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Foreword and Welcome 
 

It is our honour to present the Proceedings of the 7th International Conference on 

Industrial Engineering, XVII Congreso de Ingeniería de Organización (CIO2013) 

and the XIX International Conference on Industrial engineering and Operations 

Management (ICIEOM). The CIO&ICIEOM 2013 is being organized by the 

INSISOC Group and the Industrial engineering School of the University of Val-

ladolid. 

Following with the promotion of internationalization the Conference is the first 

joint event of ADINGOR (Asociación para el Desarrollo de la Ingeniería de Or-

ganización) and ABEPRO (Associaçâo Brasileira de Engenharia de Produçâo) the 

two main Spanish and Brazilian Scientific Societies in the field of Industrial and 

Management Engineering.  

The mission of the Conference is to promote links between researchers and 

practitioners from different branches to enhance an interdisciplinary perspective of 

industrial engineering and management. It is a forum to exchange ideas, academic 

and professional experiences to all branches of industries, information on the most 

recent and relevant research, theories and practices in Industrial Engineering, 

Management and Operations. 

The motto of the Conference “Managing Complexity: Challenges for Industrial 

and Operations Management” underlies the fact that in an open and global world, 

to handle complexity, cooperation is needed.  

We want to thanks the support given by the Cátedra Michelin of Industrial Or-

ganization and the Industrial Engineering School of the University of Valladolid. 

We also send our recognition to the keynote speakers for sharing with us their 

wisdom and experience and to the authors that sent their work for revision. Last 

but no least we gratefully acknowledge the hard and generous effort of those that 

took part in the peer-review process to maintain the high scientific level of the 

Conference series. And of course we do not forget the backstage work of the Sci-

entific and Organizing Committees. 

We hope that the Conference will meet your expectations and will strength 

your professional and personal relations. We invite you to enjoy Valladolid, a 

name full of historical significance for the Spanish, Portuguese and Brazilian citi-

zens, since the signing of the “Tordesillas Treatry” back in 1494. 

 
Best wishes,     

     Valladolid, July 2013 

 

 

Cesáreo Hernández Iglesias  José M. Pérez Ríos 

Chair of the Conference  Chair of the Scientific Committee

http://www.insisoc.org/
http://www.adingor.es/
http://www.abepro.org.br/
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NTIGen: a Software for Generating Nissan 

Based Instances for Time and Space Assembly 

Line Balancing  

Chica M1, Cordón O2, Damas S3, Bautista J 4 

Abstract The time and space assembly line balancing problem (TSALBP) is a re-

alistic multiobjective version of assembly line balancing industrial problems in-

volving the joint optimization of conflicting criteria such as the cycle time, the 

number of stations, and the area of these stations. For this family of problems 

there is not any repository where researchers and practitioners can obtain realistic 

problem instances also containing information on mixed products plans. In this 

contribution we introduce a new TSALBP instance software generator that can 

produce problem instances having industrial real-like features. This generator is 

called NTIGen (Nissan TSALBP Instance GENerator) since it is developed from 

the information and real data of the assembly line and production planning of the 

Nissan plant of Barcelona. The NTIGen software as well as some benchmark in-

stances are publicly available on Internet and could be used by researchers to carry 

out general TSALBP experiments and to also discriminate between different as-

sembly line configurations when future demand conditions vary. 

Keywords: Time and Space Assembly Line Balancing, Problem Instance Genera-

tor, Mixed Products, Nissan, Optimization 
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1 Introduction 

An assembly line is made up of a number of workstations, arranged either in series 

or in parallel. Since the manufacturing of a production item is divided into a set of 

tasks which require an operation time for their execution, a usual and difficult 

problem, called assembly line balancing (ALB), is to determine how these tasks 

can be assigned to the stations fulfilling certain restrictions such as precedence re-

lations. The final aim of ALB is to get an optimal assignment of subsets of tasks to 

the stations of the plant (Boysen et al. 2007). A well-known family of ALB prob-

lems is the simple assembly line balancing problem (SALBP) (Baybars 1986,  

Scholl and Becker 2006). The SALBP only considers the assignment of each task 

to a single station in such a way that all the precedence constraints are satisfied 

and no station workload time is greater than the line cycle time. 

As a result of the observation of the ALB operation in an automotive Nissan 

plant from Barcelona (Spain), Bautista and Pereira (2007) recently proposed a 

SALBP extension aiming to design a more realistic ALB model. They considered 

an additional space constraint to get a simplified but closer version to real-world 

situations, defining the time and space assembly line balancing problem 

(TSALBP). The TSALBP presents eight variants depending on three optimization 

criteria: m (the number of stations), c (the cycle time), and A (the area of the sta-

tions). The multicriteria nature of the TSALBP favoured the application of multi-

objective meta-heuristics such as multiobjective ant colony optimization (Chica et 

al. 2010), evolutionary multiobjective optimization (Chica et al. 2011), and me-

metic algorithms (Chica et al. 2012). 

However, we noticed the absence of an available dataset with real-like instanc-

es for the TSALBP. And what is more, there is not any instance containing mixed 

product plans when the demand is uncertain. Therefore, we have implemented re-

al-like Nissan TSALBP instance generator software (NTIGen) in order to let re-

searchers to validate their models and methods in a diverse set of TSALBP in-

stances and production plans. The design and implementation of NTIGen is done 

with the use of real data and industrial features of the Nissan industry plant of 

Barcelona. The software is freely available on-line to be used for future research 

works. Using this tool, a set of eight instances has been generated as a benchmark 

to show the different features of the instances. 

The rest of the paper is structured as follows. In Section 2 the TSALBP formu-

lation is explained. The description of the NTIGen software is shown in Sections 3 

and 4. A comparison of the eight instances generated by NTIGen is shown in Sec-

tion 5. Some concluding remarks are given in Section 6. 
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2 Time and Space Assembly Line Balancing Problem 

The manufacturing of a production item is divided into a set J of n tasks. Each 

task j requires an operation time for its execution tj > 0 that is determined as a 

function of the manufacturing technologies and the employed resources. Each sta-

tion k (k = 1, 2,..., m) is assigned to a subset of tasks Sk (Sk ⊆ J ), called workload. 

Each task j can only be assigned to a single station k. 

Each task j has a set of direct “preceding tasks” Pj which must be accomplished 

before starting it. These constraints are normally represented by means of an acy-

clic precedence graph, whose vertices stand for the tasks and where a directed arc 

(i, j) indicates that task i must be finished before starting task j on the production 

line. Thus, task j cannot be assigned to a station that is ordered before the one 

where task i was assigned. Each station k also presents a station workload time 

t(Sk) that is equal to the sum of the tasks’ processing time assigned to the station k. 

SALBP focuses on grouping tasks in workstations by an efficient and coherent 

way. 

In this simplistic model there is a need of introducing space constraints in as-

sembly lines’ design based on two main reasons: (a) the length of the workstation 

is limited in the majority of the situations, and (b) the required tools and compo-

nents to be assembled should be distributed along the sides of the line. Hence, an 

area constraint may be considered by associating a required area aj to each task j 

and an available area Ak to each station k that, for the sake of simplicity, we shall 

assume it to be identical for every station and equal to A = maxk=1,2,...,mAk . 

Thus, each station k requires a station area a(Sk) that is equal to the sum of areas 

required by the tasks assigned to station k. 

This leads us to a new family of problems called TSALBP (Bautista and Perei-

ra 2007). It may be stated as: given a set of n tasks with their temporal tj and spa-

tial aj attributes (1 ≤ j ≤ n) and a precedence graph, each task must be assigned to a 

single station such that: (i) every precedence constraint is satisfied, (ii) no station 

workload time (t(Sk )) is greater than the cycle time (c), and (iii) no area required 

by any station (a(Sk)) is greater than the available area per station (A). 

TSALBP presents eight variants depending on three optimization criteria: m 

(the number of stations), c (the cycle time) and A (the area of the stations). Within 

these variants there are four multiobjective problems depending on the set of crite-

ria to be minimized (m, c and/or A). For more information about the problem we 

refer the interested reader to Chica et al. (2010; 2012). 



Book of Proceedings of the 7th International Conference on Industrial Engineering and  

Industrial Management - XVII Congreso de Ingeniería de Organización. 

 

284 

 

3 Basics of the Nissan TSALBP Instance Generator Software 

(NTI-Gen)  

The main goal of the NTIGen software is to create real-like TSALBP instances 

with different features to serve as a benchmark for any future research work. Alt-

hough there are ALB instances available online and even a SALBP instance gen-

erator (Otto et al. 2011), there is not any existing source where TSALBP instances 

can be generated and referred. Also, as pointed out in the Introduction section, 

there is no instance containing production plans information. 

Assembly lines in the automotive industry present a set of industrial features 

which condition the task and graph distribution of the problem instance. The user 

must be allowed to incorporate these industrial real-like features to the generated 

instances and these instances should be similar to the original Nissan instance con-

text (Chica et al. 2012). Concretely, the developed NTIGen software includes the 

following features, which are illustrated in Figure 1: 

 Checkpoints: They are assembly line points in which workers test the quality 

and completeness of a set of operations previously finished. If we consider 

these checkpoints as new tasks, the representation of a checkpoint in an as-

sembly line graph is given by a task having a high number of preceding tasks 

(for instance, task 11 in Figure 1).  

 Tasks without precedence: In real industrial scenarios, such tasks are justified 

if there are operations unconditioned by other operations. They are commonly 

found in the engine and trim lines of the car manufacturing. In Figure 1, tasks 

1, 3, 8, 7, and 10 have no precedence.  

 Final tasks: Tasks in an assembly line which are associated to the most exter-

nal and final operations of the product. They are represented as tasks with no 

successors in the precedence graph (tasks 12, 13 and 14 in Fig 1).  

 Isolated tasks: They can be performed at any part of the assembly of an item. 

An example of these kinds of tasks is this related with additional parts of a 

product which can be incorporated to the global product at any station. Task 4 

in Figure 1 is an isolated task as it has no precedence. 

 

Fig. 1 A precedence graph with 13 tasks showing examples of different kinds of tasks in an in-

dustrial context: chains of tasks, initial and final tasks, isolated tasks, and checkpoints. 
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 Operations aggregation: This process comes up when some operations need 

the same tools or are done by the same worker. In this case, several tasks of the 

same stage are put together in just one task.  

 Operations breaking up: If possible, it is used in the industrial context to detail 

the implementation of an operation in different operating tasks. It is useful for 

balancing an assembly line when the cycle time is reduced.  

 Chains of tasks: They appear when there are strongly linked operations, nor-

mally in the same station or stage. A chain of tasks represents natural sequenc-

es of operations within the assembly process (see tasks 1, 2, 5, and 6 in Figure 

1).  

4 Tuneable Parameters of NTIGen 

The features introduced in the previous sub-section can be parameterized by the 

NTIGen user to generate a customizable instance. NTIGen is also fed by a set of 

stages with some initial tasks. By default, these stages and tasks correspond to the 

original Nissan instance with 140 tasks and 21 workstations (Chica et al. 2012) 

although they can be modified by the user before launching the application. The 

user can set all the desired features by changing the parameters of an XML file. 

The most important input parameters are the following: 

 Number of tasks (n). This is an important parameter of the instance that enor-

mously conditions its complexity. From the initial set of tasks, new operating 

tasks are generated by breaking up them until reaching the user needs. If we 

need fewer tasks than the original ones, they are merged at random. The new 

generated tasks are required to belong to the same or close stages than their 

original ones. 

 Processing times (tj). The processing time of each task tj is randomly disrupted 

by a normal distribution within a user-defined interval. When creating or 

merging tasks, the processing times for the resulting tasks are reduced or du-

plicated, respectively. This is done to maintain the original situation of the 

Nissan instance. 

 Production plans. The production plans are always set to the NSIO original 

plans. The processing times of the tasks for the different engine products are 

created by randomly modifying the original processing time tj within the range 

[0.9tj, 1.1tj]. 

 Cycle time (c). It is also disrupted independently from the processing times of 

the tasks. As done with tj, the disruption is created within a user-defined inter-

val. In our case, the new cycle time is set to a value within [0.75c, 1.25c]. 

 Required operation area (aj). Task areas are specified by two-dimensional 

units, i.e. length (aj) and width (bj). The first dimension, aj, is the truly useful 

variable for the TSALBP optimization. In the original instance, bj is always set 



Book of Proceedings of the 7th International Conference on Industrial Engineering and  

Industrial Management - XVII Congreso de Ingeniería de Organización. 

 

286 

 

to one distance unit. To generate a new instance, the squared area of each task 

is always maintained by the generator but bj is randomly changed to a set val-

ue. In our case, the set is given by {0.5, 0.75, ..., 2.25}. This set of possible bj 

values can be modified by the user of the NTIGen software. Therefore, the 

length of each task aj, used for the optimization, is different for each generated 

TSALBP instance. As done with the processing times, aj is reduced or dupli-

cated when increasing or decreasing the number of tasks to try to maintain the 

original Nissan situation. 

Apart from the operating tasks and their corresponding processing times and 

areas, NTIGen generates the precedence graph of the instance. These precedence 

relations are created between tasks of the same stage (generating chains) or 

different stages within a maximum window, set by the user, in order to link tasks 

which are industrially close. The minimum and maximum number of preceding 

tasks for a checkpoint in a problem instance can be set prior the instance genera-

tion. The same definition can be done for the number of initial, final, and isolated 

tasks. 

NTIGen creates precedence relations until it reaches the required complexity of 

the graph which is another important feature of an ALB instance (Bhattacharjee 

and Sahu 1990). This complexity of the precedence graph is also a user parameter 

and it is measured by the order strength (OS) of the graph (Dar-El 1975). The OS 

is calculated from the graph in transitive closure. The transitive closure of a set of 

direct precedences E is given by ET = {(i, j)|i ∈ V, j ∈ Fi
T }, with V being the set of 

nodes and Fi
T the set of indirect successors of the task i. The OS represents the 

number of ordering relations of the graph in a transitive closure with respect to all 

possible ordering relations: OS = 
|ET|
n(n−1)

2

. 

The OS varies between [0, 1]. If OS is equal to 0 the instance has no prece-

dence relations but if OS takes value 1, there is just one feasible sequence of tasks. 

The result after running the NTIGen software is a structured text file describing 

the generated instance with the list of tasks, their operating times and area, and 

their precedence relations. The precedence relations form the transitive reduction 

of the graph in order to minimize computational resources. 

In addition, by changing the number of tasks, their processing time and area we 

can generate instances having different time variability (TV) and area variability 

(AV). Descriptors about the generated instance are listed after its creation to show 

the complexity of the graph, TV, AV, and the number of checkpoints, isolated, ini-

tial, and final tasks. 



Book of Proceedings of the 7th International Conference on Industrial Engineering and  

Industrial Management - XVII Congreso de Ingeniería de Organización. 

 

287 

 

5 Examples of some Generated TSALBP Instances 

By using the NTIGen software, a set of eight new TSALBP real-like instances 

have been created (Table 1). The NTIGen software and this set of TSALBP in-

stances are publicly available at http://www.prothius.com/TSALBP. 

Table 1 Main characteristics of the generated TSALBP instances 

Features P1 P2* P3 P4 P5 P6 P7 P8 
Random  seed 24151 N/A 117017 21277 113683 56399 5869 73553 

No.  of  tasks 100 140 190 220 280 320 376 420 

Cycle  time 199.97 180 207.07 222.42 221.62 169.552 186.65 137.751 

OS 0.5 0.9 0.7 0.5 0.3 0.6 0.25 0.95 

Precedences 156 293 314 304 407 435 548 608 

Precs. window 5 N/A 5 1 2 1 3 2 

TV 35.95 24 41.75 151.45 224.29 2742.28 901.34 1003.77 

AV 500 513.86 266.67 300 400 200 300 133.33 

Initial  tasks 14 1 6 33 59 32 87 6 

Final  tasks 8 5 7 20 42 31 49 8 

Isolated  tasks 2 0 5 3 0 5 0 3 

Checkpoints 3 N/A 0 6 7 1 12 0 

6 Concluding Remarks 

The existing TSALBP formulation and previous ALB works do not cover an im-

portant real scenario where the same assembly line is devoted to produce mixed 

products and their demand is not fixed. Furthermore, the TSALBP instances of the 

literature were created by modifying ALB instances. The NTIGen software pre-

sented in this work allows researchers to create realistic TSALBP instances and 

production plans for future research. The generated TSALBP instances contain 

many real-like industrial features, e.g. checkpoints, isolated tasks, initial and final 

tasks, chains of tasks, or stages, which make the NTIGen software a practical tool 

for simulating the industrial conditions of an assembly line. Also, the NTIGen user 

can generate instances with production plans, having different operation time for 

each task of the assembly line. 
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