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Abstract:
Of all the domestic spaces, the kitchen has become the most aggregating
and inclusive, passing from mere cooking space to family roundups spot.
So, also the way people uses it changed and from this change results a
modification in layout, features and technologies. In order to keep the
pace of this changes, designers should upgrade and implement the way
they actually design kitchens, taking advantage of new available techniques
and means. This research means to explore the new methodologies and
tools that insiders are going to use in the next ten years, how these will
influence their work flow. The first part will be conducted as a research
about how the kitchen has changed and how it will depending on social
values and popular culture, state of the art domestic appliances, cooking
techniques and globalization. In the second part will explore deeply the
parametric design topic, taking as study case the developing a functioning
space optimizer using Rhino, Grasshopper and Galapagos.

Keywords:
Kitchen, Forecasting design methodology, Optimization, Parametric design,
New design tools, Cooking, Domestic spaces.

Introduction:
Every morning, the household starts its day gathering in the kitchen, and finishes it in
the same way. Inviting a guest for a cup of coffee, there’s no better space to feel him/her
comfortable that the kitchen. During holidays, getting the food ready for one of those big
supper, those who are cooking start to celebrate in the warmth of the kitchen.
There is no need to recall further the importance of kitchens in the domestic environment,
is clear that it become something more than a cooking space. In fact, nowadays it plays a key
part in a several house activities, adapting in the last century according to the users needs.
But are we sure that this multipurpose space is designed taking in account every function
that is supposed to perform?
The next generation of space designers will use powerful tools and new knowledge to deliver
the best kitchen depending on its occupants needs.
This research wants to be a peek of the Vademecum of designers during the next decade, not
a list of user’s trends and needs, but instead an anticipation of what will be the work flow
used to arrange a kitchen. Therefore, is crucial to identify, analyzing the bibliography and
the insiders’ opinion on the matter, the major difference between how the task is performed
now and how this will change.

Object of Research:
For centuries the concept of kitchen has remained untouched, while the technology
improvements changed the tools, the disposition of the cooking space froze in time. Now,
our understanding of the interaction between human and space is growing faster and faster
thanks to the parametric implementation in architectural process, these invisible connections
have been revealed and nothing can be left to the case anymore. Much has changed from
the 20th century conception of domestic cooking space, social factors and technological
improvement mutated our way of preparing and consuming food at home. The introduction
of parametric tools to design spaces could be an actual game changer in a complex system as
the kitchen, due to his nature of solving multi parameters problems. The standard workflow
consists in identifying a need or a pain of the user and choosing the best components to
solves that need, then adequate the component to the other external conditions and pass to
the next user’s need. Instead in a parametric environment every need and external condition
is evaluated simultaneously and the solutions are combined to obtain an optimized result.
How can architecture upgrade its own methodology in order to answer the challenges that
the world is currently facing?
This thesis means to explore the biggest changes trying to foresee the improvements that the
next decade will bring in this field.

ARC Diagram:
An ARC diagram is necessary to determine where are my areas of contribution:

Research Questions:
Diving my thesis in three parts that we could define as the theoretical part, the technical part
and the merge of these two, I will pose two groups of research questions:
• What are the main factors that will influence a radical change in the kitchen layout,
the way people perceive their domestic cooking space and the operational workflow of
kitchen designers in the near future?
• Is it possible to create a space optimizer that takes as input a certain number of parameter
and returns a preliminary layout in function of a evaluation criterion? Is it likely that
parametric design will be largely adopted by kitchen designers in near future?

Time Schedule:
• January: Topic Definition of the topic
and feasibility tests for the program.
• February:

Draft

of

the

• April 24: Second presentation.
• May: Creation survey for participative

formal

presentation.

design and distribution.
• May: Survey analysis and definition of

• February 7: Formal Presentation.
• February/March:

Research

the evaluation parameters.
for

• June: Draft of the empirical experience

theoretical references and state of the
art drafting.

with the program.
• June: Rendering of the study case created

• February/March: Development of the
space optimizer prototype.

with the program.
• June 29: Delivery of the thesis’ final

• April: Collect technical requirements
and kitchen’s standards.
• April: Final version of the optimization

document.
• July: Visual and oral presentation draft.
• July 7-17: Final presentation.

program’s code.

Softwares and Plugins:
• Rhinoceros: Base model and layout.
• Grasshopper: Parametric creation and control of the kitchen’s modules.
• Galapagos: Solution of score’s maximization problem.
• Mendeley: Creation of bibliography and citation system.
• InDesign: Text layout.
• Google Form: Creation and spreading of the survey.
• SPSS: Analysis of the survey results and charts creation.
• Keyshot: Rendering of the study case’s result.

Methodology:
Analyzing the bibliography (eventually extendable), I will conduct a research on the most
disruptive changes that are likely to happen in the next ten years. In order to do that I need
a sort of hierarchy of the trends and predictions that I will identify, this could be achieved
crossing references and looking for matches. The more a forecast is repeated by different
entities like researchers, professionals, journalists or insiders the less is likely to be a false
positive, this way I will obtain a ranking of the most reliable predictions. In addition to that
I can count on the advise of an expert in domestic interior design such as Dr. De Botton that
is capable of corroborating or disproving my speculations. This first part of investigation
will lead me to two partial results. The first one is the list of topics that I believe will become
relevant by the end of the 2030. The second one is the ensemble of the evaluation parameters,
the ground rules of my space optimization program on which it will return the most relevant
layout. This evaluation parameters will be based on basic assumptions (such as minimum
distances between sink and washing machine and others), a dedicated survey, and on refined
inferences based on the research work mentioned above.
As I already repeated previously, the second, more practical, part of my thesis will consist in
creating a program capable of analyzing a kitchen space and returning an optimal layout of
it. This task will be possible by working in the Rhino CAD environment and exploiting the
computational power of Galapagos evolutionary solver, a Grasshopper’s plugin.
But how will it work?
I will explain this procedure with more details later in the text. Firstly, the operator will
introduce some information such as the room’s plant, the number of the household’s
components, the weighted number of persons cooking simultaneously in the kitchen, the
domestic appliances requested by the clients and eventually special requests, the frequency
of grocery shopping and more. Processing this first round of information the program will
obtain the size of every kitchen module, appliance and stocking space. It will then ask for the
desired configuration (L conf., U conf., Linear conf., Isle conf., Double line conf.), so it will
dispose in a random order every pre-sized block. Subsequently, the optimization process will
take action. A maximum score of 100 will be reduced by a weighted value for every condition
that is not respected in the processed disposition, this reduced score will be our value to
maximize. These reduction terms are precisely the evaluation parameters derived by the first
part of the investigation, they will be divided between relative reducing parameters and sine
qua non conditions. Connecting the source side of the Galapagos solver to the block that
randomize the order of every module, and the final score at the target side the program will
compute every possible modules disposition. For every disposition a different score will be
detected, the solver will stop its inquiry once it has found the higher possible score, returning
the optimized layout.
The aim of this research is not to create a perfectly functioning program, but instead perform
an exploratory inquire on the potential this technology has and its applicability during the
next years. If during this thesis experience I will be able to create an optimizer capable of
performing the desired operations it will be an even higher achievement, but I am aware of
my still insufficient proficiency level, that won’t allow me to create a state of the art program
on Grasshopper.

State of the Art and Future Trends:
At the current time, the research is focusing about the needs of the users to predict the trends
in the kitchen environment. This investigation develops in different directions, and every
one of these branches will allow a better understanding of the complex system we are trying
to parameterize. For example, the first issue is the technological advance that the next decade
will bring, it will modify both the kitchen’s modules and the way we will design them.
Even if we can track the origin of parametric design down to the ‘60s when visionary architects
such as Luigi Moretti, or even before with Antoni Gaudí, started to use mathematics to
parametrize the shapes of their creations, the parametric era is strictly related to computers
diffusion. Ivan Sutherland was one of the first person that believed in an interaction between
computer and machine through graphic language, when he developed Sketchpad there was
nothing alike and it still remains one of the most remarkable example of early interactive
computer-aided design program. Anyway this type of program wasn’t available for a large
audience, running on a TX-2 computer and being less intuitive and practical than drawing
on paper, the real parametric design diffusion started with program as AutoCAD, Pro/
ENGINEER and CATIA. Architects of the statue of Frank Gehry used CATIA in its early
parametric days to surpass the limitations and bend the rules of architecture with innovative
shapes, impossible to obtain without that type of technology. With the help of this programs
was possible to incorporate functions in the program to create curves easily editable by just
changing the parameters, for example Mark Burry inserted his own hyperbola function in the
AutoCAD script designing the Sagrada Família’s domes. Visual programming revolutionized
once more the parametric world in 2003 when Robert Aish started developing Generative
Components, with this new interface programs are represented not as text but rather as
diagrams. Starting from this approach Robert McNeel & Associates assigned developer David
Rutten to make a similar program, released as Explicit History in 2007 and then became
the infamous Grasshopper. The terms parametric is defined by the Cambridge Dictionary as
“Relating to the parameters of something (= a set of facts or a fixed limit that establishes or
limits how something can or must happen or be done)”. Parametrize a geometry means to
control its shape by controlling some parameters that define it, for example parametrize a
circle is pretty simple because we can control the position in space of the point in which lies
down its center, the plane on which it extends and its radius. Three parameters are enough
to control the majority of basic shapes, and even adding complexity and matching different
forms in the model, the user keeps the capacity of edit the parameters of each element that
constitutes the model.
During the recent history a lot of researchers and professionals went deeply on the subject of
space optimization using parametric design tools, successful methods to evaluate floor-plans
and perform lightning-thermal simulations are used on daily base by the best architecture
studios all around the world. It is just matter of time before the majority of designing
activities will start to be performed using parametric techniques, keeping the vital role of
human intellect but enhancing it with computer’s computational power. This will occur
also because if we keep going on this path, the ratio between resources and population will
become thiner and thiner, therefore it will become more and more important to take in
account every aspect of new residential and non-residential buildings.

On the subject of domestic appliances, the challenge will not just consist in find the most
beautiful shape or the most efficient mechanism, but also research on how a specific design
change the way a user interfaces with it. The design of an appliance could perhaps influences
the electrical consumption by influencing the way a person uses it, for example if appliances
are designed with less energy-reliant functions that are relevant and useful for people, less
energy-intensive use will be enabled and the potential for contributing to energy conservation
in the long term would increase [5].
In the very start of his essay Meet the Element the researcher Jesse J. Garret describes five
different levels of design a site and a methodology that defines a bottom to top workflow.
The first one is the Surface Plane, on the surface you see a series of Web pages, made up of
images and text. The second is the Skeleton Plane, Beneath that surface is the skeleton of the
site: the placement of buttons, tabs, photos, and blocks of text. Then the Structure Plane,
the skeleton is a concrete expression of the more abstract structure of the site. Beneath is the
Scope Plane, the structure defines the way in which the various features and functions of the
site fit together, just what those features and functions are constitutes the scope of the site.
Finally the Strategy Plane, the scope is fundamentally determined by the strategy of the site,
this strategy incorporates not only what the people running the site want to get out of it but
what the users want to get out of the site as well. These five planes - strategy, scope, structure,
skeleton, and surface - provide a conceptual framework for talking about user experience
problems and the tools we use to solve them [13]. In the same way we can say that we need
to be capable of studying the “strategy” of an object to deeply understand how it should be
design and then placed in order to obtain the best solution.
On this subject, the use of co-creative methods is encouraged to obtain better results, is then
important to identify a winning strategy to include users in the design process. The EPUI
methodology is leaning strongly on the notions of PD (co- design) and ethnography. It
consists of four non-linear phases: exploration, participation, understanding and integration.
Both participation and understanding are multifaceted; the researcher/designer as well as the
user needs to become an active participant. If the researcher/designer wants to understand
the user, he has to understand the domain first. Similar goes for the integration process,
where we even argue that the researcher/designer needs to integrate into the community of
users before integrating them in the interaction design process [8]. The article concludes
saying that their research leaded to a certain number of achievements but also failures, one of
those is the impossibility to come up with a fixed methodology that would serve as a definite
tool for UX and IxD and researchers.
So, it is necessary to start the design process by evaluating the maximum possible number of
parameters in order to catch not just the features that an environment provides to users but
also the interaction between the same environment and them. The technological improvement
provided a powerful tool to the designers, with a parametric CAD software is in fact possible
to pick several factors using evolutionary solvers as Galapagos or Dynamo, combine them,
evaluate the possible configuration and return the best one. This process is as fast as low is
number of considered factors, it puts a limitation in terms of complexity the problem can
have. A possible solution could be to couple an architectural visual programming language,

Grasshopper, and a high-performance computing language, Matlab. In his essay “Integrating
Grasshopper and Matlab for Shape Optimization and Structural Form- Finding of Buildings”
Nixon Wonoto and Vincent Blouin exposed the possibility of parameterize a skyscraper using
these two tools, feeding them with a great number of parameters. The presented method
can conveniently deal with problems that demand high geometric complexity. By using
the presented work flow, the wind loads, dead loads, section Computer-Aided properties,
building’s floor areas, and the number of structural connections can be taken as functions
and automatically updated by Grasshopper during the optimization process. It is shown that
the difficulty of dealing with these complex features can be alleviated by using Grasshopper
as a convenient parametric CAD interface and may allow architects to include realistic
constraints in their design process during the schematic design phase [2]. The optimizer I
will try to develop will be able to deal with the data I will feed it without the contribution
of Matlab, but this method could be useful in case of a bigger complexity of the evaluated
system.
The IoT will also play a major role in the transformation of the kitchen space, entering in
a kitchen 4.0 scenario. In “Augmenting Kitchen Appliances with a Shared Context using
Knowledge about Daily Events” the authors state that modern spaces full of appliances can
be easier and more productive to interact with if the various machines are aware of a user’s
behavior and have some understanding of common actions. By combining a database and
probability engine in a real-world networked kitchen, KitchenSense demonstrates applications
made possible by intelligent environments. Interfaces can be simpler, the environment can
be safer, and people can learn about new activities and behaviors more easily [10]. This
revolutionary perspective could lead to a better understanding of the operative flows that the
users follow using the space, and try to adapt future projects by a behavioral evaluation of
the occupants.
Aside from the technological advancements that will revolutionize the kitchen, also social
issues have to be considered if we want to picture a realistic scenario of what will mean to
design a cooking space in the near future. Starting from the women empowerment movement
that is changing old stereotypes that described the domestic kitchen as the housekeeper reign,
nowadays the task of preparing a meal for the household is shared between men and women.
This brings to enormous changes in the kitchen layout in fact the cooking station is designed
to support two or more crew members instead of one. This means not only adjust the size
of the stations or enlarge the passages but also create an environment in which the role of
women and men are on the same level, cooperating to achieve the best result.
This psychological mechanism is shown in J. Hollows article, she says that Nigella’s (Lawson)
cookery attempts to negotiate the demands of both pleasing the self and pleasing and caring
for others, addressing the anxieties associated with cooking that frequently arise from a
fear of being judged as ‘improperly’ feminine. This is dealt with in two key ways. First, the
‘sisterly’ conversational tone adopted by Nigella is an attempt to assuage anxiety: ‘I have
wanted to make you feel that I’m there with you, in the kitchen, as you cook’. Potential
failures are anticipated and the reader is assured that mistakes are not only ‘normal’, but also
need not be read as failures [4].

This is not the only social factor that will change how we will design kitchen, also the mass
culture created by social media, TV series and cooking show influence the way modern
users perceive the cooking experience. In fact, the desire of sharing culinary creations with
a wider public pushes a lot of people over his boundaries and create a strong interest for
recipes and cooking techniques, this will lead to a demand for even more professional and
sophisticated cooking tools from non-professional cooks. In addiction, about cooking shows,
is necessary to say that brought together around the table or, in this case, the TV, people
find ways to sustain themselves, physically and emotionally, learning and sharing values and
food knowledge. In the cooking setting, food becomes a language of inquiry, identified by
its characteristic purpose of information-seeking and wondering, as participants discuss and
ponder about how to make the next dish – from making it affordable and fast to elaborate
and festive. While cooking shows are arguably no substitute for real engagement in the
kitchen, they provide an open and inviting forum for discussion and inquiry [3].
A really promising alternative to the standard idea of domestic kitchen is the concept of
shared kitchen, this type of solution grows from the necessity of find a solution to the
limited space we have to deal with in urban areas. In the next years this issue will reach
its peak, and the answer is share the majority of the daily services, such as transportation,
work environments and domestic modules including the kitchen. In order to obtain a better
understanding of this phenomena I added to my bibliography two separate text about it, one
more theoretical and the other more applied. This issues is particularly interesting from my
perspective because a more complex system as a kitchen shared between several households
means augmenting the parameters and could take advantage from my optimization program.
In recent times, the COVID outbreak has forced us to stay home, the repercussions of this
pandemic won’t stop to these two months of quarantine, probably it will change the way
we live at home forever. Staying home for two months made people change idea about
living in highly populated zone and large residential buildings, domestic space gained a
lot of value both for living and working. In addition to that, the relation between inside
home and outside home will change, now more than ever it is important to keep the two
environments separated, the entrance area will be separated so that we can leave our shoes,
clothing and belongings on the street, rather than carry dirt into the living quarters. Probably
will become popular appliances like air and water filtration devices, aseptic lockers in the
entrance area and even lamps that generates ultraviolet radiation, which can kill some harmful
organisms, viruses and bacteria. The separation between living spaces and working space will
be consolidated, converting the workstation from a desk in the living room to a proper office
in which we will be able to reach a office-comparable concentration. Concerning the kitchen,
this environment is surely one of the most dangerous space because has a constant inflow of
grocery products, it means that everything entering the kitchen (even better the house) has to
be sterilized or stored in an aseptic locker waiting to be sterilized. Ventilation will be another
important theme, in fact the common system doesn’t provide filtration of air during intake
stage, the same happens with AC devices. Being a current crisis nothing is for sure at the
moment, but it will be responsibility of designers thinking about effective solutions.

Detailed Operations:
The design area is created selecting one of the outer wall of the chosen room, then indicating
the point in which we want our area to start and to finish using the wall as reference (for
example selecting a starting point at 0.1 of the total wall length and a ending point at 0.85).
The design area is 61 cm deep as default but it can be changed in case of special necessities.
If we chose the linear configuration just one area will be created, otherwise the secondary
areas will be determined referencing the main area.
Then we have to determine the size of every kitchen module by directly giving them the
desired measures, or using the number of household member as variable and letting the
program perform an evaluation of the needed space. Is important to remember that is not
possible to add or erase modules from the canvas because for every module we find a portion
of code repeated in order to place in their position. In case the user doesn’t need one of
the module (for example the washing machine), it will be sufficient to set the length of the
module on 0, so the program will place it in a certain position but it won’t appear and won’t
interfere on the evaluation process.
Once the modules are sized correctly the program collects the resulted geometries in one
list, then the list is passed through a randomizer that change the list’s order. This type
of component is called “jitter”, and it works by using a “seed” (a number that is used as
randomizing base) at which we connect a slider. A slider is a component that allow us to
scroll between values in a certain domain, for our porpoise a slider that goes from 0 to 1000
passing through every integer is sufficient. This slider is the only component on which
the Galapagos solver will act once we start the optimization, changing the number (so de
disposition) and evaluating the correspondent score.
Once the list has passed the jitter its order is completely different, and so the program starts
to place one after the other every component, using the a distance vector between a point
on the base component and the corresponding point on the design area. This process is
performed of every item of the list, until every module has been copied in the design area
and a score appears on the panel.
This process has several difference depending on if we are using one configuration or the
other, for example for the linear configuration it will simply place a module in the adjacent
position to the previous module until every component has been place. In case of the isle
configuration for example the program detects when the main design area is full (or anyway
it wouldn’t fit the next module) so it places the next component on the secondary design
area, in case of the L configuration the operation will be similar but performing a rotation of
90° in respect of the main area’s modules orientation. After this operation probably both the
main and the secondary design area aren’t filled, so the program automatically extends the
cabinets’ measures (that are the most “customizable” of the bunch) in order to fill the areas.
At this point the program didn’t perform any optimization so is possible that the final score
is low or even negative, that could occur because the program has in its evaluation system
some conditions that are mandatory, for those ones the penalty is set to -100 so that when
the solver process those configurations will automatically discards them.

Because of its generative nature, if the base conditions remain the same, Galapagos will
“learn” to exclude the configurations give this -100 penalty the next time we perform the
optimization even if we have changed the evaluation parameters.
At this point, some evaluation parameters are included, it means that depending on the
conditions we have imposed (for example minimum distance between sink, stove and
fridge) some penalty are subtracted from the total core (set at 100 by default). This way every
configuration have a correspondent score associated and the solver can be launched with the
aim of looking for the higher possible score by scrolling the “seed” slider and proving them
all. Automatically the solver with stop on the higher score and will also indicate every other
results with their scores associated, sometimes the difference are so little that it makes sense
keeping track of these results and then choose between them.
Galapagos is an evolutionary solver, it means that it learns a little every time the user performs
the optimization, it means that keeping constant the frame conditions and changing only the
evaluation parameters the solver will get faster to the best possible solution.
The program has endless possibilities, not only for the kitchen application but also for the
other spaces of the house that can be parametrized and evaluated. It would be very interesting
to enlarge the design area to every part of the house and perform an optimization on every
part of it at the same time, in order to achieve a deeper understanding of the relationships
and flows across the domestic spaces.
The greatest program’s limitation at the moment is the interface between optimizer and user,
in fact so as it is only a professional with some previous skills of Rhino and Grasshopper
would the able to operate the optimization. For the future it will be vital to develop a simpler
interface that bypasses the Grasshopper canvas and allows to untrained users to perform the
required actions as defining design areas, sizing the modules and changing the evaluation
parameters.
In the next chapter I will try to show the program’s workflow, first with a list of the detailed
operations performed by the optimizer and then with a more traditional flow chart.

Operational Flow Charts:
A plant of the room is inserted in
Rhino as group of curves, including
doors, windows and service inlets
and outlets.
A .3dm file is opened.

If not satisfied a new configuration
can be obtained by changing the
settings.
Change the settings and starts the
loop again.

A configuration type is chosen:
• Linear configuration.
• Double line configuration.
• L configuration.
• U configuration.
• Island configuration.
The appropriate .gh file is opened
launching Grasshopper.

The optimized solution is returned,
and if selected the auto-fill option
expands the cabinets.
The solver stops in the highest score
position, now the cabinets module
are expanded to fill completely
the design area and the but the
configuration stays the same.

The design area is defined.
Choosing a starting point on
the perimeter walls, a rectangle
coincident to our design area is
drawn.

Galapagos solver is activated.
The solver will try every possible
combination of the modules’ order,
searching for the higher possible
score.

The desired kitchen modules are
added to the list.
Enabling the clusters containing
the desired appliances the geometry
is added to the list.

The program is ready to run.
The geometries as a list are
randomized and placed in
sequence, in an order that won’t
be the definitive one. A first score
number is generated to assure there
are no problems and the solver can
run. The final score is equals to an
integer number (in our case 100,
the highest score possible) minus
the sum of different penalty scores
that are generated when a condition
is not respected or a module has
a certain distance from its target
position.

Inserting the number of household
members, and the cooking needs
the modules are sized.
Adjusting the sliders every
geometry is sized and a control is
performed to assure the fitting of
every modules in the design area.

Start Rhino
Import the room’s layout and open .gh file

Room’s layout

Grasshopper file

Create the design are by
choosing a wall
Size the modules
Put the modules in a list
and randomize the order
based on the “seed”
Pick the nth on the list

Is there room?
No

Yes

Yes

Place it in the main area

Place it in the second area

Is there an element more?

Is there an element more?
No

Yes

No

Expand the mag
elements to fill the areas
completely
Service lines and high
cabinets are generated

The first configuration is
ready and a score is generated

Activate Galapagos solver
and increase “seed” by one

No

Is “seed” equal to
1.000.000?
Yes
Optimized layout
Stop

“Seed” associated with
higher score

Evaluation Parameters:
It can be dangerous to talk about what is “well” or “badly” designed in a domestic space as
the kitchen is. This occurs because every user has different preferences and needs, so it is
difficult to make an objective analysis of how a cooking space should be designed. The key to
make a good job parameterizing the different features of a kitchen and than score them is to
leave great liberty to the user and approach just the technical issues as something mandatory.
This way the majority of critical errors will be avoided and the designer keeps the liberty
of deciding his/her own canons of judgment about how the kitchen should be organized.
For example the program will impose that no module that has a front door ends up in a
corner position, where it is impossible to open it, but will be up to the designer if the higher
modules of the kitchen should be placed near to each other or at the opposite extremes.
Texts as Neufert’s manual [14] are useful to identify the regulations and rules that must be
followed and separate them from the features that are “up to the designer”. Hypothetically, if
the fixed evaluation parameters are well defined and no error in terms of safety or regulation
can be performed by the solver the other parameters could be decided by the user to create the
most fitting cooking space for him/her. For example is totally up the final client to decide the
order of the modules depending on his usual work flow cooking, but is the law that regulate
the distance between gas pipes and electrical wires. We already talked about the choke point
that is the user interface of our program, for this reason it would be impossible for to show
a customized kitchen collecting the parameters in real time, so I created a survey that would
help me explain how people uses a cooking space and which are the most common needs.
The survey consists in 18 questions, of which the first 4 on general information about the
user, the next 12 about common controversies in the kitchen design and a last open question
in which the interviewee can point at the most important feature in a kitchen for him/her.
I collected 46 answers in total, a number that doesn’t represent a reliable sample but allows
me to narrow the field of choice between an option and another.
The last question will hopefully help me to add informations about the relationship between
the users and the cooking space, but I won’t be able to analyze it as the other ones because
of its nature. It doesn’t represent a qualitative analysis neither because the form was filled
out by common kitchen users, so I will just enlist the answers as they are at the end of the
survey analysis.

Survey Analysis:
The survey starts by asking the interviewee how many members his/her household is formed
by, what are the cooking habits of the household, how many members cook in the same time
and if he/she thinks that the kitchen fits the household’s needs. This first round of questions
reassures us with some pretty heterogeneous data that allows us to make some considerations
depending on the answers of these first four questions. For example the importance of a
feature could be dramatically different if we are talking about a kitchen that hosts a two
members household or a five members household.

Q1

Q2

Q3

Q4

Entering the cooking space design issue, the next questions are about the sensations that are
provoked by different kitchen features in the users, and how their relationship with the space.
Starting with the fridge’s size, of which the 74.5% of the sample declares satisfied. Crossing
the results with the ones of the first question, we can appreciate that the rating of negative
answers increases with higher number of household’s members, it isn’t linear growth and
our statistics tell us that there is no clear dependency between the data, but surely we can
state that is important to evaluate carefully the stocking space when you’re dealing with large
households.
It will be important to include some type of scale factor for the fridge’s size in relation to the
number of household’s members, indicating then which is the best fit between the standard
formats.

Q5

Q cross 1-5

The next couple of questions investigates about the different feelings about low and high
shelves, the answers are pretty balanced but still they give us useful informations. The high
shelves annoy less then the 40% of the sample, the 52.17% finds the low ones annoying. We
can then conclude that, in relation of a very subjective matter like this, the high shelves are
preferable compared to the high ones. That said, it won’t be necessary to exclude one of the
two types, but just choose the high alternative when this is possible, so the program will try
to generate the maximum space in high cabins once the needed stocking space is evaluated.

Q6

Q7

The next question is about the placing of the trash compound, the results make evident that
the most adopted solutions are under the sink (it wouldn’t imply any modification to the
program’s code) and in a dedicated location distant from the cooking area.

Q8
The following topic is the placement of the washing machine. In older houses we can find
laundry spaces near the kitchen or the bathroom, but now that is necessary to reduce houses’
size that space is no longer convenient. So often the washing machine is placed in the
bathroom or in the kitchen, the surveys says to us that the 58.7% of the sample wouldn’t
place the washing machine in the kitchen, something less than the 22% would place it in the
kitchen and the rest is indifferent to the matter. The result is heterogeneous so we need to let
open choice about including the appliance in the kitchen modules list or not.

Q9

The next question refers to the sink position, this matter relates a lot with the adopted work
flow while cooking. The majority of the sample has replied that would prefer the sink to be
placed between the counter and the stove, and since the difference between this preference
and the second most voted is very high (15 votes) I would let as default this configuration
and let the possibility of change this parameter in case of special needs.

Q10
Question number eleven investigates even deeper into the sink positioning matter. The “As
close as possible to a window” alternative gets the higher answer frequency, followed by the
“Makes no difference for me”. This informs us that the old fashioned tradition of putting
the sink under the kitchen window is still valid, then the program will try to respect this
condition.

Q11

The next round of questions is about what should be stored nearer to the stove, I used a
Likert to rank the importance of every objects category. Sauce, canned food and dry food
are, in general, not so needed near the stove, so they can be stored in a standard cabinet and
there is no need for a dedicated space. This point is not applicable to pots and pans that were
declared “essential” from the 37% of the sample, there so is a dedicated space near the stove
is needed. Same for condiments/seasonings and cooking tools that should be placed near the
stove. Dishes and bowls have a different trend, in fact the extremes of the scale have a very
low frequency and the middle values are very well balanced. Is then needed for this items to
let free choice to the user about the placement, since this seems a very subjective matter. The
dish-dryer instead seems to be less needed near the stove this result could be linked to the
general importance of this item, anyway we get to discover the interviewees’ opinion later on.
We conclude that we need to make room for condiments, pots, pans and cooking tools near
the stove (and eventually for dishes and bowls).

Q12a

Q12b

Q12c

Q12d

Q12e

Q12f
About the dish-dryer, the following question reveals us that 23.91% of the sample doesn’t
need this item, the 26.09% would like to have it placed on the counter and half of the sample
want it in a cabinet. In order to include this information in the program, while the modules’
sizes are defined it will be possible add a dish-dryer cabinet above the sink, otherwise the
space will be devoted to stocking space.

Q13
Traditionally the oven has always been placed under the stove, this happened because stove
and over were parts of the same appliance, but nowadays this to modules can be completely
independent.
The survey shows that the 8.7% doesn’t care about the oven placement, and the remaining
part of the sample is divided between those who want the oven in the classic position and
those who want it in a different position. In the comment some of them has specified that
they would love the appliance in an higher position in order to improve accessibility.

Q14
Again, traditionally the dishes and cutlery were stocked outside the kitchen, in fact in the
cooking space was stored just the service crockery, needed for the preparation.
Nowadays this no longer happens, but it is up to the user to decide where the cabinet should
be placed. Something more than the 60% affirms that there is no reason to keep the cabinet
separated from thee rest of the kitchen, the 23.91% says that it shouldn’t be separated but
placed at one of the layout’s extremes, and just the 13.04% thinks that it should be in a
different location separated from the main layout.

Q15
The last closed question treats about the position of the highest modules of our layout. The
relative majority of the sample hasn’t got a preference about this subject, the 26.09% prefers
to have the high modules one next to each other, and the 23.91% would like to see the high
modules at the opposite extremes of the layout.
Given the balanced results it is necessary to include an option to choose between the two
dispositions depending on the user’s preference.

Q16
The last question states “What is the most important feature for you in a cooking space?”,
these are their responses:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Wide and spacious counter to work.
Counter space.
A very wide isle.
Counter and oven.
Cooking space.
Having enough space.
An efficient extractor hood.
Having a lot of space and everything in order.
The presence of an island with the stove on it, to be able to cook while speaking with
other people, use it ad a table and have more space for cooking.
Ergonomic and cleaning.
The space.
A wide working space between the sink and the stove.
I find that it is very useful (if possible) to have a counter-top where to cook/eat on the
island, so as to have a counter-top away from stoves and sinks.
The possibility of having a table on which it is possible to place at least 4-5 people.
Space, lots of space. For a house with more than one person is the place where you spend
more time, must be airy.
It has to be practical in all its features and component. Important things have to be
handily.
The stove.
Isle.
Space.
The counter.
Have free surfaces and enough space to cook.
Wide and tall enough working area, close to the sink and the stove.
To eat comfortably.

• I really appreciate the kitchens where the layout follows the product transformation line:
fridge/ freezer → counter → hob → table → scraps. My kitchen is the opposite, you
always turn with your hands full and never find what you need.
• Enough free space to use when cooking.
• Good stove and oven! (Italian food)
• The post.
• Large place where to cook and cut the food.
• Enough space.
• Minimalistic approach, extended preparation areas, all need to be in an area between my
knees and my head.
• The post.
• Large space.
• A very big counter.
• Fridge.
• Shelves.
• Accessible and handy tools.
• Many free counter-top for preparations
It is evident that the most of the comments demand for space, and being space a variable
that we cannot control because depending on the size of the room, this result confirms us
the necessity for a program that optimize the available space.
To conclude the analysis I can say that these aren’t results that can lead us towards an objective
representation of users’ opinion about kitchen, but it proves that it is possible to include in my
program a contribution of participative design. The flexibility of the evaluation parameters
could be a significant bonus with issues that have a “subjective” solution depending on
the user’s opinion and preference. With the proper interface it could be possible to repeat
the survey for every user, then feed the data to the program and let it build the evaluation
parameters depending on the given answers.

Sizing Standards and Limitations:
One of the biggest problem designing a program that should return an optimized kitchen
layout is the feasibility of that layout after every position is defined. In order to do that,
standard sizes should be respected while sizing the different modules that compose our space.
This condition isn’t avoidable because wouldn’t be possible to realize every piece by custom
production, and a lot of these appliances have those standard sizes because of regulations
that have to be respected in a cooking space. Although some degree of freedom can be
maintained on some assumption, for example for a specific case. Taking as an example my
case, being 1.96 cm tall, every work stations I have seen during my life was too short for me
to work in a comfortable condition. In this specific case, if the program is told to perform an
optimization on a cooking space in which I am the only cook, the height of the counters, the
shelves and other appliances will be slightly higher than the standard measures. In this case
won’t be a problem for a designer to put some sort of raiser to create this furniture.
On the contrary, It will be impossible (or very expensive) to find a domestic stove larger
than 80 cm or a kitchen counter with a depth higher than 61 cm because the production
of these furnitures is pretty standardized. For this reason is important to define some basic
assumption about the sizes of every modules and how the number of household members
will effect them.
Counter:
• Depth: standardized at 61 cm.
• Height: usually 91 cm but it can be fitted to special needs
(taller or shorter).
Stove:
• Depth: ranged between 60 and 64 cm in order to match the
kitchen counters.
• Height: typically 91 cm (it can be raised).
• Wide: included between 40 and 80 cm (not wider than this).
• The number of fire stations are included between 2 and 6
usually.
• On top has to be placed a fan to avoid smell spreading.
Fridge:
• Depth: ranged between 55 and 85 cm in order to match the
kitchen counters.
• Height: ranged between 85 and 190 cm.
• Wide: minimum 50, up to 125 cm (not wider than this).
• One up to four doors and different configurations refrigerator/
freezer.
• 200-380 L for 1-2 household members, 350-530 for 3-4
household members, +500 L for more than 5 household
members.
• Doors: should not block the passageway or hit another door
when open.

Windows:
• In order to achieve the maximum natural lightning on
the workstations the kitchen’ “spine” should be placed
perpendicular to the window.
• In case this condition wasn’t possible an artificial lightning
study should be performed.
• Thanks to the Ladybug plugin it is possible to evaluate the
best orientation to obtain natural lightning during the lunch
hours.
Trash compound:
• It shouldn’t be placed further than 100 cm from the sink
(generic and organic stack).
• It has to be placed in a position that allows an easy access to
be emptied and cleaned, if possible near the exit.
Dishwasher:
• Depth: usually 64 cm.
• Height: typically 89 cm (it can be raised).
• Wide: pretty standard 60 cm.
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In addition to this we’ll have to conceive how to relate the cooking space with the consuming
space, being nowadays quiet unusual design two different space such as kitchen and dining
room. The relation between the two zones should be of coexistence, so it is necessary to
evaluate the flows from the kitchen to the dining table and vice versa. The matter isn’t just
design in which there is enough space to allow people to pass from a zone to another, but
also imagine how to bound the two. For example placing a station in front of the table so the
cook could have a conversation with the other guests.

Expected Results:
The first expected result is an operational optimizing program, with the possibility to adapt
it to different domestic and non-domestic scenarios. Being the Grasshopper canvas not so
intuitive for someone that hadn’t any experience with the program, I will take advantage
of a study case. The case will consist in a random layout of an empty room in which I will
generate a kitchen layout with my program, than model it in Rhino and render it.
The second expected result is a list of possible change factors in kitchen design, ranked from
the most likely to the less one, in order to draft a speculative design of the next decade’s
kitchen and more importantly how designers will obtain that. Then, I expect to find the
differences between the current methodology and the near future one. How the tools will
change and how it will influence the designer’s workflow. How people will make use of the
kitchen space and how their perception of it will variate.

The Program:
In this section are shown some captures of the program, this will not be the final interface
of the program that, even if the user target are educated designers that are supposed to have
basics knowledge of Grasshopper, at the moment is too raw.

Linear conﬁguration

Angle conﬁguration

Now let’s take the Isle conﬁguration as example to show how the program modifies the elements
disposition. In the next pages are shown the three steps of our optimization process, and the
score associated to every disposition. Remember that this score is obtained from a limited
number of evaluation parameters that will be enriched proceeding through the research.

Isle conﬁguration

First step: non-randomized Score -8.69

The elements are inserted in the configuration in the same order with which are putted in the
list. The negative score means that at least one of basic condition is not respected. Switching
the jitter slider from 0 to 1 the elements will be randomized.

Second step: randomized Score -7.06
The elements are now randomized and than inserted in the disposition, but the outcome
is still negative. This slight improvement is totally by chance, in fact the program didn’t
perform any action to improve it. Now starting the Galapagos evolutionary solver every
disposition will be evaluated and the highest possible score will be registered as default value.
The solver will evaluate the dispositions acting on the “seed” slider, every number is associated
with a different randomization.

Third step: non-randomized Score 93.63

The solver has identified the best possible configuration (that apparently is associate with the
“seed” value 789), and scored 93.63 out of 100. This result means that some conditions aren’t
optimal but that every ground rule is respected. This result could be improved giving more
degrees of freedom to the program, that would search for different dispositions. Proceeding
through the research new parameters will be added.

Case Study:
In order to return a clearer idea of what should be the final outcome of the program I picked a
case study and then represented it. First I choose the specifics of the room in which the layout
will be generated, imagining an urban situation with a reduced space in which makes sense
to optimize the space. I chose a room of 7 x 6.5m that will serve as kitchen, dining room and
living, equipped with dishwasher and washing machine and large enough to accommodate
four household members. Looking at the available design area was immediately evident that
the L configuration had the best shape to correctly fitting the space. I chose the lateral wall
in respect of the entrance door and the door window that overlooks the balcony, therefor the
program generated the main design area aside the picked wall and the secondary area aside
the wall of the entrance door, following the proportion I set.
Due to the quiet large number of household members I opted for a two-doors fridge and
a large cabinet section that will accommodate everything needed in a kitchen, from the
groceries to the cooking tools. A large stove with 5 fire stations, a rather large two-bowls sink,
dishwasher and washing machine.
The detailed measures (depth standardized at 61 cm):
Stove:
• Height: 85 cm.
• Wide: 76 cm.

Washing Machine:
• Height: 91 cm.
• Wide: 69 cm.

Dishwasher:
• Height: 91 cm.
• Wide: 60 cm.

Low Cabinet 1:
• Height: 91 cm.
• Wide: 200 cm (+ auto-filling).

Fridge:
• Height: 200 cm.
• Wide: 115 cm.

Low Cabinet 2:
• Height: 91 cm.
• Wide: 195 cm.

Sink:
• Height: 91 cm.
• Wide: 75 cm.

Stove:
• Height: 200 cm.
• Wide: 200 cm.

This sizes were chosen taking standard measures as reference for the appliances, cabinets
section was oversized a bit in order to accommodate not only the objects required in a
kitchen but also other items thinking at this kitchen as a multi-functional space in which the
household members rest, socialize and perform their house duties.
From this moment on I will show the different steps to follow in order to obtain the
configuration that I will then represent in details, it starts from a black document in Rhino.
First, I drew the layout using the above-mentioned measures and three doors, the first one
that we will call entrance door, a second one that connects the kitchen with another room
and the third that oversees the balcony.

Then, feeding one of the walls as a curve to the program the two areas are generated.

The measures are imported in the canvas and the components are automatically generated
just outside the layout, now the program can starts placing the modules in the areas.

A first try of configuration is generated, the contours of the modules are fitted in the areas
not following a specific order (the “seed” is set to 7).

A second try is generated expanding the “mag 1 low” element in order to fill the main area.

Then the modules are represented in the design areas, this in not the final disposition!

The high cabinets are generated and using the coordinates of the low cabinets and the fridge,
then the program traces the path of the pipes that will house gas, water, electricity and
exhaust gases from the hood supposing the inlets placed on the entrance door’s wall.

The program then assigns a score at the disposition, this result is obtained summing the
different penalties that the program assigns depending on the evaluation parameters, and
then subtracting this value from 100.

The parameters that I used to obtained this study case are:
• Kitchen triangle (0 to -15): the program measures the length of the three legs of the
triangle formed by stove, fridge and sink, then assigns a malus from 0 to -15 in depending
on the result of the addiction.
• Water path (0 to -15): the program measures the distance between the sink and the three
elements that need a water inlet and assigns a malus based on how much they are distant.
• High modules far from each other (0 to -10): I wanted fridge and high cabinet at the
opposite sides of my configuration, this parameters can be easily inverted to obtain a
layout with the high modules close to each other.
• Countertop surface next the fridge (0 or -5): the program assigns a -5 if there is not any
available surface next to the fridge (to facilitate deposit and withdraw of products).
• Stove not next to the fridge (0 or -5): the program assigns a -5 if the stove is placed next
to the fridge (thermal issues).
• High cabinets without interruption (0 or -5): not considering the one on top of the fridge
the program will assign a malus of -5 if the high cabinets section is not continued.
• Counter top between sink and stove (0 or -5): the program assigns a -5 if there is not space
between sink and stove.
• Just cabinets in the corner (0 or -100): this is one of the two “ground rules”, in fact the
score will result negative if this condition is not fulfilled.
• Mag 1 low in main area (0 or -100): this condition is needed because of the auto-filling
mechanism, the program will expand the module in order to fill the main design area, so
this element has to be placed in the main area.
Now that every evaluation parameter is defined and a first score is calculated (in our case
-39.891) we can run the Galapagos evaluation solver that will scroll the “seed” slider and obtain

every possible configuration. About the “seed” slider a further consideration is needed, in
fact the number of possible combinations of n elements (in our case 8) is equal to n factorial.
So in our case, the slider will need at least 40.320 values to be sure of getting every possible
configuration, but the Jitter component doesn’t exclude the possibility of repeating it self
randomizing the combinations, so I oversized the slider’s range to 1.000.000. This way, I slowed
down the solver that will require an higher amount of time to process every configuration,
but also avoided the possibility of missing any possible combination.

The higher score is associated with a value of the “seed” slider, in this case 4074, and the final
configuration is represented. We can appreciate the fact that the optimized combination is
four points higher than the second best one, and after that it rapidly decreases, and that we
have just 11 eleven combinations that don’t break one of the ground rules. At this point, we
can bake the elements and the pipes represented in the Rhino view and use that as reference
to model our kitchen.

Once that the layout is over, it is time to formalize the design with a model that returns
an idea of kitchen and not only some colored blocks. For the domestic appliances, having
already chosen the standardized sizes, it will be quite easy to find the right match, instead
for the cabinet section is will be up to the designer to decide how to model that. It is very
important to choose very carefully between the different styles of cabinet because it will
influence how the user will relate with those stocking spaces. For example, the high cabinet
placed at the left of the stove, it would be perfect as open shelf, a feature that allows the users
to reach for items that are useful while cooking (oil, salt, spices and cooking tools), but it has
the con of being an open space that needs maintenance to avoid accumulation of dust. In
addition to that, it is vital if we want that open shelf to place a very efficient kitchen hood
that avoids the dispersion of oil droplets in the air, that would make the surface of that open
shelf sticky and oily very quickly.
Another important aspect in our layout is the managing of the corner space, in fact the space
has to be at the disposal, avoiding though that the two sections interfere with each other. It
is highly inconvenient to chose standard doors because they need a large space to operate
correctly and they would go easily in interference, the best solution is to face a sliding doors
section with a counters section, this way the two can’t interfere and the corner space will be
easily reachable. The other high cabinet section has been equipped with flap opening doors
that facilitate the access to the higher compartments.

The high module is quite large, therefore it is appropriate to divide it in three sections,
equipping them with standard doors. The two lefter doors will serve as sealing for a very
large stocking space and the opening of the third door will face the stove. This way we will be
able to separate the storage space dedicated to grocery, cooking tools and kitchen stuff from
the living storage space, that will accommodate every objects extern to the kitchen but useful
in the room (laundry equipment, gardening equipment for the balcony, home maintenance
equipment).
The stove features five burners and an ventilated oven in the lower part, this configuration
isn’t fixed, in fact the survey showed us that it is completely up to the user to decide where
to place the oven. An important detail, that could make the difference in the user experience,
is to place the stove grill on the same level of the counter top. In fact nowadays, with state
of the art materials that feature very high heat resistance, the possibility of sliding in and
out the pan from the stove will improve dramatically the cooking experience. This detail is
even more needed when we are designing for an handicapped user, or for a family with small
children that could burn themselves tilting an hot pot.
The dishwasher’s door is equipped with a flapping mechanism, instead the washing machine
is hidden behind a standard door.
The space underneath the sink is handled in a slightly different way, it features a double
drawer system, but just one of them presents actual stocking space. In fact, the upper drawer
will serve as control opening for the water inlets and outlets of sink, dishwasher, washing
machine and fridge (that needs a water inlet for the fountain and ice-making feature). The
lower drawer, instead will accommodate the trash compound, subdivided in the different
recycling bins.
The sink is a two bowls model, equipped with professional tap and a sliding cutting board
that covers the main bowl in case the user needs an extra space for her/his preparations. It
also features a custom dish dryer with inclined plate that drains in the sink outlet the wet
pans’ water. It is quite small because the kitchen already has a dishwasher, so the dish drainer
will become necessary just in case of pots and pans that don’t fit in it.
The kitchen is provided with six wall sockets in total (excluding the sockets for the appliances
hidden behind the washing machine), and the lightning of the counter top surface is provided
by two LED stripes placed behind a frosted glass that covers the wall of the corner section.
This solution assure a non-blinding light on the work area, adding a stylish touch to the
kitchen, considering that a lot of natural light will be provided by the large window. In
addition to that, the hood is features two LED spotlights facing the stove surface.
I chose an high contrast palette in order to put in evidence the kitchen profile, the black
counter top serves as trait d’union of the white cabinets and modules. As for the material,
every household has its preference, personally for this study case I avoided natural material
like marble or wood in search of something that gives back the idea of a professional kitchen.
So I chose an Hi-wear Laminate from Panolam, a material that comes in infinite combination
of finishes and colors, and guarantees to work on it without concerning of any sort, due to its
resistance to chopping, abrasion and heating. The light environment accentuates the contrast
with the black fridge and the dark metal shelves in the corner, while during the night the
LED stripes put in evidence the corner’s angle and the kitchen’s silhouette. Obviously the
color-way is totally up to the designer and the clients, depending on the house style.
As regarding the floor, a resin coated cement is the ideal choice in nearest part to the kitchen
counter because it’s very easy to clean and it’s virtually impossible to break or crack with

accidental objects falls. Outside of the cooking area I chose a walnut parquet that makes a
beautiful contrast with the light gray of the cement, and gives back a warm sensation to the
room’s occupants that consume their meal or spend their day in the living.
Firstly, I modeled the geometries in Rhino, it was very easy to use the blocks as reference
to design the different elements, find and adapt the appliances to the requirements. As
experience is very similar to composing a puzzle, once that you have created the modules of
the right size it all about join them in a way the designer finds aesthetically satisfying. The
only attention the designer should pay to this part is the interaction between a module and
the other, for example the doors opening and that the space type (open shelf or close cabinet,
drawer or sliding doors) fits the needs of the client.

After that, I applied the textures on Keyshot 9 to obtain detailed rendering of wow should
the room look like with materials on and proper lightning. The lightning conditions are
slightly better than normal room conditions because I didn’t surround the room with a box
as it would happen in an house. Anyway, the light direction is quite accurate and it simulates
natural light coming from the main window placed on the wall facing the entrance door,
this way we can appreciate how, having natural light coming parallel to the main counter,
improves the cooking experience.
I also simulated a low lightning condition in the room, I want to be clear on the fact that
this is not the “cooking” lightning but instead more of an ambient and casual situation. The
LED stripes are filtered by a dark frosted glass in order to emit a not-blinding light even if
the stripe is positioned on the lower section of the wall behind the counter-top.
In the next pages are shown the final renders of this case study:

High
Modules for
Housekeeping
Duties
Equipment

Wall
Sockets
Flapping
Door
Section

Entrance
Door

High
Module for
Groceries
Switch

Sliding
Doors
Section

Hood

Drawer
Section

Washing
Machine

Dishwasher

Stove and
Oven

Open Shelves

Fridge

Sink

Trash
Compound

Maintenance
Drawer

Resin
Cement

The whole experience of the study case was conducted in about 4 days, from the moment I
imported the floorplan of the room in Rhino until having obtained the final renders. I am
conscious of certain flaws this configuration has, not being a certified architect or interior
designer, but I am also sure of this methodology potential. The only result of passing from
a mere floorplan to a customized kitchen (in a very short time) is enough for me to be
confident in the role parametric design and generative architecture will play in the next years.
In addition to that, the case study confirmed to me that the most of the “manual” work I had
to do on the model was about the aesthetics issues, materials choice and other things that in
any case I already considered in the “designer department”. Saying that I mean that those are
the choices I would let the designer to decide anyway, something I already explained when I
said that my goal is not to create a program that substitutes the human factor, but instead a
powerful tool that helps the designer doing her/his work.

Outcomes and Critical Issues:
The creation of the optimizer took a lot of work and research, but I can say that it did not
betrayed my expectations. Considering the amount of time I was able to dedicate myself on
the creation and the refinement of the program, it can certainly be considered as promising for
future implementation. The creation of the layout is rather intuitive, and although probably
it would need a dedicated interface to be ran by a non-professional, it could be easily used
by someone that is already familiar with the Grasshopper language. In fact, feeding it with a
layout and the needed data it is rather trivial to come to a possible configuration and than
refine it by changing the evaluation parameters or the measures.
The major achievement is in fact the possibility of having a pre-design of the kitchen in a
very short time, probably this first layout won’t be the final one, but it certainly gives the
designer an idea of the technical issues he is facing. The program automatically perform an
evaluation of the technical limitations that a designer has to respect, giving him free will on
the “social” and aesthetics factors that should be taken in consideration. Honestly I never
had the presumption of creating a program that would substitute to a designer, instead I
was curious about the possibility of adding other strings to its bow. The optimizer in fact,
if correctly set, is able to give important informations to the designer such as: needed space
by the household; the space availability for every appliance; length and path of the service
pipes for gas, light and water supply; optimum configuration; etc.. This should be taken as a
preliminary idea on which professional can put their expertise to create something that has
an added value.
We can define several limitations in the program, starting from the low flexibility of the
modules’ placement, that aren’t placed in the room freely but have to follow an order and
can variate their position just by changing that order. It would be a major improvement in
terms of flexibility to have a system that is capable of dispose the elements directly in the
room instead of being limited to a design area. This type of placement would be similar
to the one that is used to generate the sheets for a laser cut machine, in which is all about
disposition and reducing space. The problem with this type of optimization is that the
clusters that are capable of returning a layout are based on python code that runs with a
specific clocking time, and this makes it impossible to be paired with a Galapagos solver. So,
developing a program like that would means to create a code that includes both the space
optimizer and the solver that returns the score of every configuration. In addition to the
already pretty complex issue of coding from scratch an all new cluster, the program would
need a much higher computing capability in respect of the current one.
Another issue that should be taken care of, is that at the moment the program runs every
possible combination and then decides which is the best one depending on the score. A lot
of these configurations aren’t even theoretically possibles, because they would break one (or
more that one) of the “ground rules”, and are discarded at the very end of the optimization.
The discarding process is achieved by assigning at those “ground rules” a very high malus (in
our case -100), so that the configuration can not reach a positive score and is automatically
placed at the bottom of the list. That computation power could be used in a different way
than processing impossible configurations if the “ground rules” were part of the code itself

instead of being included in the evaluation parameters. This way, the program should be able
to perform the optimization much faster and with a smaller needs of computation power
(for example it could be ran on a mobile device directly on the construction site).
In addition to that, the program returns a very basic representation of a kitchen layout,
made of colorful blocks and curves that wouldn’t help a client imagining his/her future
kitchen. The final outcome of the program should be a preliminary render of the space with
an aesthetics based on the clients’ taste and preference, something that gives an approximate
idea of the final result. There are method to achieve a goal like this, for example create
different layers with different textures and then “bake” the program’s result in those layers so
that when Rhino enters in “render view” mode returns a likely version of the space.
The most serious problem, as we already talked about, is the interface that makes the program
impossible to use by someone that is not familiar with the Grasshopper canvas, and definitely
not intuitive for someone that is already familiar with it. The interface problem is my major
concern because I don’t possess any skills in this field and makes it necessary to relate on
someone that owns this type of knowledge. At the moment the only help I could provide
to any user is a guide on the canvas that explains what should be set in every activity group
and the expected result of that group, but I wouldn’t be able to make the process easier due
to the high amount of possible customizations. The ideal interface would be something that,
once fed with the room’s layout, collects step by step the needed informations with simple
questions and than returns the optimized layout. Instead right now the informations are
collected in a single view and are often parametrized in form of numbers, so that is not
instinctive to place every data in its place.
That said, I consider the experience as a success and I would definitely label the program as
promising. In fact I developed the optimizer in a relatively short time (I started from scratch
5 months before the presentation of this thesis) and I got to make it run a space optimization
of a certain complexity. Extending the research and the developing of the program a lot of
the above-mentioned issues could be solved and it would be possible to commercialize a
prototype that could actually help designers in the near future.
Personally, I don’t foresee the application of the optimizer for high class kitchen suppliers, that
motivate their high prices with the “handcrafting” of their products. In addition to that, this
type of kitchen is already pretty customizable and characterized by a high focus on the client’s
needs. The program will make the difference in those cases in which the standardization and
the necessity of keeping the designing costs low make impossible to satisfy the requests of the
final users. For example in social housing, or shared housing, the buildings are subdivided
with the intent of giving the higher possible number of accommodations, but as we know
the needs of an household can variate depending on their cooking habits, their ethnicity and
not just depending on the members’ number. Fed with the data from every household that
will occupy the building, the optimizer will generate the floorplan subdividing the available
space, and giving to the different households the space they really need.
Scaling the program in the opposite direction, the program could serve as professional
kitchen optimizer going even deeper in the definition of the objects placement. This way,

it could be possible to map the work-flow of the cooking staff and compute an optimal
position for every station and appliance. For this purpose could be useful to perform flow
simulations with softwares like Arena and other programs that perform a simulation of the
flows that characterize a work cycle, without forget the uniqueness of every kitchen’s policies
and habits. Sure thing, this type of kitchen requires a strict collaboration between designer
and chefs that will work in it, a program that simulates the routine during the service would
be useful to facilitate the exchange of informations. The professional kitchens, being less
related to emotional and appearance criteria, would be a perfect field of application for a
program that guarantees the maximum efficiency factor from a space. In order to achieve
such a result it is necessary to go deeper in the definition of parameters and give the program
another degree of freedom in respect of the current version, extending the design area to the
entire room. Again, the program wouldn’t replace neither the designer or the chiefs, it could
be a bridge of communication between the two parts that leads to a common result.
Making a further step ahead, the current trends suggest us that big data and user analysis will
play a major role in the next industrial revolution. A possible future implementation of the
program would be giving it the capacity of analyze and parametrize the data collected from
the clients’ account, and foreseen their habits and needs. The “study” of the household can
happen in two way, directly and indirectly, depending on the predisposition of the clients on
being analyzed more or less deeply. The direct way would be positioning a web-cam facing
the kitchen and “read” the images with an image tracker capable of identifying the different
members of the household, recording the order in which they perform their tasks, analyzing
their cooking habits and stoking every useful information. The indirect way consists in
monitoring the members’ routine by studying their social accounts in search for preference
patterns, observing their timetable with the GPS location to find out in which times of the
day the kitchen is mostly used and recording their purchasing habits from the online receipts
to foreseen the stocking space they will need. Even if the second methodology seems a major
violation of the members’ privacy, this is not so different from every data collecting that we
are already experiencing nowadays when we accept to give our informations to smartphones
manufacturers, social medias and e-commerce website. In fact it is not necessary to create a
platform in order to collect those data from the activities cited above, it would be sufficient
to collect (upon payment) the data from every platform that already gathers informations
on their users. This level of user definition would allow us to pass from a rather impersonal
analysis based mostly on technical assumptions, to defining the specs of the cooking space
basing the judgment on emotional basis. In fact the big data collecting is capable of more
than predict the number of beans cans consumed by the household in a week, it is capable of
tracing a detailed profile of a user that includes aesthetics preferences, emotional bondings
and subconscious schemes. The concept of house is often associated with the most valuable
physical belonging that a grown woman or man can achieve with her/his efforts, it is just
natural that the market will try to make this wealth more and more customized and centered
on the client.
The real potential of the optimizer is the scaling possibility, this type of computational tools
are already affirmed in urban planning and minimum path problems, and it will play a major
role in the next urban expansion. We finally reached the awareness that a building is nothing
alike an island, it has an endless number of links and interactions with the surrounding

environment, and these interactions define its own nature. A neighborhood flourishes when
every part of the system feels included in the community and the common spaces allow the
members of this community to have access to everything they need to live a comfortable
life. The suburbs created after the WWII in every major European city were designed to
provide a residence to the growing working class coming from the countryside, the designers
optimized the buildings in order place quickly large amount of people in very economical
housing. The problem with this type of approach is that they believed of being able to
create small independent environments, but the occupants related on the city center for a
number services that weren’t present in the suburbs. The difficult communication between
these marginal areas and the city center created the feelings of exclusion and segregation that
pushed the suburbs’ community towards illegality and criminality. With the help of softwares
that evaluate interactions and dynamics that are created when creating a new residential
area, it will be possible to diminish the sense of marginalization of these new community,
giving them the public infrastructures and spaces they need and analyzing more carefully the
connections between those areas and the city center.
In conclusion, another promising aspect of the program is the own nature of Grasshopper
architecture, because of its open source mentality a lot of projects were improved by members
of the community. This type of program in fact has much higher probability of success when
co-participated by several designers that share a basic knowledge on parametric architecture
but have different specializations, in order to obtain a multidisciplinary approach of solving
problems. The Grasshopper Community is very active on different platforms such as social
networks, forums, formation trainings and events. The main goal of these interactions is
the sharing of information between the members, and often it results in Q&As about issues
registered by users creating a program, and though the discussion someone will come up with
a solution. The majority of Grasshopper’s plugins are free and open source, so to encourage
the active participation of those that use the platform. Even if this optimizer won’t follow
my program as a reference, I am confident that sooner or later the value of this method will
be recognized and created. Knowing that the platform can count on this type of solidarity
between users, I think putting this idea in an open source environment can actually accelerate
exponentially its development.

Final Conclusions:
This whole experience has been a rollercoaster in terms of getting or not getting the results
I expected, at first it seems feasible, then completely impossible and at the end I got to
conclusions I never imagined. First, I would like to specify that I wanted to create something,
lets call it manual, that one day, with the proper adjustments, would be useful to professionals
facing the challenge of designing a kitchen. At the moment, we cannot be sure of the future
trends and program isn’t ready to be used by anyone that hasn’t a previous education in
visual interface parametric modeling, so in some way I didn’t get where I wanted to be. On
the other hand, the program has resulted very useful and practical in designing the study
case I previously exposed, therefore there is an undeniable potential in it. In addition to that,
the abovementioned trends show us a direction the market is following, the customization
of the products towards the user’s needs. The time will tell us which will be relevant and will
shape this sector, but almost everyone has in common the underlying idea of targeting more
and more the clients, using the technological tools we have at disposal. This shows a straight
path towards the Industry 4.0, in which the customization is achieved by adding information
and data to the manufacturing process, the era of the “one fits all” approach is coming to an
end. In the near future, the same market that said to its user to follow trends and that unified
the aesthetic sense, now will allow the clients to choose the feature that they really need.
The main contributor of this revolution is the ability of reducing the cost of customized
products, in fact the professionals will be able to create a customized layout and customized
elements thanks to parametric tools and self generated manufacturing process. In terms of
costs, once invested in the required technology, it will be even cheaper to produce targeted
products than producing with a standard production chain mentality, because the elements
will be created on demand and will fit a specific space, cutting down on stock costs.
Honestly I don’t believe in Sci-fi inspired representation of the kitchen space, the kitchen will
become the undiscussed center of the domestic house, it won’t take any futuristic or aseptic
appearance. On the contrary, I believe it will change even more towards a friendly display, a
space that transmits a gathering sentiment. Especially analyzing the survey results, I realized
of how important is for the users to work in a space in which, no matter what operation
is performing, the cook is always able to interact with her/his guests. Inclusive layout with
isle configurations or central counters will become more and more popular, also pushed by
programs such as MasterChef and other cooking shows. The gathering nature of the kitchen
is reaffirmed by the trend of embracing new cooking techniques, coming from all over the
world, instead of uniforming to the French-Italian model. The rising popularity of food that
isn’t part of the western tradition will end up with an increase in demand for new cooking
hardwares. Also the threatening environmental challenges that we are facing will shape our
menu towards a low carbon footprint food consumption, with more people who adheres
to vegan and vegetarian diets. Becoming the undiscussed center of the domestic space, the
kitchen will become even more centered on the household members needs, and not become
as the classic futuristic representation wants, a standardized and aseptic space.
Now after all these inquiries, I would like to answer the question I posed at the beginning
of this research, if it was likely that parametric design will be largely adopted by kitchen
designers in near future. The whole experience showed me potentials and limitations of the

parametric approach, and I can affirm that, while is quiet unlike that this methodology will
be used as it is, I have high hopes in seeing an improved version of it largely adopted in the
near future. The main problem of my optimizer is the restricted number of variables taken
in account, due to my limited knowledge of Grasshopper and to a technological bottleneck.
In fact it is not enough to take in consideration just the kitchen space, the advantages of this
methodology rise when a larger system is analyzed and parameterized, such as an entire house,
a building or even a neighborhood, in order to account more relations and interactions. In
the same way, the program becomes a valuable tool when we have to design a space basing
the layout on the smallest details, therefor enlarging the number of parameters included in
the simulation. The optimizer obtains the best result when is capable of design interactions
and foreseen relationships not intuitive for a designer, being the result of the analysis of an
enormous number of variables.
During the next 10 years, a lot will change in this field, I hope the some of the innovations
I tried to foresee in this thesis will contribute in enhancing the kitchen designers’ work. Not
only making their job easier but also helping them to achieve even more ambitious goals,
something that will make a difference in this world. We need to realize as soon as possible
that as human specie we are inevitably linked to our planet, and that every action we take
has a direct consequence on someone else and the environment that surrounds us. Tools that
help us understanding the complicated interactions taking place everyday all around us, will
prove indispensable to achieve a balance between human beings, and between human beings
and the environment. We already have the knowledge to create things that take in account
not only their main goal but also the environment in which are inserted, this mentality could
change the world as we know, maybe we could just start from a kitchen.
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