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Abstract. The use of Theory of Constraints (ToC) is very necessary in overcoming problems in 

the production automation system in the industry. This research aims to overcome the rate of 

instant noodle production automatically in the factory. The study was conducted in a national 

company that produces instant noodles at Tanjung Morawa, North Sumatera, Indonesia. The 

experience of constraints of bottlenecks were observed at mixing station and cooking station 

caused by the different capacities between the work stations. This research uses the principle 

of continuous improvement. A linear programming method is used to optimize master 

production schedule (MPS) and determine the maximum throughput. The results showed that 

applying the theory of constraint in the flow rate can solve the problems in the production of 

instant noodle in the factory. The ToC eliminate the constraints on the bottleneck work stations 

so that the overall production flow can run effectively and efficiently. After optimal MPS 

results has been known, rough-cut capacity planning (RCCP) revisions are calculated and the 

results showed that the bottleneck work stations have become non-bottleneck work stations, 

and the maximum throughput has been achieved.  
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1.  Introduction 

Product flow optimization is very important in the production process in industry, because 

it deals with the effectiveness and efficiency within a company [1,2]. It is known that production 

planning is very crucial in the success of the company, especially in the context of measuring 

the ability of a company to provide the products and its balance with the production process in 

the factory [3,4]. Thus, the compatibility between raw materials, production processes, and 

machine capacity must be carefully considered. If the production planning is not well regulated, 

the production process can cause bottlenecks in intermediate or final products [5]. Bottle necks 

occur when work stations have a smaller capacity than production requirements. One work 

station experiences a bottle neck if there is an increase in demand that exceeds the capacity of 

the machine, it will cause a delay in production or fulfillment of demand. Thus, the process of 

reducing bottlenecks must be carried out with a search starting from the materials, machines, 

and people who involve work in the factory. Several studies have been conducted to reduce the 
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bottle neck for the effectiveness of the companies. The use of theory of constraints (ToC) is very 

well applied to explore parts of the production steps that experience obstacles in the production 

flow automatically [6,7,8].  

In this study, the observations on the production process have been carried out, namely in 

a company engaged in the manufacturing of products that produce machinery and human 

production works automatically, namely instant noodle production in Tanjung Morawa, Deli 

Serdang, North Sumatra, Indonesia. Briefly, the production process in the factory is carried out 

at six work stations, and it is known that not all production flows run smoothly from raw 

materials into the packaging. The observations results and the data analysis have shown that 

there were problems with slowing down in several work stations, namely the case of product 

buildup caused by differences in production capacity at one station with the previous work 

station, and ultimately becomes a bottleneck case. Sifting and mixing work stations always 

experience bottlenecks due to differences in work capacity which causes delays in the 

production process, and ultimately decreases in the number of products produced by the 

company. To overcome this problem efforts need to be made so that the working power of all 

stations can take place effectively. 

The application of theory of constraints (ToC) is very suitable to be used to overcome the 

problem of a production flow that runs automatically [9,10]. Several studies have been 

conducted using the theory of constraints to overcome bottleneck problems in a production 

process [11,12]. Thus, the strategy to overcome this bottleneck is appropriate to be used to solve 

the problem of instant noodle production which is carried out in this study. The ToC method is 

considered to be suitable for handling the bottleneck problems experienced by the company, 

because this method focuses attention on finding constraints that can slow down the production 

process, and help to maximize the amount of inventory and throughput [13,14]. Theory of 

constraints will be able to be used to trace and examine constraints to find out how those 

constraints affect the desired goals within the company. The purpose of this research is to 

overcome the problem of instant noodle production flow rate in companies that work 

automatically within the company by using theory of constraints. 

2.  Materials and Methods 

Research Procedures 

The research is classified as applied research through the stages of problem identification 

to the stage of taking corrective actions in an effort to solve the problems experienced by the 

company. Observation and data collection is done by observation. Retrieval of research data 

was carried out directly at of each work station as shown in Figure 1. Furthermore, research data 

are analyzed to ascertain the position of the bottleneck problem, and proceed with the 

application of theory of constraints to solve the problem. Continuous improvement will continue 

until the optimum production conditions are obtained so that the bottleneck problem of the 

production process can be overcome. The research step begins by observing the sequence of 

production processes and processing time of each work station, followed by calculating the 

production capacity at each work station. The next stage is to analyze the data aiming to find 

work stations experiencing bottlenecks, increasing capacity at the workstation section, and 

proceeding to recalculate the new capacity that has been successfully obtained. Production flow 

and capacity at work stations experiencing bottlenecks is further optimized by applying ToC. 

ToC application is also done to maximize throughput. 



 

Fig 1. The conceptual framework on doing the study starting from problem identification to the 

stage of taking corrective actions to overcome the bottleneck problem of the 

production process. 

3.  Results and Discussion 

The Description of Production and Rating Factor Analysis  

In general, the process flow and production capacity of each work station (WS) for making 

instant noodles in the factory are shown in Figure 2. Each of the work station has a different 

production capacity and also resulted in various rating factors of production analysis. 

 

Fig. 2. Process flow and production capacities in each work station of the production of instant 

noodles 

The results of observations have shown that the average percentage of the realization of 

the company's daily production plan is 90.1% and there is a buildup of 9.9% was found at the 

workstations. The small number of constraints in the form of bottlenecks will affect the overall 

company performance. Therefore, this obstacle must be resolved so that the company's 



performance can be improved. Improving company performance can be done by tightly 

scheduling the production process to optimize the work stations so that bottlenecks do not occur. 

In this case the standard time at each work station was calculated, the value of the rating factor 

of the observed operator was analyzed, and the allowance compensation given to the operator 

becomes a consideration in the management of instant noodle production. The results of the 

calculation of the standard time from manufacturing P-1, P-2, P-3 and P-4 products are 

summarized in Table 1. 

 

Table 1. Standard time for each work station and product where RF = Rating Factor, A = Allowance, and 

ST = Standard Time (sec) 

Work 

Statio

n 

Product-1 (P-1) Product-2 (P-2) Product-3 (P-3) Product-4 (P-3) 

RF A ST RF A ST RF A ST RF A ST 

1 
1,0

9 

0,15

0 

11,4

1 

1,0

9 

0,15

0 

11,2

9 

1,0

9 

0,15

0 
9,09 

1,0

9 

0,15

0 
9,10 

2 
1,0

9 

0,13

0 

23,1

3 

1,0

9 

0,13

0 

22,8

5 

1,0

9 

0,13

0 

18,2

3 

1,0

9 

0,13

0 

18,2

8 

3 
1,0

9 

0,15

0 

13,1

8 

1,0

9 

0,15

0 

13,2

0 

1,0

9 

0,15

0 

10,6

3 

1,0

9 

0,15

0 

10,5

5 

4 
1,1

4 

0,18

5 

22,5

6 

1,1

4 

0,18

5 

22,5

2 

1,1

4 

0,18

5 

18,2

4 

1,1

4 

0,18

5 

18,1

9 

5 
1,1

7 

0,13

5 

21,9

3 

1,1

7 

0,13

5 

21,9

1 

1,1

7 

0,13

5 

18,1

0 

1,1

7 

0,13

5 

18,1

6 

6 
1,1

7 

0,13

5 

12,0

6 

1,1

7 

0,13

5 

12,6

5 

1,1

7 

0,13

5 

10,3

9 

1,1

7 

0,13

5 

10,5

0 

 

3.2. Product Demand Forecasting 

The product demand forecasting has been done on instant noodle products by using 

quantitative forecasting methods, and trend projection method with regression. Based on the 

data distribution, the forecasting method chosen for the production at workstation for P-1 and 

P-4 products are the cyclical and linear methods, and for the P-2 and P-3 products are used the 

cyclical and exponential methods. From the smallest SEE value obtained, it is decided to use 

the linear forecasting method ate the workstation for P-1 product, where the P-2 uses the 

exponential method, while the P-3 and P-4 are using the cyclical method. Forecasting results 

for the next twelve months can be shown in Table 2.  



Table 2. The results of product demand forecasting in the next twelve months 

X 

(month) 

Y'  (boxes) 

P-1 P-2 P-3 P-4 

13 53187 15067 18680 10130 

14 52242 13675 17446 10452 

15 51298 12410 18881 11362 

16 50353 11263 22600 12615 

17 49409 10222 27607 13876 

18 48464 9277 32560 14807 

19 47520 8419 36131 15158 

20 46575 7641 37365 14836 

21 45630 6935 35930 13926 

22 44686 6294 32211 12673 

23 43741 5712 27204 11412 

24 42797 5184 22251 10481 

 

3.3. Master Production Schedule (MPS) 

The preparation of the master production schedule is carried out to plan the number of 

products to be produced over the next year. From the results, it is known that the master 

production schedule prepared for the four products is the same as the forecasting results. It is 

showed that the forecasting results from month 13 until 24 represented a master production 

schedule from January until December. 

 

3.4. Application of Theory of Constraints 

The application of theory of constraints (ToC) has been carried out to optimize the 

production of instant noodle products, and constraints on work stations have also been 

identified. From the calculation results, it is known that the variance obtained is the difference 

between the required capacity (CR) and the available capacity (CA). The load percentage 

calculations have also been carried out to find out which work stations are experiencing 

bottlenecks and non-bottlenecks. The variance that is negative and the percentage of loads that 

are below 100% indicate the category of non-bottleneck work stations, while the variance that 

is positive and the percentage of loads that are greater than 100% indicate the bottleneck work 

station category. Calculation of required capacity and available capacity is calculated using 

rough-cut capacity planning (RCCP) as summarized in Table 3. It is known that work stations 

2 and 4 are work stations that have bottlenecks. With this result, improvements were made so 

that the bottleneck problem can be overcome. Several activities carried out such as (1) Decide 

how to exploit the constraint, (2) Subordinate everything else, (3) Elevation of the existing 

constraints, and (4) Go back to step 1 and avoid inertia. Each of which is explained briefly. 



Table 3. Results of Rough-Cut Capacity Planning 

Month 

Workstation 1 Workstation 2 Workstation 3 

Variance % load 
Des-

cription 
Variance % load 

Des-
cription 

Variance % load 
Des-

cription 

Jan -696649 59,86 NBN 306752 117,1 BN -472421 71,84 NBN 

Feb -924279 52,07 NBN 37204 101,87 BN -763669 60,4 NBN 

March -928006 51,88 NBN 29259 101,47 BN -767954 60,18 NBN 

Apr 
-1002952 50,47 

NBN 
-27741 98,67 

NBN 
-839220 58,55 

NBN 

May -679221 60,87 NBN 339875 118,95 BN -509608 70,64 NBN 

June -936444 53,75 NBN 104827 105,01 BN -761331 62,4 NBN 

July -728404 60,24 NBN 334175 117,65 BN -550592 69,95 NBN 

Aug 
-836105 56,64 

NBN 
211513 110,61 

BN 
-660019 65,77 

NBN 

Sept -1069028 49,6 NBN -68545 96,87 NBN -899492 57,6 NBN 

Oct -1228666 44,6 NBN -295365 87,11 NBN -1069570 51,77 NBN 

Nov -1013741 47,43 NBN -145941 92,68 NBN -866968 55,04 NBN 

Dec 
-1180390 41,71 

NBN 
-386789 81,51 

NBN 
-1045274 48,38 

NBN 

          

Month 

Workstation 4 Workstation 5 Workstation 6 

Variance % load 
Des-

cription 
Variance % load 

Des-
cription 

Variance % load 
Des-

cription 

Jan 72917 103,66 BN -1883108 51,74 NBN -818360 58,05 NBN 

Feb 
-217654 90,16 

NBN 
-2384339 45 

NBN 
-1073566 50,47 

NBN 

March -224711 89,84 NBN -2390258 44,86 NBN -1076488 50,34 NBN 

Apr -291861 87,44 NBN -2562805 43,7 NBN -1158977 49,08 NBN 

May 109545 105,5 BN -1842508 52,78 NBN -793127 59,34 NBN 

June 
-157658 93,21 

NBN 
-2427661 46,67 

NBN 
-1080381 52,53 

NBN 

July 94496 104,5 BN -1962632 52,35 NBN -845071 58,96 NBN 

Aug -38319 98,27 NBN -2200674 49,24 NBN -965249 55,47 NBN 

Sept -339518 86,05 NBN -2712886 43,11 NBN -1226803 48,55 NBN 

Oct 
-576503 77,34 

NBN 
-3054461 38,73 

NBN 
-1406473 43,58 

NBN 

Nov -393315 82,22 NBN -2551182 41,15 NBN -1165354 46,24 NBN 

Dec -644406 72,26 NBN -2906769 36,14 NBN -1353035 40,55 NBN 

BN = bottleneck, NBN = non-bottleneck 

 

(1) Decide how to exploit the constraint 

Optimization of the master production schedule is carried out using the theory of 

constraints so as to produce maximum throughput by utilizing the entire capacity of the work 

station bottleneck. To optimize the master production schedule in the application of the ToC 

linear programming methods are used. The target function is maximizing throughput. The 

constraint function in the equation formed is the capacity of the work station bottleneck and the 

number of requests for each product. The equations that can be formulated, for example for 

January, in WS-2 can be seen in Equation (1) - (7). 



Maks. :  Z = C1 X1 + C2 X2 + C3 X3 + C4 X4  (1) 

s.t. :  tn1 X1 + tn2 X2 + tn3 X3 + tn4 X4  ≤ ACn  (2) 

   X1  ≤ D1     (3) 

      X2  ≤ D2     (4) 

      X3  ≤ D3     (5) 

      X4  ≤ D4     (6) 

    X1, X2, X3, X4  ≥ 0    (7) 

Where:  

X1, X2, X3, X4  = the amount of each product that must be produced, 

C1, C2, C3, C4  = throughput of each product type, 

tn1, tn2, tn3, tn4  = product processing time X1, X2, X3, X4 at the nth work station, 

d1, d2, d3, d4  = the demand of each product type, and 

ACn   = available capacity of each work station 

 

(2) Subordinate everything else 

Optimization of the master production schedule at the work station experiencing 

bottlenecks, and the results of the calculation of the resulting throughput are summarized in 

Table 4.  

 
Table 4. Optimal Production Master Schedule after aplication of theory of constraints 

Month 
Production (boxes) on Workstation 2  

P-1 P-2 P-3 P-1 Throughput 

Jan 53187 15067 12011 0 1971057000 

Feb 52241 13675 17446 8418 2121778000 

March 51298 12410 18881 9761 2103884000 

May 49409 10222 22877 0 1902928000 

June 48464 9277 32560 9072 2143781000 

July 47520 8419 29649 0 1908286000 

Aug 46575 7641 37365 3265 2033208000 

      

Month 
Production (boxes) on Workstation 4 

P-1 P-2 P-3 P-1 Throughput 

Jan 53187 15067 18680 6121 2170635000 

May 49408 10222 27607 7855 2098917000 

July 47520 8419 36131 9963 2164479000 

 

(3) Elevate the constraint 

Revised rough-cut capacity planning (RCCP) has been carried out to see whether the 

obstacles experienced by instant noodle production have been overcome. In this case all work 

stations are observed, that is, there are no more work stations experiencing bottlenecks. The 

results of the revised RCCP can be seen from the results summarized in Table 5. 



Table 5. RCCP Revision Results for Bottleneck Work Station 

WS Month Variance 
Persentage of 

Load (%) 
Description 

2 January 0 100,00 non-bottleneck 

 February 0 100,00 non-bottleneck 

 March -7 100,00 non-bottleneck 

 May -6 100,00 non-bottleneck 

 June -9 100,00 non-bottleneck 

 July -61080 96,77 non-bottleneck 

 August -5 100,00 non-bottleneck 

4 January -6 100,00 non-bottleneck 

 May 0 100,00 non-bottleneck 

 July -2 100,00 non-bottleneck 

 

(4) Go back to Step 1, 

The Evaluate if the bottleneck has been broken, and return to the beginning. All 

workstations have become non-bottleneck workstations, so that the constraints on the system 

have been completely overcome. 

Bottleneck work stations, which are mixing work stations (WS-2) and cooking work 

stations (WA-4), are the weakest link in the production flow that experiences bottlenecks. At 

these two workstations, buildup occurs that limits production capacity and can hamper overall 

production flow. With the theory of constraints (ToC), the bottleneck work station will be 

optimized so that it can smooth the overall production flow. Thus, at both bottleneck work 

stations there are constraints that must be removed to maximize the company's throughput 

[15,16]. The principle of continuous improvement theory of constraints (TOC) is applied to 

optimize capacity planning so there are no more bottleneck work stations. By using the linear 

programming method, the revised production master schedule is done by adjusting the capacity 

of the mixing and cooking work stations [17,18]. 

Work in process (WIP) occurs because of an imbalance of capacity that occurs at work 

station facilities, causing buildup of semi-finished products or work facilities that are idle and 

cannot be used maximally [19]. With the optimization of the master production schedule, the 

company can minimize in the following cases: (1) Work in process (WIP), where the more 

optimal the amount of production done on the production floor, based on the optimal JIP results 

a reduction in the amount of production, the amount of product inventory half-finished will be 

lower, (2) The amount of waste (waste that does not add value and can inhibit activities in the 

production process) caused by the work in process at the bottleneck work station, namely the 

mixing and cooking work stations, can be minimized, and (3) The average completion time of 

the production process can be minimized by reducing waste which can cause poor production 

flow and material flow on the production floor. Thus, the application of the principle of theory 

of constraints can eliminate obstacles that cause bottlenecks and increase profit or output levels 

(throughput) [20]. 



5.  Conclusion  

The application of theory of constraints has been able to overcome the bolleneck 

experienced by instant noodle factories. The average value of the standard time required at each 

work station to complete the four products, namely in WS-1 is 10.22 seconds, WS-2 is 20.62 

seconds, WS-3 is 11.89 seconds, WS-4 is 20.38 seconds, WS-5 is 20.03 seconds, and WS-6 is 

11.40 seconds. The rough-cut capacity report results show that the mixing work stations (WS-

2) in January, February, March, May, June, July, and August and cooking work stations (WS-

4) in January, May, and July are bottleneck work stations. After optimizing the master 

production schedule by applying the principle of theory of constraints and using the linear 

programming method, the results show that WS-2 and WS-4 become non-bottleneck work 

stations and the constraints that cause bottlenecks can be removed. Based on the revised results 

of the master production schedule, a maximum throughput was obtained in January amounting 

to Rp 2,170,635,000.00. 
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