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ABSTRACT 

Determining the appropriate product mix solution is one of the important production system decisions for 

manufacturing companies. Based on the traditional method of identifying bottlenecks in the theory of 

constraints, this paper proposes a heuristic method that considers all constraints simultaneously and assigns 

weights to all constraints in five steps to address the infeasibility of the traditional theory of constraints in 

product mix decisions under multiple resource constraints. The paper also illustrates the feasibility, simplicity 

and ease of use of the new method through a simulation example. 

Keywords: Bottleneck identification, Product mix, TOC (theory of constraints), LP (linear 

programming), Heuristic method. 

1. INTRODUCTION 

Determining the appropriate product mix 

solution is one of the important production system 

decisions for manufacturing companies. At present, 

the existing and mature product portfolio decision 

methods mainly include theory of constraints 

(TOC) and linear programming (LP) methods. 

Since the product portfolio decision is related to the 

efficiency of the enterprise, the advantages and 

disadvantages of the product portfolio decision 

methods have been concerned and debated for a 

long time by the academic community. 

Finch D [1] and Qiu M [2] discussed the 

similarity between TOC method and linear 

programming method in product portfolio decision-

making from theoretical and practical aspects 

respectively, and thought that TOC method was 

simpler and easier to use. Mabin V [3] discussed 

the complementarity of the two methods, and cited 

examples to illustrate. However, Balakrishnan J et 

al. [4] demonstrated the infeasibility of TOC 

method in product portfolio decision-making under 

multi-constraint conditions, and thought that linear 

programming method was the best method. Since 

the traditional TOC algorithm can only solve the 

single bottleneck problem, it cannot provide the 

optimal solution or approximate optimal solution 

for the multi-bottleneck resource problem. In order 

to solve the defects of traditional TOC in solving 

multi-bottleneck resource problems, scholars can 

only improve the traditional TOC algorithm. 

Improvement is mainly divided into two ways; The 

first is to improve TOC as an independent 

algorithm. Fredendall et al. [5] put forward RTOC 

algorithm, which has been tested and has the same 

result as ILP in most cases. Then Aryanezhad [6] 

and others tested RTOC, and found that RTOC 

sometimes got non-optimal solution, and optimized 

RTOC. De Souza et al. [7] discussed the 

controversial issue of comparing TOC with the 

optimization method of product portfolio decision, 

and put forward a heuristic method to obtain 

feasible solutions from the perspective of TOC. The 

results are compared with those of integer linear 

programming. Tanhaei et al. [8] developed a 

heuristic algorithm suitable for two bottleneck 

resources. Ajay Gupta [9] and others have 

improved some shortcomings in TOCh, and put 

forward the improved TOCh1. By comparing with 

the results of integer linear programming model, it 

is proved that this model gives satisfactory results. 

In addition to the research and application of TOC 

independent algorithm, scholars also put forward a 

comprehensive algorithm combining TOC with LP 

and intelligent algorithm, which provides a better 

idea for solving large-scale problems. In the 

research of TOC synthesis algorithm, combining 
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with LP is the most common in the early stage. For 

example, Luebbe and Finch [1] combine ILP with 

TOC, and get better results than TOCh algorithm, 

but the processing time is longer. Recently, scholars 

prefer the combination of TOC and intelligent 

algorithm. Samouei et al. [10] of TOC 

comprehensive algorithm comprehensively applies 

FRTOC and double-layer fuzzy mathematical 

model to solve the assembly line balancing problem 

(ALBP). 

However, it is not difficult to see that these 

improved methods either only consider the main 

constraints or ignore other sub-constraints. The 

production process of enterprises is dynamic, and 

the main constraints will become sub-constraints, 

while the sub-constraints will rise to the main 

constraints; or it needs to be sorted repeatedly, 

which makes the decision-making process more 

complicated. On the basis of bottleneck definition 

in traditional constraint theory, aiming at the 

situation that there are two constraint resources or 

multiple constraint resources in the system, this 

paper attempts to further improve the combination 

decision of products in constraint theory with a new 

heuristic method, which does not need the complex 

operation of linear programming method or 

repeated sequencing. The example simulation 

shows that the improved TOC method is simple and 

easy to use. 

2. METHOD OVERVIEW 

In the traditional constraint theory, when 

combining products, only the primary constraint 

resources are considered, but the secondary 

constraint resources are not considered. The 

production process is a dynamic process and the 

resources are interrelated, which makes the 

bottleneck resources shift, thus obtaining the 

suboptimal result, even the infeasible result. 

Balakrishnan J et al. [11] has already proved it 

through an example. The method given in this 

paper is aimed at this problem, considering all 

constraints and giving weights to all constraints, so 

as to avoid the infeasibility of planning caused by 

bottleneck transfer. 

The improved method is divided into five steps 

to illustrate: 

 List the load capacity table of all resources, 
in which the load refers to the sum of the 
requirements of processing all products for 
a certain resource capacity in a certain 
period of time; 

 Consider all overloaded resources as 

constraints  .....1, 2
n

n nCO  , establish 
constraint domain: 

 1 2
......, , , 2

q
R q nCO CO CO  

; 

 Calculate the proportion of each constraint 
resource to the total constraint resource: 

nW 
 nCO  / 

q

n 1
nCO




; the time spent by 

the ith product on constraining resource Q 

is: 
,

q
i COt

; the unit benefit of the 
constrained resource q of the ith product is 

,
q

i

i

i CO

TP
r t



; and then multiplied by the 
proportion of the constraint resource to the 
whole constraint resource: 

i,q q
,

q

i

i

i CO

TP
WP r t

  

 

 Will each product under different 

constraint resources iP  summation: 

i
1

m

i
n

J P



; finally, sort by the size 

of iJ ， the larger the value of iJ , the 

more priority is given to scheduling (if 

iJ  tends to infinity, the product is finally 
produced. 

 Use the domain search method to 
determine whether to increase the total 
output. Alternative products are products 
that cannot meet the market demand and 
are close to the products, and only need to 
make local fine adjustments. 

The product mix problem can also be solved by 

linear programming. The objective function and 

constraints are both linear functions of independent 

variables. The simplex method is the most 

commonly used method to solve the linear 

programming problem. However, in the process of 

solving the simplex method, a known basic feasible 

solution is taken as the premise, and the next basic 

feasible solution is determined on this basis. 

Therefore, in the process of solving simplex 

method, determining the initial basic feasible 

solution is the key to solving linear programming. 

In addition, according to the geometric meaning of 

linear programming, the number of effective 

constraints of linear programming determines the 

number of basic feasible solutions of linear 

programming. When the enterprise faces many 
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constraints and its output is relatively large, it is 

obviously difficult for the enterprise to determine a 

feasible scheme from an infinite number of feasible 

schemes, which must conform to the nature of the 

basic feasible solution for optimization. However, 

the method adopted in this paper is simple and 

practical, which can avoid the problems when using 

linear programming. 

 

 

3. EXAMPLE SIMULATION AND 

RESULTS 

Godfrey C used examples to show that TOC 

can't solve the multi-bottleneck constraint, and now 

cited his counterexamples to verify the feasibility of 

the new method in this paper. Enterprises need to 

produce 5 kinds of products and 6 kinds of 

resources. The specific parameters are shown in 

"Table 1": 

Table 1. Products and related data 

Product 
category 

Types of resources Market 
demand 

Retail 
price 

Prices of raw and semifinished 
materials 

TP 
value P1 P2 P3 P4 P5 P6 

A 2.5 9.5 6.5 12.0 4.0 30.0 20 30 10 20 

B 5.5 3.5 1.5 16.0 1.0 10.0 30 50 42 8 

C 3.5 8.5 9.5 25.0 2.0 9.0 40 50 25 25 

D 2.0 8.0 10.0 30.0 1.0 10.0 30 40 25 15 

E 10.0 20.0 15.0 0.0 10.0 2.0 60 20 15 5 

total load 1015 2075 1755 2620 820 1680     

Capacity load 2400 1825 2400 2400 2400 2400     

Overload load ─ 250 ─ 220 ─ ─     

 

The above products are now classified using the 

method in Section 2, and the process is as follows.:  

Table 2. Resource load table 

Product 
category 

Types of resources Market 
demand 

TP 
value P1 P2 P3 P4 P5 P6 

A 2.5 9.5 6.5 12.0 4.0 30.0 20 20 

B 5.5 3.5 1.5 16.0 1.0 10.0 30 8 

C 3.5 8.5 9.5 25.0 2.0 9.0 40 25 

D 2.0 8.0 10.0 30.0 1.0 10.0 30 15 

E 10.0 20.0 15.0 0.0 10.0 2.0 60 5 

Overload load ─ 250 ─ 220 ─ ─   

 

 List the load capacity table of each 
resource, as shown in "Table 2"; 

 Constraint resources are p2 and p4, 
CO1=P2, CO2=P4, Constraint 
domainR{CO1,CO2}; 

 Weight:  
2

220 / 250 220 0.47W   
; 

1,1P of product A in constraint 1CO  is 

20 / 9.5 0.53 1.12  , 1,2P of product 
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A in constraint 2CO  is 
20 /12 0.47 0.78  , The rest of the 
products are analogized; 

 Find out: 

1 2 3 4 5
1.9, 1.4, 2.0, 1.2,J J J J J     

. 
Therefore, the priority of products is 
C,A,B,D,E; 

 according to the priority, the final products
are 40C,20A,30B,22D,50E. because d 
cannot meet the market demand, the 
alternative products are B and E. 

The replacement process and results are shown 

in "Table 3" 

Table 3. Product substitution process and results 

D B E P1 P2 P3 P4 P5 P6 
0 0 0 0 0 1501 14 875 20 1688 820 
1 +2 -3 0 6 1513.5 8.5 859.5 8 1689 830 
2 +4 -7 0 4 1531.5 6.5 845.5 12 1691 850 
3 +6 -10 0 10 1544 1 830 0 1692 860 
4 +8 -14 -1 3 1572 19 831 4 1695 882 
5 +10 -18 -1 1 1590 17 817 8 1706 902 
6 +12 -24 0 -12 1609 2 791 44 1700 940 

The final scheduling result is 20A, 20B, 40C, 

28D, 50E. 

This is consistent with the result obtained by 

Godfrey C [11] using linear programming method. 

This method is still feasible when applied to the 

cases in related literatures [12-25]. 

4. CONCLUSION

Based on the bottleneck determination method 

in constraint theory, this paper improves the 

product portfolio decision-making method in 

constraint theory by considering all constraints and 

giving weights to them. Compared with Godfrey 

C.'s method, this method not only avoids the 

professional knowledge and complicated 

calculation required by linear programming 

method, but also adheres to the method of 

bottleneck determination in constraint theory, and 

does not need to repeat production scheduling, 

which simplifies the steps of product combination, 

is convenient for managers to use, and can achieve 

the same results. TOC is obviously different from 

LP. As a process, TOC provides a perfect 

framework for improving throughput, and has a 

wide impact on product portfolio determination, 

scheduling, inventory buffer placement, inspection 

placement and so on. Its target is beyond the target 

range of LP. It provides an intuitive and effective 

way to promote the continuous improvement of 

organizational functions. 
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