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Abstract 

 

In a task of process plan selection using 

workstations, manufacturing process plans 

have different precedence relationships, 

unequal operating times and so on.  It is 

necessary to consider these factors in 

evaluation models.  Due to the use of 

different machines and tools that would 

increase the line efficiency with additional 

cost and the semiconductor fabricators are 

strongly asking for high profit for every 

product, a traditional total cost is not a good 

measure for the selection of manufacturing 

process plans.  Hence, a two-phase 

evaluation model using throughput profit for 

each manufacturing process plan is proposed.  

In the first step of the proposed method, the 

precedence relationships of the manufacturing 

process for each part are decomposed.  

Several feasible combinations with different 

numbers of workstations and different task 

assignment are generated using a line 

balancing method.  Then, an optimization 

model with associated throughput profit for 

process parameters is used for choosing the 

manufacturing process plans. 

 

Keywords: manufacturing process planning, 

process plans selection, throughput profit, 

and semiconductor fabrication industry. 
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Most semiconductor fabricators maintain 

a static process plan for each of their product 

even when multiple process plans are feasible 

to produce the same product.  The existence 

of multiple manufacturing process plans and 

routing for a part provides a certain degree of 

flexibility in manufacturing systems.  And, 

the use of a single process plan for a part 

robs the manufactures not only the 

production flexibility but also efficiency.  

This is especially true for the semiconductor 

industry.  Therefore, how to select a set of 
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manufacturing process plans and routing for 

different machines and tools of required parts 

to maximize such benefits then becomes an 

important issue to semiconductor industry. 

The development of flexible manufacturing 

systems which can respond to the demand 

for production efficiency, on-time delivery, 

and low cost while meeting the requisites of 

short product life cycles and high product 

varieties is recently the trend in 

manufacturing system designs [1,2].  The 

existence of multiple manufacturing process 

plans and routing for a part provides a certain 

degree of flexibility in manufacturing systems.  

How to select a set of manufacturing process 

plans and routing for different machines and 

tools of required parts to maximize such 

benefits then becomes an important issue.  

In this research proposal, we intend to 

present and propose a more reasonable 

evaluation criterion to assist the selection of 

appropriate manufacturing process plans for 

the semiconductor fabrication industry which 

is known as one of the most difficult 

environment for manufacturing process 

planning, and production planning and 

scheduling [3-6]. 

Process planning is defined as the 

systematic method for creating job 

instructions to produce or assemble a part or 

a product.  For manufacturing systems, 

process planning is one of the important 

functions that generates a series of detailed 

operation instructions to transform raw 

materials to its desired product components 

according to design specification.  Inputs of 

process planning procedure such as materials, 

geometrical features, dimensional sizes and 

tolerances are carefully analyzed to produce 

the appropriate production sequences with 

the use of available resources.  Instructions 

such as required route, processes, process 

parameters and selection of proper machines 

and tools for production are necessary in 

manufacturing process plans. [8-12] 

Tasks of production planning and 

scheduling are two critical functions of a 

manufacturing system as well as the selection 

of manufacturing process plan.  For the 

production department, there are two main 

decisions that need to be made in the 

production planning stage.  The first 

decision is called task assignment, which 

decides the assignment of machine tools to 

accomplish each operation on each scheduled 

part.  The second is job sequencing, which 

decides what order the parts should be run.  

The efficiency of a manufacturing system 

relies heavily on proper task assignment and 

job sequencing.  Hence, these two factors of 

production planning should also be 

considered in the selection procedures of 

manufacturing process plans. [13-17] 

The recent methodologies proposed by 

researchers in the problem of manufacturing 

process plan selection intend to achieve the 

objectives of short processing time, low cost 

of removing the material, low scrap 

generation, higher tool life, etc.  Several 

models have been proposed to solve the 

multiple manufacturing process plans 

selection problem and results of these works 

have made some contribution.  However, 

these current methods do not consider the 

integration of the selection of manufacturing 

process plans and line balancing at the same 

time [18-23].  In general, only a number of 

fundamental elements carried by the process 

plans for a certain part are utilized as inputs 

for evaluation purposes.  In these models, 

they try to achieve some or all of the 

following objectives: the total time to finish a 

set of parts is minimized, the total number of 

process steps is minimized, the total 

manufacturing cost is minimized, and the 

machine dissimilarity between process plan 
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of different parts is minimized [16, 19].  

Not only should we take these fundamental 

elements included in process plan into 

consideration but we also must integrate 

production-planning function and process 

plans together for a more reasonable solution. 

The objective of this research is to solve 

the previously described problems in 

selecting manufacturing process plans that 

take into account the most important 

production control parameters. A NLPP type 

of approach is adopted to integrate 

considerations of process and production 

planning for selecting the best manufacturing 

process plans for semiconductor industry.  

When we are ready for entering the 

production planning stage, all possible plans 

of producing a part have been stored in the 

database and waited for the decision maker to 

select a plan that is suitable for the current 

shop floor status [14]. The following basic 

factors related with this selection problem are 

considered in the evaluation of alternatives:  

(1) the operation cost for each process plan;  

(2) the number of setup steps;  (3) the 

operation precedence relationship for each 

process plan;  (4) the cycle time for each 

process plan;  (5) the number of 

workstations;  (6) the production line 

efficiency; and (7) the target price of parts [7].  

As this research continued, there will be more 

factors to be adding into the consideration, to 

formulate a more comprehensive throughput 

profit function for the process selection 

problem of semiconductor fabrication 

industry. 
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A two-step procedure for the selection of 

process plans in semiconductor fabrication 

industry is proposed in this research.  In the 

first step, the precedence relationships of 

process plans for each part are decomposed 

and the tasks of each process plan are 

assigned to several different fixed 

workstations.  Applying the line-balancing 

requirement in this step then generates 

several feasible combinations with different 

number of workstations and different task 

assignment.  Due to the fact that those 

manufacturing process plans to be selected 

have different precedence relationships, 

unequal operating time and so on, it is 

necessary to convert these factors into 

comparable figures.  Hence, an optimization 

model with the value of throughput profit for 

each process plan is used for choosing the 

proper set of manufacturing process plans in 

the second step. 

The proposed model is limited by the 

following assumptions. 

(1) The time to perform a task in an 

operation sequence for a unit product is 

constant. Stochastic models with 

variant operating times are not 

considered in this paper. 

(2) All input parameters, i.e., production 

planning period, the cost of setup, etc., 

in this approach are known.   

(3) A process task cannot be further split 

into two or more workstations. 

(4) Only one processing unit (machine 

with/without operator) is assigned to 

each workstation. 

(5) The minimum required production rate 

or the maximum cycle time in a planning 

horizon for each part is given. 

(6) All tasks that would be performed in a 

manufacturing process plan must follow 

their precedence relationships. 

(7) There is sufficient space in each 

workstation to act as a buffer. 

3.1 Decomposition of Precedence 

Relationship for Line Balancing�
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In order to translate the task precedence 

relationships into quantitative variables is a 

required task in the first step of the proposed 

approach.  The assembly line balancing 

(ALB) method provides a useful tool to solve 

the constraints caused by precedence 

relationships.  The objective of the 

assembly line balancing method is to 

optimize the production line performance.  

A well-balanced line could reduce the amount 

of work-in-process and increase the machine 

utilization [24, 25].  Traditionally, a 

mathematical model for solving a general ALB 

problem can be described as follows: 

Solving the ALB Problem   

 Min C Xiw iw
w

W

i

N

       

==
∑∑

11

 , (1) 

 subject to t Xi iw
i

N

≤
=
∑  

1

 Ct* 
 

 , 

  where  w = 1,..., W ; (2) 

 X iw
w

W

=
∑ =

1

1   , 

 where  I = 1,..., N ;  (3) 

 and X Xvb uj
j

b

≤
=
∑

1

 , (4) 

where  b = 1,..., W and (u,v) ∈ PR. 
And, the notations used in ALB problem are 

given as follows: 
N  is the number of tasks in a process plan; 

W is the number of workstations; 

 ti is the operating time for task i; 

X
i w

iw
     =  

1, if   task   is assigned to workstation ,

otherwise0,





 Ciw is the cost coefficient of Xiw; 

Ct is the actual cycle time in a 

production-planning period; 

Ct

*
 is the maximum cycle time in a production 

planning period; 

PR is the constraints of precedence relationship. 
There are several approaches that could 

solve the line balancing problems [23-28]. 

However, the objective of the proposed 

method is to find all feasible task assignments, 

which could satisfy the minimum production 

requirement.   

Given the maximum cycle time (Ct*), 

precedence relationship, and task operating 

time for each part, we can obtain the 

following information using the Ranked 

Positional Weight (RPW) method by 

Helgeson and Birnie [28]: (1) number of 

station, (2) production line efficiency, and (3) 

task assignment. The line efficiency rate can 

be calculated by 

  E  =  100 × 
t

Ct W

i

i

n

=
∑

×
1  . (5) 

3.2 Throughput Profit 

The throughput profit (abbreviated as 

TPF in the following discussion) is defined as 

the total revenue from the parts we produce 

during a production planning period (TR) 

minus the total associated manufacturing cost 

(TCp): 

 TPF  =  TR  - TCp . (6) 

Generally speaking, the total revenue (TR) is 

defined as the target price offered to buyers 

(Pp ) times the number of parts produced 

during a production planning period (Np ), 

which is 

 TR  =  Np  ××××  Pp . (7) 

In the proposed method, we facilitate 

the concept of profit instead of cost when 

selecting manufacturing process plans.  The 

general format of throughput profit for a 

manufacturing process plan can be obtained 

by the following procedures: 

(1) Assuming that the production planning 

period (Pt ) and the cycle time (Ct) 

obtained by the line balancing method 

have the same units (e.g., minutes), the 

total numbers of parts produced in one 

production period (Np) is:  

 Np  =  
Pt

Ct
 × E ,  (8) 

 Where E is the line efficiency rate 

obtained by Eq. (5). 
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(2) Two cost items are considered in the 

proposed method: the operational cost 

in each single workstation (Cw) and the 

cost of idle time caused by the 

production delay (Cd).  After these 

costs of the associated workstation are 

determined, the cost of a certain 

workstation in one production period 

(TCw) can be obtained by  

 TCw  =  Cw + Cd ×××× ( 1 - E ).  (9) 

(3) The manufacturing cost is composed of 

different cost elements in different 

production stages.  Only those factors 

such as the operation and material cost 

for each part (Cp), setup cost for each 

process (Cs), and the cost of a certain 

workstation in one production period 

that are directly linked with the process 

plan are considered.  Thus, the total 

manufacturing cost (TCp) can be 

defined as: 

TCp  =  ( Cp ×××× Np ) + ( Cs ×××× Ns ) + 
( TCw ×××× W ) , (10) 

Where  Ns  is the number of 

processing setup. 

(4) Combining Eq. (8), (9), and (10) 

together, the desired throughput profit 

function for each process plan described 

in Eq. (6) can be written as: 

TPF  =  
Pt

Ct
 ×××× E ×××× ( Pp - Cp ) - ( Cs ×××× 

Ns ) - ( Cw + Cd ×××× (1-E) ) ×××× W (11) 

3.3 The Selection of Process Plans  

The problem in the second step of the 

proposed method can be formulated as a 0-1 

integer-programming problem. The objective 

of this model is to maximize the throughput 

profit that is contributed by the cited process 

plan of each part.  The objective function 

can be formulated as: 

Max  

( ) ( ) ( )( )∑ ∑
= ∈

×













×−×+−×−−××












N

i Pj

jjjjjjjjjj

j
i

XWECdCwCsNsCpPpE
Ct

Pt

1

1

 

  (12) 

subject to X j
j P

i
∈
∑ =1  ∀ ∈i N{ , , ,..., }1 2 3 ,  (13) 

 and  ( )X j    0, 1∈  (14) 

The notations used in (12)-(14) are given as 

follows: 

i  is the number of parts: 1, 2,…, N; 

j is the number of process plans; 

Pi is the set of process plans for part i; 

X
j

j
= 



1

0

if  process plan  is  chosen

otherwise
; 

Pt is the production planning period; 

Ctj is the cycle time for process plan j; 

Wj is the number of work-centers for process plan j; 

Ej is set of production line efficiency for process 

plan j; 

Nsj is the number of process setup for process plan j; 

Ppj is the target price offered to buyers per product of 

process plan j; 

Cpj is the cost per product for process plan j; 

Csj is the cost associated with production process 

setup for process plan j; 

Cdj is the cost of idle time of production line delay 

for process plan j; 

Cwj is the cost associated with work-center for 

process plan j. 

The factors considered in the proposed 

method are the production planning period, 

the precedence relationship (i.e., cycle time, 

number of workstations, number of process 

steps), the target price offered by buyers for 

each part, the number of process setup and 

the rate of production line efficiency.  Eq. 

(12) shows that a feasible process plan 

generated in the first step of the proposed 

method with the higher line efficiency or the 

higher target price and the lower 

manufacturing cost, (i.e., less number of 

workstations, less idle time and less number 

of processing setup) will have a better chance 

of being selected as the final solution.  The 
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constraint in Eq. (13) is used to make sure 

that exactly one process plan for each part i 

is selected.  The second constraint in Eq (14) 

is used to maintain the integrity of the 

decision variable, Xj . 

The procedures of the proposed method 

for the selection of manufacturing process 

plans are summarized as the following 

[Step 1]   Line Balancing Process: 
(1.1) Obtain the maximum cycle time (Ct

*
) for each 

part in a production planning period so that the 

throughput of each part can meet their demands. 

(1.2) Set the given maximum cycle time (Ct
*
) as a 

basic requirement; we can obtain the task 

assignment, number of workstations, and line 

efficiency rate by using the RPW method.   

(1.3) If it requires more than one machine at the same 

workstation for a better line efficiency, then 

terminate this algorithm; if not, continue this 

algorithm. 

(1.4) Determine whether the cycle time can be 

reduced without increasing current number of 

workstations.  If the number of workstations 

increases, then stop.  Go to procedure (1.5).  

If there exists a better cycle time, Ct
 
, then 

generate a new solution for Ct
 
 and repeat this 

procedure until  a task assignment with the 

best line efficiency rate has been found. 

(1.5) Increase the number of workstations by 1 and 

go to procedure (1.3) 

[Step 2] Selection Process: 

(2.1) Calculate throughput profits (TPF) for all plans 

generated by [Step 1] using Eqs. (11) and (12). 

(2.2) According to the Constraints (13) and (14), 

select the manufacturing process plan with 

maximal TPF as the final solution, which is: 

max TPF
all  plans

{ } ⇒  the selected 

manufacturing process plan. (15) 

3.4 Implementation & Evaluation�

In order to illustrate the usability and 

performance of the proposed method in 

selecting a manufacturing process plan for 

semiconductor industry, the same set of 

published example from Kusiak and Finke 

[20] and Bhaskaran [21] are used for 

demonstration.  From the summarized result, 

the proposed method is not only capable to 

help evaluate manufacturing process plans 

and then select the most profitable one for 

production; it also can provide other useful 

parameters for further analysis.  Besides, a 

set of engineering data that closely related to 

semiconductor manufacturing data are also 

used for implementation and evaluation 

purpose.  The results of the second set of 

implementation also indicates that in the 

work center environment the proposed 

method has better performance in selecting 

manufacturing process plan when the 

manufacturing profit (or throughput profit) is 

the major concern for certain industry (such 

as semiconductor industry). 

Due to limitation of length of this report, 

we are not able to put detailed information 

about these implementation examples and 

results.  For those who are interested in this 

proposed method, we are glad to provide 

further information via e-mail or phone. 
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