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Name
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Telephone number
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Studio |

Name / Theme Computational design

Main mentor Pirouz Nourian Computational design
Second mentor Petra Heijnen Graph theory

Argumentation of choice | Computational design is one of the most important
of the studio

reasons why I choose Building Technology in the first
place. It keeps me interested and enthusiastic.
Furthermore, I would like to work with computational
design after graduating.

Graduation project

Title of the
graduation project

David and the vegetable factory

Goal
Location: | Not applicable
Context In a world that is getting more complicated, so are the floor plans of

numerous buildings. Especially for industries, a layout of the floor plan can
really define how profitable a factory is, it is estimated that in total 20-
50% of total operating expenses can be related to the material handling
costs and the layout of a factory [5]. Furthermore, early changes in the
design of a layout have a big impact on the final design and can be very
profitable, especially considering that changes in a later stage are
significantly harder, costlier and more complicated to perform. Chwif et al.
[9] suggest that the optimal location of facilities is one of the most
important issues that should be resolved early in the design stage. In the
past, when layout were less complicated, optimizing the location of
facilities was not as much of an issue. However, after the second world
war, operations research and with the optimizing of processes arose.
Optimizing various process has been a big issue ever since, and so too the
optimization of the layout of facilities emerged which became known as
the Facility Layout Problem. With the development of powerful computers
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that are available to the wide public, a window of opportunities opened to
be able to solve these “FLP’s".

The motivation of this thesis comes partly from personal experience of
designing factory layouts, where my work at the company Dapp Project-
management in Food has taken me through the world of designing food
factories. In this world, the use of computation to design is hardly used,
traditional hand-drawings are the main source of designing and
communicating plans. This comes with problems like long wait times to
change certain details or entire plans. This let me to believe that a
computational implementation of designing the layout could give a huge
benefit to the industry. Besides potentially saving time and money, a
faster and more adaptable "computational tool, if you will, would also
ultimately lead to a more sustainable workflow, since time and money and
thus emissions could be spent more efficient. A sustainable way of living is
something that is absolutely necessary at the present date, in order to
express its importance, a quote by the late Professor Stephen Hawking
will be presented:

"Global warming is caused by all of us. We want cars, travel and a better
way of living. The trouble is, by the time people realize what is happening,
it may be too late. ... both effects (deforestation and melting of the ice
caps) could make our climate like that of Venus: boiling hot and raining
sulphuric acid, but with a temperature of 250 degrees Celsius. Human life
would be unsustainable."

[3] p148-149

The context of this thesis takes root in a number of fields, where three
different fields can be marked as major. These three fields are: operations
research, mathematics and the food industry. The common binder of
these fields is the facility layout problem, which will be elaborated upon in
great detail further on in this thesis. Other fields that fall under the three
major fields named are all shown in the Venn diagram in the figure below.
It is known that there are other fields which are closely related, including
but not limited to: game theory, operations management and supply chain
management. However, they fall out of the scope. Hence, they will not be
dealt with in this thesis.
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The posed
problem,

Even though there is great value to be added by computational design to
improve the design performance, it is hardly ever used in the early design
[1]. When these computational design methods are in fact used, they tend
to be only be used to verify the conceptual design, instead of being used
to explore the different solutions which could be generated [2]. In the
field of the food industry, computational design is not a known concept,
instead, most of the work is done by hand. Introducing the power of a
21st century computer into the design process could lead to great
benefits. However, this computational design should be presented in such
a way that is comprehensible by its users, which are the people that work
on designing the layouts of the factories. These people have minor
experience with computational design and thus a tool that copes with this
lack of computational knowledge should be developed. The problem lies in
how to develop such a tool. As mentioned before, the facility layout
problem boils down to arranging facilities in such a way that the material
handling cost are minimized. This problem, however, quickly becomes NP-
complete when increasing the number of facilities. Johnson [4] has
showed that when the number of facilities becomes larger than 15, the
facility layout problem becomes a NP-complete problem. This means that
with increasing number of facilities the computational time required to find
the absolute best solution is increased by 2". Since the optimal solution for
a larger number of facilities becomes virtually impossible to reach,
(meta)heuristic methods have been developed in order to find a near
optimal solution in a reasonable time spawn [30]. The problem of NP-
completeness can thus be resolved by applying (meta)heuristic
approaches in order to achieve near optimal solutions.

The formulation of the problem in mathematical terms is the generation of
a layout for a food processing factory, while trying to optimize the
material handling cost as seen in equation(1.1)[47] and keeping the
problem compact (e.g. reduce the amount of empty space), where cij is
the transportation cost for transporting between departments i and j, fij
is the flow between those departments and dij is the distance between




them. The problem will be tackled as an unequal-sized problem in order to
maintain accuracy and as a static problem in order to simplify the
problem.

MinimizeF = Z Z Ci;fijdi; (1.1)

Research
objective

Considering the problem statement the research objective then becomes
to develop a tool for designers of factory layouts to use to generate the
layout of a factory. To be more precise, this thesis will take the specific
case of a vegetable processing factory. This tool should be user friendly,
even to a user with little computational experience. To achieve this, the
facility layout problem must be formulated and then solved using meta-
heuristic methods since exact methods would impose a computational
solving time that is just to vast.

Research
questions

The posed problem statement and research objective lead to the following
main research question:

"How to computationally generate a layout of a vegetable processing
factory given a program of requirements and flows between facilities as a
matrix using a mathematical approach, minimizing the travel distance of
goods needed for a product to be manufactured?”

This main research question consequently leads to the following sub-
questions concerning how to answer the main research question but
broken down in steps. They are as follows:

(1) "How can the facility layout problem be formulated?”

(2) "What computational approaches have been proposed to solve the FLP
in the literature?”

(3) "What are the requirements of a vegetable food processing factory
and how can these requirements be formulated mathematically?”

(4) "To what extent do the proposed methodologies in the literature
comply with this specific case of the FLP?”

(5) "What are the main objectives and constraints to satisfy considering
the generation of a layout for a vegetable processing factory with a given
program of requirements and flows between facilities?”

Process

Method description

This section will go over the methodology of this thesis. This research methodology is
not to be mistaken with the proposed methodology that will be addressed in section
four. The methodology of writing this thesis finds is fundamentals in researching
through design, which is vastly different then for example the researching of medical
chemistry experiments where an experiment is conducted and certain data leads to
certain conclusions. However, same as this thesis, both fall into the same category of
research. The difference can best be explained by the diagram in figure 2.1, which




shows the scale of different types of research. The scale has two directions, one from
atomistic to holistic and one ranging from theoretical to empirical. The example given
before would be defined to be both atomistic and empirical, as a chemical experiment
would be considered to be atomistic, it is about something that is tactile and it is well
defined subject. Next to that it is also considered empirical, because it is about a
clear experiment with clear results. On the exact other side of the scale would be
philosophical research, which is neither atomistic or empirical, but holistic and
theoretical because it deals with a whole of something and not something that is
narrowed down and the experiment and expected results are not as easy to predict
and black and white as with an empirical approach.

The approach that is used in this thesis is based on a theoretical and atomistic
standpoint: research through design. The subject that is dealt with is well defined but
the results to be expected are hard to predict and thus different design must be
evaluated in order to find what works and what does not.

The methodology consists of four parts. The first part is a literature study of the
facility layout problem to get more acquainted. The goal of this stage is to find out
how FLP’s are formulated and how they are solved and what different approaches
there are to going about this. This knowledge of previous research that has been
done to solve the facility layout problem will form the basis of the next steps. The
second part involves the study on an existing food processing factory and assessing
its properties and needs. This way, criteria can be formulated which a potential
method should be able to fulfill (e.g. The amount of departments). Thirdly, taking
into consideration the knowledge gained in the first two steps, nine methods that are
thoroughly researched and presented in appendix B will be analyzed based on the
criteria and requirements gained from the study in the second part. This way, all
discussed previous methods will be tested and the results will summarize how well
that method would work on this specific problem. Besides that the factors in which a
method excels and doesn’t excel become clearer through this analysis. Fourthly, the
experimental design stage can begin by the proposal of a method on how to solve
the facility layout problem in this particular case. The conclusions from part three are
enough to identify which method work well in this particular case and a proposed
method could be based on one or more of these analyzed methods. Although the
methods found in the literature could give a basis for my own proposed method they
should not be copied blindly. This is for several reasons. Firstly, even though the
problems might look the same, they will probably be different in some aspects and
that would favor tweaking the method. Secondly, the results of the methods in the
research paper might be sufficient, but the authors most likely acknowledge some
points of improvement, if possible, they should be taken into account. Thirdly, in
order to push the boundaries of scientific knowledge, itis unfavorable to re-enact
another’s work. As the last step, the method is then carefully modelled in python in a
Rhino/Grasshopper environment [3][2] where a feedback of tests loop improves the
model until the results are satisfactory.

The assessment of the proposed methodology in sections four through eight are an
important part of this thesis, for without a good assessment how could we be
expecting good and reliable results? This assessment comes down to two important
factors, which are verification and validation.




Verification of a method is about the question: How do we make the things right? It
is about whether, in this case, the algorithm that was written is working efficiently.
The algorithm should be doing what it should be doing and in order to find out if it is,
tests should be written and conducted to study its behavior. A algorithm that gives
good results could still be an algorithm that gives false results, hence the importance
in the verification of the algorithm/method. This verification of a algorithm is known
as test-driven-development. Test are conducted on situations where the answer the
algorithm should be given is obvious. This could either be simple problems that can
be verified by a hand calculation or it could be a larger problem but one with a lot of
symmetries. Other tests that should be conducted are tests in extreme situations in
order to find out if the algorithm still performs well under these situations.

Validation of a method is about the question: How do we make the right things? At
first glance, it is closely related to verification, but with validation, we are not
concerned any more with if the algorithm is working correctly, because it is assumed
with verification that it is. Validation is about the effectiveness of the algorithm,
whether it is giving results that are satisfactory. To test this, as specified above, toy
problems can be used in order to find out how well the algorithm compares to
already solved problems using different algorithms. Another method is to compare
the results with a ready built factory.

Empirical

7y

. Chemistry

Medical experiment .
Human sciences

d b Holiste

. Computer science
Phylosoph
. Physics ¥ oy

v

Theoretical

Literature and general practical preference




[1] Miguel F. Anjos and Manuel V.C. Vieira. An improved two-stage optimization-based framework
for unequal-areas facility layout. Opfimization Letters, 10(7) 13791392, 2016. I1SSN 18624430
doi: 10.1007/511590-016-1008-6.

[2] Robert McMeel & Associates. Grashopper, . URL https://www,rhinodd. com/&/new/
grasshopper.

[3] Robert McNeel & Associates. Rhinoceros 3d, . URL htops: //www, rhino3d. com

[4] Farhad Azadivar and John Wang. Facility layout optimization using simulation and genetic algo-
rithms. Internafional Journal of Froduction Research, 38(17).4369-4333, 2000. ISSN 1366538X.
doi: 10.1080/00207540050205154.

[E] Barry W. Boehm, editor. Soffware Risk Management. |IEEE Press, 1988, ISBN 0318638064,

[6] Rainer Ernst Burkard., Locations with spafial inferactions: The guadratic assignment problem,
pages 387-437. Academic Press, United States, 1989,

[7]1 W. C. Chiang and P. Kouvelis. An improved tabu search heuristic for solving facility layout de-
sign problems. Infemnational Journal of Production Research, 34(8)2565-2585, 1996, ISSN
1366588X. doi: 10.1080/00207549608905045.

[8] Leonardo Chwif, Marcos Ribeiro Pereira Barretto, and Lucas Antonio Moscato. A solution to the
facility layout problem using simulated annealing. Computers in Industry, 36(1-2):125-132, 1998
ISSN MBE3615. doi: 10.1016/80166-3615(97)00106-1

[9] P M | Standards Committee. and Project Managemeant Institute. A Guide fo the project manage-
ment body of knowledge LK - hitps:/ue.on wondcal.ong/ocie/33207934.  Project Management
Institute, Upper Darby, PA SE - viii, 176 pages : illustrations ; 28 ¢cm, 1996, 1SBN 1830410125
9751350410127 1830410133 9751380410124,

[10] 8. K. Das. A facility layout method for flexible manufacturing systems. International Jour-
nal of Production Research, 31(2):279-297, 1993, ISSN 1366538X. doii 10.1080/
00207549308956725.

[11] Amine Drira, Henri Pierreval, and Sonia Hajri-Gabouj. Facility layout problems: A survey. Annual
Reviews in Confral, 31(2):255-267, 2007. ISSN 13675783, doi: 10.1016/j.arcontrol. 2007.04,
001.

[12] Thomas Dunker, Glnter Radons, and Engelbert Westkamper. Combining evolutionary computa-
tion and dynamic programming for solving a dynamic facility layout problem. European Journal of
Operational Research, 165(1):55-69, 2005. ISSN 03772217, doi: 10.1016/§.ejor.2003.01.002.

[13] Welle Flager, Soremekun Bansal, F Haymaker ; Flager, B Welle, P Banzal, G Soremakun, and
J Haymaker. Multidisciplinary process integration and design optimization of a classroom building.
Technical report, 2009. URL http://www.itcon.org/2009/ 36,

[14] Fred Glover. FUTURE PATHS FOR INTEGER PROGRAMMING. 13(5):533-549, 1986.

[15] Benjamin Granger, Marta Yu, and Kathleen Zhou.  Optimization with absolute values,
May 2014. URL https://foptimization.mocormick.northwestern.edu/index.php/
Optimization with absolute wvalues.




[16] Tarun Gupta and Ham Id Seifoddini. Production data based similarity coefficient for machine-
compaonent grouping decisions in the design of a cellular manufacturing system. [International
Journal of Productfion Research, 28(7). 12471269, 1900. I1S5SN 1366583X. doii 10.1080/
00207549008942791 .

[17] Mohsen MD Hassan and Gary L. Hogo., A review of graph theory application to the facilities
layout problem. Omega, 15(4):291-300, 1937. ISSM 03050483. doi: 10.1016/0305-0483(87)
S0017-X.

[18] Stephen Hawking. Brief answers fo the big questions. John Mumray Publishers, London, 2018,
ISBM 978-1-47 3-60585-6.

[19] Sunderesh 5. Heragu. Facilities design. PWS Pub. Co, 1997, ISBN 9780534951832,
[20] Hessing. Green future, logistieke keuzes 31 oktober 2019, 2019.

[21] Miguel Horta, Fabio Coelho, and Susana Relvas. Layout design modelling for a real world just-
in-time warehouse. Compufers and Industrial Engineening, 101:1=8, 2018, ISSN 03608352, doi;
10.1016/j.cie.2016.08.013. URL htep: //dx.doi.org/10.1016/3.cie, 2016.08.013,

[22] DS Johnson, Computers and Infractability-A Guide to the Theory of NP-Completeness, 1979,

[23] L. Kaufman and F. Broecke. An algorithm for the quadratic assignment problem using Bender's
decomposition. Eurgpean Journal of Operational Research, 2(3).207-211, 1978, ISSN 03772217,
doi: 10.1016/0377-2217(78|90095-4,

[24] J-g Kim and Y-d Kim. A branch and bound algorithm for locating input and output points of depart-
ments on the block layout. pages $17=525, 1999,

[25] J. ¥ Kim and ¥. D. Kim. Graph theoretic heuristics for unequal-sized facility layout problems
Omega, 23(4):391-401, 1995, ISSN 03050483, doi: 10.1016/0305-0483(95)00016-H,

[26] T.C. Koopmans and M.J. Beckmann. Assignment Problems and the Location of Economic Activi-
ties Author (s ) Tjalling C . Koopmans and Martin Beckmann. Economelnica, 25(1):53-76, 1957
URL heep: //www. jator.org/scabla,/1907742,

[27] Panagiotis Kouvelis and Michael W Kim. Unidirectional Loop Network Layout Problem in Auto-
mated Manufacturing Systems. (May 2020), 1992,




[28] Andrew Kusiak and Sunderesh S. Heragu. The facility layout problem. European Joumnal of
Operafional Resaarch, 29(3):229=251, 1987, ISSN 03772217, doi: 10.1016/0377-2217(87)
90238-4.

[29] Young Hae Lee and Moon Hwan Lee. A shape-based block layout approach to facility layout
problems using hybrid genetic algorithm. Computers and Industrial Engineering, 42(2-4):237-
248 2002. ISSN 03608352, doi: 10.1016/30360-8352(02)00018-9.

[30] Janny Leung. A graph-theoretic heuristic for designing loop-layout manufacturing systems. Eu-
ropean Journal of Operational Research, 5T(2):243=252, 1992, ISSN 03772217 doi: 10.1016/
0377-2217(92)90046-C.

[31] Russell D. Meller, Venkat Marayanan, and Pamela H. “ance. Optimal facility layout de-
sign. Qperafions Research Leffers, 23(3-5).117-127, 1993, 1SSN 01676377, doi: 10.101&/
S0167-6377(98)00024-8.

[32] Paul Merrell, Eric Schkufza, and Viadlen Koltun. Computer-generated residential building layouts.
ACM SIGGRAPH Asia 2010 papers on - SIGGRAPH AS1A '10, 29(10):1, 2010. ISSN 07300301.
doi: 10.1145/1866158.1866203. URL http: //portal.acm.ocrg/citation.cfm?doids=

Be6l58.1366203.

[33] Richard Muther. Practical plant layout LK - hitps/tudeift on worldcat orgrocic/781813870.
McGraw-Hill, New York SE - X1, 363 p. : illustrations ; 29 cm, 1955,

[34] Christopher E. Nugent, Thomas E. Vollmann, and John Ruml. An Experimental Comparison of
Technigues for the Assignment of Facilities to Locations. Operafions Research, 16(1):150-173,
1968, 1SSN D030-364X. doi: 10.1287 /opre.16.1.150.

[35] Albert L Page. Pdma new product development survey: Performance and best practices. In POMA
Conference, Chicago, volume 13, 1981,

[36] Laurent Pemon and Vincent Furnon. Or-tools. URL https://developers.google.com/
optimization/.

[37] Mohammad Reza Pourhassan and Sadigh Raissi. An integrated simulation-based optimization
technigque for multi-objective dynamic facility layout problem. Joumnal of Industnal information
integration, 8:49-58, 2017. ISSN 2452414X. doi: 10.1016/4.jii.2017.06.001.

[38] Mahmoud Abdel Rahman. Cpython, URL https://www,.foodd4rhine. com/app/
ghepythont,

[39] Sartaj Sahni and Teofilo Gonzalez. P-complete approximation problems. J. ACM, 23(3).555-565,
July 1976. |SSN 0004-5411. doi: 10.1145/321958.321975. URL https://doi.org/l0.
1145/321958, 321975,

[40] Daniel Scholz, Anita Petrick, and Wolfgang Domschke, STaTS: A Slicing Tree and Tabu Search
based heuristic for the unequal area facility layout problem. Ewropean Journal of Operational
Research, 197(1):166-178, 2009. ISSN 03772217, doii 10.1016/j.ejor.2008.06.028. URL

ttp://dx.dol.org/10. 1016/ =jor.2008.06.028.

[41] E. Shayan and A. Chittilappilly, Genetic algorithm for facilities layout problems based on slicing
tree structure. [nternafional Journa! of Production Research, 42(18):4055-4067, 2004. 1SSN
00207543, doi: 10.1080/002075404 10001716471,

[42] Amir Mohammad Esmaieeli Sikaroudi and Kamran Shahanaghi. Facility layout by collision detec-
tion and force exertion heuristics. Jowrnal of Manufacturing Systems, 41:21-30, 2016, 188N
02786125, doi: 10.1016/j.jmsy.2016.07.001. URL http://dx.doi.oxg/Ll0.1016/7.
Amav. 2016.07.001




[43]

[44]

[45]

[46]
[47]

(48]

[49

(30]

[5°

Kar Yan Tam A simulated annealing algorithm for allocating space to manufacturing
cells, [Infernafional Journal of Production Research, 30(1):63-87, 1992, doii 10.1080/
00207549208942878. URL hotpa: //dedl . oxrg/10.1080/00207549208942878

Kar Yan Tam and Shih Gong Li. A hierarchical approach to the facility layout problem. Inferma-
fional Journal of Production Research, 29(1):.165=184, 1991, ISSN 1366538X. doi: 10.1080/
00207549108930055

James A Tompking, John A White, Yavuz A Bozer, and Jose Mario Azafa Tanchoco. Facilifies
planning. John Wiley & Sons, 2010

Wolfgang Sartorius Von Waltershausen. Gauss: zum geddchinis. 5. Hirzel, 1856.

Ming Jaan Wang, Michael H. Hu, and Meei Yuh Ku. A sclution to the unequal area facilities layout
problem by genetic algorithm. Computers in Industry, 56(2).207=220, feb 2005. |SSN 01663615
doi: 10.1016/).compind.2004.06.003.

F. 5. Welgama, F. R. Gibson, and L. A.R. Al-Hakim. Facilities layout: A knowledge-based approach
for converting a dual graph into a block layout. International Journal of Froduction Economics, 33
(1-3):17=30, 1994, ISSN 09255273, doi: 10.1016/0925-5273(94)90115-5.

FS Welgama and PR Gibson. A construction algarithm for the machine layout problem with fixed
pick-up and drop-off points. THE INTERNATIONAL JOURNAL OF PRODUCTION RESEARCH,
3(11)2575-2580, 1993

Y. Wu and E. Appleton. Integrated design of the block layout and aisle structure by simulated an-
nealing. {nfernafional Journal of Production Research, 40(10):2353-2365, 2002, 1SSN 00207543,
doi: 10.1080/00207540210133534.

Ding Yang, Yimin Sun, Danilo 0i Stefano, and Michela Turrin. A computational design exploration
platform supporting the formulation of design concepts. Technical report, 2017,

Reflection

1.

2.

What is the relation between your graduation (project) topic, the studio topic (if
applicable), your master track (A,U,BT,LA,MBE), and your master programme
(MSc AUBS)?

The relation between my graduation topic and master track is the use of
computational design to generate a layout for a building. Although the building in
this case is a factory, and some might not consider this part of architecture, it is
still a building and the tools developed will lead to knowledge that is not only
applicable to factories, but to any building or any layout.

What is the relevance of your graduation work in the larger social, professional
and scientific framework.

Since the facility layout problem was first introduced some fifty years ago, it has
never truly been solved, some problems might have reached a global solution but
those problems remain small. Ideally, this thesis would provide new insights into
solving the facility layout problem, even though if it might only be for a factory.
By building upon the already existing knowledge I can expand the scientific
framework of the facility layout problem.




