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Abstract - Since the prices of Para rubber products in Thailand are fluctuated. Farmers have to use their experience to decide 
to produce the products which make the highest profit. Each farmer has the different constraint resources which can make the 
different volume of production. The volumes of Para rubber products can be optimized by using a mathematical model for 
product mix decision under TOC. This paper proposes an optimization model used for Para rubber product mix decision under 
TOC to decide the volumes of products and maximize profit base on time evaluation using LINGO 11 to solve the problem. 
The objective function was to maximize the profit by considering income and additive cost. This model is applied to the one of 
the Para rubber farmer at Rayong province.  
 
Index Terms - Product mix decision, TOC, Linear programming, Para rubber products 

I. INTRODUCTION 
 
The Para rubber tree is the important economic plant 
of Thailand. In 2011, the export value of all products 
from Para rubber is more than 636 billion Baht.  And 
withthe supporting from the government, many 
farmers decided to increase their capacity and some 
farmers start to plant more Para rubber trees. 
Unfortunately, for many reasons including an 
increasing of Para rubber plantation from foreigner 
countries, a decreasing of petroleum price, an 
appreciation of the baht, a situation of world economy, 
an imported agricultural product tax and a situation of 
Automotive Industry had made the current prices of 
the Para rubber products down. 
 
Rayong is one of the provinces where the high 
volumes of rubber products are produced. And 
Rayong is the most area of Para rubber trees in the 
east. In 2013, satellite images show that total area of 
rubber plantation in Rayong is 722,265 Rai. At 
Rayong, Para rubber farmers can make 3 products 
include latex, rubber sheet (RS) and cup-lump. 
Farmers always use their experience to decide which 
the products they have to produce and how many 
volume of production in each product with their 
available resources including labor, equipment, 
machine,  raw material, additive and time. 
 
Nowadays, prices of rubber products are about one 
forth with comparing from 7 years ago (in 2011) and 
the government cannot control the prices although 
Para rubber farmers are trying to pressure the 
government. The government issues some policy to 
help them by collaboration with researchers. 
Normally, researchers in this field always study on 
value added to rubber products and improving on 
products characterization. But this study had 
researched on production management by using 

mathematical model to control the resource and decide 
the volume of production. 
In general method, Farmers always decide the product 
that will be produced by the highest price per unit and 
this is called Traditional method for product mix 
decision. But in field of Production management, all 
resources are involved into a decision. A good 
decision of production is needed to concern an overall. 
Even through the product which has the highest price 
can make more income, it doesn’t mean the profit is 
high. Sometimes, the product which has the highest 
price uses more resources than other products.  
In this study, we use the bottleneck method for product 
mix decision. This method is to choose the highest 
value per minute which is calculated by using price 
and dividing by time. 
The bottleneck method is an idea for production 
planning and control which uses a concept in a 
strategic and management called Theory of constraint 
or TOC that every system must have at least one 
bottleneck process that interferes with the 
performance of the system. 
Hence, the farmers will get the maximum profit by 
producing the product which has the highest price and 
the lowest cost under less using resource. This paper 
presents a linear programming model of Para rubber 
product mix decision for the maximum profit base on 
time evaluation and using lingo 11 to solve the 
problem in Rayong province.  
 
II. LITERATURE REVIEW 
 
Perapong Tekasaku at el [4] analyzes that drying 
efficiency of the mixed-mode dyer which is higher 
than the indirect solar dryer. And they create the 
mathematical model to describe the natural rubber 
sheet drying behavior in both mixed-mode and 
indirect solar dryers.  
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To solves this class of optimization problems from the 
viewpoint of multi-objective optimization. Hadi 
Charkhgard et al. [5] they offer a linear programming 
based algorithm for a class of optimization problems 
with a multi-linear objective function and affine 
constraints. A class of multi-objective optimization 
problems can be solved by decomposing its objective 
function.  
A method which accepts this uncertainty and uses 
stochastic integer programming to find a tool set 
robust to changes in demand is presented by Sarah 
Jean Hood, Stuart Bermon, and Francisco Barahona 
[7]. It considers a set of possible, discrete demand 
scenarios with associated probabilities, and 
determines the tools to purchase, under a budget 
constraint, to minimize weighted average unmet 
demand.  
Takashi Hasuike and Hiroaki Ishii [1]offer a flexible 
product-mix problems using TOC, and develop an 
efficient solution. Their models include randomness 
derived from statistical analysis based on historical 
data, ambiguity of decision maker's intuition and the 
quality of received information, and flexibility in 
accomplishing the original plan compare with some 
previous basic models by providing a numerical 
example.  
Wen-Hsien Tsai et al. [2] create a mathematical 
programming model to analyze the maximum profit of 
a product-mix decision based on the integration of 
activity-based costing (ABC) and the theory of 
constraints (TOC) with the adoption of new green 
manufacturing technologies (GMTs). GMTs 
investment and product-mix decision making based on 
ABC systems are approached by the value of 
mathematical programming.  
Because the capacity consumption is dependent on 
choosing from different manufacturing process, 
Martin Romauch and Andreas Klemmt [3] offer a 
model that considers a wide range of objectives. To 
optimize the product mix of a semiconductor fab, the 
production capabilities and capacities are matched 
with the demand in the most profitable way.  
The long flow time and queuing network behaviors is 
the problem for the product mix planning. Yon-Chun 
Chou and I.-Hsuan Hong [6] describe the 
characteristics of the product mix planning problem in 
foundry manufacturing. they focus the issues of time 
bucket selection, mix optimization and 
bottleneck-based planning. And they use integer linear 
programming techniques and a heuristic procedure to 
be implemented for mix planning.  
 
III. MATERIAL AND METHOD 
 
A. Collecting Data 
After visiting a farmer at Rayong, the data of all rubber 
products are illustrated as below  
1) Products 
1.1) Latex is the liquid product which made from 
rubber trees. 

1.2) Rubber sheet or RS is made of latex by 
coagulating latex, rolling the coagulated latex with 
three roller machine and sunlight drying. 
1.3) Cup-lump is made of latex when latex is in the 
cup by putting the diluted formic acid and leaving it 
little time to coagulation. 
 
2) Price: The farmer always sells the latex and the 
cup-lump to the nearest distributer and the RS to the 
Agricultural cooperative at Rayong. This study uses 
the price data from distributers, the Agricultural 
cooperative at Rayong. Table 1 shows the local price 
data. The latex and Cup-lump prices are the average 
price from companies and distributors. The RS price is 
the price from the Agricultural cooperative at Rayong. 
 
3) Processing time: in this paper, the processing time is 
recorded to produce 1 kg of each product depending 
on price. The process flow chart is showed in Figure 
1.Latex product doesn’t add any time to transform. 
There are only two processes include Tapping and 
Collecting. RS products add more 3-4 hours and take 
more 6 processes to transform. There are eight 
processes include Tapping, Collecting, Coagulation, 
Shape forming, Smoothening, Grooving, Drying and 
Storing. And Cup-lump product adds more 3 hours to 
drop few diluted formic acid to transform. There are 
three processes include Tapping, Collecting, 
Dropping. 
 
4) Capacity of time: the farmer sets the capacity of 
time in Rubber tapping process. The constraints are 
showed as below 
3.1) Rubber tapping can work in between 1.00 am – 
5.00 am.  
3.2) The other processes don’t have any limit time. 
3.3) The utilization time in each process is depend on 
number of worker.  
 
5) Worker: because number of worker is less than 
number of process, all workers have to do work 
together in sequent.  There are 3 workers in this 
production unit and work hour is 8 hours per person. 
Therefore, total working time is 1,440 hours per day. 
The summaries of the time resource, processing time 
and capacities of time are showed in Table 2, Table 3 
and Table 6. 
 
6) Additive: Transforming latex to RS or cup-lump 
need to use the formic acid. Diluted formic acid comes 
from 1 liter of 99% formic acid and 20 liters of water. 
For 1kg of RS use 77 cc of the diluted formic acid and 
Cup-lump use 65cc of the diluted formic acid. 
Converting the volume of the diluted formic acid to 
the cost is showed in Table 5. 
 
7) Demand: Normally, all demand products aren’t 
limited by companies or distributors. This study uses 
an expected demand which is decided by the farmer 
experience. Latex and Cup-lump, the farmer can sell 
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product to a company or a distributor. RS product, the 
farmer only sells to Agricultural cooperative at 
Rayong. 
7.1) Scenario 1 is the volumes of demand which the 
farmer has decided in the current situation. 
7.2) Scenario 2 is the volumes of demand which are 
average to all products. 
7.3) Scenario 3 is the volumes of demand which focus 
on high latex production. 
7.4) Scenario 4 is the volumes of demand which focus 
on high RS production. 
7.5) Scenario 5 is the volumes of demand which focus 
on high cup-lump production. 
The expected demands in 5 scenarios are showed in 
Table4. 
 

 
Table 1 The price from the nearby distributors and companies 

& agricultural cooperative at Rayong 
 

 
Table 2 the total working time of the using time for all processes 

resources of the Para rubber farmer at Rayong 
 

 
Table 3 the summaries of the capacity of time in all processes 

resources of the Para rubber farmer at Rayong 
 

 
Table 4 Expected demand in 5 scenarios of the Para rubber 

farmer at Rayong 
 

 
Table 5 The summaries of the additive resources of the Para 

rubber farmer at Rayong 
 

 
Table 6 The summaries of the time resources of the Para rubber 

farmer at Rayong 
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Figure 1 Process flow chart of Para rubber products at Rayong 
 
B. Model Description 
1) Index 
 
         I    =   Set of work stations  
      {Tap, Collect, Coagulate, Drop, Shaped 
form,  
                      Smoothen, Groove, Dry, Store}  
         J    =   Set of Products {Latex, RS, Cup-lump} 
 
2) Parameters 
 
p      =     Priceof product j  
c       =     Cost of product j  
pt =  Processing time of work station i at product j 
ct =    Capacity of time in process i 
d      =    Demand of product j 
u      =    Using time in process i 
 
3) Decision Variable 
 
x       =    Volume of products j 
C. Optimization model formulation 
 
1)  Objective function 
 
Maximize = ∑ p x∈ − ∑ c x∈      (1)  
 

Equation (1) the objective function was to maximize 
profit by deciding the volume of production in each 
product. 
 
2)  Constraint 
 
Constraint 1:  The volume of production in each 
product can be produced under limited resource of 
time.  
 
∑ pt x∈ ≤ u ∀ i ∈ I                        (2) 
 
Equation (2) all products will be produced until 
working time at work station i that use for Product 
meet the utilization time of work station i. 
 
Constraint 2: using time in each process is limited by 
capacity of time.  
u ≤ ct ∀ i ∈ I                        (3) 
 
Equation (3) some processing time is limit by other 
factors such as a suitable time for doing a process. 
Table 3shows the relationship between using time and 
capacity of time 
 
Constraint 3:  the summarized processing time must be 
less than total working time. 
 
∑ u∈ ≤    w                                                                 (4) 
 
Equation (4) workers are work in sequence. Total 
using time is limited by working time for all workers. 
Table 2 shows the relationship between using time and 
total working time. 
 
Constraint 4:  The volume of production in each 
product can be produced in between 0 and the demand 
of product j.  
 
0 ≤ x ≤ d ∀ j ∈ J                    (5) 
 
Equation (5) the volume of production at product j 
must be more than or equal to zero and must be less 
than or equal to the demand of product j. 
 
This optimization model maximizes the profit. The 
maximum profit is calculated from the volume of 
production (x ) with price and it is deducted by the 
volume of production (x ) with cost. And the volume 
of production in each product is expected by a farmer 
to control the volume of production without exceeding 
the demand. The total volume of production is 
controlled by limited time. The summarized 
processing time in all processes to produce all 
products cannot be more total working time of worker. 
In this model Eq (3) and Eq (4) use to control all 
worker to do all process together. 
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IV. RESULT S AND DISCUSSION 
 
For solving the optimization model, this studyused 
Lingo 11 with HP Pavilion G4 Intel Core i5-2410M, 
CPU 2.30 GHz, RAM 6.00 GB. This study divided the 
scenario into 5 scenarios. According to table 1, table 2, 
table 3, table 4, table 5 and table 6. These results of 5 
scenarios are shown as follow. 
 
A. Scenario 1: Real expected demand 
The optimizationmodel decides to produce RS, 
Cup-lump and latex respectively. The volumes of 
production are 150 kg of latex, 80 kg of RS and 200 kg 
of cup-lump. Income is 11,254 Baht. 
 
B. Scenario 2: Average demand 
The optimization model decides to produce 113 kg of 
latex, 150 kg of RS and 149 kg of cup-lump. Income is 
12,471 Baht. 
 
C. Scenario 3: High Latex production 
The optimization model decides to produce 254 kg of 
latex, 50 kg of RS and 49 kg of cup-lump. Income is 
10,636 Baht. 
 
D. Scenario 4: High RS production 
The optimization model decides to produce 50 kg of 
latex, 264 kg of RS and 8 kg of cup-lump.Income is 
13,454 Baht. 
 
E. Scenario 5: High Cup-lump Production 
The optimization model decides to produce 50 kg of 
latex, 50 kg of RS and 300 kg of cup-lump. Income is 
8,495 Baht. 
 

Table 7 Expected demand in 5 scenarios of the Para rubber 
farmer at Rayong 

 

Demand  
(kg :d ) 

Products 
Income 
(Baht) Latex  

(d ) 
RS  
(d ) 

Cup-lump  
(d ) 

Scenario 
1 150 80 200 11,254 

Scenario 
2 113 150 149 12,471 

Scenario 
3 254 50 49 10,636 

Scenario 
4 50 264 8 13,454 

Scenario 
5 50 50 300 8,495 

 
Because of the highest value per minute of RS, the 
optimization model decides to produce first RS 
products until the volume of production is equal to the 

expected demand. And with the rest of resources, the 
model decides to produce Cup-lump. And the last 
product which will be produced is Latex because of 
the least value per minute. 
 
CONCLUSIONS 
 
This paper, we propose the optimization model to 
make product mix decision under TOC for Para rubber 
products at Rayong by using time evaluation. There 
are 3 products including Latex, Rubber Sheet and 
cup-lump. An additive is diluted formic acid. And 9 
processes includeTapping, Collecting, Coagulation, 
Dropping, Shape forming, Smoothening, Grooving, 
Drying and Storing. Price data are from the 
Agricultural cooperative at Rayong, companies and 
distributors. For worker constraint, we consider in the 
real situation. All workers do work together in all 
processes in sequent. The optimization model is 
solved by Lingo 11. The results are separated into 5 
scenarios including real expected demand, average 
demand, high production latex, high production RS 
and high production cup-lump. 
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