time interval is 70.7373 hours. 

 
V. Conclusions 

    Su  chain 

s: First of all, the solutions of 

ent this m

lt-in Global Solver and applied it to the 

roduction layout (PL) model (Model 2). Later, we performed production scheduling 

g and arrangement of production lines and time on Visual Basic 6.0, 

=3, 12x =8, 25x =6, 56x =2, 67x =1. 

above-mentioned reason, 229.2318(299.9691-70.7373=229.2318) 

ting production, the third line(01, 13, 34, 45,

its production with 3.461539 units per hour, and the number of 

=2, 13x =2, 34x =4, 45x =2, 56x =1, 67x =1 becau

pply chain management (SCM) is to view all firms involved in a supply

as a whole and seek cost optimization and profit maximization through information 

sharing and profit sharing. SCM has become one of important issues in modern 

management science. In this paper, we investigated the costs of purchase, production, 

transportation, and delivery in supply chain and further introduced the time factor into 

the supply chain model. Based on the structure of a supply chain, we then conducted a 

comprehensive discussion on various costs at each interval to provide an important 

reference on production scheduling.  

    The main contribution of this research is ollowas f

the proposed supply chain system were obtained in two stages with various costs and 

time factor considered. Model 1 was a supply chain model with an objective of profit 

maximization. This model is a pure integer linear programming (PILP) model. We 

applied Lingo 9.0 extended version to implem athematic model. We then 

derived a global optimal solution using the bui

p

including plannin

in hope of making the most effective use of resources and fulfilling the principle of 

JIT (just-in-time) production to save costs.  
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    Given fixed external conditions, the data derived from the numerical example 

could be a reference for managers to make effective managerial and strategic plans. 

The goal of profit maximization in a supply chain system can be achieved only 

through systematic programming. Besides, we used Lingo 9.0 extended version and 

Visual Basic 6.0 to construct a computerized decision-making platform. This platform 

 for practical applications.  

 

 

 

 

 

allows enterprises to plan and solve problems regarding production of multiple 

products at multiple intervals using multiple raw materials provided by multiple 

suppliers and transported to multiple distributors or retailers. The information 

obtained from this platform could be an important reference on overall planning of 

strategies and scheduling of production.  

    Besides, we applied software packages to find solutions in this paper, so the 

proposed model featured a high level of repeated characteristic. In other words, if all 

the parameters, including product price, order quantity, inventory cost, transportation 

cost, lost sales penalty, inventory space, and etc. are input into the model, a solution 

can be obtained. Thus, this model has it value
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Appendix 

Table A.1 The quantities of products demanded by customers ( tcgL ) 

cg 

 

t 11 12 21 22 31 32 
1 800 1,000 1,200 1,600 900 1,100 
2 1,200 1,400 1,600 1,800 1,300 1,300 
3 1,600 1,800 2,100 2,300 1,800 1,800 

 

Table A.2 The cost of supplying one unit of raw material ( tdrRC  unit: dollar) 

dr 
t 11 12 13 21 22 23 31 32 33 
1 11 14 17 11 14 17 11 14 17 

2 11 14 17 11 14 17 11 14 17 

3 11 14 17 11 14 17 11 14 17 

 

Table A.3 The cost of holding one unit of raw materials at factory ( tfrIC , unit: dollar) 

fr 
t 11 12 13 21 22 23 
1 15 20 18 15 20 18 
2 15 20 18 15 20 18 
3 15 20 18 15 20 18 

 

cost of transporting one unit of raw materials from supplier to factory ( tdfrTC , unit: 

dollar) 

Table A.4 The 

fr 
td 11 12 13 21 22 23 
1  30 60 20 40 70 60 1
12 40 70 30 30 60 50 
13 45 65 35 35 65 55 
21 30 60 20 40 70 60 
22 40 

45 65 35 35 65 55 
70 30 30 60 50 

23 
31 30 60 20 40 70 60 
32 40 70 30 30 60 50 
3  3 45 65 35 35 65 55

 

ble A.5 T im  qua es of  materials that can be lied tdr ) Ta he max um ntiti  raw supp ( PB
dr 

t 11 12 13 21 22 23 31 32 33 
1 8,000 7,000 10,000 7,000 6,000 9,000 6,000 8,000 9,000 
2 8,000 7,000 10,000 7,000 6,000 9,000 6,000 8,000 9,000 
3 8,000 7,000 10,000 7,000 6,000 9,000 6,000 8,000 9,000 
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Table A.6 The ratio of raw material to all materials n ed for one unit of product ( grRA ) 

            g

eed

  
r 1 2 
1 1 1 
2 2 3 
3 2 2 

 

Table A.7 The cost of manufacturing one product at factory ( tfgMC , unit: dollar) 

fg 

 unit of 

 
t 11 12 1 22  2
1 30 50 0 50  3
2 30 50 0 50 
3 30 50 0 50 

 3
 3

 

able A.8 Th me needed  produce o nit of pr  ( tfgMT it: hour) T e ti  to ne u oduct , un

fg  
t 11 12 21 22 
1 1 2 1 2 
2 1 
3 1 

2 1 2 
2 1 2 

 

Table A.9 The cost of holding one unit o  product at factory ( tfgIC , unit: dollar) f

fg  
t 11 12 21 22 
1 65 65 65 65 
2 65 65 65 65 
3 65 65 65 65 

 

Table A.10 The cost of transporting one unit of product from factory to distributor ( tfwgTC , unit: 

wg 

dollar) 

 
tf 11 12 21 22 
11 20    30 25 40
21 20    

    
 

25 22 
32 25 

 
30 
30 

 
20 
20 

 
25 
25 

30 25 40
31 20 30 25 40

2512 30 20 25
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Tab IC ar) le A.11 The cost of holding one unit of product by distributo twg , unit: dollr (

wg  
t 11    12 21 22
1 20    50 20 50
2 20    

    
50 20 50

3 20 50 20 50
 

Table A.12 twcg , unit: 

dollar) 

cg 

The unit cost of transporting one unit of product from distribu  customer (TCtor to

tw 11 12 21 22 31 32 
11 15 20 10 15 30 35 
21 15 20 10 15 30 35 
31 15 20 10 15 30 35 
12 20 25 25 30 15 20 
22 20 25 25 30 15 20 

 32 20 25 25 30 15 20

 

Table A.13 The lost sales penalty that each distributor nee  bear for one unit of product ( twcgGC , 

unit: dollar) 

cg 

ds to

tw 11 12 21 22 31 32 
11 450 600 450 600 450 600  
21 450 600 450 600 450 600 
31 450 600 450 600 450 600 
12 450 600 450 600 450 600 
22 450 600 450 600 450 600 
32 450 600 450 600 450 600 

 

Table A  The various o ting costs of e  factory 

Indices 
Ij  

Machin
 Types

ijM  
Time 

ijt (hrs) 

Avai ity 

ij

Maximum
available number

 of machin

ijl  

Setup 
Cost

s
ijc ($)

Operat
Cost 
0
ijc ($/hr)

ance 
Cost 
m
ijc ($/hr)

st 
 ijc  ($/hr) 

Holding 
Cost 

hc ($/hr)

.14 pera ach

e Processing 
 

labil
a  

  

es

ion Mainten Fixture 
 Co
f

01  0.44 0.9 8 60 20 8.5 2  
12  1.1 0.85 8 42 14.3 8 1.2   
13  0.52 0.9 6 75 30 11 2.2  
23  0.3 0.9 8 45 15 8 1.5  
25  1 0.95 6 75 26 10 2  
34  0.9 0.9 8 60 21.7 8.6 1.5 0.09 
36  1.2 0.9 8 60 9.4 1.8  
45  0.5 0.9 8 55 8.5 2  
46  0.6 0.95 6 65 23.3 9.6 1.5  
56  0.18 0.95 8 55 18.3 8 1.5  
67 0.15 0.9 8 55 18.3 8 1.5   

21 
20 
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