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Abstract 
In this presentation is shown how a strong component-based facility layout design 

methodology addresses the design problem when some design relevant factors are adapted. The 
strong-component-based methodology proposes a unique structural design, a non-dedicated 
facility, capable of producing a family of products that require similar operations and workstations, 
which can be shared. Simultaneously, the methodology suggests that this structure can take 
advantage of both, known classical layout designs, product and process, in a single or multiple 
machine environments. In addition, adding or reducing a number of stations, adding feeding and 
storage facilities, considering qualitative and quantitative coefficients are some of the factors 
variations that can be addressed when using this methodology. In consequence, organisational 
impacts of the facility layout problem are addressed and solutions that can be obtained using the 
strong component-based methodology are suggested when the interrelations diagram are crated, 
an essential diagram which eases the facility design goals. 
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Introduction 

In this presentation the facility layout 
design (FLD) issues are addressed using a 
strong component-based methodology (SCB) 
when a non-dedicated facility is required to 
manufacture in a multiple product 
environment. This methodology proposes a  
single manufacture structure capable of 
producing various items that may share 
similar production characteristics as 
operation sequences and workstations that 

can help to reduce costs and ease material 
flows in production facilities when compared 
to production in dedicated facilities. This FLD 
problem was introduced as a quadratic 
assignment problem [1] that provides a 
mathematical programming formulation for 
this problem. This formulation suggests that 
it is an NP complete problem which requires 
more computing resources to solve it. As the 
number of facilities increases it suggests that 
a good heuristic procedure may provide a 
very good close suboptimal solution [2]. 

Facility Design Variations using a 

Strong Component based Methodology 
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The facility design problem has been 
studied for many years since [3] proposed the 
Systematic Layout Planning methodology 
(SLP) that decomposes the problem into 4 
basic phases to address it: data acquisition, 
interrelationship and interrelationship space 
diagrams, alternative generation and solution 
proposal. In current market conditions where 
innovation is suggested when considering 
changes in demand motivated by new 
customers´ needs that settles changes in 
product functionality and appearance. 
Nowadays, these changes occur more often 
and may motivate shorter product’s life cycle 
which implies that changes have to be 
performed fast and in shorter time to be on 
time. Moreover, these new demand 
requirements make necessary to identify new 
improved and practical ways to produce these 
items and to more investment may be needed 
in machines and processes that may become 
almost impossible to recover under shorter 
production runs unless they share fabrication 
resources avoiding to be manufactured in 
dedicated production lines [4]. In this 
document a single structure that shares 
production resources is suggested as a 
relationship diagram which may have the 
following advantages: 

 Takes benefits form a product and process 
layout designs 

 Reduces the space and production 
resources required to elaborate a family 
of items 

 Implies a flexible production scheduling  
 sequence to attend demand variations 
 It is very robust when product design and 

operations sequences remain stable 
 Supports a multiple product environment 

In consequence, some organizational 
impacts from FLD are addressed and 
solutions, in this case, that can be obtained 
using the SCB are proposed: An interrelations 
diagram is crated as a fundamental device 
which supports the facility layout design 
goals achievement. It has been widely 
accepted that a good layout design can help 
reduce costs and ease material flows in 
manufacturing facilities; for instance, it may 

help to reduce from 10 to 30% of the total 
operating expenses increasing the 
performance of a production and a material 
handling systems by improving production 
process strategies [5-7]. In this presentation, 
the interrelationship diagram constructed is 
deployed using a heuristic methodology. This 
single diagram is deployed using theory of 
directed graphs that may be capable of: 
 Produce various products running under 

batch mode 
 Share the same facilities (non-dedicated) 
 Suggest production modules 

However, the SCB methodology [8] is 
not discussed in this presentation but is used 
to explore some highlight facility design 
issues such as: the transfer batch size, input 
and output points and the single and multiple 
machine, explore these issues and to point out 
some of the implications in the design 
supporting production, maintenance and 
material handling matters. Additionally, the 
structure is presented as an interrelation 
diagram which is a fundamental stage to 
deploy a FLD implementation.  

 

Methodology 

Consequently, the SCB methodology 
provides a close to optimal solution 
procedure to the FLD which makes available a 
unique structure diagram in which the layout 
can be based in an environment where a shift 
from dedicated facilities to non-dedicated 
facilities is promoted by changes in product 
life cycles given modifications in new or other 
customer needs changes [9]. As mentioned, 
the structure (non-dedicated facility) design 
proposed may be capable of producing a 
family of products, one at the time and in a 
batch mode, combining each product 
operation sequence from this family since 
they can share the same production resources 
[8]. The specific cases addressed in this 
document, these are: 

 To add more machines seeking to 
reduce returning flows 

 To increase additional machines 
required when increment in the 
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demand 
 To consider feeding and destination 

points for the whole structure 
 

In the first case, this situation is 
addressed just following a visual inspection 
and adding a machine that will easy a forward 
flow as required. It should be highlighted that 
if the required machines are not available the 
backtracking should be present in the 
structure and to try to minimize possible 
bottlenecks do to unwant flows like these 
mentioned here. Since the initial structure is 
not balance, it will be required to balance 
considering processing times and batch mode 
and certain types of machines may be 
required. Of course, since at this time all the 
information is not available, the problem is 
not solved here and an assumption of 
hypothetical machines is suggested to 
consider the solution to this situation. In the 
third case, feeding and target destinations has 
been solved in other publication [8]. In this 
document is shown how the layout may be 
modified under these conditions.  

Results 

To obtain the interrelationship diagram, 
the heuristic method requires besides the 
production demand all the product 
operations sequences of those products that 
are expected to be manufactured in these 
facility and an adjacency table are deployed 
[10]. For instance, assume that three products 
are to be made as shown on (Table 1) [11]. 
Also (Table 1) shows the production demand, 
the activities sequence and the number of 
displacements between machines needed to 
produce each item. Moreover, each 
production sequence can be followed and can 
be different for each item to be manufactured. 
Also, it shows the production path required to 
obtain any of the items as dedicated facility. 

 

 
 
 

Table (1): Product Operations Sequences and 
Requirements  
 

Product 
Operation 
Sequence 

Production 
Require -

ments 

Displacements 
Required 

1 A-C-D-F 500 3 

2 B-A-C-D-F 1000 4 

3 E-B-C-A-F 300 4 

 
Although it should be noted that any 

production sequence of the products can be 
followed in the diagram shown in (Figure 1). 
In this case and when comparing to dedicated 
facilities, it can easily be seen that unwanted 
flows are created such as:  

 By-passing displacements, between 
stations B and C, and between A and F 

 Backtracking displacements have been 
produced, between stations A and C  

 More displacements may be needed.  

Figure (1): Interrelation Diagram 
 

 

When combining various products into a 
single structure these unwanted flows are 
unavoidable but they can be reduced by 
adding in sequence new machines, as shown 
in (Figure 2). This addition may increase 
more displacements between machines, add 
more travelling distances and consequently, it 
may impact the material handling, production 
rates and product shipments that should be 
evaluated before implementing these sort 
layout modifications. By adding new facilities 
may increase the complexity of the problem 
to be solved. But should be mentioned that 
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still may require less resources than those 
required by the dedicated facility design. 

Figure (2): Forward Flow Interrelation 
Diagram 

 
 

Since this is a combinatorial problem 
classified as NP Complete [1], this mean that 
more computer resources may be needed 
during its solution procedure; hence the 
suggested heuristic procedure to solve it. In 
(Figure 3), it is highlighted that the layout can 
be different when adding a supply (I) and a 
storage node (O). Usually, there are cases 
when these initial and final node are not 
considered and during the layout deployment 
or under operational conditions additional 
efforts are required to accomplish production 
arrangements. It should be underlined that 
the sequences in the original layout when 
compared to the design proposed in (Figure 
3), initial machine arrangement and 
sequences are not affected; hence only the 
space and the initial and final feeding should 
be under consideration since more material 
flow is added and material handling 
resources can be required. These issues are 
because the layout distribution has to be 
modified since an initial and a final node are 
added. Furthermore, the interrelationship 
diagram shown in previous figures where 
obtained using the product operation 
sequences and assuming a transfer batch of 
size of one. The production demand for a 
given period should be taken into 
consideration to balance the production lines 
and to decide if more machines or work 
stations are required to accomplish supply 
and delivery concerns. 

 

Figure (3): Interrelation Diagram with 
supply and storage facilities 
 

 
 

In cases like these, the location place 
is defined by the interrelation ship diagram 
and consequently, the problem reduces to 
space availability, see (Figure 4). For example, 
if a second F machine is needed then its place 
is already defined (after machine D) and the 
problem reduces to determine if there is 
enough physical space available at that 
location and, if possible, should be placed 
besides the existing available machine. 
Another issue that is attached when a FLD is 
analysed is to attach weights to each 
displacement arc. The SCB methodology 
explained here only considers the links 
among machines but it can also include arc 
weights to distinguish the importance among 
the proximity between machines. These 
weights can be qualitative and quantitative or 
non-dimensional weights. In the qualitative 
case, the taxonomy proposed by Richard 
Muther can be used using the experience and 
knowledge of the layout designer and reflect 
it in a proper. 

Conversely in the qualitative case, a 
from–to table can be used to aid the weights 
representation and distance, cost, time, 
demand can be used to do this [12-13]. In 
addition, displacements between machines 
can be taken into account as a non-
dimensional representation. These 
displacements may lead to an equal weight in 
all the considered arcs. This representation 
will provide a mathematical programming 
formulation whose solution can be 
considered as trivial, since a the coefficients 
in both, objective function and restrictions are 
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of weight one and where the SCB 
methodology can help to obtain a 
comprehensive solution [8], as shown in 
(Figures 1&3), in such case the table is called 
adjacency table and the interrelation diagram 
as adjacency diagram. 

Figure (4): Multiple Machine Interrelation 
Diagram 
 
 
 

 
 
 
 
 
 

Conclusions 
In this document, the issues 

addressed through the SCB methodology 
were: 

 Single piece transfer batch 
 Non-dedicated facilities 
 Batch production mode 
 Product operation sequences as the data 

source to deploy the interrelationship 
diagram 

Additionally, it was highlighted how 
this methodology can be used to ease the FLD 
analysis and solution under specific 
circumstances and it was explained its 
flexibility to handle them. Furthermore, it 
should be mentioned that the 
interrelationship diagram obtained using SCB 
methodology has other properties that can be 
explored such as to identify alternative 
production routes, to determine the number 
of displacements that may be needed to move 
a given item among machines in the 
arrangement to improve production, 
maintenance and material handling 
operations. Likewise, more research should 
be done to explore how production 
performance may be modified under specific 
structures, different scenarios and to 
anticipate possible limitations or 

contributions on the production performance 
before changes are made. 

References 

1. Shani S, Gonzalez T (1976) P-Complete 
Approximation Problem. Journal of ACM; 
23(3): 555-565. 

2. Pillai VM, Hunagund IB, Krishnan KK 
(2011) Design of robust layout for 
dynamic plant layout problems. 
Computers and industrial engineering; 
61(3): 813-823. 

3. Muther R (1973) Systematic Layout 
Planning, Boston CBI Publishing Co., 2nd 
Edition. 

4. Parsec Corp (2018) Eleven insights into 
the future of manufacturing. On line, 
retrieved. 

5. Owens R (2001) Modeling Future 
Factories. IIE Solutions; 33(8): 29. 

6. Kim JG, Kim YD (2000) Layout Planning 
for Facilities with Fixed Shapes and Input 
Output Points.International Journal of 
Production Research; 38(18): 4635-4653. 

7. Tompkins JA, White JA, Bozer YA, et al, 
(2010) Facilities Planning. Hobocken NJ: 
John Wiley and Sons New York, 4th 
Edition. 

8. Romero DLF (2003) Strong Component 
Based Methodology for Facility Layout 
Design. PhD Thesis, University of 
Warwick. 

9. Davim JP (2015) Research advances in 
Industrial Engineering. Heidelberg 
Springer Publishing Co. 

10. Harary F, Norman RZ, Carwright D (1965) 
Structural Models: An Introduction the 
Theory of Directed Graphs, New York John 
Wiley and Sons. 

11. Sule DR(2008) Manufacturing Facilities: 
Location, Planning and Design. Boca 
Raton Fa: CRC, 3rd Edition. 

12. Koopmans TC, Beckman M (1957) 
Assignment Problems and the Location of 
Economic Activities. Econometrica; 25(1): 
53-76. 

13. Heragu SS (2016) Facilities Design. 
Boston: PWS Publishing Co., 4th Edition. 

B A C D 

F 

E 

F 

https://dl.acm.org/citation.cfm?id=321975
https://dl.acm.org/citation.cfm?id=321975
https://dl.acm.org/citation.cfm?id=321975
https://www.sciencedirect.com/science/article/abs/pii/S0360835211001392
https://www.sciencedirect.com/science/article/abs/pii/S0360835211001392
https://www.sciencedirect.com/science/article/abs/pii/S0360835211001392
https://www.sciencedirect.com/science/article/abs/pii/S0360835211001392
https://www.sciencedirect.com/science/article/abs/pii/S0360835211001392
https://www.abebooks.com/book-search/title/systematic-layout-planning/author/muther-richard/
https://www.abebooks.com/book-search/title/systematic-layout-planning/author/muther-richard/
https://www.abebooks.com/book-search/title/systematic-layout-planning/author/muther-richard/
http://blog.parsec-corp.com/future-manufacturing/
http://blog.parsec-corp.com/future-manufacturing/
http://blog.parsec-corp.com/future-manufacturing/
http://go.galegroup.com/ps/anonymous?id=GALE%7CA77711541&sid=googleScholar&v=2.1&it=r&linkaccess=abs&issn=10851259&p=AONE&sw=w
http://go.galegroup.com/ps/anonymous?id=GALE%7CA77711541&sid=googleScholar&v=2.1&it=r&linkaccess=abs&issn=10851259&p=AONE&sw=w
https://www.tandfonline.com/doi/abs/10.1080/00207540050205550
https://www.tandfonline.com/doi/abs/10.1080/00207540050205550
https://www.tandfonline.com/doi/abs/10.1080/00207540050205550
https://www.tandfonline.com/doi/abs/10.1080/00207540050205550
https://www.wiley.com/en-us/Facilities+Planning%2C+4th+Edition-p-9780470444047
https://www.wiley.com/en-us/Facilities+Planning%2C+4th+Edition-p-9780470444047
https://www.wiley.com/en-us/Facilities+Planning%2C+4th+Edition-p-9780470444047
https://www.wiley.com/en-us/Facilities+Planning%2C+4th+Edition-p-9780470444047
http://wrap.warwick.ac.uk/68249/
http://wrap.warwick.ac.uk/68249/
http://wrap.warwick.ac.uk/68249/
http://wrap.warwick.ac.uk/68249/
https://www.springer.com/in/book/9783319178240
https://www.springer.com/in/book/9783319178240
https://www.springer.com/in/book/9783319178240
https://trove.nla.gov.au/work/15912687
https://trove.nla.gov.au/work/15912687
https://trove.nla.gov.au/work/15912687
https://trove.nla.gov.au/work/15912687
https://www.crcpress.com/Manufacturing-Facilities-Location-Planning-and-Design-Third-Edition/Sule/p/book/9781420044225
https://www.crcpress.com/Manufacturing-Facilities-Location-Planning-and-Design-Third-Edition/Sule/p/book/9781420044225
https://www.crcpress.com/Manufacturing-Facilities-Location-Planning-and-Design-Third-Edition/Sule/p/book/9781420044225
https://www.jstor.org/stable/pdf/1907742.pdf?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/pdf/1907742.pdf?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/pdf/1907742.pdf?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/pdf/1907742.pdf?seq=1#page_scan_tab_contents
https://books.google.co.in/books?id=GxljDAAAQBAJ&pg=PA573&lpg=PA573&dq=Facilities+Design.+Boston:+PWS+Publishing+Co.,+4th+Edition&source=bl&ots=d9J_RFdveq&sig=hcazK8i8PMegneLyqbKo6TuBOvU&hl=en&sa=X&ved=2ahUKEwiW2vSMyZbdAhUH2o8KHWa7AYwQ6AEwBXoECAQQAQ#v=onepage&q=Facilities%20Design.%20Boston%3A%20PWS%20Publishing%20Co.%2C%204th%20Edition&f=false
https://books.google.co.in/books?id=GxljDAAAQBAJ&pg=PA573&lpg=PA573&dq=Facilities+Design.+Boston:+PWS+Publishing+Co.,+4th+Edition&source=bl&ots=d9J_RFdveq&sig=hcazK8i8PMegneLyqbKo6TuBOvU&hl=en&sa=X&ved=2ahUKEwiW2vSMyZbdAhUH2o8KHWa7AYwQ6AEwBXoECAQQAQ#v=onepage&q=Facilities%20Design.%20Boston%3A%20PWS%20Publishing%20Co.%2C%204th%20Edition&f=false


Facility Design Variations Using A Strong Component Based Methodology. 
 

Archives of Industrial Engineering                                                                                                   6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Citation: Romero DLF, et al., (2018), “Facility Design Variations Using A Strong Component Based 
Methodology”.  Arch Ind Engg; 1(1): 01-06. 

DOI 10.31829/2637-9252/aie2018-1(1)-106 

Copyright: © 2018 Romero DLF, Leon DJA, Romero BLF. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License, which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original author and source are credited. 

https://gudapuris.com/articles/10.31829-2637-9252.aie2018-1(1)-106.pdf

