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In this study, the semantic relationship of lexicons from the architectural design
domain and function words frequently used in the bioinspired design domain were
quantitatively extracted. Even though bioinspired design for the architecture
domain has a lot of possibility of use, it is not comparably accessible because the
design supportive systems were focused on engineering design domain.
Therefore, the semantic relatedness between function words from the engineering
domain and lexicons from the architectural domain were quantified in order to
develop a lexicon based biological system search tool. The lexicons were
extracted from the texts of the International Building Code and natural language
processing techniques supported the task. And the semantic relatedness between
the lexicons and function words were quantified by the semantic network analysis
using the WordNet system.
Keywords: Biological System Search, Functional Assessment, Functional
Analysis

INTRODUCTION
As present-day design problems become more complex, the ability of a designer to analyze a design
problem through various angles and to propose a
solution is gaining more importance. In this kind
of circumstances, bioinspired design receives more
attention to develop solutions to ﬁnd qualitatively
and quantitatively better ideas that were not considered of (Dickinson, 1999; Bannasch, 2009). For example, in the architectural domain, many successful design cases of bioinspired design approach used in the
structural aspect, generating ideas on sustainable
design, solution development on adaptive building

design, and more can be found. Commonly, speciﬁc
objects, organisms, or phenomena of nature - biological system - goes through the process of analogical
adaptation and developed into a design solution (Fu
et al., 2014). However, although these cases seem to
support a high possibility of success, but there are
limitations on exploring biological systems (Vandevenne, 2014). It is the fact that the analogical process
of bioinspired design becomes restricted to biological knowledge of each designer (Dickinson, 1999). In
other words, bioinspired design can help to ﬁnd solutions to a diﬃcult design problem through qualitative and quantitative enrichment of idea space, but
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in reality, only a few prepared design teams are able
to successfully carry it out (Kim and Lee, 2012). The
motivation to creating a design support system to
support the decision making in an analogical process
comes from this kind of background (Vandevenne et
al., 2014).
The support systems that are being studied and
provided now are normally in a search system and
has regards towards the designer to carry out the
analogical process by using their database as an idea
pool (Cheong et al., 2011; Goel et al., 2012; Fu et al.,
2014; Vandevenne et al., 2014). Also, additional studies are being done for more eﬀective solution development based on this system (Goel et al., 2012; Fu
et al., 2014). In other words, ways to retrieving an
appropriate biological system to be used in the design problem from the database and ways on how
the adaptation should be done on the selected biological system is already being studied. However,
the biological database that is provided to designers is suited for engineering design, and the keywords that can be used are also from the function
words deﬁned in the engineering design domain.
This becomes a barrier for most designers who are
not used to understanding objects and phenomenon
by functionally decomposing it. Also, the current
keyword search system can only support search process with appropriate combination of function words
or biological keywords and does not support an intuitive search for a certain terminology (lexicon) from
a speciﬁc domain (Glier et al., 2014). As in AskNature (asknature.org), the problem could be solved
through intuitive exploring based on design strategies, but without any automation method, all the article (explaining considerable biological systems) must
go through a manual heuristic tagging task which
cannot be the ultimate solution. Therefore, in order
to create a design support tool that can be used for
wide use, a method for retrieving cases stored in the
already made repository using domain characteristics must be developed.
Therefore, this study enables lexicons from architectural domain to be used in biological system
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(i.e. idea) search. Because the current database
uses function words to search for biological systems,
this study deﬁnes the relationship between lexicons
from the architectural domain and function words.
Speciﬁcally, functional attributes from each lexicon
are taken, and used to measure the semantic distance
between the function words used in engineering design domain. A table on lexicon list to each function
words group will be made.
To achieve this goal, advanced texts which include architectural design requirements that can be
used as search words in the architectural design will
be gathered. Especially in most bioinspired architectural design, designers collect biological systems and
generate idea at the early stage of design process
(see Architectural Bioinspired Design). Thus, architectural lexicons are gathered from the architectural
design standard (advanced text): International Building Code (2015). Then the text is analyzed through the
process of tokenization, word tagging and word lemmatizing. Through this process, lexicons used in architecture domain are extracted. And the extracted
function words related to the lexicon are researched
based on the word semantic structure of WordNet.
Lastly, using network analysis, the distance between
terminologies and function words is measured. The
developed semantic network of lexicons and function words can be used as shown in the scenario.

RELATED WORKS
Architectural Bioinspired Design
The term 'biomimicry' which is often associated with
bioinspired design was coined in the 1970s but
gained public attention in 1997 when biologist Janine Benyus wrote a book on biomimicry and cofounded the Biomimicry Guild a year after. The
Biomimicry Guild collaborated with several architectural and design ﬁrms such as HOK, the largest U.S.
based architecture and engineering ﬁrm.
There are several examples of bioinspired architecture such as the successfully designed Eastgate
Centre in Harare, Zimbabwe. Mick Pearce, who was
in charge of the design, collaborated with Arup en-

gineers and created a building that consumed less
energy without any conventional air-conditioning or
heating system by using methods inspired by African
termites and traditional Zimbabwean masonry (Fig
1).
The Qatar Cacti Building, made for the Qatar's
Minister of Municipal Aﬀairs & Agriculture (MMAA)'s
new oﬃce building, takes the idea from the cactus to
make the building energy suﬃcient in the country of
Qatar where there is an average of 3.2 inches of rainfall a year and has a hot and dry temperature. Mimicking the cactus's act of performing transpiration in
night instead of daytime in order to retain water, the
building uses the sunshade panels on its windows to
open and close when there is too much sunlight (Fig
1).
Figure 1
Left: The Qatar
Cacti Building
(source: [1]), Right:
Eastgate Centre in
Harare (source: [2])
Bioinspired design also became the source for inspiration for the Sahara Forest Project which is a greenhouse which only used solar energy to operate with
zero waste system. The project used the Namibian
fog-basking beetle which yields its own fresh water in
a desert as a reference because the greenhouse also
needed to use seawater to cool the greenhouse. The
project needed a 'restorative' solution from the nature, that surpassed the concept of 'sustainability'.
There is also "the Gherkin", the Swiss Re Insurance
Tower in London designed by Norman Foster which
takes it's form from the glass sea sponge which are
deep sea organisms. In order to reduce energy use,
the Swiss Re Tower falters around the inner core of
the building and heats and cools the building which
results in a 40% energy reduction. This form comes
from the glass sea sponge which uses the sponge
to ﬁlter water and segregates food by using their
strands to wrap and layer in seven diﬀerent direc-

tions. They survive through absence of light using
the silicates (glass)'s multi-tiered structures.
Another compelling example of bioinspired design applied in architecture is the Esplanade - Theatres on the Bay in Singapore, designed by DP Architects and Michael Wilford & Partners. The structures
feature responsive facades with photo reactors that
open and close depending upon the sun's rays, controlling the amount of light that enters the building.
Their appearance is similar to leaves or scales, and the
building is aﬀectionately called the "big durian" by locals.
There are many successful bioinspired designs
that not only uses the physical appearance of the nature but uses the various, creative solutions that the
nature could provide. And biological system based
ideation process is mostly occurred at the very early
stage of design process in architectural design. As
problems become more complicated, many architectural and design companies such as Arup, IDEO, Smart
Design are taking interest in bioinspired approach.
Taryn Mead, a Senior Biologist in the Biomimicry Guild
explains that when engaging the biomimicry in the
design process, it functions better when the biologists get involved in the process as early as possible.

Supportive Tools of Biological System
Search and Data Structure
The reason why bioinspired design is receiving attention is because there have already been various
successful examples, as seen in Architectural Bioinspired Design, where bioinspired design have provided practical solutions where the designers could
not come up with on their own (Benyus, 1997; Dickens, 1999). And statistically, there is more possibility of ﬁnding an optimal solution when using innumerable solutions found in nature as a primary idea
pool, than depending on an individual designer's limited solution space (Dickens, 1999). But when trying to solve an actual problem using bioinspired design, it is interesting that the reason why designers
meet a dead end is due to an unexpectedly small
number of biological systems that can be used as an
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idea pool. Thus, even when designers chose to use
bioinspired design, the idea sources to be applicable
become extremely limited without plenty biological
knowledge: probably that is why Taryn Mead recommends a collaboration work with biologist. After all,
aside from the applicability of bioinspired design, the
problem on how to designate the appropriate biological system in the early stage of design must be
solved (Shu et al., 2011).
The design strategy repository - AskNature, IdeaInspire, DANE, BioTriz - provided on the web for not
only engineering designers but architects and industrial designers, shows the market's need for supportive tool in a bioinspired design (Fu et al., 2014; Vandevenne et al., 2014). Thus development and distribution of such supportive tools can help designers with biological knowledge. Although this kind
of design approach itself can be used widely in not
only architecture, but industrial design, mechanical
engineering, medicine, bioengineering, chemical engineering, and more, the data source (biological system) has been structured to meet only the engineering designer's point-of-view (Stroble, 2009; Nagel et
al., 2010; Cheong et al., 2011; Cohen et al., 2014;
Glier et al., 2014; Nagel, 2014). To go in further,
the passages for the biological system written in the
biology domain is provided by structuring the passages into functional expressions used in the engineering design domain (Stroble, 2009; Nagel et al.,
2010; Cheong et al., 2011; Cohen et al., 2014; Glier
et al., 2014; Nagel, 2014; Vandevenne, 2014). The
currently used platforms such as Idea-Inspire, DANE,
and BioTriz (and BEAST) provide search option that
can be searched through function words and biological words (Fu et al., 2014; Vandevenne, 2014). Although there are services like AskNature where design strategies are interpreted so the designers who
are not used to function words can use it with better understanding, but because the design strategy
also uses the system of function words, it is diﬃcult
for people from other ﬁeld of studies to use it (Fu et
al., 2014).
Therefore, using biological system repository
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based on function words, a database for wide use
must be newly developed and distributed (Cheong
et al., 2011). When function words and general words
are connected, the system can connect the general
words typed in the search engine with the closest
function words and provide easy access to the DB
for the non-engineering majors. Although, for this
to happen, the network of general words must be
constructed based on function words. Studies that
are related to ﬁnding the distance of connections of
function words and lexicons used in speciﬁc ﬁeld in
a bioinspired domain, has often been done in order
to overcome the limitation of the existing repository
by increasing the amount of data of applicable biological systems (Stroble et al., 2009; Glier et al., 2014).
However, because it is focused on natural scientiﬁc
lexicons in biology and the terms are rarely used in an
actual design process, the results for this study cannot be used.

METHODOLOGY
Gathering Lexicons from Domain
There are not many studies deﬁning lexicons in the
architectural domain considering their importance,
and this is because the universal code that could be
used for the designers and constructors alike regardless to their agencies were established in the industries and not the academic world. Akin et al.(1998)'s
study can be referred to gather lexicons scientiﬁcally.
In order to develop modeling methods suited for the
design requirements, the consisting components of
design requirements were analyzed (Akin et al, 1998);
it is essential for the design requirements to be deﬁned by the designer in the early stage of design process. As a result of this study, the adaptive frame was
developed for the system to respond ﬂexibly to the
evolving nature of the architectural design ﬁeld (Akin
et al, 1998). But in order to accurately analyze the
current ﬁeld environment, standard models such as
'building speciﬁcations' can be used. In this study,
the 'Industry Standard', published to collect lexicons
used currently in the ﬁeld, was used.
In this study, all the texts from the International

Building Code (2015 ver., 661 pages including the appendix) published by the International Code Council
were collected. It was appropriate to collect lexicons
from this publication because it had all the contents
on structures, safety facilities, regulations, and more.
In other studies that collect lexicons on a speciﬁc
ﬁeld from textbooks and advanced text, a method
to analyze meaningful words that continuously appear in the text was used (Cheng et al., 2011). First,
the Regular-Expression Tokenizer is used to split the
string inside the text and disassemble it into tokens
that are word-level: RegexpTokenizer of NLTK (Bird et
al., 2009). Then, using the Word Tagging Algorithm
used in the natural language processing, the categories of tokenized terms were automatically tagged:
pos_tag of NLTK (Bird et al., 2009). In this study, lexicons that are connected with function words must
be sorted, therefore the verbs are extracted. In similar studies, in order to sort out verbs in the collected
tokens, methods such as chi-square distribution was
used to extract words that appear often and then
sort out the verbs (Cheong et al., 2011). But if the
algorithm explained earlier is used, verbs from the
sentences could be automatically sorted. However,
the accuracy of the algorithm may not be perfect, so
there had to be manual work to pick out words that
were not verbs in the selected word list. Afterwards,
word lemmatization was conducted to standardize
words into the base form of verbs: WordNet Lemmatizer was used. Out of the 413,294 words ﬁnally collected, 33,487 were verbs and there were 1,022 kinds
of diﬀerent verbs.

Gathering Function Words from Biological
System Repository
Technically, the semantic relations between the function words and the lexicons that architects frequently
use when they model design requirements. However, the function words must be connected with the
corresponding biological systems ﬁrstly, because the
'functional expression' used in this paper, in all respects, targets the characteristics of the biological
systems.

As explained previously, there are several biological system repositories that can be used by designers who seek to use bioinspired design in their decision making process, such as AskNature, DANE, IdeaInspire, and more. Out of these services, AskNature
open source, where 2,686 design strategies are established, was used to collect the characteristics of
biological systems. The reason for using data from
AskNature to collect characteristics of biological system was because: ﬁrst, it is an open source; second,
although searching through function words isn't possible, it is structured using design strategy based on
functional expressions, so it is easy to pair with function words; and third, because there are 2,686 design
strategies (design strategies that can be obtained
from biological systems) in the system which has the
largest amount of data compared to other existing
repositories.
The data structure has various design strategies
and passages that explain the strategies connected
to one speciﬁc biological system that the designer is
seeking for. The construction of the design strategy,
compared to the commonly used standardized construction of a functional expression, combines 'non
functional' expressions that can be considered as a
'behavior' or a 'structure', so there are diﬀerent levels between the categories and the hierarchy of the
categories are indistinct. Therefore, later in order to
plan a system that supports semantic search on biological systems based on the hierarchical relationship of function words, the relationship between the
biological systems must be deﬁned using the functional expressions used in the repository. Therefore, the purpose of this study is not about deﬁning the relationship between words and semantics
that construct the lexicons and passages from different domains (the supporting texts in related design strategies), but to deﬁne the semantic relationship between a function word that represents a design strategy. Function word dictionary by Stone and
Wood was used as a reference when expressing design strategies into function words. This thesaurus
shows clear structure of categories and hierarchy of
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function words and has the advantage of completing a standardized 'biological system - function word'
pair.

Semantic Analysis
The verbs (lexicons) collected in Gathering Lexicons from Domain, and the semantic similarity
of function words collected in Gathering Function Words from Biological System Repository
were calculated using the Semantic Word Network
System by WordNet. The semantic relatedness between the two words can be quantiﬁed using methods such as HSO(Hirst & St-Onge), LCH(Leacock &
Chodorow), LESK(Benerjee & Pedersen), WUP(Wu
& Palmer), RES(Resnik), JCN(Jiang & Conrath), and
LIN(Lin). They are all common in the sense that they
use WordNet's hierarchical system as their reference.
And out of these methods, the JCN method uses the
IC(information contents) as an indicator to calculate
the distance between two words, so the accuracy of
the semantic distance is guaranteed. Moreover, the
accuracy was certiﬁed when it showed the correlation rate of 0.828 compared with the judgment of an
actual human being in an experiment tested with experts (Jiang and Conrath, 1997). In this study, the LIN
method which is a slightly modiﬁed version of the
JCN method is used: WS4J package (ws4j-1.0.1). LIN
method is a method that normalizes the range of the
result value that was printed using the JCN method
into [0, 1]. Because the maximum value of the result
value in the LIN method is set to 1, there is the advantage that the distance between the words can be
absolutely quantiﬁed.

RESULT
Originally the function words have semantic hierarchy by relatedness and the list of class is 'Branch',
'Channel', 'Connect', 'Control', 'Magnitude', 'Convert',
'Provision', and 'Signal'. Each class word has its corresponding words. For example, the following words
are correspondents of the 'Convert' class: condense,
create, decode, diﬀerentiate, digitize, encode, evaporate, generate, integrate, liquefy, process, solidify,
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and transform. The semantic similarity was calculated between all corresponding function words and
lexicons of architecture. The search engine may use
the calculated table when architect requests search
task by using lexicon of architecture. The table shows
representative pairs of function word and lexicon
(Table 1, Table 2).

Table 1
Related lexicons for
function words of
functional
expression
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SCENARIO
When designers use a search tool in order to apply
bioinspired design in an actual architectural design
problem, more search results can be obtained when
using data structure that is classiﬁed into function
words, than using lexicons like they currently do.
For example, when designing a factory or a residential building in a ﬂood hazard area, a designer
may choose bioinspired approach to design it. A
ﬂood hazard problem has been a problem which
mankind, along with many other organisms in the nature, has sought to solve. Therefore, many solutions
that could be applied directly and indirectly to solve
this problem exists in the nature.
The structure and design requirements are organized in the architectural design standard. Essential
standards such as substantial improvement or damage restoration, and more to deal with ﬂood hazards
or ﬂood loads are explained in this publication. To
specify, lexicons such as 'base', 'elevate', 'ﬂood', 'prevent', 'restore', 'inhibit' and more appear in the 'ﬂood'
related chapters. But the lexicons that appear here
can be searched more by the designer when it is converted into related function words than to be used
in its current form. When these are connected to its
function words, the result is as follows: 'base - release', 'base - shield', 'elevate - transfer', 'ﬂood - regulate', 'ﬂood - shift', 'prevent - prevent', 'restore - form',
and 'inhibit - inhibit' (Fig 2). As scenario shows (Fig
2) many biological systems can be printed out by using the semantic relationship extracted in this study.
When designer queries for adaptable biological systems without using semantic relationship, the BS1
(see Fig 2) is only searched from the repository.
The search results that come up from keyword
search is the outcome of the data manager (e.g coordinator of AskNature)'s intention which tagged each
biological system with the meaningful keywords.
Even if the current system provides a satisfying level
of search results, when the data pool grows bigger,
the data manager cannot use this kind of manual tagging method and a semantic search system must be
developed.
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Table 2
Continuation of
Table 1

Figure 2
‘Designing a factory
or a residential
building in a ﬂood
hazard area’
example
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CONCLUSIONS
This study eventually contributes in making bioinspired design broadly used in the architectural domain. Up until now, the biological idea search system
which supports bioinspired design only provided a
low level keyword search through function words
and biological keywords. Thus, there were many limitations for wide range of use. Therefore, this paper provides solution to this problem by bridging
the meaningful keywords and corresponding function words. Speciﬁcally the relationship between
architectural lexicons and function words in the architectural domain has quantitatively assessed. In
real scenario, the keywords that designers intuitively
puts in will be automatically converted into function
words for the system to understand better and propose more accurate and useful results. From this development, through the iterative architectural design
process, designers will be able to use biological idea
search system more intuitively without diﬃcult functional decomposition or understanding.
As a future work we need to verify the availability of this system with problems of the ﬁeld. And a
research to elaborate the current search system and
biological system repository is prepared.
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