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Abstract

In this paper, we discuss a mixed-model assembly line balancing problem with multi-manned

workstations, where workers simultaneously perform different tasks on the same product and

workstation. This situation requires that the product is large-sized such as vehicle’s manufacturing. A

mathematical model for the mixed-model assembly line balancing problem with simultaneous

production (MALBPS) is developed to decide the optimal number of workstations. A coding system,

Four-Position Code (FPC), is proposed to re-code the tasks to tackle this issue, and a computerized

coding program written in C++ to generate those FPCs is also provided. An illustrative example has

been solved by Lingo 9.0 extended version, and the simulation analyses and some computational

properties of the model are also given.
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1. Introduction

Assembly is a process by which subassemblies, ma-

nufactured parts and components are put together to

make the final products. An assembly line balancing

(ALB) is an important problem in the industrial produc-

tion. In the most common statement of the assembly

line balancing problem, a set of tasks having fixed dura-

tion time is assigned to a set of sequential workstations

without violating the precedence constraints and with-

out having the work contents assigned at any work-

stations exceed the cycle time. Baybars [1] and Becker

and Scholl [2] provided a survey of assembly line bal-

ancing problem; Boysen et al. [3] also presented a clas-

sification scheme for ALB to ease communication be-

tween researchers and practitioners. In addition, a com-

prehensive review of ALB and its solution procedures

are provided by Scholl and Becker [4]. For line balanc-

ing problems, some different objectives are optimized.

They are related to minimizing the idle time of the as-

sembly line [2,3].

Dimitriadis [5] examined paced single-model as-

sembly lines with multi-manned workstations, which are

widely used in producing large-sized products such as

the case of vehicle’s final assembly in the vehicle manu-

facturing, and proposed a two-level heuristic algorithm

to tackle the case when workers simultaneously perform-

ing the tasks are assigned to a single workstation. During

the cycle time, each multi-manned workstation has se-

veral workers simultaneously performing different tasks

on the same individual product. Multi-manned assembly

line in practice has several advantages over a traditional

assembly line such as shorter line length, less throughput

time and work in process, and lower material handling

costs. Moreover, because of high variety demand scenar-

ios, manufacturing firms are usually requested to meet

the consumers’ expectation quickly for their demands of

various products. Therefore, mixed-model assembly

lines, in which various product models similar in product

characteristics can be assembled simultaneously, are be-
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coming popular in recent decades. Gokcen and Erel [6]

proposed a binary integer programming model for the

mixed-model assembly line balancing problem (MALBP).

Balancing assembly lines is an NP-hard combinatorial

optimization problem [7,8]. Hence, the combinatorial

nature of the MALBP makes it difficult to obtain optimal

solution. Whenever a simultaneous production is allowed

for the entire tasks in an assembly line, the mixed-model

assembly line balancing problem become more compli-

cated.

According to Van Zante-de Fokkert and de Kok [9],

they stated that two mostly used methods are used to re-

duce the multiple product models into a single one. The

first approach combines the precedence diagrams of the

different product models into a single, which is the so-

called combined precedence diagram. The second met-

hod uses adjusted task processing times. There are many

researches using the concept of a combined precedence

diagram to transform different product models into an

equivalent single product model [6,10�12,13,14].

In this paper, a mathematical programming model

for solving the mixed-model assembly line balancing

problems with simultaneous production is developed

to decide the optimal number of multi-manned work-

stations. In order to solve such a complicated problem,

a coding system, Four-Position Code (FPC), is pro-

posed to re-code the tasks, and a computerized coding

program written in C++ to generate those FPCs is also

provided.

The rest of the paper is organized as follows. Section

2 describes the problem and the solving procedures, and

presents a coding system to cope with the situation of si-

multaneous production. Section 3 develops the model

formulation for MALBPS. The proposed model is fur-

ther clarified by an illustrative example in section 4. In

section 5, simulation analyses for various cycle times

and performance of the proposed model are conducted.

Some conclusions are given in section 6.

2. Problem Statement and Coding System

2.1 Problem Statement

This paper considers the situation of several differ-

ent product models to be produced one after another in a

paced assembly line with multi-manned workstations.

The product model stops during the cycle time at each

multi-manned workstation where there are several work-

ers simultaneously performing different tasks on the

same individual product model. Each product model is

composed of several parts, and each part has its task

routes to be performed. Each task route consisting of the

tasks from source node (task) to sink on the precedence

diagram represents the partial manufacturing process of

a part. And, different parts may require the same tasks to

be made during their manufacturing, and thus the manu-

facturing flows of the tasks of these parts can be ex-

pressed as a precedence diagram, where the nodes on the

diagram are numbered according to a topological order-

ing and the processing time of each task is constant and

deterministic. The objective of this work is to minimize

the number of workstations, and then further identifies

the number of workers of each multi-manned worksta-

tion, and computes the total idle rate for the MALBPS

under given cycle times.

This kind of simultaneous operation requires the

product to be of sufficient size such as vehicle’s final as-

sembly. The product is released from a multi-manned

workstation when all workers have completed their work.

However, in a multi-manned assembly line, some tasks

of a part can be delayed by the tasks of other parts as-

signed to the same workstation. Therefore, balancing

multi-manned assembly lines needs to consider the se-

quence-dependent completion time of tasks, which is a

feature specific to multi-manned assembly line. More-

over, some preconditions must be fulfilled so that all

these tasks of different parts can be manufactured simul-

taneously in a multi-manned assembly line [5].

From the point of view in industrial engineering,

for a worker performing some consecutive tasks of a

part is smoother than doing different tasks of different

parts. Especially, there are ergonomic relations among

these consecutive tasks. In addition, under considering

the simultaneous production, creating the combined pre-

cedence diagram may lead to more common tasks. A

task simultaneously belonging to different task routes

of a part, to different parts, or to different product

models is called common task. So, in this paper the task

assignments to a multi-manned workstation are per-

formed in terms of the task routes of individual part.

That is, the partial tasks belonging to a part, which are

assigned into a multi-manned workstation, are performed

by one worker.
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Besides, for each product model, the amount of time

available at each workstation is called cycle time. The

difference between the cycle time and the sum of the task

times assigned at any workstation is called workstation’s

idle time. Hence, the total idle time of an assembly line is

the sum of workstation’s idle time over all workstations,

and the total idle rate is a ratio of the total idle time to the

time available in the line.

2.2 Coding System

When the precedence diagrams of all parts are trans-

formed into the combined precedence diagram, more

precedence relations between tasks and more common

tasks assignments have to deal with. Hence, when the

task assignments to a multi-manned workstation are per-

formed by the task routes of individual part, balancing

the line will encounter the following questions: (a) task

codes belonging to a common task must assign to the

same workstation, (b) when the common tasks belonging

to different task routes of a part are assigned to the same

workstations, they will be assigned repeatedly and the

processing times of the common tasks will also be com-

puted repeatedly. In order to deal with the above-men-

tioned situations during assignments, a coding system,

Four-Position Code , is presented to re-code the tasks on

the combined precedence diagram so as to tackle these

questions. The coding system is an easy way to convert

the tasks on the combined precedence diagram into

FPCs, and can help resolve the repeated time computa-

tion for common task assignments. In addition, based on

the optimal solution, the line designer can use FPCs

quickly to identify the workstations where all tasks of

each part are assigned, and further to allocate the work-

ers to each multi-manned workstation.

A FPC uses four positions (M, P, R, S) to represent

each task on the combined precedence diagram. For a

task code (M, P, R, S), M denotes the product model

number where such a given task should be belonged; P

means the part number where a given task should be as-

signed; R shows the task route number where a given

task should be belonged; S indicates the operation se-

quence number of a given task in its specific product

model, part, and task route. Because there may have

some common tasks among different task routes, among

different parts, and among different product models, the

proposed coding system probably make a task to have

one more codes, and these codes have to be assigned into

the same workstation during assignments.

In order to easily construct the model formulation for

MABLPS and solve it in optimization tools, a flow chart

of solving procedures (shown in Figure 1) is provided.

The primary procedures of this flow are as follows.

Step 1. Generate the combined precedence diagram. The

precedence diagrams of different product models

can be transformed into the combined prece-

dence diagram.

Step 2. Based on the precedence diagram of each pro-

duct model and the combined precedence dia-

gram, the precedence matrices can be created

individually. A precedence matrix is an upper-

triangular matrix with an ab-th entry of 1 if task a

precedes immediately task b; otherwise is zero

[15].

Step 3. Input the generated individual precedence ma-

trices and combined precedence matrix into the

‘Codes Generator’ to generate the task routes of

each part and the Four-Position Code for each

task on the combined precedence diagram.

Step 4. Run the mathematical model in an optimization

tool. After FPCs of all tasks are generated, the

proposed mathematical model can be solved in

an optimization tool under simultaneous assign-

ment perspective.

Step 5. Analyze the results.
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3. Model Formulation

3.1 Notations

The parameters used in the formulation are listed

below:

M total number of product models,

N total number of tasks on the combined precedence

diagram,

L total number of FPCs where tasks on the combined

precedence diagram are converted,

Rm total number of common tasks of different task

routes and different parts for product models m,

S total number of common tasks of different product

models,

W maximum number of assignable workstations,

N m

max maximum number of task codes (FPCs) assignable

to a multi-manned workstation, i.e. the maximum

number of task codes of product model m which

can be assigned into a multi-manned workstation

given the cycle time, where m = 1, 2, …, M,

Pm total number of parts of product model m on the

combined precedence diagram, where m = 1, …,

M,

CTm cycle time of product model m in an assembly line,

where m = 1, …, M,

tim processing time of the i-th FPC of product model

m, where i = 1, 2, …, L, m = 1, …, M,

Jipm number of task codes of a task which the ith task

code of part p of product model m corresponds to

on the combined precedence diagram, where i = 1,

2, …, L, p = 1, 2, …, Pm, m = 1, …, M,

IPm set of all arcs (i, j) for all tasks of product model m

on the combined precedence diagram, i.e. the set of

precedence relations of all task codes correspond-

ing to tasks on the combined precedence diagram,

where m = 1, …, M,

Ihm subset of FPCs of the h-th common task among the

different task routes, and the different parts for

product model m, h = 1, 2, …, Rm, m = 1, 2, …, M,

Kh subset of FPCs of the h-th common task among dif-

ferent product models, h = 1, 2, …, S,

Apmw subset of FPCs belonging to the p-th part of pro-

duct model m assigned to the w-th workstation,

where p = 1, 2, …, Pm, w = 1, 2, …,W, m = 1, …, M,

Bm subset of all FPCs of product model m, where m =

1, …, M.

The variables are as follows:

W number of assigned workstations,

xiw binary variable, where xiw = 1 if Four-Position

Code i is assigned to workstation w; otherwise, xiw

= 0,

Vwm binary variable, where Vwm = 1 if workstation w is

utilized for model m; otherwise, Vwm = 0,

Nw binary variable, where Nw = 1 if workstation w is

utilized by all models; otherwise, Nw = 0.

3.2 Assumptions

The assumptions of the proposed model are de-

scribed as follows:

1. The tasks of all parts of each product model can be ex-

pressed as a precedence diagram, and the parts can be

produced simultaneously in an assembly line.

2. The processing time of each task associated with each

product model is known constant.

3. Common tasks among the parts and among the pro-

duct models do not need to have the same processing

times.

4. Task codes belonging to the common tasks of different

task routes, of different parts, and of different product

models have to assign into the same workstations.

5. The number of multi-manned workstations needed is

the same for all product models.

6. Work in process (WIP) inventory buffer is not con-

sidered between workstations.

3.3 Model Formulation

The mathematical model for solving the mixed-

model multi-manned assembly line balancing problem

with simultaneous production is formulated as follows.

(1)

(2)

(3)

(4)
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(5)

(6)

(7)

(8)

(9)

The proposed model for the MALBPS is to minimize

the number of workstations of the assembly line as given

in equation (1). Equation (2) guarantees that every task

(task code) of each product model on the combined pre-

cedence diagram is assigned to exactly one workstation.

Equation (3) shows that the sum of the processing times

of the tasks for each part of each product model within a

workstation cannot be greater than the cycle time of the

product model. When a common task belonging to a part

is assigned to a workstation, it will be assigned re-

peatedly during assignments. That is, the processing

time of the common task assigned to the workstation will

be computed repeatedly. So, the term
1

J ipm

considered in

the equation (3) will resolve the problem of repeated

computation. Equation (4) means that the precedence re-

lations of all tasks have to be observed, where i is the im-

mediate precedence task of j. For each product model,

equation (5) denotes that the different FPCs representing

the same task simultaneously belonging to different task

routes of a part, to different parts, or to different task

routes and different parts have to be assigned to the same

workstations. And, equation (6) represents that the FPCs

showing the same task simultaneously belonging to dif-

ferent product models have also to be assigned to the

same workstations. Equations (7) and (8), developed by

Gokcen & Erel [6], are cited and modified for the work-

stations constraints. The equations will make sure that

the number of workstations is the same for all product

models. The last equation, equation (9), shows that xiw,

Vwm, and Nw are binary variables. Besides, xiw and W are

decision variables of the proposed model.

According to the optimal solution, the total idle rate,

Z, of the line can be computed as follows:

(10)

where IT CT
J

t xm

ipm

im iw

i Ap

p

w

W

m

M

pmw

m

� �
����

���� ( )
1

111

, it indi-

cates the sum of the idle time of all assigned multi-

manned workstations, and TA W CTpm m

o

p

m

M m

� �
��

��
11

, it de-

notes the total time of assignments available for all

multi-manned workstations in an assembly line, where

Wpm means the number of workstations of part p of

product model m needed on the line.

4. Illustrative Example

In this section, an illustrative example is provided to

show how to utilize coding system to solve the MALBPS

problem in Lingo. Suppose that there are two product

models to be produced simultaneously in a multi-

manned assembly line. Product model 1 has three differ-

ent parts, and product model 2 has four different parts.

The manufacturing flow of each part for two product

models is shown in Figure 2. The part 1 of product model

1 consists of two task routes, and all other parts have

only one task route. So, each product model consists of
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four different task routes, respectively. Besides, every

part of each product model can be simultaneously pro-

duced in the assembly line. The precedence diagrams for

both product models can be expressed as Figure 3. The

numbers above the nodes on each precedence diagram

represent task processing times.

The steps to solve this illustrative example are de-

scribed as follows. First, construct the combined prece-

dence diagram from the precedence diagrams of the two

product models (shown in Figure 4). In total, there are ac-

tually eight task routes except some redundant routes on

the combined precedence diagram (listed in Table 1). All

kinds of common tasks are listed in Table 2. The part 2 of

product model 1 and the part 1 of product model 2 have

the same task route (part) 2, 5, 8, 11, 14, 16, 19, and 20.

Second, generate the precedence matrices (shown in

Figure 5) and the combined precedence matrix (shown in

Figure 6) from the precedence diagrams of the two pro-

duct models and the combined precedence diagram,

respectively. Third, the precedence matrices are inputted

into the ‘Codes Generator’ to create the FPCs of each

task. The code of every task is summarized in Table 3.

After the entire FPCs of every task of each product

model are generated, the next step is to build the pro-

posed mathematical model in Lingo syntax. Each task

code and the precedence relations between tasks for the

two product models are declare and defined by the Four-

Position Code. Then, the code sets of tasks belonging to

common tasks are declared. For example, FPCs in J6 set,

where J6 = {(1,3,1,2), (2,3,1,2), (2,4,1,2)}, mean the

FPCs for common task 6 simultaneously belonging to

the part 3 of product model 1 and the parts 3 and 4 of

product model 2. FPCs in I51 set, where I51 = {(1,1,2,2),

(1,2,1,2)}, represent the codes of common task 5 for part

1 and part 2 of product model 1 (shown in Table 3).They

must be assigned to the same workstations.

Theoretically, the desired limits on cycle times

should be tmax � CT � ti� , where tmax and ti� mean the

longest task processing time among all tasks and the total
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Figure 3. The precedence diagrams for (a) model 1, (b) mo-
del 2 of the illustrative example.

Figure 4. The combined precedence diagrams of the illustra-
tive example.

Table 2. The common tasks for the combined precedence
diagram

Common tasks
for model 1

Common tasks
for model 2

Common tasks
for two models

1 02 02
2 05 05
5 06 06
8 08 08

11 09 09
14 11 11
16 12 12
19 15 14
20 19 15

20 16
19
20

Table 1. The total task routes on the combined precedence
diagram

Model Part Route Task Unit (in order)

1 1 4 7 10 13 16 19 20
1

2 1 5 8 11 14 16 19 20
2 1 2 5 8 11 14 16 19 20
3 1 2 6 9 12 15 17 19 20
* 1 1 5 8 11 15 17 19 20
* 1 1 5 8 11 15 18 19 20

1

* 1 2 5 8 11 15 17 19 20
1 1 2 5 8 11 14 16 19 20
2 1 2 5 8 11 15 18 19 20
3 1 2 6 9 12 15 18 19 20
4 1 3 6 9 12 15 18 19 20

2

* 1 3 6 9 12 15 18 19 20

*denote the redundant task routes on the combined
precedence diagram.



task time required to assemble one unit, respectively.

And, the desired range of the number of workstations

should be 1� W � W, where W means the maximal num-

ber of workstations available, and it usually can be set by

management with the consideration of budget, floor

space, and operational limitations. According to the

above-mentioned statements, in this paper the cycle

times for both product models and the maximal number

of workstations available are given as CT1 = 16, CT2 =

14, and W = 6, respectively.

Through the FPCs, the proposed model formula-

tion for the MALBPS can be expressed in Lingo syn-

tax; the built-in ‘Integer Solver’ is selected as solving

method because the mathematical model is an integer

linear programming program. The problem is solved
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Figure 5. The precedence matrices of (a) model 1, (b) model 2 of the illustrative example.

Figure 6. The precedence matrix of the combined diagram of
the illustrative example.

Table 3. The codebook of each task for the proposed example

Model Part Task Code Model Part Task Code Model Part Task Code

1 1 (1,1,1,1) 1 2 19 (1,2,1,7) 15 (2,2,1,5)01
(1,1,2,1) 20 (1,2,1,8) 18 (2,2,1,6)

04 (1,1,1,2) 3 02 (1,3,1,1) 19 (2,2,1,7)
05 (1,1,2,2) 06 (1,3,1,2) 20 (2,2,1,8)
07 (1,1,1,3) 09 (1,3,1,3) 3 02 (2,3,1,1)
08 (1,1,2,3) 12 (1,3,1,4) 06 (2,3,1,2)
10 (1,1,1,4) 15 (1,3,1,5) 09 (2,3,1,3)
11 (1,1,2,4) 17 (1,3,1,6) 12 (2,3,1,4)
13 (1,1,1,5) 19 (1,3,1,7) 2 15 (2,3,1,5)
14 (1,1,2,5) 20 (1,3,1,8) 18 (2,3,1,6)

(1,1,1,6) 2 1 02 (2,1,1,1) 19 (2,3,1,7)16
(1,1,2,6) 05 (2,1,1,2) 20 (2,3,1,8)
(1,1,1,7) 08 (2,1,1,3) 4 03 (2,4,1,1)19
(1,1,2,7) 11 (2,1,1,4) 06 (2,4,1,2)
(1,1,1,8) 14 (2,1,1,5) 09 (2,4,1,3)20
(1,1,2,8) 16 (2,1,1,6) 12 (2,4,1,4)

2 02 (1,2,1,1) 19 (2,1,1,7) 15 (2,4,1,5)
05 (1,2,1,2) 20 (2,1,1,8) 18 (2,4,1,6)
08 (1,2,1,3) 2 02 (2,2,1,1) 19 (2,4,1,7)
11 (1,2,1,5) 05 (2,2,1,2) 20 (2,4,1,8)
14 (1,2,1,4) 08 (2,2,1,3)
16 (1,2,1,6) 11 (2,2,1,4)



utilizing Lingo 9.0 extended version software on a 1.8

GHz personal computer. Five workstations are utilized

in the optimal solution, and the workers of each multi-

manned workstation for two product models are allo-

cated (shown in Table 4). Based on the optimal solu-

tion, the total idle rate is 0.256. In the simultaneous

production perspective, Figure 7 reveals that all tasks

are simultaneously assigned to every multi-manned

assembly line. The optimal number of workstations in-

dicates that the total idle rate resulting from such a so-

lution is minimal.

5. Simulations and Performance of the Model

For the above-mentioned illustrative example, three

conditions are conducted to simulate the changes of the

optimal solution with different cycle times. First, the cy-

cle times of the two product models are synchronously

increased. Second, CT1 is increased under a fixed CT2.

The last, CT2 varies under a fixed CT1. In this example,

the longest task processing times of the two product

models are 12 minutes and 10 minutes, and the allowed

largest cycle times among different parts of both product

models are 62 minutes and 53 minutes, respectively. Be-

sides, the maximal number of workstations available is

set to 6. The simulated results are listed in Table 5, 6, and

7 and summarized as follows:

1. The optimal assigned number of workstations is de-

creasing if the cycle times are synchronously increas-

ing (shown in Table 5).

2. For the same optimal assigned number of workstations

during the simulation, the total idle rate increases

when the pair of cycle times increases synchronously.

3. When the pair of cycle times is given as CT1 =14 min-

utes and CT2 =12 minutes, the total idle rate, 0.274, is

minimization, and the optimal assigned number of

workstations (W) equals to 6 (shown in Table 5). To be

more specific, the production rate of this design is

maximal.

4. Based on Tables 6 and 7, they reveal that the optimal

assigned number of workstations is determined by the

less cycle time under the pair of given cycle times
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Table 4. Optimal workstation assignments of the illustrative example

Workstation Tasks Model 1 Tasks Workers for model 1 Model 2 Tasks Worker for model 2

1 1,2,3,5,8 1,2,5,8 3 2,3,5,8 4
2 4,6,7,9,10,13 4,6,7,9,10,13 2 6,9 2
3 11,12,14,15 11,12,14,15 3 11,12,14,15 4
4 16,17,18 16,17 3 16,18 4
5 19,20 19,20 3 19,20 4

Table 5. The optimal solution for various cycle times under W = 6

CT1 12 14 16 18 20 22 24 26 … 32 34 … 62
W CT2 10 12 14 16 18 20 22 24 … 30 32 … 53

1 - - - - - - - - - - - … .110
2 - - - - - - - - - .180 .230 … -
3 - - - - - .245 .262 .322 - - - … -
4 - - - - .329 - - - - - - … -
5 - - .256 .342 - - - - - - - … -
6 - .274 - - - - - - - - - … -

Figure 7. The graph of the optimal workstation assignments
for all tasks.



(CT1, CT2). Table 6 shows that the optimal assigned

number of workstations determined by the less cycle

time CT2 = 12 is six workstations with minimal total

idle rate. In addition, Table 7 reveals that the optimal

assigned numbers of workstations are also determined

by the less cycle times.

We also have attempted to solve problems with vari-

ous sizes. Table 8 depicts the sizes of the problems, the

number of variables and the runtimes. The Flexibility ra-

tio (F-ratio), developed by Dar-El [16], measures the

precedence relations between tasks. If H is the number of

zero cells above the diagonal in the matrix, then the

F-ratio is defined as

where D is the number of tasks in the problem. As de-

picted in Table 8, the expected results reveal that as in-

creasing the number of tasks and the number of vari-

ables, while decreasing the F-ratio values, the compu-

tational requirements increase. For the problems hav-

ing same number of tasks, the F-ratio values of the

problems and the number of routes mainly affects the

runtimes needed to obtain the optimal solutions. Be-

sides, when the problem size is with up to 50 tasks on

the combined diagram, the optimal solution is hard to

obtain.
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Table 8. Experimentation results

Number
of tasks

F-ratio
Number
of routes

Number of
variables

Number of
constraints

number of
iterations

Elapsed runtime
(sec.)

10 0.71 05 0093 087 000000 0000*0*
10 0.69 07 0125 132 000000 00000
10 0.67 09 0157 188 000000 00000
20 0.88 05 0345 174 003692 00002
20 0.82 08 0537 322 013819 00008
20 0.81 11 0729 499 017448 00017
30 0.94 07 0871 390 064014 00152
30 0.91 11 1351 729 0606045 01736
50 0.96 09 1687 499 0895881 01368
50 0.94 12 1909 729 5611603 11950

* denotes the elapsed runtime less than 1 second.

Table 7. The optimal solution for various CT2 under 1CT , W = 6

CT1 22 22 22 22 22 22 22 22 … 22
W CT2 14 16 18 24 26 30 32 40 … 53

1 - - - - - - - - … -
2 - - - - - - - - … -
3 - - - .271 .306 .366 .391 .477 … .576
4 - .319 .358 - - - - - … -
5 .301 - - - - - - … -
6 - - - - - - - - … -

Table 6. The optimal solution for various CT1 under 2CT , W = 6

CT1 14 16 18 20 22 24 32 36 … 62
W CT2 12 12 12 12 12 12 12 12 … 12

1 - - - - - - - - … -
2 - - - - - - - - … -
3 - - - - - - - - … -
4 - - - - - - - - … -
5 - - - - - - - - … -
6 .274 .315 .323 .354 .351 .392 .451 .481 … .598



6. Conclusion

To the best of our knowledge, there is no one con-

sidering multi-manned workstations assignment for the

mixed-model assembly line balancing problems. For a

multi-manned assembly line, considering simultaneous

production perspective makes the multi-manned assem-

bly line balancing problems complicated.

This paper has presented a mathematical model for

MALBPS and it can be categorized as an Integer linear

Programming model. A coding system, Four-Position

Code, and its associated computerized program ‘Codes

Generator’ are proposed to make the above-mentioned

problem solvable when the task assignments to a multi-

manned workstation are performed in terms of the task

routes of individual part. Through conducting the simu-

lation, the number of workstations of the line and the

number of workers for each multi-manned workstation

can be determined by the proposed model so as to decide

the related production decisions for various demands of

products. The experimentation revealed that the pro-

posed model is hard to obtain the optimal solution when

the problem size is with up to 50 tasks on the combined

precedence diagram. Especially, when the F-ratio value

of the problem is smaller, the model would be harder to

obtain the optimal solution. So, the development of a

valid solution procedure to reduce the computational ef-

fort is needed. In the future research, the multi-model

multi-manned assembly line balancing problems with si-

multaneous production perspective are recommended.
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