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Abstract.  

Decreasing defects, waste time, meeting customer demand and being 

adaptable are the goals of a Zero Defect Manufacturing (ZDM) strategy. 

Scheduling is an important tool to perform that. It should take in account 

buffer size allocation. In this study, a method to solve the Buffer Sizing 

Problem (BSP), which is NP-hard problem. The current research work 

focuses on finding the optimal buffer allocation using Tabu-search (TS) 

algorithm. The goal is to minimize buffers’ sizes while maintaining a 

certain productivity. The evaluation of the alternative buffer solutions 

were performed using the following performance indicators; Makespan, 

Tardiness and the Buffers Cost. In the developed method the following 

are considered: multitasking machines subjected to non-deterministic 

failure, non-homogeneous buffer sizing, and non-sequential production 

line. The propose approach was tested via a real life industrial use case 

from a leading Swiss company in high precision sensors. The simulation 

results showed that the proposed methodology can effectively design the 

buffer strategy for complex production lines. 

Keywords: Buffer Size Problem, BSP, Zero Defect Manufacturing, ZDM, op-

timization, Tabu-search 

1 Introduction 

Modern industry, 4.0, wants to reach new goals. Nowadays, manufacturing includes 

data to analyze and treat, changing and advancing communication and information 

technology. Flexible production and batch processes are the path adopted. Furthermore, 

manufacturers give special attention to the improvement of the quality using one of the 

latest paradigms, Zero Defect Manufacturing (ZDM) which is achieved by implement-

ing industry 4.0 technologies. ZDM paradigm is relying on a huge data collection about 

product and processes. In ZDM, not only detection takes place, but also the right reac-

tion must be done [1]. Implementing the ZDM concept can create loses in the perfor-

mance of the manufacturing system because extra processes are added, such as inspec-

tions or part re-work. In addition, to stay competitive, companies should answer 
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properly to customer different customization needs, since the production has changed 

from mass production to mass customization [2]. The way to do is to move from sys-

tematics inspections to a flexible structure, while products are not mass product but 

became in form of batches, augmenting the level of defects probability and occurrence. 

ZDM is a complex strategy to implement and therefore, new approaches are needed for 

successful implementation.  

The current research work focuses on giving a solution to the Buffer Size Problem 

(BSP) for unreliable multitask machine in non-sequential production line. Furthermore, 

the parts waiting time in the buffers are utilized for the ZDM processes. The solution 

proposed is implemented inside a ZDM oriented scheduling tool [3]. Tabu search is 

used for both scheduling and Buffer Size optimization. The proposed approach is tested 

in a real industrial use case from a Swiss leading micro-sensors company. Finally, a 

comparison is performed between the buffer solution with and without ZDM in order 

to discover the different needs that ZDM requires. 

2 State of the Art 

Buffer sizing problem (BSP) is a combinatorial problem ranked as a NP-hard [4]. Buff-

ers have a big importance because their presence increases workstations’ independence. 

It eliminates common issues such as starving or blocked machines [5]. However big 

buffer’s size means bigger investment and bigger use costs. The problem can take many 

forms as shown by many authors. First mathematical formulations are done by Buzacott 

in 1954 [6]. The most common method for optimizing Buffer Size is metaheuristics 

algorithms. In general, a solution for the BSP is compound of two parts, an evaluative 

part that determines performance measures and a generative part based on which the 

different Buffer size are generated. Evaluation could be done for big cases with simu-

lation, or an approximation is made based on the generalized expansion method like for 

example [7], the aggregation method in [8] for their serial line using the aggregate 

model from [9]or the decomposition method used by [10] where they followed the 

DDX model from [11]. 

This drives the subject to the generative part of the solution, which is the main part 

of this paper, that determines the buffer capacity and find the solution. This is typically 

an optimization problem. Many traditional techniques exist such as Gradient search and 

degraded ceiling, however their main drawback is that they can trapped into a local 

optimum. Meta-heuristic are the best solution for medium to large problems because 

they can avoid local optima by putting some laws to manage the search space [5]. The 

most widely known meta-heuristic methods are the tabu-search, simulated annealing, 

genetic algorithm and ant colony. Many authors treated this topic such as Spinellis et.al. 

who used decomposition method with simulated annealing to optimize line’s produc-

tion rate [16], where others have used genetic algorithm to find the optimal buffer sizes 

[17]. Blumenfeld and Li developed a methodology for solving the BSP for multiple 

machines but always with identical speeds, number of failures per hour and repair rate 

[18]. 
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Compared to the current literature, the paper offers new perspectives. The added 

value of the proposed tabu list is its simplicity and robustness. Indeed, it is simple to 

tune and quite straightforward for visualizing parameters influence on result. It has 

proven to be effective on various production network and machine configuration. 

In the current literature there are no articles discussing the BSP,ZDM and scheduling 

together. The implementation of ZDM into a manufacturing system can cause great 

disturbances, because for achieving zero defects numerous of actions are needed to be 

implemented into the schedule in order to counteract problems or to prevent future 

problems [1]. ZDM actions might create delays on the production or intensify some 

bottleneck stations and therefore the correct buffer size is imperative in order to miti-

gate those effects. 

3 Methodology & Industrial case definition 

In this section, the methodology for the buffer size optimization will be analyzed. The 

difference from existing research works is that the production system under investiga-

tion is composed from different machines. In addition, each task can be performed in 

more than one machine with different processing times. The optimization of the buffer 

size and the schedule is performed using Tabu-search, because of the good solution 

quality compared to the computation time. The buffer size optimization is done via 

tabu-search. Then the scheduling optimization is performed via a different tabu search 

program. The focus of the current research work is the neighbor creation for the evolu-

tion of the initial solution. The neighborhood generation is done in two phases: hetero-

geneous and homogeneous. Heterogeneous means that neighbors are obtained by add-

ing 1 on each buffer iteration. Homogeneous iteration is used |when a local minimum 

happens. It forces the generation of buffer profiles that will necessary provide a better 

objective function. Two approaches to build the neighbor are used. The first is to gen-

erate n neighbors from the current buffer distribution, n being the number of buffers. 

Each neighbor is a vector of size n x 1. They differ from the current buffer distribution 

by a unity added to one buffer (i.e to one line in the vector). Neighbors distinguishes 

themselves by the buffer where the unity is added. This is the heterogeneous distribu-

tion. If the current buffer distribution is still better than the neighbor, a new way to 

generate buffer is adopted. The maximum of the current buffer distribution is put as the 

size of all other buffers. This is the homogeneous distribution. Each time a new distri-

bution is found, the program goes back by default to the heterogenous distribution. 

Concerning the objective function computation, it is done inside the associated sched-

uling tool. Furthermore, if a buffer is full, all the production is stopped and emptying 

the full buffer becomes the priority. Not emptying a buffer may lead to non-feasible 

schedule. When this happens, a specifically designed algorithm is dynamically tweak-

ing the schedule in specific points in order to achieve a feasible schedule. Fig. 1 illus-

trates the buffer optimization procedure that is followed in the current research work. 

Each buffer solution is fed into a scheduling tool where with the help of Tabu-Search 

a local optimum solution is produced based on three performance indicators (PIs). The 

used PIs are the Makespan and the Tardiness, which are described in [19] and the total 
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buffers cost which is a function of the size of the buffer times the cost per square meter 

times the area that each component needs. 

 

Fig. 1. Buffer optimization overall Framework 

 

Fig. 2. Bill of 

Processes (BoP) 

Each buffer solution is fed into a scheduling tool where with the help of Tabu-Search a 

local optimum solution is produced based on three performance indicators (PIs). The 

used PIs are the Makespan and the Tardiness, which are described in [19] and the total 

buffers cost which is a function of the size of the buffer times the cost per square meter 

times the area that each component needs. The comparison of the alternative schedule 

solutions is performed by aggregating the three PIs into one value.  

This is achieved by normalizing each PI value in order to eliminate the units and 

then perform a weighted sum. The weight factors for each PI is user defined, but the 

sum of all the weight factors should be 1. The result will be a value in the rage [0,1]. 

The result of the weighted sum is called “Utility Value” and closer to 1 it is the higher 

the quality of the produced schedule. This procedure is based on Simple Additive 

Weighting (SAW) method which is explained in details in [20][21]. In this point should 

be mentioned that the ZDM is implemented into the scheduling tool via a procedure to 

re-schedule the production every time that actions are needed in order to mitigate prob-

lems and therefore achieve ZDM. 

3.1 Industrial Case 

The propose approach was tested using data coming from a real-life industrial use case 

from a leading Swiss company in high precision sensors. The case treated in this paper 

is more realistic but also more complex. Indeed, the literature concentrated on different 

problems: single production line with two machines or more that are similar, with a 

sequential organization. Machines in literature also are non-multitask. In the case 

treated there is no line but a network, in other terms the machines are compound by 

non-similar workstations The production line/network is not sequential, and machines 

are multitask, which add more complexity to what is found in literature. Fig. 2 shows 

the bill of process for the product under investigation. In reality the product BoP is more 

complex but for the current study a simplification was performed and the BoP presented 

in Fig. 2 illustrates the grouped BoP, composed by seven tasks. Also there are four 

inspection processes at the following levels of BoP, 904, 102, 101 and 901. If a defected 

part is detected the part is repaired if it is feasible in order to achieve ZDM. Further-

more, the current industrial case is susceptible to order delays and the financial penalties 

in case of delays are significant. This is the reason behind the selection of the Makespan 
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and the Tardiness as PI for the current problem. In addition, the buffers cost another 

aspect that needs to be in balance with the manufacturing times and therefore those 

three PI are the final choice. 

The production line is composed by seven stations, each one has two machines. Each 

machine in each station has different processing time, failure and repair rates from the 

other. Furthermore, the buffers are considered to be after each machine. The proposed 

approach is validated through a real life industrial use case and considers the production 

of 250 products, which they represent the 30% of the annual sales. In total the investi-

gated product, occupy 0.03 sqm each when fully assembled. For each manufacturing 

step, the components occupying area were calculated in order to accurately calculate 

the Buffers cost. In the current study, the cost per sqm is considered 50CHF. 

4 Experimental results 

The simulations for validating the current method were conducted for a period of three 

months, which corresponds to 250 parts. In order to demonstrate the evolution of the 

solution all the alternatives saved in the tabu-list (Tabu-Search (a) Fig. 1) were used for 

figures Fig. 3-6. The tabu-list contains the best alternative solutions revealed during the 

tabu-search algorithm and therefore worth illustrating their performance. The perfor-

mance indicators for those solutions are presented in Fig. 3, Fig. 4 and Fig. 5 and cor-

responds to the Makespan, Tardiness and Buffers cost accordingly. The x-axis of all 

figures corresponds to the total sum of buffer places for all the workstations. In this 

point should be mentioned that the buffer size on each machine was considered as sep-

arate variable and independent from the rest. For example the solution [5,3,6] is treated 

as different solution than the [10,3,1] regardless that the total sum is the same. The total 

sum of buffers was selected only of demonstrating purposes and for simplifying the 

graphs.  

 

Fig. 3. Makespan vs to-

tal sum of buffers 

 

Fig. 4. Tardiness vs total 

sum of buffers 

 

Fig. 5. Buffers cost vs to-

tal sum of buffers 

As someone would expect the Makespan is decreasing as the number of buffer places 

are increased. Until total buffer places 35 there is a significant drop of the Makespan 

value were as after that point there Makespan is decreasing with a significant lower 

rate. Similar trend is observed to the Tardiness, until buffer size 35 the Tardiness is 

rapidly decreased. After that point, there is a lower decreasing rate until reaches zero, 

which means that there are not orders due date delays. The Buffers cost is increasing as 

the number of buffer places is increasing. Having seen the three individual performance 
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indicators is difficult to reach to a conclusion of the best solution. Therefore, the three 

performance indicators were combined into one value (Utility Value), ranging from [0, 

1] with 0 to be the worst and 1 the best possible number [20]. Then the utility value was 

calculated for different weight factors for each performance indicator and presented in 

Fig. 6 (M:Makespan, C:Buffers Cost and T:Tardiness).  

All the alternatives presented in Fig. 6 show some similarities in their behavior. At 

the beginning where the absolute number of buffer places is small the solutions are not 

good and when there is a small increase to a specific workstation the solution becomes 

significantly better. Interesting is that for total buffer size 35 and 36 all the solutions 

are very close together with an average standard deviation of 0.0162. 

After that point and until total buffer size 54 there is an increase to the quality of the 

solution for all the cases. From that point three different behaviors are noticed. In the 

case where the weight for the buffer cost is minimum (0.2) the solution’s quality is 

continuing to getting better slightly. In the case where the weight for the buffer cost is 

maximum (0.5) the quality of the solution is getting worst as the total buffer size is 

increased. In all the other cases, the solution can be considered constant. The best solu-

tion regardless the PI weight factors was in the neighborhood of 50-54 buffer size with 

the absolute best solutions to be [9,7,10,7,7,7,7] and [8,7,10,7,6,8,7] for weight factors 

sets 3,5 and 1,2,4,6,7 respectively. Further to that from the simulation results, it was 

observed that workstation for T101 is the bottleneck and requires 10 buffer places, 

whereas the other workstation requires between 6-9. On the other hand, when the same 

case was simulated without ZDM active then the buffer sizes were [6,3,5,5,12,4] which 

are significantly different than the results obtained with ZDM active. In this case, the 

bottleneck is not any more the T101 but the T104 and this is caused because no ZDM 

actions are required to be implemented to the schedule. 

 

Fig. 6. Utility value vs total sum of buffers for different weight factor sets 

5 Conclusions 

The developed method proved to be robust enough to optimize the buffer size problem 

real complex production line. The results shows that the implementation of ZDM re-

quires a different buffer sizes because of the quality control for every part and the ac-
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tions that are required for counteracting a problem. The intelligent neighborhood gen-

eration method for shifting between heterogeneous and homogeneous buffer distribu-

tion proved useful for finding better solutions, because when the Tabu-search is 

“trapped” to a local maximum, it shifts to a homogeneous buffer distribution. Further 

to that, the Makespan is not depending on the absolute sum of buffer size, but it is more 

sensitive to the increase of a certain bottleneck buffer. Decreasing trends for Makespan 

and Tardiness and the increasing on for cost in function of buffers size is respect the 

findings in the literature. 
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