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*HQHUDWLYH$UW&ORXG


)URP  \HDUV ZH ZRUNHG IRU EXLOGLQJ *HQHUDWLYH $UW &ORXG WRJHWKHU ZLWK D ORW RI RXU
IULHQGV WKDW KDYH DFWLYHO\ SDUWLFLSDWHG LQ WKH SDVW  *$ FRQIHUHQFHV H[KLELWLRQV DQG OLYH
SHUIRUPDQFHV
:HDOODUHSURXGRIWKLVPLUURULQJLGHQWLW\%XWVRPHWLPHVZHGLVFRYHURXUVHOYHVDORQHLQD
VHDRIRPQLSUHVHQWVLPSOLILFDWLRQVDQGRIUHGXFWLYHDQGJHQHULFGHILQLWLRQVRIRXUDSSURDFK
WRVFLHQFHDQGDUW%XWLQWKHVH\HDUVIRUDORQJWLPHZHKDYHGLVFXVVHGZKLFKDUHWKH
FKDUDFWHUVDQGWKHLGHQWLW\RIWKLVJURXSE\SHUIRUPLQJWKRXJKWIXOPHHWLQJVZLWKDQKDSS\
RSHQPLQGDQGVRPHWLPHVDOVRZLWKKDUGFRQWUDVWVEXWDOZD\VLQUHVSHFWWRWKHQDWXUHRI
FRPSOH[LW\LQ*HQHUDWLYH$UWDSSURDFK
:HDUHDQRSHQJURXSWKDWZDVIRUPHGDQGLWVWLOOH[LVWVEHFDXVHZHKDYHGLVFRYHUHGLQ
SURJUHVV KRZ WR PHHW IRU H[FKDQJLQJ LGHDV DQG IRU SXWWLQJ LQ GLVFXVVLRQ RXU PRUH
DGYDQFHG DUWZRUNV DQG SHUIRUPDQFHV ,Q WKLV ZD\ LW LV IRUPHG VRPHWKLQJ VWURQJO\
LGHQWLILDEOH*HQHUDWLYH$UW*HQHUDWLYH$UWZDVDOLWWOHFKLOGLQDQGQRZKDVVSUHDG
DOO RYHU WKH ZRUOG :H DOO ZDQWHG ZLWK KDUG PRWLYDWLRQ WR SHUIRUP RXU SDUWLFLSDWLRQ WR
*HQHUDWLYH$UWFRQIHUHQFHHDFK\HDUIRUGLVFXVVLQJDQGIRUH[FKDQJLQJWKHLULGHDV6RZH
FRQWLQXHRQORRNLQJWRWKHIXWXUHZLWKKRSHE\WU\LQJWRGRRXUEHVW
7KLV DQQXDO PHHWLQJ LV QRW LQ IDFW RQO\ DQ DFDGHPLF FRQIHUHQFH DV VR PDQ\ RWKHUV RYHU
WKHZRUOG:HNQRZYHU\ZHOOPDQ\RIWKHVHFRQIHUHQFHVZKHUHWKHPDLQDLPLVWRH[WHQG
WKH ILHOG RI HOHFWURQLF DUW WR DOO WKH PXOWLSOH SRVVLEOH DSSURDFKHV GLYLGLQJ FURZGV RI
GLIIHUHQWSHRSOHLQDORWRIGLIIHUHQWVXEWRSLFVDQGVHVVLRQVZLWKRXWDQ\SRVVLEOHVFLHQWLILF
H[FKDQJH$UWLVDVLWHRIFRQQHFWLRQVQRWRIGLIIHUHQFHV*HQHUDWLYH$UWPHHWLQJLVLQVWHDG
DFRQIHUHQFHDPRQJSHRSOHWKDWDUHLGHQWLILHGRUWKH\WU\WREHLGHQWLILHGLQWKHJHQHUDWLYH
DSSURDFKWRDUWDQGVFLHQFH)RUPDQ\GLIIHUHQWUHDVRQVGXULQJWKHVHPHHWLQJVPDQ\IRU
XV KDYH WULHG WR ZULWH D GHILQLWLRQ RI *HQHUDWLYH $UW E\ GHILQLQJ WKH SRWHQWLDOLW\ DQG WKH
GLVWLQFWLYH FKDUDFWHUV RI LW ,W PLJKW KDSSHQ DOVR LQ WKH IXWXUH LI VRPHRQH ZLOO GLVFRYHU D
QHZFRXUVHRIRXUULYHU7KLVGRHVQ WKDSSHQLQRWKHUFRQIHUHQFHV2XUDQQXDOPHHWLQJLV
XQLTXH LQ WKH LQWHUQDWLRQDO SDQRUDPD DOVR IRU WKLV UHDVRQ *$ FRQIHUHQFH WRJHWKHU ZLWK
RXUH[SHULPHQWDOZRUNLQ$UWDQG6FLHQFHKDVIRXQGHG*HQHUDWLYH$UWDQGWKHSDUWLFLSDQWV
DUHSURXGWREHLGHQWLILHGDV*HQHUDWLYH$UWLVWV
)ROORZLQJ )XWXULVP WKH DUW PRYHPHQW PRUH FORVHG WR *$ IRU UHDVRQ RI WLPH DIWHU
5HQDLVVDQFHZHFDQWU\WRLGHQWLI\VRPHSRLQWV
:H ZDQW WR VLQJ WKH XQVWRSSDEOH SURFHVV RI LGHDV DQG WKH SURJUHVVLYH G\QDPLFV RI
FUHDWLQJ$UW
7ZRDUHHVVHQWLDOHOHPHQWVRI*$
WKHVWUHQJWKRIDJHQHUDWLYHWKRXJKW
  WKH LQWHUSUHWDWLYH ORJLFV ZULWWHQ LQ DOJRULWKPV DEOH WR UHSUHVHQW WKH FKDUDFWHUV RI RXU
FRQWHPSRUDU\ZRUOG
$V*HQHUDWLYH$UWLVWVZH
 PRYH IURP VWDWLF IRUPV WR G\QDPLF WUDQVIRUPDWLRQV SHUIRUPLQJ RXU DUWZRUN DV SURFHVV
DQGQRWRQO\DVUHVXOW
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PDQDJHWKHFRPSOH[LW\RIRXUYLVLRQVWHSE\VWHSZLWKSURJUHVVLYHLQFUHDVLQJLGHQWLW\E\
UXQQLQJQRWOLQHDUV\VWHPVIRUWKHLUXQLTXHPXOWLSOHUHVXOWV
 SHUIRUP RXU DUWLVW LGHQWLW\ LQ D UHFRJQL]DEOH VW\OH DV D SRHWLF SURFHVV DEOH WR JHQHUDWH
DUWZRUNVYDULDWLRQVZLWKUHFRJQL]DEOHLPSULQWLQJ
FDQUHSUHVHQWRXULGHDZLWKDSURJUHVVLYHSURFHVVEHIRUHDQ\SRVVLEOHUHVXOWV
RXUDUWZRUNVDUHVRIWZDUHDEOHWRJHQHUDWHYDULDWLRQV
$FWXDOO\WHFKQRORJ\ZRUNVE\H[DOWLQJRQO\LWVHOILQDUW:HZDQWLQVWHDGWRH[DOWLGHDVDV
LPDJLQDU\ SURGXFWV WKDW DUH DEOH WR SURGXFH WKH FRQVWUXFWLRQ RI PXOWLSOH VXGGHQ DQG
XQSUHGLFWDEOH UHVXOWV DOVR WKURXJK WKH XQSUHGLFWDEOH XVH RI WKH WHFKQRORJ\ XVLQJ D ORJLF
EURXJKWWRWKHH[WUHPHSDUDGR[HV
6WDUWLQJ IURP PRUH WKDQ RQH FHQWXU\ DJR WKH PDVV SURGXFWLRQ RI DOO HTXDO REMHFWV IURP
KRXVLQJ WR LQGXVWULDO REMHFWV RYHU DOO ZRUG JUHZV $IWHU WKDW WKH WHFKQRORJLFDO LPSULQWLQJ
GHJHQHUDWHG LQ DXWKRU SURMHFW DQG VXEMHFWLYH FUHDWLYLW\ GHDWK ,Q FRQWUDVW RI WKLV GDUN
YLVLRQ ZH SURXGO\ ILQG DJDLQ ZLWK *$ WKH XQLTXHQHVV DQG UHFRJQL]DEOH YLVLRQ RI HYHU\
JHQHUDWLYHDUWLVWKLVKDUGVWUHQJWKLQSURMHFWDQGLQLGHDVIROORZLQJDQFLHQW0DHVWUL
:HGRQ WZDQWWRK\PQWHFKQRORJ\EXWWKHPDQWKDWNQRZVKRZWRXVHLWIRUSXUVXLQJKLV
RZQYLVLRQXVHIXOIRUWKHSURJUHVVRIKXPDQOLIH
%HDXW\ LV LQ WKH FRQWLQXRXV WUDQVIRUPDWLRQ RI WKH SDVW LQWR WKH IXWXUH DQG RXU JHQHUDWLYH
DOJRULWKPVZRUNE\WHOOLQJRSHUDWLYHO\WKLVSURJUHVVLYHYLVLRQ
6WLOOWRGD\WKHLQQRYDWLRQKDVEHHQPDLQO\DPDUNHWRIRSSRUWXQLVPV:HZDQWJREH\RQG
WKH FRPPHUFLDO VRIWZDUH DQG WKH KRPRORJDWLQJ WHFKQRORJLHV IRU ILQGLQJ DJDLQ RXU
FUHDWLYHQHVVLQZULWLQJSURJUHVVLYHDOJRULWKPVDQGLQEXLOGLQJRXUJHQHUDWLYHHQJLQHV
7KHUHDUHSHRSOHDPRQJXVWKDWKDYHOLYHGWKHILUVWDGYHQWRIWKHGLJLWDOHUDE\IRXQGLQJ
DJDLQLQWKHLUUHDOO\SHUVRQDOSURFHVVRIGLVFRYHU\WKHSULGHWRJHQHUDWHWKHSRVVLEOHE\
SXUVXLQJ WKHLU RZQ YLVLRQ )RU \RXQJHVW JHQHUDWLRQ WKHUH DUH VRPH SUREOHPV DERXW WKHLU
JHWWLQJ HDVLO\ IDVW UHVXOWV %XW WKHVH RIWHQ DUH QRW DEOH WR SHUIRUP H[SHULHQFH RI
NQRZOHGJH:HKRSHWKDWWKH\WRRFDQJHQHUDWHWKHSRVVLEOHSXUVXLQJRIWKHLURZQYLVLRQ
E\ SURGXFLQJ WKHLU ILUVW JHQHUDWLYH UHVXOWV ZLWK FRQVFLHQFH IROORZLQJ RXU RU RWKHUV
H[SHULHQFHV EXW ZLWK WKH PDLQ DLP RI GHVWUR\LQJ WKH WKURQHV RI WKH KRPRORJDWLQJ
WHFKQRORJLHV
6R ZH ZLOO VWLOO PHHW DJDLQ IRU GLVFXVVLQJ RQ KRZ WR GUDZ SURJUHVVLYH SDWKV WRZDUG WKH
LQILQLWH

5RPD'HFHPEHU

&HOHVWLQR6RGGXDQG(QULFD&RODEHOOD
&KDLUVRI*HQHUDWLYH$UW&RQIHUHQFH
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*$±;9,,*HQHUDWLYH$UW&RQIHUHQFH

&HOHVWLQR6RGGX

*HQHUDWLYH$UW*HRPHWU\
/RJLFDO,QWHUSUHWDWLRQVIRU*HQHUDWLYH$OJRULWKPV

7KLV SDSHU WULHV WR LGHQWLI\ WKH FUHDWLYH SURFHVVHV RI *HQHUDWLYH $UW WKDW
EULQJV WR WKH FRQVWUXFWLRQ RI G\QDPLF SURFHGXUHV RI WUDQVIRUPDWLRQ
JHQHUDWLYH DOJRULWKPV E\ GHSDUWLQJ IURP LQWHUSUHWDWLYH ORJLFV 7KLV
FRQVWUXFWLRQEHFRPHVSRVVLEOHWKURXJKDG\QDPLFDSSURDFKWR*HRPHWU\,Q
IDFW RYHUFRPLQJ WKH ORJLF RI WKH ILJXUHV DQG UHODWHG UXOHV WKLV DSSURDFK
RSHQV WR WKH ORJLF RI WKH SURJUHVVLYH SURFHVVHV DQG WR WKH G\QDPLFV RI
WUDQVIRUPDWLRQLQVLGHWKHJHRPHWULFVSDFH
7KLV G\QDPLF XVH RI *HRPHWU\ FDQ EH SHUIRUPHG FURVVLQJ DJDLQ WKH
UHYROXWLRQ RSHUDWHG E\ 3LHUR GHOOD )UDQFHVFD E\ %UXQHOOHVFKL DQG E\
/HRQDUGRGD9LQFL7KLV5HQDLVVDQFHUHYROXWLRQIRXQGVRQWKHFRQYHUJHQFH
EHWZHHQ$UWDQG6FLHQFHDQGRQWKHGLVFRYHU\RIWKH3HUVSHFWLYH/RJLF
4XRWLQJ'HFLR*LRVHIIL7KHSHUVSHFWLYHKDVEHHQWKHILUVWPDWKHPDWLFDO LQ
V\VWHPDWLF DQG XQLYRFDO WHUPV  IRUPDOL]DWLRQ RI D SK\VLF ODZ LQGHILQLWHO\
H[WHQVLEOHRIJHQHUDOYDOLGLW\DQGJHQHUDOYHULILDELOLW\
 7KHSHUVSHFWLYHDOVRLQWKHILUVWJHRPHWULFWRROVVWUXFWXUHGE\%UXQHOOHVFKLLV
7RSLF*HQHUDWLYH$UW DORJLFDOIRUPRIUHSUHVHQWDWLRQRIWKHVSDFHWKDWDOORZHGIRUWKHILUVWWLPHWR
7KHRU\$UFKLWHFWXUH UHSUHVHQW WKH LQILQLWH 7KH 3HUVSHFWLYH SHUIRUPV WKH UHSUHVHQWDWLRQ RI WKH
'HVLJQ
LQILQLWH LGHQWLI\LQJ D SRLQW RI YLHZ 7KLV PHDQV WKDW WKH FRPSOH[LW\ RI WKH

VSDFHLVVFLHQWLILFDOO\LQYHVWLJDEOHWKURXJKWKHVXEMHFWLYLW\RIDQREVHUYHUDQG
$XWKRU
KLV /RJLFDO ,QWHUSUHWDWLRQV 7KH VFLHQWLILF VHDUFK LQ IDFW FDQ IROORZ WRR WKH
&HOHVWLQR6RGGX
VDPHLQWHUSUHWDWLYHZD\SRLQWHGRXWE\WKHSHUVSHFWLYH8QWLOQRZDVVKRZQ
*HQHUDWLYH'HVLJQHU
E\(LQVWHLQDQGKLVORJLFDOLQWHUSUHWDWLRQRIWKHXQLYHUVHWKURXJKWKHWKHRU\RI
$UFKLWHFW
5HODWLYLW\WRJHWKHUZLWK0D[3ODQFNDQGKLVTXDQWXPWKHRU\WKDWLVDGLIIHUHQW

ORJLFDOLQWHUSUHWDWLRQRIWKHXQLYHUVH%RWKWKHRULHVDUHXVHIXODQGWUXHDOVRLI
*HQHUDWLYH'HVLJQ/DE VRLQFRQWUDVWRQHHDFKRWKHU7KHSRLQWVRIYLHZDUHGLIIHUHQWEXWWKHPDWWHU
3ROLWHFQLFRGL0LODQR
LVWKHVDPH
8QLYHUVLW\,WDO\
*HQHUDWLYH$UWSXUVXHVWKLVLQWHUSUHWDWLYHDSSURDFK$QGLWGRHVLWUHGUDZLQJ

LWVWRROVVWDUWLQJIURPWKHPDLQRQHWKH*HRPHWU\ 7KHLQWHUSUHWDWLYHORJLFV
+LVZHEVLWHV
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Generative Art Geometry.
Logical interpretations for Generative Algorithms.
Celestino Soddu
Generative Design Lab, Politecnico di Milano University, Italy
www.generativedesign.com
celestino@soddu.it

Abstract
This paper tries to identify the creative processes of Generative Art that brings to the
construction of dynamic procedures of transformation, generative algorithms, by
departing from interpretative logics. This construction becomes possible through a
dynamic approach to Geometry. In fact, overcoming the logic of the figures and
related rules, this approach opens to the logic of the progressive processes and to
the dynamics of transformation inside the geometric space.
This dynamic use of Geometry can be performed crossing again the revolution
operated by Brunelleschi, by Piero della Francesca and by Leonardo da Vinci. This
Renaissance revolution founds on the convergence between Art and Science and on
the discovery of the Perspective Logic.

The "formella" of Brunelleschi interpreted by P.A.Rossi
indicated that Brunelleschi made a peculiar, not
casual choice of a point of view, with a distance from
Battistero equal to the side of a cube involving the
architecture and the optic cone, indicated by the circle,
able to have a correct perspective. This was the
approach for defining the structure of perspective the
"perspective tool".
Paolo Alberto Rossi, "La scienza nascosta", (the
hidden science).

Quoting Decio Gioseffi, "The perspective has been the first mathematical (in
systematic and univocal terms) formalization of a "physic" law indefinitely
"extensible", of general validity and general verifiability".
The perspective, also in the first geometric tools structured by Brunelleschi, is a
logical form of representation of the space that allowed, for the first time in human
culture, to represent the infinite. The Perspective performs the representation of the
infinite identifying a point of view. This means that the complexity of the space is
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scientifically investigable through the subjectivity of an observer and his Logical
Interpretations. The scientific search, in fact, can follow too the same interpretative
way pointed out by the perspective. Until now, as shown by Einstein and his logical
interpretation of the universe through the theory of Relativity, together with Max
Planck and his quantum theory that is a different logical interpretation of the
universe. Both theories are useful and true, also if so in contrast one each other.
The points of view are different but the matter is the same.
Generative Art pursues this interpretative approach. And it does it redrawing its tools
starting from the main one, the Geometry. The interpretative logics, activated by
Generative Art, build parallel, multiple and progressive paths of dynamic
transformations. These are managed through algorithmic logics.
The Generative Geometry really becomes one of the main tool of Generative Art
because it is able to logically represent the interpretation of the author performing
his artworks in the endless multiplicity of the possible variations.
The act of writing Generative Algorithms is representing and investigating the existing
environment from different and progressive logical points of view, tracing the rules for
transforming it from the past into the future.

The generative geometry
Geometry is one of the main fields involved in the construction of the generative
algorithms. Not only for architecture, design and visual art, but also for music and
poetry.
Since Generative Art moves from static forms to progressive transformations,
Generative Geometry should be considered as the main tool for managing dynamic
processes of transformation. Generative Geometry moves from geometric figures to
the representation of dynamic logic processes, from measures to dynamic
proportions, from measurable figures to measures related to a point of view, from
representations of limited spaces to representations of infinity.

The transforming progressive process from Archaeopteryx to Apatornic following the Logical
Interpretation of D'Arcy W. Thompson, "On Growth and Form", Cambridge Univ. Press,
1961. The Geometric structure is considered in analytical way following Durer, as a series of
deformations. But I like to interpret, with generative geometry, his analytical tables, like the
one in the image: a transforming process could be identified because the image looks like a
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"perspective" representation.

Exemplifying, such potentialities could be represented by the passage from
axonometric representations to perspective views, the only ones that logically
represent the infinity. But not only. The Generative Geometry is much more.
The construction of generative and geometric algorithms founds more specifically on
logical interpretations of what fascinates us, by fixing our point of view. It's also a
way to represent our main references, our preferred results of the past: the work of
our main masters. Not copying them but interpreting them as results of a possible
progressive process of transformation able to perform the quality that we
appreciated. The aim is to construct procedures able to bring our design process in
reaching such qualities.
Not analyzing these qualities but identifying which quality we like to transfer to our
artworks, which quality corresponds to our own vision. This goal is performed by
clearly identifying the point of view and the objective.
Operationally we are not doing copies of forms that interests us for the construction
of a code, of a rule that represents our hypothesis: "how" we can construct events
with the character that we like. And we will try to use these rules for managing the
progression from the existing events to the possible ones; in other words for
designing or making art. The logical-geometric interpretation of our imaginary of
reference, of the works of our masters, of what fascinates us, is the core of the
construction of a generative engine and of our creative tools.
In my generative design I have had a preference for the specific field of 3D space,
also because my main sector of interest is architecture. But the Logical Interpretation
of Geometry starts from one-dimension and two-dimension events as Kandinskij
points out in "point, line and surface". We can find the more simple experimentations
of using interpretative logics and managing the progressive dynamics when we
construct lines through the generation of progressive points governed by rules. If our
reference is the curve structured by Kandinskij, we can build an algorithm that
defines, in progression, the following point through the progressive transformation of
some parameters able to point out the verse, the dynamics of variation of the
bending and the points of catastrophe where the direction suddenly changes, the
progressive acceleration, the dynamics of variation of the thickness, etc.
We will never succeed in representing the famous line by Kandinskij (also because
we don't like to copy it but to generate a kind of lines fitting similar aims) but we will
produce a whole series of lines that represents the character that mostly interests
us. The aim is to represent this characterized line with a transforming rule able to
always turn a point into a different line but every time belonging to the same species
of lines. So we have built a simple generative algorithm. And we have also
represented an "ideal" line as a whole possible dynamic representations of a point in
relationship to the precedents and the following ones. An Idea is "generatively"
represented only when this "representation" can produce endless variations of the
same event, all belonging to the same character. As, in Nature, a sequence of very
different olive trees are all recognizable as olive tree. Variations are infinite because
there is no limit to variations of individuals belonging to a species, of representations
of the same objects belonging to the same logical interpretation but changing the
point of view.
Increasing the complexity of our approach and moving over the simple one-
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dimension geometry, we can build other algorithms able to define other dynamics of
transformation. We can use them in the transforming process from a point to a line,
from a surface to a solid, but also in each possible process from a dimension to the
following one.
Remaining on two-dimensions, if we, for instance, have as reference the refraction of
the light in a prism of glass, we can write an algorithm that, when our progressive
line meets another line with particular colour, it defines how it breaks in a series of
divergent lines that, after the "impact", will have autonomous life.

On the left a generation of lines that break themselves in a series of different lines when
they impact with another lines with selected colours. On the right generation, a line inverts
its angle of growing when impacting with another line. (simple experiments by C.Soddu with
his soft).

But, as it appears obvious, we are already moving toward an increase of dimensions.
The acceleration already points out another dimension that can be represented in
various ways.
The simpler three-dimensional generative process is the logic of cellular automata,
when this kind of process is activated in the three-dimensions.
It is difficult to imagine the final result of these progressions even if we can foresee
of it, but we can predetermine its character: nothing is left to random and all depend
on the spatial topological location of the first events and of the adopted rules.
We can talk, in this case, of a progressive logic, of a first kind of generative
approach to geometry. But it foresees an intrinsic difficulty to manage own spatial
vision and the characters of each possible result. For doing that it is necessary to
experiment and to find connections among the adopted rules and the character of
the results. This search is possible because the logical sequence of the
transformations is fully controlled by the rules. Even if we can surprise of
unpredictability, and sometimes of the unexpected beauty of the results, this
happens without using logical random but only varying the mutual initial positioning
of the events.
And here a fundamental aspect of generative processes appears: the use of random
parameters. Firstly we need to clarify that the use of random for the initial data as
the positioning of the first events in a process of cellular automata or the first points
in the construction of lines through the logical progression of points, are really
different from the creation of random forms and the subsequent choice of the form
that casually can emerge.
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This difference can seem meaningless but it is fundamental.
1. The use of casual data as beginning of the transforming process is similar to the
logical consideration of an existing and unpredictable environmental context in which
to activate a progressive process totally managed by well defined transforming rules
able to interact with unexpected events.
2. The use of random parameters in the construction of formal results is an
aesthetical blind search instead of following own vision identifying us as author. It
defines an approach that seeks the emergent form from a process totally deprived of
controls. It pursues the "death of the project", "the author's death", quoting R.
Barthes, with the impossibility to recognize the author vision and identity.
The first type of approach with using different initial data is also a characteristic of
my generative software: I manage the oneness of the results and the relative
variations using an initial data that always changes: a number that synthesizes date
and time of the beginning of the process. Then everything happens without
randomness but the results, also being recognizable as belonging to my own vision,
are absolutely unique and unpredictable.

Generative Geometric figures
We need to go over the cellular automata, that are only a particular even if extremely
meaningful study case of transforming process without random. The generative
geometric logics are founded upon different logical interpretations of the same
geometric entities. In the generative geometry, for instance, a cube is never the
same geometric event, but it depends on the logic adopted for generating it.
It could be generated defining an algorithm representing a dynamic series of solid
that can go from the tetrahedron to the sphere. Or with an algorithm generating
solids with two shapes existing in an orthogonal axle. Or with an algorithm
representing the dynamic series from a cylinder to a triangular prism, and so on.
And we could nearly define a endless series of logical interpretations of a cube that
would bring to a series of solid of generative geometry that, in the construction of the
generative algorithms, they totally behave in different way.
This is the base of the generative geometry.
If the Geometry is defined as "part of the mathematics that studies the space and its
figures" we could define the Generative Geometry as "part of the mathematics
that studies the dynamics of the spatial transformations and the progression
of its figurations."

Generative Perspective Geometry
But Generative Geometry would be a sterile branch if there was not the perspective.
It is not a case that the perspective, and its first logical form identified by
Brunelleschi, has been a revolution in science. The identification of a logic
perspective, or rather of a based logical structure of points of view and observed
events, allowed a scientific approach based not only on deductive analysis but also
to Logical Interpretations whose multiplicity is based on the points of view. The first
and fundamental aspect of this "scientific innovation" has been to discover that these
logical interpretations are able to acquire the infinite and "to measure it" giving an
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essential impulse to the human knowledge.
The calyx of Paolo Uccello, attributed also to
Piero della Francesca in a logical
perspective computer reconstruction by
Celestino Soddu, 1985, printed at pen
plotter.
The reconstruction, quoting Carlo Ludovico
Ragghianti in Critica d'Arte n'8, 1986, follows
the very particular geometrical approach to
perspective by Brunelleschi, interpreted with
algorithms ad hoc.
This algorithmic approach was one of the
first perspective scientific software in the
world. The study and the articles made by
C.L.Raggianti, P.A.Rossi and C.Soddu, was
part of the research "Art Processes and
Visual
Objects
Computer
Analysis"
developed in the International University of
Arts in Florence.

The logical interpretations of spatial events could use different points of view and
different perspective logics. These are not limited only to the perspective of
Brunelleschi but they can also involve other perspective logics as the curved
perspective, the anamorphic ones and the inverse perspective of Florenskij, as well
as the three-dimensional representations of events with more than three dimensions.
We can start from simple examples. The choice of the point of view and the logical
structure of the perspective, identifying a peculiar logical interpretation of the space,
can define the character of the artwork and the vision of the artist. Two examples are
very eloquent. The "Flagellation of Christ" by Piero della Francesca and "the room"
of Van Gogh.

"Flagellation of Christ" by Piero della Francesca and "the room" by Vincent Van Gogh. On
the right a reconstruction of the room with a curved perspective from another point of view
but with the sight toward the ceiling as the original image.

In both these artworks the perspective image is paradoxical, absolutely particular
and hardly verifiable in the reality. Also if they both seems to be "normal" at the first
sight. In the "Flagellation" the observer is very low, almost to the floor, and he looks
toward the direction of the flagellated Christ. From that position he could not see in
full the three figures, being these, of fact, out of an acceptable optic cone; he would
see only the low part of the dresses. Instead, forcing the geometric structure of the
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perspective the three figures are fully represented. The use of this point of view
constructed an estranging image but geometrically "correct". And in this it reflects
and renders explicit the interpretative logic of Piero. In the room of Van Gogh
(C.Soddu, "The not Euclidean image", Gangemi Publ. 1986, and C.Soddu, “L'idea di
spazio nelle rappresentazioni d'arte“, (the space idea in art representation), in
“Critica d'arte“ magazine, n.16, 1988.) the perspective seems, at first sight, a normal
perspective of the room seen by a standing observer. But the vertical lines converge
upward. Since the observer is standing, taller than the bed and of the chair, these
lines should converge downward instead. This converging is estranging because, to
find again this possibility in a correct perspective image, or however in a
"photographic" view, we must imply that the observer is, as he appears, more high
then the objects but, at the same time, he looks upward. The whole room, therefore,
would be seen with the tail of the eye while the observer (Van Gogh) is looking at the
ceiling (that is not represented in the artwork) and the whole image of the room
would be, in a certain sense, out of a "normal" optic cone. This posture represents,
through the perspective logic, the discomfort, the character and the vision of Van
Gogh. In the use of an "impossible" perspective image we can find something in
common between Piero della Francesca and Van Gogh. Both have used the
perspective geometry to clearly communicate a strong subjective vision of a "normal"
spaces. And this has produced a spatial order strongly interpreted but, also if
impossible, logically correct. It shows how the perspective science can communicate
subjective visions.

1st Image, a 3D logical interpretation of a Kandinskij
artwork (C.Soddu, 1987) and (2nd-3rd image) some
unusual perspective images made forcing the
algorithms of the perspective. When the distance
change beyond its "natural" limits, if we use algorithms
following the logical approach of Brunelleschi the
image break itself and some elements move from one
side to the other of the sheet. This happens in a
different way when forcing the algorithms of curved
perspective. (C.Soddu, "Not Euclidean Image", 1986.
(4th image)The same approach in one of mine oil
painting (C.Soddu, "Guggenheim museum NYC",
1986) where the image is reconstructed using a
spherical anamorphic logical interpretation forced
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beyond the limits of this type of perspective..

The logic to represent the events identifying points of view and observed events has
allowed to build different perspective logics. While the perspective of Brunelleschi
and Piero della Francesca identifies an observer and an observed point, other
perspectives as the cylindrical and spherical anamorphic perspective, of which I
have built in 1986 the algorithmic sequences, identifies one point of observation and
a linear (cylindrical) sequence or a surface (spherical) of observed points.

In these cylindrical anamorphic perspectives, representing a generated city and the interior
space of a generated cathedral, the observer is in the centre of a cylinder constructed by
the image wrapping the cylinder. This is the reason why the left border and the right border
of the images coincide. The observer can rotate his sight looking at all possible directions.
The anamorphic structure of the image answers to these different sight with a "correct"
perspective image by straightening the curved lines in the perception. C.Soddu, total
anamorphic perspective done with his software.

In this other total anamorphic perspective of a generated architecture the sight is oriented to
the dome (and, in the other side to the floor, being a 360 degree sight. C.Soddu, software
"totale" 1988.

This is the first possibility to go over the Brunelleschi perspective going over an
axiomatic visual direction, opening to not Euclidean geometries. But it's possible to
go ahead. The inverted perspective, identified by Florenskji in the Russian icons,
inverts the direction between observer and observed point. Here, contrarily of the
anamorphic perspectives, the points of view become manifold while the observed
point returns to be unique. And this is indicative of the peculiar use of Russian icons:
a multiplicity of people (points of view) looking at the same event, the face of the
Saint. ("Perspective, a Visionary Process: The Main Generative Road for Crossing
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Dimensions", C.Soddu, Springer, 2010)

As Florenskij argued, the Russian icons have a inverse perspective. It's possible to
understand this inverse perspective because you can see, in the same time, the two ears of
the Saint as we look from the inside of the head, or from the inside of a cube where the
image is anamorphically projected (top fig.). The Inverse perspective is focused by
Florenskij saying that we only see the eternal surface of the objects. In this case the image
(botton fig) is the same but the cube is inverted and we look to its external surface.

This approach using different perspective logics and the related construction of
generative algorithms opened the possibility to "logically" interpret in different way
the same event. The different points of view, all together, can refer to possible
variations of the same logical interpretation, opening to the generation of endless
possible results, endless individuals of the same species, recognizable through the
same logical interpretation.
This is a way to collect our creative investigations, making them executable inside
our generative software. It is possible to do that without creating a database but with
generative algorithms. They, using as input different "points of view" are able to
generate multiple variations. The interesting aspects of this type of generative
approach are two: each result is different but each result is recognizable by the
same logical interpretation, that is by the same "vision". In this way the "author" can
be expressed, and the style too. This is the reason why my generative software have
a lot of pages of statements. I added them step by step by following my design
activityduring the last 30 years.
This "change of point of view" is normally used by artists, designers and architects
and it is of great utility in the creative process. As example, today I got a step of my
project, of my artwork. Tomorrow I go back to my work and, to go on, I turn the sheet
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on the other side and, doing that, I easily continue to draw. Making this simple
gesture, changing the point of view, I can open new possibilities and I go on
expeditious pursuing my vision and managing the complexity and the ability of my
artwork to answer to different and multiple requests. Why not to manage the same
possibility in a generative software? We can do that by using the generative
geometry for constructing our algorithms.
In the generative process, and inside the algorithms, it's possible to perform this
possibility and more. I can represent my event through a perspective representation
and then I can perform the reading of this "virtual image" as a 3D object represented
using a different point of observation. This can be performed according to my logical
interpretation, as happened in the medieval artworks by Simone Martini. He made
different representations of medieval cities. But when he represented each building,
he done it with different points of view. I discovered that it's possible to interpret
these points as belonging to a 3D line: a virtual path showing the discovery of the
medieval town. It runs from the outside to inside thecity wall. In other terms Simone
Martini has used the selective variation of the points of view as way to represent the
fourth dimension in a two-dimension image. ( C.Soddu, "L'immagine non Euclidea",
"the not Euclidean Image", Gangemi Publisher 1986)

Simone Martini, tempera on panel, 1328. Looking at the different buildings it's possible to
verify that each building seems to be represented with a different perspective view. This
"interpreted" points of view create a 3D line from outdoor to inside the medieval city. We
can interpret it as a representation of the 4th dimension in the two-dimension image. In the
right image two frames of the transforming sequence of the solids following the path of
points of view. C.Soddu, "L'immagine non Euclidea", "The not Euclidean Image", Gangemi
Publisher 1986.

My opinion is that Simone Martini used, for drawing his artwork, the Generative
Geometry. And it's possible to find this type of approach in Giotto too, and in some
medieval artists living before the systematization of the perspective tools made by
Brunelleschi.
If this process is used in the creation of the space, the form of every threedimensional solid transforms itself in progress, assuming different results and
performing events that have characters fitting the vision of the author. Spatial orders
and characters that are logically reproducible through algorithms because the
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process is repeatable.

Balla, "Mio istante del 4 Aprile 1928
ore 10 piu' due minuti". 1928
Moving from the image as canonical perspective to a not Euclidean perspective and going
back. If we read the not Euclidean perspective (first image of the sequence), as
Brunelleschi perspective we can have a completely different object with rounded solids.
C.Soddu, 1986.

More. We can try to read a canonical perspective as it was a curved, not Euclidean,
perspective. ("The not Euclidean image", example of Balla, C.Soddu, Gangemi Pub.
1986) This generative process can produce complex solid events that reflect our
spatial vision. In that case the results are rounded solids where the curved lines are
strongly controlled by an intrinsic harmony, the same harmony of the previous
squared solid but different fascinating. Logics are mathematically describable,
therefore the construction of these generative algorithms is easily prosecutable,
together with the objectives and to the characters that they intend to pursue.
Following the same approach, a reverse perspective of a cube, for example, can be
read as canonical perspective assuming that it is a 5 sides prism. The increasing
from 4 to 5 sides transform the solid in a generative way moving from a logical
geometric interpretation to another one. ("Perspective, a Visionary Process: The
Main Generative Road for Crossing Dimensions", C.Soddu, Springer)
This is the Generative Art Geometry. The hard core is constituted by the logical
sliding among different representations, among different spatial dimensions.
In fact, another possibility can be performed by sliding from a dimension to another.
The base is moving from two dimensions to threereading a two-dimensional image
as was three-dimensional and vice versa. But also managing through interpretative
logics the passage from three to four dimensions, from the cube to the hypercube by
reading this last event as three-dimensional.
The creative world of Generative Geometry is extremely wide, and above all it can fit
the own vision. It can logically reflect our uniqueness of creative people, it is the
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logical world where we can identify and develop our vision as our style.

On the left a generated baroque cathedral, together with a UFO and a car, all generated
with Argenia software, C.Soddu 2013. In the right image a Generated Ship in a Japanese
Sea, C.Soddu, 2014. The sea is done interpreting the image of Hokusai, 1830. The ship is
the result of a generative process with a progressive geometrical transformation using the
same baroque algorithms but going over the predefined limits of these algorithms. Every
personal tool is made for going beyond the default limits. As it's possible by using
Generative Geometry.
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$ELU$FKDUMHH

3DSHU*HRPHWULF(YROXWLRQDQG2SWLPL]DWLRQRIµ7KH2YDO¶

$EVWUDFW

&RPSXWDWLRQDO IUHHGRP DQG HPHUJHQW GHVLJQ WRROV DUH OHDGLQJ WR
JHRPHWULFDOO\ FKDOOHQJLQJ IRUPV LQ WKH ILHOG RI DUFKLWHFWXUH 'HVLJQHUV
DUHDEOHWRZRUNZLWKPRUHFRPSOH[JHRPHWULHVDQGGHVLJQYDULDWLRQV
7KH FKDOOHQJH OLHV LQ GHILQLQJ WKHVH JHRPHWULHV LQWR EXLOGDEOH
FRPSRQHQWV ZLWK FRQVWUDLQWV LQ FRQVWUXFWLRQ WHFKQLTXHV PDWHULDOV DQG
FRVW 'HVLJQLQJ ZLWK FRQVWUXFWLRQ ORJLF KHOSV WR DYRLG JHRPHWULF SRVW
UDWLRQDOL]DWLRQ

*HRPHWULF DEVWUDFWLRQV RI PDWKHPDWLFDO GHVFULSWLRQV IRUP DQ LQKHUHQW
SDUW RI FRPSXWDWLRQDO GHVLJQ 7KHVH DSSOLFDWLRQV DQG WRROV LQ
DUFKLWHFWXUH DWWHPSW WR VROYH D FRPELQDWRULDO SUREOHP OLNH PRGXODU
IDFDGHVRUJHQHUDWHSDWWHUQIRUVXUIDFHV


7RSLF$UFKLWHFWXUH
7KLVSDSHUWDNHVWKHSURMHFW³7KH2YDO´LQ/LPDVVRO&\SUXVDVDFDVH

VWXG\WRH[SODLQWKHLQWHJUDWHGGHVLJQSURFHVVRIIRUPGHYHORSPHQWWR
$XWKRUV
UDWLRQDOL]DWLRQ RI WKH GHVLJQ JHRPHWU\ OHDGLQJ WR D PRGXODU FRVW
$ELU$FKDUMHH
HIIHFWLYH VROXWLRQ ,W IRFXVHV RQ WKH XVH RI FRPSXWDWLRQDO DSSURDFKHV
$WNLQV $UFKLWHFWXUH 8.
WRZDUGVWKHGHVLJQHQDEOLQJWKHDOLJQPHQWRIWKHGHVLJQJHRPHWU\ZLWK
ZZZDWNLQVJOREDOFRP
WKHGHVLJQLQWHQWDWHYHU\VWDJHDQGHPEHGFRQVWUXFWLRQDOUDWLRQDOHV,W

IXUWKHU UHVHDUFKHV RQ GHYHORSLQJ RSWLPL]HG SDQHOLQJ VROXWLRQ IRU WKLV
%DUWOHWW6FKRRORI
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*UDGXDWH6WXGLHV
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e-mail: abir.acharjee@gmail.com
























$EVWUDFW
&RPSXWDWLRQDO IUHHGRP DQG HPHUJHQW GHVLJQ WRROV DUH OHDGLQJ WR JHRPHWULFDOO\
FKDOOHQJLQJ IRUPV LQ WKH ILHOG RI DUFKLWHFWXUH 'HVLJQHUV DUH DEOH WR ZRUN ZLWK PRUH
FRPSOH[ JHRPHWULHV DQG GHVLJQ YDULDWLRQV 7KH FKDOOHQJHV OLHV LQ GHILQLQJ WKHVH
JHRPHWULHV LQWR EXLOGDEOH FRPSRQHQWV ZLWK FRQVWUDLQWV LQ FRQVWUXFWLRQ WHFKQLTXHV
PDWHULDOV DQG FRVW 'HVLJQLQJ ZLWK FRQVWUXFWLRQ ORJLF KHOSV WR DYRLG JHRPHWULF SRVW
UDWLRQDOL]DWLRQ

*HRPHWULF DEVWUDFWLRQV RI PDWKHPDWLFDO GHVFULSWLRQV IRUP DQ LQKHUHQW SDUW RI
FRPSXWDWLRQDO GHVLJQ 7KHVH DSSOLFDWLRQV DQG WRROV LQ DUFKLWHFWXUH DWWHPSW WR VROYH D
FRPELQDWRULDOSUREOHPOLNHPRGXODUIDFDGHVRUJHQHUDWHSDWWHUQIRUVXUIDFHV

7KLVSDSHUWDNHVWKHSURMHFW³7KH2YDO´LQ/LPDVVRO&\SUXVDVDFDVHVWXG\WRH[SODLQ
WKH LQWHJUDWHG GHVLJQ SURFHVV RI IRUP ILQGLQJ WR GHYHORSPHQW RI WKH GHVLJQ JHRPHWU\
OHDGLQJ WR D PRGXODU FRVW HIIHFWLYH VROXWLRQ ,W IRFXVHV RQ WKH XVH RI FRPSXWDWLRQDO
DSSURDFKHVWRZDUGVWKHGHVLJQHQDEOLQJWKHDOLJQPHQWRIWKHGHVLJQJHRPHWU\ZLWKWKH
GHVLJQLQWHQWDWHYHU\VWDJHDQGHPEHGFRQVWUXFWLRQDOUDWLRQDOHV,WIXUWKHUUHVHDUFKHV
RQGHYHORSLQJDQRSWLPL]HGSDQHOLQJVROXWLRQIRUWKLVFODVVRIJHRPHWU\

.H\ZRUGV&RPSXWDWLRQDO'HVLJQ3DUDPHWULFPRGHOLQJ5DWLRQDOL]DWLRQ3DQHOLQJ
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,QWURGXFWLRQ

&RQFHSW GHVLJQ H[SORUHV YLVLRQV IURP VNHWFKLQJ WR PDVVLQJ DQG WKHQ WR GHILQHG
JHRPHWU\ZKLFKHYHQWXDOO\GHILQHVWKHEXLOGLQJFRPSRQHQWV7KLVVRPHWLPHVUHVXOWVLQ
D SURFHVV RI SRVWUDWLRQDOL]DWLRQ $ ZHOOLQIRUPHG GHVLJQ VROXWLRQ WDNHV LQWR
FRQVLGHUDWLRQ WKH FRQVWUXFWLRQ ORJLF DQG PRGXODULW\ DW DQ HDUO\ GHVLJQ VWDJH ,Q WKLV
DSSURDFKWKHEXLOGLQJJHRPHWU\LVGHYHORSHGZLWKDQDZDUHQHVVRIWKHGHWDLOV

&RPSXWDWLRQDODSSURDFKHVKHOSWRJHQHUDWHYLVXDOL]HDQGHYDOXDWHVSDWLDOSURSHUWLHVRI
WKH EXLOW HQYLURQPHQW 7KH QRWLRQ RI FRQWUROOLQJ JHRPHWULF V\VWHPV WKURXJK SDUDPHWULF
GHVLJQ KDV EHFRPH D URXWH IRU FRPSOH[ GHVLJQV 3DUDPHWULF PRGHOLQJ WUDQVIRUPV WKH
GHVLJQ SURFHVV LQWR DQ H[SHULPHQWDO VHULHV RI DFWLRQV WKDW DOORZV WKH GLVFRYHU\ DQG
DQDO\VLV RI XQIDPLOLDU RSSRUWXQLWLHV 7KH PRGHO JHQHUDWHV VHYHUDO YDULDWLRQV IRU WDNLQJ
GHVLJQ GHFLVLRQ DQG KHOSV WKH WUDQVLWLRQ IURP FRPSXWDWLRQDO JHRPHWU\ WR WKH
PDWHULDOL]DWLRQRIWKHGHVLJQ



$SSURDFK

7KHHPHUJLQJGLJLWDOWRROVDUHHQDEOLQJGHVLJQHUVWRGHDOZLWKPRUHLQGHSWKDQDO\WLFDO
GHVLJQ WKLQNLQJ DQG DSSURDFK 7KH\ KDYH D VWURQJ LQIOXHQFH LQ GHVLJQLQJ IRUPV DQG
UHVROYLQJ FRPSOH[LWLHV GHULYHG IURP FRQFHSWV VLWH FRQVWUDLQWV FRQVWUXFWLRQ OLPLWDWLRQV
DQG FRVW ,W KHOSV LQ WKH LWHUDWLYH HYDOXDWLRQ SURFHVV IRU WKH GHVLJQ RSWLRQV 7KH
JHRPHWULF GHVFULSWLRQV DOORZ IRU KLJKHU FRQWURO RI WKH GHVLJQ DQG DFKLHYH WKH UHTXLUHG
DHVWKHWLF H[SUHVVLRQ ,W KHOSV LQ QHJRWLDWLQJ GHVLJQ RSWLRQV ZLWK FRPSHWLQJ GLVFLSOLQHV
7KH FRPELQDWLRQ RI LQWXLWLYH YLVXDO SURJUDPPLQJ ZLWK WKH UREXVWQHVV RI SDUDPHWULF
GHVLJQRIIHUVXQSUHFHGHQWHGIOXLGLW\WKURXJKRXWWKHGHYHORSPHQWRIDSURMHFW













D




E



F

Figure 1. Concept development
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7KH RULJLQDO FRQFHSW ZDV EDVHG RQ D SHEEOH IRUP )LJXUH DEF  ,QLWLDO VWXGLHV
LQYROYHGWKHIRUPDWLRQRIDJHQHUDWLYHPRGHO )LJXUHE DQGDQDO\]LQJWKLVIRUPZLWK
UHVSHFW WR WKH VSDWLDO DQG SODQQLQJ GDWD 7KH FRQFHSWV KDYH EHHQ FUHDWHG LQ
FRQMXQFWLRQ ZLWK WKH DUFKLWHFWXUDO WHDP 6ROXWLRQV KDYH EHHQ GHYLVHG WKDW PHHW WKH
DUFKLWHFWXUDODQGVWUXFWXUDOUHTXLUHPHQWV7KLVSDSHUFRQWDLQVGLVFXVVLRQVRIWKHIRUP
ILQGLQJ JHRPHWULF DSSURDFK GHVLJQ GHYHORSPHQW DQG IXUWKHU UHVHDUFK RQ SDQHOLQJ
VROXWLRQV



&RQFHSW'HYHORSPHQW

$WNLQV ZDV FRPPLVVLRQHG WKH &RQFHSW DQG 6FKHPDWLF GHVLJQ RI WKLV  PHWHU WDOO
RIILFH WRZHU , DVVLVWHG WKH 'HVLJQ 'LUHFWRU DW DOO VWDJHV IURP IRUPILQGLQJ WR ILQDO
GHOLYHUDEOHV IRU KLV YLVLRQ RI WKLV RYDO IRUP ,QLWLDOO\ LQ WKH FRQFHSW GHVLJQ , ZDV
UHVSRQVLEOH IRU WKH JHRPHWU\ HQYHORSH DQG IDFDGHV /DWHU ZDV UHVSRQVLEOH IRU WKH
IXOOSURMHFWGHOLYHUDEOHVDWWKHVFKHPDWLFGHVLJQVWDJH

7KHFRQFHSWRISHEEOHIRUPZDVDSSURDFKHGE\GHYHORSLQJDQHJJ FXUYHXVLQJWKH
PHFKDQLFDOHJJFXUYHDOJRULWKP )LJXUHD 7KHVLWHDQGSURMHFWFRQVWUDLQWVGHILQHG
WKHILQDOYROXPH

0HFKDQLFDO(JJ&XUYH

3RLQW$ )LJXUHD PRYHVLQDFLUFXODUSDWKDURXQGSRLQW3DQG4LVDQRWKHUYDULDEOH
SRLQWLQDOLQHSDVVLQJWKURXJK33RLQW%LVDYDULDEOHSRLQWFROOLQHDUDQGLQEHWZHHQ$
DQG 4 7KH SRVLWLRQ RI WKH SRLQW % GHVFULEHV DQ HJJ VKDSHG FXUYH DV WKH SRLQW $
URWDWHVGHJUHH

,QLWLDO VWXGLHV LQYROYHG JHQHUDWLQJ D UDQJH RI YROXPHV ZLWK WKLV ORJLF WUDQVIRUPHG
DORQJWUDQVODWHGDQGURWDWHGSODQHV )LJXUHEF 2QFHDVLPSOLILHGYROXPHPHHWLQJ
DUHDUHTXLUHPHQWVLVDFKLHYHG )LJXUHG LWZDVVOLFHGLQWKHPLGGOH )LJXUHD WR
KDYHDVKDUSFKDQJHLQFXUYDWXUHSURGXFLQJDGLIIHUHQWLDWLQJOLQHRIVKDGLQJEHWZHHQ
WKH WZR KDOYHV RI WKH VKHOO ,W ZDV WKHQ VOLFHG IURP ERWK VLGHV )LJXUH E   ZLWK
LQFOLQHGSODQHVWRJHQHUDWHWKHVKDGLQJDQGDHVWKHWLFTXDOLW\UHTXLUHG









a
b
c
d
Figure 2. Mechanical Egg curve algorithm(a) and form finding (b-d)
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7KLVLQLWLDOIRUPZDVDGRXEOHFXUYHGVXUIDFHZLWKPRUHFXUYDWXUHWRZDUGVWKHWRSRI
WKHHQYHORSH )LJXUHF GXHWRWKHLQKHUHQWQDWXUHRIWKHHJJIRUP













a
b
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Figure 3. Development and Analysis of the shell

7KHFKDQJHVLQFXUYDWXUHQHHGHGWREHQRPLQDOWRZDUGVWKHVLGHIRUDFFRPPRGDWLQJ
WKHDUHDVDQGYLHZLQJDQJOHVIURPWKHIORRUV7KHYDULDEOHVLQWKHSDUDPHWULFPRGHO
KHOSHGWRVDWLVI\WKHDUHDUHTXLUHPHQWVDHVWKHWLFVDQGLQWHJUDWHVWUXFWXUDOVROXWLRQV
6HYHUDOLWHUDWLRQVRIWKHVOLFHDQJOHZLWKVRODUDQDO\VLV )LJXUHG RIWKHVKHOODORQJ
ZLWKDHVWKHWLFMXGJHPHQWVSURGXFHGWKHILQDOIRUP


*HRPHWULFDSSURDFK

7KHSURFHVVRILWHUDWLRQVRIWKHJHRPHWU\ZDVLQIRUPHGE\UDWLRQDOHVDQGJHRPHWULF
LPSOLFDWLRQV DW DOO VWDJHV )LJXUH DE  7R FUHDWH D VWDQGDUGL]HG DSSURDFK WR WKLV
QRQVWDQGDUG VXUIDFH WKH VXUIDFH ZDV LQLWLDOO\ FUHDWHG DV D FRPELQDWLRQ RI VHYHUDO
SDUDPHWULFDOO\ FRQWUROOHG WRUXV SDWFKHV 7KH HJJ FURVV VHFWLRQ RI WKH IRUP ZDV
UHDOLVHG XVLQJ HLJKW FLUFOHV ZLWK WDQJHQWLDO FRQWLQXLW\ DW WKH SRLQWV RI UHTXLUHG
VWUXFWXUDOMRLQWV )LJXUHF &LUFOHFHQWUHVZHUHGHULYHGDIWHUVLPSOHLWHUDWLYHORRSRI
D IXQFWLRQ WR PLQLPL]H WKH GLVWDQFH IURP WKH RULJLQDO FXUYH UHVSHFWLQJ WKH VSHFLILF
WDQJHQWSRLQWVDQGVDWLVI\LQJWKHIORRUDUHDVZLWKLQDUDQJH
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Figure 4. Analysis of surface, rationalisation, structural layering
7KHWRSRIWKHWRZHUKRVWDVN\UHVWDXUDQWVRWKHFXUYDWXUHRIWKLVSDUWZDVIXUWKHU
UHGXFHG WR DFFRPPRGDWH WKH YROXPHWULF UHTXLUHPHQWV DQG SURYLGH RSHQQHVV WR WKH
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VSDFH7KHRYDOFURVVVHFWLRQLQWKHRWKHUGLUHFWLRQZDVIRUPHGZLWKWKUHHFLUFOHVZLWK
WDQJHQWLDOFRQWLQXLW\6LQFHWKHVKHOOJHRPHWU\LQIOXHQFHGWKH VWUXFWXUDOOD\HUVZLWKLQ
WKH VKHOO WKH JHRPHWULF UHODWLRQVKLS EHWZHHQ VWUXFWXUH DQG H[WHULRU IDFDGH ZHUH
H[SORUHG )LJXUH G  7ZR OD\HUV RI SDQHOV RXWHU DQG LQQHU OD\HU QHHGHG WR EH
HYDOXDWHGZKLFKUHTXLUHGDSDQHOLQJVROXWLRQ


3DQHOLVDWLRQ6WUDWHJLHV

7KHSDQHOLQJVROXWLRQLVJHQHUDOO\DFKLHYHGE\XVLQJDWHVVHOODWLRQDOJRULWKPWREUHDN
WKH JHRPHWU\ LQWR UHTXLUHG VXEGLYLVLRQV 7KH JHQHUDO DSSURDFK LV D WRS GRZQ
PHWKRGRORJ\LQZKLFKWKHVXUIDFH LVH[SORUHGZLWKUHJDUGWRLWVJOREDOWRSRORJ\)RU
PLQLPL]LQJ WKH RYHUDOO FRVW SODQDU TXDGUDQJXODU SDQHOV ZHUH SUHIHUUHG RYHU SODQDU
WULDQJXODUDQGEHQWSDQHOV,QFRQWHPSRUDU\FRQVWUXFWLRQIODWSDQHOVLQJHQHUDOKDYH
VHYHUDO DGYDQWDJHV RYHU ZDUSHG SDQHOV LQFOXGLQJ SURGXFWLYH WLPH PDQXIDFWXULQJ
FRVWGXUDELOLW\DQGPDLQWHQDQFH

7KHIXOOXQVOLFHGVXUIDFHJHRPHWU\ZDVWDNHQIRUWKHSDQHOLQJ7KHHGJHOLQHSDQHOV
IROORZVWKHVOLFHOLQHRIWKHIRUPDQGQHHGHGWREHVL]HGDFFRUGLQJO\6HYHUDOSDQHOLQJ
VROXWLRQVZHUHGHYHORSHGVRPHRIWKHVHZHUHEDVHGRQWKHJOREDOO\FXUYHGIDFDGH
ORFDOO\ SODQDU SDQHOV VRPH ZHUH JOREDOO\ FXUYHG IDFDGHORFDOO\ VWHSSHG DQG RWKHUV
ZHUHEDVHGRQWKHJOREDOO\FXUYHGIDFDGHORFDOO\SODQDUZLWKDGMXVWDEOHGLYHUJHQFHV
ZKHUHGLYHUJHQFHUHIHUVWRWKHJDSVEHWZHHQSDQHOV7KHDLPZDVWRJRZLWKSODQDU
TXDGULODWHUDO SDQHOV $QDO\VLQJ FRQVWUXFWLRQDO VXSSRUW V\VWHP IRU WKH SDQHOV DQG
DHVWKHWLF UHTXLUHPHQWV WKH SDQHO VL]H UHTXLUHG ZDV DURXQG  OHQJWK  DQG 
ZLGWK 

$ WRUXV SDWFK FDQ EH VXEGLYLGHG LQWR URZV RI IODW TXDGULODWHUDO SDQHOV ,Q WKH LQLWLDO
IRUPXODWLRQHLJKWSDUDPHWULFDOO\FRQWUROOHGWRUXVSDWFKHVFRPELQHGWRIRUPWKHRXWHU
SDQHOOHG VXUIDFH JHRPHWU\ +RZHYHU ZLWKLQ HDFK VWULS WKHUH ZHUH YDULDWLRQV LQ WKH
SDQHOVDVSHUWKHLQKHUHQWQDWXUHRIWRUXVIRUP
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Figure 5. Variations in slice angles
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3DQHO2SWLPL]DWLRQ

,Q WKH SUHYLRXV VROXWLRQ HDFK WRUXV SDQHO VWULS KDG D QXPEHU RI YDULDWLRQV DV WKH
SDQHOVVWDUWIURPFHQWUHRIWKHWRZHUDQGSURFHHGWRZDUGVWKHHGJH7KHPDLQDLPRI
WKHRSWLPL]DWLRQZDVWRPLQLPL]HWKHQXPEHURISDQHOYDULDWLRQVLQWKHVXUIDFH7KH
DOJRULWKP GHYHORSHG ZDV EURNHQ GRZQ LQWR D FRXSOH RI VLPSOLILHG URXWLQHV GHDOLQJ
ZLWK VSHFLILF LVVXHV 7KH FHQWUDO FURVV VHFWLRQ FXUYH ZKLFK ZH GHULYHG HDUOLHU IURP
HLJKW DUFV LV WDNHQ DV DQ LQSXW 6LQFH WKH IRUP KDG RQH V\PPHWU\ D[LV ZH KDG WR
GHDO ZLWK RQO\ ILYH FXUYDWXUHV ZKLFK DUH WUHDWHG RQH DW D WLPH )RU HDFK RI WKH
FXUYDWXUHVWKHUHVSHFWLYHFXUYHLVWDNHQDQGDQLWHUDWLYHORRSLVXVHGWRJHQHUDWHWKH
JHRGHVLFVIRUWKDWFXUYDWXUH

7KHFXUYHRIDQ\RQHFXUYDWXUHLVWDNHQDQGDFRQLFDOVXUIDFHLVGHILQHGZLWKLWVEDVH
RQWKLVFXUYHDQGDSH[O\LQJRQWKHYHFWRUSDVVLQJWKURXJKWKHFXUYHFHQWUHQRUPDO
WR LWV EDVH SODQH $ YDULDEOH SODQH SDUDOOHO WR WKLV EDVH SODQH LV GHILQHG WR LQWHUVHFW
WKLVFRQLFDOVXUIDFH$QRSWLPL]DWLRQORRSRIDPLQLPL]LQJIXQFWLRQLVVHWXSWRJHWWKH
LQWHUVHFWLRQ FXUYH RQ WKH FRQLFDO VXUIDFH ZKLFK LV DW D VSHFLILHG GLVWDQFH RI SDQHO
OHQJWK DQG LW FORVHO\ PDWFKHV WKH FXUYDWXUH LQ WKH RWKHU GLUHFWLRQ 7KLV FXUYDWXUH
PDWFK LV GRQH E\ WDNLQJ D FURVV VHFWLRQ FXUYH IROORZLQJ WKDW FXUYDWXUH LQ RWKHU
GLUHFWLRQDQGGLYLGLQJWKHPLQWRSRLQWV7KHQWKHGLVWDQFHRIWKHLQWHUVHFWLRQFXUYHRQ
WKHFRQLFDOVXUIDFHIURPWKHFRUUHVSRQGLQJSRLQWLVREWDLQHG0LQLPL]LQJWKLVGLVWDQFH
WR]HURJLYHVWKHFORVHVWPDWFK6LQFHERWKWKHFXUYHSODQHVDUHSDUDOOHOVRZHJHWD
FRQLFDO VWULS ZLWK ZLGWK HTXDO WR WKH SDQHO OHQJWK DQG ZKLFK FORVHO\ IROORZV WKH
FXUYDWXUHVRQERWKGLUHFWLRQV7DNLQJWKLVQHZFXUYHWKHDERYHVWHSVDUHUHSHDWHGWR
JHQHUDWH LWV FRUUHVSRQGLQJ QH[W FXUYH 7KLV LV UHSHDWHG WLOO WKH IXOO FXUYDWXUH LQ WKH
RWKHU GLUHFWLRQ LV FRYHUHG 5HSHDWLQJ WKLV IRU DOO WKH ILYH FXUYDWXUHV WKH UHTXLUHG
JHRGHVLFVDUHJHQHUDWHG

1H[W VWHS ZDV WKH IRUPDWLRQ RI WKH SDQHOV 7DNLQJ D SDLU RI FRQVHFXWLYHV FXUYHV
HTXDOZDONLQJVWHSVZHUHWDNHQRQWKHILUVWFXUYHWRSODFHSRLQWV)RUHDFKRIWKHVH
SRLQWV D FRUUHVSRQGLQJ QHDUHVW SRLQW ZDV VHDUFKHG LQ WKH RWKHU FXUYH 7KH IRXU
SRLQWVJHQHUDWHGE\ZDONLQJWZRVWHSIRUPVDSDQHO
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Figure 6. Variations in slice angles

7KLV SURFHVV FRQWLQXHV IRU WKH UHPDLQLQJ OHQJWK RI WKLV FXUYHSDLU1H[WWKLVVHFRQG
FXUYH DQG LWV QHLJKERXULQJ FRXQWHUSDUW FXUYH DUH WDNHQ DQG DJDLQ IRU WKHVH WZR
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FXUYHVWKHSUHYLRXVDSSURDFKLVWDNHQWRIRUPWKHSDQHOV7KLVFRQWLQXHVIRUDOOWKH
FXUYHVLQWKLVFXUYDWXUH7KHQWKHFXUYHLQWKHQH[WFXUYDWXUHLVWDNHQDQGWKHDERYH
URXWLQHFRQWLQXHV7KLVUHSHDWVIRUDOOWKHGLIIHUHQWFXUYDWXUHV

)RUHDFKFXUYDWXUHZKLOHWDNLQJDSDLURIFXUYHVVHYHUDOZDONLQJDSSURDFKHVDORQJ
WKHFXUYHVZDVH[SHULPHQWHGZLWKPDLQO\WZROLQHRIDSSURDFK,QWKHILUVWDSSURDFK
Figure 6b) FXUYHV LQ GLIIHUHQW FXUYDWXUH DUH WDNHQ RQH DW D WLPH ZLWK WKH ZDONLQJ
SURFHVVVWRSSLQJDWWKHHQGRIHDFKFXUYDWXUH,QWKHVHFRQGDSSURDFK Figure 6d)
DOO FXUYHV LQ RQH FURVV VHFWLRQ ORRS DUH WUHDWHG DV D VLQJOH FRPSRVLWH FXUYH IRU
ZDONLQJZLWKRXWVWRSSLQJDWWKHFXUYDWXUHFKDQJHSRLQWV2WKHUH[SHULPHQWVLQFOXGHG
WDNLQJWKUHHFXUYHVLQRQHTXDGUDQWDVDFRPSRVLWHFXUYH Figure 6c)DQGORRNLQJLQWR
ZD\VRIPDNLQJVLPSOHSUR[LPLW\GHFLVLRQVDWWKHWRSHQGSRLQWV


3DQHOLQJDQDO\VLV

$ FRQWURO RYHU WKH SDQHO YDULDWLRQ ZDV DFKLHYHG DQG DQDO\VLV RI WKH SDQHO W\SHV
LQGLFDWHGDVLJQLILFDQWUHGXFWLRQLQWKHQXPEHURISDQHOYDULDWLRQV*HRPHWULFUHVXOWV
ZHUH HYDOXDWHG DJDLQVW FRQVWUXFWLRQ FRQGLWLRQV 7KH SDQHOV IRUPHG ZLWK VXFK
WHFKQLTXHDUHDOOSODQDUZLWKLQDWROHUDQFHRIPPDVWKHUHWHQGWREHVOLJKWQHJDWLYH
FXUYDWXUH DW WKH WRS ZKHUH WKH FXUYDWXUH LV PLQLPXP Figure 7a) 7KH SDQHOV DUH
VWDJJHUHGIURPHDFKRWKHUDFFRPPRGDWLQJWKHSDQHOVL]HV Figure 7b,c,d)

,QWKHILUVWDSSURDFKZKHQGHDOLQJZLWKLQGLYLGXDOFXUYDWXUHVVLPLODULW\LQSDQHOVDUH
DFKLHYHG ZLWK IHZ LUUHJXODULWLHV DW WKH FXUYDWXUH WUDQVLWLRQ DUHDV ,Q DQ\ RQH
FXUYDWXUHDVZHJRIURPDODUJHWRVPDOOUDGLXVRISDQHOVWULSWKHSDQHOVWHQGVWRJHW
VPDOOHUKRZHYHUZKHQZRUNLQJZLWKYHU\ODUJHFXUYDWXUHVOLNHWKLVIRUPWDNLQJVPDOO
VWHSVDOORZHGWRGLVWULEXWHWKHGLIIHUHQFHVWRJHWXQLIRUPSDQHOVL]HVDQGWKHQXPEHU
RI SDQHO W\SHV DUH PLQLPXP ,Q WKLV ILUVW DSSURDFK DOO SDQHOV DUH SODQDU ZLWKLQ D
WROHUDQFHRIPP













D 



E



F 


G
Figure 7. Curvature analysis and Panelled surface

,QWKHVHFRQGDSSURDFKIRUWKHSDQHOLQJZHVWDUWZDONLQJIURPWKHORZHVWSRLQWLQWKH
JURXQG OHYHO RI RQH VLGH DQG ORRS WKURXJK WKH IXOO FRPSRVLWH FXUYH 7KLV DSSURDFK
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SURYLGHVQRLUUHJXODULWLHVDWWKHDUHDVRIFXUYDWXUHFKDQJHDQGSODQDULW\RIWKHSDQHOV
ZDV DFKLHYHG ZLWKLQ D WROHUDQFH RI PP ZLWK WKH FXUYDWXUH FKDQJH RI WKH SDQHOV
EHLQJ PLQLPXP $ FRQWURO RYHU WKH SDQHO VLPLODULW\ LV DFKLHYHG ZLWKLQ D VSHFLILHG
UDQJH )LJXUH D  ZLWK VOLJKWO\ PRUH SDQHO W\SHV WKDQ WKH SUHYLRXV DSSURDFK 7KHUH
DUHVRPHLUUHJXODULWLHVDWWKLVERWWRPDUHDRQWKHRWKHUVLGHZKHUHLWMRLQVEDFN6LQFH
WKHIXOOJHRPHWU\ZDVWDNHQIRUSDQHOLQJWKLVSDUWRIWKHVKHOOLVEHORZJURXQGVRLW
FUHDWHVQRLVVXHLQWKLVFDVH)XUWKHULQYHVWLJDWLRQLVUHTXLUHGDVWRKRZWKHSDQHOLQJ
HQG HGJHV ZUDSV XS ZLWK WKH VWDUWLQJ HGJH OLQH IRU RWKHU GHVLJQV ZKLFK DUH
FRQWLQXRXV















D




  E
Figure 8. Paneling variations

.HHSLQJWKHSDQHOOHQJWKFRQVWDQWH[SHULPHQWLQJZLWKWKHVWHSGLVWDQFH SDQHOZLGWK 
IURPWRPP )LJXUHE VKRZVWKDWDVWKHSDQHOZLGWKLQFUHDVHWKHUHWHQG
WR EH PLQRU DQJXODU GHYLDWLRQV RI WKH SDQHO DQG WKH RYHUDOO SODQDULW\ LV DFKLHYHG
ZLWKLQDWROHUDQFHRIPP

7DNLQJLQWRDFFRXQWWKHRYHUDOOVWUXFWXUDODVZHOODVPDWHULDOEHKDYLRUVWKLVDSSURDFK
FDQOHDGWRWUDGHRIIWKHQXPEHURISDQHOW\SHVGHSHQGLQJRQWKHUHTXLUHGDHVWKHWLF
RIWKHYLVLEOHHGJHTXDOLW\IRUWKHGHVLJQ



'LVFXVVLRQ

$UFKLWHFWXUH VWDQGV DV D SURGXFW RI K\EULG SURFHVVHV LQ ZKLFK WUDGLWLRQDO DQG GLJLWDO
PHWKRGV PHUJH ZLWK FRPSXWDWLRQDO IUHHGRP DQG HPHUJHQW GLJLWDO WRROV ,Q D GLJLWDO
HQYLURQPHQW $UFKLWHFWV DUH DEOH WR FXVWRPL]H RQH V RZQ WRROV DQG UHDOL]H GHVLJQ
LQWHQVLRQV PRUH UDWLRQDOO\ 8VLQJ WKHVH WRROV IURP WKH HDUO\ GHVLJQ VWDJH RIIHUV
XQSUHFHGHQWHGIOXLGLW\WKURXJKRXWWKHGHYHORSPHQWRIDSURMHFW

(YHU\ GHVLJQ SUREOHP QRZ GHPDQGV FXVWRP DSSURDFKHV WRROV DQG DQDO\VLV 7KLV
SDSHU GHPRQVWUDWHV WKH FRKHVLYH XVH RI FRPSXWDWLRQDO DSSURDFKHV LQ WKH GHVLJQ
SURFHVV IURP FRQFHSW GHYHORSPHQW WR WKH ILQDO GHVLJQ ,W H[SODLQV WKH JUDGXDO
GHYHORSPHQW DQG VWUDWHJLHV WR VXSSRUW WKH GHVLJQ LQWHQWLRQV DW DOO VWDJHV ,W IXUWKHU
UHVHDUFKHV RQ GLIIHUHQW VWUDWHJLHV WR WKH SDQHOLQJ VROXWLRQ IRU WKH HQYHORSH 7KHVH
DSSURDFKHVVXSSRUWWKHGHVLJQSURFHVVDFURVVVHYHUDOGLVFLSOLQHVDQGFDQEHIXUWKHU
LQYHVWLJDWHGIRUVSHFLILFQHHGVLQPDWHULDOL]DWLRQRIWKHGHVLJQ
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$FNQRZOHGJHPHQWV

, DP JUDWHIXO WR $WNLQV $UFKLWHFWXUH 'HVLJQ  (QJLQHHULQJ  IRU WKH VXSSRUW LQ WKLV
UHVHDUFK , ZRXOG OLNH WR VLQFHUHO\ WKDQN WKH 'HVLJQ 'LUHFWRU RI WKLV SURMHFW IRU KLV
JXLGDQFH DQG VXSSRUW , ZRXOG DOVR OLNH WR WKDQN WKH GHVLJQ WHDP PHPEHUV IRU WKH
GLVFXVVLRQVGXULQJWKHSURMHFW
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$OHMDQGUR/RSH]
5LQFRQ
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,QWHUDFWLYH9LGHR
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5LQFRQ
&156
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Art therapy has been proven to improve the quality of life in cases at nursing homes and suffering from
dementia. It allows to improve the capacity of the senses and improves the independence of the patients [1].
Better still, in the absence of a cure in the foreseeable future for dementia patients, art therapy has been proven
to be a tool to evaluate and improve communication with the patients [2]. For example, in [3,4] the authors
made an application to use mandala drawings as a tool to measure the severity of psychological disorder. Art
therapy has been proven useful for patients suffering from Alzheimer disease. Improving the mood of both
patients and caregivers [5]. There are several associations working along the subject, in France ARTZ[6].
Using the available web resources, such as WebGL and cloud resources we want to create a web-based service
capable of giving interactivity and functioning for art therapy. To achieve this goal we want to make an
interactive interface where the subject can "play" with a series of video sequences as an interactive movie. The
particles are moved by the subject at will. Similar interfaces exist for children with motor and mental
disadvantages as the ones sold by AZ toyz[7].
This application was created from the idea of trying to imitate how human beings draw [8]. The basic idea is we
take a video sequence, separate the frames (into images) and then, convert each frame into particles that can be
manipulated. The particles are actually lines with an initial point, and ending point arranged to give the
impression of reproducing the original image. Similar work can be seen in the project ArtiE-Fract[9,10].

&ŝŐƵƌĞϭǆĂŵƉůĞŽĨǁĞďďĂƐĞĚĂƉƉůŝĐĂƚŝŽŶ͘

Why is it important to try to approximate computer graphics to emulate hand-made drawings? As mentioned in
[11]; with great rendered computer graphics we expect perfection. Whereas from simple drawings we
communicate easier abstract ideas. In this work we want to mimic how humans draw. For example, if we take
into consideration the following hand-made drawing (Fig. 2) we can see this drawing is made from a series of
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pencil strokes as seen in the detailed view
w from Fig. 3.

&ŝŐƵƌĞϮ,ĂŶĚͲŵĂĚĞĚƌĂǁŝŶŐ͘

&ŝŐƵƌĞϯĞƚĂŝůŽĨƚŚĞĚƌĂǁŝŶŐ͘

From Fig. 3 we can see that a line is com
mposed by a series of lines. There are similar works
w
trying to imitate
real pencil strokes. For example in the work from [12] they made a similar work by tryiing to approximate the
lines made by human using an algorithm
m to stylize the images. Other works [13] use a given library and they
retrieve the pencil strokes to try to emulate the drawing.
Once we have the list of positions for the particles, we can manipulate them, "play" with them and the particles
will return to the original position. A sim
milar interactive presentation was presented in thhe Van Gogh Museum
for the painting Van Gogh’s Starry Night Interactive
I
by Petros Vrellis [14].
In this research we do not apply a mathem
matical rule to apply the drawing of a line baseed on the color of each
pixel. We create an algorithm which com
mpares an image line by line to the image we want
w
to reproduce. For
example in the Fig 3 we show how particcle by particle we approximate to the original draawing.

&ŝŐƵƌĞϰƌĂǁŝŶŐďǇϱϬWĂƌƚŝĐůĞƐ;ůĞĨƚͿĂŶĚϭϬ͕ϬϬϬƉĂƌƚŝĐůĞƐ;ƌŝŐŚƚͿ͘
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The problem we face is how to create the series of particles. For this purpose, we used random search by
creating a series of images with a line in a random position, and compare it to the original to see if it was closer
to the image we want to reproduce. This approach takes a lot of time, therefore we went to more complicated
techniques using genetic algorithms to look for the position of the particles.
To implement the GA techniques we use the library EASEA. EASEA (EAsy Specification of Evolutionary
Algorithms) is an Artificial Evolution platform that allows to implement evolutionary algorithms and to exploit
the massive parallelism of many-core architectures in order to optimize real-world problems (continous,
discrete, combinatorial, mixed and more (with Genetic Programming)) [15-18].

For our research we tested 2 different methodologies of treating an image. In both applications we treated the
image to only have black and white. In Fig. 5 we have the original image and in Fig. 6 the high contrast in black
and white version to apply the algorithms. The first rule is to extract an outline; we do this by making an
analysis of the contrast between each colour. If the pixel colour is very different to the subsequent colour, then
we consider it a black pixel, in the other case a white pixel. This idea comes from the drawing technique, when
we wish to extract the forms of an image or a real life.
Considering the difference in colours for the construction of images by contrast is not something new, and does
not requires a complex algorithm. Next, we transform the image into 3 matrixes of the size of the image.

&ŝŐƵƌĞϱKƌŝŐŝŶĂůƌĂǁŝŶŐ
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&ŝŐƵƌĞϲůĂĐŬĂŶĚǁŚŝƚĞŝŵĂŐĞ͘

The matrixes are for the Red, Green and Blue (RGB) value. Each matrix value is the value of the pixel in that
position for the RGB component. The posible values vary from 0 to 255. For the case of black and white we
will have that all of the matrixes are the same, and we will only have two possible options, for the [x,y] pixel we
will have:
Black R[x,y],G[x,y], B[x,y]=0,
White R[x,y],G[x,y], B[x,y]=255.
In the firt approach we create a line with a fixed length (5 pixels) and a random position and random angle. To
make the line we use the Bresenham algorithm as implemented in [19]. We use this algorithm because it uses
integer matrix for the representation of the image which makes it easier to translate it to several languages and
plataforms.
We create 100 images with different lines and compare them to the original image. For the first run the best
image becomes the temporal image. To compare it to the original image we use the following cost function:

ܿ ݐݏൌ σ
ୀ σୀሺȁܴ ሾ݅ǡ ݆ሿ െ ܴ ሾ݅ǡ ݆ሿȁ  ȁܩ ሾ݅ǡ ݆ሿ െ ܩ ሾ݅ǡ ݆ሿȁ  ȁܤ ሾ݅ǡ ݆ሿ െ ܤ ሾ݅ǡ ݆ሿȁሻ

(1)

where
݉ ൌ ݄݄݄݁݅݃݁݃ܽ݉݅݁ݐ݂ݐǡ
݊ ൌ ݄݁݃ܽ݉݅݁ݐ݂݄ݐ݀݅ݓǡ
ܴ ǡ ܩ ǡ ܤ ൌ ݏ݁ܿ݅ݎݐ݈ܽ݉݁݃ܽ݉݅ܽ݊݅݃݅ݎǡ
ܴ ǡ ܩ ǡ ܤ ൌ ݈ܿܽܿݏ݁ܿ݅ݎݐܽ݉݁݃ܽ݉݅݀݁ݐ݈ܽݑǤ
If any of the 100 images has a lower cost than the temporal image, then we have a new temporal image.We
repeat this procedure several times. For example for the Fig. 6 we will have the following creation of particles.
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&ŝŐƵƌĞϳƌĂǁŝŶŐďǇϱϬƉĂƌƚŝĐůĞƐ;ƚŽƉůĞĨƚͿ͕ϱϬϬƉĂƌƚŝĐůĞ
ĞƐ;ƚŽƉƌŝŐŚƚͿ͕ϱ͕ϬϬϬƉĂƌƚŝĐůĞƐ;ďŽƚƚŽŵůĞĨƚͿ͕ĂŶĚϭϬ͕ϬϬϬƉĂƌƚŝĐůĞĞƐ;ďŽƚƚŽŵƌŝŐŚƚͿ͘

The second approach is to create the particcles by choosing two random points and then make a line. For this
approach we use the EASEA library and the cost function from Eq. 1. We have 100 indiviiduals in the
population, and 30 generations. The param
meters to search are the beginning point x, y and ending point x, y
positions.
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&ŝŐƵƌĞϴZĞƉƌŽĚƵĐƚŝŽŶŽĨƚŚĞŝŵĂŐĞ͘KƌŝŐŝŶĂůƉŝĐƚƵƌĞ;ƚƚŽƉůĞĨƚͿ͕ϮϬƉĂƌƚŝĐůĞƐ;ƚŽƉŵŝĚĚůĞͿ͕ϰϬƉĂƌƚŝĐůĞƐ;ƚŽƉƌŝŐŚƚͿ͕ϭϬϬ
ϬƉĂƌƚŝĐůĞƐ;ďŽƚƚŽŵůĞĨƚͿ͕ϭϱϬ
ƉĂƌƚŝĐůĞƐ;ďŽƚƚŽŵŵŝĚĚůĞͿ͕ĂŶĚϯϬϬƉĂƌƚŝĐůĞƐ;ďŽƚƚŽŵƌƌŝŐŚƚͿ͘

Applying this methodology to the Fig. 6 we
w get the following result, we added the originaal image for
comparison.

&ŝŐƵƌĞϵKƌŝŐŝŶĂů/ŵĂŐĞ;ůĞĨƚͿ͕ĂŶĚƌĞĐŽŶƐƚƌƵĐƚŝŽŶϭ͕ϬϬ
ϬϬƉĂƌƚŝĐůĞƐ;ƌŝŐŚƚͿ͘

Finally, as we have the particles we use eiither WebGL or other visualization technique forr example a C#
application to move the particles. In
http://www.itsamazigh.com/Resonance/Hoope/ArtificialDrawing.html
there is an application for two processed images
i
for 1000 particles using WebGL. The paarticles change from
one position, to the other and also predefin
ned positions as shown in Fig. 10.

&ŝŐƵƌĞϭϬtĞď'>ĂƉƉůŝĐĂƚŝŽŶĨŽƌϭϬϬƉĂƌƚŝĐůĞƐ͘^ƉŚĞƌĞƉŽƐŝƚŝŽŶ;ůĞĨƚͿ͕ƚƌĂŶƐŝƚŝŽŶĨƌŽŵƐƉŚĞƌĞƚŽĨƌĂŵĞ;ŵŝĚĚůĞͿ͕ĂŶĚĨƌĂŵĞ;ƌŝŐŚƚͿ͘

For these applications and both approachees, the particles are saved with the following form
mat:
var table3 = [0,0,5,0,
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822,565,827,564,
817,565,822,566,
976,592,971,594,
991,578,992,583,
986,571,981,571,
1036,612,1037,617,
1018,611,1013,610,
....
giving the beginning and ending point of each line.
  
The tests show that creating the particle system for an image depends on the available resources and for each
frame step can take several hours. With a computer with Intel(R) Core(TM) i7-2860QM CPU @ 2.50Hz and
8.00 (RAM) the construction time is around 8 hours. The time varies depending on the image.
To display the particles in a web based interface or an application is not computationally costly. The
computational cost is in transforming a full video sequence into a series of particles. For example a 3 minute
sequence with 30 fps (frames per second) will take around 43,200 computational hours.
To speed-up our algorithms we are going to add more non-linear constraints to the creation of particles; for
example identification of 2d geometric primitves as in [20]. The next step is to start making some tests with
individuals to see the application as art therapy which is our main objective.
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ͬΎͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ

dĞŵƉůĂƚĞĨŽƌĂŶ^ĞǀŽůƵƚŝŽŶĂƌǇĂůŐŽƌŝƚŚŵĨŽƌĞĂƐĞĂǀϭ͘Ϭ͘ϯ
ͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺͺ
Ύͬ

ͰhƐĞƌĚĞĐůĂƌĂƚŝŽŶƐ͗ͬͬdŚŝƐƐĞĐƚŝŽŶŝƐĐŽƉŝĞĚŽŶƚŽƉŽĨƚŚĞŽƵƚƉƵƚĨŝůĞ
ηŝŶĐůƵĚĞфĨƐƚƌĞĂŵх
ηŝŶĐůƵĚĞфƐƚƌŝŶŐх
ηŝŶĐůƵĚĞфŝŽƐƚƌĞĂŵх
ηĚĞĨŝŶĞDͺW/ϯ͘ϭϰϭϱϵϮϲϱϯϱϴϵϳϵϯϮϯϴϰϲ
ηŝŶĐůƵĚĞфŵĂƚŚ͘Śх
ηŝŶĐůƵĚĞфĐƚǇƉĞ͘Śх
ηŝŶĐůƵĚĞфĐƐƚƌŝŶŐх
ηŝŶĐůƵĚĞфƐƐƚƌĞĂŵх
ηŝŶĐůƵĚĞфĐƐƚĚůŝďх
ηŝŶĐůƵĚĞфƐƚĚŝŽ͘Śх


ŝŶƚΎΎZŵĂƚ͖
ŝŶƚΎΎ'ŵĂƚ͖
ŝŶƚΎΎŵĂƚ͖

ŝŶƚΎΎZŵĂƚƚĞŵƉ͖
ŝŶƚΎΎ'ŵĂƚƚĞŵƉ͖
ŝŶƚΎΎŵĂƚƚĞŵƉ͖

ŝŶƚΎΎZŵĂƚ>ŝŶĞ͖
ŝŶƚΎΎ'ŵĂƚ>ŝŶĞ͖
ŝŶƚΎΎŵĂƚ>ŝŶĞ͖

ŝŶƚDсϬ͖
ŝŶƚEсϬ͖
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ͰĞŶĚ

ͰhƐĞƌĨƵŶĐƚŝŽŶƐ͗

ŝŶƚƐƚƌƚŽŝŶƚ;ƐƚĚ͗͗ƐƚƌŝŶŐƚĞǆƚͿ

ŝŶƚĂ͖

ƐƚĚ͗͗ƐƚƌŝŶŐƐƚƌĞĂŵƐƚƌĞĂŵ͖

ĨŽƌ;ŝŶƚďсϬ͖ďфƚĞǆƚ͘ƐŝǌĞ;Ϳ͖ďннͿ


ŝĨ;͊ŝƐĚŝŐŝƚ;ƚĞǆƚ͘Ăƚ;ďͿͿͿ



ƚĞǆƚ͘ĞƌĂƐĞ;ď͕ϭͿ͖






ƐƚƌĞĂŵффƚĞǆƚффƐƚĚ͗͗ĨůƵƐŚ͖

ƐƚƌĞĂŵххĂ͖

ƌĞƚƵƌŶĂ͖


ǀŽŝĚƌĞĂĚDĂƚƌŝǆ;ĐŚĂƌΎŶĂŵĞ͕ŝŶƚΎΎΘdƌĂŶƐĨĞƌ͕ŝŶƚΘD͕ŝŶƚΘEͿ


ƐƚĚ͗͗ŝĨƐƚƌĞĂŵĨŝůĞ;ŶĂŵĞͿ͖

ƐƚĚ͗͗ƐƚƌŝŶŐƐƚƌ͖

ƐƚĚ͗͗ŐĞƚůŝŶĞ;ĨŝůĞ͕ƐƚƌͿ͖

DсƐƚƌƚŽŝŶƚ;ƐƚƌͿ͖

ƐƚĚ͗͗ŐĞƚůŝŶĞ;ĨŝůĞ͕ƐƚƌͿ͖

EсƐƚƌƚŽŝŶƚ;ƐƚƌͿ͖

dƌĂŶƐĨĞƌсŶĞǁŝŶƚΎD͖
ĨŽƌ;ŝŶƚŝсϬ͖ŝфD͖ннŝͿ
dƌĂŶƐĨĞƌŝсŶĞǁŝŶƚE͖


ĨŽƌ;ŝŶƚŝсϬ͖ŝфD͖ŝннͿ




ƐƚĚ͗͗ŐĞƚůŝŶĞ;ĨŝůĞ͕ƐƚƌͿ͖


ƐƚĚ͗͗ƐƚƌŝŶŐǁŽƌĚ͖


ƐƚĚ͗͗ƐƚƌŝŶŐƐƚƌĞĂŵƐƚƌĞĂŵ;ƐƚƌͿ͖


ĨŽƌ;ŝŶƚũсϬ͖ũфE͖ũннͿ






ƐƚĚ͗͗ŐĞƚůŝŶĞ;ƐƚƌĞĂŵ͕ǁŽƌĚ͕ΖΖͿ͖



dƌĂŶƐĨĞƌŝũсĂƚŽŝ;ǁŽƌĚ͘ĐͺƐƚƌ;ͿͿ͖



ͬͬƐƚĚ͗͗ŝƐƚƌŝŶŐƐƚƌĞĂŵŽƐ;ǁŽƌĚ͘ĐͺƐƚƌ;ͿͿ͖



ͬͬŽƐххdƌĂŶƐĨĞƌŝũ͖






ƐƚĚ͗͗ĐŽƵƚффΗDĂƚƌŝǆůŽĂĚĞĚΗффΗͰŶΗ͖





ǀŽŝĚƉƌŝŶƚDĂƚƌŝǆ;ŝŶƚΎΎŵĂƚƌŝǆ͕ŝŶƚƌŽǁƐ͕ŝŶƚĐŽůƐ͕ĐŚĂƌΎŶĂŵĞͿ


&/>ΎĨсĨŽƉĞŶ;ŶĂŵĞ͕ΗǁΗͿ͖

ŝĨ;ĨссEh>>Ϳ




ƉƌŝŶƚĨ;ΗƌƌŽƌŽƉĞŶŝŶŐĨŝůĞ͊ͰŶΗͿ͖


Ğǆŝƚ;ϭͿ͖



ĨƉƌŝŶƚĨ;Ĩ͕ΗйŝͰŶΗ͕ƌŽǁƐͿ͖

ĨƉƌŝŶƚĨ;Ĩ͕ΗйŝͰŶΗ͕ĐŽůƐͿ͖


ĨŽƌ;ŝŶƚŝсϬ͖ŝфƌŽǁƐ͖ŝннͿ




ĨŽƌ;ŝŶƚũсϬ͖ũфĐŽůƐ͖ũннͿ






ĨƉƌŝŶƚĨ;Ĩ͕ΗйŝΗ͕ŵĂƚƌŝǆŝũͿ͖





ĨƉƌŝŶƚĨ;Ĩ͕ΗͰŶΗͿ͖



ĨĐůŽƐĞ;ĨͿ͖







ǀŽŝĚ^ǁĂƉEƵŵ;ŝŶƚΘǆ͕ŝŶƚΘǇͿ



ŝŶƚƚĞŵƉƐǁĂƉсǆ͖
ǆсǇ͖
ǇсƚĞŵƉƐǁĂƉ͖



ǀŽŝĚ>ŝŶĞϮ;ŝŶƚǆ͕ŝŶƚǇ͕ŝŶƚǆϮ͕ŝŶƚǇϮ͕
ŝŶƚΎΎΘZŵĂƚ͕ŝŶƚΎΎΘ'ŵĂƚ͕ŝŶƚΎΎΘŵĂƚ͕
ŝŶƚƌ͕ŝŶƚŐ͕ŝŶƚďͿ


ŝŶƚǆϬсǆ͖
ŝŶƚǇϬсǇ͖
ŝŶƚǆϭсǆϮ͖
ŝŶƚǇϭсǇϮ͖

ŝĨ;ǆϬфϬͿ




ǆϬсϬ͖



ŝĨ;ǆϬхEͿ




ǆϬсEͲϭ͖



ŝĨ;ǆϭфϬͿ




ǆϭсϬ͖



ŝĨ;ǆϭхEͿ




ǆϭсEͲϭ͖




ŝĨ;ǇϬфϬͿ




ǇϬсϬ͖



ŝĨ;ǇϬхDͿ




ǇϬсDͲϭ͖



ŝĨ;ǇϭфϬͿ




ǇϭсϬ͖



ŝĨ;ǇϭхDͿ




ǇϭсDͲϭ͖



ďŽŽůƐƚĞĞƉсĂďƐ;ǇϭͲǇϬͿхĂďƐ;ǆϭͲǆϬͿ͖
ŝĨ;ƐƚĞĞƉͿ

^ǁĂƉEƵŵ;ǆϬ͕ǇϬͿ͖
^ǁĂƉEƵŵ;ǆϭ͕ǇϭͿ͖

ŝĨ;ǆϬхǆϭͿ

^ǁĂƉEƵŵ;ǆϬ͕ǆϭͿ͖
^ǁĂƉEƵŵ;ǇϬ͕ǇϭͿ͖

ŝŶƚĚĞůƚĂǆсǆϭͲǆϬ͖
ŝŶƚĚĞůƚĂǇсĂďƐ;ǇϭͲǇϬͿ͖
ŝŶƚĞƌƌŽƌсͲĚĞůƚĂǆͬϮ͖
ŝŶƚǇƐƚĞƉ͖
ŝŶƚǇƚсǇϬ͖
ŝĨ;ǇϬфǇϭͿǇƐƚĞƉсϭ͖ĞůƐĞǇƐƚĞƉсͲϭ͖
ĨŽƌ;ŝŶƚǆƚсǆϬ͖ǆƚфǆϭ͖ǆƚннͿ

ŝĨ;ƐƚĞĞƉͿ

ͬͬƉůŽƚ͘^ĞƚWŝǆĞů;ŶĞǁWŽŝŶƚ;Ǉ͕ǆͿͿ͖
ZŵĂƚǇƚǆƚсƌ͖
'ŵĂƚǇƚǆƚсŐ͖
ŵĂƚǇƚǆƚсď͖

ĞůƐĞ
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ZŵĂƚǆƚǇƚсƌ͖
'ŵĂƚǆƚǇƚсŐ͖
ŵĂƚǆƚǇƚсď͖
ͬͬƉůŽƚ͘^ĞƚWŝǆĞů;ŶĞǁWŽŝŶƚ;ǆ͕ǇͿͿ͖

ĞƌƌŽƌсĞƌƌŽƌнĚĞůƚĂǇ͖
ŝĨ;ĞƌƌŽƌхϬͿ

ǇƚсǇƚнǇƐƚĞƉ͖
ĞƌƌŽƌсĞƌƌŽƌͲĚĞůƚĂǆ͖






ŝŶƚŐĞƚŽƐƚϮ;ŝŶƚĂ͕ŝŶƚď͕ŝŶƚĐ͕ŝŶƚĚͿ




ŝŶƚƚĞŵƉсϬ͖


ĨŽƌ;ŝŶƚŝсϬ͖ŝфD͖ŝннͿ





ĨŽƌ;ŝŶƚũсϬ͖ũфE͖ũннͿ






ZŵĂƚ>ŝŶĞŝũсZŵĂƚƚĞŵƉŝũ͖



'ŵĂƚ>ŝŶĞŝũс'ŵĂƚƚĞŵƉŝũ͖



ŵĂƚ>ŝŶĞŝũсŵĂƚƚĞŵƉŝũ͖










>ŝŶĞϮ;Ă͕ď͕Đ͕Ě͕ZŵĂƚ>ŝŶĞ͕'ŵĂƚ>ŝŶĞ͕ŵĂƚ>ŝŶĞ͕Ϭ͕Ϭ͕ϬͿ͖


ĨŽƌ;ŝŶƚŝсϬ͖ŝфD͖ŝннͿ





ĨŽƌ;ŝŶƚũсϬ͖ũфE͖ũннͿ






ƚĞŵƉсƚĞŵƉнĂďƐ;ZŵĂƚŝũͲZŵĂƚ>ŝŶĞŝũͿ͖



ƚĞŵƉсƚĞŵƉнĂďƐ;'ŵĂƚŝũͲ'ŵĂƚ>ŝŶĞŝũͿ͖



ƚĞŵƉсƚĞŵƉнĂďƐ;ŵĂƚŝũͲŵĂƚ>ŝŶĞŝũͿ͖










ƌĞƚƵƌŶƚĞŵƉ͖


ͰĞŶĚ

ͰĞĨŽƌĞĞǀĞƌǇƚŚŝŶŐĞůƐĞĨƵŶĐƚŝŽŶ͗



ƌĞĂĚDĂƚƌŝǆ;ĐŽŶƐƚͺĐĂƐƚфĐŚĂƌΎх;ΗZŵĂƚ͘ŵĂƚƌŝǆΗͿ͕ZŵĂƚ͕D͕EͿ͖

ƌĞĂĚDĂƚƌŝǆ;ĐŽŶƐƚͺĐĂƐƚфĐŚĂƌΎх;Η'ŵĂƚ͘ŵĂƚƌŝǆΗͿ͕'ŵĂƚ͕D͕EͿ͖

ƌĞĂĚDĂƚƌŝǆ;ĐŽŶƐƚͺĐĂƐƚфĐŚĂƌΎх;ΗŵĂƚ͘ŵĂƚƌŝǆΗͿ͕ŵĂƚ͕D͕EͿ͖

ƌĞĂĚDĂƚƌŝǆ;ĐŽŶƐƚͺĐĂƐƚфĐŚĂƌ
Ύх;ΗZŵĂƚƚĞŵƉ͘ŵĂƚƌŝǆΗͿ͕ZŵĂƚƚĞŵƉ͕D͕EͿ͖

ƌĞĂĚDĂƚƌŝǆ;ĐŽŶƐƚͺĐĂƐƚфĐŚĂƌ
Ύх;Η'ŵĂƚƚĞŵƉ͘ŵĂƚƌŝǆΗͿ͕'ŵĂƚƚĞŵƉ͕D͕EͿ͖

ƌĞĂĚDĂƚƌŝǆ;ĐŽŶƐƚͺĐĂƐƚфĐŚĂƌ
Ύх;ΗŵĂƚƚĞŵƉ͘ŵĂƚƌŝǆΗͿ͕ŵĂƚƚĞŵƉ͕D͕EͿ͖


ƌĞĂĚDĂƚƌŝǆ;ĐŽŶƐƚͺĐĂƐƚфĐŚĂƌ
Ύх;ΗZŵĂƚƚĞŵƉ͘ŵĂƚƌŝǆΗͿ͕ZŵĂƚ>ŝŶĞ͕D͕EͿ͖

ƌĞĂĚDĂƚƌŝǆ;ĐŽŶƐƚͺĐĂƐƚфĐŚĂƌ
Ύх;Η'ŵĂƚƚĞŵƉ͘ŵĂƚƌŝǆΗͿ͕'ŵĂƚ>ŝŶĞ͕D͕EͿ͖

ƌĞĂĚDĂƚƌŝǆ;ĐŽŶƐƚͺĐĂƐƚфĐŚĂƌ
Ύх;ΗŵĂƚƚĞŵƉ͘ŵĂƚƌŝǆΗͿ͕ŵĂƚ>ŝŶĞ͕D͕EͿ͖


ĐŽƵƚффDффĞŶĚů͖

ĐŽƵƚффEффĞŶĚů͖


ͬͬ>ŝŶĞϮ;ϯϬϬ͕ϯϬϬ͕Ϭ͕Ϭ͕ZŵĂƚ͕'ŵĂƚ͕ŵĂƚ͕Ϭ͕Ϭ͕ϬͿ͖

ͬͬƉƌŝŶƚDĂƚƌŝǆ;ZŵĂƚ͕D͕E͕ΗZŵĂƚϮ͘ŵĂƚƌŝǆΗͿ͖



ͰĞŶĚ

ͰĨƚĞƌĞǀĞƌǇƚŚŝŶŐĞůƐĞĨƵŶĐƚŝŽŶ͗

ͬͬƐƚĚ͗͗ĐŽƵƚфф;ΎƉŽƉƵůĂƚŝŽŶͿ͖

ĐŽƵƚфф;ƉŽƉƵůĂƚŝŽŶͲхĞƐƚͲхƐĞƌŝĂůŝǌĞ;ͿͿффĞŶĚů͖
ƐƚƌŝŶŐƐƚƌсƉŽƉƵůĂƚŝŽŶͲхĞƐƚͲхƐĞƌŝĂůŝǌĞ;Ϳ͖


ƐƚƌŝŶŐǁŽƌĚ͖

ƐƚƌŝŶŐƐƚƌĞĂŵƐƚƌĞĂŵ;ƐƚƌͿ͖



ŐĞƚůŝŶĞ;ƐƚƌĞĂŵ͕ǁŽƌĚ͕ΖΖͿ͖


ŝŶƚĚсĂƚŽŝ;ǁŽƌĚ͘ĐͺƐƚƌ;ͿͿ͖


ŐĞƚůŝŶĞ;ƐƚƌĞĂŵ͕ǁŽƌĚ͕ΖΖͿ͖


ŝŶƚĐсĂƚŽŝ;ǁŽƌĚ͘ĐͺƐƚƌ;ͿͿ͖


ŐĞƚůŝŶĞ;ƐƚƌĞĂŵ͕ǁŽƌĚ͕ΖΖͿ͖


ŝŶƚďсĂƚŽŝ;ǁŽƌĚ͘ĐͺƐƚƌ;ͿͿ͖


ŐĞƚůŝŶĞ;ƐƚƌĞĂŵ͕ǁŽƌĚ͕ΖΖͿ͖


ŝŶƚĂсĂƚŽŝ;ǁŽƌĚ͘ĐͺƐƚƌ;ͿͿ͖


ĐŽƵƚффĂффΗͰŶΗ͖
ĐŽƵƚффďффΗͰŶΗ͖
ĐŽƵƚффĐффΗͰŶΗ͖
ĐŽƵƚффĚффΗͰŶΗ͖

>ŝŶĞϮ;Ă͕ď͕Đ͕Ě͕ZŵĂƚƚĞŵƉ͕'ŵĂƚƚĞŵƉ͕ŵĂƚƚĞŵƉ͕Ϭ͕Ϭ͕ϬͿ͖
ƉƌŝŶƚDĂƚƌŝǆ;ZŵĂƚƚĞŵƉ͕D͕E͕ΗZŵĂƚƚĞŵƉ͘ŵĂƚƌŝǆΗͿ͖
ƉƌŝŶƚDĂƚƌŝǆ;'ŵĂƚƚĞŵƉ͕D͕E͕Η'ŵĂƚƚĞŵƉ͘ŵĂƚƌŝǆΗͿ͖
ƉƌŝŶƚDĂƚƌŝǆ;ŵĂƚƚĞŵƉ͕D͕E͕ΗŵĂƚƚĞŵƉ͘ŵĂƚƌŝǆΗͿ͖
ͰĞŶĚ

ͰƚƚŚĞďĞŐŝŶŶŝŶŐŽĨĞĂĐŚŐĞŶĞƌĂƚŝŽŶĨƵŶĐƚŝŽŶ͗

ͰĞŶĚ

ͰƚƚŚĞĞŶĚŽĨĞĂĐŚŐĞŶĞƌĂƚŝŽŶĨƵŶĐƚŝŽŶ͗

ͰĞŶĚ

ͰƚĞĂĐŚŐĞŶĞƌĂƚŝŽŶďĞĨŽƌĞƌĞĚƵĐĞĨƵŶĐƚŝŽŶ͗
ͬͬĐŽƵƚффΗƚĞĂĐŚŐĞŶĞƌĂƚŝŽŶďĞĨŽƌĞƌĞƉůĂĐĞŵĞŶƚĨƵŶĐƚŝŽŶĐĂůůĞĚΗффĞŶĚů͖

ͰĞŶĚ

ͰhƐĞƌĐůĂƐƐĞƐ͗
'ĞŶŽŵĞůĂƐƐ
ͬͬŶĞĞĚƚŽĚĞĐůĂƌĞƚŚĞŐĞŶŽŵĞŚĞƌĞ
ŝŶƚĂ͕ď͕Đ͕Ě͖

ͰĞŶĚ

Ͱ'ĞŶŽŵĞůĂƐƐ͗͗ĚŝƐƉůĂǇ͗

ƉƌŝŶƚĨ;ΗйŝйŝйŝйŝͰŶΗ͕'ĞŶŽŵĞ͘Ă͕'ĞŶŽŵĞ͘ď͕'ĞŶŽŵĞ͘Đ͕
'ĞŶŽŵĞ͘ĚͿ͖
ͬͬƉƌŝŶƚĨ;ΗйĨͰŶΗ͕'ĞŶŽŵĞ͘ĂͿ͖
ͰĞŶĚ


Ͱ'ĞŶŽŵĞůĂƐƐ͗͗ŝŶŝƚŝĂůŝƐĞƌ͗ͬͬΗŝŶŝƚŝĂůŝǌĞƌΗŝƐĂůƐŽĂĐĐĞƉƚĞĚ
ͬͬƚŚĞŐĞŶŽŵĞƚŽŝŶŝƚŝĂůŝƐĞŝƐŬŶŽǁŶĂƐΗ'ĞŶŽŵĞΗ
'ĞŶŽŵĞ͘ĂсƌĂŶĚŽŵ;Ϭ͕EͿ͖
'ĞŶŽŵĞ͘ďсƌĂŶĚŽŵ;Ϭ͕DͿ͖
'ĞŶŽŵĞ͘ĐсƌĂŶĚŽŵ;Ϭ͕EͿ͖
'ĞŶŽŵĞ͘ĚсƌĂŶĚŽŵ;Ϭ͕DͿ͖
ͰĞŶĚ

Ͱ'ĞŶŽŵĞůĂƐƐ͗͗ĐƌŽƐƐŽǀĞƌ͗

ŝŶƚĐŽƐƚсŐĞƚŽƐƚϮ;ƉĂƌĞŶƚϭ͘Ă͕ƉĂƌĞŶƚϭ͘ď͕ƉĂƌĞŶƚϭ͘Đ͕ƉĂƌĞŶƚϭ͘ĚͿ͖
ĐŚŝůĚ͘ĂсƉĂƌĞŶƚϭ͘Ă͖
ĐŚŝůĚ͘ďсƉĂƌĞŶƚϭ͘ď͖
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ĐŚŝůĚ͘ĐсƉĂƌĞŶƚϭ͘Đ͖
ĐŚŝůĚ͘ĚсƉĂƌĞŶƚϭ͘Ě͖

ŝŶƚĐŽƐƚdĞŵƉсŐĞƚŽƐƚϮ;ƉĂƌĞŶƚϭ͘Ă͕ƉĂƌĞŶƚϭ͘ď͕ƉĂƌĞŶƚϮ͘Đ͕ƉĂƌĞŶƚϭ͘ĚͿ͖
ŝĨ;ĐŽƐƚdĞŵƉфсĐŽƐƚͿ

ĐŚŝůĚ͘ĂсƉĂƌĞŶƚϭ͘Ă͖
ĐŚŝůĚ͘ďсƉĂƌĞŶƚϭ͘ď͖
ĐŚŝůĚ͘ĐсƉĂƌĞŶƚϮ͘Đ͖
ĐŚŝůĚ͘ĚсƉĂƌĞŶƚϭ͘Ě͖
ĐŽƐƚсĐŽƐƚdĞŵƉ͖


ĐŽƐƚdĞŵƉсŐĞƚŽƐƚϮ;ƉĂƌĞŶƚϭ͘Ă͕ƉĂƌĞŶƚϮ͘ď͕ƉĂƌĞŶƚϭ͘Đ͕ƉĂƌĞŶƚϭ͘ĚͿ͖
ŝĨ;ĐŽƐƚdĞŵƉфсĐŽƐƚͿ

ĐŚŝůĚ͘ĂсƉĂƌĞŶƚϭ͘Ă͖
ĐŚŝůĚ͘ďсƉĂƌĞŶƚϮ͘ď͖
ĐŚŝůĚ͘ĐсƉĂƌĞŶƚϭ͘Đ͖
ĐŚŝůĚ͘ĚсƉĂƌĞŶƚϭ͘Ě͖
ĐŽƐƚсĐŽƐƚdĞŵƉ͖


ĐŽƐƚdĞŵƉсŐĞƚŽƐƚϮ;ƉĂƌĞŶƚϭ͘Ă͕ƉĂƌĞŶƚϮ͘ď͕ƉĂƌĞŶƚϮ͘Đ͕ƉĂƌĞŶƚϭ͘ĚͿ͖
ŝĨ;ĐŽƐƚdĞŵƉфсĐŽƐƚͿ

ĐŚŝůĚ͘ĂсƉĂƌĞŶƚϭ͘Ă͖
ĐŚŝůĚ͘ďсƉĂƌĞŶƚϮ͘ď͖
ĐŚŝůĚ͘ĐсƉĂƌĞŶƚϮ͘Đ͖
ĐŚŝůĚ͘ĚсƉĂƌĞŶƚϭ͘Ě͖
ĐŽƐƚсĐŽƐƚdĞŵƉ͖


ĐŽƐƚdĞŵƉсŐĞƚŽƐƚϮ;ƉĂƌĞŶƚϮ͘Ă͕ƉĂƌĞŶƚϭ͘ď͕ƉĂƌĞŶƚϭ͘Đ͕ƉĂƌĞŶƚϭ͘ĚͿ͖
ŝĨ;ĐŽƐƚdĞŵƉфсĐŽƐƚͿ

ĐŚŝůĚ͘ĂсƉĂƌĞŶƚϮ͘Ă͖
ĐŚŝůĚ͘ďсƉĂƌĞŶƚϭ͘ď͖
ĐŚŝůĚ͘ĐсƉĂƌĞŶƚϭ͘Đ͖
ĐŚŝůĚ͘ĚсƉĂƌĞŶƚϭ͘Ě͖
ĐŽƐƚсĐŽƐƚdĞŵƉ͖


ĐŽƐƚdĞŵƉсŐĞƚŽƐƚϮ;ƉĂƌĞŶƚϮ͘Ă͕ƉĂƌĞŶƚϭ͘ď͕ƉĂƌĞŶƚϮ͘Đ͕ƉĂƌĞŶƚϭ͘ĚͿ͖
ŝĨ;ĐŽƐƚdĞŵƉфсĐŽƐƚͿ

ĐŚŝůĚ͘ĂсƉĂƌĞŶƚϮ͘Ă͖
ĐŚŝůĚ͘ďсƉĂƌĞŶƚϭ͘ď͖
ĐŚŝůĚ͘ĐсƉĂƌĞŶƚϮ͘Đ͖
ĐŚŝůĚ͘ĚсƉĂƌĞŶƚϭ͘Ě͖
ĐŽƐƚсĐŽƐƚdĞŵƉ͖


ĐŽƐƚdĞŵƉсŐĞƚŽƐƚϮ;ƉĂƌĞŶƚϮ͘Ă͕ƉĂƌĞŶƚϮ͘ď͕ƉĂƌĞŶƚϭ͘Đ͕ƉĂƌĞŶƚϭ͘ĚͿ͖
ŝĨ;ĐŽƐƚdĞŵƉфсĐŽƐƚͿ

ĐŚŝůĚ͘ĂсƉĂƌĞŶƚϮ͘Ă͖
ĐŚŝůĚ͘ďсƉĂƌĞŶƚϮ͘ď͖
ĐŚŝůĚ͘ĐсƉĂƌĞŶƚϭ͘Đ͖
ĐŚŝůĚ͘ĚсƉĂƌĞŶƚϭ͘Ě͖
ĐŽƐƚсĐŽƐƚdĞŵƉ͖


ĐŽƐƚdĞŵƉсŐĞƚŽƐƚϮ;ƉĂƌĞŶƚϮ͘Ă͕ƉĂƌĞŶƚϮ͘ď͕ƉĂƌĞŶƚϮ͘Đ͕ƉĂƌĞŶƚϭ͘ĚͿ͖
ŝĨ;ĐŽƐƚdĞŵƉфсĐŽƐƚͿ

ĐŚŝůĚ͘ĂсƉĂƌĞŶƚϮ͘Ă͖
ĐŚŝůĚ͘ďсƉĂƌĞŶƚϮ͘ď͖
ĐŚŝůĚ͘ĐсƉĂƌĞŶƚϮ͘Đ͖
ĐŚŝůĚ͘ĚсƉĂƌĞŶƚϭ͘Ě͖
ĐŽƐƚсĐŽƐƚdĞŵƉ͖


ͬͬƐĞĐŽŶĚďĂƚĐŚ
ĐŽƐƚdĞŵƉсŐĞƚŽƐƚϮ;ƉĂƌĞŶƚϭ͘Ă͕ƉĂƌĞŶƚϭ͘ď͕ƉĂƌĞŶƚϭ͘Đ͕ƉĂƌĞŶƚϮ͘ĚͿ͖
ĐŚŝůĚ͘ĂсƉĂƌĞŶƚϭ͘Ă͖
ĐŚŝůĚ͘ďсƉĂƌĞŶƚϭ͘ď͖

ĐŚŝůĚ͘ĐсƉĂƌĞŶƚϭ͘Đ͖
ĐŚŝůĚ͘ĚсƉĂƌĞŶƚϮ͘Ě͖

ĐŽƐƚdĞŵƉсŐĞƚŽƐƚϮ;ƉĂƌĞŶƚϭ͘Ă͕ƉĂƌĞŶƚϭ͘ď͕ƉĂƌĞŶƚϮ͘Đ͕ƉĂƌĞŶƚϮ͘ĚͿ͖
ŝĨ;ĐŽƐƚdĞŵƉфсĐŽƐƚͿ

ĐŚŝůĚ͘ĂсƉĂƌĞŶƚϭ͘Ă͖
ĐŚŝůĚ͘ďсƉĂƌĞŶƚϭ͘ď͖
ĐŚŝůĚ͘ĐсƉĂƌĞŶƚϮ͘Đ͖
ĐŚŝůĚ͘ĚсƉĂƌĞŶƚϮ͘Ě͖
ĐŽƐƚсĐŽƐƚdĞŵƉ͖


ĐŽƐƚdĞŵƉсŐĞƚŽƐƚϮ;ƉĂƌĞŶƚϭ͘Ă͕ƉĂƌĞŶƚϮ͘ď͕ƉĂƌĞŶƚϭ͘Đ͕ƉĂƌĞŶƚϮ͘ĚͿ͖
ŝĨ;ĐŽƐƚdĞŵƉфсĐŽƐƚͿ

ĐŚŝůĚ͘ĂсƉĂƌĞŶƚϭ͘Ă͖
ĐŚŝůĚ͘ďсƉĂƌĞŶƚϮ͘ď͖
ĐŚŝůĚ͘ĐсƉĂƌĞŶƚϭ͘Đ͖
ĐŚŝůĚ͘ĚсƉĂƌĞŶƚϮ͘Ě͖
ĐŽƐƚсĐŽƐƚdĞŵƉ͖


ĐŽƐƚdĞŵƉсŐĞƚŽƐƚϮ;ƉĂƌĞŶƚϭ͘Ă͕ƉĂƌĞŶƚϮ͘ď͕ƉĂƌĞŶƚϮ͘Đ͕ƉĂƌĞŶƚϮ͘ĚͿ͖
ŝĨ;ĐŽƐƚdĞŵƉфсĐŽƐƚͿ

ĐŚŝůĚ͘ĂсƉĂƌĞŶƚϭ͘Ă͖
ĐŚŝůĚ͘ďсƉĂƌĞŶƚϮ͘ď͖
ĐŚŝůĚ͘ĐсƉĂƌĞŶƚϮ͘Đ͖
ĐŚŝůĚ͘ĚсƉĂƌĞŶƚϮ͘Ě͖
ĐŽƐƚсĐŽƐƚdĞŵƉ͖


ĐŽƐƚdĞŵƉсŐĞƚŽƐƚϮ;ƉĂƌĞŶƚϮ͘Ă͕ƉĂƌĞŶƚϭ͘ď͕ƉĂƌĞŶƚϭ͘Đ͕ƉĂƌĞŶƚϮ͘ĚͿ͖
ŝĨ;ĐŽƐƚdĞŵƉфсĐŽƐƚͿ

ĐŚŝůĚ͘ĂсƉĂƌĞŶƚϮ͘Ă͖
ĐŚŝůĚ͘ďсƉĂƌĞŶƚϭ͘ď͖
ĐŚŝůĚ͘ĐсƉĂƌĞŶƚϭ͘Đ͖
ĐŚŝůĚ͘ĚсƉĂƌĞŶƚϮ͘Ě͖
ĐŽƐƚсĐŽƐƚdĞŵƉ͖


ĐŽƐƚdĞŵƉсŐĞƚŽƐƚϮ;ƉĂƌĞŶƚϮ͘Ă͕ƉĂƌĞŶƚϭ͘ď͕ƉĂƌĞŶƚϮ͘Đ͕ƉĂƌĞŶƚϮ͘ĚͿ͖
ŝĨ;ĐŽƐƚdĞŵƉфсĐŽƐƚͿ

ĐŚŝůĚ͘ĂсƉĂƌĞŶƚϮ͘Ă͖
ĐŚŝůĚ͘ďсƉĂƌĞŶƚϭ͘ď͖
ĐŚŝůĚ͘ĐсƉĂƌĞŶƚϮ͘Đ͖
ĐŚŝůĚ͘ĚсƉĂƌĞŶƚϮ͘Ě͖
ĐŽƐƚсĐŽƐƚdĞŵƉ͖


ĐŽƐƚdĞŵƉсŐĞƚŽƐƚϮ;ƉĂƌĞŶƚϮ͘Ă͕ƉĂƌĞŶƚϮ͘ď͕ƉĂƌĞŶƚϭ͘Đ͕ƉĂƌĞŶƚϮ͘ĚͿ͖
ŝĨ;ĐŽƐƚdĞŵƉфсĐŽƐƚͿ

ĐŚŝůĚ͘ĂсƉĂƌĞŶƚϮ͘Ă͖
ĐŚŝůĚ͘ďсƉĂƌĞŶƚϮ͘ď͖
ĐŚŝůĚ͘ĐсƉĂƌĞŶƚϭ͘Đ͖
ĐŚŝůĚ͘ĚсƉĂƌĞŶƚϮ͘Ě͖
ĐŽƐƚсĐŽƐƚdĞŵƉ͖


ĐŽƐƚdĞŵƉсŐĞƚŽƐƚϮ;ƉĂƌĞŶƚϮ͘Ă͕ƉĂƌĞŶƚϮ͘ď͕ƉĂƌĞŶƚϮ͘Đ͕ƉĂƌĞŶƚϮ͘ĚͿ͖
ŝĨ;ĐŽƐƚdĞŵƉфсĐŽƐƚͿ

ĐŚŝůĚ͘ĂсƉĂƌĞŶƚϮ͘Ă͖
ĐŚŝůĚ͘ďсƉĂƌĞŶƚϮ͘ď͖
ĐŚŝůĚ͘ĐсƉĂƌĞŶƚϮ͘Đ͖
ĐŚŝůĚ͘ĚсƉĂƌĞŶƚϮ͘Ě͖
ĐŽƐƚсĐŽƐƚdĞŵƉ͖



ͰĞŶĚ

Ͱ'ĞŶŽŵĞůĂƐƐ͗͗ŵƵƚĂƚŽƌ͗ͬͬDƵƐƚƌĞƚƵƌŶƚŚĞŶƵŵďĞƌŽĨŵƵƚĂƚŝŽŶƐ
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ŝĨ;ƚŽƐƐŽŝŶ;Ϭ͘ϰͿͿ
'ĞŶŽŵĞ͘ĂнсƌĂŶĚŽŵ;ͲϭϬ͕ϭϬͿ͖
ƌĞƚƵƌŶϭ͖

ŝĨ;ƚŽƐƐŽŝŶ;Ϭ͘ϰͿͿ
'ĞŶŽŵĞ͘ďнсƌĂŶĚŽŵ;ͲϭϬ͕ϭϬͿ͖
ƌĞƚƵƌŶϭ͖

ŝĨ;ƚŽƐƐŽŝŶ;Ϭ͘ϰͿͿ
'ĞŶŽŵĞ͘ĐнсƌĂŶĚŽŵ;ͲϭϬ͕ϭϬͿ͖
ƌĞƚƵƌŶϭ͖

ŝĨ;ƚŽƐƐŽŝŶ;Ϭ͘ϰͿͿ
'ĞŶŽŵĞ͘ĚнсƌĂŶĚŽŵ;ͲϭϬ͕ϭϬͿ͖
ƌĞƚƵƌŶϭ͖

ƌĞƚƵƌŶϬ͖
ͰĞŶĚ

Ͱ'ĞŶŽŵĞůĂƐƐ͗͗ĞǀĂůƵĂƚŽƌ͗ͬͬZĞƚƵƌŶƐƚŚĞƐĐŽƌĞĂƐĂƌĞĂůǀĂůƵĞ

ͬͬ/ŶĚŝǀŝĚƵĂů/ŵƉů͗͗ƉƌŝŶƚKŶ;ƐƚĚ͗͗ĐŽƵƚͿ͖


ĚŽƵďůĞƚĞŵƉсŐĞƚŽƐƚϮ;'ĞŶŽŵĞ͘Ă͕'ĞŶŽŵĞ͘ď͕'ĞŶŽŵĞ͘Đ͕
'ĞŶŽŵĞ͘ĚͿ͖

ƌĞƚƵƌŶƚĞŵƉ͖
ͰĞŶĚ

ͰhƐĞƌDĂŬĞĨŝůĞŽƉƚŝŽŶƐ͗
ͰĞŶĚ

ͰĞĨĂƵůƚƌƵŶƉĂƌĂŵĞƚĞƌƐ͗ͬͬWůĞĂƐĞůĞƚƚŚĞƉĂƌĂŵĞƚĞƌƐĂƉƉĞĂƌŝŶƚŚŝƐ
ŽƌĚĞƌ
EƵŵďĞƌŽĨŐĞŶĞƌĂƚŝŽŶƐ͗ϭϬͬͬEͺ'E
dŝŵĞůŝŵŝƚ͗Ϭ


ͬͬ/ŶƐĞĐŽŶĚƐ͕ϬƚŽ
ĚĞĂĐƚŝǀĂƚĞ
WŽƉƵůĂƚŝŽŶƐŝǌĞ͗ϭϬϬ
KĨĨƐƉƌŝŶŐƐŝǌĞ͗ϱϬйͬͬŽƌĂǆǆй
DƵƚĂƚŝŽŶƉƌŽďĂďŝůŝƚǇ͗ϭͬͬDhdͺWZK
ƌŽƐƐŽǀĞƌƉƌŽďĂďŝůŝƚǇ͗ϭͬͬyKsZͺWZK
ǀĂůƵĂƚŽƌŐŽĂů͗ŵŝŶŝŵŝƐĞͬͬŵĂǆŝŵŝƐĞ
^ĞůĞĐƚŝŽŶŽƉĞƌĂƚŽƌ͗dŽƵƌŶĂŵĞŶƚϮϬ
^ƵƌǀŝǀŝŶŐƉĂƌĞŶƚƐ͗ϱϬͬͬWĞƌĐĞŶƚĂŐĞŽƌĂďƐŽůƵƚĞ
^ƵƌǀŝǀŝŶŐŽĨĨƐƉƌŝŶŐ͗ϱϬͬͬWĞƌĐĞŶƚĂŐĞŽƌĂďƐŽůƵƚĞ
ZĞĚƵĐĞƉĂƌĞŶƚƐŽƉĞƌĂƚŽƌ͗dŽƵƌŶĂŵĞŶƚϭϬ
ZĞĚƵĐĞŽĨĨƐƉƌŝŶŐŽƉĞƌĂƚŽƌ͗dŽƵƌŶĂŵĞŶƚϭϬ
&ŝŶĂůƌĞĚƵĐĞŽƉĞƌĂƚŽƌ͗dŽƵƌŶĂŵĞŶƚϳ

ůŝƚŝƐŵ͗^ƚƌŽŶŐ


ͬͬtĞĂŬŽƌ^ƚƌŽŶŐ
ůŝƚĞ͗ϭ
WƌŝŶƚƐƚĂƚƐ͗ƚƌƵĞ



ͬͬĞĨĂƵůƚ͗ϭ
'ĞŶĞƌĂƚĞĐƐǀƐƚĂƚƐĨŝůĞ͗ƚƌƵĞ



'ĞŶĞƌĂƚĞŐŶƵƉůŽƚƐĐƌŝƉƚ͗ĨĂůƐĞ
'ĞŶĞƌĂƚĞZƐĐƌŝƉƚ͗ĨĂůƐĞ
WůŽƚƐƚĂƚƐ͗ĨĂůƐĞ



ͬͬĞĨĂƵůƚ͗Ϭ

ZĞŵŽƚĞŝƐůĂŶĚŵŽĚĞů͗ĨĂůƐĞ
/WĨŝůĞ͗ŝƉ͘ƚǆƚ


ͬͬ>ŝƐƚŽĨ/W͗WKZdŽĨŝƐůĂŶĚƐ
ƚŽƐĞŶĚŝŶĚŝǀŝĚƵĂůƐƚŽ
^ĞƌǀĞƌƉŽƌƚ͗ϮϵϮϵ
DŝŐƌĂƚŝŽŶƉƌŽďĂďŝůŝƚǇ͗Ϭ͘ϯϯͬͬWƌŽďĂďŝůŝƚǇŽĨƐĞŶĚŝŶŐĂŶŝŶĚŝǀŝĚƵĂůƉĞƌ
ŐĞŶĞƌĂƚŝŽŶ

^ĂǀĞƉŽƉƵůĂƚŝŽŶ͗ƚƌƵĞ
^ƚĂƌƚĨƌŽŵĨŝůĞ͗ĨĂůƐĞ
ͰĞŶĚ
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*$±;9,,*HQHUDWLYH$UW&RQIHUHQFH
$QGUHD:ROOHQVDN
%ULGJHW%DLUG

$QGUHD:ROOHQVDN

%ULGJHW%DLUG


7RSLF,QWHUDFWLYH$UW
'DWD9LVXDOL]DWLRQ

$XWKRUV
$QGUHD:ROOHQVDN
&RQQHFWLFXW&ROOHJH
'HSDUWPHQWRI$UW
'LUHFWRU$PPHUPDQ
&HQWHU
86$
ZZZFRQQFROOHGX

%ULGJHW%DLUG
&RQQHFWLFXW&ROOHJH
3URIHVVRU(PHULWXV
&RPSXWHU6FLHQFHDQG
0DWKHPDWLFV
86$
FVFRQQFROOHGXEDLUG

0DLQ5HIHUHQFHV

3K U DVH7UDQVLWLRQ$*HQHUDWLYHO\&RQVWUXFWHG,QWHUDFWLYH9LVXDODQG3RHWLF
(QYLURQPHQW$UWZRUN3DSHU

$EVWUDFW
7KH VWDWH FKDQJH IURP VROLG WR OLTXLG LV DQ H[DPSOH RI D SKDVH WUDQVLWLRQ LQ D
WKHUPRG\QDPLF V\VWHP 6LPLODUO\ LPDJLQHG D SRHWLF SKUDVH WUDQVLWLRQ PLJKW EH
H[HPSOLILHG E\ D VHPDQWLF RU W\SRJUDSKLF VWDWH FKDQJH DIIHFWLQJ WKH PHDQLQJ RU
OH[LFDO UHSUHVHQWDWLRQ RI WH[W IUDJPHQWV :LWKLQ WKH LQWHUDFWLYH JHQHUDWLYH
HQYLURQPHQW ZH KDYH GHYHORSHG ERWK W\SHV RI WUDQVLWLRQ DUH LQWHUZRYHQ LQ WKH
YLVXDOL]DWLRQ RI LFHEHUJ GDWD ZDWHU FXUUHQWV DQG SRHWLF SKUDVHV WKDW DSSHDU DQG
HYROYH +H[DJRQDO LFHEHUJ IRUPV WDNH WKHLU LQLWLDO SRVLWLRQ DQG VL]H IURP
,QWHUQDWLRQDO ,FH 3DWURO ,,3  LFHEHUJ VLJKWLQJ GDWD $IWHU EHLQJ VSDZQHG WKH\
 H[KLELWVORZPHOWLQJDQGGULIWLQJEHKDYLRUVWKDWFDQEHLQWHUDFWLYHO\DFFHOHUDWHGDQG
LQIOXHQFHG E\ WKH PRYHPHQW RI DQ REVHUYHU XVLQJ WKH 0LFURVRIW .LQHFW PRWLRQ
VHQVLQJFDPHUD6LPXOWDQHRXVO\SRHWLFWH[WXDOSKUDVHVFDQEHVSDZQHGHYROYLQJ
ZLWK D VHW RI UHODWHG EXW GLVWLQFW EHKDYLRUV DQG LQWHUDFWLQJ ZLWK ERWK WKH LFHEHUJ
UHSUHVHQWDWLRQV DQG WKH XVHU¶V YLUWXDO UHSUHVHQWDWLRQ ZLWKLQ WKH HQYLURQPHQW 8VHU
LQWHUDFWLRQUHORFDWHVWKHSKUDVHVDQGFKDQJHVWKHPHDQLQJ7KHV\VWHPH[SORUHV
LQWHUDFWLRQ WKDW ERWK JHQHUDWHV DQG HOLPLQDWHV WKURXJK WKH WUDQVLWLRQLQJ EHWZHHQ
VWDWHV




6WLOOLPDJHIURP³3K U DVH7UDQVLWLRQV$3RHWLF*HQHUDWLYHO\&RQVWUXFWHG(QYLURQPHQW´

>@5HDV&DVH\DQG
%HQ)U\
3URFHVVLQJ$
3URJUDPPLQJ+DQGERRNIRU
9LVXDO'HVLJQHUV
&DPEULGJH0$0,73UHVV
>@6KLIIPDQ'DQLHO
7KH1DWXUHRI&RGH
6LPXODWLQJ1DWXUDO6\VWHPV
ZLWK3URFHVVLQJ
7KH1DWXUHRI&RGHVWHG
&RQWDFW
DMZRO#FRQQFROOHGX

.H\ZRUGV
*HQHUDWLYH9LVXDOL]LQJ'DWD'LJLWDO3RHWLFV3URFHVVLQJ
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3K U DVH7UDQVLWLRQ
$*HQHUDWLYHO\&RQVWUXFWHG,QWHUDFWLYH9LVXDODQG3RHWLF(QYLURQPHQW


3URI$QGUHD:ROOHQVDN0)$
Department of Art, Connecticut College, New London, CT USA
www.conncoll.edu/CAT
http://oak.conncoll.edu/ajwol/
e-mail: ajwol@conncoll.edu


3URI(PHULWXV%ULGJHW%DLUG3K'
Department of Computer Science, Connecticut College, New London, CT USA
e-mail: bbbai@conncoll.edu
$EVWUDFW

7KH VWDWH FKDQJH IURP VROLG WR OLTXLG LV DQ H[DPSOH RI D SKDVH WUDQVLWLRQ LQ D
WKHUPRG\QDPLF V\VWHP 6LPLODUO\ LPDJLQHG D SRHWLF SKUDVH WUDQVLWLRQ PLJKW EH
H[HPSOLILHG E\ D VHPDQWLF RU W\SRJUDSKLF VWDWH FKDQJH DIIHFWLQJ WKH PHDQLQJ RI
OH[LFDO UHSUHVHQWDWLRQV RI WH[W IUDJPHQWV :LWKLQ WKH LQWHUDFWLYH JHQHUDWLYH
HQYLURQPHQW ZH KDYH GHYHORSHG ERWK W\SHV RI WUDQVLWLRQ DUH LQWHUZRYHQ LQ WKH
YLVXDOL]DWLRQ RI LFHEHUJ GDWD ZDWHU FXUUHQWV DQG SRHWLF SKUDVHV WKDW DSSHDU DQG
HYROYH,FHEHUJIRUPVWDNHWKHLULQLWLDOSRVLWLRQDQGVL]HIURP,QWHUQDWLRQDO,FH3DWURO
,,3 LFHEHUJVLJKWLQJGDWD$IWHUEHLQJVSDZQHGWKH\H[KLELWVORZPHOWLQJDQGGULIWLQJ
EHKDYLRUVWKDWFDQEHLQWHUDFWLYHO\DFFHOHUDWHGDQGLQIOXHQFHGE\WKHPRYHPHQWRIDQ
REVHUYHU XVLQJ WKH 0LFURVRIW .LQHFW PRWLRQVHQVLQJ FDPHUD 6LPXOWDQHRXVO\ SRHWLF
WH[WXDO SKUDVHV DUH VSDZQHG HYROYLQJ ZLWK D VHW RI UHODWHG EXW GLVWLQFW EHKDYLRUV
DQG LQWHUDFWLQJ ZLWKLQ WKH HQYLURQPHQW 8VHU LQWHUDFWLRQ UHORFDWHV WKH SKUDVHV DQG
LQIOXHQFHVWKHUHDGLQJRIWKHWH[WV

%DFNJURXQGDQG0RWLYDWLRQ
7KH DXWKRUV KDYH EHHQ ZRUNLQJ FROODERUDWLYHO\ RQ D QXPEHU RI LQWHUGLVFLSOLQDU\
SURMHFWV XQGHU WKH DXVSLFHV RI WKH $PPHUPDQ &HQWHU IRU $UWV DQG 7HFKQRORJ\ DW
&RQQHFWLFXW &ROOHJH 1HZ /RQGRQ &7 86$  7KH PLVVLRQ RI WKH &HQWHU LV WR
IDFLOLWDWHFUHDWLYHFROODERUDWLRQDQGH[SHULPHQWDOLQYHVWLJDWLRQDWWKHLQWHUVHFWLRQVRI
$UWVDQG7HFKQRORJ\IRUJLQJLQWHUGLVFLSOLQDU\SDUWQHUVKLSVDQGFUHDWLQJRSSRUWXQLWLHV
IRUVWXGHQWVDQGVFKRODUVWRWKLQNRXWVLGHRIGLVFLSOLQDU\ERXQGDULHV
2YHUWKHODVWWHQ\HDUVWKHDXWKRUVKDYHZRUNHGRQVHYHUDOLQWHUDFWLYHDQG
JHQHUDWLYHDXGLRYLVXDOLQVWDOODWLRQSLHFHVIHDWXULQJSRHWU\YLGHRSURFHVVLQJVRXQG
DQGDXGLRSURFHVVLQJYLUWXDOUHDOLW\H[SORUDWLRQDQGLQWHOOLJHQWDJHQWEDVHGVRIWZDUH
7KHFXUUHQWZRUNGHYHORSHGIURPDQGH[WHQGHGUHVHDUFKRQWKHQRUWKHUQDUFWLF
HQYLURQPHQW
7REHJLQZLWKZHHVWDEOLVKHGDVHWRIFRUHJXLGLQJSULQFLSOHVWKDWZRXOGJRYHUQRXU
LQYHVWLJDWLRQ7KHVHLQFOXGHG



page # 48

XVII Generative Art Conference - GA2014

 ,QWHUHVWLQH[SORUDWLRQVWKDWYLVXDOL]HHQYLURQPHQWDOGDWDDQGLQZRUNLQJZLWK
7KH,QWHUQDWLRQDO,FH3DWURO&HQWHULQ1HZ/RQGRQ&7ZKLFKLVSDUWRIWKH
8QLWHG6WDWHV&RDVW*XDUG$FDGHP\
 'HYHORSPHQWRIDJHQWEDVHGPRGHOVDSSOLHGWRJHQHUDWLYHYLVXDODUWWKDWDUH
UHSUHVHQWDWLRQVRILFHEHUJGDWD
 ,QFRUSRUDWLRQRIFRQWH[WXDOO\VHQVLWLYHSRHWLFWH[WWKDWLWHUDWLYHO\GHYHORSVDQG
LVUHVSRQVLYHWRXVHUPRYHPHQW

9LVXDO(OHPHQWVDQG3ULRU:RUN
7KH ZRUN Ph(r)ase Transition HYROYHG IURP D SULRU ZRUN HQWLWOHG Drifting WKDW ZDV
H[KLELWHG DW D JDOOHU\ H[KLELWLRQ WLWOHG Between Solid and Liquid: Constructed
Landscapes DW WKH .RQVWHSLGHPLQ LQ *RWKHQEXUJ 6ZHGHQ GXULQJ 0D\  7KH
PRWLYDWLRQ IRU Drifting ZDV WR FRPELQH D G\QDPLF YLVXDOL]DWLRQ RI LFHEHUJ GDWD ZLWK
JHVWXUDO UHFRJQLWLRQ LQWHUDFWLYLW\ EDVHG RQ WKH XVH RI D .LQHFW VHQVRU 'XULQJ WKH
UHDOL]DWLRQ RI WKDW ZRUN D QXPEHU RI SRVVLEOH GDWD VRXUFHV IRU LFHEHUJ GDWD ZHUH
FRQVLGHUHG7KHPRVWSUHYDOHQWIRUPRIDYDLODEOHGDWDLVLQWKHIRUPRIVLJKWLQJGDWD
DQGFRQVLVWVRISRVLWLRQVL]HVKDSHDQGVLJKWLQJWLPH7KHVHGDWDVHWVDUHDYDLODEOH
SHU\HDUIRUJHRJUDSKLFDODUHDVLQZKLFKLFHEHUJVGULIWVXFKDVWKH*UDQG%DQNVRI
1HZIRXQGODQG 7KHUH DUH DOVR D IHZ GDWDVHWV LQYROYLQJ WUDFNLQJ RI LQGLYLGXDO
LFHEHUJV VKRZLQJ WKHLU PRYHPHQW SDWWHUQV EXW LQ JHQHUDO WKHVH DUH GDWHG DQG
KDUGHUWRREWDLQ


Figure 1. Icebergs in Disko Bay, Greenland (Getty Images).


'XULQJWKHFRXUVHRIWKHZRUNWKHDXWKRUVHVWDEOLVKHGDZRUNLQJUHODWLRQVKLSZLWKWKH
8QLWHG 6WDWHV ,QWHUQDWLRQDO ,FH 3DWURO ,,3  D EUDQFK RI WKH 86 &RDVW *XDUG 7KH
,,3¶VPLVVLRQLVWRPRQLWRUWKHLFHEHUJGDQJHUQHDUWKH*UDQG%DQNVRI1HZIRXQGODQG
DQG SURYLGH WKH LFHEHUJ LQIRUPDWLRQ WR WKH PDULWLPH FRPPXQLW\ 7KH ,,3 ZDV
HVWDEOLVKHG DV D GLUHFW UHVXOW RI WKH WUDJLF VLQNLQJ RI WKH 506 7LWDQLF LQ 
*UHHQODQG JODFLHUV FDOYH WKRXVDQGV RI LFHEHUJV HDFK \HDU ZLWK DQ DYHUDJH RI 
GULIWLQJ VRXWK WR WKUHDWHQ WUDQVDWODQWLF VKLSSLQJ ,,3 LFHEHUJ GDWD LV HQWHUHG LQWR D



page # 49

XVII Generative Art Conference - GA2014

FRPSXWHU PRGHO WKDW XVHV RFHDQ FXUUHQW DQG ZLQG GDWD WR SUHGLFW LFHEHUJ GULIW DQG
GHWHULRUDWLRQ
,Q RUGHU WR EHVW FRPELQH WKH LQWHUDFWLYH .LQHFW VHQVRU ZLWK WKH LFHEHUJ GDWD WKH
-DYDEDVHG 3URFHVVLQJ YLVXDO SURJUDPPLQJ ODQJXDJH ZDV XVHG DV LW SURYLGHV D
UREXVWDQGIOH[LEOHSODWIRUPIRUJHQHUDWLYH'DQG'JUDSKLFVDQGKDVJRRGVXSSRUW
IRU WKH .LQHFW XVLQJ RSHQ VRXUFH OLEUDULHV $Q LFHEHUJ GDWDVHW ZLWK RYHU 
VLJKWLQJV IURP  ZDV XVHG DV WKH EDVLF IRU WKH LFHEHUJ YLVXDOL]DWLRQV 7KH GDWD
LQFOXGHVDQ,'IRUHDFKLFHEHUJVLJKWWLPHODWLWXGHDQGORQJLWXGHVLJKWPHWKRGVL]H
DQGVKDSHRILFHEHUJ



Figure 2. “Drifting” interactive visualization work on exhibit at Konstepidemin Gallery, Gothenburg,
Sweden. May 2014.


7RFUHDWHDQHQJDJLQJLQWHUDFWLYHZRUNWKHDXWKRUVH[SHULPHQWHGZLWKDQXPEHURI
YLVXDO HOHPHQWV XOWLPDWHO\ GHFLGLQJ RQ D EDFNJURXQG RI XQGXODWLQJ FXUUHQW WH[WXUDO
OLQHV FRPELQHG ZLWK KH[DJRQDO LFHEHUJ IRUPV ZLWK OLQHDU RXWOLQHV ,FHEHUJV DUH
VSDZQHG IURP WKH  VLJKWLQJ GDWDVHW XVLQJ WKH SRVLWLRQ DQG VL]H SDUDPHWHUV
7KHVH LFHEHUJV DUH VSDZQHG ZLWK WKH YLUWXDO HQYLURQPHQW WKH\ VORZO\ VKULQN DQG
IDGHXVLQJDEHKDYLRUWKDWFRQQRWHVJUDGXDOPHOWLQJ
)RU WKH LQWHUDFWLYH HQJDJHPHQW WKH JHVWXUDO UHFRJQLWLRQ LV GHSLFWHG ZLWK D UHG GRW
WKDW LQIOXHQFHV WKH FXUUHQWV DQG DV SUR[LPLW\ WR WKH LFHEHUJV LQFUHDVH DFFHOHUDWHV
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WKH µPHOWLQJ¶ EHKDYLRU RI WKH LFHEHUJV )RU PDQ\ SDUWLFLSDQWV LQ WKH LQVWDOODWLRQ LQ
6ZHGHQ WKH DFFHOHUDWHG PHOWLQJ FDXVHG E\ XVHU LQWHUYHQWLRQ UHPLQGHG WKHP RI
LVVXHV UHODWHG WR JOREDO FOLPDWH FKDQJH DQG PDQ\ ZLVKHG WR DYRLG PHOWLQJ WKH
LFHEHUJV DQ\ IDVWHU 7R WKH DXWKRUV WKLV UHVSRQVH WR WKH ZRUN ZDV DQ LQWHUHVWLQJ
GLVFRYHU\

2YHUDOO6WUXFWXUHDQG*HQHUDWLYH$UW3URFHVVHV
7KH EDFNJURXQG RI WKH YLUWXDO HQYLURQPHQW LQFOXGHV XQGXODWLQJ FXUUHQWV XSRQ ZKLFK
WKH LFHEHUJV UDQGRPO\ DSSHDU 7KHVH LFHEHUJV PD\ EH UHSUHVHQWHG E\ HLWKHU
KH[DJRQDOIRUPVRUWH[WIUDJPHQWV,QWHUDFWLRQPD\RFFXUZLWKHLWKHUD.LQHFWPRWLRQ
VHQVRURUZLWKNH\ERDUGDUURZV7KLVLQWHUDFWLRQDIIHFWVERWKFXUUHQWVDQGLFHEHUJV
7KHLFHEHUJVPRYHDQGHYROYHHYHQLIWKHUHLVQRLQWHUDFWLRQ ILJXUH 


Figure 3. Screenshot of “Ph(r)ase Transtion”


7KH SDUDPHWHUV RI WKH LFHEHUJ VLJKWLQJ GDWD ZHUH XVHG WR FRQWURO WKH VL]H RSDFLW\
FRORU ORFDWLRQ DQG HYROXWLRQ EHKDYLRU RI DOO LFHEHUJV ZKHWKHU UHSUHVHQWHG E\ WH[W
IUDJPHQWV RU KH[DJRQDO IRUPV $ VHW RI YLVXDO DQG LQWHUDFWLYH EHKDYLRUV ZDV
GHYHORSHG IRU WKH WH[WXDO DQG KH[DJRQDO LFHEHUJV DV ZHOO DV WKH ZDWHU FXUUHQW
UHSUHVHQWDWLRQV :LWK UHJDUG WR WKH .LQHFW RU NH\ERDUG µSDGGOH¶ LQWHUDFWLRQ WKH
EHKDYLRUZDVFODVVLILHGLQWRWZRPRGHVRIEHKDYLRUGHIDXOWµXQLQWHUUXSHG¶EHKDYLRUV
ZKHQ WKH SDGGOH ZDV IDU ZD\ DQG µLQWHQWLRQDO¶ EHKDYLRUV ZKHQ WKH XVHU LV
GHOLEHUDWHO\ WU\LQJ WR LQWHUDFW ZLWK WKH WH[W IUDJPHQWV KH[DJRQDO IRUPV DQG ZDWHU
FXUUHQWVE\PRYLQJWKHSDGGOHWRZDUGVDQGQHDUWKHVHREMHFWVLQWKHHQYLURQPHQW
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7H[W(OHPHQWV
DriftingZDVFRQFHLYHGRIDVDQHYROXWLRQDU\ZRUN,QFRQVLGHULQJWKHQH[WGLUHFWLRQRI
WKH ZRUN ZH VRXJKW D OHVV OLWHUDO UHSUHVHQWDWLRQ RI WKH YLVXDO LFHEHUJ IRUPV DQG
PHOWLQJEHKDYLRUV7RZDUGVWKDWHQGZHGHFLGHGWRH[SHULPHQWZLWKWKHW\SRJUDSKLF
DQG VHPDQWLF SURSHUWLHV RI SRHWLF WH[W IUDJPHQWV :H VHOHFWHG H[FHUSWV IURP WKH
IROORZLQJ
x 6KDNHVSHDUH¶VThe TempestDQGAntony and Cleopatra
x Snow-Bound: A Winter IdylE\-RKQ*UHHQOHDI:KLWWLHU
x 1XPHURXVSRHPVE\WKHFRQWHPSRUDU\SRHW$QVLH%DLUG
x The MomentDQGThe Waking E\7KHRGRUH5RHWKNH
7KHVH SRHWLF WH[WV ZHUH FKRVHQ EHFDXVH WKH\ HDFK LQFOXGHG SKUDVHV GHSLFWLQJ
PRGHVRIWUDQVLWLRQWKHHQYLURQPHQWDQGQDWXUDOIRUFHVWKHQRUWKHUQODQGVFDSHDQG
OLJKWDQGWKHKXPDQFRQGLWLRQ$GGLWLRQDOO\WKHVHWH[WVZRUNHGZHOOLQFRPELQDWLRQ
ZLWKDYDULHW\RILQWHUHVWLQJUHDGLQJVRFFXUULQJZKHQWKHSDVVDJHVZHUHMX[WDSRVHG
DQGUHFRPELQHG
%HORZDUHWZRVDPSOHWH[WSDVVDJHV


Our revels now are ended. These our actors,
As I foretold you, were all spirits and
Are melted into air, into thin air.
And like the baseless fabric of this vision,
The cloud-capped towers, the gorgeous palaces …
²6SRNHQE\3URVSHURLQ6KDNHVSHDUH¶VThe Tempest

I would like you to believe
The oceans are kind,
Keeping each island afloat
In all weather. You will
Be to each other a kind of
Island, separate and entire.
Together you will gather
Tide-tossed shards
In your hands.
—$QVLH%DLUG¶VSRHP³I Would Like to Tell You”

:H SDUVHG WKH SRHPV GRZQ WR SKUDVHV XVLQJ D JHQHUDWLYH DSSURDFK ERWK DV WKH
PHFKDQLVPWREUHDNGRZQWKHSKUDVHVDQGDOVRIRUWKHRUGHULQZKLFKWKHVHSKUDVHV
DSSHDU $GGLWLRQDOO\ HDFK WLPH WKH SURJUDP UXQV RU LV UHVHW D GLIIHUHQW DXWKRU LV
UDQGRPO\FKRVHQ
*HQHUDWLYHHOHPHQWVLQ3URFHVVLQJ
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7KHSURJUDPLVZULWWHQXVLQJWKH3URFHVVLQJVRIWZDUHDQGLQFOXGHVPDQ\JHQHUDWLYH
DQG UDQGRP HOHPHQWV 7KH IROORZLQJ LV D VXPPDU\ RI HOHPHQWV DV FRGLILHG E\ WKH
VRIWZDUH
x :DWHUFXUUHQWVDUHLQLWLDOO\VHWXSLQDJHQHUDWLYHPDQQHU
x 7KHDXWKRURIWH[WXDOLFHEHUJVLVFKRVHQUDQGRPO\IURPWKHOLVWRIFKRVHQ
DXWKRUV
x 7KHDSSHDUDQFHRIDSDUWLFXODULFHEHUJLVJHQHUDWHGUDQGRPO\IURPWKH
GDWDVHWDOWKRXJKWKHSRVLWLRQDQGPDVVRIWKDWLFHEHUJLVGHWHUPLQHGZLWKLQ
VPDOOIOXFWXDWLRQVE\WKHGDWDVHW
x 7KHSURJUDPUDQGRPO\GHFLGHVZKHWKHUDJLYHQLFHEHUJZLOOEHKH[DJRQDORU
WH[WXDOJUHDWHUSUREDELOLW\LVDVVLJQHGWRWKHDSSHDUDQFHRIWH[WXDOLFHEHUJV
x 7H[WXDOLFHEHUJVDFTXLUHWKHLUSKUDVHVWKURXJKDJHQHUDWLYHSURFHVVWKDWERWK
GLYLGHVSKUDVHVDQGVKXIIOHVWKHRUGHULQZKLFKWKRVHSKUDVHVDSSHDU
x 7H[WXDOLFHEHUJVDUHUDQGRPO\DVVLJQHGRQHRIWZREHKDYLRUV2QHRIWKRVH
EHKDYLRUVFDXVHVWKHLFHEHUJWRJURZQODUJHUDQGOLJKWHUDQGWKXVWUDQVLWLRQ
IURPDVROLGWRDJDV7KHRWKHUEHKDYLRUFDXVHVWKHLFHEHUJWRWUDQVLWLRQWRD
VPDOOHUDQGPRUHGHQVHSKDVH
x 7KHWH[WXDOLFHEHUJVWKDWWUDQVLWLRQWRDVPDOOHUGHQVHUVWDWHZLOOHLWKHU
GLVDSSHDUHQWLUHO\RUDFTXLUHDSHUPDQHQFHDQGLPPRUWDOLW\WKHVHFKRLFHVDUH
GHWHUPLQHGUDQGRPO\

%HKDYLRUV
7KHEHKDYLRUVRIWKHWKUHHHOHPHQWV W\SRJUDSKLFKH[DJRQIRUPVDQGOLQHFXUUHQWV 
LQWKH³3K U DVH7UDQVLWLRQ´HQYLURQPHQWDUHG\QDPLFERWKLQWKHLUXQLQWHUUXSWHGDQG
LQWHQWLRQDOVWDWHV,QWKHXQLQWHUUXSWHGVWDWHDOORIWKHHOHPHQWVJHQWO\XQGXODWHDVLI
WKH\DUHVXVSHQGHGEXWFRQWUROOHGE\DODUJHUIRUFH8QLQWHUUXSWHGWKHHQYLURQPHQW
FRQWLQXHV WR DFTXLUH SRHWLF WH[W DQG KH[DJRQDO IRUPV FUHDWLQJ D OD\HUHG DQG WKLFN
HQYLURQPHQW ZKHUH SRHWLF SKUDVHV DSSHDU RQ WRS RI WKH KH[DJRQDO IRUPV DQG WKH
OLQHDUHOHPHQWV3RHWLFWH[WVPD\JURZODUJHUDQGHYDSRUDWHRUPD\JHWVPDOOHUDQG
PRUHGHQVHDQGVRPHRIWKHPZLOOGLVDSSHDUHQWLUHO\7KHKH[DJRQDOIRUPVZLOOYHU\
JUDGXDOO\HYDSRUDWH
8VLQJ WKH .LQHFW RU NH\ERDUG WKH LQWHQWLRQDO EHKDYLRUV FUHDWH DQ DFWLYH JHVWXUDO
VSDFH ZKHUH WKH SRHWLF SKUDVHV PRYH PDQ\ JURZLQJ LQ VL]H DQG EHFRPLQJ
WUDQVSDUHQW7KHKH[DJRQDOIRUPVDOVRFRQWLQXHWRDFFXPXODWHDQGDVWKHXVHUJHWV
FORVH WR WKH KH[DJRQDO IRUPV WKH IRUPV UHGXFH PRUH TXLFNO\ LQ VL]H DQG GLVDSSHDU
UDSLGO\7KHOLQH FXUUHQW HOHPHQWVFRQWLQXHWRJHQWO\PRYHDQGDUHUHVKDSHGDVWKH
XVHULQWHUDFWVZLWKWKHP
7KH HYHQWXDO GLVDSSHDUDQFH RI DOO WKH KH[DJRQDO IRUPV LQ FRQWUDVW WR WKH
SHUPDQHQFH RI VRPH RI WKH WH[WXDO IRUPV H[SUHVVHV D EHOLHI DERXW WKH SRZHU RI
SRHWU\ ,Q FRQWUDVW WR WKH HSKHPHUDO QDWXUH RI LFH VRPH ZRUGV HYHQ WKRXJK WKH\
JURZRXWRIWKHLPDJLQDWLRQDQGVHHPWRKDYHQRSK\VLFDOHPERGLPHQWGRSRVVHVVD
FHUWDLQ NLQG RI LPPRUWDOLW\ 7KLV FXUUHQW SURMHFW PDNHV XVH RI YLUWXDO HQYLURQPHQWDO
LQWHUDFWLRQWRPRUHEURDGO\UHIOHFWWKHUROHRIKXPDQLQIOXHQFHLQWUDQVLWLRQVZHDYLQJ
WRJHWKHU WKH PHOWLQJ RI LFHEHUJV DQG WKH UHFRPELQDWLRQ DQG GLVSODFHPHQW RI SRHWLF
WH[WVWRVXJJHVWVRPHGHHSHUYLVXDODQGVHPDQWLFUHODWLRQVKLSVLQSOD\
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7\SRJUDSKLF%HKDYLRUV
7KHSRVLWLRQRIWKHSRHWLFWH[WLQWKHHQYLURQPHQWLVGHWHUPLQHGE\VSHFLILFORQJLWXGH
DQG ODWLWXGH FRRUGLQDWHV IURP WKH LFHEHUJ VLJKWLQJ GDWD 7KH IRQW VL]H DQG FRORU
UHSUHVHQWVGLIIHUHQWVL]HVRILFHEHUJVIURPWKHVLJKWLQJGDWD


Figure 4. Typographic qualities for uninterrupted and intentional behaviors


7KH SRHWLF WH[W LV UDQGRPO\ JHQHUDWHG DQG LQ LWV XQLQWHUUXSWHG VWDWH VRPH WH[WV
FRQWLQXH WR H[SDQG DQG OLJKWHQ D JHVWXUH UHSUHVHQWLQJ WKH SKDVH WUDQVLWLRQ VWDWH
IURPOLTXLGWRJDV2WKHUWH[WVEHFRPHVPDOOHUEXWLQFUHDVHWKHLURSDFLW\
:LWK ,QWHQWLRQDO EHKDYLRUV XVH RI SDGGOH  WKH SRHWLF WH[W FDQ EH PRYHG ZLWKLQ WKH
HQYLURQPHQW DQG RII RI WKH VFUHHQ )LJXUH  VKRZV WKH W\SRJUDSKLF EHKDYLRUV ZLWK
DQGZLWKRXWWKHLQWHUDFWLRQ7KHXVHRIWKHSDGGOHDOORZVWKHXVHUWRUHORFDWHSRHWLF
SKUDVHVDQGGLVVROYHVRPHSKUDVHVDOOWRJHWKHU7KHUHDUHUDQGRPVPDOOHUSKUDVHV
WKDWGRQRWPRYHWKDWPD\GLVDSSHDUDQGVRPHPD\VWD\LQWKHVDPHSRVLWLRQVL]H
DQGRSDFLW\
+H[DJRQDOEHKDYLRUV


Figure 5. Hexagonal qualities for uninterrupted and intentional behaviors
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,QDGGLWLRQWRSRHWLFSKUDVHVWKHKH[DJRQDOIRUPVDOVRDUHYLVXDOL]DWLRQVRILFHEHUJ
GDWD 7KH KH[DJRQDO IRUPV DSSHDU LQ GLIIHUHQW VL]HV ZLWK GLIIHULQJ QXPEHUV RI
RXWOLQHV:KHQWKHXVHUDSSURDFKHVWKHKH[DJRQDOIRUPV LQWHQWLRQDOEHKDYLRUV WKH
IRUPV EHJLQ WR JHW VPDOOHU DQG PRUH TXLFNO\ GLVDSSHDU D JHVWXUH UHSUHVHQWLQJ WKH
PHOWLQJSURFHVVRILFHSKDVHWUDQVLWLRQIURPVROLGWROLTXLG$OORIWKHKH[DJRQDOIRUPV
KDYH VOLJKW PRYHPHQW LQ ERWK VWDWHV DQG WKH VPDOOHU IRUPV KDYH D IDVWHU PRUH
QHUYRXVPRYHPHQW
&XUUHQWVEHKDYLRUV


Figure 6. Current (lines) qualities for uninterrupted and intentional behaviors


7KHOLQHHOHPHQWVLQWKHHQYLURQPHQWUHSUHVHQWWKHFXUUHQWVRIWKHZDWHU7KH\PRYH
JHQWO\ ZLWKRXW DQ\ LQWHUDFWLRQ SURYLGLQJ D JURXQG DQG GLPHQVLRQDOLW\ WR WKH YLVXDO
ILHOG:KHQWKHXVHULQWHUDFWVZLWKLQWKHVSDFHWKHGLUHFWLRQVRIWKHOLQHVDUHSXOOHG
E\WKHSDGGOHEXWHYHQWXDOO\UHWXUQWRWKHLURULJLQDOVWDWH

6XPPDU\DQG)XWXUH'LUHFWLRQV
7KLVFROODERUDWLYHZRUNRIJHQHUDWLYHDUWLVDSRHWLFYLVXDOL]DWLRQEDVHGRQVFLHQWLILF
GDWD IURP WKH ,QWHUQDWLRQDO ,FH 3DWURO ,W XVHV WKH IOH[LELOLW\ RI WKH GLJLWDO WR FUHDWH D
PRUH UDQGRPL]HG XQSUHGLFWDEOH DQG LQWHUDFWLYH LQWHUSUHWDWLRQ RI WKH ,,3 GDWD 7KLV
ZRUNPDNHVXVHRIYLUWXDOHQYLURQPHQWDOLQWHUDFWLRQVWRPRUHEURDGO\UHIOHFWWKHUROH
RI RXU LQIOXHQFH LQ WUDQVLWLRQV ZHDYLQJ WRJHWKHU WKH PHOWLQJ RI LFHEHUJV DQG WKH
UHFRPELQDWLRQ DQG GLVSODFHPHQW RI SRHWLF WH[WV WR VXJJHVW D GHHSHU YLVXDO DQG
VHPDQWLFUHODWLRQVKLSDWSOD\
$GGLWLRQDO SODQV IRU WKLV HQYLURQPHQW DUH WR JLYH WKH XVHU PRUH FRQWURO RYHU WKH
PRYHPHQW DQG SODFHPHQW RI WKH SRHWLF SKUDVHV :H HQYLVLRQ WKLV SURMHFW DV DQ
RXWGRRULQWHUDFWLYHLQVWDOODWLRQDFFHVVLEOHE\DODUJHUSXEOLF
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*$± ;9,,*HQHUDWLYH$UW&RQIHUHQFH

%HQ%DUXFK%OLFK

3DSHU 7ZLVWHGERGLHVDQQLKLODWLQJWKHDHVWKHWLF
$EVWUDFW
7KHFODLPWKDWDUFKLWHFWXUHLVGHVLJQHGIRUSHRSOHLVQRWH[WUDYDJDQWDV
WKH\ ERWK RFFXS\ DUFKLWHFWXUDO VSDFHV DQG VHUYH DV WKH VFDOH IRU WKHLU
GHVLJQ7KDWLVWKHKXPDQEHLQJDQGERG\FRQVXPHDQGDWWKHVDPH
WLPHGHOLQHDWHDUFKLWHFWXUH

7RSLF$UFKLWHFWXUH
$XWKRU

%HQ%DUXFK%OLFK
+LVWRU\DQG7KHRU\
GHSW
%H]DOHO$FDGHP\RI
$UWVDQG'HVLJQ

&RQWDFW
EDUXFKEO#QHWLO

9LWUXYLXV VW FHQWXU\ %&  LV ULJKWO\ EHOLHYHG WREH WKHILUVW WKHRUHWLFLDQ
ZKR VDZ LQ WKH KXPDQ ERG\ QRW RQO\ WKH PHDQV EXW DOVR WKH DLP RI
DUFKLWHFWXUH ,Q DUFKLWHFWXUDO SUDFWLFH WKLV ERG\ KDV VLQFH EHHQ
SHUFHLYHG DV D SDUDJRQ RI H[FHOOHQFH DQG SUHVHQWHG PRVWO\ DV DQ
DQDORJ\RISHUIHFWLRQDQGEHDXW\RIDJRRGJHVWDOWDQGFRKHUHQWIRUP
+RZHYHULQWKLVDUWLFOH,ZLOOUDLVHTXHVWLRQVDERXWWKHPDLPHGERG\LQ
SDLQLWVWZLVWHGDQGQRWEHDXWLIXOVKDSHV+DVWKHFRQWHPSRUDU\LGHDRI
DUFKLWHFWXUHDGGUHVVHGWKLVERG\DVZHOO"
, ZLOO LQWURGXFH WKH SUREOHP H[DPLQH LWV RULJLQV DQG EULQJ H[DPSOHV
ZKHUHWKHERG\LVDQDORJRXVWRZKDWLVDEMHFWGLVWUHVVHGDQGLQSDLQ
DOO WKLV LQ DQ DWWHPSW WR DUJXH WKDW DEMHFWQHVV LV LQVHSDUDEOH IURP RXU
OLYHV

.H\ZRUGV
$UFKLWHFWXUH9LWUXYLXVWKH0RGXORU /H&RUEXVLHU /HDUQLQJIURP
/DV9HJDVWKH8QFDQQ\ )UHXG 7KpRGRUH*pULFDXOW)UDQNR%
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7ZLVWHGERGLHVDQQLKLODWLQJWKHDHVWKHWLF

%HQ%DUXFK%OLFK

History and Theory Department, Bezalel - Academy of Arts and Design









$QDEVWUDFW

7KH FODLP WKDW DUFKLWHFWXUH LV GHVLJQHG IRU SHRSOH LV QRW H[WUDYDJDQW DV WKH\ ERWK
RFFXS\ DUFKLWHFWXUDO VSDFHV DQG VHUYH DV WKH VFDOH IRU WKHLU GHVLJQ 7KDW LV WKH
KXPDQ EHLQJ DQG ERG\ FRQVXPH DQG DW WKH VDPH WLPH GHOLQHDWH DUFKLWHFWXUH
9LWUXYLXV VWFHQWXU\%& LVULJKWO\EHOLHYHGWREHWKHILUVWWKHRUHWLFLDQZKRVDZLQWKH
KXPDQERG\QRWRQO\WKHPHDQVEXWDOVRWKHDLPRIDUFKLWHFWXUH,QDUFKLWHFWXUDO
SUDFWLFH WKLV ERG\ KDV VLQFH EHHQ SHUFHLYHG DV D SDUDJRQ RI H[FHOOHQFH DQG
SUHVHQWHG PRVWO\ DV DQ DQDORJ\ RI SHUIHFWLRQ DQG EHDXW\ RI D JRRG JHVWDOW DQG
FRKHUHQWIRUP
+RZHYHU LQ WKLV DUWLFOH , ZLOO UDLVH TXHVWLRQV DERXW WKH PDLPHG ERG\ LQ SDLQ LWV
WZLVWHG DQG QRWEHDXWLIXO VKDSHV +DV WKH FRQWHPSRUDU\ LGHD RI DUFKLWHFWXUH
DGGUHVVHG WKLV ERG\ DV ZHOO" , ZLOO LQWURGXFH WKH SUREOHP H[DPLQH LWV RULJLQV DQG
EULQJH[DPSOHVZKHUHWKHERG\LVDQDORJRXVWRZKDWLVDEMHFWGLVWUHVVHGDQGLQSDLQ
DOOWKLVLQDQDWWHPSWWRDUJXHWKDWDEMHFWQHVVLVLQVHSDUDEOHIURPRXUOLYHV






7KHERG\DUFKLWHFWXUHDQDORJ\
,Q UHFHQW \HDUV YDULRXV GLVFLSOLQHV KDYH VKRZQ D UHVXUJHQW LQWHUHVW LQ WKH KXPDQ
ERG\$OZD\VDWWKHIRUHIURQWRIVFUXWLQ\PDLQO\LQWKHDUWVDQGVFLHQFHVWKHKXPDQ
ERG\ KDV EHFRPH D WRSLF RI LQWHQVH GHEDWH WRGD\ DOVR LQ RWKHU ILHOGV VXFK DV
IDVKLRQLQGXVWULDOGHVLJQFRPPXQLFDWLRQVDUFKLWHFWXUHDQGRIFRXUVHLQWKHFODVVLF
GLVFLSOLQHV RI SV\FKRORJ\ DQWKURSRORJ\ VRFLRORJ\ HFRQRPLFVHYHQ OLWHUDU\ VWXGLHV
DQG SKLORVRSK\ UHVRXQG ZLGHO\ZLWK TXHVWLRQV DERXW WKH VWDWXV RI WKH KXPDQEHLQJ
DQG ERG\7KLVHPSKDVLVRQ ERGLO\ DVSHFWVUDLVHVD YDVWUDQJH RITXHVWLRQV,VWKH
UHNLQGOHG GHEDWH PHUHO\ D UHYLVLRQ RI ZKDW ZDV RQFH GHEDWHG EXW ODWHU VRPHKRZ
QHJOHFWHGDQGIRUJRWWHQRULVWKLVRXUQDWXUDO\HWWREHH[KDXVWHGFXULRVLW\HDJHUWR
SUREH GHHSHU DW D SURSLWLRXV WLPH" 'RHV WKH SUHRFFXSDWLRQ ZLWK WKH ERG\ VSHOO
GLVFRQWHQW ZLWK LWV UROHV LQ PDQ\ RI WKH GLVFLSOLQHV WKDW VKRXOG KDYH KLJKOLJKWHG LWV
VKDUHLQWKHGHILQLWLRQRIWKHPRGHUQKXPDQEHLQJ VVWDWXV"2UGRHVWKHUHWXUQWRWKH
ERG\ UHSUHVHQW D UHIUHVKLQJ SUHYLRXVO\ XQNQRZQ SRLQW RI YLHZ DIWHU ORQJVWDQGLQJ
GHHSO\LQJUDLQHGVH[XDOVWHUHRW\SHVKDYHEHHQGLVFDUGHG"






7KRXJKZHZLOOEHXQDEOHWRRIIHUDQXQHTXLYRFDODQVZHUWRDOOWKHVHTXHVWLRQVIDFWV


,ZDQWWRWKDQN%HDWULFH6PHGOH\IRUWUDQVODWLQJDQGHGLWLQJWKLVSDSHU
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VHHPWRGHI\DUJXPHQWV7KXVRQHFDQQRWGHQ\WKDWWRGD\WKHERG\VWDUVLQ PRUH
GLVFLSOLQHVWKDQ\HDUVDJRDQGHYHQDUFKLWHFWXUHZKLFKERDVWVDORQJWUDGLWLRQRI
IRFXV RQ WKH ERG\ KDV UHWXUQHG RQFH DJDLQ WRWKLV WRSLF UDLVLQJ QHZ VSHFXODWLRQV
WKDWVHHPHGIDQWDVWLFDQGLQDGPLVVLEOHDPHUHJHQHUDWLRQDJR


$UFKLWHFWXUH LV LQGHHG D VSHFLDO FDVH ,W GRHV QRW H[DPLQH WKH KXPDQ EHLQJ DV
D ERG\ QRU GRHV LW FODLP WR SUHVHQW WKH KXPDQ ERG\ DV GR WKH YLVXDO DUWV
IDVKLRQ SKRWRJUDSK\ ILOP DQG FHUWDLQO\ QRW DV GR SRVWPRGHUQ WKHRULHV RQ WKH
FRQQHFWLRQVEHWZHHQWKHERG\DQGVH[XDOLW\6WLOODUFKLWHFWXUHGRHVGHDOH[WHQVLYHO\
ZLWKWKHKXPDQEHLQJLQSDUWLFXODUKLVERG\ DQGWKHSXEOLFDWLRQVKRQRULQJWKHERG\
DQGLWVFRQQHFWLRQVZLWKDUFKLWHFWXUDOYDOXHVDUHQRWIHZHUWKDQLQRWKHUGLVFLSOLQHV


,I WKLV LV KRZ PDWWHUV VWDQG DQG DQDORJRXV OLQHV UXQ EHWZHHQ DUFKLWHFWXUH DQG WKH
KXPDQ EHLQJ ZKDW LV WKHQ WKH FRQQHFWLRQ EHWZHHQ DUFKLWHFWXUH DQG WKH KXPDQ
ERG\RUWRUHILQHWKHTXHVWLRQLVWKHUHIHUHQFHWRWKHERG\LPPDQHQWWRDUFKLWHFWXUH
DVLQHTXDQRQLIZHDUHWRXQGHUVWDQGLWVLQWHQWLRQVRUGRHVWKLVDQDORJ\VHUYHWKH
SHGDJRJLFDOSXUSRVHRIEHWWHUH[SODLQLQJWKHDUFKLWHFW VZRUNLQJSURFHVV"




, ZRXOGOLNHWRDUJXH WKDWWKH DQDORJ\EHWZHHQDUFKLWHFWXUHDQGWKH KXPDQERG\LV
QRW IRUWXLWRXV DQG FHUWDLQO\ QRW WULYLDO QRU GRHV LW PHUHO\ WHDFK XV KRZ WR UHDG DQ
DUFKLWHFWXUDOZRUN$UFKLWHFWXUHDQGWKHERG\DUHWZRVLGHVRIWKHVDPHFRLQRQWKH
RQH KDQG DUFKLWHFWXUH YLHZV WKH KXPDQ EHLQJ DV LWV SXUSRVH WKDW LV SHRSOH
SRSXODWHDUFKLWHFWXUDO VSDFHVFLWLHVWKHLU VTXDUHVVWUHHWVDQGEXLOGLQJV WKDWPDNH
XSWKHKXPDQHQYLURQPHQWDQGDVVXFKDUHWKHQDWXUDOFRQVXPHUVRIDUFKLWHFWXUH
ZKLFK SODQV GHVLJQV DQG EXLOGV IRU WKHP 2Q WKH RWKHU KDQG DUFKLWHFWXUH XVHV
LPDJHV RI WKH KXPDQ ERG\ WR MXVWLI\ LWV FRQWHQWV DV SDUDJRQV DQG H[DPSOHV RI
KDUPRQLRXVDQGSURSRUWLRQDOVWUXFWXUHVEXWDOVRDVDPHDVXUHIRUFUHDWLQJDSURSHU
DQG FRPPHQGDEOH HQYLURQPHQW VXLWDEOH WR KXPDQ QHHGV 1RWDEOH H[DPSOHV WKDW
DGGUHVV WKH KXPDQ ERG\ LQFOXGH RI FRXUVH 9LWUXYLXV ZKRP , ZLOO GLVFXVV IXUWKHU
EHORZ DQG /H &RUEXVLHU ZKR KDV GHVLJQHG QXPHURXV EXLOGLQJV LQ (XURSH PDLQO\
GXULQJWKHILIWLHVFROODERUDWLQJZLWK1DGLU$IRQVR DQDUFKLWHFWDQGDQHPLQHQWDUWLVW 
XVLQJWKH 0RGXORU D KRXVLQJXQLW  DVDSULQFLSOHRISURSRUWLRQ ,QWKHVH
WZRH[DPSOHV DOWKRXJKGLVWDQWLQERWKWLPHDQGWKHLUYLVLRQVRIWKHKXPDQEHLQJ


$EURDGHUVFRSHRIWKHLVVXHLVGLVFXVVHGLQFlesh and Stone: the body and the city in Western
Civilization ZULWWHQE\5LFKDUG6HQQHWW::1RUWRQDQGFRPSDQ\6HHHVSHFLDOO\FKDSWHU
0RYLQJERGLHV LQZKLFK:LOOLDP+DUYH\ VUHYROXWLRQLQDQDWRP\DQGLWVLQIOXHQFHRQFLW\SODQQLQJ
LVSUHVHQWHG

,Q)UHQFK 8QLWHG KDELWDWLRQ DOVROLWHUDULO\ WUDQVODWHGDV KRXVLQJXQLW\ 

2QHPRUHH[DPSOHZRUWKQRWLFLQJLV2UODQ VMesuRAGEs SURMHFWLQZKLFKVKHOLHVRQDIORRURID
EXLOGLQJPDUNVZLWKDFKDONKHUERG\UHSHDWLQJKHUDFWLRQWLOOWKHIORRULVIXOOZLWKDGLVSOD\RI2UODQ
FRUSV 6HH D GHWDLOHG UHYLHZ LQ Carnal Art: Orlan's Refacing E\ & -LOO 2 %U\DQ 8QLYHUVLW\ RI
0LQQHVRWDSUHVVS
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WKH ERG\ DQG DUFKLWHFWXUH IXQFWLRQ RQ WZR GLVWLQFW OHYHOV ZLWK D RQHZD\ DQDORJ\
VWUHWFKLQJ IURP DUFKLWHFWXUH WR WKH KXPDQ ERG\ ZKLFK VHUYHV KHUH DV D VRUW RI
VFKHPD IRU WKH DUFKLWHFWRQLF VWUXFWXUH $JDLQVW WKLV H[DPSOH RQH FDQ SLW WKH SRVW
PRGHUQDUFKLWHFWXUDOFRQFHSWLRQWKDWUHIHUVWRWKHERG\ VFRQQRWDWLRQVDQGQRWRQO\
LWV OLPEV DV GRHV $\Q 5DQG LQ KHU QRYHO The Fountainhead 5DQG GHVFULEHV WKH
OLPEV RI WKH WRQHGYLULOHERG\RI WKH DUFKLWHFW +RZDUG 5RDUN DVWKRXJK WKH\ ZHUH
TXDUULHGIURPURFNLWLVRQWKHPKHPRGHOVKLVEXLOGLQJV$OWKRXJKWKHUHLVQR
GLUHFWFRQQHFWLRQEHWZHHQDUFKLWHFWXUHDQGERGLO\IHDWXUHVWKHYHU\GUDZLQJRIVXFK
DQDQDORJ\SRLQWVWRDUHYHUVDOLQWKHDUFKLWHFWXUDOYLHZRIWKHKXPDQERG\IURPWKH
ERG\DVDPRGHOIRU9LWUXYLXVDQG/H&RUEXVLHUWRDQLQWHUSUHWDWLRQRIWKHERG\DVD
PHWDSKRU IRU WKH EXLOGLQJ V SRZHU DV HYLGHQW LQ WKH FROOHFWLRQ RI SURMHFWV Stud:
Architecture of Masculinity ZKLFK GLVFXVVHV LPDJHV RI WKH PDVFXOLQH ERG\ LQ
DUFKLWHFWXUH


7KH DIIDLUEHWZHHQDUFKLWHFWXUH DQGWKH ERG\LVQ WQHZ WKHQDQG9LWUXYLXVZDV
DV QRWHG WKH ILUVW WR UHIHU WR WKH KXPDQ ERG\ DQG WKH KXPDQ EHLQJ KLPVHOI DV D
PHDQVWKDWRIIHUVDUFKLWHFWVZRUNLQJPHWKRGVKHGHHPHGFUXFLDOLIDUFKLWHFWXUHZDV
WRVHUYHLWVDLPVSURSHUO\+LVWUHDWLVHOn Architecture IHDWXUHVDKHIW\FRPSHQGLXP
RILQVWUXFWLRQVRQKRZWREXLOGZHOOSURSRUWLRQHGDQGSURSHUO\VFDOHGEXLOGLQJV
7KHIROORZLQJTXRWHHPLQHQWO\GHVFULEHVWKHFODVVLFDODUFKLWHFWRQLFSDUDGLJPZKLFK
WULFNOLQJLQWRWKHGLVFLSOLQHKDVEHFRPHDWLPHOHVVPRGHO
3URSRUWLRQFRQVLVWVLQWDNLQJDIL[HGPRGXOHLQHDFKFDVHERWKIRUWKHSDUWVRIDEXLOGLQJDQGIRU
WKH ZKROH E\ ZKLFK WKH PHWKRG RI V\PPHWU\ LV SXW LQWR SUDFWLFH )RU ZLWKRXW V\PPHWU\ DQG
SURSRUWLRQQRWHPSOHFDQKDYHDUHJXODUSODQWKDWLVLWPXVWKDYHDQH[DFWSURSRUWLRQZRUNHGRXW
DIWHUWKHIDVKLRQRIWKHPHPEHUVRIDILQHVKDSHGKXPDQERG\



/HW XV H[DPLQH 9LWUXYLXV  FHQWUDO FODLP LPSOLHG LQ WKLV SDVVDJH )LUVW KRZHYHU ,
PXVWUHIHU WKHUHDGHUWR D VLPLODUSRVLWLRQKHOG LQWKH WK FHQWXU\%&E\$ULVWRWOH
ZKR FODLPV WKDW DQ LQGLVSHQVDEOH FRGH XQGHUSLQV D ZHOO WXUQHG RXW WUDJHG\ WKDW
LPLWDWHVZHOOWKHFKDUDFWHUV OLYHV7KHWDQJHQWVGUDZQEHWZHHQDUWDQGDQH[WHUQDO
IDFWRUDUHQ WQHZWKHQ9LWUXYLXVLVIROORZLQJDQDOUHDG\SDYHGURDGZKHQKHXVHV
WKH KXPDQ ERG\ WR HVWDEOLVK VWDQGDUGL]DWLRQ LQ DUFKLWHFWXUH /HW XV FRQVLGHU WKH
DQDORJ\ 9LWUXYLXV GUDZV EHWZHHQ DUFKLWHFWXUH DQG D ILQH VKDSHG KXPDQ ERG\ 
UDWKHUWKDQWKHKXPDQERG\DVVXFK7KHHPSKDVLVRQ ILQHVKDSHG UDLVHVWKH
TXHVWLRQRIZKDWXQGHUOLHVWKHFKRLFHRIVXFKDKXPDQEHLQJUDWKHUWKDQDQ\RWKHU


-RHO6DQGHUV HG Stud: architecture of masculinity, 3ULQFHWRQ6HHDOVR*HRUJH'RGGVDQG
5REHUW 7DYHUQRU Body and Building: essays on the changing relation of body and architecture, 0,7
SUHVV6XVDQ%RUGRThe Male body: a new look at men in public and in private, )DUUDU6WUDXV
DQG*LURX[ 1HZ<RUN 

9LWUXYLXVOn Architecture, WUDQVODWHGLQWR(QJOLVKE\)UDQN*UDQJHU+DUYDUG8SUHVVS
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DVDQDORJRXVWRDUFKLWHFWXUH$UHRQO\WKHSURSRUWLRQVRIDILQHVKDSHGKXPDQEHLQJ
VXLWDEOH WRWKH WHPSOHVWKH 5RPDQDUFKLWHFWHQYLVLRQV":KDWDERXWWKH SHUVRQZKR
GRHV QRW GLHW DQG ZRUN RXW HYHU\ PRUQLQJ ZKRVH ERGLO\ SURSRUWLRQV DUH QRW WKRVH
9LWUXYLXV VHW GRZQLQ KLV WUHDWLVH"$UH WKH SURSRUWLRQVRI DQ XQDWWUDFWLYHSHUVRQ QRW
VXIILFLHQWO\ KXPDQ" )XUWKHUPRUH GLG 9LWUXYLXV  ZRUOG WHHP RQO\ ZLWK SHUIHFWO\
SURSRUWLRQHG SHRSOH DQG WKHUHIRUH KH UHTXLUHG WKH DUFKLWHFW WR LPLWDWH WKH SHUIHFW
ERG\ DV D EDVLV RI VWDQGDUG SURSRUWLRQV" 2U GLG 5RPH GLVSOD\ WKH YHU\ RSSRVLWH
SHRSOHZLWKUHJXODU KXPDQUDWKHUWKDQLGHDOSURSRUWLRQVDQGWRFRUUHFWWKLVIODZDW
OHDVWLQDUFKLWHFWXUH DV5HQDLVVDQFHSDLQWHUVZHUHWRGRODWHU 9LWUXYLXVVHWWKHLGHDO
ERG\DVDPRGHOVKXQQLQJWKHERG\VWUXFWXUHVRIUHJXODUSHRSOH$OOWKHVHTXHVWLRQV
VKDUH\HWDQRWKHUTXHVWLRQQDPHO\ZK\9LWUXYLXVFKRVHWKHKXPDQERG\DWDOOUDWKHU
WKDQDQRWKHUH[WHUQDOIDFWRUIRUKLVDUFKLWHFWXUDOLQVWUXFWLRQV


9LWUXYLXV  DQDORJ\ FHUWDLQO\ QRW WULYLDO EXW LQIRUPHG E\ WKH YLHZ WKDW VHW WKH KXPDQ
EHLQJ DQG KLV ERG\ DW WKH FHQWHU ZDV DOUHDG\GUDZQLQ WKH WK FHQWXU\ %&E\ WKH
DQFLHQW*UHHNV7KH\DGGUHVVHGWKHKXPDQERG\IURPHYHU\SRVVLEOHSRLQWRIYLHZ
LQYHVWLQJ LW ZLWK D ZLGHUDQJH RI PHDQLQJVWKDW ZHUH WR DQLPDWH LWV SHUFHSWLRQDQG
GHVFULSWLRQWKURXJKRXW:HVWHUQFXOWXUH 4XLWH SODXVLEO\ DQFLHQW*UHHFHSOD\HGWKLV
UROH EHFDXVH XQOLNH LQ WKH 0LGGOH $JHV QR GLVWLQFW GLVFLSOLQHV KDG \HW HPHUJHG
VXFK DV UHOLJLRQ P\WK DQG P\WKRORJ\ RQ WKH RQH KDQG DQG SDLQWLQJ VFXOSWXUH
WKHDWHU SKLORVRSK\ DQG VFLHQFH RQ WKH RWKHU 1R SXUH GLVFLSOLQHV IUHH RI PXWXDO
LQIOXHQFHV H[LVWHG LQ DQFLHQW *UHHFH DQG WKH P\WKV WKH FHQWUDO D[LV RI GDLO\ OLIH
ZHUH DFWXDOO\ WKH ODQJXDJH RI DUWLVWV SOD\ZULJKWV SKLORVRSKHUV DQG VFLHQWLVWV ,Q
SRHWU\ ILFWLRQ DQG HYHQ WKH YLVXDO DUWV VXFK DV SDLQWLQJ DQG VFXOSWXUH WKLV VHOI
HYLGHQW LQIOXHQFH UHTXLUHV QRMXVWLILFDWLRQV EXW ZKHQ WKH ODQJXDJH RI P\WKRORJ\ LV
XVHGLQWKHVFLHQFHVHVSHFLDOO\DQDWRP\DUDWKHUGHYHORSHGILHOGLQDQFLHQW*UHHFH
DQH[SODQDWLRQLVFDOOHGIRUPXVWDQDQDWRPLFDOGHVFULSWLRQOHDYHWKHERG\
XQWDLQWHG E\ GHILQLQJ DQG GHVFULSWLYH FRQFHSWV RI WKH SHULRG" 0XVW WKH VFLHQWLVW
LJQRUH WKH FXOWXUH KH OLYHV LQ WKH EHOLHIV RI KLV FRQWHPSRUDULHV WKHLU UHOLJLRXV
SULQFLSOHV P\WKV DQG P\WKRORJ\ DQG H[DPLQH WKH REMHFW RI KLV VWXG\ REMHFWLYHO\
ZLWKRXW DQ\ DSSDUHQWO\ H[WHUQDO FRQQHFWLRQV RU LQIOXHQFHV" ,V WKH GHPDQG IRU
REMHFWLYLW\SRVVLEOHRUDQXQTXHQFKDEOH\HDUQLQJ"7KHVHTXHVWLRQVZKLFKLQIOHFWHG
WKH DWWLWXGH RI DQFLHQW *UHHNV WRZDUG WKH KXPDQ ERG\ GHILQHG WKH ODWWHU PXFK DV
GLG 9LWUXYLXV DOWKRXJK KLV FRQFHSWLRQ RI WKH ERG\ WUDQVFHQGHG LWV PHFKDQLFDO
V\VWHPRIRUJDQVDQGLQYHVWHGLWZLWKDPHWDSKRULFPHDQLQJ7RLOOXVWUDWHWKLVSRLQW
ZH ZLOO UHWXUQ WR DQFLHQW *UHHN DUW WKHDWHU DQG P\WKRORJ\ ZKLFK LOOXPLQDWH WKH
KXPDQERG\IURPWZRDQJOHVWKHFRQFUHWHERG\PRYLQJZLWKLQWKHVSDFHDQGWLPH
RI WKH SOD\ VFKDUDFWHUVDQG WKHHWHUQDOERG\WUDQVFHQGLQJFRQFUHWHWLPHDQG VSDFH
DVDV\PERORIEDODQFH RULPEDODQFH EHWZHHQWKHKXPDQEHLQJDQGKLVIDWH
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6RSKRFOHV WUDJHGLHVDUHDFDVHLQSRLQW7KHILUVWSOD\LQWKHWULORJ\WHOOVRI2HGLSXV
WKH .LQJ WKH FDXVH DQG HIIHFW RI WKH PRUDO LPEDODQFH WKDW VWHPV IURP KLV YHU\
H[LVWHQFHDVDKXPDQEHLQJGHVSLWHKLVEUDYHU\ZLVGRPDQGFOHYHUQHVV$PRUWDO
ZKRVROYHVWKH ULGGOHRIWKH 6SKLQ[ KHXQVHWWOHVWKH VWDWXVTXREHWZHHQWKH JRGV
DQG SHRSOH SDYLQJWKH ZD\IRUD FKDLQRI WUDQVJUHVVLRQVWKDWEHJDQ ZLWKKLVELUWK
KLVDEDQGRQPHQWIHHWERXQGRQWKH PRXQWDLQKLVPDUULDJHWRKLVPRWKHUDQGWKH
ELUWKRIKLVIRXUFKLOGUHQDQGXSWRWKHJULPHQGZKHQKHSOXFNVRXWKLVH\HVDQGLV
EDQLVKHGIURP KLVFRXQWU\ $WHDFKRI WKHVH VWDJHV WKH KXPDQERG\LVWKH JURXQG
ZKHUH WKH GUDPD RI XQVHWWOHG P\WKLFDO EDODQFH XQIROGV EHWZHHQ WKH JRGV 
PHWDSK\VLFVDQGKXPDQOLIHEHWZHHQWKHFRVPLFRUGHUDQGWKHWULYLDOLW\RIHDUWKO\
HYHQWVEHWZHHQWKHFRQFUHWHERG\DQGWKHPHWDSKRULFERG\1RULVWKHKXPDQERG\
DEVHQW LQ WKH WULORJ\ V WKLUG SOD\ ZKHUH $QWLJRQH DVNV WR EXU\ KHU EURWKHU LQ
GHILDQFH RI .LQJ &UHRQ V GHFUHH WKDW IRUELGV KLV EXULDO EHFDXVH KH EHWUD\HG
7KHEHV7KLVLVQRWWKHSODFHWRH[DPLQHWKHFRPSOH[FRQIOLFWEHWZHHQOR\DOW\DQG
WUHDVRQ EHWZHHQ WKH NLQJ V GHFUHHDQG$QWLJRQH V IORXWLQJ RI WKH ODZ WKRXJK ZH
VKRXOG
SRLQWRXWWKDWWKHHQWLUHSOD\UHYROYHVDURXQGDGHDGKXPDQERG\WKDWIXQFWLRQVDVD
FHQWUDO LPDJH LQ WKH GLVWXUEHG EDODQFH EHWZHHQ WKH UR\DO GHFUHH DQG $QWLJRQH V
FRQVFLHQFHEHWZHHQGHDWKDQG$QWLJRQH VIDWH


1RW RQO\ WUDJHGLHV EXW FRPHGLHV WRR DGGUHVV WKH ERG\ $ULVWRSKDQHV  Lysistrata
ZULWWHQ SUREDEO\ LQ  %& GXULQJ WKH 3HORSRQHVLDQ ZDUV  %&  EHWZHHQ
$WKHQVDQG6SDUWDLVDPRQJWKHIDPRXV,QWKHSOD\/\VLVWUDWDWULHVWRFRQYLQFHWKH
ZRPHQ RI 6SDUWD DQG $WKHQV WR DEVWDLQ IURP VH[XDO UHODWLRQV ZLWK PHQ WR PDNH
WKHP VWRS WKH ZDU ,Q WKH EHVW RI *UHHN ZULWLQJ WUDGLWLRQ $ULVWRSKDQHV GRHV QRW
IRUJRJUDSKLFGHVFULSWLRQVRIERWKPDOHDQGIHPDOHVH[XDORUJDQVDQGHURWLFVFHQHV
YHUJLQJ RQ SRUQRJUDSK\ LQ RUGHU WR SRUWUD\ KXPDQ ZHDNQHVVHV DQG VWHHU ERGLO\
SDVVLRQV LQWR WKH LGHRORJLFDO FRQIOLFW EHWZHHQ $WKHQV DQG 6SDUWD 0DQ\
P\WKRORJLFDOVWRULHVIODVKWKURXJKWKHOLQHVVXFKDVWKHP\WKRIFUHDWLRQDQGWKH
ELUWKRI*DLD VDQG8UDQXV FKLOGUHQWKHVWRU\RIWKH$PD]RQVDQGRIFRXUVHDOOWKH
VWRULHVDERXWWKHJRGV VHGXFWLRQVDQGEHWUD\DOV


%XW WKH DQFLHQW *UHHNV ORRNHG DW DQG OHDUQHG DERXW WKHPVHOYHV QRW RQO\ LQ WKH
WKHDWHU 7KH PXFK PRUH DFFHVVLEOH DUWV RI SDLQWLQJ DQG VFXOSWXUH SUHVHQWHG WKH
ERGLHVRIZRPHQDQGPHQQRWRQO\DVRUQDPHQWVRUDHVWKHWLFH[SUHVVLRQV6HWLQD
P\WKLF FRQWH[W WKH SDLQWLQJV RI ZRPHQ DQG PHQ GHSLFWHG LPSRVVLEOH LPDJLQDU\
VLWXDWLRQV7KLVPD\EHZK\IRUWKHDQFLHQW*UHHNVDUWPHGLDWHGEHWZHHQP\WKRORJ\
DQG GDLO\ UHDOLW\ EHWZHHQ WKH PHWDSK\VLFDO DQG WKH SK\VLFDO VHUYLQJ DV D VRUW RI
VKLHOGIRUWKHLQGLYLGXDO,WLVQRWIRUWXLWRXVWKDW$ULVWRWOHOLVWVFDWKDUVLVDVDQLPSRUWDQW
HOHPHQW RI WUDJHG\ DVLW LVWKH RQO\ ZD\ WR VHHLQ DUWDOOXVLRQVWR GDLO\OLIH DQG VR
FDOOHGUHDOLVWLFVFHQHVHYHQLIWKHVHDUHKDUGWKRXJKUHOHYDQWWRRXUOLYHV
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,Q WKLV VHQVH $ULVWRWOH ZDV WKH ILUVW LI QRW WKH PRVW ULJRURXV WKHRUHWLFLDQ ZKR
XQGHUVWRRG WKDW DUW ZDV QRW RQO\ DQ DHVWKHWLF EXW DOVR D SHGDJRJLFDO DFWLYLW\ $UW
VHHNV WR SUHVHQW WKH LPDJLQDU\ WKH GHVLUDEOHUDWKHU WKDQ WKH H[WDQW DW D SDUWLFXODU
PRPHQW WR KLJKOLJKW WKH SUREDEOH UDWKHU WKDQ RQO\ FRQFUHWH UHDOLW\ DV VXFK $UW
WKHQ LQIXVHV DQ DSSDUHQWO\ WULYLDO UHDOLW\ ZLWK DQ LGHDWLRQDO VXEOLPHGLPHQVLRQWKDW
UK\PHV ZLWK WKH JRGV 7KH LPSOLHG WRQH LQ $ULVWRWOH V FODLP WKDW WKH DUWLVW PXVW
SUHVHQW WKH XQLYHUVDO WKURXJK WKH SDUWLFXODU DQG VHW GRZQ WKH FRQFUHWH DV KH
KLJKOLJKWV WKH JHQHUDO WUXWK LV QRWHZRUWK\ DV LW RSHQV WKH GRRU WR PHWDSKRULF
UHSUHVHQWDWLRQVNH\PHGLDWRUVLQWKHFRPSOHWHSUHVHQWDWLRQRIWKHFRQFUHWH


9LWUXYLXV ZDV ZHOO DZDUH WKDW DUW SOD\HG WKLV UROH ZKRVHDSSOLFDWLRQ LQDUFKLWHFWXUH
ZDV QRW IRUWXLWRXV QRU GHYRLG RI KLVWRULFDO FRQWH[W +LV DUJXPHQW LVQ W WKHUHIRUH
WULYLDOLIRQO\EHFDXVHLQWKRVHWLPHVWRRWKHERG\ VDUHQDZDVQRWH[KDXVWHGE\WKH
FLUFXPVFULEHGILHOGRIDQDWRP\EXWV\PEROL]HGPRUHWKDQDQ\WKLQJHOVHWKH=HLWJHLVW
WKDW ZDV WR SHDN LQ WKH 5HQDLVVDQFH $IWHU DOO DQFLHQW *UHHFH 5RPH DQG
5HQDLVVDQFH )ORUHQFH WRR ZHUH VZDUPLQJZLWK IDW DQG WKLQ WDOO DQG VKRUW SHRSOH
QRWWR VSHDN RI WKH YDULRXVO\GLVDEOHG1HYHUWKHOHVV9LWUXYLXVDQG WKHDUFKLWHFWVRI
WKH IROORZLQJJHQHUDWLRQVLJQRUHG WKHVHYDULDWLRQVDQG H[KRUWHG\RXQJ DUFKLWHFWVWR
OHDUQIURPWKH LPDJHRIWKH SHUIHFWLGHDWLRQDOKXPDQERG\WKDWWKULYHGLQ WKHLUZLOG
LPDJLQDWLRQRUDWOHDVWLQWKHZRUOGRI3ODWRQLFLGHDV






6XUSULVLQJO\ HQRXJK WKH WKHRULHV RI 9LWUXYLXV UHVRQDWH HYHQ WRGD\ DPRQJ
FRQWHPSRUDU\ DUFKLWHFWV GHVSLWH WKH VKLIWV WKH LPDJHV RI WKH KXPDQ ERG\ KDYH
XQGHUJRQHLQDUW DQG VFLHQFH$QXQXVXDOH[DPSOHLQWKLV FRQWH[WLVWKHIDVFLQDWLQJ
ZRUNRIWKHDUFKLWHFW/H&RUEXVLHUZKRXQOLNHKLVFROOHDJXHVERDVWHGKHZDVDEOHWR
DQG UHDOO\ GLG LQIXVH WKH WKHRU\ RI 9LWUXYLXV ZLWK D PRGHUQ PHDQLQJ ZKHQ KH EXLOW
LQVSLUHG E\ KLP ZKDW KH WHUPHG WKH 0RGXORUD KRXVH DGDSWHG WR WKH DYHUDJH
KXPDQ ERG\ZLWK WKH LQWHQWLRQ RI KDUPRQLRXVO\ RUJDQL]LQJ KLV HQYLURQPHQW LQVLGH
DQG RXWVLGH KLV KRPH /RFDWHG LQ 0DUVHLOOH WKH DSDUWPHQWV IHDWXUH XQLWV ZLWK
SURSRUWLRQV DGDSWHG WR HDFK IDPLO\ PHPEHU WKH URRPV IRU DGXOWV DUH ODUJHU WKDQ
WKRVH IRU FKLOGUHQ WKH SURSRUWLRQV RI WKH IDPLO\ OLYLQJ URRP GLIIHU IURP WKRVH RI WKH
EHGURRPDQGNLWFKHQHWF<HWIRU/H&RUEXVLHUVD\V$QWKRQ\9LGOHUWKHERG\
DFWHG DV WKH FHQWUDO UHIHUHQFH DQG LV FRQVLGHUHG WKH ODVW WR VRPH H[WHQW HYHQ
SDWKHWLFLIQRWWUDJLFVXUYLYRUDPRQJDFRPPXQLW\RIDUFKLWHFWVZKRUHPDLQHGOR\DOWR
WKHPRGHOSURSRVHGE\9LWUXYLXVDQGDOWKRXJKVRPHDUFKLWHFWVORRNWRWKH
KXPDQERG\IRULQVSLUDWLRQPRVWFHUWDLQO\XQOLNH9LWUXYLXVSHUFHLYHWKHERG\DVD
,WLVHYLGHQWKRZHYHUIURPZKDWKDVEHHQVDLGWKDWLWLVQRWWKHIXQFWLRQRIWKHSRHWWRUHODWHZKDW
KDV KDSSHQHG EXW ZKDW PD\ KDSSHQ  ZKDW LV SRVVLEOH DFFRUGLQJ WR WKH ODZ RI SUREDELOLW\ RU
QHVFHVVLW\$ULVWRWOHPoetics ,;WUDQVODWHGE\6+%XWFKHUAristotle's theory of Poetry and Fine
Art, 'RYHUSXEOLFDWLRQV


$QWKRQ\9LGOHUThe Architectural Uncanny: essays in the modern unhomely, 0,7SUHVVS
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PHWDSKRU
9LGOHU DWWULEXWHV WKH ULIW EHWZHHQ FODVVLFDO DUFKLWHFWXUH LQ ZKLFK WKH EXLOGLQJ V
DGHTXDF\LVEDVHGRQ WKH DQDORJ\ WRERGLO\SURSRUWLRQVDQGDQ DUFKLWHFWXUH IUHH RI
9LWUXYLDQ DQWKURSRPRUSKLVP WR (GPXQG %XUNH WKH WKFHQWXU\ ,ULVKPDQ NQRZQ
DOVR IRU KLV UHOLJLRXV VWDQFH SUHFLVHO\ GXULQJ WKH (QOLJKWHQPHQW ZKLFK KDV WULHG WR
WKURZ RII WKH VKDFNOHV RI UHOLJLRQ DQG WUDGLWLRQ 'HVSLWH KLV UHOLJLRXVHWKLFDO ZRUOG
YLHZ %XUNH VHHV LQ WKH KXPDQEHLQJ D OLPLWHG FUHDWXUH VXEMHFW WR WKH HYROXWLRQDU\
ODZV RI QDWXUH UDWKHU WKDQ WR GLYLQH SRZHUV 7KHUH LV D UHDVRQ ZK\ ZH KHDU %XUNH
DQWLFLSDWH WKH ODWHU &KDUOHV 'DUZLQ ZKR VDZ QRWKLQJ VXEOLPH HLWKHU LQ WKH KXPDQ
EHLQJ EXW VWXGLHG KLPDV \HW DQRWKHU OLQN LQ QDWXUH V UDQGRPHYROXWLRQ $JDLQVWWKLV
EDFNJURXQGDVJHQHUDODQGVNHWFK\DVLWPD\EH9LGOHU VTXRWHIURP%XUNH VIDPRXV
WUHDWLVH Philosophical Inquiry H[SUHVVHV VWDXQFK RSSRVLWLRQ WR WKH DQDORJ\ EHWZHHQ
DUFKLWHFWXUHDQGWKHKXPDQERG\%XUNHGLVGDLQVWKH9LWUXYLDQKXPDQEHLQJFODLPLQJ
WKDW





7RPDNHWKXVIRUFHGDQDORJ\FRPSOHWHWKH\UHSUHVHQWDPDQZLWKKLVDUPVUDLVHGDQGH[WHQGHGDW
IXOOOHQJWKDQGWKHQGHVFULEHDVRUWRIVTXDUH«,WDSSHDUVYHU\FOHDUO\WRPHWKDWWKHKXPDQ
ILJXUH QHYHU VXSSOLHG WKH DUFKLWHFW ZLWK DQ\ RI WKHVH ,GHDV« 0HQ DUH YHU\ UDUHO\ VHHQ LQ WKLV
VWUDLQHGSRVWXUHLWLVQRWQDWXUDOWRWKHPQHLWKHULWLVDOO EHFRPLQJ«&HUWDLQO\QRWKLQJFRXOGEH
PRUH XQDFFRXQWDEO\ ZKLPVLFDO WKDQ IRU DQ DUFKLWHFW WR PRGHO KLV SHUIRUPDQFH E\ WKH KXPDQ
ILJXUHVLQFHQRWZRWKLQJVFDQKDYHOHVVUHVHPEODQFHRUDQDORJ\WKDQPDQ DQGDKRXVHRUD
WHPSOH












%XUNH V UHMHFWLRQ RI WKH DQDORJ\ GHDU WR 9LWUXYLXV DQG WKH DGYRFDWHV RI SURSRUWLRQ
ZKRZDONHGLQ KLV IRRWVWHSVXQVHWWOHVWKH IRXQGDWLRQVRI WKH $ULVWRWHOLDQWKHRU\WKDW
HYDOXDWHGDUWE\LWVDELOLW\WRFUHDWHVXEOLPHLPDJLQDU\UHDOLWLHV,QVWHDGDUWLVWR EH
JUDVSHGWKURXJK WKH KXPDQVHQVHVWKDWLVLWSDVVHVPXVWHUDVJRRGDUWLILWHOLFLWV
IHHOLQJV,IZHDSSO\WKLVFODLPWRDUFKLWHFWXUHZHUHDOL]HWKDW%XUNHGRHVQRWUHPRYH
WKHERG\IURPWKHGHEDWHRQWKHGLVFLSOLQH VQDWXUHEXWDJDLQVWWKHSHUIHFWVXEOLPH
ERG\GHSLFWHGLQ/HRQDUGRGD9LQFL VIDPRXVGUDZLQJKH SLWVWKHERG\DVLWLVWKH
VXEMHFWLYHERG\PRYLQJWKURXJKDUFKLWHFWXUDOVSDFHVZLWKLWVVHQVDWLRQVDQG
LPSUHVVLRQVDVWKHPHDVXUHIRUWKHEXLOGLQJ VQDWXUHDQGYDOXH



%XUNH ( Philosophical Enquiry into the Origins of our Ideas of the Sublime and Beautiful, S 
FLWHG IURP 9LGOHU  S  7KH VDPH SDVVDJH LV FLWHG LQ WKH Opening Statement E\ 'HERUDK
+DXSWPDQ HG LQKHU The Body in Architecture, 5RWWHUGDP3XEOLVKHUV,QWURGXFLQJ%XUN V
FKDOOQJHRIWKH9LWUXYLDQERG\LQWKHYHU\ILUVWSDJHRIKHUERRNLVRIQRFRLQFLGHQFHVWUHVVLQJWKHSRLQW
WKDW$UFKLWHFWXUHVKRXOGQRWEHEDVHGRQ DIRUFHGDQDORJ\QDPHO\WKHLGHDVRIUHJXODULW\JHRPHWU\
DQGSURSRUWLRQDVGHULYLQJIURPWKHKXPDQERG\DQGEHLQJFRQVLGHUHGWKHefficient cause IRUEHDXW\LQ
DUFKLWHFWXUH 
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7KHDGYHQWRIWKHXJO\DQGGLVWRUWHG
%XUNH VFULWLTXHRI9LWUXYLXVVHHSHGGHHSO\LQWRDUFKLWHFWXUHZKRVHTXHVWKDVVKLIWHG
LQFUHDVLQJO\ WR HPRWLRQ DQG VXUSULVH RIWHQ DW WKH H[SHQVH RI IXQFWLRQDOLW\ 6DOLHQW
H[DPSOHV ZRXOG EH WKH ZRUNV RI VXFK DUFKLWHFWV DV 'DQLHO /LEHVNLQG 7KH -HZLVK
0XVHXPLQ%HUOLQ )UDQN*HKU\ %LOEDR ,03HL -DYLWV&RQYHQWLRQ&HQWHULQ1HZ
<RUN WRPHQWLRQRQO\DIHZRIWKHFXUUHQWVWDUDUFKLWHFWVZKRVHHPWRKDYHFDUHIXOO\
UHDG%XUNH VEULHIREVHUYDWLRQWKDWWKHWHVWRIDUWLQFOXGLQJDUFKLWHFWXUHLVLWVDELOLW\WR
FDOO IRUWK HPRWLRQV IHDU DQ[LHW\ GUHDG DQG RI FRXUVH HPSDWK\ MR\ HWF ,Q WKLV
FRQWH[W 5REHUW 9HQWXUL V ZHOONQRZQ ERRN Learning from Las Vegas1   LV
QRWHZRUWK\ DV LW WDNHV LVVXH ZLWK %DXKDXV VWHULOLW\ LQ IDYRU RI DQ DUFKLWHFWXUH WKDW
FRQYH\VWKHVSLULWRIWKHSODFHDQGWKHUHIRUHVWULNHVGHHSHUFKRUGVWKDQWKH
XQLYHUVDOSUHWHQWLRXVQHVVVXJJHVWHGE\EXLOGLQJVDLPLQJDWWKH SURSRUWLRQDODQGWKH
VXEOLPHZLWKRXWDQ\UHIHUHQFHWRWKHLUWLPHDQGSODFH



,W LV LQ WKLV YHLQ WKDW ZH DUH WR UHDG PDQ\ WKHRUHWLFDO ZRUNV RQ DUFKLWHFWXUH ZLWK
DPSOHUHIHUHQFHVWRWKHRUHWLFLDQVZKRZHUHLWQRWIRUWKHWXUQDERXWLQDUFKLWHFWXUH
ZH ZRXOG KDYH KDUGO\ VHHQ WKHLU WUDFHV LQ WKLV GLVFLSOLQH 6LJPXQG )UHXG /XFH
,UULJDUD\ -XGLWK %XWOHU $QGUHZ %HQMDPLQ $QWKRQ\ 9LGOHU 8PEHUWR (FR 7DOL
+DWXND  DQG 5DFKHO .DOOXV ZKRKDYHXVKHUHGLQ DQHZDSSURDFKWRWKH WZLVWHG
XJO\DFKLQJVH[XDOERG\


$VDJDPELWWRDOOWKHVH,PXVWUHIHUWR)UHXG VIDPRXVHVVD\The Uncanny  
ZKHUHKHDQDO\]HVDIHHOLQJWKDWLVQHLWKHUIHDUQRUDQ[LHW\EXWDVSHFLDOHPRWLRQWKDW
VWHPV IURP WKH UHSUHVVLRQ RI D FKLOGKRRG H[SHULHQFH RI GUHDG $PRQJ WKH PDQ\
H[DPSOHV KH LQFOXGHV WKH GUHDG WULJJHUHG E\ DXWRPDWRQV PRYLQJ LQ VSDFH WKH
UHFXUUHQWDSSHDUDQFHRIDQREMHFWHYHQWRUSHUVRQLQRXUUHJXODUVXUURXQGLQJVRURQ
RXULWLQHUDULHVVXFKDVDFHUWDLQQXPEHULQYDULRXVFRQWH[WVRUWKHVXGGHQORRPLQJ
RIDSHUVRQZHMXVWWKRXJKWDERXWJHWWLQJORVWLQDQXQNQRZQFLW\DQGHYHQ
LGHQWLFDOWZLQVZKRRIIHUQRDSSDUHQWUHDVRQIRUWKHGLVFRPIRUWDQGHYHQGUHDGVXFK
LGHQWLFDO GRXEOLQJ HOLFLWV )LQDOO\ )UHXG OLVWV DV XQFDQQ\ DOVR FHUWDLQ OLWHUDU\ DQG
GUDPDWLF FKDUDFWHUV DQG HYHQWV 7KH XJO\ WKH GLVWRUWHG DQG WKH GLVSURSRUWLRQDO
HQFRXQWHUHG LQ DUW GR QRW HOLFLWIHDU RU DQ[LHW\ EXW UDWKHU GLVFRPIRUWDQG DW WLPHV
HYHQDQXQFDQQ\VHQVHWKDWWKH\DUHDERXWWRXQVHWWOHWKHVRFLDORUGHU
7RFRQWLQXH)UHXG VLGHDZHFRXOGVD\WKDWWKHVHQVHRIXQFDQQLQHVVLVFRQWUDU\WR
WKH HPRWLRQ HOLFLWHG E\ WKH EHDXWLIXO WKH VXEOLPH WKH KDUPRQLRXV DQG WKH
SURSRUWLRQDO7KHODWWHURIIHUDQH[SHULHQFHRISOHDVXUHDQGWUDQTXLOLW\ZKHUHDVWKH



5REHUW 9HQWXUL 'HQLVH 6FRWW %URZQ 6WHYHQ ,]HQRXU Learning from Las Vegas: the forgotten
symbolism of architectural form, 0,7SUHVV

7DOL+DWXNDDQG5DFKHO.DOOXV%RG\5DFKHO.DOOXVDQG7DOL+DWXND HGV Architectural Culture:
Place, Representation, Body, 5HVOLQJSS LQ+HEUHZ 
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FULSSOHG LPEDODQFHG ZRXQGHG FDOO IRUWK GLVFRPIRUW DQG HYHQ GUHDG ZLWKRXW DQ\
DSSDUHQWUHDVRQ6WLOOLQPDQ\FDVHVVRPHWKLQJEHDXWLIXODQGKDUPRQLRXVFDQDOVR
SURYRNHGUHDGLISUHVHQWHGH[DJJHUDWHGO\ZLWKVXUSULVLQJHOHPHQWV


, KDYHFKRVHQWR RSHQ ZLWK)UHXGEHFDXVHWZREULHI SDVVDJHVLQ KLV HVVD\UHIHUWR
DUFKLWHFWXUH , KDYH DOUHDG\ PHQWLRQHG ILQGLQJ RQHVHOI LQ DQ XQIDPLOLDU VWUHHW LQ DQ
XQIDPLOLDUFLW\KHUHWKHGUHDGVWHPVIURPWKHWRXULVW VVXGGHQGLVRULHQWDWLRQDVKHLV
ORRNLQJIRUKLVKRWHO \HWUHWXUQVRYHUDQGRYHUWRWKH VDPHVWUHHWKHZDQWVWROHDYH
EHKLQG7KHVHFRQGH[DPSOHLVRXURZQKRPHZKHQWKHOLJKWVVXGGHQO\JRRIIDQGZH
JURSH LQ KLJKO\ IDPLOLDU KDOOZD\V EXW DUH KDUG SXW WR ILQG RXU ZD\ LQ WKH GDUN %RWK
FDVHVHOLFLWDVHQVHRIXQFDQQLQHVVDQGGLVTXLHWQRWEHFDXVHDILJXUHRUDQ
REMHFWVXGGHQO\DSSHDUHGLQRXUHQYLURQPHQWRUEHFDXVHDMDUULQJVRXQGEXUVWIURP
DQ XQNQRZQ VRXUFH :H H[SHULHQFH XQFDQQLQHVV EHFDXVH RXU SODFH KDV
EHFRPH GLVWRUWHG DQG GLIIHUHQW DQG WKH IDPLOLDU DQG SUHGLFWDEOH DUH VXGGHQO\
XQFOHDU


,Q OLQH ZLWK )UHXG V FRQFHSW RI WKH XQFDQQ\ ZH FRXOG VD\ WKDW IURP WKH PLGWK
FHQWXU\PRGHUQDUWKDVDURXVHGIHHOLQJVWKDWKDGFHUWDLQO\QRWEHHQH[SHULHQFHGE\
DUW YLHZHUV LQ SUHYLRXV FHQWXULHV 7KH YHU\ UHIHUHQFH WR QRQVXEOLPH ERG\ LPDJHV
IORXWV HYHU\ DHVWKHWLF SULQFLSOH SUHYDOHQW WKXV IDU 7KH DFKLQJ WKH XJO\ WKH
GLVPHPEHUHG WKH EOHHGLQJDOO WKHVH GHILHG WKH V\PPHWULFDO KDUPRQLRXV ERG\
VKHGGLQJDFULWLFDOOLJKWRQWKHSDVWZLWKDVOLFHRIFRQFUHWHOLIHLQDOOLWVJURWHVTXHDQG
WUDJLFDVSHFWV7KLVWUDQVJUHVVLRQDOVRPHDQWWRFRQVWLWXWHDQHZEXWDFWXDOO\IDPLOLDU
LPDJH RI WKH KXPDQ ERG\ HYHU VLQFHDLOLQJ DFKLQJ DQG EOHHGLQJWKRXJK DUW
OLWHUDWXUH WKHDWHU DQG DUFKLWHFWXUH KDG EOXUUHG LI QRW FRQFHDOHGLWV UHSUHVHQWDWLRQ
'RHVWKLVRPLVVLRQVWHPIURPWKHGUHDGHOLFLWHGE\JUXHVRPHVLJKWV"+DVWKHERG\
LQSDLQEHHQKLGGHQE\WKHIHDUWKDWLWPLJKWEHSHUFHLYHGDVWULYLDO
DQGEDQDOFRPSDUHGWRWKHXQHTXDOOHGVDFUHGQHVVRI-HVXV PDUW\UHGERG\"&RXOG
WKHLPDJHRIWKHVLFNGLVWRUWHGERG\KDYHFKDQJHGWKHYHU\RUGHURIVXFKILHOGVDV
DUFKLWHFWXUH ZKLFK XVHG WKH KHDOWK\ KDUPRQLRXV DQG V\PPHWULFDO ERG\ DV D
SDUDGLJPIRUDJHVWDOWZRUWK\RILPLWDWLRQ"


:LWKWKHVHTXHVWLRQVLQPLQGOHWXVH[DPLQHWKHERG\LPDJHVWKDWHPHUJHGLQWKH
ZDNHRIWKH)UHQFK5HYROXWLRQDQGZKHWKHUPRGHUQDUFKLWHFWXUHKDVEHHQPLQGIXO
RI WKH VKLIW LQ ERG\ LPDJHV RU KDV UHPDLQHG OR\DO WR WKH 9LWUXYLDQ YLVLRQ RI
DUFKLWHFWXUHDVDQLPLWDWLRQRIWKHEHDXWLIXOERG\






,PDJHVRIWKHIUDJPHQWHGERG\LQPRGHUQLVP
,ILUVWEHFDPHLQWHUHVWHGLQERG\LPDJHVLQDUWDIWHUUHDGLQJ/LQGD1RFKOLQ V VKRUW






/LQGD 1RFKOLQ The body in pieces: the fragment as a metaphor of Modernity, 7KDPHVDQG +XGVRQ
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ERRN The Body in Pieces ,WV PXFK PRUH HQWLFLQJ VXEWLWOH VSHFLILHV ZKDW WKH WLWOH
LPSOLHV ZKR WKH ERG\ SLHFHV EHORQJ WR DQG LQ ZKDW FRQWH[W WKH\ DUH GLVFXVVHG
,QGHHGThe Fragment as a Metaphor of Modernity QRWRQO\UHYHDOVWKHERRN VWHQRU
EXW DOVR H[SODLQV KRZ WR VSRW PRGHUQLW\ ZKLFK WKH DXWKRU FODLPV LQYHQWHG
IUDJPHQWDULQHVV7KDWLV WKHFRQVXPPDWHH[SUHVVLRQRI PRGHUQLW\FDQEHIRXQGLQ
WKH ERG\ V GHSLFWLRQ LQ DUW WKH JUHDWHU WKH IUDJPHQWDULQHVV WKH ILUPHU WKH ERG\ V
VWDWXV DV LPDJH DQG PHWDSKRU DQG DV VXFK LW HQKDQFHV PRGHUQLVP 1RFKOLQ
ORFDWHVWKHULIWEHWZHHQWUDGLWLRQDODUWDQGPRGHUQDUWGXULQJWKH)UHQFK5HYROXWLRQ
DQG VWUDQJH DQG PRUELG DV WKLV PD\ VRXQG VKH FRQVLGHUV WKH JXLOORWLQH D GHYLFH
WKDW XVKHUHG LQ WKH PRGHUQ SHULRG ZKLFK FRQVWLWXWHG WKH IUDJPHQW DV D SRVLWLYH
UDWKHUWKDQDQHJDWLYHWURSH


/RVVIUDJPHQWVWKHGLVPHPEHUHGERG\DUHWKHPRVWDSWFRXQWHUDUJXPHQWVDJDLQVW
WKHQRVWDOJLDIRUWKHSDVW1RFKOLQZULWHVDQGLQWKLVVHQVHWKHHPHUJHQFHRIERG\
SDUWV LV WR EH LQWHUSUHWHG DV WKH GHOLEHUDWH GHVWUXFWLRQ RI ZKDWHYHU LV FRQQHFWHG WR
WUDGLWLRQ DQG WR ZKDW ZH ZURQJO\ SHUFHLYH DV YDQGDOLVP LQ WKH FUHDWLRQ RI QHZ
XQELDVHG LPDJHV LQ DUW 7KH JXLOORWLQH ZDV WKH ILUVW PRGHUQ PHFKDQLFDO PHDQV RI
H[HFXWLRQWKDWVWULSSHGWKH H[HFXWLRQRILWVSXQLWLYHDVSHFWWXUQLQJLWLQWRDQLFRQRI
PRGHUQLVPWKDWSXUJHGVRFLHW\RIWKH EXUGHQRI WKHROGZRUOG:KLOHZHVKXGGHUDW
WKH VLJKWRI WKHJXLOORWLQHDQG WKHH[HFXWLRQVGXULQJWKH)UHQFK5HYROXWLRQLQWKRVH
\HDUVWKH\ZHUHSHUFHLYHGDVDGUDPDWLFFKDQJHLQWKHSROLWLFVRISXQLVKPHQW,IXS
WR WKH UHYROXWLRQ WKH WUHDWPHQW RI WKH FRQYLFW V ERG\ ZDV GULYHQ E\ IXQGDPHQWDOLVW
PRWLYHV WKDW LV WKH UHVWRUDWLRQ RI WKH ROG RUGHU DV LQ 6RFUDWHV  FDVH RU VHOILVK
PRWLYHV NLQJVH[HFXWHGSROLWLFDOULYDOV QHYHUKDGSHRSOHEHHQH[HFXWHGDVGXULQJ
WKH )UHQFK 5HYROXWLRQ LQ WKH QDPH RI WKH (QOLJKWHQPHQW DQG WKH SURPRWLRQ RI
KXPDQHYDOXHVVXFKDVIUHHGRPHTXDOLW\DQGEURWKHUKRRG1RWVXUSULVLQJO\DUWLVWV
IURPDOOWKHDUWVSUDLVHGDQGGRFXPHQWHGWKHJXLOORWLQHDVWKHILUVWVROGLHUILJKWLQJIRU
ORIW\YDOXHVDQGWKHUHVXOWVRIH[HFXWLRQVKHDGVKDQGVOHJVHWFZHUHSUHVHQWHG
DVV\PEROVRISURJUHVVUDWKHUWKDQPHUHH[SUHVVLRQVRIFUXHOW\RUWHUURU




,QGHHG PDQ\ SDLQWLQJV IHDWXUH D VHYHUHG KHDG KHOG E\ D UHYROXWLRQDU\ UHFDOOLQJ
SDLQWLQJV RI 'DYLG KROGLQJ *ROLDWK V KHDG RU RI -XGLWK EHKHDGLQJ +RORIHUQHV WKH
ODWWHUE\$UWHPLVLD*HQWLOHVFKL 'HVSLWHWKHWLPHJDSDQGKRUURULQERWKFDVHV
WKH VHYHUHG OLPE LV PHDQW WR HOLFLW QRW RQO\ UHYXOVLRQ RU GUHDG EXW DOVR SRVLWLYH
FRQQRWDWLRQV2QFHWKHGLVPHPEHUHGERG\VHWWOHGDVDOHJLWLPDWHGLVSOD\LQDUWWKH
GRRU RSHQHG PDLQO\ IURP WKH WK FHQWXU\ RQZDUG IRU PDQ\ DUWLVWV ZKR VDZ WKH
ERG\LQJHQHUDOEXWDOVRWKHLURZQDVDJURXQGWRH[SUHVVVRFLDOQDWLRQDODQG
H[LVWHQWLDOYDOXHV/HWXVUHFDOOWKDWGXULQJWKH)UHQFK5HYROXWLRQZKHQERWK)UDQFH
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DQG (XURSH ZHUH SODJXHG E\ VRFLDO DQG SROLWLFDO GLVRUGHU TXLWH D IHZ PHPEHUV RI
WKH PLGGOH FODVV XVHG WKH FLUFXPVWDQFHV WR WRXW OLEHUWLQH LGHDV &RQWUDU\ WR
WUDGLWLRQDO VRFLHW\ ZKLFK YHQHUDWHG WKH IDPLO\ DQG VRFLDO VWDWXV WKH UHYROXWLRQ
JUDQWHGPDLQO\WRPHQEXWDOVRWRTXLWHDIHZZRPHQWKHIUHHGRPWRPHHWLQFDIpV
EDUV DQG SXEV )UHH WR FRQVXPH DPRQJ RWKHUV OX[XU\ IDVKLRQ DQG SRUQRJUDSKLF
OLWHUDWXUHPDQ\DVQRWHGE\0DUJDUHW&-DFREEHFDPHDZDUHRIWKHLUHURWLFERG\
RIWKHLUSDVVLRQVDQGDSSHWLWHVZKLFKFRXOGDWODVWEHTXHQFKHG


3HRSOHVXGGHQO\GLVFRYHUHGWKDWOLIHZDVQRWXQGHUSLQQHGRQO\E\LGHDVYDOXHVDQG
UHOLJLRQWKDWWKHUHZHUHERGLHVDQGREMHFWVWKDWWKHKXPDQEHLQJKDGDERG\ZKRVH
EHKDYLRU GLG QRW GHSHQG RQ WKH VRXO RQO\ 7KH ERG\ WXUQHG RXW WR EH D KLVWRULFDO
HQWLW\ EXW XQOLNH PRVWRWKHU REMHFWV QRWWR VSHDN RI WKHLGHDV YDOXHVDQGODZVE\
ZKLFK ZH OLYH LW KDV QRW XQGHUJRQH FKDQJHV DQG XSKHDYDOVLQ LWV DSSHDUDQFH DQG
IXQFWLRQVQRUKDVLWEHFRPHPRUHVRSKLVWLFDWHG7KURXJKRXWKLVWRU\WKHKXPDQERG\
KDVUHPDLQHGFRQVWDQWDFRPSOLFDWHGFRPSOH[V\VWHPRIRUJDQVDQGOLPEVZKRVH
GHYLDWLRQ IURP QRUPDWLYH IXQFWLRQLQJ LV SHUFHLYHG DV DQ XQXVXDO HYHQW OHDYLQJ XV
SRZHUOHVVEHIRUHWKHERG\ VRYHUDOOGHILQLWLRQ,IDQDWRPLFDOFKDQJHVGLGRFFXUWKH\
ZHUH H[WHUQDO DQG DUWLILFLDOO\ LQWURGXFHG LQ RUGHU WR SROLFH WKH ERG\ DQG UHVWRUH LWV
QRUPDWLYHIXQFWLRQLQJ


2XU LQVLJKWV DERXW WKH ERG\ V HVVHQFH FDOO IRU WKHQ WKH VROXWLRQ RI WKH IROORZLQJ
SDUDGR[ RQ WKH RQH KDQG ZH DUH DZDUH RI WKH FRQFUHWH SULYDWH ERG\ ZKLFK DV
QRWHG KDV QRW FKDQJHG DQG ZLOO PRVW SUREDEO\ QRW FKDQJH GUDPDWLFDOO\ LQ WKH
IXWXUHRQWKHRWKHUKDQGZHFDQQRWLJQRUHWKHERG\LPDJHVGHSLFWHGE\VFLHQWLVWV
WKHRORJLDQVSKLORVRSKHUVDUWLVWVSOD\ZULJKWVZULWHUVDQGSRHWVEXWDOVRDUFKLWHFWV
ZKRGRORRN DW WKH SK\VLFDO ERG\\HW EXLOG DURXQG LWLPDJHVWKDW GRQRWGRYHWDLOLWV
FRQFUHWH H[LVWHQFH *LYHQ WKLVSDUDGR[EHWZHHQ WKH FRQFUHWH ERG\ DQG LWV LPDJHV
ZHFDQQRWEXWDVNZKHUHWKHERG\LVDQGZKLFKRIWKHDERYHSRVVLELOLWLHVGHVFULEHVLW
EHWWHU 7KH KXPDQ ERG\ VHHPV WR EH DQ HQLJPD VLQFH ZH KDYH D ERG\ LW LV
DFFHVVLEOH DQG IDPLOLDU WR HYHU\RQH EXW LWV GHILQLWLRQ LQ D KLVWRULFDO FRQWH[W WKH
DWWHQGDQWLPDJHVWKHSKLORVRSKLFDODQGSV\FKRORJLFDOGLOHPPDVLWUDLVHVLQ WKHDUWV
DQG VFLHQFHVLQGLFDWHWKDW WKH ERG\LV DFKDPHOHRQOLNHFRQFHSW WKDW IXQFWLRQV LQ
RXUGLVFRXUVHDVERWKDSK\VLFDOREMHFWDQGDPHWDSKRU,WZDV7KpRGRUH*pULFDXOWLQ
WKH IOHGJOLQJ \HDUV RI PRGHUQLVP ZKR RIIHUHG WKH PRVW DUUHVWLQJ PHWDSKRULFDO
H[SUHVVLRQRIGLVPHPEHUHGVFDWWHUHGKXPDQOLPEV,QDVHULHVRISDLQWLQJVRI
VHYHUHGOLPEVKHXQGHUVFRUHGDEVHQFHVHWWLQJKDQGVOHJVKHDGVQH[WWRHDFKRWKHU



0&-DFRE7KHPDWHULDOLVWZRUOGRISRUQRJUDSK\LQ+XQW/ HG The Invention of Pornography:
obscenity and the origin of Modernity 1500-1800, 1HZ<RUNSS6HHHVSHFLDOO\S


page # 68

XVII Generative Art Conference - GA2014





DV WKRXJK LQ DQ DQDWRPLFDO GLVSOD\ RI OLIHOHVV ERG\ SDUWV GHYRLG RI FRQWH[W DQG
PHDQLQJDVWKRXJKWKH\ZHUHPHUHOLPEVEHUHIWRIDQ\DGGUHVVRULGHQWLW\OLPEV
WKDWEHORQJHGWRQRRQHLQSDUWLFXODUODFNHGKLVWRU\DQGFRXOGQRWH[SODLQZKDWWKH\
ZHUHGRLQJDQGKRZWKH\HQWHUHGWKHSDLQWLQJ




7KpRGRUH*pULFDXOWSevered limbs

0DQ\ DUWLVWV ZKR FDPH RI DJH ZLWK WKH )UHQFK 5HYROXWLRQ DPRQJ WKHP 7KpRGRUH
*pULFDXOW SDLQWHG WKH PDLPHG KXPDQ ERG\ :LWKRXW PHPRULHV RI WKH UHYROXWLRQ
WKHVHSDLQWLQJVZRXOGKDYHKDUGO\EHHQDFFHSWHG,Q*pULFDXOWSDLQWHGDOVRDQ
H[HFXWLRQ LQ ,WDO\ ZRXQGHG VROGLHUV O\LQJ RQ D FDUW   DQG D PDQ ZLWK D OHJ
SURWKHVLV VWDQGLQJ LQ IURQW RI D /RXYUH JXDUG $V QRWHG WKHVH SDLQWLQJV RIIHUHG
KDUURZLQJGHSLFWLRQVRIWKHJXLOORWLQHDQGRI)UDQFH VVWDWXVDQGVLWXDWLRQLQWKHZDNH
RI WKH 1DSROHRQLF ZDUV DV WKRXJK WR UHPLQG XV WKDW DJDLQVW 1DSROHRQ V LPSHULDO
LPDJH KH KDG EHHQ SDLQWHG E\ *pULFDXOW KLPVHOI  ZHUH SLWWHG KXPDQ VKDUGV DV D
KLVWRULFDO ZDUQLQJ RI D OHDGHU V KXEULV D OHDGHU ZKRGLVGDLQHG QR PHDQV WR JORULI\
KLPVHOI7KHVHSDLQWLQJVVD\V1RFKOLQDUHDUHPLQGHUIRUDUWKLVWRULDQVZKRDGGUHVV
WKH KXPDQ ERG\ RQO\ IURP WKH LFRQRJUDSKLF SRLQW RI YLHZ LJQRULQJ LWV SK\VLFDO
DFKLQJ DQG WRUPHQWHG FRUSRUHDOLW\ ZKLFK UHSUHVHQWV DV LQ WKH DERYH H[DPSOH
HYHQWV LQ WKH KLVWRU\ RI )UDQFH 1RFKOLQ V FODLP ZRXOG KDYH EHHQ WHQDEOH KDG
*pULFDXOWEHHQWKH RQO\RQH WRSDLQWVXFKVLJKWVDW WKH WLPH,QWKLVFDVHZHZRXOG
KDYHKDGWRLQWHUSUHWKLVSDLQWLQJVDVKLVWRULFDOGRFXPHQWVUDWKHUWKDQDVD
PHWDSKRULFDOH[SUHVVLRQRIWKHKXPDQFRQGLWLRQ%XWVLQFH*pULFDXOWGLGQRWZRUNLQD
YDFXXPDQGVLQFHTXLWHDIHZDUWLVWVRIWKDWSHULRGDQGHYHQODWHUXVHGWKHERG\
DVDFHQWUDOWKHPHLQWKHLUZRUNZHFRXOGKDUGO\DFFHSWXQFULWLFDOO\1RFKOLQ VFODLP
WKDWWKLVLVQRWLFRQRJUDSKLFSDLQWLQJ7KHDUWLVWVRIWKH)UHQFK5HYROXWLRQDVZHOODV
WKRVH RI WKH WK FHQWXU\ VXFK DV &LQG\6KHUPDQ )UDQFR% 2UODQ WKH &KDSPDQ
EURWKHUVDQGRWKHUVZKRVHZRUNZHZLOOH[DPLQHIXUWKHUEHORZZRXOGQRWKDYHZRQ
VXFKDFFODLPDQGOHJLWLPDF\ZHUHLWQRWIRUWKHVKLIWVLQWKHYLVLRQRIWKHKXPDQERG\
ZLWK WKH HPHUJHQFH RI VFLHQWLILF PDWHULDOLVP VHYHUDO \HDUV SULRU WR WKH )UHQFK
5HYROXWLRQ7KLVLVQRWWKHSODFHWRH[SDQGRQWKLVVXEMHFW\HWLWVKRXOGEHQRWHGWKDW
VFLHQWLILF PDWHULDOLVP HPHUJHG FRQFRPLWDQWO\ ZLWK WKH VSUHDGLQJ RI 3URWHVWDQWLVP
DQGODWHU&DOYLQLVP


7KHUHZHUHQRWRQO\HVVHQWLDOWKHRORJLFDOGLIIHUHQFHVEHWZHHQ&DWKROLFLVPDQGWKH
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VXUJH RI 3URWHVWDQWLVP DQG &DOYLQLVP 7KH QHZ UDGLFDO &KULVWLDQ PRYHPHQWV LQ
SDUWLFXODUH[HUWHGDPDUNHGLQIOXHQFHRQVFLHQFHDQGWKHUHIRUHRQ WKHGHILQLWLRQRI
WKH KXPDQ ERG\ LQ WKH DUWV 6FLHQFH VDZ WKLV WXUQLQJ SRLQW LQ WKH ZRUN RI :LOOLDP
+DUYH\ ZKR VWXGLHG WKH IXQFWLRQ RI WKH EORRG YHVVHOV KHDUW DQG KHDUW YDOYH
VWUXFWXUH DQG GHILQHG WKHP FRQWUDU\ WR WKH WKHQ SUHYDOHQW DSSURDFK LQIOXHQFHG E\
*DOHQ ZKR KDG ZULWWHQ DERXW WKH VWUXFWXUH RI WKH KXPDQ ERG\ DQG HYHQ GUDZQ
VNHWFKHV QRZ ORVW $ 3ODWRQLVW *DOHQ KDG GHVFULEHG WKH FLUFXODWRU\ V\VWHP LQ
VSLULWXDO WHUPVR[\JHQDWHG EORRG FDUULHG YLWDO VSLULWV ZKHUHDVWKH EORRG UHWXUQLQJ
IURPWKHERG\ODFNHGWKHP


$VLWRIWHQKDSSHQVLQVFLHQFHDQGRIFRXUVHDOVRLQDUWWKHSDUDGLJPIRUDWXUQLQJ
SRLQW GRHV QRW RULJLQDWH LQ WKH ILHOG LWVHOI EXW LV DQLPDWHG E\ H[WHUQDO IDFWRUV 2QH
LQIOXHQWLDO SDUDGLJPZDV SKLORVRSK\ ZKLFKDW OHDVW LQ WKH SHULRG XQGHU GLVFXVVLRQ
ZDV FORVHU WR VFLHQFH WKDQ LW LV WRGD\ ,QGHHG PDWHULDOLVP LV XVXDOO\ VHHQ DV
VWUDGGOLQJ WKH UHOLJLRXV WXUQLQJ SRLQW DQG SKLORVRSKLFDO SRVLWLRQV IURP 7KRPDV
+REEHV WKURXJK 5HQp 'HVFDUWHV DQG XS WR -XOLHQ GH OD 0HWWULH     D
SK\VLFLDQDQGSKLORVRSKHUZKRLV ,EHOLHYHWKHPRVWSHUWLQHQWWRRXUFRQWH[WLQKLV
ERRN L'Homme Machine   KHPRFNVWKH 3ODWRQLFYLHZVWDWLQJ WKDW WKH KXPDQ
EHLQJ LV D PDFKLQH 'H OD 0HWWULH H[SDQGV KHUH WKH WKHVLV DERXW WKH KXPDQ ERG\
HODERUDWHG E\ 'HVFDUWHV ZKR PD\ KDYH EHHQ DPRQJ WKH ILUVW WR SURSRVH WKH
PDFKLQH DV D PRGHO IRU XQGHUVWDQGLQJ WKH ERG\ EXW DV D UDWLRQDOLVW KH UHPDLQHG
OR\DO WR WKH VRXO V UROH DQG *RG V FHQWUDOLW\ 'H OD 0HWWULH E\SDVVHV WKHVH WZR
HOHPHQWV EXW IHDULQJ SHUVHFXWLRQ E\ WKH &KXUFK KH XVHV 'HVFDUWHV  UHIHUHQFH WR
*RGDVDSOR\WKDWZRXOGHQDEOHKLPWRSXEOLVKKLVZRUN




'HOD0HWWULHZURWHZRUNVRQG\VHQWHU\DQGDVWKPDDQGZKHQL'Homme Machine
ZDVSXEOLVKHGDFRDOLWLRQRI3URWHVWDQWDQG&DWKROLFSULHVWVSURWHVWHGKLVYLHZWKDW



0DQLVVRFRPSOLFDWHGDPDFKLQHWKDWLWLVLPSRVVLEOHWRJHWFOHDULGHDRIWKHPDFKLQHEHIRUHKDQG
DQGKHQFHLPSRVVLEOHWRGHILQHLW)RUWKLVUHDVRQDOOWKHLQYHVWLJDWLRQVKDYHEHHQLQYDLQZKLFK
WKHJUHDWHVWSKLORVRSKHUVKDYHPDGHa prioriWKDWLVWRVD\LQVRIDUDVWKH\XVHDVLWZHUHWKH
ZLQJVRIWKHVSLULW7KXVLWLVRQO\a posteriori RUE\WU\LQJWRGLVHQWDQJOHWKHVRXOIURPWKHRUJDQVRI
WKHERG\VRWRVSHDNWKDWRQHFDPUHDFKWKHKLJKHVWSUREDELOLW\FRQFHUQLQJPDQ VRZQQDWXUHHYHQ




WKRXJKRQHFDQQRWGLVFRYHUFHUWDLQO\ZKDWQDWXUHLV



6HH DQ H[WHQVLYH GLVFXVVLRQ RQ +DUYH\ V FRQWULEXWLRQ WR WKH XQGHUVWDQGLQJ RI WKH FDUGLRYDVFXODU
V\VWHPLQ-RQDWKDQ0LOOHU7KH3XPS+DUYH\DQGFLUFXODWLRQRIWKHEORRGLQ-0%UDGEXUQH HG 
Blood, Art, Power, Politics and Pathology, 0XQFKHQSS

-XOLHQ2IIUD\GHOD0HWWULHMan a Machine, /D6DOOH,OOLQRLV
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,Q RWKHU ZRUGV WKH PDWHULDOLVW GH OD 0HWWULH VHHNV WR UHSODFH WKH 3ODWRQLVWLF QRQ
HPSLULFDO UHVHDUFK PHWKRGV SUHYDOHQW XQWLO +DUYH\ V WLPH ZLWK VFLHQWLILF PDWHULDOLVW
PHWKRGVWKDWWUHDWHGWKHKXPDQERG\DVDPDFKLQHQRWGULYHQE\WKHVRXO


,W LV QRW FOHDU ZKHWKHU +REEHV  'HVFDUWHV  DQG ODWHU GH OD 0HWWULH V PDWHULDOLVP
GLUHFWO\ LQIOXHQFHGWKH DUWLVWV RI WKHLU WLPHV EXW WKH YHU\ FLUFXODWLRQ RI WKLVWKHRU\LQ
PDQ\ LQWHOOHFWXDO YHQXHV DW WKH WLPH PXVW EH JLYHQ LWV GXH LQ D GLVFXVVLRQ RI WKH
ERG\ VSODFHLQWKHYLVXDODUWV,FDQQRWUHYLHZKHUHWKHHQWLUHEDURTXHSHULRGZKLFK
VHHPVWRKDYHUHVSRQGHGPRUHWKDQDQ\RWKHUWRPDWHULDOLVWSULQFLSOHVEXWSDLQWLQJV
E\VXFKDUWLVWVDV&DUDYDJJLR(The Crucifixion of St. Paul 5XEHQV Descent
from the Cross DQGHVSHFLDOO\5HPEUDQGW VSDLQWLQJThe Anatomy Lesson of
Dr. Tulp
ZKLFKGHSLFWVDJXLOGRIVXUJHRQVKHDGHGE\'U7XOSRSHUDWLQJRQWKHMXVW
H[HFXWHG \RXQJ FULPLQDO$ULV.LQGWOHDYH QRGRXEW DERXW WKH VKDUSGLYHUJHQFH
IURPWKH9LWUXYLDQ WKDWLVEHDXWLIXO KXPDQEHLQJ ZRUVKLSSHG\HDUVHDUOLHU
GXULQJ5HQDLVVDQFH

















5HPEUDQGWDoctor Nicolaes Tulp VDemonstration of the Anatomy of the Arm  

,W LV LQ WKLV YHLQ WKDW ZH DUH WR ORRN DW WKH ZRUNV RI *pULFDXOW DQG DOWKRXJK , GRQ W
NQRZZKHWKHUKHKDGUHDGGHOD0HWWULH V L'Homme MachineWKHYHU\UHIHUHQFHWR
WKHKXPDQERG\DQGLWVSDUWVLQGLFDWHVWKDWWKHSK\VLFLDQ VZRUNZDVNQRZQDQGKDG
VRPHKRZUHDFKHGWKHSDLQWHU VGRRUVWHS%HFDXVHLIDQ\YLVXDOUHSUHVHQWDWLRQGRHV
OR\DOO\GHSLFWGHOD0HWWULH VWKRXJKWVDERXWWKHERG\ VPDWHULDOLW\LWLVLQ*pULFDXOW V
PRUELGSDLQWLQJV/HWXVUHFDOOWKDWLQWKRVH\HDUVZKHQKHSDLQWHGWKHVHSDLQWLQJV
DQG The Medusa's Raft   0DU\ 6KHOOH\ SXEOLVKHG Frankenstein  
ZKLFK EOHQGV SVHXGRPHGLFDO DQDWRPLFDO GHVFULSWLRQV ZLWK WKH W\SLFDOO\ URPDQWLF
GHVLUHIRULPPRUWDOLW\


6WLOOWKHIRUFHRI*pULFDXOW VZRUNVOLHVQRWRQO\LQWKHGHSLFWLRQRIVHYHUHGOLPEVEXW
LQ WKH KLJKOLJKWHG DEVHQFH WKH GLVDSSHDUDQFH RI WKH FRQFUHWH ERG\ ZLWK WKH
UHPQDQWVDVVROHWHVWLPRQ\WRLWVH[LVWHQFH'R*pULFDXOW VSDLQWLQJVDQWLFLSDWH-HDQ
%DXGULOODUG VLGHDRIVLPXODFUD"'RWKH\IRUHVHHWKHFRQGLWLRQRIWKHSRVWPRGHUQ
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KXPDQ EHLQJ ZKRVH OLIH LV VWHHUHG E\ DQ LQYLVLEOH KDQG" 7KRXJK WKHVH ZHUH
SUREDEO\QRW*pULFDXOW VWKRXJKWV RQH FDQ HDVLO\UHDGKLVZRUNVDOVRD SURORJXHWR
WKH ZRUNV RI PDQ\DUWLVWV VXFK DV 0DQ 5D\ *LOEHUW DQG *HRUJH &LQG\6KHUPDQ
0DXUL]LR &DWWHODQ 9DQHVVD %HHFURIW 6DOO\ 0DQQ V FRUSVH SKRWRJUDSKV 'LQRV DQG
-DNH &KDSPDQ 6LJDOLW /DQGDX 5REHUW 0DSOHWKRUSH DQG VXFK SHUIRUPDQFH DUWLVWV
DV5RQ$WKH\)UDQFR%DQG2UODQ$OOWKHVHUHSUHVHQWWKHVLPXODFUDWKHUHPQDQWRU
WKH HUVDW] RI WKH FRQFUHWH VR PXFK VR WKDW WKH UHDO FRQQHFWLRQ ZLWK WKH UHDOLW\ WR
ZKLFK WKH\ DUH GRRPHG LV ORVW 7KH\ DOO VKDUH WKHQ WKH GLOHPPD EHWZHHQ
FRQFUHWHQHVVDQGIDQWDV\EHWZHHQWKHREMHFWDVLWZDVPHDQWWREHFRPSOHWHIXOO
DSSDUHQWO\H[WDQWDQGZKDWWKHDUWLVWDFWXDOO\SUHVHQWVZKDWVHHPVDWOHDVWDWILUVW
VLJKW SDUWLDO D UHPQDQW DQ DOOXVLRQ IURP ZKLFK ZH DUH WR LQIHU WKH FRPSOHWH
QDUUDWLYH


'RHVQRWWKHUHIHUHQFHWRWKHERG\LQWKHZRUNVRIWKHVHDUWLVWVFRQFHDODQXQUXO\
GHVLUHWRORRNDWWKHIDWDQ\IHYHQWKHKRPHO\DQGGRQ WWKHJD]HDWWKHGLVWRUWHG
DQGXJO\WKHVFRXULQJRIWKHERG\DQGLWVUHPQDQWVDLPWREUHDFKERG\LPDJHVLQ
RUGHU WR UHDFK RXW WR WKH FRQFUHWH WR WKH WUXH" 7R DQVZHU WKHVH TXHVWLRQV , ZLOO
H[DPLQH WKUHH QRWDEOH DUWLVWV ZKRVH ZRUN IHDWXUHV WKH ERG\ DV D FHQWUDO WKHPH
:KLOH WKHLU SODFH LQ SRVWPRGHUQ DUW DQG WKHLU LQIOXHQFH RQ PDQ\ RWKHU DUWLVWV LV
LQGLVSXWDEOH , ZRXOG OLNH WR VKRZ WKDW LQGLYLGXDOO\ DQG FHUWDLQO\ DV D JURXS WKH\
FUHDWHGERG\LPDJHVWKDWUHVRQDWHLQRWKHUILHOGVDVZHOOLQFOXGLQJDUFKLWHFWXUH






&LQG\6KHUPDQ)UDQFR%DQG2UODQ
7KHDUWLVWV&LQG\6KHUPDQ)UDQFR%DQG2UODQPD\QRWEHLQQRYDWLYHLQVHWWLQJWKH
ERG\DWWKHFHQWHURIWKHLUZRUN$OUHDG\LQWKHVDQGVTXLWHDQXPEHURI
DUWLVWV VXFK DV 0DULQD$EUDPRYLF&KULV%XUGHQ DQG-RVHSK %HX\V VWDJHG VLPLODU
ERG\SHUIRUPDQFHV 6WLOOWKHUHLVVRPHWKLQJQHZLQ6KHUPDQ)UDQFR%DQG2UODQ
PDQLIHVWHG LQ WKHLU YLVLRQ RI WKH ERG\ QRW DV D PHDQV WR UHEHO DJDLQVW HDUOLHU
WUDGLWLRQDODUWZKLFKGHDOWZLWKWKHEHDXWLIXOWKHDHVWKHWLFDQGWKHDUWLVWLFREMHFW2Q
WKH FRQWUDU\ XQOLNH WKHDUWLVWV RI WKHVDQG VZKLFK ZHUH WKHILUVW WR XVH
WKHERG\WRFKDUWDQHZDUWLVWLFSDWK6KHUPDQ)UDQFR%DQG2UODQKDYHEHHQ
VHHNLQJDQHZUHDGLQJRIWKHERG\LWVHOIRUUDWKHUWRUHVWRUHDORQJVLQFHDEDQGRQHG
UHDGLQJRIWKHERG\DQGWRSUHVHQWZKDWLVDEMHFWDFKLQJUHMHFWHGDQGWZLVWHGDVDQ
LQH[WULFDEOHSDUWRIRXUOLYHV2IWKHVHWKUHH2UODQLVWKHPRVWH[WUHPHZLWKWKHOLYH
EURDGFDVWRIKHUVXUJHULHV 7KHYDULRXVREMHFWVLQVHUWHGXQGHUKHUIDFLDOVNLQGLVWRUW




$Q H[WHQVLYH RYHUYLHZ RI WKH VXEMHFW FDQ EH IRXQG LQ 7UDF\ 0DUU DQG $PHOLD -RQHV The
Artist's body3KDLGRQ

4XRWLQJ2UODQ&DUQDO$UWRSHQ DQHZ1DUFLVVLVWLFVSDFHZKLFKLVQRWORVWLQLWVRZQUHIOHFWLRQ«6R,
FDQ VHH P\RZQ ERG\VXIIHULQJ« ORRN DJDLQ ,FDQ VHH P\VHOIGRZQ WRP\HQWUDLOV«DQHZPLUURU
VWDJH LQ.DWH,QFH
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KHULPDJHLQDVRUWRIVLPXODWLRQRISODVWLFVXUJHULHVSHRSOHXQGHUJRWRLPSURYHWKHLU
ORRNV 2Q WKH RWKHU KDQG )UDQFR % ZKRDOVR FXWV LQWR KLV OLYLQJ IOHVK RIIHUV RQFH
HYHU\IHZPRQWKVDSHUIRUPDQFHRIEORRGGULSSLQJIURPKLVYHLQV,QWKLVVHQVH&LQG\
6KHUPDQLV WKH RQO\ RQH RI WKH WKUHH QRW WR VODVK RU FKDQJH KHU ERG\ WKURXJK UHDO
ERGLO\LQWHUYHQWLRQDWPRVWVKHGLVJXLVHVKHUVHOILQKHUZRUNVFUHDWLQJDIDVFLQDWLQJ
JDOOHU\ RIILJXUHVIURPWKH UHSHUWRLUH RI+ROO\ZRRGILOPVDQGVLJKWVJOLPSVHGLQ1HZ
<RUN




,QDYLGHRRIKHUHDUO\ZRUNLQZKLFKVKHVWDJHVKHUVHOILQVFHQHVUHPLQLVFHQWRI
V ILOPV EXW DOVR LQ ODWHU PRUH PDWXUH ZRUNV ZKHUH VKH GLVJXLVHV KHUVHOI DV
LPDJLQDU\ILJXUHV6KHUPDQUHSHDWHGO\UDLVHVWKHTXHVWLRQ:KHUHWKHQLVWKHUHDO
&LQG\ 6KHUPDQ" :KHUH LV WKH UHDO &LQG\ 6KHUPDQ UHDOL]HGLQ VLPXODFUD LQ WKH
DUWLILFLDOORRNVKHKDVFUHDWHGRULQWKHIOHVKDQGEORRGSHUVRQOLYLQJKHUGDLO\OLIHLQ
1HZ<RUN",IVRZKHUHWKHQLVWKHVLPXODFUD",QDUWZKLFKUHYHDOV&LQG\
6KHUPDQ V UHDO SDVVLRQVDQG GHVLUHVRU LQ GDLO\ OLIH ZKLFK IRUFHV KHU WR FXUE KHU
SDVVLRQVDQGGHVLUHVDQGDELGHE\FXOWXUDOSULQFLSOHVVHWGRZQE\RWKHUV"7RZKLFK
DUHQDWKH RQH FDOOHGDUW RU WKH RQH FDOOHGUHDOLW\DUH ZH WR DVFULEH WUXWK YDOXHV"
$QG ZKDW LV WKH ERG\ V SODFH LQ WKLV VWRU\" ,V LW LQYRNHG EHFDXVH LW LV SK\VLFDO D
FRQFUHWHREMHFWWKDWFDQQRWEHGLVRZQHGDQGDVVXFKHQDEOHVFRQFUHWHUHIHUHQFH
DVWRRWKHUREMHFWVVXUURXQGLQJLWVXFKDVDFKDLU WDEOHHWFRUGRHVWKLVREMHFW V
RQWRORJLFDO VWDWXV GLIIHU IURP WKDW RI RWKHUV DQG WKHUHIRUH UDLVHV TXHVWLRQV DERXW
LGHQWLW\ PHPRU\ FRQVFLRXVQHVV ZKLFK DUH QRW WKH VKDUH RI UHJXODU DYDLODEOH
REMHFWV":RXOGLWEHFRUUHFWWRVD\WKDW6KHUPDQOLNHRWKHUDUWLVWVZKRDGGUHVVWKH
ERG\H[SUHVVHVGLFKRWRPLHVWKDWKDXQWFRQWHPSRUDU\FXOWXUHEXWZHUHDOUHDG\
GLVFXVVHGE\$ULVWRWOHFRQFUHWHQHVVIDQWDV\UHDOLW\VLPXODFUDWUXHLPDJLQDU\"
7KHVHTXHVWLRQVHPHUJHPRUHSRLJQDQWO\LQ6KHUPDQ VODVWZRUNVIURPWKHVLQ
ZKLFK VKH KDV UHSODFHG FRVWXPHV ZLWK GXPP\ SDUWVKDQGV OHJV IDFHVWR VWDJH
PRUELGVFHQHVUHPLQLVFHQWRI KRUURUPRYLHV,ZLOOILUVWDGGUHVVKHUZRUNDQGVKRZ
WKDWWKHERG\LPDJHVVKHKDVFUHDWHGDUHQHLWKHUIRUWXLWRXVQRUWULYLDODQGWKDWWKHLU
LQIOXHQFH RQ WKH FRQFHSWLRQ RI WKH KXPDQ EHLQJ DV D ZKROH DQG RQ GLVFLSOLQHV
WRXFKLQJRQWKHYLVXDODUWVVXFKDVDUFKLWHFWXUHKHOSHGVKDWWHUVHYHUDOPDLQVWUHDP
YLHZV




7KURXJKRXWKHUDUWLVWLFFDUHHU6KHUPDQKDVXVHGKHUVHOIDVWKHFHQWUDOWKHPHRIKHU
ZRUNV ,Q KHU HDUO\ ZRUNV IURP WKH V VKH SKRWRJUDSKHG KHUVHOI LQ XUEDQ
HQYLURQPHQWVKHUDWWLUHHYRNLQJILOPQRLUDQG+ROO\ZRRGFODVVLFV2QO\LQWKHV
GRZHQRWLFHDVKLIWZLWKKHULPLWDWLRQVRIKRUURUILOPVFHQHVODWHUHFKRHGLQWKH
Orlan: Millenial Female (Dress, Body, Culture), 2[IRUG  S  )RU D EURDGHU GLVFXVVLRQ RQ
2UODQ VZRUNVVHH&-LOO2 %HU\DQCarfnal Art: Orlan's Refacing8QLYHUVLW\RI0LQQHVRWDSUHVVQRWH
HVSHFLDOO\FKDSHWU
/RRNLQJLQVLGHWKH+XPDQ%RG\ 
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GUDPDWLFVFHQHVIHDWXULQJPHGLFDOGXPPLHVDQGWZLVWHGGXPP\SDUWV,QGHHGDIWHU
SUHVHQWLQJ KHUVHOI DV D SLJ VKH SKRWRJUDSKHG YRPLW DQG VFUDSV RI XVHG FORWKHV
VWDUWLQJ LQ WKHVVKHKDVXVHGGROOVDVDVRUWRI VLPXODWLRQRI WKHKXPDQEHLQJ
DQGKLVFRQGLWLRQLQPRGHUQVRFLHW\











&LQG\6KHUPDQXQWLWOHG

:KLOH6KHUPDQZDVQRWWKHILUVWWRLQFOXGHGROOVLQKHUZRUN0DQ5D\SUHFHGHGKHU
ZLWK D VHULHV RI GXPPLHV LQ HURWLF DW WLPHV UDWKHU SURYRFDWLYH SRVWXUHVWKH YHU\
UHIHUHQFH WR WKH ERG\ DV D VWLOO OLIH DQG QRW MXVW DQ\ EXW D GROO LPEXHG ZLWK DOO RXU
FXOWXUDOFRQQRWDWLRQVSDLQWVLWVXVHLQVRPEHUFRORUV6KHUPDQUHSODFHVWKHFRQFUHWH
ERG\ZLWKVODVKHGWZLVWHGPDLPHGLQMXUHGGROOV,QVRPHZRUNVWKHGROOVORRNDWXV
ODXJKLQJ PDGO\DQGJULPDFLQJDW WLPHVWKH\ ORRNDWXVVWUDLJKWKRUULILHGE\ZKDWLV
KDSSHQLQJDURXQGWKHP$OPRVWDOOWKHZRUNVUHIHUH[SOLFLWO\WRVH[SRUQRJUDSK\DQG
GHDWK ZLWK VSHFLDO HPSKDVLV RQ WKH IDFH VH[XDO RUJDQV VHYHUHG KDQGV OHJV DQG
JDSLQJ EHOOLHV +HUH DQG WKHUH ILJXUHV ZHDU PDVNV VSRUWHG LQ 6 0 FOXEV DQG
PDUJLQDOFRPPXQLWLHVIODXQWLQJERG\SDUWVZLWKYDULRXVDFFHVVRULHVLQVHUWHGLQWKHP
7KHDEMHFWGLVJXVWLQJUHSXOVLYHFRPSRXQGHGE\GLVWRUWLRQVDQGFULSSOHQHVVRIIHUD
KLJKO\ SDLQIXO YLVXDO H[SHULHQFH UHPLQLVFHQW RI *pULFDXOW V 0DQ 5D\ V DQG HYHQ
0DSOHWKRUSH V ZRUNV 6WLOO WKHUH LV D YDVW GLIIHUHQFH EHWZHHQ 6KHUPDQ DQG RWKHU
DUWLVWVZKRDGGUHVVWKHERG\LQ WKHLUZRUNLIRQO\EHFDXVHVKHXVHVDUWLIDFWVUDWKHU
WKDQ UHDO ERG\ SDUWV ZKLFK DQLPDWH KHU ZRUN ZLWK D K\VWHULFDO DVSHFW WKDW UHIOHFWV
VZHHSLQJ GHVSDLU DQG ORVV RI KXPDQQHVV EURXJKW DERXW E\ WKH QLKLOLVP ZH DUH
VWHHSHGLQ,QDQLQWHUYLHZVKHVWDWHGWKDWKHUZRUNVDUHQRWPHDQW
WRSOHDVHDQGFRPIRUW2QWKHFRQWUDU\WKH\VHHNWRZDNHXSWRELWHDQGHOLFLWVHOI
DZDUHQHVV DERXW WKH SODFH RI WKH GLVWUHVVHG WRUPHQWHG DFKLQJ ERG\ DV DQ
DUFKHW\SH RI PRGHUQ OLIH DQG LWV GHPDQGVIRU FRQVLGHUDEOH OHYHO RI DOLHQDWLRQ 7KH
VKRFNLQJHIIHFWVDQGDGGHGYDOXHRIWKLVVHULHVVWHPIURPLWVLQWHQVLW\ZKLFKHOLFLWVLQ
WKHVHQVLWLYHYLHZHUIDPLOLDUZLWKDUWKLVWRU\DVHOIUHIOH[LYHUHVSRQVHDERXWWKHERG\ V
DQGKLVRZQSODFHYLVjYLVWKHUDZHURWLFLPDJHVRIWKHVHVWDJHGSKRWRJUDSKV
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(OL]DEHWK 6PLWK ULJKWO\ FRPSDUHV WKLV VHULHV WR )UDQFLVFR *R\D V ZHOONQRZQZRUN
The Sleep of Reason Produces Monsters   ZKLFK GHSLFWVZKDW PD\KDSSHQ
ZKHQ KXPDQ ORJLF IDOOV DVOHHS WKH VLQLVWHU IRUFHVKLGGHQMXVW EHQHDWK WKH VXUIDFH
ZRXOG EXUVW RXW DQG VHWWOH DPRQJ XV OLNH IDPLOLDU IDPLO\ PHPEHUV ,W LV JHQHUDOO\
DVVXPHGWKDWLQWKLVZRUN*R\DPHDQWWRKHUDOGWKHDGYHQWRIVXUUHDOLVPEXWLQRXU
FRQWH[W J GHVSLWH WKH GLVWDQFH LQ WLPH WKHUH LV QR GRXEW WKDW 6KHUPDQ WRR DOVR
VHHV WKH URWHVTXH DV D IDLWKIXO H[SUHVVLRQ RI RXU Zeitgeist 7KH WZLVWHG ERG\ LV D
PHWDSKRU IRU WKH FXOWXUH SROLWLFV DQG IUDJPHQWHG OLIH W\SLFDO RI PRGHUQLW\ DQG LWV
QLKLOLVPF\QLFLVPFRPSHWLWLYHQHVVDQGODFNRIYDOXHV


:KLOH6KHUPDQH[SUHVVHVKHULQVLJKWVWKURXJKWKHIDQWDVWLFUHDOLWLHVVKHEXLOGVZLWK
GXPPLHV )UDQFR % JRHV RQH VWHS IXUWKHU ,Q KLV SHUIRUPDQFHV KH H[SRVHV
DEMHFWQHVVGLVWRUWLRQDQGXJOLQHVVZLWKKLVRZQERG\DVWKRXJKVDFULILFLQJKLPVHOI
LQWKHYHU\SUHVHQWDWLRQRIZKDWLVGHVSLVHGEOHHGLQJZRXQGHGDQGPDLPHG





)UDQFR%








0RVWRI )UDQFR% VZRUNVDUHYHU\KDUG WRZDWFKDVWKH\WRXFKRQVLJKWVZHZRXOG
UDWKHU DYRLG ,Q D WHOHYLVLRQ LQWHUYLHZ KH VDLG WKDW KLV SHUIRUPDQFHV WRXFK WKH UDZ
QHUYHVRI WKHERXUJHRLVZKRDYHUWVKLVJD]HIURPZUHWFKHGFULSSOHVEHJJDUV$,'6
SDWLHQWVKRPHOHVVUHIXJHHVIURPWKH(DVWIRUHLJQZRUNHUVVLQJHUVDQGPXVLFLDQVLQ
VXEZD\ VWDWLRQV VHUYDQWV KRPH FOHDQHUV DQG FDE GULYHUV ZKR URDP WKH VWUHHWV RI
WKH
ELJFLWLHVLQWKHWKRXVDQGV\HWDUHKDUGO\QRWLFHG




6HH6XVDQ+LOOHU VSDSHU3DUWRIZKDWDUWLVDERXWLVWRILQGZD\VRIEHJLQQLQJWRVD\WKLQJVDERXWWKH
GDUNQHVV RI FXOWXUH LQ Franko B %ORFN 'RJ 3XEOLVKLQJ QR SDJHV LQGLFDWHG )RU D PXFK PRUH
HODERUDWHG DQDO\VLVRI)UDQNR% VZRUNV LQ WKHFRQWH[W RI&DUQDO$UW VHH)UDQVFHVND$OIDQR0LJOLHWWL
$ERXWZRXQGVLQExtreme bodies: The Use and Abuse of the Body in Art, 6NLUDSS
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,Q )UDQFR % V ZRUN WKH EUXLVHG ZRXQGHG WZLVWHG DFKLQJ SXQFWXUHG WRUWXUHG
ERG\ZDOORZLQJLQLWVRZQEORRGIXQFWLRQVDVDOLJKWKRXVHZKRVHEHDFRQUHDFKHV
RXWWRRXUEOHDNFXOWXUH3HUKDSVWKURXJKKLVSHUIRUPDQFHVKHZLVKHVWRKHOSXV
WKHYLHZHUVWRLPDJLQHWKHHYLOWKDWPD\EH\HWRXUVKDUHLQWKHIXWXUH3HUKDSVKHLV
ZULWLQJWKHORRPLQJDSRFDO\SVHRQKLVERG\QRZWKDWWKHLOOXVLRQVDERXWWKHHWHUQLW\
RI:HVWHUQFXOWXUHZLWKHYHU\WKLQJLWLPSOLHGDERXWWKHIXWXUHRIWKHKXPDQVSHFLHV
ZHUH VKDWWHUHG )UDQFR % V SHUIRUPDQFHV DUH XQVHWWOLQJ DQG KDXQWLQJ KLV FKDON
ZKLWH SDLQWHG ERG\ FDVWV D VSHOO RQ WKH YLHZHU LWV VKRFNLQJ VHOI VDFULILFH UHFDOOV
DQFLHQWP\WKVLQZKLFKKXPDQVDQGWKHLUERG\SDUWVZHUHVDFULILFHGWRDSSHDVHWKH
JRGV 7R WRS LW DOO )UDQFR % WKH &DWKROLF EHOLHYHU JUDQWV KLV ERG\ VDFUHG VWDWXV
HYRNLQJ -HVXV  ERG\ DQG KLV EOHHGLQJ YHLQV UDLVH DVVRFLDWLRQV IDPLOLDU WR HYHU\
:HVWHUQHU$OOWKHVHHOHPHQWVGLDORJXHZLWKWKHIDPLOLDUSDVWDQGWKH
DOLHQDWHGSUHVHQWZLWKTXLWHDIHZFOLFKpVDERXWWKHWUDJLFD[LVRIWKHPRGHUQKXPDQ
EHLQJ ZKRGHVSLWHSURJUHVVLV XQDEOH WR HVFDSH KLVERG\LQ SDLQ 7KH YHU\ XVH RI
WKHERG\DVDPHGLXPZLWKHPSKDVLVRQSDLQDQGDEMHFWQHVVLVFHUWDLQO\QRWWKHRQO\
IDFWRU WKDW KDV LQIOXHQFHG SRVWPRGHUQ DUFKLWHFWXUH EXW , KDYH QR GRXEW WKDW WKH
OHJLWLPDF\ )UDQFR % KDV HQMR\HG LQ SUHVHQWLQJ WKH XJO\ DQG WKH WZLVWHG KDV VHQW
ULSSOHVWKURXJKRWKHUGLVFLSOLQHVWRRLQFOXGLQJDUFKLWHFWXUH












2UODQ The second mouth


)UDQFR% VVHOIIODJHOODWLRQDQG2UODQ VVXUJHULHVIXQFWLRQQRWRQO\DVPHWDSKRUVWKH\
KDYH DOVR GHHSO\ DIIHFWHG RXU FRQFHSWLRQ RI KXPDQ HVVHQFH ,QYDVLYH ERG\
SHUIRUPDQFHV KDYH WULJJHUHG DQ HSLVWHPRORJLFDO XSKHDYDO QRW RQO\ LQ WKH FRQFHSW
ERG\EXWDOVRLQWKHODWWHU VYHU\ZD\RIEHLQJ)RU2UODQWKHERG\LVQRWDPHDQVRI
DUWLVWLF SUDFWLFH VKH KDV WXUQHG KHU ERG\ DQG SXEOLF VXUJHULHV EURDGFDVW OLYH
WKURXJKRXW WKH ZRUOG LQWR WKH YHU\ SXUSRVH RI KHU DUWLVWLF SUDFWLFH )DFLDO FKDQJHV
PDGHZLWKDVXUJLFDOVFDOSHO LWVKRXOGEHQRWHGWKDWRQO\2UODQ VIDFHEXW QHYHUKHU
ERG\LV RSHUDWHG RQ  RIIHU RQ WKHRQH KDQG DQHZ UHDGLQJ RIWKH FRQFHSWLGHQWLW\
ZKHQVXUJLFDOPHWDPRUSKRVLVJUDQWVDQHZLGHQWLW\2QWKHRWKHUKDQG2UODQ V
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ZRUNVXJJHVWVWKDWWKHERG\LVIOH[LEOHDQGFDQEHFKDQJHGDQ\WLPHWKDWWKHIDFHLV
QRWFDVWLQVWRQHLWLVQHLWKHUVDFUHGQRUEHDXWLIXOQRUVRPHWKLQJZURQJO\SHUFHLYHG
DVWKHLGHDWLRQDOEOXHSULQWRIWKHKXPDQERG\EXWDVRUWRIDSSHDUDQFHDEDWWOHILHOG
WKDW WHDFKHV XV DERXW RXU OLIH 7KH SUHGLOHFWLRQ IRU SDLQ DQG GLVWRUWLRQ LQ DUW IRU
XJOLQHVVDQGWKHERG\ VGHFD\LWVSUHVHQWDWLRQE\6KHUPDQ)UDQFR%DQG2UODQDV
DQDVVHPEODJHRIIUDJPHQWVDUDQGRPWULYLDOFROOHFWLRQRIOLPEVDOOWKHVHLQGLFDWHWR
ZKDW H[WHQW WKH ERG\ WKRXJK GHHPHG VDFUHG LV DFWXDOO\ D material OLNH DQ\ RWKHU
DQGKXUWLQJLWGHVHFUDWHVQRWKLQJEXWRQO\ RIIHUVD QHZFKDQQHO RIDGGUHVVLQJLW $V
QRWHG2UODQLVIDUDKHDGRIWKHRWKHUVDVVKHXVHVSODVWLFVXUJHU\WRFUHDWHQDWXUDO
GLVWRUWLRQVSHUPDQHQWO\PDUNHGRQ KHUIDFH,QVWHDGRI FRUUHFWLQJDQGHPEHOOLVKLQJ
DV WKH FRQVXPSWLRQFXOWXUH RI SODVWLF VXUJHU\ XUJHV XV WR GR 2UODQ XVHV WKH VDPH
WHFKQLTXH DQG VXUJLFDO VFDOSHO WR RIIHU D VXEYHUVLYH UHDGLQJ RI WKH KDQNHULQJ DIWHU
EHDXW\ SHUIHFWLRQ DQGHWHUQDO \RXWK 7KLVLQYHUVLRQUHIOHFWV D FXOWXUDO DPELYDOHQFH
SHRSOHVZD\EHWZHHQ WKHGHVLUHGLPDJLQDU\ERG\ DQGWKH PDWHULDOERG\OLYLQJ KHUH
DQG QRZ RU VSHFLILFDOO\ EHWZHHQ 2UODQ V VODVKHG IDFH H[SUHVVHG LQ DUW DQG WKH
\HDUQLQJ IRU WKH SHUIHFW IDFH DQG EHDXWLIXO ERG\ WRXWHG LQ DGV 2UODQ LV WKHQ WKH
PLUURULPDJH RI RXU FRQVXPSWLRQFXOWXUH DQGVKRZLQJWKH XJO\ DQGGLVWRUWHGRWKHU
HYHQ LI GHOLEHUDWHO\ DQG DUWLILFLDOO\ FUHDWHG VKH RIIHUV DQ DOWHUQDWLYH WR ZKDW LV
SHUFHLYHGDVEHDXWLIXODQGSHUIHFW






(SLORJXH
&DQZHWUDQVODWH2UODQ V)UDQFR% V&LQG\6KHUPDQ VDQGPDQ\RWKHUDUWLVWV YLVLRQ
RI WKH ERG\ LQWR DUFKLWHFWXUDO ODQJXDJH" &DQ WKH WZLVWHG DQG XJO\ EH DSSOLHG WR
DUFKLWHFWXUH",VWKH9LWUXYLDQDQDORJ\YDOLGDOVRZKHQERG\LPDJHVGRQRWHYHQVNLUW
WKHLGHDWLRQDOERG\":RXOGLWEHFRUUHFWWRVD\WKDWWKHFRQFHSWLRQRIVSDFH
HQYHORSH DQG VWUXFWXUH LQ SRVWPRGHUQ DUFKLWHFWXUH KDV EHHQ LQIOXHQFHG E\ WKH
DIRUHPHQWLRQHGDUWLVWV YLVLRQRIWKHERG\",IVRFDQWKH9LWUXYLDQDQDORJ\EHWZHHQ
WKH ERG\ DQG DUFKLWHFWXUH SUHGLFW RYHU DQG RYHU DUFKLWHFWXUDO IDVKLRQVRU LV LW D
SHGDJRJLFDO WRRO PHDQW DW PRVW WR HOXFLGDWH DQG KHOS XV EHWWHU XQGHUVWDQG
DUFKLWHFWXUH ZLWKRXW FODLPLQJ WKDW LW GHDOV ZLWK IDFWXDOO\ GHWHUPLQHG ODZV" , FDQQRW
RIIHUDUHSO\WRWKHVHTXHVWLRQVZLWKLQWKHVFRSHRIWKLVDUWLFOHEXWWKHUHLVQRGRXEW
WKDW 9LWUXYLXV  LQWXLWLRQ LV QHLWKHU WULYLDO QRU ODFNLQJ LPSOLFDWLRQV IRU FRQWHPSRUDU\
DUFKLWHFWXUH $ FRQVLGHUDEOH QXPEHU RI EXLOGLQJV VSRUW DQ LQQRYDWLYH UHYROXWLRQDU\
H[SUHVVLRQRIDUFKLWHFWXUDOSULQFLSOHVVWUXFWXUHVSDFHDQGHQYHORSHWKDWFKDOOHQJH
SUHYDOHQWYLHZV,WLVHQRXJKWRORRNDWWKHEXLOGLQJVRI)UDQN*HKU\,03HL'DQLHO
/LEHVNLQG =DKD +DGLG DQG PDQ\ RWKHUV ZKR HYHQ LI WKH\ KDYH QRW EHHQ GLUHFWO\
LQIOXHQFHGE\WKHVZHHSLQJVKLIWVLQDUWLVWLFERG\LPDJHVKDYHIRUWKHPRVW


page # 77

XVII Generative Art Conference - GA2014

SDUW GHILHG WUDGLWLRQDO FRQFHSWLRQV LQ DUFKLWHFWXUH DQG FUHDWHG GLVVRQDQFHV WKDW
FRXOG QRW KDYH EHHQ UHDOL]HG GXULQJ 9LWUXYLXV  WLPHV ZKHQ ERG\ LPDJHV ZHUH
VODQWHGWRZDUGEHDXW\KDUPRQ\DQGSHUIHFWLRQ
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Abstract
This paper reports on the development of three automatic composition systems for dance that use 3D motion data
captured from the performances of professional dancers. The systems can generate short choreographic works in
three genres of dance: hip-hop dance, contemporary dance, and classical ballet. The authors label the method of
automatic composition as analytic-synthetic choreography, where the dance movements are segmentalized along
a time axis into short elemental motions and synthesized them to generate new dance movements. Both the
elemental motions and the automatic composed movements are instantly simulated as 3D animation. After
investigating the characteristic features of each dance genre, motion data archives and automatic composition
algorithms were devised. We experimentally evaluated the usability of our software and verified its acceptability
for hip-hop dance and ballet.

1. Introduction
This paper describes a new method of dance choreography that uses 3D motion data that were captured from
performances by professional dancers. We name our method analytic-synthetic choreography, as explained in
Section 2, and applied it to develop automatic composition systems for three genres of dance: hip-hop dance,
contemporary dance, and classical ballet.
We have been working on computational dance study using 3D motion data for more than ten years [1-5]. This
study forms part of our broader project whose goals include developing useful software in dance education,
creation, and appreciation for the learners, instructors, choreographers, and audiences of dance performances. It
introduces three types of software that allow users to create and simulate short choreographies of three dance
genres.
There are some related works on computational dance study. Some research used dance notation and developed
software applications [6, 7]. With these software, users can simulate already captured or precisely described dance
animation. However, it is difficult to use these applications to compose original dances. Some research developed
human animation systems using motion clips with GUI and a tangible interface [8]. With this software, composing
choreographic works is difficult because it previews animations after editing the sequences. Our method allows
users to compose new dance sequences easily and preview them immediately.
A dance simulation system using 3D motion data with handwritten sketch inputs was recently developed [9].
However, it is also difficult to compose creative and effective choreographies using this system because the number
of dance motions is limited. Our proposed software allows users to create an unlimited number of different varieties
of dance movements.

2. Analytic-synthetic Choreography
The basic concept of our method is to segmentalize dance movements performed by professional dancers into
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short elemental motions and synthesize them as building blocks to generate new movements. Both the elemental
motions and the synthesized movements can be simulated easily and instantly as 3DCG animation with a CG
avatar. We call this method analytic-synthetic choreography.
In general, the history of dance in the 20th century as a performing art has two main choreographic trends:
expressive methods and structural methods. Expressive methods use feelings, emotions, or narratives to establish
the choreography. Structural methods use movements or concepts of movement structure. These two methods are
not necessarily in conflict, but legendary 20th century choreographers Isadora Duncan (1877–1927), Martha
Graham (1894–1991), and Pina Bausch (1940–2009) created their works basically with the former methods, while
Merce Cunningham (1919–2009), Lucinda Childs (1940–), and the early William Forsythe (1949–) created with
the latter [10, 11]. We were inspired by the latter group of choreographers and analytic-synthetic choreography is
an extension of their ideas.
In analytic-synthetic choreography, the segmentalization of dance movements can be done in two ways. First, in
whole-body segmentalization the dance movements are separated into basic whole-body movements along a time
axis. Second, in body-part segmentalization the whole-body movements are articulated to extract the body-part
motions.
Similarly, the synthesis of dance movements can also be done in two ways. First, several whole-body movements
can be selected and combined in a row on a time axis to generate a short dance sequence. For example, when three
movements denoted by A, B, and C are selected, the system can generate ABC, BAC, ACBA, CBCAAB, and so
on. Second, part of a whole-body movement can be replaced by a body-part motion. For example, when a stamping
forward movement with waving arms is selected, the system can replace the arms by folding them in front of the
body. The movements overlap on the time axis unlike in the first way. We call these whole-body synthesis and
body-part synthesis.
This paper introduces three types of automatic composition systems using whole-body segmentalization and
whole-body synthesis. Although these systems do not use body-part segmentalization and body-part synthesis,
these methods are still very powerful and promising for automatic composition, which will be discussed in Section
6.

3. Motion Data and Body Structure
The 3D motion data of dance movements were captured from performances by professional dancers using optical
motion capture systems and a magnetic motion capture system. Three different types of dance were selected. Hiphop movements were captured through cooperation with an award-winning hip-hop dancer. Contemporary
movements were captured from a leading contemporary dancer and dance choreographer in Japan. Ballet
movements were captured from performances by two professional ballet dancers.
Figure 1 shows capturing scenes using motion capture systems. The dancers had more than 30 markers on their
bodies, and the 3D coordinates of each marker were picked up for 120 frames per second.
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Figure 1. Capturing scenes using motion capture systems
The various formats for motion capture data are not always standardized. We created an original 3D human model
to describe the dance movements [1]. Figure 2 shows a diagram of the structure of the human body that was used
to create 3DCG dance animation in our research project. It is based on the “H-anim” standard, which is an
international standard for Humanoid Animation proposed by the Web3D Consortium in the 1990’s and
standardized by the International Organization for Standardization (ISO) [12].

Figure 2. Human body structure for dance movements
Human joint positions are defined as 89 joints in H-anim. Since the data from motion capture systems usually have
15 to 20 joints, 14 joints were selected as our model based on Level of Architecture 1 (LOA 1) of H-anim. We
added the neck, shoulder, and toe joints, which are based on Level of Architecture 2 (LOA 2), to rectify the model
for dance movements. The model has hierarchical structure with 20 joint objects, 20 segment objects, and five site
objects. The center joint is called the “HumanoidRoot”. Figure 3 shows the human body hierarchy of the standard
model for a dancer.
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l(r)_hand
l(r)_hand_tip

Figure 3. Human body hierarchy for dance movements
The motion data of dance movements we uses have 30 frames per second. They consist of two types of information:
rotation and traveling. For each joint in each frame, there are 20 bits of rotation information, which is represented
as quaternions. In addition, for each frame, there is one piece of traveling information of the HumanoidRoot joint.
The traveling information is represented as a three-dimension vector.

4. Automatic Composition Systems
Automatic composition systems have been developed for three dance genres to actualize a method of analyticsynthetic choreography. In the initial stage of this research, we targeted elementary-level dance learners as users
of the systems, which are intended for dance beginners and their instructors.
For each dance genre, a motion data archive and automatic composition algorithms were devised according to the
characteristic features of the genre. Each archive stores a set of short motion clips which were created by wholebody segmentalization from the motion data of the dance movements. Then each algorithm, which defines the
particular sequencing laws, is designed to generate dance sequences by whole-body synthesis. According to the
algorithm, some motion clips are selected from the archive and synthesized into a new dance sequence that can be
performed by elementary-level dance learners. The synthetic result is immediately displayed as 3DCG animation
with a CG avatar on a tablet or a notebook PC. Figure 4 shows an image of the automatic composition systems.

Figure 4. Image of automatic composition system for hip-hop dance
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4.1 Hip-hop Dance
Hip-hop dance emerged in the late 1960's as part of Hispanic and African-American street culture in the United
States and is typically performed to hip-hop music. The genre includes a very wide range of dance styles, such as
breaking, locking, and popping. Its physical techniques continue to develop [13].
After an investigation of hip-hop dance with experienced hip-hop dance instructors, we identified a number of its
characteristic features. Beginners of hip-hop dance need to learn many elemental steps and practice them to the
rhythm of the music at the same tempo. The timing of steps is constrained relative to the music such that a step is
not allowed to carry over from one musical bar to the next. In elementary-level lessons, most elemental steps have
two or four counts. The order of the elemental steps is not strictly constrained so that any step can be succeeded
by another step. A motion data archive and an automatic composition algorithm for hip-hop dance were created
based on these features [5].
The motion data archive has 44 types of elemental hip-hop steps that are frequently taught in elemental-level
lessons, such as box step, cross step, crab step, side kick, and the body wave. The durations of all the steps are
unified in four counts (four beats). A mirroring motion clip of each type was created so that the archive stores 88
four-count motion clips.
We devised an automatic composition algorithm that generates 32-count dance sequences. Eight slots are arranged,
and the system randomly fills them with four-count clips. Repetition of the same motion is allowed, but the
algorithm has a constraint on the maximum number of repetitions, so a 32-count dance sequence has at least three
different types of elemental steps. Figure 5 shows a transition diagram for creating hip-hop dance sequences.
Figure 6 shows an example of a generated sequence.

START

Hip-hop steps

END

Figure 5. Transition diagram for hip-hop dance sequences

Figure 6. Example of a hip-hop dance sequence (from upper left to lower right)
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4.2 Contemporary Dance
It is difficult to define contemporary dance because its territory is continuously spreading, but the term became
popular in the 1960's in western countries. This genre is a successor of modern dance, which emerged at the
beginning of the 20th century. Contemporary dance has been one of the most dominating performance genres of
dance art in the 21st century. It has no common or standard manner of choreography, and it assimilates any dance
style to exploit its artistic territory, such as classical ballet, jazz dance, Butoh dance, and worldwide ethnic dances
[10, 11, 13].
After investigating contemporary dance with a Japanese contemporary dance choreographer who is also a
university teacher, we identified a number of its characteristic features. In contrast to hip-hop dance, contemporary
dance has inherently no elemental steps that beginners need to learn, although there are some movement methods
such as the Graham technique, the Limón technique, the Forsythe technique, and GAGA. Contemporary dance
instructors and teachers have individually their own teaching method for elementary-level lessons. The timing of
dance motions is not constrained by the music, and motions are frequently allowed to carry over from one musical
bar to the next. The duration of step units also varies widely. Similar to hip-hop dance, since the order of steps is
not constrained, any step can be succeeded by another step. A motion data archive and an automatic composition
algorithm for contemporary dance were created based on these features [4].
To capture dance motion data, a Japanese contemporary dance choreographer performed her own elemental
movements that she usually teaches in her elementary-level university lessons. The movements included both steps
and motions without steps. The motion data archive has 53 elemental contemporary dance movements, such as
contraction, neck roll, arm swing, side dive, and jump forward. The duration of the movements varies widely. The
53 movements are categorized into five families: 22 body-part motions, 14 balance motions, five jump motions,
four pivot motions, and eight floor motions.
We next devised an automatic composition algorithm that generates about 15-second dance sequences for
beginners. To create a well-organized sequence that provides intriguing practice for beginners, we used a wellknown structure of Chinese and Japanese narratives that originated in ancient Chinese poetry that consists of four
parts: introduction, development, turn, and conclusion [14]. The turn part is the climax of the narratives in the
structure.
The algorithm consists of the order of the arrangement of four parts and a number of selection constraints using
the categorization of movements. The system arranges the elemental movements in the order of turn, conclusion,
introduction, and development. First, a movement is selected from other motions than the body-part motions for
the turn part. The movement in the turn part can appear only once in a sequence. Second, for the conclusion part,
a movement is selected from other motions than the off-balance motions and the motion that was already selected
in the turn part. Third, for the introduction part, a movement is selected from other motions than the jump motions
and the movements already selected. Finally, for the development part, movements are selected repeatedly from
other motions than the movements already selected until the sequence has sufficient duration. The algorithm allows
the conclusion part to be omitted. Figure 7 shows a transition diagram for creating contemporary dance sequences.
Figure 8 shows an example of a generated sequence.

START

Introduction

Development

Turn

Conclusion

Figure 7. Transition diagram for contemporary dance sequences
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(1) Introduction

(4) Development

(2) Development

(5) Turn

(3) Development

(6) Conclusion

Figure 8. Example of a contemporary dance sequence (from upper left to lower right)

4.3 Ballet
Ballet originated in the Italian Renaissance courts of the 15th century and its basic technique was established in
the French courts of the 17th century. It became widespread in most modernized countries in the 20th century and
has been globally influential as the fundamental dance technique of many other genres of dance. It has different
teaching methods, such as the French method, the Cecchetti method, the Vaganova method, and the RAD method,
but the genre has a widely common standard of movements and a strict canonical manner of choreography in
contradiction to the unrestricted manner of contemporary dance [13].
After an investigation of ballet with experienced ballet teachers, we identified a number of its characteristic
features. Beginners of ballet need to learn many elemental steps and practice them to the rhythm of the music at
the same tempo. The timing of steps is constrained relative to the music such that a step is never allowed to carry
over from one musical bar to the next. These features are similar to hip-hop dance, but ballet has a much stronger
standard and stricter rules than hip-hop. In elementary-level lessons, most elemental steps have one count whose
duration is shorter than hip-hop. Ballet has its own vocabulary based on French terminology that is used around
the world. The order of elemental steps is closely constrained based on its conventions. A motion data archive and
a set of automatic composition algorithms for ballet were created according to these features [1, 2, 3].
To capture the dance motion data, experienced ballet teachers exhaustively enumerated the ballet steps that are
required for elementary-level female petit allegro in ballet schools. All the steps were captured from performances
by professional ballet dancers. The motion data archive has 215 elemental ballet steps. The most steps have one
count, but some have two to four counts or a half count. The 215 steps are categorized into the following four
families:
Allegro steps: quick movements without rotation, ex., sauté, changement, assemblé, glissade, jeté, sissonne
fermée.
Rotation steps: turns around the dancer’s vertical axis, ex., pirouette en dehors, pirouette en dedans, chaînés,
piqué en dedans.
Transition steps: movements that usually link other step families or part of a necessary preparation, ex., chassé,
pas de buorrée, pas de basque.
Fragmentary steps: short motions used to generate a seamless series among the other families, ex., demi-plié,
changing the supporting leg.
The authors also enumerated 84 basic foot poses that can be either the beginning or the ending pose of elemental
ballet steps. The beginning and ending poses of each of the 215 steps are identified as one of the 84 poses.
We devised a set of automatic composition algorithms that generates 16-count female petit allegro ballet sequences
or “enchaînement”. To create a well-organized sequence that adheres to ballet conventions, we used the constraints
of musical phrasing, transitions between steps, and transitions between step families. First, the constraint of
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musical phrasing requires that a step is never allowed to carry over from one musical bar to the next. The system
selects steps one by one to comply with this constraint. Second, the constraint of transitions between steps requires
that the ending pose of the previous step becomes the beginning pose of the next step. The system uses the 84
poses to comply with this constraint. Third, the constraint of transitions between step families requires a natural
and organic structure that obeys the artistic conventions of ballet. The system uses the four families to comply with
this constraint. Figure 9 shows a transition diagram for creating a petit allegro enchaînement.

Allegro steps

Transition
steps
Fragmentary
steps

START

END

Series of
Rotation steps

Figure 9. Transition diagram for ballet sequences
Regarding the steps in the rotation family, the algorithm allows only one rotation step in the immediate succession
at the elementary-level (i.e., no double turns).This rotation step is always preceded by a preparation action. There
is an option to follow the rotation step with a short recovery action; otherwise the next step must be from a different
family. An additional overall rule in the algorithm for rotation steps also places another constraint: only one set of
rotation steps can occur in a single enchaînement.
Furthermore, the algorithm has a constraint on the starting and final poses of the sequence. Any enchaînement
starts with the 5th position of the feet and ends with one of three possible poses that were identified by the ballet
teachers as appropriate final positions. The enchaînement duration was restricted to just 16 counts (four bars in
four-four). The system selects steps repeatedly based on the algorithm until the sequence has 16 counts. Figure 10
shows an example of a generated sequence.
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(1) soubresaut

(2) stretch

(4) pirouette en dehors

(3) tombé pas de buorrée

(5) stretch, plié

(6) sissonne fermée

Figure 10. Example of a ballet sequence (from upper left to lower right)

5. Experiments
Experiments were conducted to verify the usability of the two systems for hip-hop dance and ballet. Experienced
instructors and expert teachers of the two dance genres evaluated a group of the dance sequences for elementarylevel dance learners that were generated by the automatic composition systems. An evaluation experiment of the
contemporary dance software has not been conducted yet.

5.1 Hip-hop Dance
A group of 25 hip-hop dance sequences was composed automatically by the software. An expert hip-hop teacher
who has been teaching for eight years evaluated the usability of each one. The level of usability was rated on a
scale from 1 to 5. The result of the ratings is shown below.
1. Inappropriate for a hip-hop lesson
2. Upper limit for an advanced lesson
3. Appropriate for a normal advanced lesson
4. Upper limit for an elementary-level lesson
5. Appropriate for a normal elementary-level lesson

0
0
7
13
5

72% of the ratings considered the sequences appropriate for an elementary-level lesson either at the limit of upper
level or at normal level. No sequence was considered to be inappropriate for a hip-hop lesson.

page # 88

XVII Generative Art Conference - GA2014

5.2 Ballet
A group of 20 female petit allegro enchaînements was composed automatically by the software. Five expert ballet
teachers evaluated the usability of each one. The level of usability was rated on a scale from 1 to 5. The number
of total ratings of the 20 enchaînements by the five teachers was 100. The result of the ratings is shown below.
1. Inappropriate for a ballet lesson
2. Upper limit for an advanced lesson
3. Appropriate for a normal advanced lesson
4. Upper limit for an elementary-level lesson
5. Appropriate for a normal elementary-level lesson

8
5
22
30
35

65% of the ratings considered the enchaînements appropriate for an elementary-level lesson either at the limit of
upper level or at normal level. Only 8% of the ratings considered the enchaînements generated by the algorithm to
be inappropriate for a ballet lesson. Five enchaînements were evaluated as inappropriate by a single teacher, and
another one was evaluated as such by three teachers.

6. Conclusions
Three automatic composition systems for three dance genres were developed using 3D motion data. The software
is designed to generate short dance sequences for elementary-level dance learners using a method of analyticsynthetic choreography. Two evaluation experiments were conducted for the systems of hip-hop dance and ballet.
As a result of the experiments, we verified that the software is useful for elementary-level dance learners and their
instructors and teachers.
With respect to contemporary dance, we uncovered a crucial fact for automatic composition during our research.
In this study, we used the method described whole-body segmentalization and whole-body synthesis (Section 2).
However, body-part segmentalization and body-part synthesis must be used for contemporary dance, because
whole-body methods are likely insufficient to satisfy the requirements of contemporary instructors and teachers.
Contemporary dance always requires the discovery and innovation of new dance movements, but whole-body
methods cannot generate any movements other than those stored in the motion data archives. The body-part
methods are more productive and adaptable for contemporary dance.
In future work, we will amend the software by augmenting the user interface, increasing the motion data archives,
and upgrading the algorithm of automatic composition. We are focusing on the automatic composition software
for contemporary dance that actualizes body-part segmentalization and body-part synthesis of analytic-synthetic
choreography.
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RQVWDJHDVDFRXVWLFDQGYLVXDOFRSUHVHQFH7KLVSXEOLFDWLRQGHVFULEHV
WKH FRQFHSWXDO PRWLYDWLRQ SUHOLPLQDU\ WHFKQLFDO LPSOHPHQWDWLRQ DQG
LQLWLDO H[SHULPHQWV LQ GHVLJQLQJ UHODWLRQVKLSV EHWZHHQ QDWXUDO DQG
V\QWKHWLFIRUPVRIFRUSRUDOLW\

7RSLF'DQFH
$XWKRUV
'DQLHO%LVLJ
=XULFK8QLYHUVLW\RIWKH
$UWV
,QVWLWXWHIRU&RPSXWHU
0XVLFDQG6RXQG
7HFKQRORJ\
6ZLW]HUODQG
KWWSZZZLFVWQHW
3DEOR3DODFLR
,QGHSHQGHQW&RPSRVHU
6SDLQ
KWWSSDEORSDODFLRFRP

6HPLDXWRQRPRXV FRUSRUHDO VWUXFWXUH WKDW H[WHQGV IURP D VNHOHWRQ
UHSUHVHQWDWLRQRIDGDQFHU VWUDFNHGERG\

&RQWDFW
GDQLHOELVLJ#]KGNF
K

.H\ZRUGV
'DQFH3HUIRUPDQFH+\EULG(PERGLPHQW0DVV6SULQJ
6LPXODWLRQ$UWLILFLDO1HXUDO1HWZRUNV
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3KDQWRP/LPE±+\EULG(PERGLPHQWVIRU'DQFH

'U'DQLHO%LVLJ
Zurich University of the Arts
Institute for Computer Music and Sound Technology
Switzerland
http://www.icst.net/
e-mail: daniel.bisig@zhdk.ch

3DEOR3DODFLR
Independent Composer
http://www.pablopalacio.com/
e-mail: acusmatrix@pablopalacio.com




$EVWUDFW
3KDQWRP /LPE LV D GDQFH SURMHFW WKDW HPSOR\V VLPXODWLRQEDVHG WHFKQLTXHV WR
H[WHQGDQGDOWHUDGDQFHU VERGLO\FKDUDFWHULVWLFVDQGPRYHPHQWFDSDELOLWLHV,WGRHV
VR E\ UHSUHVHQWLQJ SK\VLFDO DQG YLUWXDO ERGLHV DQG WKHLU PRYHPHQWV DV DFWXDWHG
PDVVVSULQJ V\VWHPV DQG DUWLILFLDO QHXUDO QHWZRUNV 7KLV XQLILHG UHSUHVHQWDWLRQ RI
GDQFHUVDQGJHQHUDWLYHDUWHIDFWVSHUPLWVWKHFUHDWLRQRIK\EULGHPERGLPHQWVZKRVH
PRUSKRORJLFDO EHKDYLRUDO SHUFHSWXDO DQG DHVWKHWLF DVSHFWV PDQLIHVW RQ VWDJH DV
DFRXVWLF DQG YLVXDO FRSUHVHQFH 7KLV SXEOLFDWLRQ GHVFULEHV WKH FRQFHSWXDO
PRWLYDWLRQSUHOLPLQDU\WHFKQLFDOLPSOHPHQWDWLRQDQGLQLWLDOH[SHULPHQWVLQGHVLJQLQJ
UHODWLRQVKLSVEHWZHHQQDWXUDODQGV\QWKHWLFIRUPVRIFRUSRUDOLW\

,QWURGXFWLRQ
7KH SURMHFW 3KDQWRP /LPE LV D FROODERUDWLRQ EHWZHHQ WKH WZR DXWKRUV DQG WKH
FKRUHRJUDSKHU 0XULHO 5RPHUR 7KH SURMHFW IRUPV SDUW RI DQ RQJRLQJ UHVHDUFK
LQLWLDWLYHHQWLWOHG0HWDERG\>@7KLVLQLWLDWLYHGHDOVZLWKWKHGHYHORSPHQWRIFUHDWLYH
WHFKQRORJLHV DQG DUWLVWLF SURGXFWLRQV WKDW H[HPSOLI\ VWUDWHJLHV IRU SURPRWLQJFXOWXUDO
GLYHUVLW\ DQG LGLRV\QFUDVLHV 3KDQWRP /LPE VSHFLILFDOO\ DGGUHVVHV WKLV WKHPDWLF
FRQWH[W E\ H[SHULPHQWLQJ ZLWK VLPXODWLRQEDVHG WHFKQRORJLHV WKDW DOORZ GDQFHUV WR
PRGLI\WKHLUPRUSKRORJLFDODSSHDUDQFHDQGEHKDYLRUDOFDSDELOLWLHV7KLVPRGLILFDWLRQ
LV EDVHG RQ WKH UHSUHVHQWDWLRQ RI D GDQFHU V QDWXUDO ERGLO\ SURSHUWLHV YLD WKH VDPH
FRPSXWDWLRQDO DEVWUDFWLRQV WKDW DUH HPSOR\HG IRU WKH VLPXODWLRQ RI DUWLILFLDO ERGLO\
VWUXFWXUHV 7KLV DEVWUDFWLRQ LQWHJUDWHV WKH VWUXFWXUDO DQG EHKDYLRUDO SURSHUWLHV RI
QDWXUDO DQG VLPXODWHG ERG\ SDUWV LQWR D XQLILHG IRUP RI K\EULG HPERGLPHQW 7KH
LGLRV\QFUDWLF TXDOLWLHV DQG FDSDELOLWLHV RI D SDUWLFXODU K\EULG HPERGLPHQW LV WKHQ DV
PXFK WKH UHVXOW RI WKH GDQFHU V VXEMHFWLYH SURSHUWLHV DQG DFWLYLWLHV DV LW LV RI WKH
SHFXOLDULWLHVRIWKHVLPXODWHGERG\SDUWV
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%DFNJURXQG
7KH UHDOL]DWLRQ RI 3KDQWRP /LPE LV LQVSLUHG E\ D ORQJ VWDQGLQJ WUDGLWLRQ ZLWKLQ
SHUIRUPDQFH DUW +LVWRULFDO SUHFHGHQWV LQFOXGH WKH DUWLVWV /RwH )XOOHU 2VNDU
6FKOHPPHU DQG $OZLQ 1LNRODLV /RwH )XOOHU EHFDPH IDPRXV WKURXJK ZRUNV VXFK DV
WKHSerpertine Dance>@$FHQWUDOHOHPHQWRIWKHVHZRUNVDUHYHU\ZLGHFRVWXPHV
ZKRVH IORZLQJ PRYHPHQWV H[WHQG DQG DPSOLI\ WKH DFWLYLWLHV RI WKH GDQFHUV )LJ 
OHIW 2VNDU6FKOHPPHU VTriadic BalletWUHDWVWKHKXPDQERG\DVDQDUWLVWLFPHGLXP
WKDWLVWUDQVIRUPHGE\WKHFRVWXPHLQWRDJHRPHWULFREMHFW>@ )LJPLGGOH $OZLQ
1LNRODLV H[SORUHG LQ ZRUNV VXFK DV Imago RU Kaleidoscope KRZ FRVWXPHEDVHG
GLVWRUWLRQV RU H[WHQVLRQV RI D KXPDQ ERG\ VWUXFWXUH DIIHFW WKH GDQFHUV PRYHPHQW
SRVVLELOLWLHV>@ )LJULJKW 


Figure 1. Examples of Costume-Based Body Modifications in Performance. Form left
to right: Serpentine Dance by Loïe Fuller (1891), Triadic Ballet by Oskar Schlemmer
(1922), Imago by Alwin Nikolais (1963)


Figure 2. Examples of Robotic Body Extensions in Performance. From left to right:
Third Hand by Stelarc (1980), Connected by Gideon Obarzanek (2011), Exoskeletal
by Christiaan Zwanikken (2014)

$PRQJWKHPRUHUHFHQWH[DPSOHVWKDWDUHUHOHYDQWLQWKHFRQWH[WRIWKLVSXEOLFDWLRQ
DUH ZRUNV E\ 6WHODUF *LGHRQ 2EDU]DQHNDQG&KULVWLDDQ=ZDQLNNHQWRQDPHMXVWD
IHZ 7KRVH ZRUNV HPSOR\ URERWLF VWUXFWXUHV DV DFWXDWHG PHFKDQLVPV WKDW H[WHQG D
KXPDQERG\6WHODUFLVIDPRXVIRUKLVRIWHQGUDVWLFDOO\LQYDVLYHERG\PRGLILFDWLRQV,Q
KLV Third Hand SURMHFW D PHFKDQLFDO KDQG LV DWWDFKHG WR WKH DUWLVW V ULJKW DUP DQG
FRQWUROOHG YLD (0* VLJQDOV IURP YDULRXV PXVFOHV LQ KLV ERG\ >@ )LJ  OHIW  ,Q
Connected E\ *LGHRQ 2EDU]DQHN D GDQFHU LV FRQQHFWHG YLD VWULQJV WR D JULGOLNH
VFXOSWXUH WKDW KDV EHHQ EXLOW E\ 5HXEHQ 0DUJROLQ>@ )LJPLGGOH 7KHVWUXFWXUH
WUDQVIRUPV WKH GDQFHU V DFWLYLWLHV LQWR XQGXODWLQJ PRYHPHQWV DQG FRQWRUWLRQV 7KH
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ZRUNExoskeletalE\&KULVWLDDQ=ZDQLNNHQHPSOR\VDURERWLFERG\H[WHQVLRQVXLWWKDW
FRPSULVHVDPHFKDQLFDOO\DFWXDWHGERDUVNXOO>@ )LJULJKW 

:LWKLQ WKH ILHOG RI $UWLILFLDO /LIH WKRVH SURMHFWV WKDW PRGHO PRUSKRORJLFDO DQG
EHKDYLRUDO SURSHUWLHV RI OLIHOLNH HQWLWLHV YLD LQWHJUDWHG VLPXODWLRQEDVHG DSSURDFKHV
DUHKLJKO\UHOHYDQWIRUWKLVSURMHFW)RUWKHVDNHRIEUHYLW\ZHGHVFULEHRQO\WKUHHE\
QRZ FODVVLFDO H[DPSOHV ,Q WKH Evolved Creatures SURMHFW E\ .DUO 6LPV ERGLO\
WRSRORJ\ DQG FRQWURO DOJRULWKPV RI DUWLILFLDO FUHDWXUHV DUH HYROYHG FRQFXUUHQWO\ LQ
RUGHUWRLPSURYHWKHLUFDSDELOLWLHVIRUORFRPRWLRQRUIRUFRPSHWLQJIRUIRRGVRXUFHV>@
)LJ  OHIW  7KH IRFXV RI WKH Artificial Fishes SURMHFW E\ ;LDR\XDQ 7X DQG 'HPHWUL
7HU]RSRXORVOLHVRQWKHUHDOLVWLFVLPXODWLRQRIWKHILVKHV DSSHDUDQFHPRYHPHQWDQG
EHKDYLRU$KLJKOHYHORIUHDOLVPLVDFKLHYHGYLDDFRPELQHGPRGHOOLQJDSSURDFKWKDW
VLPXODWHVWKHK\GURG\QDPLFSURSHUWLHVRIZDWHUWKHDQLPDOV PXVFXODUVWUXFWXUHDV
ZHOO DV WKHLU SHUFHSWXDO DQG FRJQLWLYH FDSDELOLWLHV >@ )LJ  PLGGOH  ,Q WKH DUW
FRQWH[W WKH A-Volve SURMHFW E\ &KULVWD 6RPPHUHU DQG /DXUHQW 0LJQRQQHDX LV
LQWHUHVWLQJ LQ WKDW LW UHDOL]HV DQ DUWLILFLDO HFRV\VWHP ZKRVH FUHDWXUHV FDQ EH
LQWHUDFWLYHO\ FUHDWHG DQG VKDSHG E\ YLVLWRUV 7KH PRYHPHQW DQG EHKDYLRU RI WKHVH
FUHDWXUHVLVDXWRPDWLFDOO\GHULYHGIURPWKHLUVKDSHSURSHUWLHV>@ )LJULJKW 


Figure 3. Examples of Artificial Life Simulations of Life-Like Creatures. From left to
right: Evolved Creatures by Karl Sims (1994), Artificial Fish by Xiaoyuan Tu and
Demetri Terzopoulos (1994), A-Volve by Christa Sommerer and Laurent Mignonneau
(1997)

6RIWZDUH
7KH VRIWZDUH HQYLURQPHQW IRU 3KDQWRP /LPE FRQVLVWV RI VHYHUDO DSSOLFDWLRQV IRU
VLPXODWLRQ YLGHR WUDFNLQJ YLVXDO UHQGHULQJ YLGHR PDSSLQJ VRXQG V\QWKHVLV DQG
DXGLRVSDWLDOL]DWLRQ7KHVHDSSOLFDWLRQUXQLQSDUDOOHODQGH[FKDQJHLQIRUPDWLRQDQG
FRQWUROGDWDZLWKHDFKRWKHUYLDWKHRSHQVRXQGFRQWUROSURWRFRO 26& 

6LPXODWLRQ

7KHVLPXODWLRQVRIWZDUHZKLFKKDVEHHQFXVWRPGHYHORSHGLQ&LVUHVSRQVLEOHIRU
PRGHOOLQJWKHDFWXDWHGYLUWXDOERG\H[WHQVLRQV7KHVLPXODWLRQIXQFWLRQDOLW\LVGLYLGHG
LQWR VHYHUDO SDUWV ERG\ DUFKLWHFWXUH PDVVVSULQJ VLPXODWLRQ SURSXOVLRQ VLPXODWLRQ
FROOLVLRQ GHWHFWLRQ DQG UHVROXWLRQ QXPHULFDO LQWHJUDWLRQ QHXUDO QHWZRUN VLPXODWLRQ
VHQVLQJDQGDFWXDWLRQ
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%RG\$UFKLWHFWXUH

7KHERG\DUFKLWHFWXUHSDUWRIWKHVLPXODWLRQPDQDJHVWKHWRSRORJ\RIWKHYLUWXDOERG\
H[WHQVLRQV(DFKH[WHQVLRQFRQVLVWVRIRQHRUVHYHUDOVRFDOOHGERG\VHJPHQWVWKDW
DUHRUJDQL]HGLQWRWUHHOLNHVWUXFWXUHV%RWKWKHFRPSXWDWLRQDOUHSUHVHQWDWLRQVRIWKH
GDQFHUV  SK\VLFDO ERGLHV WKDW DUH GHULYHG IURP YLGHR WUDFNLQJ DQG WKH YLUWXDO ERG\
H[WHQVLRQVDUHVWUXFWXUHGLQVXFKDZD\7KHVLPXODWLRQWDNHVFDUHRIWUDQVODWLQJWKH
YDULRXV ERG\ VHJPHQWV LQWR FRUUHVSRQGLQJ PDVVVSULQJ V\VWHPV DQG RI SUHVHUYLQJ
WKHLUFRQQHFWLYLW\DQGGLUHFWLRQDOFRQVWUDLQWV )LJOHIW 

0DVV6SULQJ6LPXODWLRQ

7KHPDVVVSULQJVLPXODWLRQ )LJPLGGOH PRGHOVVSULQJWHQVLRQVIRUFHVDFFRUGLQJ
WR+RRNH VODZ,QDGGLWLRQLWDOVRVLPXODWHVDGLUHFWLRQDOUHVWLWXWLRQIRUFHWKDWSXVKHV
VSULQJV WRZDUGV D SUHIHUUHG UHVW GLUHFWLRQ ZKLFK LV UHODWLYH WR WKH GLUHFWLRQ RI WKH
SUHFHGLQJ VSULQJ )LQDOO\ DOO WKH PDVV SRLQWV H[SHULHQFH D GDPSLQJ IRUFH WKDW LV
SURSRUWLRQDO DQG RSSRVLWH WR WKHLU YHORFLW\ 7KH ERG\ DUFKLWHFWXUH LV UHSUHVHQWHG
ZLWKLQ WKH PDVVVSULQJ VLPXODWLRQ DV OLQHDU RU EUDQFKLQJ VHTXHQFHV RI VSULQJV
6XFFHVVLYH VSULQJV ZLWKLQ D VHTXHQFH VKDUH WKHLU UHVSHFWLYH PDVV SRLQWV )LJ 
OHIW 

3URSXOVLRQ6LPXODWLRQ

7KHSURSXOVLRQVLPXODWLRQLPSOHPHQWVDSK\VLFDOO\UDWKHUFRQWULYHGZD\RIFDOFXODWLQJ
IRUFHV WKDW FDXVH ERG\ VHJPHQWV WR SURSDJDWH WKURXJK VSDFH 7KHVH IRUFHV DUH
GHULYHG IURP WKH PDVV SRLQWV  UHODWLYH YHORFLW\ ZLWK UHVSHFW WR WKH GLUHFWLRQ RI WKHLU
FRUUHVSRQGLQJ VSULQJV )LJ  ULJKW  7KH SURSXOVLRQ IRUFH SRLQWV LQ D GLUHFWLRQ
RSSRVLWH WR WKH VSULQJ DQG LWV OHQJWK LV SURSRUWLRQDO WR WKH GRW SURGXFW EHWZHHQ WKH
YHORFLW\GLIIHUHQFHEHWZHHQPDVVSRLQWDQGDQGDYHFWRUWKDWLVSHUSHQGLFXODUWR
WKH VSULQJ V GLUHFWLRQ )XUWKHUPRUH D GDPSLQJ IRUFH LV FDOFXODWHG WKDW RSSRVHV WKH
PRYHPHQW RI D ERG\ VHJPHQW DQG WKHUHE\ LPLWDWHG WKH YLVFRVLW\ RI D VXUURXQGLQJ
PHGLXP7KHGDPSLQJIRUFHLVWKHVXPRIWZRYHFWRUV7KHILUVWYHFWRUSRLQWVLQWRWKH
GLUHFWLRQRIWKHVSULQJ7KHVHFRQGYHFWRUSRLQWVLVDGLUHFWLRQWKDWLVSHUSHQGLFXODUWR
WKHVSULQJ7KHOHQJWKRIERWKYHFWRUVLVSURSRUWLRQDOWRWKHGRWSURGXFWEHWZHHQWKH
YHORFLW\RIPDVVSRLQWDQGWKHYHFWRUSHUSHQGLFXODUWRWKHVSULQJ

1HXUDO1HWZRUN6LPXODWLRQ

7KH VLPXODWLRQ VRIWZDUH DOORZV WKH FRQVWUXFWLRQ RI WLPHGHOD\HG UHFXUUHQW QHXUDO
QHWZRUNV 7KH FKDUDFWHULVWLFV RI WKHVH QHWZRUNV LV DV IROORZV 6LJQDOV DQG DFWLYLW\
OHYHOV DUH UHSUHVHQWHG DV FRQWLQXRXV YDOXHV ZKHUHDV WLPH LV GLVFUHWH 6LJQDOV
SURSDJDWHZLWKDWLPHGHOD\DQGDWWHQXDWLRQIDFWRULQEHWZHHQLQWHUFRQQHFWHGQRGHV
6LJQDOVWKDWDUULYHFRQFXUUHQWO\DWDQRGHDUHSDVVHGWKURXJKDWUDQVIHUIXQFWLRQWKDW
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DGGV WKH QRGH V JDLQ DQG GHFD\ YDOXHV WR WKH VXP RI WKH LQFRPLQJ VLJQDOV 7KH
RXWSXWRIWKLVIXQFWLRQGHWHUPLQHVWKHQRGH VDFWLYLW\OHYHO7KLVYDOXHLVWKHQSDVVHG
WKURXJK D VWHS IXQFWLRQ WKDW VHUYHV DV WKUHVKROG LQ RUGHU WR GHWHUPLQH LI WKH QRGH
VKRXOG SURGXFH DQ DFWLYLW\ VSLNH ,I WKH QRGH V DFWLYLW\ OHYHO H[FHHGV WKLV WKUHVKROG
WKH QRGH ILUHV LWV DFWLYLW\ LV UHGXFHG E\ D SUHVHW DPRXQW DQG WKH QRGH HQWHUV D
UHIUDFWRU\SHULRGGXULQJZKLFKLWFDQQRWILUHDJDLQ )LJ 


Figure 4. Body Architecture, Mass-Spring and Propulsion Simulation. Left: Schematic
depiction of a corporeal structure consisting of multiple branching body segments and
its corresponding mass-spring representation. The mass-spring system is depicted
as black lines (springs) and black circles (mass points). The body segments are
depicted as black outlines. Middle: Depiction of mass-spring forces. Forces are
shown as grey outlined arrows (DaF: damping force, SF: spring force, DiF: directional
force). The currently evaluated spring and its mass points are depicted in solid black.
The preceding spring is depicted in solid grey. The current spring's rest direction and
length is depicted as dashed black line. Right: Depiction of propulsion forces. Forces
(PF: propulsion force, DF1: damping force vector 1, DF2: damping force vector 2) are
shown as grey arrows. mass point velocities (V1: mass point 1 velocity, V2: mass
point 2 velocity) are shown as black outlined arrows. The spring normal direction (N)
is depicted as black filled arrow.


Figure 5. Neural Network Simulation. The graphical symbols in the schematic
depiction of a neural node are (from left to right): Summation of input signals, gain
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and decay, refractory period limit and activity threshold, output signal spike, signal
propagation time delay.
6HQVLQJDQG$FWXDWLRQ

7KHDFWLYLW\RIWKHQHXUDOQHWZRUNFDQDIIHFWWKHSURSHUWLHVRIWKHPDVVVSULQJV\VWHP
DQG YLFH YHUVD 7KLV IXQFWLRQDOLW\ LV UHDOL]HG YLD WKH LPSOHPHQWDWLRQ RI VHQVLQJ DQG
DFWXDWLQJHOHPHQWV(DFKRIWKHVHHOHPHQWLVDVVRFLDWHGZLWKDVSULQJDQGDQHXUDO
QRGH $ VHQVLQJ HOHPHQW PDSV D SURSHUW\ RI LWV VSULQJ LQWR DQ DFWLYLW\ YDOXH RI LWV
QHXUDO QRGH )LJ  OHIW  $Q DFWXDWLQJ HOHPHQW PDSV WKH DFWLYLW\ RI LWV QHXUDO QRGH
LQWRDSURSHUW\RILWVVSULQJ )LJPLGGOH $WWKHPRPHQWWKHIROORZLQJVHQVLQJDQG
DFWXDWLRQHOHPHQWVH[LVW/HQJWKVHQVRUVPDSWKHGHYLDWLRQRIDVSULQJ VOHQJWKIURP
LWVUHVWOHQJWKLQWRDQHXUDODFWLYLW\'LUHFWLRQDOVHQVRUVGRWKHVDPHIRUWKHGHYLDWLRQ
RIDVSULQJ VGLUHFWLRQIURPLWVUHVWGLUHFWLRQ/HQJWKPRWRUVPDSQHXUDODFWLYLW\LQWRD
QHZ UHVW OHQJWK IRU D VSULQJ 'LUHFWLRQDO PRWRUV PDS QHXUDO DFWLYLW\ LQWR D QHZ UHVW
GLUHFWLRQ IRU D VSULQJ $Q H[DPSOH ERG\ H[WHQVLRQ ZLWK LWV QHXUDO QHWZRUN VHQVRUV
DQGDFWXDWRUVLVVKRZQLQ)LJULJKW


Figure 6. Left: schematic depiction of sensors. A directional sensor (DS) maps a
spring's directional deviation into an activity level of a neuron (N). A length sensor
(DS) maps a spring's length deviation in a neuronal activity level. Middle: schematic
depiction of motors. A directional motor (DM) maps a neuronal activity into a spring's
rest direction. A length motor (LM) maps a neuronal activity into a spring's rest
length. Right: manually designed neural network and directional actuator system for a
multi-arm body extension.
&ROOLVLRQ'HWHFWLRQDQG5HVROXWLRQ

7KHVLPXODWLRQSURYLGHVPHDQVWRGHILQHERXQGLQJYROXPHVWRZKLFKLQGLYLGXDOERG\
VHJPHQWV FDQ EH DVVLJQHG 7KHVH YROXPHV DUH FRQVWUXFWHG IURP ' FRQWRXUV WKDW
DUHH[WUXGHGLQWRWKH=GLUHFWLRQ$YROXPHFRQVLVWVERWKRIDKDUGOLPLWVXUIDFHDQGD
VRIWOLPLWUHJLRQ,QDGGLWLRQDYROXPHFDQDFWDVDQRXWHUERXQGDU\SUHYHQWLQJERG\
VHJPHQWVIURPOHDYLQJDSDUWLFXODUUHJLRQRULWFDQDFWDVLQQHUERXQGDU\SUHYHQWLQJ
ERG\ VHJPHQWV IURP HQWHULQJ D SDUWLFXODU UHJLRQ %RXQGLQJ YROXPHV FDQ HLWKHU EH
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KDQG GHVLJQHG RU DXWRPDWLFDOO\ GHULYHG IURP WKH YLGHR WUDFNHG FRQWRXUV RI RQH RU
VHYHUDOGDQFHUV )LJ 7KHFROOLVLRQGHWHFWLRQDQGUHVROXWLRQPHFKDQLVPDSSOLHVWR
PDVVSRLQWVWKDWWU\WRWUDYHUVHDKDUGOLPLWVXUIDFH,IVXFKDFROOLVLRQLVGHWHFWHGWKH
FRUUHVSRQGLQJPDVVSRLQWVDUHLQVWDQWDQHRXVO\UHSRVLWLRQHGRQWRWKHOLPLWVXUIDFH,I
WKHPDVVSRLQWVHQWHUDVRIWOLPLWUHJLRQDIRUFHLVDSSOLHGWRJUDGXDOO\SXVKWRWKHP
EDFN7KLVIRUFHLVSURSRUWLRQDOWRWKHGHSWKRIWKHPDVVSRLQW VSHQHWUDWLRQLQWRWKH
VRIWOLPLWUHJLRQ


Figure 7. Bounding Volumes. Multiple bounding volumes can delimit the simulation
space. Here, two of the volumes are derived from the tracked contours of the
dancers. The other three volumes are static and aligned to screen regions on stage.
A simulated body extension is constrained within one of the dancer's body contour.
The hard limit surface is depicted as yellow outline. The soft limit region extends from
the green outline to the yellow outline.
7UDFNLQJ

7KHLQWHUDFWLRQEHWZHHQGDQFHUVDQGVLPXODWHGERG\VWUXFWXUHVLVEDVHGHQWLUHO\RQ
YLGHRWUDFNLQJ)RUWKLVWDVNWKUHHGLIIHUHQWYLGHRWUDFNLQJDSSOLFDWLRQVDUHUXQQLQJLQ
SDUDOOHO $ FXVWRP GHYHORSHG WUDFNLQJ VRIWZDUH GHULYHV ERG\ FRQWRXUV RI GDQFHUV
IURP D GLVWDQFH LPDJH REWDLQHG IURP D .LQHFW FDPHUD 7KHVH ERG\ FRQWRXUV DUH
XVHGWRFUHDWHG\QDPLFERXQGLQJYROXPHVZLWKLQWKHVLPXODWLRQ$Q(\HVZHEEDVHG
VRIWZDUHSDWFKFDOFXODWHVERG\FHQWURLGVRIGDQFHUVIURPDGLVWDQFHLPDJHREWDLQHG
IURPDQDGGLWLRQDO.LQHFWFDPHUD%DVHGRQWKHVHFHQWURLGVVNHOHWDOUHSUHVHQWDWLRQV
RIWKHGDQFHUV ERGLHVDUHFUHDWHGDQGPDSSHGLQWRFRUUHVSRQGLQJVWUXFWXUHVZLWKLQ
WKHPDVVVSULQJVLPXODWLRQ7KHPDSSLQJLVEDVHGRQDVSDWLDOWUDQVIRUPDWLRQRIWKH
VNHOHWRQV  MRLQW SRVLWLRQV IURP WUDFNLQJ VSDFH LQWR PDVV SRLQW SRVLWLRQV ZLWKLQ
VLPXODWLRQ VSDFH $ SURSULHWDU\ WUDFNLQJ VRIWZDUH WKDW IRUPV SDUW RI WKH 0RWLRQ
&RPSRVHU 6\VWHP >@ LV XVHG LQ FRPELQDWLRQ ZLWK D $VXV GHSWK FDPHUD DQG DQ
LQGXVWULDOJLJDELWHWKHUQHWFDPHUD7KHFRPELQDWLRQRIWKHYHU\ORZODWHQF\UHVSRQVH
RI WKH HWKHUQHW FDPHUD ZLWK WKH GHSWK LPDJH RI WKH $VXV FDPHUD DOORZV IRU IDVW
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LQWHUDFWLRQ ZLWK WKH VRXQG PDWHULDO DQG WKH VLPXODWHG FUHDWXUHV 7KLV WUDFNLQJ
VRIWZDUH GHWHFWV KLJKHU OHYHO H[SUHVVLYH IHDWXUHV DV ZHOO DV ORZ OHYHO IHDWXUHV 7KH
KLJK OHYHO IHDWXUHV LQFOXGH D VHW RI JHVWXUH WKH ORZ OHYHO IHDWXUHV FRQVLVW RI ZLGWK
KHLJKW DQG DFWLYLW\ 7KH RXWSXW RI WKH WUDFNLQJ VRIWZDUH LV XVHG WR FRQWURO WKH
SURSHUWLHVRIWKHERG\H[WHQVLRQVDQGWKHPHGLXPZLWKLQZKLFKWKH\PRYH

+\EULG(PERGLPHQW

7KH UHSUHVHQWDWLRQ RI WKH GDQFHUV  ERGLHV DV PDVVVSULQJ VWUXFWXUHV ZLWKLQ WKH
VLPXODWLRQ HQYLURQPHQW SOD\V D FHQWUDO UROH IRU WKH LQWHJUDWLRQ RI VLPXODWHG DQG
QDWXUDO ERGLHV LQWR D K\EULG IRUP RI HPERGLPHQW 2QDSXUHO\PHFKDQLFDOOHYHOWKH
VSULQJVFRQVWLWXWLQJWKHYLUWXDOERG\HOHPHQWVFDQEHLQWHUFRQQHFWHGZLWKWKHVSULQJV
UHSUHVHQWLQJDGDQFHU VVNHOHWDOVWUXFWXUHE\DVVLJQLQJVRPHRIWKHIRUPHUVSULQJVWR
PDVV SRLQWV WKDW DUH GLUHFWO\ FRQWUROOHG YLD WKH GDQFHU V WUDFNHG ERG\ FHQWURLGV
%DVHG RQ WKLV SXUHO\ SK\VLFDO FRQQHFWLRQ WKH GDQFHU V PRYHPHQWV SURSDJDWH
PHFKDQLFDOO\WKURXJKWKHPDVVVSULQJV\VWHPDQGWKHUHE\FDXVHDPRYHPHQWRIWKH
VLPXODWHG ERG\ VWUXFWXUH $Q DGGLWLRQDO DQG PRUH HODERUDWH OHYHO RI EHKDYLRUDO
UHODWLRQVKLS EHWZHHQ GDQFHUV DQG WKHLU YLUWXDO ERG\ H[WHQVLRQV FDQ EH UHDOL]HG E\
FUHDWLQJ VKDUHG QHXUDO QHWZRUNV )RU HDFK RI WKH VSULQJV WKDW FRUUHVSRQG WR D
VNHOHWDOUHSUHVHQWDWLRQRIDGDQFHU VERG\DGLUHFWLRQDOVHQVRUFDQEHDGGHG7KHVH
VHQVRUV FRQWURO WKH DFWLYLWLHV RI WKHLU DVVRFLDWHG QHXURQV ZKLFK WKHQ SURSDJDWHV
WKURXJK WKH QHXUDO QHWZRUN ,I VRPH RI WKH QHXURQV ZLWKLQ WKLV QHWZRUN DUH SDUW RI
DFWXDWRUVWKDWFRQWUROWKHUHVWOHQJWKDQGUHVWGLUHFWLRQRIWKHVSULQJVLQDYLUWXDOERG\
H[WHQVLRQ WKHQ WKH GDQFHU V PRYHPHQWV WUDQVODWH LQWR EHKDYLRUDO FKDQJHV RI WKH
YLUWXDO ERG\ H[WHQVLRQ )LJXUH  GHSLFWV WZR H[DPSOHV RI D QHXUDO QHWZRUN WKDW LV
DVVRFLDWHGZLWKDGDQFHU VPDVVVSULQJUHSUHVHQWDWLRQDQGDYLUWXDOERG\H[WHQVLRQ
7KH LPDJH RQ WKH OHIW GHSLFWV D EUDQFKLQJ ERG\ H[WHQVLRQ WKDW LV PHFKDQLFDOO\
DWWDFKHG WR WKH OHIW KDQG RI WKH GDQFHU V VNHOHWRQ +HUH WKH QHXUDO QHWZRUN LV
H[WUHPHO\ VLPSOH DQG WKHUHIRUH LWV SDUDPHWHUV FDQ EH HDVLO\ WXQHG E\ KDQG 7KH
LPDJH RQ WKH ULJKW GHSLFWV D VKRUW OLQHDU ERG\ H[WHQVLRQ WKDW LV QRW SK\VLFDOO\
DWWDFKHG WR D VNHOHWRQ +HUH WKH QHXUDO QHWZRUN FRQVLVWV RI PXOWLSOH QHXURQV
VHQVRUV DQG DFWXDWRUV ZKLFK DUH RUJDQL]HG LQWR VHYHUDO IXOO\ LQWHUFRQQHFWHG OD\HUV
:KLOHWKLVQHWZRUNKDVDPXFKJUHDWHUSRWHQWLDORIJHQHUDWLQJLQWHUHVWLQJEHKDYLRUDO
UHODWLRQVKLSVEHWZHHQGDQFHUVDQGERG\H[WHQVLRQVWKHODUJHQXPEHURISDUDPHWHUV
UHQGHU D PDQXDO FRQILJXUDWLRQ XQIHDVLEOH )RU WKLV UHDVRQ WKHVH W\SHV RI QHWZRUNV
KDYHEHHQDXWRPDWLFDOO\FRQILJXUHGYLDHYROXWLRQDU\DGDSWDWLRQ

9LGHR5HQGHULQJDQG0DSSLQJ

7KHVLPXODWHGERG\H[WHQVLRQVDUHWUDQVIRUPHGLQWRSRO\JRQPHVKHVE\H[WUXGLQJD
FLUFXODUFLUFXPIHUHQFHDORQJDWKUHHGLPHQVLRQDO%H]LHUVSOLQH ZKRVHFRQWUROSRLQWV
DUH GHULYHG IURP WKH ERG\ VHJPHQWV  PDVV SRLQW SRVLWLRQV 7KHVH SRO\JRQ PHVKHV
DUHWKHQUHQGHUHGERWKDVZLUHIUDPHVWUXFWXUHVDQGWH[WXULVHGVXUIDFHVWKDWDUHWKHQ
FRPSRVLWHG LQWR D ILQDO YLGHR LPDJH 7KLV LPDJH LV SDVVHG YLD WKH 6\SKRQ WH[WXUH
VKDULQJ PHFKDQLVPV >@ WR D FXVWRP GHYHORSHG YLGHR PDSSLQJ VRIWZDUH 7KH
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PDSSLQJVRIWZDUHSURYLGHVWKHPHDQVWRVXEGLYLGHDQGDOLJQGLIIHUHQWLPDJHVHFWLRQV
WRSK\VLFDOVFUHHQORFDWLRQVRQVWDJH

Figure 8. Combination of a Dancer's Skeletal Representation with a Virtual Body
Extension. The schematic representation depicts the mass-spring system of the
dancer's skeletal structure and the virtual body extension as filled black circles (mass
points) and black lines (springs). The directional sensors (DS), neurons (N), length
motors (LM), and directional motors (DM) are depicted as black outlined circles. The
neural connections are depicted as grey outlined arrows. In the right image, the body
extension is depicted twice (once as providing sensory input only and once as
receiving motor output only) in order to achieve a cleaner representation of the neural
network. 

6RXQG6\QWKHVLVDQG6SDWLDOL]DWLRQ

)RXU W\SHV RI VRXQG V\QWKHVLV DSSURDFKHV DUH XVHG DQ RULJLQDO H[WHQGHG IRUP RI
G\QDPLFVWRFKDVWLFV\QWKHVLVVXEWUDFWLYHV\QWKHVLVDGGLWLYHV\QWKHVLVDQGJUDQXODU
V\QWKHVLV7KHVRXQGV\QWKHVLVDVZHOOWKHJHQHUDWLRQRIWKHPXVLFDOVWUXFWXUHVDUH
LPSOHPHQWHGLQWKHSURJUDPPLQJ HQYLURQPHQW6XSHUFROOLGHU6RPHRIWKHG\QDPLFV
EHWZHHQWKHYLUWXDOERG\H[WHQVLRQVDQGWKHGDQFHUVDUHDOVRFRQWUROOHGIURPZLWKLQ
6XSHUFROOLGHU XVLQJ VWRFKDVWLF SDWWHUV WKDW LQWURGXFH PXWDWLRQV LQ WKH FRQILJXUDWLRQV
RI WKH ERG\ H[WHQVLRQV DQG WKHLU DWWDFKPHQW WR WKH VNHOHWDO UHSUHVHQWDWLRQ RI WKH
GDQFHUV7KHV\QWKHVLVDOJRULWKPVDUHFRQWUROOHGE\WKHVLPXODWHGERG\VWUXFWXUHVLQ
D YDULHW\ RI ZD\V $ VWUDLJKWIRUZDUG DSSURDFK LV WR PDS WKH YHUWLFDO DQG KRUL]RQWDO
SRVLWLRQ RI HDFK PDVV SRLQW WKDW PDNH XS D ERG\ VHJPHQW WR WKH IUHTXHQF\ DQG
VSDWLDOSRVLWLRQRIWKHUHVXOWLQJVRXQG7KHPDSSLQJRIWKHFRRUGLQDWHVPRYHPHQWRI
WKHPDVVSRLQWVUHVXOWVLQLQWHUHVWLQJPXVLFDOSKHQRPHQDWKDWUDQJHIURPXQLVRQVWR
KLJKO\ FRPSOH[ FOXVWHUV 7KLV DSSURDFK RI WUDQVODWLQJ EUDQFKLQJ JUDSKLFDO HOHPHQWV
LQWR PXVLFDO VWUXFWXUHV KDV D IDPRXV KLVWRULFDO SUHGHFHVVRU LQ ,DQQLV ;HQDNLV
arborescences >@ $ PRUH VRSKLVWLFDWHG PDSSLQJDSSURDFKLVXVHGLQWKHFDVHRI
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G\QDPLF VWRFKDVWLF FRQFDWHQDWLRQ V\QWKHVLV >@ ,Q WKLV PRGHO VHYHUDO ZDYHIRUPV
JHQHUDWHGE\VWRFKDVWLFIXQFWLRQV WKHVRFDOOHGgendys DUHMX[WDSRVHG7KLVUHVXOWV
LQVRXQGVRIDPRUHJUDQXODUTXDOLW\7KHVWUXFWXUHRIHDFKJHQG\LVFRQQHFWHGWRWKH
VWUXFWXUH RI HDFK VSULQJ ZLWKLQ D ERG\ VHJPHQW WKHUHE\ PLUURULQJ WKH VSULQJ V
VKULQNLQJ DQG H[SDQGLQJ 2I SDUWLFXODU PXVLFDO LQWHUHVW DUH WKH KDUPRQLF VWUXFWXUHV
WKDWHPHUJHIURPWKRVHVSULQJVZKLFKDUHFRQQHFWHGWRMRLQWSRVLWLRQVRIWKHGDQFHU V
VNHOHWDO UHSUHVHQWDWLRQV ,Q WKLV VLWXDWLRQ WKH GDQFHU V KXPDQ ERG\ SURSRUWLRQV
JHQHUDWHZDYLQJFKRUGVWKDWDUHWUDQVIRUPHGDFFRUGLQJWRWKHFKRUHRJUDSK\RIERWK
WKHQDWXUDODQGYLUWXDOERGLHV

3HUIRUPDQFH
6WDJH6HWXS


Figure 9. Stage Setup. The image on the left depicts a 3D representation of the
stage. The image on the right show a schematic depiction of the hardware used on
stage.
6RIDUWKH3KDQWRP/LPESURMHFWKDVUHVXOWHGLQWZRGDQFHSHUIRUPDQFHVWKDWZHUH
VKRZQ DW /D &DVD (QFHQGLGD LQ 0DGULG )RU WKHVH SHUIRUPDQFHV WKH VWDJH VHWXS
ZDVGHVLJQHGWRHPSKDVL]HIURPWKHDXGLHQFH VSRLQWRIYLHZRXUFRQFHSWRIK\EULG
HPERGLPHQW$QDFRXVWLFDQGYLVXDOVHWWLQJZDVFUHDWHGWKDWDOORZHGWKHDSSHDUDQFH
RI WKH GDQFHUV WR EH RYHUODSSHG ZLWK D UHQGHULQJ RI WKH YLUWXDO ERG\ H[WHQVLRQV $
FHQWUDOHOHPHQWRIWKLVVHWXSLVDWUDQVSDUHQWYLGHRUHDUSURMHFWLRQVFUHHQ>@ZKLFK
KDQJVIURPWKHFHLOLQJLQIURQWRIDGDQFHU7KHGDQFHULVWUDFNHGE\D.LQHFWFDPHUD
WKDWLVVLWXDWHGEHKLQGKHU7KHYLVXDOUHQGHULQJRIWKHVLPXODWLRQLVSURMHFWHGIURPD
YLGHRSURMHFWRUWKDWLVSODFHGDWDQDFXWHDQJOHRQWRWKHVFUHHQLQIURQWRIWKHGDQFHU
7KH GDQFHU V WUDFNHG VNHOHWRQ DQG WKH JUDSKLFDO UHQGHULQJ RI WKH YLUWXDO ERG\
H[WHQVLRQVDUHDOLJQHGLQVXFKDZD\WKDWWKH\PDWFKLQSRVLWLRQLQVL]HIURPWKHSRLQW
RI YLHZ RI WKH DXGLHQFH %\ FRQWUROOLQJ WKH LQWHQVLW\ RI WKH SURMHFWHG LPDJH DQG WKH
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LOOXPLQDWLRQ RI WKH GDQFHU WKH FRPELQHG YLVLELOLW\ RI WKH GDQFHU DQGWKHYLUWXDOERG\
H[WHQVLRQVFDQEHDGMXVWHGWRJLYHUDLVHWRDPL[HGDSSHDUDQFH
7KHULJKWKDOIRIWKHVWDJHFRQVLVWVRIDYHUWLFDOIURQWSURMHFWLRQVFUHHQWKDWLVSODFHG
DWWKHEDFNRIWKHVWDJHDQGDZKLWHGDQFHIORRULQIURQWRILW%RWKWKHVFUHHQDQGWKH
IORRU DUH SURMHFWHG RQ YLD D FHLOLQJ PRXQWHG YLGHR SURMHFWRU $GGLWLRQDO WUDFNLQJ
FDPHUDVDUHSODFHGDWWKHFHQWHULQWKHIURQWRIVWDJH7KHDXGLRVHWXSFRQVLVWVRIVL[
VSHDNHUV7ZRRIWKHPDUHSODFHGLQWKHEDFNFRUQHUVRIWKHVWDJH$QDGGLWLRQDOWZR
DUHKDQJLQJRQHDFKVLGHDERYHWKHDXGLHQFH$QGWKHODVWWZRVSHDNHUVDUHSODFHG
RQWKHVLGHEHKLQGWKHDXGLHQFH$'UHQGHULQJRIWKHVWDJHVHWXSDQGDVFKHPDWLF
UHSUHVHQWDWLRQRIWKHVWDJHKDUGZDUHVHWXSDUHGHSLFWHGLQ)LJXUH
&KRUHRJUDSKLF6FHQHV

7KHFKRUHRJUDSK\IRUWKH0DGULGSHUIRUPDQFHLVGLYLGHGLQWRVHYHUDOVFHQHVHDFKRI
ZKLFKKLJKOLJKWVDSDUWLFXODULGHDKRZWRUHODWHWKHGDQFHUV ERGLHVDQGEHKDYLRUVWR
WKH VLPXODWHG ERG\ H[WHQVLRQV ,Q WKH IROORZLQJ WH[W VL[ RI WKHVH VFHQHV DUH EULHIO\
SUHVHQWHG

,QVFHQH )LJOHIW DKDQGOLNHVWUXFWXUHLVSURMHFWHGRQDWUDQVSDUHQWVFUHHQLQ
IURQW RI WKH GDQFHU 7KH VWUXFWXUH LV SK\VLFDOO\ DWWDFKHG WR D GDQFHU V VNHOHWDO
UHSUHVHQWDWLRQ,QDGGLWLRQDVLPSOHQHXUDOQHWZRUN )LJOHIW DOORZVWKHGDQFHUWR
FRQWUROVRPHRIWKHVWUXFWXUH VVKDSHSURSHUWLHV7KURXJKRXWWKHVFHQHWKHQXPEHU
DQGSRVLWLRQRIWKHERG\DWWDFKPHQWVFKDQJHV
,QVFHQH )LJULJKW DPXOWLVHJPHQWVWUXFWXUH )LJULJKW LVSURMHFWHGLQIURQW
RIWKHGDQFHU'HSHQGLQJRQWKHPRYHPHQWRIWKHGDQFHUWKHVWUXFWXUHIUDFWXUHVDQG
GLVVRFLDWHVLQWRPXOWLSOHIUHHO\PRYLQJIUDJPHQWVRUUHFRDOHVFHVDQGUHDWWDFKHVWR
WKHGDQFHUVERG\
,Q VFHQH  )LJ  OHIW  WKH VDPH PXOWLVHJPHQW VWUXFWXUH LV SURMHFWHG RQ WKH
WUDQVSDUHQW VFUHHQ %XW WKLV WLPH WKH FUHDWXUH LV SK\VLFDOO\ DQG YLVXDOO\ GLVVRFLDWHG
IURP WKH SRVLWLRQ DQG VNHOHWDO VWUXFWXUH RI WKH GDQFHU 7KH FRQQHFWLRQ EHWZHHQ
GDQFHUDQGWKHVLPXODWHGVHJPHQWVLVEDVHGRQUHODWLQJWKHGHJUHHRIRSHQLQJDQG
FRQWUDFWLRQRIWKHWZRERG\VWUXFWXUHV
,QVFHQH )LJULJKW DODUJHPXOWLVHJPHQWHGVWUXFWXUHLVSURMHFWHGRQWKHZKLWH
VFUHHQ LQ WKH EDFNJURXQG RI WKH GDQFHUV 7KH VWUXFWXUH LV QRW DWWDFKHG WR WKH
GDQFHUV  VNHOHWDO UHSUHVHQWDWLRQV EXW HQYHORSV WKHLU ERG\ FRQWRXUV 7KH HQYHORSLQJ
HIIHFW LV WHPSRUDULO\ LQWHUUXSWHG ZKHQ WKH GDQFHUV TXLFNO\ PRYH DZD\ IURP WKH
VWUXFWXUH
,QVFHQH )LJOHIW DQRWKHUODUJHPXOWLVHJPHQWHGVWUXFWXUHLVSURMHFWHGRQWKH
ZKLWH VFUHHQ &RQWUDU\ WR WKH SUHYLRXV VFHQHV WKH VWUXFWXUH LV QRW DVVRFLDWHG ZLWK
DQ\GDQFHUDQGEHKDYHVDVDQDXWRQRPRXVO\PRYLQJFUHDWXUH
In scene 6 (Fig. 12, right), a large number of smaller structures are projected on the
white screen. These structures are dynamically created by the dancer whenever she
accelerates very quickly. After a certain time, the structures disappear. While the
structures exist, they move freely across the screen but the rhythmicity of their
movement is coordinated with the dancers' movements.
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Figure 10. Scenes from a Dance Performance. Left image: Scene 1. Right image:
scene 2.


Figure 11. Scenes from a Dance Performance. Left: Scene 3. Right: scene 4.


Figure 12. Scenes from a Dance Performance. Left: scene 5. Right: scene 6.
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&RQFOXVLRQDQG2XWORRN
7KH PDLQ JRDO RI WKH 3KDQWRP /LPE SURMHFW LV WR H[SHULPHQW ZLWK K\EULG IRUPV RI
HPERGLPHQW LQ GDQFH 2XU DSSURDFK FRQVLVWV RI HVWDEOLVKLQJ D VLPXODWLRQEDVHG
DXJPHQWHG UHDOLW\ VLWXDWLRQ RQ VWDJH 7KLV VLWXDWLRQ DOORZV YLUWXDO ERG\ H[WHQVLRQV
DQGWKHGDQFHUV SK\VLFDOERGLHVWRPHUJHLQWRFRPSRVLWHFRUSRUHDOVWUXFWXUHVZKRVH
PRUSKRORJLFDO DQG EHKDYLRUDO SURSHUWLHV GHYLDWH VLJQLILFDQWO\ IURP D QRUPDO KXPDQ
ERG\ $V SDUW RI WKLV SURMHFW D VHW RI WHFKQLFDO WRROV KDV EHHQ GHYHORSHG WKDW
FRPSULVHV FXVWRP GHYHORSHG VLPXODWLRQ VRIWZDUH VHYHUDO YLGHR WUDFNLQJ V\VWHPV
DXGLR DQG YLGHR V\QWKHVLV DQG VSDWLDOL]DWLRQ WRROV DQG YLGHR VFUHHQ VHWXSV 7KHVH
WRROVKDYHDOORZHGXVWRGHYHORSDQGSUHVHQWVRPHLQLWLDOSHUIRUPDQFHLGHDVLQWKH
IRUPRIDGDQFHSLHFH7KHSLHFHKDVVHUYHGDVDYDOXDEOHWHVWEHGIRURXULGHDVDQG
WHFKQRORJLHVDQGKHOSHGXVWRRXWOLQHIXWXUHLPSURYHPHQWVDQGUHVHDUFKGLUHFWLRQV
2QHRIWKHLVVXHVWKDWZHZRXOGOLNHWRDGGUHVVLQWKHVKRUWWHUPFRQFHUQVDFHUWDLQ
ODFN RI FRPSOH[LW\ LQ WKH EHKDYLRUDO UHODWLRQVKLSV EHWZHHQ GDQFHUV DQG WKHLU YLUWXDO
ERG\H[WHQVLRQV6RIDUPRVWERG\H[WHQVLRQVUHVSRQGWRWKHGDQFHUV PRYHPHQWV
YLD VLPSOH UHIOH[ W\SH UHDFWLRQV ,Q RUGHU WR DFKLHYH OHVV GLUHFW DQG PRUH GLYHUVH
IRUPV RI EHKDYLRUDO UHODWLRQVKLSV LW PLJKW EH XVHIXO WR PRGLI\ WKH ILWQHVV IXQFWLRQV
WKDW FRQWURO WKH DUWLILFLDO HYROXWLRQ RI WKH ERG\ H[WHQVLRQV 5DWKHU WKDQ WR UHZDUG
VLPSOH DFWLYLW\ V\QFKURQL]DWLRQ RU PRYHPHQW GLVWDQFH WKH ILWQHVV IXQFWLRQ FRXOG EH
EDVHGRQ/DEDQ0RYHPHQW$QDO\VLV>@6RPHSRVVLEO\VXLWDEOHTXDQWLILHUVIRUWKLV
DQDO\VLVV\VWHPKDYHEHHQSURSRVHGE\$QWRQLR&DPXUULDQGKLVFRZRUNHUV>@$V
D IXUWKHU JRDO ZH ZRXOG OLNH WR H[SHULPHQW ZLWK DGGLWLRQDO WKDQ SXUHO\ YLVXDO DQG
DFRXVWLFPHDQVRISURYLGLQJIHHGEDFNWRWKHGDQFHUVDERXWWKHDFWLYLWLHVRIWKHYLUWXDO
ERG\ H[WHQVLRQV 2QH SRVVLELOLW\ ZRXOG EH WR HPSOR\ ZHDUDEOH DFWXDWRUV WKDW FDQ
JHQHUDWHWDFWLOHVHQVDWLRQV6XFKDVHQVDWLRQFRXOGIRULQVWDQFHEHWULJJHUHGZKHQD
VLPXODWHGERG\VHJPHQWFROOLGHVZLWKWKHKDUGOLPLWVXUIDFHRIDERXQGLQJYROXPH$V
SDUWRIDUDWKHUORQJWHUPRXWORRNLWZRXOGEHLQWHUHVWLQJWRFRPELQHRXUVLPXODWLRQ
EDVHGDSSURDFKZLWKURERWLFPHDQVRIH[WHQGLQJDGDQFHU VERG\ZLWKDUWLILFLDOERG\
H[WHQVLRQV

7R VXPPDUL]H ZH EHOLHYH WKDW RXU UHVHDUFK ZKLFK FRPELQHV LGHDV DQG PHWKRGV
IURP DUWLILFLDO OLIH JHQHUDWLYH DUW DQG GDQFH SURYLGHV DPSOH RSSRUWXQLWLHV WR H[SORUH
QHZIRUPVRIFKRUHRJUDSKLQJWKHKXPDQERG\%\FUHDWLQJDQGPDQLSXODWLQJK\EULG
IRUPV RI HPERGLPHQW WKH SHUIRUPHUV ERGLO\ LGHQWLW\ FDQ EH WUDQVIRUPHG LQWR D
SOXUDOLW\ RI PRUSKRORJLFDO DQG EHKDYLRUDO GLIIHUHQWLDWLRQV DQG SRVVLELOLWLHV 7KH IOXLG
WUDQVLWLRQEHWZHHQWKHVHYDULRXVERGLO\PDQLIHVWDWLRQVFUHDWHVDOHYHORIPDOOHDELOLW\
WKDW KHOSV WR WUDQVIRUP D GDQFHU V ERG\ FKDUDFWHULVWLFV LQWR DQ H[SUHVVLYH PHGLXP
$V VXFK RXU DSSURDFK FRQWLQXHV D WUDGLWLRQ RI DUWLVWLF ZRUNV WKDW H[SHULPHQWV ZLWK
WKHFRQVWUXFWLRQDQGDOWHUDWLRQRIWKHKXPDQERG\
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5HIHUHQFHV
>@0HWDERG\3URMHFWKWWSPHWDERG\HXHQDFFHVVHG1RYHPEHU

>@-RG\6SHUOLQJLoïe Fuller's Serpentine dance: a discussion of its origins in skirt
dancing and a creative reconstruction. ,Q 3URFHHGLQJVRIWKH6RFLHW\RI'DQFH
+LVWRU\6FKRODUV 86 &RQIHUHQFH$OEXTXHUTXH86$

>@'60R\QLKDQDQG/HLJK*HRUJH2GRPOskar Schlemmer's “Bauhaus Dances”:
Debra McCall's Reconstructions,QThe Drama Review9RO1RSS±






>@&ODXGLD*LWHOPDQDQG0DUWLQ5DQG\HGVThe returns of Alwin Nikolais: bodies,
boundaries and the dance canon:HVOH\DQ8QLYHUVLW\3UHVV















>@6WHODUFThird Hand,KWWSVWHODUFRUJ"FDW,' DFFHVVHG1RYHPEHU
>@*LGHRQ2EDU]DQHNDQG5HXEHQ0DUJROLQ&RQQHFWHG
KWWSZZZUHXEHQPDUJROLQFRPZDYHV&RQQHFWHGFRQQHFWHGBYLGHRKWPODFFHVVHG
1RYHPEHU


>@&KULVWLDDQ=ZDQLNNHQ([RVNHOHWDO
KWWSFKULVWLDDQ]ZDQLNNHQFRPH[RVNHOHWDODFFHVVHG1RYHPEHU

>@.DUO6LPVEvolving virtual creatures.,Q3URFHHGLQJVRIWKHVWDQQXDO
FRQIHUHQFHRQ&RPSXWHUJUDSKLFVDQGLQWHUDFWLYHWHFKQLTXHV$&0SS±

>@7X;LDR\XDQDQG'HPHWUL7HU]RSRXORVArtificial fishes: Physics, locomotion,
perception, behavior.,Q3URFHHGLQJVRIWKHVWDQQXDOFRQIHUHQFHRQ&RPSXWHU
JUDSKLFVDQGLQWHUDFWLYHWHFKQLTXHV$&0SS±

>@&KULVWD6RPPHUHUDQG/DXUHQW0LJQRQQHDXA-Volve, an evolutionary artificial
life environment.$UWLILFLDO/LIH9&/DQJWRQDQG&6KLPRKDUD HGV 0,7SS
±

>@0RWLRQ&RPSRVHUKWWSZZZPRWLRQFRPSRVHUFRPHQZHOFRPHDFFHVVHG
1RYHPEHU

>@6\SKRQKWWSV\SKRQYLQIRDFFHVVHG1RYHPEHU
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>@%HQRLW*LEVRQ7KH,QVWUXPHQWDO0XVLFRI,DQQLV;HQDNLV7KHRU\3UDFWLFH6HOI
%RUURZLQJ3HQGUDJRQSUHVV+LOOVLGH1HZ<RUN

>@6HUJLR/XTXH7KH6WRFKDVWLF0XVLFRI,DQQLV;HQDNLV/HRQDUGR0XVLF-RXUQDO
9RO0,73UHVV&DPEULGJH86$

>@.,7$321+ROR*6FUHHQKWWSZZZDGZLQGRZQHWDFFHVVHG1RYHPEHU


>@5XGROIYRQ/DEDQPrinciples of dance and movement notation,/RQGRQ

>@$QWRQLR&DPXUUL%DUEDUD0D]]DULQR0DWWHR5LFFKHWWL5HQHH7LPPHUVDQG
*XDOWLHUR9ROSH HGV Multimodal analysis of expressive gesture in music and dance
performances.,Q*HVWXUHEDVHGFRPPXQLFDWLRQLQKXPDQFRPSXWHULQWHUDFWLRQ
%HUOLQHWDOSS±
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*$±;9,,*HQHUDWLYH$UW&RQIHUHQFH

(QULFD&RODEHOOD

*HQHUDWLYH$UWLVWEHKLQGPDFKLQH
3DSHU
$EVWUDFW
6DSHUHDXGH'DUHWRNQRZ
2UD]LR (SLVWROH, 

7KHPDLQDLPRIWKLVSDSHULVWRLGHQWLI\GLIIHUHQFHDQGVLPLOLWXGHLQFKDUDFWHUVRI
JHQHUDWLYHDUWLVWVDIWHUPRUHWKDQ\HDUVRIH[SHULHQFHLQGLIIHUHQWILHOGVRQ*$
SURFHVVHV
,QYHVWLJDWLRQVDERXW
UHODWLRQVKLSEHWZHHQ FRPSXWHUVDQGFUHDWLYLW\IROORZLQJWKH K\SRWKHVLVWKDWWKH
NQRZOHGJHSURFHVVPLJKWUXQWRZDUGDIODWYLVLRQLQ\RXQJGLJLWDOXVHUV
 WKH QHHG RI VFLHQWLILF UHIHUHQFHV  IRU UHGLVFRYHULQJ IURP SDVW  JHQHUDWLYH WRROV

DQG HQJLQHV IRU SUHVHUYLQJ WKH FXOWXUDO KXPDQ YLVLRQ LQ G DV D FKDUDFWHU RI RXU
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Generative Artist behind machine
Prof. Enrica Colabella
Generative Design Lab Politecnico di Milano University, Italy
www.generativeart.com
enrica.colabella@generativeart.com
Abstract:

Sapere aude!/ Dare to know!
Orazio, (Epistole I, 2, 40)

The main aim of this paper is to identify difference and similitude in characters of
generative artists, after more than 20 years of experience in different fields on GA
processes.
Investigations about:
1. relationship between computers and creativity following the hypothesis that the
knowledge process might run toward a flat vision in young digital users
2. the need of scientific references for re/discovering from past generative tools and
engines for preserving the cultural human vision in 3d, as a character of our evolution
of species.
Main reference: the invention of perspective, the first experimental science for
painting and architecture
3. rediscovering dialectics about quantity and quality, abstract and figurative in art
Premise:

Ars sine scientia nihil est
Jean Vignot, 1392

Attributed to Paolo Uccello or Piero della Francesca Study of a Chalice, c 1450 – 1470, pen and brown ink
over ruled stylus and compass, 349 x 243 mm, Uffizi

In our digital time the main character of an artist might be generative. It depends by
this main condition in using the attribute generative:
in the significance in which art becomes a way of reaching a complete synthesis as
possible between the disappeared past and the alive real.
This significance follows also the scientific using of biologic world.
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1a: Ars
GA is the art of connections. More logic connections are you able to perform, more
you are crossing complexity. Connections are generated from the 3 main structures
of our heart: Memory – Intellect – Will.
So a process is generative when from the starting point to the results it is able:
1 - to structure impressions as an open artificial memory system, through the
definition of aims by gaining through tools in open dynamic connections.
2 – to perform an idea/code as a possible first expression in evolution.
Designing a software, intellect is able to perform the translation from impressions as
an idea into expressions as variations.
3 - Will is necessary for gaining emotions in people hearts. Will is the main tool of
connections. More will we should be able to put on our table of work, more we might
gain emotions in art users.
1b: Scientia

Woodcut: Perspective study,
Piero della Francesca, De perspectiva pigendi, c. 1480

The first experimental science is perspective, by following Decio Gioseffi [1].
It might be that perspective was known to artists before Brunelleschi time of
Renassaince. There are a lot of studies around this hypothesis. It is real possible,
being perspective a tool following a natural vision for representing reality.
But the great invention by Brunelleschi with his tavolette (small tables)) and by Piero
della Francesca with “De perspective dipingendi” applied in his wonderful drawings
and artworks were able to define a new experimental science.
In the Italian 400, Piero is the inventor of “La Pittura Chiara”, as the site in which the
light of day seeps and seems to disperse the opacity of symbolic color. Piero is
called the poet of shapes; his poet's task, as Bonnefoy says in "Afterword", is to turn
the works of the self "into the flame that consumes them, and to love, first and
foremost, the light from this flame".
He defined methodology and tools useful for endless representations with infinite
inside. In this way our imaginary vision can be strongly connected with reality in
transfiguration; by performing drawings with our imagination too inside
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1c: Il Disegno, an ancient tool for art
Il Disegno is the Italian word for drawing. It is a more complex term, able to connect
drawing and design. About the significance of disegno, the Tuscan painter and
architect Giorgio Vasari wrote in the II edition of “Le vite dei più eccellenti pitturi,
scultori ed architettori”. 1568:
“...Seeing too that from this knowledge there arises a certain conception and judgement, so
that there is formed in the mind that something, which afterwards, when expressed by the
hands, is called disegno, we may conclude that disegno is not other than a visible
expression and declaration of our inner conception and of that which others have
imagined and given form to in their idea.”

In this words it is very clear the structure of a generative process that is complex for
the reason that it starts from the world of imagination as an idea for becoming real
through words and drawings, that we translate in algorithms for machines. These are
neo-logoi, able in representing the transformations of past in an adaptive resonance
caching the chromatic variations of vision. This generative procedure follows the
green endless variations of Nature in the different seasons in the cosmic tour. With
this procedure the generative artist qualifies that art starts by the act of perceiving
connections. So the investigation with will and curiosity is the basis of his identity
building.
The great master is Piero della Francesca. He is the great connector of endless
ambiguities, of the multiple interpretations and of the ancient tools that coexist more
and more with neo-logoi, for disclosing them in the evidence of their representations.
This happens in his artworks as in “the stolen letter” by Poe, left in evidence, without
ambiguity, neither any clear or dark and without deceptive artificial shadows.
Everything in Piero is represented in a shine of endless beauty, real generator of
wandering, closed to hand and infinitely distant, He performs a drawn pictorial
reality as mirror of infinite, that it is in each of us. This complex procedure is
represented by Piero, that is a collector of the human science of the numbering from
Pythagoras until his own time, faithful custodian and shiny visionary experimenter of
the poetics of the geometric forms. Piero connects the science of the space with the
logos, where the meaning is not the dominion of the space but the purity of the
sound.
The sound produces ideas, that take forms following the generative concept defined
by Leopardi in Zibaldone:
" An idea, without words or way of experience, escapes us or it errs around us in the
thought as indefinite or bad known also to us, that have conceived her. With the
word she takes shape and almost visible sensitive and circumscribed form."
We thing by speaking.
Our thought formalizes it with words.
In Piero’s artworks the infinite generative purity of the sound of word is veiled among
the folds of spaces of harmony.

page # 111

XVII Generative Art Conference - GA2014

2 - Quantity versus Quality

1 – Durer, analytic definition of quantity 2 – Piero della Francesca, visionary definitions of quality

Differences between Durer analytic approach in illustrating heads circumscribed with
a box and for movement the use of plans and elevations and a drawing of heads by
Piero della Francesca with the definition of endless logic interpretations, all belonging
to the same head configuration.
2a - Over “Divide et impera”
By over classing a rhetoric question of power, Decio Gioseffi in in his paper “Filippo
Brunelleschi and the Copernicus turning. The geometric formalization of Perspective.
The beginning of the modern science” talks about the role of perspective’s discover
for the foundation of the modern science. He defines this role as immensely greater
in front of the opinion of several people. It is the first mathematic systematization of a
“physic” law that can be extended indefinitely, of general validity and verifiability.
But n ‘ 600 century we see that the division between values quantitative as real at all
effects and qualitative as subjective considered of any scientific value , was yet
performed by Boyle, Locke and Galileo. In this vision of the world it is considered real
only what is miserable as a quantity. More to this division is added the great
synthesis made by Newton in “Philosophiae Naturalis Principia Mathematica”, 1687;
where, de facto, quantity becomes what is explicable with a mechanic model. We
have to wait a long time for the fusion between quantity and quality after an hard and
complicate iter for gaining appreciated verifiable results toward the middle of the last
century . When it is very important to focus that various sciences, that in past time
were divided and not related, tried to perform connections in new sites, passing the
secular antithesis. This synthetic vision becomes as a revolution in the concept
of machine. We can assign the data of 1943 when the collaboration between the
physiologist Arthur Rosenblueth and the mathematicians Julian Bigelow and Norbert
Wiener gives as result the paper ”Behavior, Purpose and Teleology”, published in
Philosophy of science [2]. It is with this well known paper that was founded
cybernetics or the science of government with the fundamental results:
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1- Cybernetics enters in a new site different from that qualitative of biology and
from that quantitative of mechanicism
2- The control of every machine is founded on the information’s quantity
3- The organization becomes auto-organization in base of the possibility that
have the effects in back aging with causes.
The same mathematics changes and also logics is putted in discussion. Ashby
wrote:”Man doesn’t think logically but dynamically””. The effective operation of the
machines of new type does not allow anymore a distinction able to generate an
insulating process between quantity and quality. Once the quantity becomes seen as
its process of evolution, quality becomes an integrant part of every organization
both natural and artificial.
2b - Abstract/figurative from Masaccio until Cezanne

Adam and Eve by Masolino in absence of perspective and Masaccio’s perspective in
humanistic vision in Cappella Brancacci, Florence.

Masaccio made a real revolution in painting by performing people and space as
Vasari defined “ Sembrano reali, quanto il vivo (They looks real as the alive)”. His life
is very short, he lived only 27 years, but he leaved an indelible sign in art. All artists
of his time and for many centuries, Michelangelo too, went to see his revolution in
Cappella Brancacci for learning how to apply at the best the new science..
This painting was defined by Longhi “una folgorazione fiigurativa”(a figurative
lightining); for the contrast between abstract and figurative .Here they became a clear
and indelible sign of the complexity in art.
.
With Veermer, Cezanne was a great follow of Piero science. His poetic art in painting
is prefigured in “ An unnown masterpiece. Here Balzac had foreseen that painting
could happen to overcome itself in something gigantic of which nobody was able to
discover the significance. Balzac is the poet of life. The human comedy is the
identification of the eternal human characters in the same abstract vision of the
identical as an human coding, that repeats singularity in infinite variations. And it is
this identical, coding that is represented in An unnown masterpiece . The identical
human coding is not figuration but abstraction. So it is the code of every
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character of his comedy that as in the real life meets similar and dissimilar for
representing a comedy of which the artist is the craftsman as mirror of the true life.
The angling of the vision continually changes, at times it overlaps to the character
when the intensity of the emotion is strong, at times it is distant, at sidereal distance
when extraneousness is strong and the coldness and the indifference dominate the
feelings of the artist. This crossing the variations from the intensity connected to the
author proximity performs the character of the poetic result in art. Only this
variability of the distance in time and in space it is performed about the human
life. It is enough here quoting Infinito by Leopardi, for finding again in our vision the
memory and the infinite in our imaginations; as an endless music with the timbre
variations.. Their performances are expression of the endless variability.
About Cezanne, Longhi sets Piero as his main reference for his main phase, almost
a watershed, of a way of painting that he defined "of perspective synthesis of the
form and of the color" Longhi,( idem, pag.76) and that he defines "Paul Cezanne, the
greatest artist of the modern age" Longhi. (idem, pag. 106).
IN ART ABSTRACTION IS THE WORD THAT IDENTIFES THE MATHEMATIC
PROCESS SURRENDING THE RESULT. The dialects that open the beginning of
‘900 abstract against figurative is the result of the lost of the center in science of the
human vision toward a false emphasis of technology, that become the new center
with money of humanity.
“Art is the Queen of all sciences communicating knowledge to all generations of the world”
Leonardo da Vinci

3 – The characters of a generative artist
1 - Computers and words sounds
Computers are necessary, but they are not enough for gaining a really generative art
expression.. After having focused our ideas as logics, we can translate in algorithms
our first steps of discovering possible new representations of the world.
Ideas are totally abstract. So it is very not congruous to a generative system to
perform them only as algorithms especially if we stay in the starting point of our
generative experience around a new investigation.
Algorithms are logic interpretations. They are the translations in computer language
of geometric matrices. These tools are very ancient and very useful for identifying the
process since its origin, ,in fact we can call them in a better more open way
numbering structures as generating tools for performing our idea/vision.
Je ne peux entendre la Musique de l’être
Je m’ai reçu la pouvoir de l’imaginer.
Yves Bonnefoy, Dans le leurre du seuil (1975) [4]

3a - How to become today a generative artist.
The main condition is that other people recognize you generative as artist. You may
affirm: ” I am a generative artist”, but for experts this is not enough. But where and
how is it possible to recognize really the generative attribute of quality in an artist?
1 – By performing aims as characters.
Without aims it is not possible to design tools for gaining the prefixed aims.
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2 - By generating neo-logoi
Words in a generative structure follow their most adaptive significance. They are
sounds for performing characters. Musical sounds in open systems, but real tools for
a performing aim.
We can delaine three main sub-conditions for performing neo-logoi, as tools for our
times:
1- to work following scientific procedure
2- to be visionary, open and adductive
3- to gain results following a poetic vision
These conditions perform the main structure of a generative process. Here random
works but not as protagonist. Every result is fixed in the artist memory as a precious
element of experience. The image of this generative process might be a tree
performed from a double direction. One is performed starting from heart, as we said,
between memory, intellect, will; the second direction is connecting with the first
through an abstract structure between vision; memory; imagination. Memory
works as connector of the double structure.
It is delineated in progress a
working process between impressions and expressions for generating emotions. So
the main aim in a GA process is to generate emotions and the main tool is the
performance of a singular emotional vision, so as always the work in art is performed.
If we go back in Renaissance we see Leonardo working at the beginning of his
experience in art at the bottega of Verrocchio for learning tools and methodology
but in the same time for focusing clearly in his mind in his own vision, as a poetic
point of view in progress.
3b - The language of a generative artist is mathematics
This is the only one that machine can understand. So numbering is the main
structure of a creative mind exercise for generating artworks. But numbering are in
primis sounds. Sounds run in a creative mind connecting fragments of visions, from
memory, walking with imagination, fixing them in a “digital reality”. These processes
are able to connect also differences between disciplines, in a discovering that can
start also from words for performing an algorithmic structure.
Generative is an artist able to experiment a transformation from past to a new vision
of world, following an open adaptive character performed in mind as the main aim of
his expression process. In our digital technology time, the challenge is in affording
computer devices for generating our poetic recognizable vision.
.A GENERATIVE ARTIST performs an artificium as expression of his own
impressions following an emotional tonality.
This is not a question of figurative or abstract art. The process of recognizing belongs
only to the expression of a poetic vision or not. We perform our singular “poetic”
vision of the world around us in our infancy. This is performed as a singular proper
expression of the impressions that gained our mind in singular adaptive way, learning
us in recognizing the reality all around our vision.. This is the quoting of the so many
reminds to our infancy time expressed by a lot of poets, scientists and philosophers.
So if we procede in fractal way from reality to art, we can affirm that each generative
artist build a specular artificial world following his singular impressions encoded in
infancy. In art is not a question to recognize reality or to see an abstract result. Each
result in art is also abstract, because it belongs to a singular hidden vision of reality
as a singular code, expressed at different scales.
Vision; memory; imagination work with their 3 sisters: a mirroring memory with
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will and intellect. We can see these words metaphorically as a river on which the
generative process might run sometimes on calm transparent waters. other times on
dark stormy ones, but following always a possible direction of experimentation. This
needs two important tools:
1 a vision performed in characters by gaining with an idea/ code/hypotheses
2 logical interpretation, abductions from the real world expressed by concrete tools for
performing rules of connections between elements of the generative process.

4 - The generative process, experiences
. Following Yves Bonnefoy, we can affirm that...” word does not save, sometime it
dreams..”. “For this reason we have always preserve and spread the principle of
hope, that is the heart of life. Poetry is the hope in the language”.
So we can define generative an artist able to collect experiences following a
performing vision for focusing in progress knowledge and responsibility in answering
to the human aesthetic needs.
But it happens that when all are artists, as easily it can be affirmed in our time
shaped only by the dominion of the appearance, nobody is an artist. This deduction
doesn't belong to the true reality. The art changes techniques, tools, poetics, but a
need inextricable of the human mind remains as a not cutting necessity in expressing
our tale with figures, words, sounds as the impression of our own vision of the reality.
It is art the necessity to translate the reality in thing, for escaping things out of
the frailty of life, as precariousness that any technology and scientific discovery can
never compensate, living in every human being the conscience of his own
precariousness
Abstract and figurative in a whole: poetry in prose
The origin of the main structure of a generative art process is identifiable in the
structure of poetry in prose.
This is very ancient. It can be discovered in the structure of the fable. The sounds of
voices in fables telling are able to perform the children minds as full of imagination.
Fables configure a double site: one connected to real world, the second one able to
describes an imaginary world, but able to configure the reality. This is strongly similar
to the creative process in generative art. It tales the connection between a possible
vision as idea/code to an open algorithmic structure. This connecting is able to
generate a set of endless variations There is a similarity between the open system
of the voices of telling and the variations of a generated reality . What is strongly
identifiable is the code of tales, able to repeat variations during century of the same
fable telling. . I investigated about the code of fable in my GA paper “Mater Matuta”:
.[5] This fable process was systemized as popular voice connected to poetry in
French, 1664, in Maximes by Francois La Rochefoucauld . This work opened a new
line for preserving in written works the popular sapientia, able to be generate similar
but always in new ways during centuries. Poetry in prose are also “Le operette morali
“ by G. Leopardi, performed as a connection between myth and real world. This
process is still alive today in globalization, by preserving cultures through their mater
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tongue.
This double center of the connection between real vision and imagination performs all
the opera by Piero della Francesca. He was the most important author of performing
logic geometric structure as experimental science over all the world. His structure art
is very similar to the art of poetry in prose. I selected one great example for
describing the complexity of the world by Piero: La Flagellazione, the most
discussed site in art as mystery able to generate endless interpretations, also for
mathematical questions.

Piero della Francesca, “La Flagellazione”

Talking about this work but with reference to the whole painting by Piero, the poet
Bonnefoy, has spoken of "strategy of the enigma" .
Longhi to his students proposed …””Here it is the intent to arrange in front of you, in
the space, a construction of human bodies immovable that is in architectural
relationship… " (Longhi, idem pag. 77).
Longhi spoke of "the rest of the color" (Longhi, idem pag. 79) for intending that the
color, in Piero, never has the tendency to offer a convulsive and dramatic vision of
the world, but on the contrary a serene vision, consequential from the idea that a
rationality and a beauty cosmic, absolute, unperturbed dominate on it and they direct
the events of it, also those more dramatic and bloody.
"Therefore,by writing , by painting and by calculating, Piero is a real theorist. His
same painting does not show a theory of style or a practice of it, but it expresses
the whole of his technical, scientific and philosophical knowledge, that founds it”.
The monumentality of the characters of Piero is not aching and heroic as that of
Masaccio. They are serene and situated in a context of rational and spiritual harmony
of the world. The world painted by Piero is "a new world , in front of the frescos by
Masaccio" (Longhi, idem, pag.420), a world where the perspective is not an arm with
which man, hopelessly heroic, tries to affirm himself in the world ,but that in which,
found again the serenity. He accepts the laws of the world, of the cosmos, of the
universal reason.
This incredible small picture was rediscovered after many centuries, in 1839, in the
sacristy of the Duomo of Orvieto by J. D. Passavant, but only in 1860 was restored in
Italy, losing the significance of the script for possible interpretations: “ Conventur in
unum”. In our time after a lot of studies on this Piero’s artwork, the truth of his great
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authority inside the perspective science in painting is well known over all the world.
Venturi, Longhi, Berenson, Ragghianti, Battisti, Kemp, Gombrich and many others
scientists, historic writers and artists dedicated to Piero’s opera very interesting
studies and books.
In my humble interpretation, Piero described also the double structure of fables.
One, on the right, is the description of the reality of his time. On the left, the second
part is the vision of the sacred world in J. Christ flagellation. The quoting : “Conventur
in unum” might be a demonstration of this hypothesis configured by me. So I can
affirme that Piero is also the great translator of the art of fable telling into the science
of painting. Piero is the father of all generative artist, for his great science that
connected all the scientific knowledge on poetics, on geometry and on all sectors of
mathematics from Pitagora, Averroè until Franciscan knowledge with his incredible
unique attitude to art and science. It is not possible to talk of art without science, as
Piero teaches to us still today.
The writer Aldus Huxley in “ The best Picture” defines “La Resurrezione” by Piero as
the best painting over all the world, by defining it “an experiment of composition so
strange and so winner from the beginning”. With these words he recognizes the
complex science that is possible to discover in infinite congruous interpretations.

La resurrezione by Piero, fresco, S.
Sepolcro

Going Forth by day, Bill Viola, 2002

the art of the Game, Michael Brown

From cinema to digital technology
The ancient structure of fable was still alive with the advent of cinema.
In the first public exhibitions cinema created only shock in its visual configuration.
Insofar the vision was always correlated by the music that a pianist elaborated on a
preexisting musical trace. The vision collective image and alive music shaped an
artificial world but strongly connected with the reality by reminding to the tales world .
A sonorous poetic vision of great beauty. With the sonorous in movie the relationship
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changed completely. And with the new technologies it is performed a total new site of
communication, where rules of connections are very arbitrary.
1 - In B. Viola video-tapes exhibition in Getty Museum at LA, 2002, the plasma videopanels is defined by the same dimensions, proportions, frames, compositions, colors
of Piero. A video quotes explicitly The Resurrection. This is a great experimentation
of technological tools. The main aim is to render alive the artwork, by using real
persons and environment. This process works by gaining the perfect reproduction of
the reality of the Flagellazione as quantity, but missing an abstract interpretation as
quality, In fact the perspective complex system designed by Piero as hidden structure
by discovering Is not interpreted. In the video projection on a wall, reminding to
Piero’s fresco, the movement gain spectators in a new world as a game cloned from
art, without emotion. The inquietude is the only feeling able to destroy any
imaginative interpretation. The video is a new reality where only technology is the
winner. To experiment in art is really very important, but to discover a poetic similarity
is the heart of every experiment.
2 -Browne painted this tribute to Eric Cantona based on Piero’s painting.
Only a double game!
5 - A letter to a young artist:
I am imagining a young generative artist on his table behind his machine, trying to
realize a generative process. His computer looks like a dish on his table waiting for
some food. He can catch around, for putting down the most easy and fast food, by
copying and pasting data for gaining a randomly solutions for his hungry moment.
But sorry hungry for what? Is art a necessity of his as real tool for his surveying? Or
is he trying to full empty spaces of his mind for trying to give a significance to his life,
that can be acclaimed from other people. So it seems that a GA process can gain a
fast recognized result, spending time in a random exciting way. Appearance, this is
only an appearance.
A moment of exaltation, without any trace. No art is gained.
But thanks to the lighting birds, it might be that the process of discovering a poetic
sound is opening a window in a small site of his heart.
References:
[1] Decio Gioseffi “Perspectiva artificialis, Per la storia della prospettiva; spigolature e
appunti”, Univ.Triestre, 1957
[2] Arthur Rosenblueth, Julian Bigelow and Norbert Wiener, ”Behavior, Purpose and
Teleology”, published in Philosophy of science at:
http://courses.media.mit.edu/2004spring/mas966/rosenblueth_1943.pdf
[3] Roberto Longhi, “Piero della Francesca”, Sansoni, Fi, 1927/1962
[4] Yves Bonnefoy, Dans le leurre du seuil, Mercure de France, 1975
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The painter’s doubts: from Balzac to Ramachandran.
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&RXUFKLD-HDQ3DXO
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Colombia University
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$1HXURVFLHQWLVW V4XHVW
IRU:KDW0DNHV8V
+XPDQ9LOD\DQXU6
5DPDFKDQGUDQ


“Arts’ mission, is not to copy nature but rather to express it”. This
quote successfully summarizes Balzac’s essay, from 1831, le chef
d’oeuvre inconnu (the unknown masterpiece) (1). Our study will
investigate whether this question has managed to find a cognitive
answer. VS Ramachandran describe ten principles of art : peak shift,
perceptual grouping and binding, contrast, isolation, perceptual problem
solving, symmetry, abhorrence of coincidence, repetition, rhythm and
orderliness, balance and metaphor. We posit that an answer to Balzac’s
interrogation can be elicited from Ramachandran’s work (2). Balzac,
under Delacroix’s vision, exposes two approaches: the german school,
emphasizing drawings and lines famously illustrated by Holbein and
Durer; the venetian school, on the hand, is based on color and light as
seen in Le Titien, Véronèse, Giorgione’s works. As Fenhofer argues in
Balzac’s essay, lines are meant to disappear. This is already true in
nature, and lines are still used by artists in order to juxtapose two
entities with different lighting. Outlines are bound to disappear with
proper use of color, “you artists fancy that when a figure is correctly
drawn.” This concept has been studied at the neuronal and cognitive
level. Differentiated brain cells exist for the perception of, among other
things, color, depth and form. Furthermore, several studies on eye
movements have confirmed that human vision are drawn towards lines,
contrast and boundaries. David Hubel and Torsten Wiesel (1979)
originally pointed out that this principle might reflect specific cells in
the visual pathways that are stimulated by edges and thus indifferent to
homogeneous regions. For Ramachandran, the rule of isolation lies in
proper use of colors and not lines in order to make any item stand out.
This was the plight of the impressionist movement who favored colors
over lines. Impressionism has proved that mere sketches can elicit the
same, if not more, emotions than a colored photograph. "Look you,
youngster, the last touches make the picture. Porbus has given it a
hundred strokes for every one of mine. No one thanks us for what lies
beneath. Bear that in mind." Coveying what Ramachandran refers to as
“rasa” (i.e. the essence of things) is what Balzac, through Frenhofer,
shows us. The essence of the work can cross the boundary of the canvas
by a “peak shift” which exaggerates both form and color. All these
parameters will in the end guide the artist who is constantly torn
between representation and expression, lines and color. Cezanne, on his
journey towards modernity, is an eloquent example of this struggle
eventually pushing the boundaries to the edge of the abstraction.
Cezanne had to first jag the edges before making them disappear
completely.


&RXUFKLD#QXPHULFDEOHIU

.H\ZRUGVH\HPRYHPHQWEUDLQSHUFHSWLRQ
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7KHUHLVDOLWWOHERRNZULWWHQE\%DO]DFLQHQWLWOHG³7KHXQNQRZQPDVWHUSLHFH´
 +RQRUpGH%DO]DFLVD)UHQFKZULWHUQRYHOLVWSOD\ZULJKWOLWHUDU\FULWLFDUWFULWLF
HVVD\LVWMRXUQDOLVWDQGHYHQDSULQWHU%DO]DF¶VRHXYUHLVRQHRIWKHODUJHVWLQ)UHQFK
OLWHUDWXUHZLWKSXEOLVKHGQRYHOVDQGVKRUWVWRULHV+HRUJDQL]HGKLVZRUNZLWKLQD
ODUJHU HQVHPEOH   ³7KH +XPDQ &RPHG\´ 7KLV ERRN LV D VKRUW ERRN ZLWK D
FRQWUDGLFWRU\ WLWOH ZLWK WKUHH PDLQ FKDUDFWHUV 3RUEXV 1LFRODV 3RXVVLQ DQG
)UHQKRIHU 7KH\ DVN D VLQJOH TXHVWLRQ DERXW DUW +RZ WR JLYH DUW D OLIHOLNH
PRYHPHQW"7KHVFHQHWDNHVSODFHLQLQ)UDQFH3RUEXVDIDPRXVSDLQWHULVLQ
KLVVWXGLR7KH\RXQJ1LFRODV3RXVVLQD\RXQJDVSLULQJQRYLFHDUWLVWFRPHVWRYLVLW
3RUEXVVWXGLR2QKLVZD\XSWRWKHVWXGLRKHPHHWV)UHQKRIHU3RUEXV¶PDVWHU+H
KDVEHHQIRU\HDUVLQWKHSURFHVVRIFUHDWLQJDZRUNRIDUWWKDWKHGRHVQRWZDQW
WR H[SRVH XQWLO SHUIHFWHG 3RXVVLQ RIIHUHG KLV PLVWUHVV *LOOHWWH WR )UHQKRIHU DV D
PRGHOLQRUGHUWRFRPSOHWHWKHZRUN*LOOHWHUHOXFWDQWO\FRQVHQWV:KHQWKHZRUNRI
DUWLVGRQH3RXVVLQDQG3RUEXVFDPHWRVHHWKHPDVWHUSLHFHEXWWKH\GLGQRWVHH
WKH³EHDXW\´WKDW)UHQKRIHUWDONHGDERXW7KH\RQO\VHHFRORUVXSRQFRORUV«3RUEXV
ILQGV RXW WKH QH[W GD\ WKDW )UHQKRIHU KDV GLHG DIWHU EXUQLQJ DOO RI KLV DUWZRUNV
)UHQKRIHU UHSUHVHQW LQ %DO]DF¶V ERRN  ³7KH *RG´ RI WKH SLFWRULDO IDLOXUH 7KHUH LV
DQRWKHU SDLQWHU NQRZQ DV D IDLO SDLQWHU 3DXO &p]DQQH ,Q WKH ERRN ³&RQYHUVDWLRQ
ZLWK&p]DQQH´ZHVHHWKDW&p]DQQHLGHQWLILHGKLPVHOIDV)UHQKRIHU3LFDVVRZLOOGR
WKH VDPH =ROD ZLOO OLNH %DO]DF ZULWH D ERRN DERXW SDLQWLQJ ³7KH 0DVWHUSLHFH´ KH
ZLOO GHVFULEH D IDLOHG SDLQWHU &p]DQQH UHFRJQL]HG KLPVHOI LQ WKLV ERRN DQG ZLOO EH
DQJU\ZLWK=ROD7KLVZLOOEHWKHHQGRIWKHLUIULHQGVKLS%XW=RODKDVVHHQVRPHWKLQJ
RIDSURJUDPPHGIDLOXUHIDLOHGWRUHYLWDOL]HZKDWLVSDLQWHG:KDWLVWKHPHDQLQJRI
DUW" $UW LV WU\LQJ QRW WR UHGXFH SDLQWLQJ WR D IUXLWOHVV DWWHPSW WR LPLWDWH WKLQJV WR
FRS\EXWUDWKHUWRPDNHWKHPWKHYHFWRURIH[SUHVVLRQ  ³$UWV¶PLVVLRQLVQRWWR
FRS\ QDWXUH EXW UDWKHU WR H[SUHVV LW´ 7KLV TXRWH VXFFHVVIXOO\ VXPPDUL]HV %DO]DF¶V
HVVD\³7KHDLPRIDUWLVQRWWRFRS\QDWXUHEXWWRH[SUHVVLW<RXDUHQRWDVHUYLOH
FRS\LVWEXWDSRHWFULHGWKHROGPDQVKDUSO\FXWWLQJ3RUEXVVKRUWZLWKDQLPSHULRXV
JHVWXUH2WKHUZLVHDVFXOSWRUPLJKWPDNHDSODVWHUFDVWRIDOLYLQJZRPDQDQGVDYH
KLPVHOIDOOIXUWKHUWURXEOH:HOOWU\WRPDNHDFDVWRI\RXUPLVWUHVV VKDQGDQGVHWXS
WKH WKLQJ EHIRUH \RX <RX ZLOO VHH D PRQVWURVLW\ D GHDG PDVV EHDULQJ QR
UHVHPEODQFH WR WKH OLYLQJ KDQG \RX ZRXOG EH FRPSHOOHG WR KDYH UHFRXUVH WR WKH
FKLVHO RI D VFXOSWRU ZKR ZLWKRXW PDNLQJ DQ H[DFW FRS\ ZRXOG UHSUHVHQW IRU \RX LWV
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PRYHPHQWDQGLWVOLIH´$QDVWKHSDLQWHUKDVDGRXEWWKHZULWHUKDVWKHVDPHGRXEW
WKLV LV ZK\ %DO]DF LV VHQVLWLYH WR WKH SDLQWHU¶V SUREOHP %DO]DF ZLOO QRW GHVFULEH D
FKDUDFWHU E\ XVLQJ ZRUGV EXW KH ZLOO WU\ WR PDNH LW IHHO´ WR XV ,W LVWKHILUVWDGYLFH
JLYHQWRD\RXQJZULWHU³VKRZPHGRQ WWHOOPH´,WLVWKH)UHQKRIHUDPELWLRQZKLFK
ZLOOFRVWVKLPKLVOLIH«3RUEXVLVRQO\DEOHWRFRS\)UHQKRIHUZLOOFULWLFL]HWKHZRUN
RI3RUEXV2QRQHVLGHWKHSLFWXUHLVDVXFFHVV³«ZKHQDILJXUHLVFRUUHFWO\GUDZQ
DQGHYHU\WKLQJLQLWVSODFHDFFRUGLQJWRWKHUXOHVRIDQDWRP\WKHUHLVQRWKLQJPRUHWR
EHGRQH´³«ILOOLQWKHRXWOLQHVZLWKGXHFDUHWKDWRQHVLGHRIWKHIDFHVKDOOEHGDUNHU
WKDQ WKH RWKHU´ ³$W D ILUVW JODQFH VKH LV DGPLUDEOH´ ³7KH SHUVSHFWLYH LV SHUIHFWO\
FRUUHFW WKH VWUHQJWK RI WKH FRORULQJ LV DFFXUDWHO\ GLPLQLVKHG ZLWK WKH GLVWDQFH´ 2Q
WKHRWKHUVLGHWKHSLFWXUHLVDIDLOXUH³<RXUJRRGZRPDQLVQRWEDGO\GRQHEXWVKHLV
QRWDOLYH´³WKDWVKHLVJOXHGWRWKHEDFNJURXQGDQGWKDW\RXFRXOGQRWZDONURXQG
KHU´ ³$Q LPDJH ZLWK QR SRZHU WR PRYH QRU FKDQJH KHU SRVLWLRQ´ ³, IHHO DV LI WKHUH
ZHUH QR DLU EHWZHHQ WKDW DUP DQG WKH EDFNJURXQG´ ³ , FRXOG QHYHU EULQJ P\VHOI WR
EHOLHYHWKDWWKHZDUPEUHDWKRIOLIHFRPHVDQGJRHVLQWKDWEHDXWLIXOERG\´DQG³<RXU
FUHDWLRQLVLQFRPSOHWH´:KDW)UHQKRIHUDVNWRWKHSDLQWHULVWR³FDSWXUHWKHLQYLVLEOH´
$QGWKLVLVDYHU\KDUGWDVN,QWKHPRYLHPDGHIURPWKHQRYHO³/DEHOOH1RLVHXVH´
0LFKHO3LFFROLLQWKHUROHRI)UHQKRIHUZLOOVD\V³«HYHU\WLPH,ILQLVKHGP\FDQYDV,
WKLQNWKDW,VKRXOGVWLOOPDNHDQHIIRUWWU\WRJRWRWKHHQGRIP\VHOIWDNHWKHULVN´
7KHUH LV D ULVN LQ WU\LQJ WR FDWFK WKH LQYLVLEOH )RU %DO]DF WKURXJK )UHQKRIHU WKHUH
VKRXOGEHPDLQWKLQJV)LUVWWKHGLOXWLRQRIWKHOLQHXQGHUWKHLPSDFWRIWKHFRORU
WKLVLVWKHFRQIURQWDWLRQRIWKHGUDZLQJDQGWKHOLQHDQGWKHFRORU,WLVWKHRSSRVLWLRQ
EHWZHHQ ,QJUHV DQG 'HODFURL[ 7KH OLQH DSSHDOHG WR WKH PLQG WR WKH LQWHOOHFW WKH
FRORU DSSHDOHG WR RXU HPRWLRQV )RU 3RUEXV ³«IRU PH SDLQWLQJ LV WKH OLQH 
VRPHWKLQJ FOHDQ ILQLVKHG´ IRU )UHQKRIHU ³«EXW WKHUH DUH QR OLQHV LQ 1DWXUH
HYHU\WKLQJLVVROLG:HGUDZE\PRGHOLQJWKDWLVWRVD\WKDWZHGLVHQJDJHDQREMHFW
IURPLWVVHWWLQJWKHGLVWULEXWLRQRIWKHOLJKWDORQHJLYHVWRDERG\WKHDSSHDUDQFHE\
ZKLFK ZH NQRZ LW´ ,Q D SUHYLRXV VWXG\ ZH VKRZHG WKDW &H]DQQH KDG IROORZHG WKLV
UXOH WR OHW WKH FRORU LPSRVHV WKH IRUP 0DWLVVH ZLOO ILQG ZLWK SDSHU FXWV RXWV WKH
VROXWLRQWRJHWIUHHRIWKHOLQH6HFRQG)UHQKRIHUZLOOXVHDJORVVDU\RIVWUDLJKWQHVV
DFFXUDF\WHOOLQJXVWKDWWKHWHFKQLTXHLVQRWVXIILFLHQW³<RXDUWLVWVIDQF\WKDWZKHQD
ILJXUH LV FRUUHFWO\ GUDZQ DQG HYHU\WKLQJ LQ LWV SODFH DFFRUGLQJ WR WKH UXOHV RI
DQDWRP\ WKHUH LV QRWKLQJ PRUH WR EH GRQH´ DQG ³7KH SHUVSHFWLYH LV SHUIHFWO\
FRUUHFWWKHVWUHQJWKRIWKHFRORULQJLVDFFXUDWHO\GLPLQLVKHGZLWKWKHGLVWDQFH´7KH
HQWLUHXQNQRZQPDVWHUSLHFHWXUQVDURXQGVRPHWKLQJXQVSHDNDEOHZKLFKFDQQRWEH
VDLGH[SUHVVHG7KHVSDUNWKHJHQLXVPXVWEHVROXEOHLQWKHZRUN7KLUG7KHOLQHV
VKRXOG EH GLOXWHG EXW QRW FRPSOHWHO\ WKHUH PXVW EH D UHPDLQLQJ RI GUDZLQJ ,Q WKLV
ZD\WKHDUWLVWZLOOWU\WRJLYHPRYHPHQWZLWKIL[LW\&H]DQQHZLOOVD\³«WUHDWQDWXUH
E\WKHF\OLQGHUWKHVSKHUHWKHFRQH«´EXWPD\EHWKHSDLQWHUVKRXOGGLUHFWO\VHL]H
WKHKXPDQIRUPDQGJRGLUHFWO\WRWKHHVVHQFH"
9LOD\DQXU65DPDFKDQGUDQLVDZHOONQRZQ1HXURVFLHQWLVWGLUHFWRURIWKH&HQWHUIRU
%UDLQ DQG &RJQLWLRQ DW WKH 8QLYHUVLW\ RI &DOLIRUQLD 6DQ 'LHJR +H ZLOO VHH WKH
DHVWKHWLF IURP D VFLHQWLVW V YLHZSRLQW +H GHILQHG QLQH ODZV RI DHVWKHWLFV  
JURXSLQJ SHDN VKLIW FRQWUDVW LVRODWLRQ SHUFHSWXDO SUREOHP VROYLQJ DEKRUUHQFH RI
FRLQFLGHQFHVRUGHUOLQHVVV\PPHWU\DQGPHWDSKRUV:LWKWKRVHODZVKHLVWU\LQJWR
H[SODLQKRZDUWLVWVJHQHUDWHDHVWKHWLFLQWKHEUDLQ2QHRIWKHPDLQIXQFWLRQVRIHDUO\
YLVLRQ LV WR GLVFRYHU DQG GHOLQHDWH REMHFWV LQ WKH YLVXDO ILHOG %\ JURXSLQJ ZH ZLOO
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KDYH VXFFHVVLYH VWDJHV WKURXJK RXU YLVXDO ³ZKDW´ SDWKZD\ LQ WKH WHPSRUDO FRUWH[
7KURXJK RXU OLPELF V\VWHP ZH ZLOO KDYH DQ  HPRWLRQDO IHHGEDFN XQWLO ZH UHFRJQL]H
WKH IRUP LQ IURQW RI XV 7KH 3HDN VKLIW HIIHFW DUW ZLOO DOZD\V WHQG WR EH D VRUW RI
H[DJJHUDWLRQ RI WKH UHDOLW\ 1LNRODDV 7LQEHUJHQ DQ HWKRORJLVW 1REHO 3UL]H
SK\VLRORJ\   VWXGLHG WKH ILHOG RI VXSHUQRUPDOL VWLPXOL +H VKRZHG WKDW IHPDOH
KHUULQJJXOOVKDYHDUHGVSRWXQGHUQHDWKWKHLUEHDNVZKLFKLVDWDUJHWIRUJXOOFKLFNV
WRSHFNDWZKHQWKH\ZDQWWREHIHG,QDQH[SHULHQFHHYHQDUHGOLQHRQDVWLFNZLOO
SURGXFHQRWRQO\WKHVDPHHIIHFWRQWKHJXOOFKLFNVEXWHYHQPRUH5DPDFKDQGUDQ
ZLOO VD\ WKDW WKH H[DJJHUDWLRQ OLQNHG WR WKH SULQFLSOH RI GLVFULPLQDWLRQ RI WKH IRUPV
$QGLWLVWKHVDPHLQFDULFDWXUHDQGDUWLQJHQHUDO5DPDFKDQGUDQZLOOFRQFOXGHWKDW
WKH SRLQW RI DUW LV QRW UHDOLVP WKH SXUSRVH RI DUW LV QRW FRS\LQJ UHDOLW\ LV
H[DJJHUDWLRQ K\SHUEROH GLVWRUWLRQ RI UHDOLVP WR SOHDVH WKH EUDLQ 3LFDVVR DQG
0DWLVVHFUHDWHGGLVWRUWLRQ7KH\OLEHUDWHGXVIURPUHDOLVP%XW\RXFDQQRWMXVWPDNH
GLVWRUWLRQDQGFDOOWKDWDUW,WQHHGVVRPHWKLQJHOVH,QGLDQDUWLVWVXVHWKHZRUG5$6$
IRU WKH DUWLVWLF FDSWXULQJ RI WKH HVVHQFH  5$6$ LV WKH VRXO WKH VSLULW RI VRPHWKLQJ
5DPDFKDQGUDQVD\VWKDWWKHDUWLVWPXVWDSSUHKHQGWKHYHU\HVVHQFHRIVRPHWKLQJWR
HYRNH VSHFLILF HPRWLRQ LQ WKH YLHZHU¶V EUDLQ &RQWUDVW ZLWKRXW FRQWUDVW WKHUH LV QR
IRUP ,VRODWLQJ D VLQJOH PRGXOH OHDGV WR DWWHQWLRQ 5DPDFKDQGUDQ WRRN DJDLQ WKH
FRQFHSW RI 'DYLG +XEHO DQG 7RUVWHQ :LHVHO 1REHO SULFH SK\VLRORJ\   7KH\
VKRZHGWKDWVNHWFKHVDUHYHU\HIIHFWLYHEHFDXVHFHOOVLQ\RXUSULPDU\YLVXDOFRUWH[
ZKHUH WKH HDUOLHVW VWDJH RI YLVXDO SURFHVVLQJ RFFXUV RQO\ FDUH DERXW OLQHV
3HUFHSWXDO SUREOHP VROYLQJ LV PDNLQJ D PRUH DWWUDFWLYH REMHFW LI LW LV OHVV YLVLEOH
FDXVLQJSOHDVXUHLQWKHUHFRJQLWLRQRIWKHQRQLPPHGLDWH
,Q FRQFOXVLRQ LW VHHPV WKDW DHVWKHWLF YLVXDO UHDFWLRQ WR EHDXW\ VHHPV D ULFK
PXOWLGLPHQVLRQDO UHDFWLRQ 7KH DHVWKHWLF HPRWLRQ KDV KLVWRULFDO SDUDPHWHUV DQG
V\PEROLFGHYHORSPHQWDQGLWZLOOEHRXUFXOWXUHWKDWZLOOEHDEOHWRGRVRPHWKLQJZLWK
WKH ³H[SHULHQFH RI EHDXW\´ WKDW DIIHFWV XV %DO]DF ZLOO VD\ ³7KH UROH RI DUW LV QRW WR
LPLWDWH EXW WR H[SUHVV QDWXUH´ 5DPDFKDQGUDQ ZLOO VD\ ³7KH SXUSRVH RI DUW LV QRW
FRS\LQJ UHDOLW\ LV H[DJJHUDWLRQ K\SHUEROH GLVWRUWLRQ RI UHDOLW\ WR SOHDVH WKH EUDLQ´
%DO]DF ZLOO FRQFOXGH ³7KH ZRUN RI DUW PXVW EH WKH HVVHQFH RI WKH PDVWHUSLHFH´
5DPDFKDQGUDQ ZLOO FRQFOXGH ³5DVD LV FDSWXULQJ WKH YHU\ HVVHQFH RI VRPHWKLQJ WR
HYRNHVSHFLILFHPRWLRQLQWKHYLHZHU¶VEUDLQ´

 +RQRUpGH%$/=$&/H&KHIG¶°XYUHLQFRQQX
 /HJDLVDYRLU)UDQFHFXOWXUH5DSKDHO(QWKRYHQ
  7KH 7HOO7DOH %UDLQ $ 1HXURVFLHQWLVW V 4XHVW IRU :KDW 0DNHV 8V +XPDQ
9LOD\DQXU65DPDFKDQGUDQ
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Premise
During process of the design of the structural system of a building there have to be
taken into account numerous and complex aspects. In all the cases the safety and
the reliability of the system constructed by the possible small energy consumption in
connection with the reasonable financial expenses are the main, principal
requirements. The contemporary computer techniques together with an appropriate
software make the design processes very fast and efficient. All these sophisticated
tools are based on elementary rules of mathematics and theory of structures.
Application of these rules are visible in shapes of the nature’s creatures, patterns of
which are always valuable inspirations for architects and engineers.
The paper presents some selected examples of the structural systems invented
earlier or recently by the author. These systems are aimed to be the main bearing
structures for various types of roof covers and for tall buildings.

1. Structural systems for roof covers
One of the most structurally efficient systems of roof covers are the geodesic domes,
see Fig. 1a, initially invented by Walter Bauersfeld, then developed and popularized
by Richard Buckminster Fuller [1]. Some patterns of them have their counterparts in
forms of the sea creatures called radiolaria, see Fig. 1b.

Fig. 1. a) An example form of the geodesic hexagonal grid with several pentagonal
meshes, b) scheme of skeleton of one of the radiolarian species
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Geodesic domes are mostly design and constructed as a specific types of the spatial
trusses, due to which - and among numerous other reasons - they are very effective
structural systems for these types of roofs. Covers of large spans have to be built by
application of the double- or multi-layer spatial systems.
1.1 Group of the VA(TH) tension-strut systems
Space frames built of struts have been considered in the middle of XX century as the
very modern and economic solution for construction of large span roofs [2]. Rapid
changes of economic conditions in the building industry have caused a significant
evolution in ways of the design of structural system towards application in them the
possible big number of the tension members [3, 4]. The hanging roof systems and
the inflated membranes are the most lightweight structural solutions but because of
architectonic reasons they not always can be applied in the roof structures. Tensionstrut system are nowadays consider as the most convenient technical solutions for
numerous forms and types of the roof covers [5]. A specific group of the VA(TH)
tension-strut systems was invented by the author, see Fig. 2 and Fig. 3 [6].
U1
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L2
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Fig. 2. Schemes of a simple structural configuration of components in the inner
space of the VA(TH)No2 tension-strut structure
a

b

Fig. 3. a) The geodesic form of the VA(TH)No2 structure created over the fifteen
faces of the icosahedron b) hyperbolical form of the VA(TH)No2 structure
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The point of the structural concept of this group of the support systems is that the
single layer grid of the compression bars is supplemented by means of oppositely
directed tetrahedron bar modules, arranged respectively onto inverse sides of the
grid. The top vertices of these modules are suitably connected by means of tension
members used for the pre-tensioning of the system and the whole structure is
fastened in the perimeter ring. The unusual feature of these types of structural
systems is that the single layer grid, supplemented by bars and tension members,
creates a three-layer space structure. In this manner is built an unique type of spatial
system, having nodes located at three levels, which obtains characteristics of the
double-layer tension-strut structure. The VA(TH) group of the tension-strut systems
can be applied in designing of various types and forms of spatial structures. For
instance, they can be the main support structures of flat covers, roofs designed as
barrel vaults or geodesic domes, see Fig. 3a, or roof structures having the forms of a
paraboloid hyperboloid. This group of structural systems can take shape of
hiperboloid of one sheet, see Fig. 3b, and moreover these systems can built each
type of form of the roof surface and they can be spaced over optional shape of the
basis projection of the cover.
The VA(TH)No2 tension-strut structure was proposed by the author to be a support
structure of the central building of the Geo Centre designed by himself for the
Wrocław University of Technology, see Fig. 4.
b

a

c

d

Fig. 4. a) View of the VA(TH)No2 tension-strut structure, b) vertical cross-section of
the main pavilion of the Geo Centre, c) view of the structure with the glass panels
cladding, d) bird view of the whole Geo Centre
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The Geo Centre was proposed as the integration forum for the students, academic
staff and visitors of the new part of the University. Diameter of the central geodesic
structure equals only about 32 meters because its geometrical dimensions are
limited by the urban regulations assumed for this part of the Wrocław city. The
tension-strut structure geodesic dome was aimed to be a subject for the long term
testing of behave of such a system under numerous types of loads and for testing of
various types of cladding systems. In the top area of the dome is located a multipurpose hall, which can be sometimes arranged as the Planetarium, below are
placed research laboratories and in the basement were designed technical
workshops together with the wind tunnel.
1.2 Special forms of the lenticular girders
Basic rules of theory of structures, as it was previously mentioned, can be very
helpful as an inspiration for the processes of shaping of very effective structural
systems. An example of such applications can be the trajectories of the main
stresses in the free-ends beam, see Fig 5a, which patterns were inspiration for
defining a new type of the lenticular girder, see Fig. 5b [7, 8].
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Fig. 5. a) Patterns of trajectories of the main stresses in a simple beam, b) scheme of
the basic form of new type of the lenticular girder
The point of this structural system is to use the possible big number of tension
members and the possible small number of compression members in a lightweight
form of a girder, which can be able to transmit load forces applied at any direction to
its structural nodes. Because it consists of tension and compression members the
system requires a suitable pre-stressing. The planar structural configuration
presented Fig. 5b has some spatial counterparts, exemplary forms of which are
presented in Fig. 6. These spatial shapes of the lenticular girder can be applied for
designing of numerous and various forms of the roof structures, see Fig. 7.
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Fig. 6. a) Spatial form of new type of lenticular girder called system MT, b) another
form of this girder called system D
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Fig. 7. General views of the stands cover designed for a small stadium in Złotów
The spatial of system MT of the newly proposed type of lenticular girder has been
applied in the conceptual design of the lightweight and semitransparent roof cover
spaced over stands of a sport stadium in Złotów, in north of Poland.

2. Structural systems proposed for tall buildings
The task of design and construction of the tall buildings is always a challenge to
architects and engineers. The complexity and difficultness of this problem increases
significantly when the tall building has to be located on subsoil of small load capacity
or in the seismic areas. The horizontal load is the dominant type of loads obligatory
taken into account during design of the safe structural system of a high-rise building,
which at the same time has to have two contradictory features. It has be very stiff but
on the other hand it should be to some degree flexible [9]. The below presented
examples of such systems have been invented by the author by inspirations of
shapes of the biologic structures as well as the inspiration of the trajectories of the
main stresses in the free-ends beam, see Fig. 5a, and form of the Michell beam [10].
2.1 Systems of circumferential space structures
Inspiration for working out of this group of systems were conclusions coming from
comprehensive analyses of the thermal strains of structures of the tall objects and
analysis of the vertical cross section of a corn stalk.
Structures of the very tall objects are subjected not only to the vertical and horizontal
loads. By increasing of the height the impact of the thermal load may also play a
significant role. Differences of temperature between vertical columns located inside
space of the building and columns arranged along perimeter of the tall building can
be sometimes quite big, what causes their various lengths. In the structural systems
called tube or tube in tube the problem is relatively easy solved by suitable
connection of the floor girders, above the 20th storey, to the perimeter columns. In
the last decades the double-layer space frames are proposed to be the main parts of
the bearing systems of the high-rise buildings, see Fig. 8 [11].
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Fig. 8. General schemes of a structural system of a tall building shaped as a special
form of the circumferential bearing space frame
This structural system is created by means of three segments vertically positioned
each on other. A single segment contains 36 typical storeys, what implies that the
whole building should have 108 storeys but in fact the real number is slightly smaller.
Double-layer space frame vertically arranged along perimeter is the main bearing
system of this building. The two adjacent segments are connected together by
means of horizontal disks designed in form of the multi-layer space frame. External
layers of the vertically positioned circumferential structures are devoid of members
on levels of central layers of these disks. Due to this structural configuration strains
of a single segment should have a significantly reduced impact on level of strains
acting in members of the adjacent vertical segments.
2.2 Combined structural system of the tall building
The proposed structural systems of the combined foundation and the combined
structural system of the tall building make possible to design and to construct a very
stable and relatively inexpensively foundation structure, which can obtain an
extremely large horizontal surface and can be placed not deeply beneath the terrain
level. It can be a very solid support structure for the tall building placed on very weak
subsoil and at the same time located in seismic area [12]. The author has invented
these systems by inspiration of shapes of creatures existing in the nature, like for
instance the very effective root system of a tree, see Fig. 9a, and again the patterns
of stress trajectories in the free-ends beam. The combined structural system of the
tall building, scheme of vertical cross-section of which is shown in Fig. 9b, can be
characterized at the same time by the previously mentioned two contradictory
features. It is very stiff but on the other hand it can be to some degree flexible. This
system can also be applied for the design of the mega-structures, see Fig. 10a.
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a

b

Fig. 9. a) Simplified scheme of the root system and structure of a tree, b) scheme of
the main vertical cross-section of the combined structural system of a tall building
a

b

Fig. 10. a) Example of form of a mega-structure based on system of the combined
foundation, b) typical elevation of the complex GeoDome Sky Towers
The surface of the combined foundation is theoretically unlimited. The combined
structural system was applied by the author in the conceptual project of the building
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complex called the GeoDome Sky Towers located in the south part of the city of
Wrocław, in the south-west region of Poland, see Fig. 10b. It is composed of four
towers, each of them contains 80 storeys of the typical height equals 4,50 meter. The
horizontal base of this complex is shaped in form of the combined foundation, which
is of the height equal to 18,00 meters and it is placed directly on the subsoil level.
The total height of this complex equals slightly more than 380 meters. The system of
combined foundation can be applied not only for the new buildings but also for the
existing objects and it can be used for straighten the previously inclined houses. One
can to state that the combined structural system proposed for the whole building has
a big develop potential.
Closing remarks
Structural systems, shaped in an appropriate way, are very helpful in processes of
generating of the interesting and individual architectonic forms of buildings designed
by means of them. Stable, efficient and economic shapes of the building structures
can be generated by suitable application - during crucial stages of their design - of
basic rules of the theory of structures as well as the inspirations of structural forms
existing in the nature.
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Abstract
7KH&KLQHVHWUDGLWLRQDOFXOWXUHLVQRZIDFLQJWKHGLIILFXOW\RILQKHULWLQJWKHSDVWDQG
FRQQHFWLQJWKHFRQWHPSRUDU\VRFLHW\DIWHUWKHKLVWRULFDOIDXOWDJH:HZDQWHGWR
H[SORUHWKHLQQRYDWLYHGHVLJQFRQFHSWDQGWKHSRVVLELOLWLHVRILQWHUDFWLRQIRUWKH
UHYLYDODQGGLVVHPLQDWLRQRI&KLQHVHWUDGLWLRQDOFXOWXUHZLWKWKHKHOSRIFRQWHPSRUDU\
GLJLWDOLQWHUDFWLYHWHFKQRORJ\FRPELQLQJWKHWUDGLWLRQDOFXOWXUHWRWKHPRGHUQOLIHDQG
WKHWHFKQRORJ\WRWKHFXOWXUDOFRQWHQW7KHWHFKQLFDODSSURDFKLQFOXGHG$QGURLG
DSSOLFDWLRQGHVLJQDQGSURJUDPPLQJWKHJHQHUDWLYHIUDFWDODQGUDQGRPDOJRULWKP
DQGJDPHGHVLJQ7KHUHGHVLJQRIFXOWXUHLQYROYHGILOWUDWLQJWKHWUDGLWLRQDOFXVWRP
DQGH[WUDFWLQJWKHYLVXDODQGDXGLRHOHPHQWV

Keywords
'LJLWDOPHGLD&KLQHVHWUDGLWLRQDOFXOWXUH,QWHUDFWLRQ,QKHULWDQFHDQGGLVVHPLQDWLRQ

1.Background
7KH&KLQHVHQDWLRQDOVWUDWHJ\RIWKHFXOWXUDOUHYLYDO
2QWKHGRPHVWLFDVSHFWWKHJRYHUQPHQWRI&KLQDKDVDQQRXQFHGthe Cultural
Industry Revitalization PlanningLQSXWWLQJWKHUHYLYDORIFXOWXUHLQGXVWU\RQWR
WKHVFKHGXOHDVDGLUHFWLRQRIWKHQDWLRQDOGHYHORSPHQWVWUDWHJ\6LQFHWKH
GHYHORSPHQWRIFXOWXUHEDFNVXSWKHHFRQRP\DQGDVXVWDLQDEOHVRFLHW\QHHGVQRW
RQO\WKHVXVWDLQDEOHHFRQRP\EXWDOVRWKHVXVWDLQDEOHFXOWXUHLWEHFRPHVDQHZW\SH
SIVRFLHW\ZLWKWKHLQQRYDWLRQDELOLW\
$QGRQWKHLQWHUQDWLRQDODVSHFW&KLQDKDVEHFRPHDQLPSRUWDQWPHPEHURIWKH
ZRUOGDQGPRUHDQGPRUHQDWLRQVDUHLQQHHGRINQRZLQJWKH&KLQHVHWUDGLWLRQDO
FXOWXUHHVSHFLDOO\WKHFRQWHPSRUDU\FXOWXUHPDQQHUDQGFXVWRPLQRUGHUWR
XQGHUVWDQG&KLQDEHWWHUDQGIDVWHUWRGHYHORSWUDGHDQGFRPPXQLFDWLRQ

7KHLQWHUQDWLRQDOWHQGHQF\RIWKHFXOWXUDOGHYHORSPHQWZLWKWKHKHOSRI
GLJLWDOPHGLDWHFKQRORJ\
7KHUHKDVEHHQDQLQWHUQDWLRQDOWHQGHQF\LQZKLFKGLJLWDOLQWHUDFWLYHPHGLDSOD\VDQ
LPSRUWDQWUROHLQGLVVHPLQDWLQJFXOWXUHDQGNQRZOHGJH'XULQJWKH6KDQJKDL
(;32FRXQWULHVDOORYHUWKHZRUOGEXLOWXSWKHLUVWDJHVWRSUHVHQWWKHLURZQFXOWXUH
HFRQRP\GHVLJQVFLHQFHDQGWHFKQRORJ\DVFRPSUHKHQVLYHQDWLRQDOVWUHQJWKRQ
ZKLFKWKHGLJLWDOLPDJHDQGLQWHUDFWLYHPHGLDZHUHZLGHO\DGRSWHGWRGHOLYHUWKH
LQIRUPDWLRQPRUHGLUHFWO\DQGYLYLGO\%HVLGHVWKHGLJLWDOPXVHXPVKDYHVKRZQJUHDW
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DGYDQWDJHVLQUHSUHVHQWLQJDQGLQKHULWLQJWKHKLVWRU\DQGFXOWXUHRIGLIIHUHQW
FRXQWULHVZKLFKLVIDUEH\RQGWKHFDSDELOLW\RIWKHSDVWPHGLD
7KHXELTXLW\RIWDEOHW3&DQGPRELOHWHUPLQDOVKDVEURXJKWQHZXVHUH[SHULHQFHDQG
PHGLDGHVLJQSRVVLELOLWLHV'LIIHUHQWFRXQWULHVDUHQRZSUHSDULQJDQGGHSOR\LQJWKH
IXWXUHWH[WERRNDQGWKHGLJLWDOUHQRYDWLRQRIWHDFKLQJPRGHO)RULQVWDQFH$SSOH
UHOHDVHGQHZSURGXFWVLQWRWKHWH[WERRNPDUNHWLQWKH-DQXDU\RILQFOXGLQJ
L%RRNV$XWKRUL%RRNVDQGL7XQHV87KHILUVWWZRFDQHQKDQFHWKHUHDGLQJ
H[SHULHQFHRIWH[WERRNVZKLOHWKHODVWRQHFDQEHXVHGIRUPXVLFDQGPRYLH
SOD\EDFNFRXUVHRUJDQL]DWLRQFRXUVHLQVSHFWLRQDQGFUHGLWFKHFNZKLFKKDVEHHQ
DGRSWHGE\XQLYHUVLWLHV$QGGD\VDIWHUWKHUHOHDVHWKHGRZQORDGRIL%RRNV
$XWKRUZDVEH\RQGZKLOHWKDWRIL7XQHV8ZDVRYHU7KH6RXWK
.RUHDDXWKRULW\DOVRPDGHWKHFRPPLWPHQWLQ-XO\WKDWPRUHWKDQELOOLRQ86
GROODUVVKRXOGEHDOORWWRWKHGHYHORSPHQWRIGLJLWDOWH[WERRNVDQGWKDWVFKRROVVKRXOG
SURYLGHWDEOHW3&VIRUUHDGLQJWKLVNLQGRIWH[WERRNVLQ
7KHLQWHUQDWLRQDOWHQGHQF\RIWKHFXOWXUDOGLVVHPLQDWLRQZLWKWKHKHOSRIGLJLWDOPHGLD
WHFKQRORJ\UHOLHVQRWRQO\RQWKHLQQRYDWLRQRIWHFKQRORJ\EXWPXFKPRUHRQWKH
FRPELQDWLRQRIWHFKQRORJ\DQGWKHDFWXDOFRQWHQWDQGUHTXLUHPHQWRIFXOWXUHDQG
HGXFDWLRQZKLFKFDOOVIRUDKLJKOHYHOLQWHJUDWLRQRIWHFKQRORJ\DUWDQGFRQWHQW

5HVHDUFKVLJQLILFDQFH
2QWKHDERYHPHQWLRQHGEDFNJURXQGRIQDWLRQDOVWUDWHJ\DQGLQWHUQDWLRQDOWHQGHQF\
RIGHYHORSPHQWWKHLQKHULWDQFHRI&KLQHVHWUDGLWLRQDOLQWDQJLEOHFXOWXUHUHTXLUHV
LQQRYDWLYHGLVVHPLQDWLRQPRUHWKDQSURWHFWLRQZKLFKJLYHVLWDSURJUHVVRIPHUJLQJ
LQWRWKHFRQWHPSRUDU\OLIHDQGWKHQPDNHVLWWKHIRXQGDWLRQVWRQHIRU&KLQD¶V
GHYHORSPHQWLQWRDQLQQRYDWLYHVRFLHW\LQWKHIXWXUH

2.Education practice
(GXFDWLRQJRDOV
'XHWRWKHFRQGLWLRQPHQWLRQHGDERYHWKHXQLWRI&KLQHVHFXOWXUHUHVHDUFKDQGUH
GHVLJQZDVEHQWLQWRWKHHGXFDWLRQUHVHDUFKDQGSUDFWLFHRIWKHGLJLWDOPHGLDGHVLJQ
FRXUVHLQWKH&ROOHJHRI'HVLJQDQG,QQRYDWLRQ7RQJML8QLYHUVLW\EDVHGRQWKH
GLJLWDOPHGLDWHFKQRORJ\EDFNJURXQGDQGWRROVZKLFKDLPHGDWSUHVHQWLQJWKHGDLO\
PDQQHUDQGFXVWRPLQPRGHUQ&KLQDWRWKH\RXWKDQGIRUHLJQHUVLQWHUHVWHGLQWKLV
WRSLFZLWKWKHQHZHVWGLVVHPLQDWLRQWRROVLQQRYDWLYHGHVLJQFRQFHSWDQGWKH
LQWHUDFWLYHGHVLJQPHWKRG
:HKRSHGWRLQWHJUDWHWKHFXOWXUHFRQWHQWLQWRGLJLWDOWHFKQRORJ\LQWKLVUHVHDUFKQRW
RQO\EXLOGLQJWKHIRXQGDWLRQRIIXUWKHUUHVHDUFKDQGSUDFWLFHEXWDOVRVHDUFKLQJIRUD
QHZFURVVGLVFLSOLQHSURIHVVLRQDOWUDLQLQJPRGHOZKLFKLQFOXGHGWZRDVSHFWV
 7KHLQWHJUDWLRQRIWUDGLWLRQDQGFRQWHPSRUDU\OLIH
7KHH[LVWLQJUHVHDUFKKDGIRFXVHGRQWKHLQKHULWDQFHRIWUDGLWLRQZKLOHRXUUHVHDUFK
IRFXVHGRQWKHLPSDFWIURPWKHWUDGLWLRQRQWKHWKHFRQWHPSRUDU\HUDDQGWKHZD\VRI
DVVLPLODWLQJDQGFUHDWLYHO\SDVVLQJWKHWUDGLWLRQWRWKH\RXQJJHQHUDWLRQ
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 7KHLQWHJUDWLRQRIWHFKQRORJ\DQGFXOWXUH
(YHQWKRXJKLQWKHFRPSXWHUVFLHQFHILHOGWKHUHZHUHDIHZDWWHPSWLQYROYLQJWKH
&KLQHVHWUDGLWLRQDOFXOWXUHWKH\ZHUHIDUDZD\IURPVDWLVIDFWLRQLQYLVXDOHIIHFWDQG
DHVWKHWLFV$QGLQWKHFXOWXUHUHVHDUFKILHOGLQVSLWHRIWKHZLOORIXVLQJQHZPHGLDWR
SUHVHQWFXOWXUHFRQWHQWWKHILQDOUHVXOWVZHUHODFNLQJLQFUHDWLYHQHVVGXHWRWKH
FRQVWUDLQRIWHFKQLTXHDQGSRRUXQGHUVWDQGLQJRIWKHQHZPHGLD6RWKDWRXU
UHVHDUFKZDQWHGWRILQGWKHFRPSOHPHQWDU\EHWZHHQWKHWZRILHOGV

7KHHQWU\SRLQWRIWKHHGXFDWLRQWKHPHWKHVRODUWHUPV
7KH&KLQHVHSXEOLFKDYHVWDUWHGWRUHDOL]HWKHLPSRUWDQFHRIWKHWUDGLWLRQDOFXOWXUH
DQGFXVWRPWRWKHGDLO\OLIHDQGVHOIUHFRJQLWLRQDVWKHOHYHORILQFRPHDQGVWDQGDUG
RIOLYLQJNHHSULVLQJ7KHH[SORUDWLRQWULPDQGSURWHFWLRQRIWUDGLWLRQDOFXOWXUHDQG
FXVWRPKDYHVKRZQXSOHDGLQJWRWKHUHWXUQRIµROGFXVWRP¶WRWKHSXEOLFOLIHZKLFKLV
QRWVLPSO\UHFXUUHQFHEXWUHFRQVWUXFWLRQEDVHGRQWKHPRGHUQHFRQRP\DQGWKH
FRQWHPSRUDU\DHVWKHWLFDQGHWKRV0HDQZKLOHVRPHµQHZFXVWRP¶KDVEHHQ
VSULQJLQJXSEHFDXVHRILWVFORVHQHVVWRWKHSXEOLFDQGLWVLQFRUSRUDWLRQZLWK
EXVLQHVV
7KHUHZHUHGLIIHUHQWWKHPHVLQRXUHGXFDWLRQUHVHDUFKDQGSUDFWLFHVXFKDV
WUDGLWLRQDOPDQQHUGDLO\IRON&KLQHVHPHGLFLQHFRQFHSWDQGSURYLQFLDOLVP7KH
UHVXOWVZHUHVSUHDGYLDWKH,QWHUQHWDQGH[KLELWLRQ
:HFKRVHWKHVRODUWHUPVDVRXUHGXFDWLRQWKHPHDQGH[DPSOHRIWKLVSDSHU7KH
VRODUWHUPVDUHWKHH[SHULHQFHRIWLPHPHDVXUHPHQWDQGDJULFXOWXUHJXLGDQFH
VLQFHWKHDQFLHQW&KLQDZKLFKDUHDOVRWKHUHSUHVHQWRI&KLQHVHWUDGLWLRQDOFXOWXUH
7KHVRODUWHUPDUHGHWHUPLQHGE\DQGQDPHGDIWHUGLIIHUHQWSKHQRORJLFDO
SKHQRPHQRQVDQGDJULFXOWXUHDFWLYLWLHVDOORYHUD\HDU$QGGLIIHUHQWNLQGVRIFXVWRP
DQGIRONFXOWXUHXQIROGDORQJWKHWLPHOLQHZLWKWKHVRODUWHUPV
$OOVHFWRUVRIWKHVRFLHW\KDVSDLGPXFKDWWHQWLRQWRWKHWUDGLWLRQDOFXOWXUHRIVRODU
WHUPV7KHUHDUHLQWURGXFLQJSXEOLFDWLRQVDQGYLGHRVDSSVFRQQHFWLQJKHDOWK
PDLQWHQDQFHWRVRODUWHUPVDQGQRQJRYHUQPHQWDORUJDQL]DWLRQVSURPRWLQJ
FRPPXQLW\DFWLYLWLHVZLWKUHODWHGNQRZOHGJHDQGLQIRUPDWLRQ

7HFKQRORJLFDOPHDQV
2XUHGXFDWLRQUHVHDUFKDQGSUDFWLFHLQYROYHGWZRNLQGVRIPHGLDYLGHRLPDJHDQG
LQWHUDFWLYHJDPHZKLFKVKRZHGWKHLURZQIHDWXUHVDQGQHHGHGGLIIHUHQW
GLVVHPLQDWLQJFKDQQHOV
7KH9LGHRLPDJHZKLFKSUHVHQWHGWUDGLWLRQDOFXVWRPFRXOGEHGLYLGHGLQWRWZRW\SHV
ILOPVKRRWLQJDQGFRPSXWHUDQLPDWLRQ7KHIRUPHURQHFRXOGEHGLVSOD\HGYLD
WHOHYLVLRQDQGYLGHRZHEVLWHVVXFKDVGRFXPHQWDU\VHULHVZKLFKVKRZHGIDFWLFLW\
EHFDXVHLWUHFRUGHGWKHFXUUHQWFRQGLWLRQRIWKHFXVWRPDVGRFXPHQWDWLRQ$QGWKH
ODWWHURQHFRXOGEHVSUHDGWKURXJKWKH,QWHUQHWEHFDXVHRILWVFRQGHQVLW\RIWLPHDQG
LQIRUPDWLRQZKLFKVXLWHGWKHUHTXLUHPHQWRIPRGHUQGLVVHPLQDWLRQ$QGLWDOVRJDYH
WKHFUHDWRUDORWRIIUHHGRPE\SHUPLWWLQJGLIIHUHQWVHOHFWLRQH[DJJHUDWLRQDQG
ULGLFXOH
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+RZHYHUWKHYLGHRLPDJHVWLOOKDGVRPHGLVDGYDQWDJHV)LUVWO\LWSXWWKHDXGLHQFHWR
WKHSRVLWLRQRISXUHUHFHLYHUDVLQFRPPXQLFDWLRQVWXGLHV7KHDXGLHQFHFRXOGRQO\
IROORZWKHWLPHOLQHRIWKHYLGHROLQHDUO\HYHQWKRXJKWKH\PD\KDYHWKHLURZQ
SUHIHUHQFHRIWKHFRQWHQWDQGPD\ZDQWWRVNLPRUJRGHHS6HFRQGO\LWODFNHGRI
SDUWLFLSDWLRQGXULQJDQGDIWHUWKHFRPPXQLFDWLRQ7KHDXGLHQFHPD\EHLQWHUHVWHG
GXULQJWKHSOD\RIWKHYLGHREXWFRXOGQRWH[SHULHQFHRUGRIXUWKHUUHVHDUFKRIWKH
WUDGLWLRQDOFXVWRPEDVHGRQWKHLQIRUPDWLRQDFTXLUHGLQWKHYLGHRZKLFKUHVXOWHGLQ
VKDOORZLPSUHVVLRQ
7KHLQWHUDFWLYHJDPHPDGHXSRIWKHVHGHILFLHQFLHVWKRXJK7KHQDWXUHRILQWHUDFWLYH
JDPHUHTXLUHGWKHDXGLHQFHWRSDUWLFLSDWHLQWKHSURFHVVRIGLVVHPLQDWLRQ
XQGHUVWDQGLQJWKHFRQWHQWRIJDPHSOD\LQJDQGWKHFRQFHSWRIFXVWRPDQGFXOWXUH
VWHSE\VWHSDVDVNHGWR$QGLWZDVDOVRSRVVLEOHWRFRQVWUXFWQRQOLQHDUVWRU\WHOOLQJ
E\SDXVLQJOLQNLQJFOLFNLQJDQGMXPSLQJEDFN7KHZHEOLQNVLQVLGHRIWKHJDPHPD\
H[WHQGWRSURFHVVRIGLVVHPLQDWLRQWRKHOSWKHLQWHUHVWHGDXGLHQFHILQGFKDQQHOVIRU
IXUWKHUOHDUQLQJ
7KHIROORZLQJRIWKLVSDSHULQWURGXFHVWKHHGXFDWLRQUHVHDUFKDQGSUDFWLFHZLWKWKH
WKHPHRIWKHVRODUWHUPVDQGWKHIRUPRIGLJLWDOLQWHUDFWLYHJDPH

3. A re-design of the custom of the 24 solar terms
7KLVUHGHVLJQZDVDVHWRILQWHUDFWLYHJDPHVEDVHGRQWKHFXVWRPRIWKHVRODU
WHUPVLQ1DQMLQJFRPELQHGZLWKWKHUHJXODUH[KLELWLRQRI1DQMLQJ)RON0XVHXP
)LJXUHVKRZVWKHLFRQVGHVLJQHGIRUWKHJDPHV7KHIROORZLQJLVWZRRIWKHJDPHV














































)LJ,FRQVRIWKHJDPHVRIWKHVRODUWHUPV

7KHJDPHRIWKH6XPPHU6ROVWLFHILQGLQJWKHFLFDGD
7KHHOGHUJHQHUDWLRQH[SHULHQFHGWKHDFWLYLW\RIFDWFKLQJWKHFLFDGDVZLWKDEDPERR
SROHDWWKHHQGRIZKLFKDVSLGHUZHEZDVDWWDFKHG7KLVJDPHDLPHGDWKHOSLQJWKH
PRGHUQFLWL]HQVUHYLHZWKLVFR]\ROGDFWLYLW\ )LJ 
7KHJDPHZDVSURJUDPPHGZLWK3URFHVVLQJDQG$QGURLGWDEOHW7KHSOD\HUQHHGHG
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WRWDNHWKHYROXPHRIFKLUSLQJDVDFOXHWRILQGWKHFLFDGDZLWKWKHKHOSRIYROXPHEDU
DVYLVXDOIHHGEDFNWKHQWRWLOWWKHWDEOHWWRFKDQJHWKHYLHZSRLQWDQGILQGWKHSRVLWLRQ
RIWKHFLFDGDXVLQJWKHEXLOWLQJ\URVFRSH7DSSLQJDQGGUDJJLQJRQWKHVFUHHQWR
URWDWHWKHOHDYHFRYHULQJWKHFLFDGD7KHVSHHGRIURWDWLQJWKHOHDYHZDVFDOFXODWHG
5RWDWLQJWRRIDVWEH\RQGWKHWKUHVKROGUHVXOWHGLQWKHFLFDGDIOHHLQJDQGWKHSOD\HU
KDGWRVWDUWVHDUFKDJDLQ+RZHYHULIWKHVSHHGRIURWDWLRQZDVZLWKLQWKHWKUHVKROG
DQGWKHOHDYHZDVIXOO\UHPRYHGWKHFLFDGDZDVIRXQGDQGWKHSOD\HUZRQWKHJDPH


)LJ7KHJDPHRIWKH6XPPHU6ROVWLFHILQGLQJWKHFLFDGD



)LJ7KHIORZFKDUWRIWKHJDPHILQGLQJWKHFLFDGD



)LJ7KHLQVWUXFWLRQVRIWKHJDPHILQGLQJWKHFLFDGD

7KHJDPHRIWKH*UHDW6QRZGUDZLQJWKHZLQWHUVZHHW
7KHUHLVDKLOOQDPHGDIWHUWKHIORXULVKLQJZLQWHUVZHHWDOORYHULWLQ=KRQJVKDQ6FHQLF
$UHD1DQMLQJ$QGDQFLHQW&KLQHVHZRPHQDOZD\VSDLQWHGDEUDQFKRIZLQWHUVZHHW
EHIRUHHQWHULQJµWKHFROGHVWGD\VRIWKH\HDU¶ZKLFKLQFOXGHGQLQHIORZHUVHDFK
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PDGHXSRIQLQHZKLWHSHWDOV(YHU\GD\DVGRLQJWKHIDFLDOPDNHXSWKH\SDLQWHGD
SHWDOLQWRUHGZLWKURXJH$QGDIWHUDOOWKHSHWDOVZHUHSDLQWHGWKHFROGHVWGD\V
SDVVHGLQWRVSULQJDQGWKHZKLWHZLQWHUVZHHWVHHPHGOLNHUHGDSULFRWIORZHUV
7KLVJDPHZDVWRKHOSWKHSOD\HUJHWWKHLURZQZLQWHUVZHHWEUDQFKE\GLJLWDO
JHQHUDWLYHDOJRULWKPZLWK3URFHVVLQJDQG$QGURLGWDEOHW7KHSDLQWLQJFRXOGEHVDYHG
LQWKHGHYLFHDVGHVNWRSLPDJHDVZHOODVSULQWHGRXW )LJ 
7KHILUVWWDSSLQJSRLQWGHWHUPLQHGWKHKRUL]RQWDOSRVLWLRQZKHUHWKHEUDQFKJUHZDQG
WKHGLUHFWLRQRIGUDJJLQJGHWHUPLQHGZKHUHWKHEUDQFKPDLQO\JUHZWR7KHQWKH
IROORZLQJQLQHWDSSLQJGUHZQLQHIORZHUVZKLFKUDQGRPO\GLIIHUHGLQVL]HDQGURWDWLRQ
DQJOH$QGWKHVWURNHZHLJKWDQGRSDFLW\RIWKHILOOLQJFRORURIWKHSHWDOVZHUHDOVR
UDQGRPWRYLYLGO\PLPLFWKHQDWXUDOIORZHU7KHEUDQFKDQGWKHIORZHUVDOOFRXOGEH
FDQFHOHGRUUHVWDWHGLIQRWVDWLVIDFWRU\ )LJ 



)LJ7KHJDPHRIWKH*UHDW6QRZGUDZLQJWKHZLQWHUVZHHW



)LJ7KHSDLQWLQJJHQHUDWHGLQWKHJDPH
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)LJ7KHIORZFKDUWRIWKHJDPHGUDZLQJWKHZLQWHUVZHHW

4. Epilogue
,QWKLVGLJLWDOPHGLDHUDLQWHUDFWLRQDQGJDPLILFDWLRQSUHVHQWQHZFKDOOHQJHVWR
WKHGLVVHPLQDWLRQRIFXOWXUHFRQWHQWWKHFRPELQDWLRQRILQWHUDFWLRQDQGFXOWXUDO
HGXFDWLRQVKRXOGEHQHILWHDFKRWKHU)XUWKHUPRUHWKHEDODQFHEHWZHHQWKH
HQWHUWDLQPHQWRIJDPHDQGWKHSUHFLVHQHVVRIHGXFDWLRQVKRXOGEHDFKLHYHGWR
IRUPUHDOHGXWDLQPHQW
+RZWRPDNHIXOOXVHRIWKHDGYDQWDJHVRILQWHUDFWLYHPHGLDHVSHFLDOO\WKH
PRELOHWHUPLQDOWRLQKHULWWKHWUDGLWLRQDO&KLQHVHFXOWXUHDQGFXVWRPDQGHYHQWR
IRUPWKHQHZFXVWRPLVDPHDQLQJIXOILHOGZRUWKIXUWKHUUHVHDUFK$QGWKH
SRVVLELOLWLHVRIWKHFRPELQDWLRQDPRQJWKHFXVWRPRIWKHVRODUWHUPVWKH
LQWHUDFWLYHPHGLDDQGWHFKQRORJ\DOVRQHHGPRUHH[SORUDWLRQ

5. Reference
&KLQHVH*RYHUQPHQW:RUNLQJ5HSRUWthe Cultural Industry Revitalization Planning.
KWWSZZZJRYFQMU]JFRQWHQWBKWP$FFHVVHG
'RGVZRUWK&ODUNDigital Illusion: Entertaining the Future with High Technology0$
$GGLVRQ:HVOH\3URIHVVLRQDO
)U\%HQVisualizing Data2¶5HLOO\0HGLD,QF
*DR4LDQ\L.XLOL/LXHWFFolk Customs of Twenty-four Solar Terms. %HLMLQJ&KLQD
6RFLDO6FLHQFHV3XEOLVKLQJ+RXVH
-LQ1RQR:KDWLV6KDQJKDL"KWWSZZZ\RXWXEHFRPZDWFK"Y 8'+591,,<Z
$FFHVVHG
.UXJ1RUDKRZWRERZKWWSZZZQRUDNUXJFRP$FFHVVHG
/LDQJ:HQZHQThe Research of Festival Customs of Modern Nanjing1DQMLQJ
1DQMLQJ1RUPDO8QLYHUVLW\
0RUULV'DYHDQG/HR+DUWDVGame Art: The Graphic Art of Computer Games1HZ
1LSSRQ$UFKLYThe Custom of the 24 solar termsRIKyoto
KWWSZZZWXGRXFRPSURJUDPVYLHZ]75((D%Z%5$FFHVVHG
3DXO&KULVWLDQHDigital Art7KDPHV +XGVRQ
5HDV&DVH\)U\%HQProcessing--A Programming Handbook for Visual Designers
and Artists7KH0,73UHVV
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:DNHUO\-RKQ)Digital Design: Principles and Practices Package WK(GLWLRQ 
3UHQWLFH+DOO
:X-LH,QQRYDWLYHDQGDFWLYHVWKHRULJLQRIGLJLWDOPHGLDDUWDQGGHVLJQ
6KDQJKDLAll Design0D\-XQHS
=LFKHUPDQQ*DEHGamification by Design2 5HLOO\0HGLD
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*$± ;9,,*HQHUDWLYH$UW&RQIHUHQFH

-{QDWDV0DQ]ROOL

7RSLF 0XVLF
$XWKRU
-{QDWDV0DQ]ROOL
0XVLF'HSDUWPHQW
,QW1XFO6RXQG6WXGLHV
1,&6
8QLYHUVLW\RI&DPSLQDV
%UD]LO
ZZZQLFVXQLFDPSEU
0DLQ5HIHUHQFHV
>@9HUVFKXUH 0DQ]ROOL
³&RPSXWDWLRQDO0RGHOLQJ
RI0LQGDQG0XVLF´,Q
/DQJXDJH0XVLFDQG
7KH%UDLQ(6)5HSRUWV
0,73UHVV
>@0XUDHWDO
³UH 3(5 FXUVRDPL[HG
UHDOLW\FKURQLFOH´$&0

8QIROGLQJ6WRQHV,QWHUDFWLYH0XVLF'LDORJXLQJZLWK'LJLWDO,PPHUVLRQ
DQG$XJPHQWHG&RJQLWLRQ
$EVWUDFW
1RZDGD\V QHZ WHFKQRORJLHV HPSKDVL]H LQWHUDFWLRQ DQG QRYHO PXVLF LQWHUIDFHV
DQG DOWHUQDWLYH IRUPV DQG PRGHV RI LQWHUDFWLYH PHGLD KDYH EHHQ UHDOL]HG 7KH
GLJLWDO HUD LV SURPRWLQJ LQWHUDFWLRQ EHWZHHQ DXGLRYLVXDOV PXVLF DQG LPSURYLVDWLRQ
LQ YLUWXDO DQGPL[HG UHDOLW\ VSDFHV ,QVXFK pSRTXH LW LV QHFHVVDU\WR H[SDQG QRW
RQO\ RXU IDPLOLDULW\ ZLWK QHZ WHFKQRORJLHV EXW PDLQO\ WR GHYHORS D FULWLFDO DQG
UHYLWDOL]HG XQGHUVWDQGLQJ UHYHDOHG LQ QHZ GLDORJXHV EHWZHHQ $UW DQG 6FLHQFH
+DYH ZHDJDLQ³VWRQHV´ LQRXUKDQGVWKHFRPSXWHUWHFKQRORJ\"$VWKHSULPLWLYH
PDQ ZDV VWLPXODWHG E\ WKH LPDJHV DQG VRXQGV IURP WKH VWRQHV ZH PLJKW EH
VWLPXODWHG E\ PL[LQJ WKH YLUWXDO DQG UHDO ZRUOGV WR XQGHUVWDQG WKH LQWHJUDWLRQ RI
WKH EUDLQ DQG WKH ERG\ ZLWK VXFK \HW XQSROLVKHG WHFKQRORJLFDO WRROV 7KHVH
GHYHORSPHQWV UDLVH IXQGDPHQWDO TXHVWLRQV UHJDUGLQJ WKH UROH RI HPERGLPHQW DV
ZHOODVWKHHQYLURQPHQWDQGLQWHUDFWLRQLQOLYHLQWHUDFWLYHFRPSRVLWLRQIRFXVLQJRQ
RXU XQGHUVWDQGLQJ RI WKH PDQPDFKLQH LQWHUSOD\ >@ 7KH G\QDPLF RUJDQL]DWLRQ RI
VRXQGPDWHULDOLQUHDOWLPHDGGVQHZGLPHQVLRQVWRPXVLFDOLQIRUPDWLRQDQGWRLWV
V\PEROLF UHSUHVHQWDWLRQV )XUWKHU IRU VWXG\LQJ PXVLF FRJQLWLRQ LQ LWV IXOOQHVV DQG
XQGHUVWDQG LWV SURFHVVHV RI GLVFRYHU\ DQG FUHDWLYLW\ LW LV QHFHVVDU\ WR H[DPLQH
KRZWKHEUDLQDQGERG\ZRUNWRJHWKHULQWKHVROXWLRQRIVXFKFRPSOH[SUREOHP >@
2XU PHWKRGRORJ\ IROORZV WKLV SDWK ³ZKLOH DQ DJHQW DQG D JURXS RI DJHQWV DUH
LQWHUDFWLQJDOOPXOWLPRGDOVLJQDOVSURGXFHGE\WKHDJHQW V DUHVKDUHGLQDQHWZRUN
FDSWXUHG DQG DQDO\]HG LQ UHDO WLPH DQGRU VWRUHG IRU IXWXUH RIIOLQH PDQLSXODWLRQ
UHPRWHO\ RU ORFDOO\ 2XU DLP LV WR FUHDWH D OLYH LQWHUDFWLYH FRPSRVLWLRQ V\VWHP LQ
ZKLFKWKHSK\VLFDOVSDFHOLJKWVRXQGVDQGLPDJHVDUHLQWHJUDWHGLQDEURDGQRWLRQ
RIPXVLFDOLQVWUXPHQW7KXVZHFRPELQHPXOWLPRGDOLWLHVXVLQJLQWHUDFWLYHPHGLDWR
XQIROG OLYH SHUIRUPDQFH LQ OLQH ZLWK LPSURYLVDWLRQ DQG DXGLRYLVXDOV VXFK DV
UH 3(5 FXUVR  >@DQGWKH0XOWLPRGDO%UDLQ2UFKHVWUD  >@ VHHILJXUH
 :HXQGHUVWDQGPXVLFSHUIRUPDQFHDVUHFUHDWLRQDQGQRWPHUHO\ UHSURGXFWLRQ
RI D ZRUN DQG ZH DLP WR HQODUJH WKH FRXQWOHVV SRVVLELOLWLHV WR FRUUHODWH VRXQGV
YLVXDO PDWHULDO DQG WH[W DV SUHVHQWHG LQ PLQ'6RXQ'6   )LQDOO\ ZH DUJXH
WKDW D WKHRU\ RI PLQG LQFOXGLQJ RQH RI FUHDWLYLW\ DQG DHVWKHWLFV ZLOO EH FULWLFDOO\
GHSHQGHQWRQLWVUHDOL]DWLRQDVDUHDOZRUOGDUWHIDFWEHFDXVHRQO\LQWKLV ZD\FDQ
VXFKDWKHRU\RIDQRSHQDQGLQWHUDFWLYHV\VWHPDVWKHPLQGEHIXOO\YDOLGDWHG

6,**5$3+SS
>@/H*UR[HWDO
³'LVHPERGLHGDQG
&ROODERUDWLYH0XVLFDO
,QWHUDFWLRQLQWKH
0XOWLPRGDO%UDLQ
2UFKHVWUD´ 3URFHHGLQJV
RI1,0(SS±


)LJXUH3HUIRUPDQFHRIWKH0XOWLPRGDO%UDLQ2UFKHVWUD

&RQWDFW
MRQDWDV#QLFVXQLFDPSEU

.H\ZRUGV
0XVLF0DQ0DFKLQH,QWHUDFWLRQ0XOWLPRGDO&RJQLWLRQ&UHDWLYH 1HWZRUN
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Interdisciplinary Nucleus for Sound Studies (NICS)
Music Department
University of Campinas (UNICAMP)
www.nics.unicamp.br
e-mail: jonatas@nics.unicamp.br

$%675$&7
1RZDGD\V QHZ WHFKQRORJLHV HPSKDVL]H LQWHUDFWLRQ DQG QRYHO PXVLF
LQWHUIDFHV DQG DOWHUQDWLYH IRUPV DQG PRGHV RI LQWHUDFWLYH PHGLD KDYH EHHQ
UHDOL]HG7KHGLJLWDOHUDLVSURPRWLQJLQWHUDFWLRQEHWZHHQDXGLRYLVXDOVPXVLF
DQGLPSURYLVDWLRQLQYLUWXDODQGPL[HGUHDOLW\VSDFHV+DYHZH“stones”LQRXU
KDQGVWKHFRPSXWHUWHFKQRORJ\"$VWKHSULPLWLYHPDQZDVVWLPXODWHGE\WKH
LPDJHV DQG VRXQGV IURP WKH VWRQHV ZH PLJKW EH VWLPXODWHG E\ PL[LQJ WKH
YLUWXDODQGUHDOZRUOGVWRXQGHUVWDQGWKHLQWHJUDWLRQRIWKHEUDLQDQGWKHERG\
ZLWK VXFK \HW XQSROLVKHG WHFKQRORJLFDO WRROV 7KLV DUWLFOH SUHVHQWV D
FRQFHSWXDO GLVFXVVLRQ DUWLFXODWLQJ LQWHUDFWLYH PXVLF FRPSRVLWLRQ DQG
FRPSXWHUFUHDWLYLW\,WLVDOVRLQWURGXFHWKHLGHDRIXVLQJLQWHUDFWLYHPHGLDDV
ODERUDWRU\ WR VWXG\ FUHDWLYLW\ DQG WR PHGLDWH WKH FUHDWLRQ RI DUWZRUNV :H
LQWURGXFH SUHYLRXV LQWHUDFWLYH SHUIRUPDQFHV DQG minDSounDS D
SHUIRUPDQFHWREHSUHVHQWHGDWWKH*HQHUDWLYH$UW&RQIHUHQFH

,1752'8&7,21
:LWK WKH DGYHQW RI QHZ WHFKQRORJLHV WKDW KDYH HPSKDVL]HG LQWHUDFWLRQ DQG
QRYHOPXVLFLQWHUIDFHVDOWHUQDWLYHIRUPVDQGPRGHVRILQWHUDFWLYHPHGLDKDYH
EHHQ UHDOL]HG 7KHVH GHYHORSPHQWV UDLVH IXQGDPHQWDO TXHVWLRQV UHJDUGLQJ
WKH UROH RI HPERGLPHQW DV ZHOO DV WKH HQYLURQPHQW DQG LQWHUDFWLRQ LQ OLYH
LQWHUDFWLYH FRPSRVLWLRQ IRFXVLQJ RQ RXU XQGHUVWDQGLQJ RI WKH PDQPDFKLQH
LQWHUSOD\  ,Q DGGLWLRQ LW HPSKDVL]HV D PRUH VLWXDWHG DQG H[WHUQDOLVW YLHZ RI
SHUIRUPDQFHDQGFRPSRVLWLRQ
,QSDUDOOHOPXVLFUHSUHVHQWDWLRQVKDYHHYROYHGIURPV\PEROLFQRWDWHGSLWFKHV
WRH[SUHVVLRQVRIWKHLQWHUQDORUJDQL]DWLRQRIVRXQG7KLVFDQEHREVHUYHGLQ
WKHH[WHQGHGLQVWUXPHQWDOWHFKQLTXHVGHYHORSHGIURPWKH¶VRQZDUGVXS
WRWKHPRUHUHFHQWFRPSRVLWLRQDOVWUDWHJLHVWKDWKDYHHPHUJHGIURPWKH³QHZ
LQWHUIDFHV IRU PXVLFDO H[SUHVVLRQ´ 7KH G\QDPLF RUJDQL]DWLRQ RI VRXQG
PDWHULDOLQ³UHDO´WLPHKRZHYHUDGGVQHZGLPHQVLRQVWRPXVLFDOLQIRUPDWLRQ
DQGWRLWVV\PEROLFUHSUHVHQWDWLRQV
,Q VXFK pSRTXH LW LV QHFHVVDU\ WR H[SDQG QRW RQO\ RXU IDPLOLDULW\ ZLWK QHZ
WHFKQRORJLHV EXW PDLQO\ WR GHYHORS D FULWLFDO DQG UHYLWDOL]HG XQGHUVWDQGLQJ
UHYHDOHGLQQHZGLDORJXHVEHWZHHQ$UWDQG6FLHQFH
7KLV DUWLFOH LV RUJDQL]HG DV IROORZV ILUVW ZH SUHVHQW D FRQFHSWXDO GLVFXVVLRQ
DUWLFXODWLQJLQWHUDFWLYHPXVLFFRPSRVLWLRQDQGFRPSXWHUFUHDWLYLW\LWLVEDVHG
RQ WZR UHFHQW FKDSWHUV SXEOLVKHG LQ ³Language, Music and the Brain: A
Mysterious Relationship´>@>@1H[WZHLQWURGXFHWKHLGHDRIXVLQJLQWHUDFWLYH
PHGLDDVODERUDWRU\WRVWXG\FUHDWLYLW\,WIROORZVDSKLORVRSKLFDOSRLQWRIYLHZ
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EDVHGRQWKHLGHDWKDWDFTXLULQJNQRZOHGJHIURPH[SHULHQFHLVDQLPSRUWDQW
HYROXWLRQDU\ DFFRPSOLVKPHQW 7KLV REVHUYDWLRQ OHDGV WKH FRQFHSWV RI
Presence >@ DQG $EGXFWLRQ IURP &KDUOHV 6 3HLUFH >@ 7R H[HPSOLI\ RXU
SHUVSHFWLYHSUHYLRXVDUWZRUNVDUHSUHVHQWHGVXFKDVGHVFULEHGLQ>@>@DQG
WKHDUWLFOHILQLVKHVZLWKWKHGHVFULSWLRQRIPLQ'6RXQ'6DSHUIRUPDQFHWREH
SUHVHQWHGDWWKH*HQHUDWLYH$UW&RQIHUHQFH

7+(25(7,&$/9,(:32,17
6RXQGV DQG LPDJHV LQWHUDFW ZLWK WKH KXPDQ FRJQLWLYH V\VWHP VLQFH WKH
SULPLWLYHPDQVWUXFNWZRURXJKDQGXQSROLVKHGVWRQHVDQGKHWKRXJKWDERXW
PDVWHULQJWKHSRZHURI1DWXUH/DWHUWKHVHVWRQHVEHFDPHSROLVKHGWRROVDQG
PRUH VRSKLVWLFDWHG LQVWUXPHQWV ZHUH FUHDWHG 1RZDGD\V WKH GLJLWDO HUD LV
SURPRWLQJ LQWHUDFWLRQ EHWZHHQ DXGLR YLVXDOV LPDJHV PXVLFDO FRPSRVLWLRQ
DQGLPSURYLVDWLRQLQYLUWXDODQGPL[HGUHDOLW\VSDFHV+DYHZHDJDLQ“stones”
LQRXUKDQGVWKHFRPSXWHUWHFKQRORJ\"
$V WKH SULPLWLYH PDQ ZDV VWLPXODWHG E\ WKH LPDJHV DQG VRXQGV IURP WKH
VWRQHV ZH PLJKW EH VWLPXODWHG E\ PL[LQJ WKH YLUWXDO DQG UHDO ZRUOGV WR
XQGHUVWDQG WKH LQWHJUDWLRQ RI WKH %UDLQ ZLWK VRXQGV LPDJHV DQG PXVLF ZLWK
VXFK\HWXQSROLVKHGQHZFRPSXWHUDQGGLJLWDOWHFKQRORJLFDOPRGHOVDQGWRROV
$VDOVRWKH*UHHNFRPSRVHU;HQDNLV>@HQYLVLRQHG

“We shall thus be able to reascend to the fountain-head of the mental
operations used in composition and attempt to extricate the general
principles that are valid for all sorts of music. We shall not make a
psycho-physiological study of perception, but shall simply try to
understand clearly the phenomenon of hearing and the thoughtprocesses involved when listening to music. In this way we hope to forge
a tool for the better comprehension of the works of the past and for the
construction of new music. […] We shall confine ourselves to following a
path which may lead us to regions even more harmonious in the not too
distant future (p. 155)”.


$GD /RYHODFH /DG\ %\URQ LQ GRFXPHQWLQJ %DEEDJH¶V DQDO\WLFDO HQJLQH
DQWLFLSDWHG WKDW WKH PHFKDQL]HG FRPSXWDWLRQDO RSHUDWLRQV RI WKLV PDFKLQH
FRXOGHQWHUGRPDLQVWKDWXVHGWREHWKHH[FOXVLYHGRPDLQRIKXPDQFUHDWLYLW\

"Again, it [the Analytical Engine] might act upon other things besides
number, were objects found whose mutual fundamental relations could
be expressed by those of the abstract science of operations... Supposing,
for instance, that the fundamental relations of pitched sounds in the
science of harmony and of musical composition were susceptible of such
expression and adaptations, the engine might compose elaborate and
scientific pieces of music of any degree of complexity or extent." (Taylor’s
Scientific Memoirs 3)[8].


$OPRVW  \HDUV ODWHU VXFK PDFKLQHV GR H[LVW DQG FRPSXWHU EDVHG PXVLF
FRPSRVLWLRQKDVUHDFKHGKLJKOHYHOVRIVRSKLVWLFDWLRQ)RULQVWDQFHEDVHGRQ
D SULRU DQDO\VLV RI KDUPRQLF UHODWLRQVKLSV KLHUDUFKLFDO VWUXFWXUH DQG VW\OLVWLF
SDWWHUQV RI VSHFLILF FRPSRVLWLRQ V  &RSH >@ KDV ZULWWHQ DOJRULWKPV WR
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JHQHUDWH SODXVLEOH QHZ SLHFHV RI PXVLF LQ WKH VW\OH RI WKH FRPSRVHU EHKLQG
WKHRULJLQDOSLHFHV
+RZHYHUGHVSLWHWKHVHDGYDQFHVWKHUHLVQRJHQHUDOWKHRU\RIFUHDWLYLW\WKDW
HLWKHU H[SODLQV FUHDWLYLW\ RU FDQ GLUHFWO\ GULYH WKH FRQVWUXFWLRQ RI FUHDWLYH
PDFKLQHV 'HILQLWLRQV RI FUHDWLYLW\ PRVWO\ IROORZ D 7XULQJ WHVW OLNH DSSURDFK
ZKHUHWKHTXDOLW\RIDSURFHVVRUSURGXFWLVGHFODUHGWREHFUHDWLYHGHSHQGHQW
RQ WKH VXEMHFWLYH MXGJPHQW E\ RWKHU KXPDQV RI LWV QRYHOW\ DQG YDOXH 7KH
HPHUJLQJ ILHOG RI FRPSXWDWLRQDO FUHDWLYLW\ GHILQHV LWV JRDOV H[SOLFLWO\ DORQJ
WKHVHOLQHVVHH&ROWRQ>@
$OWKRXJK WKHVH DSSURDFKHV FRXOG JHQHUDWH LQWHUHVWLQJ DSSOLFDWLRQV LWV
GHILQLWLRQ LV QRW VXIILFLHQW HLWKHU DV DQ H[SODQDWLRQ QRU DV D EDVLV WR EXLOG D
WUDQVIRUPDWLYHWHFKQRORJ\DVWKHFODVVLFDUJXPHQWVRI6HDUOHDJDLQVWWKHXVH
RI WKH 7XULQJ WHVW LQ $UWLILFLDO ,QWHOOLJHQFH KDV VKRZQ 6HDUOH >@ ³mimicry of
surface features is not to be equated with emulation of the underlying
generative processes´
,Q WKLV DUWLFOH ZH DGGUHVV WKH TXHVWLRQ RI KRZ ZH FDQ DGYDQFH RXU
XQGHUVWDQGLQJ RI WKH LQWHUSOD\ EHWZHHQ FRPSXWHU LQWHOOLJHQFH DQG PXVLF
FUHDWLYLW\E\SODFLQJKXPDQH[SHULHQFHLQH[SUHVVLYHDQGDUWLVWLFFRQWH[WVDW
WKHFHQWUHRIWKHVROXWLRQ6RRXUDSSURDFKLVWRH[SHULPHQWZLWKLQWHUDFWLRQLQ
SHUIRUPDQFHVLWXDWLRQVEDVHGRQYLUWXDOVRXUFHVPRVWO\LQIRUPRIDXGLRYLVXDO
PDWHULDOV KXPDQ JHVWXUHV UHDO PRYHPHQWV UHJLVWHU WKH EHKDYLRUDO RXWSXWV
DQGELRVLJQDOVRIKXPDQV
7KXVH[WHQGLQJWKLVSRLQWRIYLHZLQWKHGLUHFWLRQRIPXOWLPRGDOSHUIRUPDQFHV
DQGLQWHUDFWLRQLQPL[HGUHDOLW\RXUUHVHDUFKLQWHQGVWRGHYHORSDSURJUDPWR
D  FRPELQH PXOWLPRGDOLWLHV XVLQJ LQWHUDFWLYH PHGLD E  SURGXFH GLJLWDO
LPPHUVLRQDQGDXJPHQWHGFRJQLWLRQF VWXG\KXPDQFRJQLWLRQDQGFUHDWLYLW\
XVLQJ GDWDEDVHV JHQHUDWHG E\ FRPSXWHU PXVLF FRPSXWHU JUDSKLFV VHQVRU\
GHYLFHVELRVLJQDOVDQGPRWLRQFDSWLRQ

,17(5$&7,9(0(',$$6/$%25$725<
,QWKHXVHRIWKHQHZLQWHUDFWLYHWHFKQRORJLHVDQLQWHUDFWLYHHQYLURQPHQWFDQ
IXQFWLRQDV D ODERUDWRU\ WR H[SORUH FRPSXWDWLRQDO PRGHOV RI FRJQLWLYH
SURFHVVLQJDQGLQWHUDFWLYHEHKDYLRU:LWKWKHDGYHQWRIQHZWHFKQRORJLHVWKDW
KDYH HPSKDVL]HG LQWHUDFWLRQ DQG QRYHO LQWHUIDFHV DOWHUQDWLYH IRUPV DQG
PRGHV RI LQWHUDFWLYH PHGLD KDYH EHHQ UHDOL]HG DV GHVFULEHG E\ 5RZH DQG
:LQNOHU>@>@
)RUH[DPSOHLQWHUDFWLYHPXVLFV\VWHPVGHSHQGRQDKXPDQXVHUWRFRQWUROD
VWUHDP RI PXVLFDO HYHQWV DV LQ WKH HDUO\ H[DPSOH RI 'DYLG 5RFNHE\¶V 9HU\
1HUYRXV 6\VWHP ±  7KLV SLRQHHULQJ SHUVSHFWLYH RQ VRXQG
LQWHUDFWLYH PHGLD ZDV GHYHORSHG WR LQWHJUDWH PXVLFDO SHUIRUPDQFH ZLWK WKH
KXPDQ QHUYRXV V\VWHP 0LUDQGD DQG :DQGHUOH\ >@ GLVFXVV WKH
GHYHORSPHQW DQG PXVLFDO XVH RI GLJLWDO PXVLFDO LQVWUXPHQWV '0,V  WKDW LV
PXVLFDO LQVWUXPHQWV FRPSULVHG RI D JHVWXUDO FRQWUROOHU XVHG WR FRQWURO WKH
SDUDPHWHUV RI D GLJLWDO V\QWKHVLV DOJRULWKP LQ UHDO WLPH WKURXJK SUHGHILQHG
PDSSLQJVWUDWHJLHV
2Q WKH RWKHU KDQG ERG\¶V SHUFHSWXDO FRJQLWLYH PRWRU DQG NLQHVWKHWLF
UHVSRQVHV KDYH WR EH UHFRQILJXUHG WR WKH QHHGV DQG FRQVWUDLQWV FRQFHUQLQJ
DFWLRQ DQG SHUFHSWLRQ LQ WKLV QHZ VSDFH DQG WKH LQWHUIDFH FDQ QRZ EH
RSWLPL]HGWRLWVXVHUDVGLVFXVVHGE\&RHVVHQV>@
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7KXV ZH ZLOO GHSOR\ PHWKRGRORJLFDO HIIRUWV IRFXVLQJ RQ LQWHUDFWLYH PHGLD
ZLWKLQ PL[HG UHDOLW\ HQYLURQPHQW LQ RUGHU WR VWXG\ WKH FRQVWUXFWLRQV RI
PHDQLQJIXOUHODWLRQVKLSEHWZHHQDJHQWVDQGHQYLURQPHQWDOVWLPXOLLQDYLUWXDO
VSDFH7KHDVVXPSWLRQLVWKDWWKHLQWHUDFWLRQRIDQDJHQWRUJURXSRIDJHQWV
ZLWK DQ LPPHUVLYH VSDFH XVLQJ LQWHUDFWLYH GHYLFHV LQGLFDWHV KRZ WKHVH
SURFHVVHVDIIHFWWKHLUEHKDYLRUDQGWKHPHDQLQJWKDWLVFRQVWUXFWHGE\WKHP

$17,&,3$7,21',6&29(5<$1'$%'8&7,21
$FTXLULQJ NQRZOHGJH IURP H[SHULHQFH LV DQ LPSRUWDQW HYROXWLRQDU\
DFFRPSOLVKPHQWIRULWDLGVWKHRUJDQLVPVLQSUHGLFWLQJIXWXUHRXWFRPHVRIWKH
DOZD\VVKLIWLQJHQYLURQPHQW,QWKHVRXQGGRPDLQ$QWLFLSDWLRQVHHPVWREHD
YHU\ SURPLQHQW DVSHFW RI PXVLFDO H[SHULHQFH OLVWHQHUV VHHN IRU UHODWLRQV LQ
DQG RI WKH DQWHFHGHQW VRXQG HYHQWV FUHDWLQJ H[SHFWDWLRQV DV WKH SRVVLEOH
FRQVHTXHQWV0XVLFH[SUHVVLYLW\ DQGDHVWKHWLFSOHDVXUHRUDIIHFWVLPSRUWDQW
SDUWV RI DUWLVWLF DSSUHFLDWLRQ DUH GHULYHG IURP WKH G\QDPLFV RI H[SHFWDWLRQV
DQGWKHLUSRVVLEOHIXOILOOPHQWVLQWKHXQIROGLQJRIPXVLFDOZRUNVGHVFULEHGE\
+XURQ>@
2Q WKH RWKHU KDQG FRQFHUQLQJ WR WKH LGHD WKDW WKHUH LV ORJLF LQ GLVFRYHU\
SURFHVVHV WKH ZRUN RI WKH $PHULFDQ SKLORVRSKHU &KDUOHV 6DQGHUV 3HLUFH LV
SDUDPRXQW3HLUFH¶VQRWLRQRI$EGXFWLRQ 3HLUFH LVDGGUHVVLQJWKH
VWXG\ RI GLVFRYHU\ LQ VFLHQWLILF NQRZOHGJH WKDW VWDUWHG WR UHFHLYH PRUH
DWWHQWLRQLQWKHWKFHQWXU\
3HLUFH GHVFULEHG WKUHH W\SHV RI UHDVRQLQJ Abduction, Induction and
Deduction :KLOH LQGXFWLRQ DQG GHGXFWLRQ DUH WUDGLWLRQDOO\ LQYHVWLJDWHG
WKRURXJKO\ LQ SKLORVRSK\ DEGXFWLRQ VHHPV WR EH OHVV VFUXWLQL]HG GHVSLWH
EHLQJ RQH RI WKH PRVW LPSRUWDQW FRQWULEXWLRQV RI 3HLUFH¶V 3UDJPDWLVP
%DVLFDOO\ DEGXFWLRQ LV WKH NLQG RI LQIHUHQFH WKDW JHQHUDWHV H[SODQDWRU\
K\SRWKHVHVZKHQDQRPDORXVIDFWVDUHSHUFHLYHG,WLVUHODWHGWRWKHSUHVHQFH
RI VXUSULVLQJ RU XQH[SHFWHG HYHQWV $FFRUGLQJ WR 3HLUFH WKH PDLQ DFWLYLW\ RI
DQ\ PLQGIXO RU FRJQLWLYH V\VWHP LV WKH SURGXFWLRQ RI KDELWV 6WDEOH KDELWV LQ
WXUQ FRQVWLWXWH EHOLHIV IURP ZKLFK WKH UHDOLW\ LV DSSUHKHQGHG )URP WKLV
SHUVSHFWLYH D PHQWDO V\VWHP FRXOG EH XQGHUVWRRG DV D G\QDPLF QHWZRUN RI
VWDEOHKDELWV RUEHOLHIV IURPZKLFKQRYHOWLHVDQGDQRPDOLHVDUHGHWHFWHGDV
VXUSULVLQJHYHQWV
,Q SUHYLRXV DUWLFOH >@ ZH SRVWXODWHG WKDW PXVLFDO H[SHULHQFH LV QRW GLYHUVH
IURP RWKHU NLQGV RI FRJQLWLYH H[SHULHQFHV WKXV HPSOR\LQJ VLPLODU UHDVRQLQJ
WKRVH DSSOLHG RQ GDLO\ OLIH 6ROYLQJ D YHU\ FRPSOH[ PDWKHPDWLFDO SX]]OH RU
GRLQJWKHVXSHUPDUNHWRUOLVWHQLQJWRPXVLFHPSOR\VWKHVDPHPHQWDOORJLFDO
RSHUDWLRQVDYDLODEOHWRDFTXLUHNQRZOHGJHIURPH[SHULHQFH2XUK\SRWKHVLVLV
WKDW DUWLVW FRPSRVHUV SHUIRUPHUV DQG SXEOLF JHQHUDWH DQG H[FKDQJH
H[SHFWDWLRQV XVLQJ WKHVH WKUHH NLQGV RI UHDVRQLQJ XQGHUVWDQGLQJ RI WKH
FRQFHSWRIPHDQLQJLQDQHZ SUDJPDWLF SHUVSHFWLYH

75$-(&725<2),167$//$7,216$1'3(5)250$1&(6
,QSUHYLRXVZRUNVZHKDGDOUHDG\GHYHORSHGDUWLVWLFSHUIRUPDQFHVEDVHGRQ
WKHSHUVSHFWLYHSUHVHQWHGDERYHUH 3(5 FXUVR  DQG0XOWLPRGDO%UDLQ
2UFKHVWUD   ,Q WKH ILUVW WKH DSSURDFK ZDV WR LQWHJUDWH DOJRULWKPLF
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FRPSRVLWLRQ ZLWK LQWHUDFWLYH QDUUDWLYHV DQG VFLHQWLILF VRQLILFDWLRQ DQG
YLVXDOL]DWLRQ 7KH VWUXFWXUDO SLOODUV RI WKDW ZRUN ZHUH QRW D VFULSW RU WH[WXDO
QDUUDWLYH EXW KRZ WKH FRQFHSW RI UHFXUVLRQ FRXOG EH XVHG DV D ZD\ RI
FRQVWUXFWLQJPHDQLQJ6SHFLILFDOO\WKHLQWHUDFWLRQEHWZHHQWZRKXPDQDJHQWV
WKDW SURGXFHG UHFXUULQJ FKDQJHV LQ WKH SK\VLFDO ZRUOG DQG DQ DYDWDU LQ WKH
YLUWXDOZRUOGFUHDWHGDVXEVWUDWHIRUWKHHPHUJHQFHRIPHDQLQJ>@
,Q WKH VHFRQG VWXG\ ZH H[SORUHG KRZ WKH LQWHUQDO DQG H[WHUQDO
UHSUHVHQWDWLRQV RI WKH ZRUOG FRXOG EH MRLQHG WRJHWKHU LQ D SHUIRUPDQFH WR
FUHDWH PXVLF VRXQGV DQG YLGHR ZKLFK FDQ EH DOVR VHHQ DV D IRUP RI
LQWHUDFWLYHQDUUDWLYHRIDPL[HGUHDOLW\>@
7KHVHWZRZRUNVZHUHSUHFHGHGE\WKH RoBoserSURMHFW  >@DQGADA:
intelligent space  >@SURMHFWVWKDWZHUHUHDOL]HGLQUHDOZRUOGV\VWHPV
RI PXOWLSOH IRUPV DQG IXQFWLRQDOLWLHV 7KH 5R%RVHU SDUDGLJP KDV EHHQ
JHQHUDOL]HGIURPWKHPXVLFDOGRPDLQWRWKDWRIPXOWLPRGDOFRPSRVLWLRQLQWKH
)LJXUH   H[KLELWLRQ DV ZHOO WKH RWKHU WZR PHQWLRQHG ZRUNV Re(per)curso
)LJXUH DQGThe Brain Orchestra )LJXUH 






)LJXUH The Ada main space (180 M2) interacting with its visitors through interactive multimodal compositions. The hexagonal floor tiles are pressure sensitive and display colored
patterns dependent on Ada’s behavior modes and on visitor interactions. The walls are made
of semitransparent mirrors and allow visitors in the voyeur corridor to view what happens
inside Ada. Above the mirrors a circular projection screen displays real-time animated
graphics that, similar to the music, represent Ada’s current behavior and emotional state. Ada
was operation from May until October of 2002 and was visited by over 500.000 people.
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)LJXUHThe interactive performance re(PER)curso was presented in Barcelona in 2007 at
the Museu d’Art Contemporani de Barcelona and in 2008 at the Art Futura festival at the
Mercat de Les Flores. The performance explores the confluence of the physical and the
virtual dimensions which underlie existence and experience, and it poses questions about the
significance of artificial sentience and our ability to create and coexist with it. 

















)LJXUHThe Brain Orchestra performance. The four Brain Orchestra members play virtual
musical instruments through Brain Computer Interface - BCI - technology alone. The
orchestra is conducted while also an emotional conductor, seated in the front right corner, is
engaged who drives the affective content of a multi-modal composition by means of her
physiological state.


7DEOHSUHVHQWVDUHYLHZRIWKHFRQFHSWVHQFDSVXODWHGE\WKHVHZRUNVDQG
DOVRNH\LGHDVRIPLQ'6RXQ'6  WKDWZLOOEHSUHVHQWHGLQLWVILUVWUXQDW
WKH*HQHUDWLYH$UW&RQIHUHQFH
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x
x

x
x
x

0RWLYDWLRQV

unfold performance in line with improvisation and audiovisuals.
create a live interactive composition system in which the physical space, light, sounds
and images are integrated in a broad notion of musical instrument.
broaden exploration of the countless possibilities to correlate sounds, visual material
and text.
understand music performance as re-creation and not merely reproduction of a work. 

&RQFHSWV

mixed reality performance as a performance environment
dynamic of creativity is correlated with semiotic operations
meaning driven by broken habits and abductive reasioning

,QWHUDFWLYH3HUIRUPDQFH


x agents: human perfomers and avatars
x interaction between trajectories build up from moviments and music improvisation
x moviments and music improvisation interactive paradigm
x improvisation and self-organization in the heart of the performance
x LQWHJUDWHSHUIRUPDQFHWUDMHFWRULHVWRSURGXFHFKDQJHVRQ$YDWDU¶VEHKDYLRU
7DEOH  It features a review of the concepts presented above and also the key ideas of
minDSounDS. 

3(5)250,1*0,1'6281'6
PLQ'6VRXQ'VLVEDVHGRQWKHQRWLRQWKDWWKHGHOLYHU\RIPresenceLVFORVHO\
WLHG WR DQ XQGHUVWDQGLQJ RI FRQVFLRXVQHVV >@ DQG LQ SDUWLFXODU RI WKH
LQWHUSOD\RILPSOLFLWDQGH[SOLFLWIDFWRUVLQWKHFRQVWUXFWLRQRIKXPDQEHKDYLRXU
DQGDUWLVWLFH[SUHVVLRQ DVGHVFULEHGLQSUHYLRXVVHFWLRQ ,WLVDSHUIRUPDQFH
ZKHUH D JURXS RI PXVLFLDQV DQG PDFKLQHV GLDORJXH LQ D QHWZRUN WKHUH LV D
FRQWLQXRXVH[FKDQJHRILQIRUPDWLRQEHWZHHQWKHVHDJHQWVDQGWKHHPHUJLQJ
VRXQGV DQG YLVXDOV DUH VKDSHG E\ SK\VLFDO DFWLRQV PRYHPHQWV PXVLF
LPSURYLVDWLRQDQGLPSOLFLWVLJQDOVFDSWXUHGE\%&,
,QWHUDFWLRQV EHWZHHQ ILYH PXVLFLDQV JLYH ULVH WR DQ DUWZRUN WKDW XVHV
LQWHUDFWLYH PHGLD LQ D PXOWLPRGDO SHUIRUPDQFH VHH ILJXUH   7KH\ FRPH
WRJHWKHU WR FUHDWH D SORW WKDW SOD\V ZLWK SRHWU\ VRXQG DQG YLVXDO WH[WXUHV
FDSWXUH DQG DQDO\VLV RI PRYHPHQWV DQG WKH XVH RI %&, WR FRQWURO WKH
PRYHPHQWRIDQ$YDWDULQWKHYLUWXDOUHDOLW\DXGLRDQGYLGHRLQUHDOWLPH
0LQ'6RXQ'6VSHDNVWRWKHQRWLRQRIVRXQGLPDJLQDU\DQGWKHLGHDRI³PLQG
WKH VRXQGV´ ,WV SRHWLFV GHVFULEHV FUHDWLRQ DQG UHFUHDWLRQ RI PHDQLQJ IURP
WKHH[FKDQJHRILQIRUPDWLRQDPRQJDJHQWV,WSURMHFWVWKHEXLOGLQJRIDYLVXDO
IRUP EDVHG RQ VRXQG PDQLSXODWLRQV ZLWKLQ D QHWZRUN RI H[FKDQJHV EHWZHHQ
SHUIRUPHUV DQG FRPSXWHUV VHH ILJXUH   7KH FRPSRVLWLRQ XVHV VRXQG
PDWHULDOFUHDWHGIURPWKH0DQ]ROOL¶VSRHP³$SHLURQ´RULJLQDOO\LQ3RUWXJXHVH
EXW SUHVHQWHG LQ ILYH ODQJXDJHV GXULQJ SHUIRUPDQFH 7KH RULJLQDO SRHP LV
SUHVHQWHGEHORZLQ3RUWXJXHVHDQGLQDIUHHWUDQVODWLRQWR(QJOLVK VHH7DEOH2)



$SHLURQLVD*UHHNH[SUHVVLRQGHVFULELQJDFRVPRORJLFDOWKHRU\FUHDWHGE\$QD[LPDQGHULQ
WKHWKFHQWXU\%&
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$3(,521
-{QDWDV0DQ]ROOL

QRPHVPRPRPHQWR
DRULJHPGHWRGDVDVFRLVDV
IH]VHQDVSDUWHVXPDGDVRXWUDV

iUYRUHGRVIUDJPHQWRV
SHL[HVHOXDVGRVJUmRVGHDUHLD
HDVVHPHQWHVGHWRGRVQRVRXWURV

VRQKRGRSHQVDPHQWR
SHQVDPHQWRGRPRYLPHQWR
PRYLPHQWRGRJHVWR
JHVWRGRVRP
VRPGDPXGDQoD
PXGDQoDGRVHQWLPHQWR
VHQWLPHQWRGDWUDQVIRUPDomR

WUDQVPXWDPVHHOHPHQWRVHXQLYHUVR
SUHHQFKHPYD]LRVFyVPLFRV
SDUWLFLRQDPGLUHo}HVGRWHPSR
SODQWDPVHPHQWHV
WRGRVRVRXWURVHOHPHQWRV

iUYRUHVYROWDPjVFLQ]DV
JUDQGHVSHL[HVjVOXDVJUmRVGHDUHLD
PDWpULDHFRQKHFLPHQWRDRVVRQKRV
PRYLPHQWRDRJHVWR
GHVHMRDRSUD]HU

RXQLYHUVRVXVWHQWDVH
QRHQFDGHDPHQWRGDFRQFLOLDomR



DWWKHVDPHWLPH
WKHRULJLQRIDOOWKLQJV
PDGHLWVHOIRIHDFKRWKHU¶VSDUWV

WUHHRIIUDJPHQWV
ILVKHVDQGPRRQVRIJUDLQVRIVDQG
DQGVHHGVRIDOOLQRWKHUV

GUHDPRIWKRXJKW
WKRXJKWRIPRYHPHQW
PRYHPHQWRIJHVWXUH
JHVWXUHRIVRXQG
VRXQGRIFKDQJH
FKDQJHRIIHHOLQJ
IHHOLQJRIWUDQVIRUPDWLRQ

WUDQVIRUPWKHPVHOYHVHOHPHQWVDQGXQLYHUVH
ILOOLQJFRVPLFYRLGV
SDUWLWLRQLQJGLUHFWLRQVRIWLPH
SODQWLQJVHHGV
DOOWKHRWKHUVHOHPHQWV

WUHHVUHWXUQWRDVKHV
ELJILVKHVWRWKHPRRQVJUDLQVRIVDQG
PDWWHUDQGNQRZOHGJHWRGUHDPV
PRYHPHQWWRJHVWXUH
GHVLUHWRSOHDVXUH

WKHXQLYHUVHVXVWDLQVLWVHOILQWKHVWUHDPRI
FRQFLOLDWLRQ


7DEOH  Poem Apeiron, originally in Portuguese, used to produce an immersive chain of
fragmented words in minDSounDS.

7KH DLP LV WR SURGXFH DQ LPPHUVLYH FKDLQ RI VRXQG LQIRUPDWLRQ D
VRXQGVFDSHUHVRQDWLQJYDULRXVPHDQLQJVDQGWXUQLQJSRLQWV7KXVZRUGVDUH
IUDJPHQWHGDQG GH FRQVWUXFWHGZLWKJUDQXODUV\QWKHVLVDQGWKHVHVRXQGVDUH
VSDWLDOL]HGLQUHDOWLPHXVLQJPRWLRQFDSWXUHDQGLQWHUDFWLYHJHVWXUHV
$ORQJ ZLWK WKLV SURFHVV RI LQWHJUDWLRQ EHWZHHQ VRXQG DQG PRYHPHQW
0LQ'6RXQ'6 GLDORJXHV ZLWK VRXQG PDWHULDO JHQHUDWHG E\ WKH IOXWLVW
LPSURYLVDWLRQ DQG JHVWXUDO FRQWUROV ZLWK WKH :LLPRWH LQWHUIDFH 7KHVH
HOHPHQWVDUHLQWHJUDWHGWREXLOGDYLUWXDOUHSUHVHQWDWLRQRIWKHLQWHUDFWLRQLWVHOI
DQGWKHDFWLRQEHWZHHQWKHILYHDJHQWVWKHVWUXFWXUHRIPRYHPHQWVDQGERG\
FRQVWUXFWLRQRIDQ$YDWDULVFRQWUROOHGE\D%&,LQWHUIDFH VHH)LJXUH 
$OO WKHVH HOHPHQWV DUH XVHG WR FUHDWH D XQLYHUVH WKDW FDQ RQO\ EH VXVWDLQHG
E\DFKDLQRIUHFRQFLOLQJEHWZHHQDFWLRQVDQGDJHQWV
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)LJXUH  Interaction with the Avatar. minDSounDS builds a visual form based on sound
manipulations within a network of exchanges between performers and computers.

PLQ'6RXQ'6FRQFHSWIROORZVWKLVSDWK³while an agent and a group of agents
are interacting all multimodal signals produced by the agent(s) are shared in a
network, captured and analyzed in real time and/or stored for future off-line
manipulation, remotely or locally 7KH FRQFHSW LV WR FUHDWH D OLYH LQWHUDFWLYH
FRPSRVLWLRQV\VWHPLQZKLFKWKHSK\VLFDOVSDFHOLJKWVRXQGVDQGLPDJHVDUH
LQWHJUDWHGLQDEURDGQRWLRQRIPXVLFDOLQVWUXPHQW



)LJXUHOHIWIOXWHLPSURYLVDWLRQULJKWWKH%&,LQWHUIDFHInteraction with the Avatar. 
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)LJXUH  minDSounDS team. In left photo: Tiago Tavares, Clayton Mamedes, Gabriel
Rimoldi e Vânia Pontes. In the right photo: Jônatas Manzolli and the Team at the electronic
studio of NICS.


&RQFOXVLRQ
:H SUHVHQWHG LQ WKLV DUWLFOH WKH SRVVLELOLW\ RI FRPELQJ PXOWLPRGDOLWLHV DQG
LQWHUDFWLYH PHGLD WR XQIROG OLYH SHUIRUPDQFH LQ OLQH ZLWK LPSURYLVDWLRQ DQG
DXGLRYLVXDOV VXFK DV UH 3(5 FXUVR   DQG WKH 0XOWLPRGDO %UDLQ
2UFKHVWUD   $V ZH XQGHUVWDQG PXVLF SHUIRUPDQFH DV UHFUHDWLRQ DQG
QRW PHUHO\ UHSURGXFWLRQ RI D ZRUN ZH DLP WR HQODUJH WKH FRXQWOHVV
SRVVLELOLWLHV WR FRUUHODWH VRXQGV YLVXDO PDWHULDO DQG WH[W LQ PLQ'6RXQ'6
  7KXV ZH SUHVHQWHG LQWHUDFWLYH SHUIRUPDQFHV DLPLQJ WR FUHDWH
PHDQLQJIXOUHODWLRQVKLSVEHWZHHQDJHQWVDQGH[SORUHWKHLULQWHUDFWLRQVXVLQJ
YLVXDOL]DWLRQ DQG VRQLILFDWLRQ )XUWKHU IRU VWXG\LQJ PXVLF FRJQLWLRQ LQ LWV
IXOOQHVV DQG XQGHUVWDQG LWV SURFHVVHV RI GLVFRYHU\ DQG FUHDWLYLW\ LW LV
QHFHVVDU\WRH[DPLQHKRZWKHEUDLQDQGERG\ZRUNWRJHWKHULQWKHVROXWLRQRI
VXFKFRPSOH[SUREOHP.
0DQ\ GHFLVLYH VWHSV LQ WKH SURFHVVHV RI FUHDWLYLW\ DQG GLVFRYHU\ UHO\ RQ
LPSOLFLWIDFWRUVUDWKHUWKDQH[SOLFLWRQHV2XUJRDOLVWRH[SORUHWKHVHIDFWRUVWR
YDOLGDWHDPL[HGUHDOLW\LPSOLFLWDQGH[SOLFLW3UHVHQFHGHOLYHU\V\VWHPOLQNHGWR
H[SUHVVLYHH[SHULHQFHLQDUWLVWLFGRPDLQV
,Q VKRUW WKHVH DUWZRUNV LOOXVWUDWH WKDW DHVWKHWLF H[SHULHQFH FDQ EH DW OHDVW
SDUWLDOO\ REWDLQHG DV HPHUJLQJ RUJDQL]DWLRQ IURP WKH LQWHUDFWLRQ EHWZHHQ
KXPDQ XVHUV DQG DQ LQWHUDFWLYH V\VWHP 6LQFH RXU JRDO LV WR HQKDQFH
FUHDWLYLW\ WKLV DSSURDFK VHHPV SRZHUIXO DQG FDQ OHDG WR XQH[SHFWHG UHVXOWV
VXUSULVHLVDQRWKHUIRUPWRGHVFULEHLQIRUPDWLRQ 
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UHVHDUFKLVVXSSRUWHGE\WKH)RXQGDWLRQIRUWKH5HVHDUFKLQ6mR3DXOR6WDWH
)$3(63 SURFHVVHVDQGE\WKH
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1DWLRQDO &RXQFLO IRU 6FLHQWLILF DQG 7HFKQRORJLFDO 'HYHORSPHQW &13T 
SURFHVV

5()(5(1&(6
>@9HUVFKXUH3 0DQ]ROOL-³Computational Modeling of Mind and Music´
,Q/DQJXDJH0XVLFDQG7KH%UDLQ(6)5HSRUWV0,73UHVV
>@6HLIHUWDWDOO´6HPDQWLFVRI,QWHUQDODQG([WHUQDO:RUGV´,Q/DQJXDJH
0XVLFDQG7KH%UDLQ(6)5HSRUWV0,73UHVV
>@ 3HLUFH &6 ±  7KH &ROOHFWHG 3DSHUV RI &KDUOHV 6 3HLUFH 
YROV&DPEULGJH+DUYDUG8QLYHUVLW\3UHVV 5HIHUHQFHWR3HLUFH¶VSDSHUV
ZLOOEHGHVLJQDWHG&3IROORZHGE\YROXPHDQGSDUDJUDSKQXPEHU 
>@2OLYHLUD/)+DVHODJHU:)*0DQ]ROOL-*RQ]DOH]  ³0XVLFDO
PHDQLQJ DQG ORJLFDO LQIHUHQFH IURP WKH SHUVSHFWLYH RI 3HLUFHDQ
SUDJPDWLVP´ 7R EH LQ WKH 3URFHHGLQJV RI WKH ,9 &RQIHUHQFH RQ
,QWHUGLVFLSOLQDU\ 0XVLFRORJ\ &,0  & 7VRXJUDV 5 3DUQFXWW (GV 
7KHVVDORQLNL*UHHFH-XO\
>@0XUDHWDO³re(PER)curso: a mixed reality chronicle´$&06,**5$3+
SS
>@/H*UR[HWDO³Disembodied and Collaborative Musical Interaction in the
Multimodal Brain Orchestra”,3URFHHGLQJVRI1,0(SS±
>@ ;HQDNLV ,  )RUPDOL]HG 0XVLF 7KRXJKW DQG 0DWKHPDWLFV LQ 0XVLF
1HZ<RUN3HQGUDJRQ3UHVV
>@ /RYHODFH $ $ 6NHWFK RI WKH $QDO\WLFDO (QJLQH LQYHQWHG E\ &KDUOHV
%DEEDJH E\ /) 0HQDEUHD 2IILFHU RI WKH 0LOLWDU\ (QJLQHHUV ZLWK QRWHV
XSRQ WKH PHPRLU E\ WKH 7UDQVODWRU 7D\ORU¶V 6FLHQWLILF 0HPRLUV  

>@ &RSH '  9LUWXDO 0XVLF &RPSXWHU 6\QWKHVLV RI 0XVLFDO 6W\OH
&DPEULGJH0$0,73UHVV
>@&ROWRQ6DQG*$:LJJLQV  &RPSXWDWLRQDO&UHDWLYLW\7KH)LQDO
)URQWLHU"WK(XURSHDQ&RQIHUHQFHRQ$UWLILFLDO,QWHOOLJHQFH
>@6HDUOH-50LQGVEUDLQVDQGSURJUDPV%HKDY%UDLQ6FL±

>@6DQFKH]9LYHV09 6ODWHU0³)URPSUHVHQFHWRFRQVFLRXVQHVV
WKURXJKYLUWXDOUHDOLW\´,Q1DW5HY1HXURVFLHQFH  
>@ 5RZH 5  ,QWHUDFWLYH 0XVLF 6\VWHPV 0DFKLQH /LVWHQLQJ DQG
&RPSRVLQJ&DPEULGJH0$0,73UHVV
>@ :LQNOHU 7  &RPSRVLQJ ,QWHUDFWLYH 0XVLF 7HFKQLTXHV DQG ,GHDV
8VLQJ0D[&DPEULGJH0$0,73UHVV
>@ 0LUDQGD ( 5 DQG 0 0 :DQGHUOH\  1HZ 'LJLWDO 0XVLFDO
,QVWUXPHQWV&RQWURODQG,QWHUDFWLRQEH\RQGWKH.H\ERDUG0LGGOHWRQ$5
(GLWLRQV
>@ &RVVHQV . ³:KHUH , DP" %RG\ DQG PLQG UHYLHZHG LQ WKH FRQWH[W RI
VLWXDWHGQHVV DQG YLUWXDOLDW\ ,QWO - ,QWHUGLVF 6RFLDO 6FLHQFH 

>@ +XURQ '   6ZHHW DQWLFLSDWLRQ PXVLF DQG WKH SV\FKRORJ\ RI
H[SHFWDWLRQ&DPEULGJH0$7KH0,73UHVV
>@0DQ]ROOL-9HUVFKXUH35RERVHU$5HDO:RUOG&RPSRVLWLRQ6\VWHP
&RPSXWHU0XVLF-RXUQDOSS
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>@ :DVVHUPDQ . - 0DQ]ROOL . (QJ DQG 3 ) 0 - 9HUVFKXUH 
/LYHVRXQGVFDSHFRPSRVLWLRQEDVHGRQV\QWKHWLFHPRWLRQV8VLQJPXVLFWR
FRPPXQLFDWH EHWZHHQ DQ LQWHUDFWLYH H[KLELWLRQ DQG LWV YLVLWRUV ,(((
0XOWL0HGLD±
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*$±;9,,*HQHUDWLYH$UW&RQIHUHQFH
-RVHSK+\GH

0ROHFXODU0XVLFUHSXUSRVLQJDPL[HGTXDQWXPFODVVLFDODWRPLFG\QDPLFVPRGHODV
DQDXGLRYLVXDOLQVWUXPHQW SHUIRUPDQFHDQGSDSHU 

0ROHFXODU 0XVLF LV DQ RIIVKRRW RI D ORQJWHUP FROODERUDWLYH SURMHFW WKH PXOWLDZDUG
ZLQQLQJ GDQFHURRP 6SHFWURVFRS\ G6  G6 KDV LWV URRWV LQ FRPSXWDWLRQDO PROHFXODU
G\QDPLFV DQG ZDV RULJLQDOO\ FRQFHLYHG WR VHUYH DV DQ LQWHUDFWLYH SODWIRUP IRU PROHFXODU
VLPXODWLRQ ,W RIIHUV D PXOWLVHQVRU\ LPPHUVLYH H[SHULHQFH EDVHG RQ FXWWLQJHGJH VFLHQFH
IDFLOLWDWLQJ DQ XQGHUVWDQGLQJ RI WKH SULQFLSOHV RI RXU PLFURVFRSLF ZRUOG WKURXJK GLUHFW
H[SHULHQFH UDWKHU WKDQ WUDGLWLRQDO DFDGHPLF OHDUQLQJ ,W FRQVLVWV RI V\VWHP RI SDUWLFOHV
VLPXODWHG DFFRUGLQJ WR VWULFW VFLHQWLILF SULQFLSOHV UHSUHVHQWHG ERWK YLVXDOO\ DQG VRQLFDOO\
ZKLFK FDQ EH LQWHUDFWHG ZLWK WKURXJK KXPDQ PRYHPHQW 7KH SURMHFW FRQVLVWV RI D SXEOLF
LQVWDOODWLRQDQGDOVRDFRQWHPSRUDU\GDQFHSLHFH+LGGHQ)LHOGVZKLFKLVSHUIRUPHGXVLQJ
WKH V\VWHP +\GH¶V FRQWULEXWLRQ WR WKH SURMHFW FRQVLVWV RI WKH VRQLILFDWLRQ LQWHUDFWLYH
 V\VWHPVDQGVRXQGGHVLJQ IRUWKHLQVWDOODWLRQDQGWKHFRPSRVLWLRQRIDQLQWHUDFWLYHVFRUH

IRUWKHGDQFHSLHFH
7RSLF0XVLF
0ROHFXODU 0XVLF LV LQWHQGHG WR IDFLOLWDWH IXUWKHU H[SORUDWLRQ RI WKH DXGLRYLVXDO
UHODWLRQVKLSV DW SOD\ LQ G6 DQG +LGGHQ )LHOGV DQG WR H[SORUH PRUH GHHSO\ KRZ WR VRQLI\

YLEUDWLRQV RQ D PLFUR VFDOH ZKHUH VRXQG GRHV QRW DV VXFK H[LVW   :H KDYH EXLOW VRPH
$XWKRUV
KLJKO\GHYHORSHGDOJRULWKPVEDVHGRQ))7DQDO\VLVRIPROHFXODUYLEUDWLRQGDWDRXWVLGHWKH
3URI-RVHSK+\GH
%DWK6SD8QLYHUVLW\8. UDQJHRIKXPDQKHDULQJWR\LHOGVXEKDUPRQLFVRQZKLFKVRQLFPDWHULDOFDQEHEDVHG:H
DOVRKDYH LQSODFH DVRSKLVWLFDWHG V\VWHP ZKHUHE\VRXQGFDQ FRQWURO WKH SDUWLFOH V\VWHP
ZZZEDWKVSDDFXN
DQG WKH SDUWLFOH V\VWHP FDQ LQ WXUQ FRQWURO WKH VRXQG  :H DUH H[SORULQJ KRZ WKLV
ZZZMRVHSKK\GHFRXN FRPELQDWLRQ FDQ EH XVHG WR PDNH D QRYHO NLQG RI IHHGEDFN ORRS DQG D QHWZRUN RI QRQ
'U70LWFKHOO
WULYLDODXGLRYLVXDOUHODWLRQVKLSVZKHUHE\WKHLQIOXHQFHRIVRXQGRQLPDJHDQGYLFHYHUVDLV
8QLYHUVLW\RI:HVWHUQ
PHGLDWHG YLD WKH PHGLXP RI DQ DGYDQFHG PL[HG TXDQWXPFODVVLFDO PRGHO 8VLQJ WKHVH
(QJODQG%ULVWRO8.
WRROVZHFDQXVHG6DVDKLJKO\HYROYHGµYLVXDOPXVLF¶LQVWUXPHQW
'U'5*ORZDFNL
7KH SHUIRUPDQFH FRQVLVWV RI D VROR DXGLRYLVXDO SHUIRUPDQFH RI DURXQG  PLQXWHV
8QLYHUVLW\RI%ULVWRO8. GXUDWLRQ7KHSDSHURXWOLQHVWKHDOJRULWKPVDWWKHKHDUWRIWKHG6V\VWHPDQGWKHLUEURDGHU
6WDQIRUG8QLYHUVLW\86$ LPSOLFDWLRQV IRU 6FL$UW YLVXDOLVDWLRQVRQLILFDWLRQ DQG XQGHUVWDQGLQJ EHIRUH PRYLQJ RQ WR
H[DPLQH KRZ WKHVH DOJRULWKPV KDYH EHHQ DGDSWHG DV DQ DXGLRYLVXDO LQVWUXPHQW  7KH
6/$&1DWLRQDO
$FFHOHUDWRU/DERUDWRU\ KLVWRU\ RI WKH SURMHFW LQFOXGLQJ LQVWDOODWLRQV GDQFH SHUIRUPDQFHV DQG PXVLFEDVHG
FROODERUDWLRQV ZLOO EH H[DPLQHG IROORZHG E\ D ORRN WR WKH IXWXUH ± LQ SDUWLFXODU WKH
86$
GHYHORSPHQW RI G6 DV D ODUJHVFDOH SHUPDQHQW H[KLELW IRU =.0 LQ .DUOVUXKH WR RSHQ LQ


0DLQ5HIHUHQFHV
>@'5*ORZDFNL0

2¶&RQQRU*&DODEUy-
3ULFH37HZ70LWFKHOO-
+\GH'37HZ'-
&RXJKWULHDQG60F,QWRVK
6PLWK³$*38DFFHOHUDWHG
LPPHUVLYHDXGLRYLVXDO
IUDPHZRUNIRULQWHUDFWLYH
PROHFXODUG\QDPLFVXVLQJ
FRQVXPHUGHSWKVHQVRUV´
)DUDGD\'LVFXVVLRQLQ
SUHVV

>@'5*ORZDFNL37HZ7
0LWFKHOO/.ULHIPDQ-+\GH
/-0DOFROP-3ULFHDQG6
0F,QWRVK6PLWK³6FXOSWLQJ
PROHFXODUG\QDPLFVLQUHDO
WLPHXVLQJKXPDQHQHUJ\
ILHOGV´LQ0ROHFXODU
$HVWKHWLFV,6%1
 0,73UHVV 
HG'U3HWHU:HLEHODQG
/MLOMDQD)UXN6HSW

>@GDQFHURRPVSHFFRP

,PDJHVRIGDQFHURRP6SHFWURVFRS\0ROHFXODU0XVLF




&RQWDFW
MK\GH#EDWKVSDDFXN



.H\ZRUGV
6FLHQWLILFYLVXDOLVDWLRQTXDQWXPPHFKDQLFV6FL$UW'DQFH0XVLF$XGLRYLVXDO
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audiovisual instrument
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Abstract
Molecular Music is an offshoot of a long-term collaborative project, the multiaward winning danceroom Spectroscopy (dS)[1]. dS was originally the brainchild
of Computational Chemist David Glowacki (Stanford University). It offers a
multisensory immersive experience based on cutting-edge quantum mechanics
facilitating an understanding of the principles of our microscopic world through
direct experience rather than traditional academic learning. It consists of system
of particles, simulated according to strict scientific principles; represented both
visually and sonically, which can be interacted with through human movement.
The project consists of a public installation, and also a contemporary dance piece,
Hidden Fields, which is performed using the system. Hyde’s contribution to the
project consists of the sonification (interactive systems and sound design) for the
installation, and the composition of an interactive score for the dance piece.
Molecular Music is intended to facilitate further exploration of the audiovisual
relationships at play in dS and Hidden Fields and to explore more deeply how to
sonify vibrations on a quantum scale (where sound does not, as such, exist). We
have built some highly developed algorithms based on FFT analysis of molecular
vibration data outside the range of human hearing to yield subharmonics on which
sonic material can be based. We also have in place a sophisticated system
whereby sound can control the particle system and the particle system can in turn
control the sound. We are exploring how this combination can be used to make a
novel kind of feedback loop, and a network of non-trivial audiovisual relationships
whereby the influence of sound on image and vice versa is mediated via the
medium of an advanced quantum model. Using these tools we can use dS as a
highly evolved ‘visual music’ instrument.
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The performance consists of a solo audiovisual performance of around 15
minutes duration. The paper outlines the algorithms at the heart of the dS system
and their broader implications for Sci/Art quantum visualisation/sonification and
understanding, before moving on to examine how these algorithms have been
adapted as an audiovisual instrument. The history of the project, including
installations, dance performances and music-based collaborations, will be
examined followed by a look to the future – in particular the development of dS as
a large-scale permanent exhibit for ZKM in Karlsruhe to open in 2015.
1. The danceroom Spectroscopy project – background
danceroom Spectroscopy is an indirect outcome of the scientific research of Dr.
David Glowacki. Glowacki works in the field of Computational Chemsitry, using
complex algorithms to model the behaviours of matter and energy (a detailed
exposition of the algorithmic basis of dS is outlined in section 3 below). In 2011,
with programmer Phill Tew, he began to explore the idea of a visualisation system
which would afford non-specialists an insight into the principles at work in
Glowacki’s research, and an instinctive understanding of the inner workings of our
world on a nano scale.
In its initial form, c. mid 2010, the project consisted of a simple particle system,
but one where the movement of the particles is governed by the algorithms at
work in Glowacki’s research. These particles inhabit what Glowacki and others in
his field refer to as an ‘energy landscape’. One might simply think of this as a
contoured landscape in which ‘higher’ areas (hills, mountains, ridges) are ‘hotter’
(ie, of higher energy) and ‘lower’ areas (valleys, dips, craters) are ‘colder’ and
have lower energy.

Figure 1. A representation of an energy ‘landscape’
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A crucial feature of the energy landscape at play in dS is that someone viewing
the particle system can actually become part of this energy landscape. This is
achieved in a relatively straightforward manner by interpreting their body as a
peak, or a trough (both are possible with the system) in the energy landscape.
Various interactive technologies have been explored in order to make this
possible, but early on in the project the Microsoft Kinect sensor was adopted as a
cheap and relatively simple solution.
The Kinect, introduced in November 2010, was released as a games controller for
the Xbox 360 games console, but was rapidly ‘hacked’ and adopted for many
broader purposes, including a number of arts projects. The controller consists of a
standard-definition colour camera (broadly equivalent to a webcam in terms of
functionality and quality), an infra-red camera, an infra-red laser projector (strictly
speaking, both are near-infrared) and a microphone array. The infra-red projector
and camera, working in tandem, constitute a so-called “structured light” system
which allows the device to yield a depth value for every pixel of the camera
image. This “depth map” is produced by comparing the pattern of dots projected
with the pattern picked up by the camera, and extrapolating depth values from
distortions detected in this pattern. For most applications, the purpose of this
depth-map is simply to separate foreground from background, and specifically to
separate human forms from what – in the domestic setting envisioned for this
device – might be quite a cluttered and chaotic environment. dS uses this
background separation, but also makes full use of the depth map to allow the
shape of human bodies, captured in real time, to become contours in the energy
landscape.
Early versions of dS were essentially manifested as small-scale public
installations for demonstration purposes, using a single Kinect. However, these
rapidly garnered considerable interest and in light of this the scope of the
installation was expanded. The graphics were improved, more Kinects were used
to allow the system to work in larger spaces (an array of up to 10 of the devices
can be used with the latest version) and – crucially for the purposes of this paper,
a sonic component of the project began to be developed. The latter will be
discussed in detail below.
2. Hidden Fields
By 2011, the installation had grown into a highly successful and popular Sci-Art
installation sufficiently flexible to be installed in a wide variety of spaces, including
a dome environment with full 360-degree capture and projection (see figures 1
and 2). At this point a large team of collaborators had gathered around the
project, including Professor Joseph Hyde and Dr Tom Mitchell. A decision was
made at this point to further explore the aesthetic possibilities of the system using
a small number of ‘expert users’. Trained dancers seemed the obvious choice for
such a role. Applicants from the contemporary dance community were invited to
apply to take place in a specialist workshop using the system at the Arnolfini in
Bristol in June 2011. Following the success of this a decision was made to

page # 171

XVII Generative Art Conference - GA2014

develop a fully-fledged dance work, known as Hidden Fields (see figure 3). This
went through a number of iterations throughout 2012, with development
supported by a grant from the Arts Council of England, and a number of
performances in the UK and Europe.

Figure 1 – the Igloo 360 dome being installed for the dS festival, The Passenger
Shed, Bristol, October 2012

Figure 2 – the dS installation in dome formation
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Figure 2 - Hidden Fields performance in Seeing Sound [2], November 2013
Hidden Fields offered a tremendous opportunity to develop the sonic and musical
dimensions of the project. During this period, Hyde and Mitchell, broadly
operating in the roles of composer and music technologist, evolved the broad
palette of sounds and techniques outlined below. The controlled environment of a
dance performance and an extensive rehearsal process incorporating dancers (as
expert users) allowed for an exploration of extremes. Whilst a public installation
needs in some respects to ‘play it safe’, to allow for a wide range in terms of the
numbers of users and the ways in which they might interact with the system,
Hidden Fields allowed us to decide what we wanted the system to do, and to
evolve ways of achieving this end. In this way, the aesthetics of the project were
allowed to evolve, visually and sonically.
As the piece evolved towards its current duration of around an hour, it was felt
necessary to firm up a quasi-narrative structure for the piece. This was largely
driven by the music, and we felt the need to have certain points in the structure
where the sound/music was not fully driven by the particle system (with the
chaotic behaviour that paradigm produces) but rather allowed to operate
according to a more traditionally musical/compositional logic. Rather than break
the connection between the particle system and the sound at these junctures, we
evolved a set of techniques whereby the sound could control the particle system
as opposed to vice versa. This opened up a set of possibilities only explored in
embryonic form in Hidden Fields, and was arguably the origin of what would
become Molecular Music. It allowed the possibility of a complex feedback loop
where the particle system and sound operate upon each other. We only scratched
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the surface of what such a system makes possible within the context of Hidden
Fields and this led us to actively seek another avenue within which to do so.
3. Scientific Underpinnings
As stated above, the Kinect sensor (or array) yields a depth map whereby for every
pixel in an x/y array, a value is given for z (depth). The plot in figure 5 shows a
human form incorporating data derived from this depth map - here the intensity of the
colours is linked to the magnitude of the local gradient vector on the image. The
manner in which it is plotted suggests analogy with the concept of an energy
landscape, which has become a fundamental idea guiding how chemists and
physicists think about both kinetics and dynamics in a range of chemical systems,
from small molecules to complex materials and biochemical systems [3, 4]. An
energy landscape is effectively a topological map of a system’s potential energy, V,
at a range of different configurations. Within any localized region of the energy
landscape, the gradient of the energy, dV/dq, relates the topology of the energy
landscape to the classical forces felt by a particular molecular configuration. dS
interprets people’s movements as perturbations on a virtual energy landscape.

Figure 5 - Force topology map of the human form. Gray indicates a gradient of zero.
The intensity of each color is related to the magnitude of the local force vector on the
depth image. Color choice has been selected to effectively illustrate depth
In its present form, dS carries out an MD simulation involving N atoms, each of which
may move in a virtual coordinate system defined by Cartesian x, y, and z directions.
Hamilton’s equations of motion, commonly used to discuss the dynamics of
molecular systems in both classical and quantum frameworks, provide a useful
vantage point for describing how the system works. They are as follows:

dp / dt = −dH / dq
dq / dt = dH / dp

(1)

where p and q are the momentum and coordinate vectors of each atom in the
ensemble, and H is the so-called Hamiltonian function describing the total system
energy - i.e.:
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N

H =∑
i=1

mi vi2
+V
2

(2)

where i is an index that runs over a collection of N total atoms, m is the mass of an
atom, and v is its velocity. The first term in Eq (2) describes the total kinetic energy of
the system while the second, V, describes the total potential energy. Within dS, there
are two different contributors to V:
(3)

V = Vint +Vext

where the total potential energy, V, is calculated as the sum of two terms, Vint and
Vext, which correspond to the potential energy owing to internal and external fields,
respectively. Like many MD programs, the most expensive loop in dS is associated
with calculating Vint, and involves summing over all possible pairwise interactions:
N

N

(4)

Vint = ∑ ∑ V (rij )
i=1 j=i+1

where rij is the distance between atoms i and j. During initial prototyping and
benchmarking of the dS system, Vint included only non-bonded Lennard-Jones type
interactions with parameters derived from electronic structure calculations [5].
However, as discussed further below, we have recently implemented a set of fast C#
wrappers which allow dS to call the GPU-accelerated OpenMM program whenever a
force evaluation is required. OpenMM allows for a wide range of force interactions,
including bonds, angles, torsions, non-bonded Lennard Jones interactions and
electrostatic interactions [6].
The Vext term in Eq (3) is calculated as a sum over the difference between a raw
, and an average background depth image,
depth matrix at time t,
as follows (angled brackets indicate an average):
N

Vext = Ci ∑[Vext (xi , yi , t) − Vext (xi , yi , 0) ]

(5)

i=1

where the term in square brackets represents the potential energy that an atom
‘feels’ as a consequence of people’s motion, and Ci is a variable scaling constant
applied to a specific atom. Interactive control over Ci allows the user to determine
how strongly any given atom ‘feels’ forces from the users’ fields, and whether a
person’s field is ‘attractive’ or ‘repulsive’. Eq (6) is responsible for coupling human
motion to the atomic dynamics, allowing humans to sculpt the potential energy
landscape felt by the atomic ensemble, and thereby chaperone the system dynamics.
In Hamiltonian mechanics, the energy function, H, should remain constant for any
closed dynamical system, in line with the conservation of energy required by the first
law of thermodynamics [7]. However, the Eq (2) Hamiltonian is not subject to this
constraint because of the Vext term, which effectively makes the system open rather
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than closed. Fluctuations in the depth data arise as a consequence of noise in the
depth images, or people’s motion within the space mapped by the depth sensors.
Both of these effects effectively result in fluctuations of the total system energy,
introducing significant instabilities into the Velocity Verlet [7] scheme used to
propagate the time-dependent system dynamics in Eq (1). To address this, and avoid
the crashes associated with such instabilities, we have implemented a modified
velocity rescaling Berendsen thermostat, in which the instantaneous system
temperature Tt approaches some desired temperature T0 with a first order rate
dTt 1
= ⋅ (T0 − Tt )
dt τ

(6)

that depends on a user-specified rate coefficient (1/t) and how far the system is from
T0. Rearranging (6) gives an expression for the temperature change dTt over some
time step dt:
dTt =

dt
⋅ (T0 − Tt )
τ

(7)

where t is a first order time constant, and
Tt =

N
1
mi vi2
∑
d ⋅ N ⋅ kB i=1

(8)

with d the number of dimensions in which each atom can move (three), N the number
of atoms in the simulation, and kB the Boltzmann constant. The velocity rescaling
constant l is determined via definition of T(l), which is the temperature that results
when all the atomic velocities are scaled by l, i.e.:
T (λ ) =

⎡N
⎤
1
2
2
⎢∑ mi (λ vi ) ⎥ = λ Tt
df ⋅ N ⋅ kB ⎣ i=1
⎦

(9)

We evaluate l by specifying that dTt = T(l) – Tt, and substituting Eq (7) and (9) to give:
dt
⋅ (T0 − Tt ) = λ 2Tt − Tt
τ

(10)

which may be solved to yield

λ = 1+

dt ⎡ T0 ⎤
⎢ −1⎥
τ ⎣ Tt ⎦

(11)

Prior to determining the value of Tt required for calculating that atomic velocity scale
factor l, there is an added stability measure: we loop over the atomic velocities to
ensure that none of the atoms within the simulation have a velocity more than two
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standard deviations larger than the average atomic velocity. We have found the
procedure outlined above gives a good compromise between computational
efficiency, interactive fluidity, and system stability. Moreover, it is extremely robust to
numerical instabilities that can arise when user motion suddenly ‘injects’ energy into
the system Hamiltonian.
4. Technology
The primary dS software consists of a bespoke application coded in C#. Later
versions of the software are highly CPU-optimised, and make full use of top-end
NVIDIA graphics cards – the primary system currently in use contains a dual-card
system with over 4000 cores, all of which are co-opted by the software. Thanks to
the work of a team of programmers specialising in code for GPUs, these cores
are used not only to produce the graphics for the system, although at up to 6xHD
resolution (11,520 x 1080 pixels – see figure 6) the rendering is a non-trivial task.

Figure 6 – 11,520 x 1080 pixel renders captured directly from dS software
The GPU cores are also used to resolve the equations outlined above – a unique
aspect of the project which has attracted considerable interest from the scientific
community, since it essentially allows a domestic PC (albeit a very high end one)
to function as a massively parallelized supercomputer for the solving of many
simultaneous quantum dynamics algorithms in real time. For the purposes of dS,
it has allowed us to massively increase the particle count.
The audio component of dS runs on a separate machine, and is built using
Cycling74’s Max environment [8]. For the purposes of Hidden Fields and
subsequently Molecular Music, the Max software has been devolved into a
number of Max for Live [9] plugins. The advantage of this approach is that it
allows Ableton Live to function as a timeline for durational structures – whilst the
micro-level elements of both sound and image will be aleatoric and interactive,
the overall behaviour of the system can be controlled with the sophistication and
reliability that a modern Digital Audio Workstation (and in this case, one
specifically designed for live performance) affords.
Communication between the two machines is achieved using the Open Sound
Control (OSC) protocol, developed by Martin Freed and his team at CNMAT,
University of California, Berkeley [10]. This protocol offers many advantages for
us in this context – primarily by virtue of its flexibility and speed. We have been

page # 177

XVII Generative Art Conference - GA2014

able to develop a system where what multiple streams of information are sent in
both directions – these can be massively parallel (for example, collision data from
every single particle in the system) and/or extremely fast – we are able to use
data streams at close to audio rates, which makes the system incredibly
responsive and opens up many creative avenues.
Although the OSC protocol operates essentially as a network, allowing data to
travel in any direction between multiple machines, dS – at least as used in Hidden
Fields and Molecular Music – operates in a configuration where the PC running
the main dS software (quantum simulation, particle display, depth map acquisition
etc.) is essentially ‘slaved’ to or controlled by the audio machine. This is
mentioned here because it is one of the factors that makes the system so suitable
as a compositional or audiovisual performance tool – this is discussed in more
depth below.
5. Sonification – general principles
We will discuss in turn the two primary categories of interaction involved in the
system: firstly interaction where data is being sent from the primary dS machine to
the audio machine and secondly where data is sent in the opposite direction. In
reality both are operating continuously and simultaneously, as will be discussed
below.
The simplest type of interactivity, and the first to be developed, is collision detection.
Data is produced when particles collide, at which point the system yields the
coordinates at which the collision takes place, and the speed at which the particles
collide. The capabilities offered by the type of interaction will vary according to the
physical properties of the system being simulated (this is something of a universal
principle in terms of dS, and is something we discuss further below). Where particles
and energy fields are 'attractive', ie where simulated physical forces will draw them
together (using the energy landscape metaphor, this would be equivalent to a
‘trough’), particles will tend to be drawn together to form clusters, and the collision
data – when sonified – will tend to yield recognisable patterns; not entirely regular but
nonetheless with a clear contour. These can function well as stochastic rhythms or
melodies.
Where simple particle collision data is combined with a model whereby particles and
energy fields repulse each other (modelling ‘peaks’ on an energy landscape), a
different set of possibilities is afforded. With no external stimuli the system in this
state will become entirely chaotic, but with an external source, the particles will tend
to be driven by boundary conditions in the source (edges between areas of different
hue or luminance, for example) and to form wave-like structures at these points.
Within the sonification, this will tend to yield granular-type textures where the sounds
associated with individual particles get lost perceptually, but overall contours of
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particle waves are perceptible and structurally useful. The fact that this type of
sonification only becomes perceptually interesting with some kind of external stimuli
is why a video source is still usually used with Molecular Music performances as a
‘substitute’ of sorts for the Kinect-derived depth map used in the original dS
installation. The content of the video source is almost irrelevant – it can simply serve
to provide some kind of irregularity or granularity in an energy landscape that would
otherwise be entirely uniform.
Once a large number of particles are introduced it can be very hard to produce
structures and sounds which are meaningful using collision data – as might be
imagined, if tens of thousands of particles and the collisions between them are
sonified the result will tend to approach noise. At this point there are two other
models of interactivity that can be employed. The first of these has become known
as 'group data'. This data will generally only be produced, or at least meaningful,
under certain conditions. There will need to be a relatively large number of particles,
and they will need to be 'attractive' (ie attracted to energy fields). In this set of
circumstances, the particles will tend to 'swarm', to form into large groups. (In the
installation or dance performance, these groups will tend to correspond to individual
users). The system has the capability to treat such groups as 'super-particles', and
the system can provide corresponding data to that which it provides for individual
particles - spatial coordinates and speed data. This allows the production of
relatively simple, or at least perceptually ‘digestible’ musical patterns and contours
using very large numbers of particles. However, it is dependent on a fairly specific set
of conditions in terms of the physical simulation – without these the groups will not
even form.
Where large numbers of particles are used in more chaotic formations, without the
grouping mentioned above, a third type of data becomes particularly useful. This data
involves a Fast Fourier Transform (FFT) analysis of the vibrational energy of the
particle system (the frequencies yielded by the transform function are sub-audio,
below 1 Hz, but are effectively transposed up into the audio domain). This is of
interest because it will tend to highlight overall properties of the particle system, in
particular any kind of coherence in the movement of the particles in the system.
Such coherent movement will result in measurable peaks in the FFT data, which can
be made to yield perceptible sonic feedback when transposed up into audible
frequency space. In the case of installation or dance performance, these peaks will
be produced when a significant number of the users in the space move in the same
direction, or in the same manner. In the case of Molecular Music, in the absence of
such stimuli, the only way to produce such coherent motion is by using sound itself to
stimulate the particles to move in an ordered fashion – this forms the basis of a kind
of feedback loop which has become core to the project.
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At the same time as these methods are provided whereby the particle system can
control the sound, as of latter versions of dS, the sound can also control the particle
system – we have explored methods whereby amplitude, frequency and more
complex FFT-derived data can be used to control all aspects of the simulation. What
is particularly interesting is that the sound is controlling physical rather than graphical
properties, so that (for example) a mapping of sound intensity onto temperature will
manifest itself as complex and multifarious (and sometimes unpredictable) changes
to the visualisation.
In addition to mapping sound-derived data onto physical properties, we have also
built in functionality whereby the sound machine and software can control the dS
machine directly through OSC. This is largely used to achieve long timescale
changes using the timeline functionality of Ableton Live (and Max for Live). It allows
us to shape the system into time-based structures – essentially, to ‘compose’ it. This
has proved invaluable in the Hidden Fields dance project and Molecular Music.
Of course, all these types of sonification and visualisation (in this context these
terms, particularly the latter, could be seen as something of a simplification) are used
in various permutations, often all together. Recent versions of the dS system allow
the combination of ‘attractive’ and ‘repulsive’ behaviours, where some types of
particles exhibit the former pattern of behaviour and some the latter. The
permutations between these types of behaviour and the three types of data offer a
plethora of possibilities, and make the dS system uniquely flexible in terms of
sonification.
6. Molecular Music – Introduction
Molecular Music started life through the agency of a specific opportunity. The dS
team were offered the chance to perform with violin virtuoso Nicola Benedetti and
her string trio, as part of the first-ever Bristol Proms season at the Bristol Old Vic
in August 2013 (figure 7). Given limited rehearsal time for this performance, we
used something close to the existing dS setup, but with additional weight given to
sound-particle system interactivity. We used the system with a multichannel
interface for the first time, and used separate feeds from violin, cello and piano to
drive individual elements of the simulation.
This performance was considered sufficiently successful that we were invited
back to participate in the 2014 Bristol Proms. Tom Morris, the festival’s Director,
agreed that it would be interesting to explore a more flexible and collaborative
framework in this second iteration, and to have more time to develop a unique
working methodology. In this instance we worked with the Charles Hazlewood AllStar Collective, a loose confederation of musicians mostly based in Bristol and
the South West. The crucial difference between this performance and the one that
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preceded it was that whereas the Benedetti trio performed from the Classical
music repertoire, Hazlewood and his ensemble worked up an interpretation of
Terry Riley’s ‘Rainbow in Curved Air’. This work has much in common with Riley’s
work ‘In C’ in structure, but actually has no score – our performance was based
on an interpretation of the 1969 album (recorded by the composer) and the
‘Rainbow in Curved Air Calligraphies’ – abstract representations that Riley
released more as interpretations of the music than as performance instructions.

Figure 7 - The Nicola Benedetti trio at the Bristol Proms with dS visualisations

Figure 8 – Bristol Proms performance with Charles Hazlewood All Star Collective
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This time we were able to enter a more collaborative process where improvising
musicians were able to respond to the visual stimuli yielded by dS as much as dS
was in turn responding to their playing. Although this was some way short of a
feedback loop (dS only providing the visual dimension to the performance rather
than driving any sonic elements) it provided the closest analogy to some of the
principles that would become core to the Molecular Music endeavour. It also
allowed us to develop considerably more sophisticated sonification algorithms – in
this instance we had separate audio feeds from 8 musicians, as well as several
channels of MIDI, and a research and development period at Bath Spa University
with some of the musicians allowed us both to evolve these techniques and to
give the musicians time to learn how to ‘play’ the system to an extent.
One of the most important departures in the Rainbow performance was the
decision to jettison the Kinect array. This put the emphasis firmly on sonification –
although we did actually use a standard camera feed (a moving camera trained
on the musicians) to provide some texture to the simulation in the manner
outlined above, this was thoroughly abstracted and had no depth map – the
energy landscape employed by the simulation was therefore entirely driven by
sound rather than image.
7. Molecular Music – Aesthetic Considerations
Molecular Music essentially reimagines danceroom Spectroscopy as an
audiovisual instrument. We see it as sited broadly as within the field of Visual
Music, defined by Hyde thus: Visual Music involves the artistic expression of
musical ideas or material through ocular media [11]. Although this term is
generally applied to fixed media artworks, whether they be paintings, cinema or
video art, many interactive and/or performative examples can be found, dating as
far back as Oskar Fischinger’s Lumigraph in 1950 (and of course earlier ‘light
organ’ instruments), and far more prevalent in more recent times). These tend to
be interactive – that is to say user controlled, or to be based primarily on
visualisation (visual elements driven by sound) or sonification (vice versa).
Although examples can be found that combine more than one of these modes,
Molecular Music is unusual in that it combines all three, and unique (to our
knowledge) in that the interaction between these modes is via the medium of a
quantum molecular simulation.
This factor is crucial in determining the characteristics of Molecular Music as a
visual music instrument. In the design of any interactive system it can be hard to
find the sweet spot between ‘mickey mousing’, where mappings and relationships
are highly perceptible but too facile to be of lasting interest, and complex
interactions where these relationships may be too indirect to be easily perceived.
Using the simulation as a medium allows for a certain amount of uncertainty to be
introduced which gives a pleasingly organic characteristic to modal interactions.
We might use the metaphor of a vactrol, a component popular in modern
analogue synthesizer designs. A vactrol contains an LED and a light dependent
resistor – a varying voltage (or sound) at the input controlling the brightness of the
LED will produce a variable resistance from the resistor, usually converted back
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to a voltage variation via a voltage divider circuit. The indirect nature of the
connection between input and output (actually, in electrical terms, they are
completely disconnected) results in a certain amount of variability that is highly
prized as imparting a kind of musicality.
This is a function of principle that the system is predictable but also chaotic. This
is evident even in the simplest instances. Figure 9 shows two runs of the same
simulation, and the most basic that dS can offer. In this instance, a single particle
is released and given an initial velocity by a short burst of a 1000 Hz sine wave
(producing a short ‘spike’ in the simulation temperature). It loops back on itself by
virtue of its own mass and, as can be seen, the basic form in each case is the
same but the exact details of the form differ. Every time this simulation is run the
results are recognisable but unique. This is perhaps not surprising from a
scientific perspective, but from an artistic viewpoint it has great potential in
injecting a ‘musical’ variation into the interaction between sound and image.

Figure 9: two instances of a one-particle simulation
As the complexity of the system increases, so do the creative possibilities of this
chaotic behaviour. Figure 10 shows a very similar situation to that seen in figure 9
above, - again a short sine tone burst is controlling the temperature of the
simulation, but in this case with many more particles of several types.

Figure 10: a similar simulation with multiple particles of different types
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This is particularly the case where a feedback loop is established. The basic
methodology of such a feedback loop is to set up conditions in which the particles
control the sound and the sound controls the properties of the simulation (note
that this is not directly equivalent to sound controlling image and image controlling
sound). This amplifies the chaotic qualities of the system. The results are far less
predictable, but are nonetheless repeatable. With exploration aesthetically
pleasing results can be found. Some examples are shown here:
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Figure 11 – Complex forms made through feedback via the dS simulation
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8. Next Steps
The danceroom Spectroscopy project and its ‘satellites’ Hidden Fields and
Molecular Music continue to enjoy great success and exposure. The scientific
basis of the simulation is being continuously developed by Dr Glowacki and his
colleagues at Stanford University. The dS system described here, and used for
Molecular Music performances to date, only simulates single atoms, whereas
versions of the software have since been produced to simulate more complex
molecules, even protein strings (see figure 12 below)

Figure 12 – Interactive protein folding using a dS-based simulation
Work is also being carried out to allow more complex energy ‘landscapes’ to be
explored using the system. A recent experiment (show in figure 13) allows users
to literally sculpt such a landscape using a sandbox, and then to see how
particles of matter (literally projected onto the sand landscape) would behave in
the landscape created. Neither of these recent developments has incorporated a
sonic element as yet, and the possibilities for sonification seem very promising.

Figure 13 – sculpting an energy landscape in sand
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A great opportunity will be offered by the building of dS as a permanent
installation, at ZKM in Karlsruhe, Germany. There are many challenges involved
in such an undertaking – reliability and sustainability to name but two. Amongst
the more creative challenges will be the sonic aspects of the installation. As an
installation, dS has to date usually involved a single ‘state’ (model of soundsimulation interaction). This has been seen as desirable in a situation where
many parameters are outside of our control – the most influential perhaps being
the number of people present in the space. The state that we have is capable of
surprising variety, but nonetheless in an installation that may be in place for years
rather than days we feel the need to allow for more long term evolution of the
sound (amongst other things). This will give us the creative impetus (and space
and time) to take the sonic aspects of the project to the next level.
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Premise
We propose the meaning and potential of “genetic aesthetics,” because bio
information can inspire the aesthetic purpose of generative art. By examining the
definition of generative art and the term generative, the conditions of generative art
can be compressed as rule, autonomy, and system. Among them, a system is
considered as a key element in generative art, because an artist transfers
subsequent control to system. In particular, a genetic system is regarded as the
highest position on the Gary Flake’s graph of complexity. The graph shows that truly
complex things occur at a transition point between orderly things and random things.
It is a nexus of bio information and generative aesthetics, because it confirms that
unity and diversity are not mutually exclusive concepts. Here, noise of information
theory and a mutation of biology have an important role to explain the aesthetic value
within generative art. Thus, we analyze noise by using the Shannon’s binary entropy
function, and then apply a mutation to that function. The analysis shows that the
uncertainty due to mutations can create the biological complexity in keeping with the
certainty due to redundancy. A mutation might be a factor to produce probabilities of
innovation or deviation under the well-knit database of bio information. Bio
information in terms of a mutation eventually can be more persuasive to explain the
aesthetic value of generative art in that the aim of generative aesthetics is the
artificial production of probabilities of innovation or deviation from the norm. A
specific process that can lie beyond the artist's intuition can be derived from a
specific factor such as a mutation. It can inspire computer-based generative art in the
relative discussions on the noise of complex system. Accordingly, genetic aesthetics
can present the ultimate aesthetic direction at which generative art aims.
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1. Introduction: Generative Art
The term generative was used formally for the first time at the computer art exhibition
of Georg Nees, Generative Computergraphik in 1965, Stuttgart, Germany. In the
same year, Georg Nees and Frieder Nake used the term generative to identify their
works produced from a computer program. After that, Manfred Mohr began to use
the term generative art to connote drawings made from a computer program since
1968. On the other hand, Jack Burnham identified the new works as process art of
post-Minimalism. In this brief trace of the term, we can get a sense that generative
art has been confused with process art, computer art, electronic art, and so on. Such
puzzles concerning the identity of generative art are often confusing for both of
artists and audiences.
Celestino Soddu has tried to clarify that the generative approach is to operate with a
preference of metadesign to design. The concept idea is that complexity is controlled
by using an approach that follows the complexity procedures existing in nature and
artificial worlds. The idea is related to the natural/artificial dynamic system.
Accordingly, he has identified that the generative approach cannot use an array of
data, but a set of different generative devices, like a set of different dynamic chaotic
systems, that work together and use the unpredictable contamination each other to
access to different point of view. [1]
Here, we have noticed that a system in the generative approach would be an
essential element. It is remarkable that the artist can give over his/her partial or total
subsequent control to the system. Actually a system is necessary for autopoiesis as
Maturana acknowledged: he realized that what was indeed needed was the
characterization of a kind of system which would operate in a manner
indistinguishable from the operation of living systems. Philip Galanter also mentioned
that the key element in generative art is the system to which the artist cedes
subsequent control. [2, 3]
Therefore, this paper is on a detailed analysis of the system as the key element of
generative art, and on a discovery of characteristics of the system which generative
art can fit in. Next, we explore the meanings and the relationships between the noise
in information theory and the mutation in biology, associating them with systems
which can be applied to generative art. Finally, we propose the interrelationship
between generative art system and bio information, using ‘generative aesthetics.’ In
conclusion, we propose the meaning and value of ‘genetic aesthetics.’

2. Generative Art System
The dictionary definition of system is an assemblage or combination of things or
parts forming a whole. Even if a system is broadly used in various fields, it is strictly
used in thermodynamics. A system in thermodynamics means a precisely specified
macroscopic region of the universe. All space in the universe outside the system is
regarded as the surroundings or environment. A system is separated from its
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surroundings by a boundary (Fig. 1). Transfers of work, heat, or matter and energy
between the system and the surroundings may take place across the boundary.



Fig. 1 - System-boundary
In the aspect of media, a system is a set of all real beings that operate in the
inherent rule and associate with the surroundings. Simply put, a system exists in the
universe, follows rules of the universe, and has an association with the surroundings.
If we redefine a generative system, it can be an aggregation of components that form
patterns based on mixtures of order and disorder, depending on the basic rule and
autonomy. The fields utilizing generative systems are gradually expended by the
development of the computer, from music and drawing to design and architecture. [4]
2.1 Category of Generative Art Systems
According to Galanter’s view, generative art systems can be largely divided into three
categories of ordered, disordered, and complex systems. He argued that the highly
ordered systems is discovered in the several examples such as tiling used
aesthetically in Islamic mosques, Maurits Cornelis Escher’s use of the magical
algorithms, and conceptual artists’ uses of generative elements. The examples show
that rules seriously affect their generative processes. On the other hand, as the
highly disordered systems, he considered Wolfgang Amadeus Mozart’s random
combination of 176 measures, William Burroughs’ cut-up-technique and John Cage’s
random selection of sounds. The examples show that autonomy has a decisive
effect on their generative processes. [3]
Galanter has presented the graph of generative art systems in order to establish the
relationship between complexity and order in generative art. This graph classifies
from ‘symmetry and tiling’ to ‘randomization,’ following a degree of complexity and
order. There are ‘genetic system and A-life’ on the highest degree point of complexity.
However, there does not seem to be a method for measuring order and disorder
practically, because it is never easy to analyze the states of generative art systems
by utilizing quantification tools. That problem makes a question about the
classification of Galanter. That is, it is doubtful not only whether he had good ground
to classify generative art systems, but also whether he learned the reason why
genetic systems are most complex.
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2.2 Relationship between Generative Art System and Complexity

Fig. 2 - Complexity in terms of information, compressibility, and randomness
The complexity graph of Gary William Flake (Fig. 2) is more suitable to explain the
relationship between generative art systems and complexity, because Flake's graph,
the source of Galanter's graph, contains more fundamental contents related to
information theory. In the graph, while 'orderly' is the concept related to low
information content and high compressibility, 'random' is the concept related to high
information content and low compressibility.
Above all, the graph shows that truly complex things occur at a transition point
between orderly things and random things. While strictly regular things as well as
strictly irregular things are simple, things that are neither regular nor irregular are
complex. For example, while on one extreme of the graph is Euclidean objects which
correspond to the orderly system for generative art, on the other extreme is pure
noise which acts randomly. Meanwhile, mixed things of 'orderly' and 'random' such
as Brownian motion seem to be complex. Brownian processes have memory in that
every random injection is always made relative to the previous state. In Brownian
process, a random injection implies a correlation of the current state with the
previous state. It means that a rule as well as autonomy affects Brownian motion.
Thus, it is possible to apply the conditions of generative art to the variables of
complexity graph. The criteria of order and random can be derived from rule and
autonomy. That is, generative art systems can be fundamentally classified,
depending on the influence of a rule and autonomy. [5]
2.3 Complex System as the Ultimate Direction of Generative Art
A complex system has been across diverse studies such as physics, chemistry,
biology, economics, sociology, and so on. Economists study a complex system in a
stock market, biologists in a brain, psychologists in a mind, and ecologists in an
ecosystem. A complex system is an inevitable point for many scholars who cognize
the limits of existing world views, because those existing views are linear,
dichotomous and mechanistic.
Complex systems have a lot of small components that interact with other
components. These local interactions lead to self-organization without master-
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controls or external agents. Also, these self-organized systems emerge themselves,
and adapt to the change of external environment. The crucial point is that the
process is similar to the expression of bio information. Here, bio information is
derived from bioinformatics, which is an interdisciplinary study of both biology and
computer science. Since information is stored at a molecular level, it is closely
related to genetic information. As the molecular level grows up step by step,
emergent and complex attributes appear in living organisms. The process can be
involved in evolution, because evolution as the core theme of biology accounts for
the unity and diversity of life. Unity made by a rule and diversity formed by autonomy
are eventually important resources of a complex system. [6, 7]
A cellular automaton is an example that shows complexity by using computer
programs. All grid points called cells follow the same simple transition rule that
specifies how each point interacts with its neighborhood. In cellular automata, all
cells change their state simultaneously in discrete moments of time. The subsequent
state of a cell depends only on the states of its adjacent cells. Accordingly, each cell
functions like a little computer, repeating the same rule defining how to react to its
neighbors. Cellular automata offer a paradigm for complex systems based on the
local interaction of the cells and the iterative processing of subsequent configurations.
Here, there is something that is inferred. The reason why generative art is based on
computer programs is closely related to maximization of aesthetic value produced by
the optimum combination of unity and diversity.
The ultimate direction of generative art system exists in the optimum combination of
unity and diversity. It is beyond the level of complex systems such as Brownian
motion or cellular automata. It is located at the very peak of complexity graph.
Although the optimum combination of unity and diversity may create excellent
aesthetic states, its realization cannot be easy. We do not know the identity as well
as the method of optimum combination. However, as Soddu presented, it may
correspond to natural-like complexity such as genetic systems. We may discover its
evolutionary procedures and aesthetic clues by exploring information theory and
biology. [1]

3. Mutation as Noise
3.1 Reason why Noise and Mutation are Important in Generative Art
At the very peak of complexity, we have hoped to find things such as the human
brain and tried to invent things such as the perfect genetic system. However, it is
difficult to realize the highest complexity in the current technology level of mankind.
Rather, it is reasonable to assume that the highest complexity is not a target of
realization but a target of conception. As Flake said, at a philosophical and scientific
point of view, there seems to be something exciting happening between orderly
things and random things. In particular, because 'orderly' and 'random' in the
complexity graph are involved in information quantity, it is important to explore
complexity in the aspect of information theory. Additionally, because information has
been considered as the essential element of activity of life since the discovery of
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DNA, biology is also important. Above all, noise of information theory and a mutation
of biology are closely related to the reason why genetic systems can be located at
the very peak of complexity graph.
3.2 Noise in Information Theory
In 1906, the simple formula S = k兟 logW was inscribed on the grave of Ludwig
Boltzmann who had brought a revolution to thermodynamics and information theory.
He proved the second law of thermodynamics that the total entropy of the universe
never decreases in course of every spontaneous change. The second law of
thermodynamics was controversial by Maxwell’s Demon in the view of statistics. After
his death, Claude Shannon’s information entropy theory not only played a key role to
solve the paradox of thermodynamics, but also showed that information can become
an object of physical rendition. Shannon was excellent in that he helped us find the
answers concerning our simple questions with ‘binary digit’ or ‘bit’. He introduced '1/0'
as 'true/false', 'yes/no', and 'on/ off'. He also realized that a question with N possible
outcomes can be answered with a string of logN bits. That is, we only need logN bits
of information in order to discern a desirable answer from N possibilities. This is
eventually connected with his theorems. Shannon's theorem has a strong influence,
because entropy and redundancy are applied to them. [8]

G
Fig. 3 - Entropy in the case of two possibilities with probabilities p and (1-p)
The more uncertain or irregular a string of bits is, the more a volume of information is.
That is, the less redundancy a message has, the more information it can contain. On
the other hand, the more predictable a string of bits is, the smaller a volume of
information is. It is simply turned out by using the binary entropy function of Shannon.
The entropy of the probability 'p' and 'q=1-p' come up with the function 'H = - (plogp +
qlogq)', which can be expressed like the graph above (Fig. 3). As seen in the graph,
in the point of 'p=q=0.5', the entropy is at the highest, and the amount of information
is at the biggest. It means, when each probability of every symbol is same, the
uncertainty and the information are at the largest. While Boltzmann's entropy is a
measure of disorder, Shannon's entropy is a measure of information. [9]
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Shannon explained Channel capacity theorem by using noise on the basis of his
binary entropy function. The increase of noise means the growth of entropy, because
noise augments the uncertainty. Meanwhile, the redundancy of desirable codes can
become a way to reduce entropy. In this regard, even though the redundancy has to
be augmented for errorless information delivery, it may decrease the amount of
information. On the other hand, the accumulation of entropy owing to noise may
make a volume of information grow effectively under the same error control capacity.
Therefore, in the view of generative art, the amount of noise might be crucial to
secure diversity and complexity, because generative art seeks unpredictable selfpeculiarity under the basic rules.
3.3 Mutation in Bio Information
If we look into Galanter's complexity graph in the same context of Shannon's entropy
function, we can infer the way to keep high complexity in genetic systems. Genetic
information flows via transcription and translation as well as DNA replication.
Information in cells passes from DNA to proteins as well as RNA. That is the Central
Dogma of molecular biology. Shannon's information theory seems to be applied to
the Central Dogma properly. Genes contain their information as a specific sequence
of nucleotides in DNA molecules. Only four different bases are used in DNA: guanine,
adenine, thymine and cytosine (G, A, T, and C). They are similar to quaternary
numeral system codes. But we can think about them more simply. If each base has
an allocation of 2 bits, four nitrogenous bases can be also substituted for 00, 11, 01,
and 10. Furthermore, we can apply DNA double helix to the binary entropy function,
using Erwin Chargaff's rules that DNA has a 1:1 combination ratio of Purine and
Pyrimidine bases (Fig. 4). The complementary base pairing can be replaced with the
binary numeral system, because the amount of G is equal to C’s and the amount of
A is equal to T’s in the two strands of DNA. [6, 7]



Fig. 4 - DNA base pair binding
Now we can get a meaningful result from the graph of Shannon entropy. If the
number of A and T bases and the number of G and C bases are equal in human
DNA molecules, the amount of entropy and information would be the biggest on the
graph, because the same occurrence probability as p=0.5, q=0.5 indicates the
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highest value of the graph. However, according to the Chargaff’s rules, the four
nitrogenous bases are present in these percentages: A=T30% and G=C20%.
Applying this to the graph of Shannon entropy, we can get the high enough entropy
value which is corresponded to p=0.6, q=0.4. But comparing with the highest entropy
value which is corresponded to p=0.5, q=0.5, we need to consider the reason why
human DNA base pairs are not composed by the proportion that can have an
extreme high entropy value. The clue can be found out in a mutation.
In the late 19th century, a mutation was used to indicate a rare genetic freak found in
Evening primrose by a Holland geneticist Hugo de Vries. It means a change in
genetic information of a cell. Generally in biology, mutations are responsible for the
huge diversity of genes found among organisms, because mutations are the ultimate
source of new genes. Different versions of any given gene within a species of
organism are known as alleles. Differences among alleles cover a broad spectrum
ranging from those that are relatively innocuous to those that have very dramatic
consequences. Change in the relative frequencies of these different alleles is the
essence of evolution. New alleles arise from mutations occurring to an existing allele
within a single member of a population. Therefore, the biological diversity is the
diversity of the primary structure of DNA in essence, and its changes mainly depend
on the mutation. The entropy is the best measurement for the biological diversity.
Mutations can not only contribute to evolution by generating new factors, but also
become a factor that increases the biological diversity. [7, 10]
Chargaff's rules reveal a problem of composition ratio in human DNA base pairs,
compared to the maximum entropy probability distribution of Shannon entropy.
Redundancy in the genetic code, however, has different influences on entropy. As
redundancy is used to deliver information effectively in Shannon's information theory,
redundancy is also used to translate genetic information effectively in the Central
Dogma of molecular biology. RNA is made from DNA molecules during the
transcription. There is 1:1 correspondence between the nucleotides used to make
RNA (G, A, U, and C: “U” is uracil) and the nucleotide sequences in DNA (G, A, T,
and C). Next, proteins are made from the information content of RNA molecules as
they are translated by ribosomes. During the translation, ribosomes use a triplet code
in order to translate the information in RNA into the amino acid sequence of proteins.
Each group of three nucleotides in RNA is called a codon, and corresponds to a
specific amino acid. Thus, there are 64 possible combinations (4×4×4=64) made
from 4 different bases (G, A, U, and C) in RNA. However, despite 64 different
codons, there are only twenty amino acids. It is the redundancy in the genetic code,
because one amino acid can correspond to several codons. For example, glutamic
acid is specified by both codons GAA and GAG.
The redundancy in the genetic code can decrease the entropy within a cell, in order
to communicate clearly, using a lot of information produced by simple quaternary
numeral system codes. On the other hand, as Shannon's information theory shows,
it is effective to increase the information capacity owing to noise under the same
ability to control errors. In the same context, biology including the evolutionary theory
shows that it may be effective to expand the capacity of the uncertain information
such as mutations. The uncertainty due to mutations can create the biological
complexity in keeping with the certainty due to redundancy.
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We could connect the high complexity of genetic systems with the generative
approach Soddu has identified. The high complexity and unpredictable selfpeculiarity obtained under the basic rules can be related to the selections exploding
the artist/designer identity. Furthermore, if we can expand the biological complexity
into the aesthetic dimension, we could suggest several clues for interdisciplinary
research including art, information theory and biology. [1]

4. Genetic Aesthetics: Generative Aesthetics of Bio Information
4.1 The Projects of Generative Aesthetics
Evolution as the core theme of biology accounts for the unity and diversity of life, and
then proves how the genetic information expresses the duality of life’s unity and
diversity. Among them, mutations hold a key position in the huge diversity of genes.
In the exploration of the aesthetic value within generative art, it is necessary to
discuss mutations and its corresponding noise, because the information theory has
already been discussed enough in the range of aesthetics. The discussion has been
called The Projects of Generative Aesthetics.
In The Projects of Generative Aesthetics, Max Bense noted that “generative
aesthetics implies a combination of all operations, rules and theorems which can be
used to create aesthetic states.” The system of generative aesthetics aims at a
numerical and operational description of characteristics of aesthetic structures which
can be realized in a lot of material elements. Aesthetic structures contain aesthetic
information only in so far as they manifest innovations. The aim of generative
aesthetics is the artificial production of probabilities, differing from the norm using
theorems and programs. It is connected with the aim of evolution that intends to
obtain the possibilities of innovation, securing diversity within unity. [11]
4.2 Generative Aesthetics in Molecular Biology
Bense's view reveals the potential to connect the generative aesthetic processes
with the results of biology which considers evolution as the core theme. He extended
the meaning of generative aesthetics to aesthetics of production. It made possible
the methodical production of aesthetic states. It helps the generative aesthetic
processes to be connected with the results of molecular biology’s Central Dogma.
We can survive by dint of the results of replications and deliveries of genetic codes
produced by specific rules and operations. In particular, DNA is well suited for
biological information storage. Both strands of the double-stranded structure store
the same biological information. Biological information is replicated as the two
strands are separated. The two strands of DNA run in opposite directions to each
other and are therefore anti-parallel. Within cells, DNA is organized into long
structures called chromosomes. DNA can be twisted like a rope in a process called
DNA supercoiling. Folding and coiling by specific operations transform a DNA double
helix into a chromosome. Here, each chromosome shows the aesthetic states that
have self-peculiarity despite their similar shapes (Fig. 5). Each homologous pair has
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the same shape by sharing the corresponding genes. Meanwhile, their subtle
different shapes among chromosomes are caused by different inserted genes. Their
different shapes and formations eventually affect their different functions. It is closely
connected with the methodical production of aesthetic states. The results reflect both
unity and diversity derived from rule-based steps and specific operations.

Fig. 5 - Human metaphase chromosomes
Proteins are large biological molecules which perform a vast array of functions within
living organisms. A linear chain of amino acid residues is called a polypeptide. It
refers to the primary structure. A protein contains at least one long polypeptide. It
has directionality like DNA supercoiling. Specific operations help the primary
structure to be folded and combined in order to form the secondary and tertiary
structure. The last structure is referred to as the quaternary structure such as an
active enzyme composed of two or more protein chains. Quaternary structure is the
three-dimensional structure of a multi-subunit protein. Proteins create not only the
basic aesthetic state of the primary structure but also various aesthetic states of the
secondary, tertiary, and quaternary structure by specific operations (Fig. 6). They
also show aesthetic states that have self-peculiarity. The folding and combining
processes include a number of distinct and separate steps. The results imply both
unity derived from rule-based steps and diversity caused by individual specific
operations.

Fig. 6 - Levels of protein structure
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The remarkable point here is that the structural figures of chromosomes and proteins
represent high complexity formed by local interactions of small components,
autonomic self-organization, and emergence. This is analogous to the ultimate
aesthetic state that generative art concludes through complex systems. Therefore,
bio information can not only be involved in creating material components such as
DNA or amino acid as well as physical aggregations such as chromosomes or
proteins, but also implies a combination of all operations, rules and theorems which
can be used to produce unique distributions and configurations. This view meets
Bense’s generative aesthetic point of view. That is, bio information’s self-peculiarity,
represented by obtaining the autonomy and singularity under the basic rules,
satisfies generative aesthetic aims. These aesthetic states, exposed by a
combination of all operations, rules and theorems, help us understand why a genetic
system can be considered as a highly complex state.
We can now review the relativity of generative art system to bio information by
utilizing generative aesthetics. As seen in the organized table1 below, our main
themes are divided into two parts, the macroscopic dimension and the microscopic
dimension. The dynamic entanglement of two dimensions infuses life into three
themes of generative aesthetics, complex systems and bio information. Genetic
aesthetics begins from putting genetic systems on it.
Table 1 - Contents of two dimensions in generative aesthetics, complex systems,
and bio information
Macroscopic dimension

Microscopic dimension

Generative Aesthetics

rules and theorems

operations of agents

Complex System

basic rules

interaction, self-organization, emergence

Bio Information

central dogma

operations of material components

4.3 Genetic Aesthetics
Bense said that “the aim of generative aesthetics is the artificial production of
probabilities of innovation or deviation from the norm.” Here, ‘probabilities of
innovation or deviation’ is considered as an important point. We need to ask whether
the complexity of a genetic system can be completely described by only interaction,
self-organization and emergence or not. As shown in the figure below (Fig. 7), 2346
proteins (marked dots) and their interactive networks (connected lines) in a
drosophila (a fruit fly) cell make the complexity come into sight. In fact, even if the
content of this picture is complex enough to have difficulty in identifying respective
dots and lines, this complexity just comes from a set of operations within the huge
database. In other words, there is no specific factor to produce probabilities of
innovation or deviation in this picture. [11, 7]
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Fig. 7 - A protein interaction map of drosophila
A mutation is the possible factor which can solve that problem. It may be regarded as
the element which can lead to super high complexity. We have already confirmed
that some degree of noise under the same ability to control errors can bring about
the effective increase of the information capacity. We have also thought that from the
mixture of Chargaff's rules and Shannon's binary entropy function, the lack beside
the highest entropy value could be an empty seat to accommodate other information
like a mutation. A mutation eventually might be a factor to produce probabilities of
innovation or deviation under the well-knit database of bio information.
Eduardo Kac has utilized such characteristics of mutation in his artworks. Genesis,
produced in 1999, is a transgenic artwork that explores the intricate relationship
between biology, information technology, dialogical interaction, and the Internet. It
includes a synthetic gene that was created by translating a sentence from the biblical
book of Genesis into Morse code and converting the Morse code into DNA base
pairs according to a conversion principle developed specifically for this work. The
Genesis gene was incorporated into bacteria, which were shown in the gallery.
Participants on the web could turn on an ultraviolet light in the gallery, causing
biological mutations in the bacteria. After the show, the DNA of the bacteria was
translated back into Morse code, and then back into English. The mutation that
occurred in the DNA had changed the original sentence from the Bible. In the context
of the work, a mutation is a factor to cause innovation or deviation under the
database of bio information. [12]
Here, a specific process that can lie beyond the artist's intuition can be derived from
a specific factor such as a mutation. Thus, the biological aesthetic states created
from the specific process might accord with the aim of generative aesthetics,
because they embrace the deviation as well as the norm. The aim of generative
aesthetics can be similar to an information system which expansively accepts noise
under the same ability to control errors, and to a genetic system which expansively
accepts a mutation in order to arrive at the super high complexity. Here is the real
reason why genetic systems can be located at the very peak of the complexity graph.
Therefore, genetic aesthetics does not only show the form of the highest complexity
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that computer-based generative art desires to express, but also present the best
method for arriving at optimum combination of unity and diversity.
A potential factor such as a mutation now can be added to the microscopic
dimension of the previous table, and then provides a clue that can connect
generative aesthetics to genetic aesthetics. Aesthetics of Richard Shusterman as
well as Bense’s generative aesthetics inspired us to establish genetic aesthetics.
Shusterman suggested that the complex cluster of disciplines devoted to bodily
beauty and the art of living be today’s aesthetic alternative for the ends of art
because the end of modernity’s artistic monopoly could augur some vibrant new
beginnings for different forms of art. [13]
As Shusterman considered the human body as an essential in the art of living, we
can connect the gene expression to the fundamental aesthetic states of our body
and living. In the context of the vibrant aesthetic alternative, the collaboration project
Metallic Genesis currently ongoing reflects the gist of genetic aesthetics. Even
though Kac utilized the characteristic of a mutation in his work Genesis, it did not
have the morphological concept of aesthetic object related to a mutation. Meanwhile,
in Metallic Genesis, the sculpture suggestive of human body shows complexity
including the characteristic of a mutation. Furthermore, while Genesis expressed the
characteristic of a mutation through external participant involvement, Metallic
Genesis reflects it by using internal residual energies. In fact, Metallic Genesis is
derived from the biomorphic art Metallic Communication ้ created by Eunju Han in
2012 (Fig. 8).



Fig. 8 - Metallic Communication ้
Fine copper wires and shape memory alloys utilized as its formative material play
roles to bring the artwork to life by providing electronic energy. The state entangled
by copper wires and shape memory alloys are taken to Metallic Genesis. It looks like
a chromosome formation made by DNA coiling. In the flow of electronic energy, a
conversion principle developed specifically for this work can help the specific human
DNA sequences to be converted into Morse codes. The converted Morse codes
control directly the flow of energy and affect the physical movement of the sculpture.
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Then, when the power supply is cut off, the overall shape can be unpredictably
changed by memory effect and elasticity of shape memory alloy only using internal
residual energies. It is the genetic aesthetic form which reflects an unpredicted
element such as a mutation under the database of bio information.
Therefore, in the genetic aesthetic point of view, we can separate out the specific
aesthetic object such as the expression of genetic information, and connect with our
living by observing them and leading to aesthetic experiences. As a result, genetic
aesthetics can be referred to as the innovative combination of bio information and
complex system within generative aesthetics. We need to recognize the potential of
genetic aesthetics, because it might offer a convincing explanation for dynamic
entanglement of our lives.

5. Conclusion
The recent argument over junk DNA shows clearly what the discovery of new values
means. The term junk DNA means the portion of a mammal genome sequence
which no discernible function has been identified for. This seemed to be
presumptively proven in 2000 through the Human Genome Project. The project
announced that a significant portion of human genomes accounts for only a very
small fraction (1.5%) and the rest (98.5%) is associated with junk DNA. However, the
results of the ENCODE project, which was published in Nature in 2012, rediscovered
junk DNA as some degree of functional elements. In fact, we should be alert to the
possibility of making over-interpretation about the meaning and function of junk DNA,
because this part is still an unknown world under the current technologies of genetic
engineering. Nevertheless, the rash conclusion such as junk DNA might often occur
around us, because we have a narrow sight and knowledge. [14]
In the future, due to the expansion of acceptable range, we might discover the secret
of super high complexity created by an optimum mixture of unity and diversity. Even
if it has not yet been revealed in fields of science and technology, it might be always
the goal and object of art. Thus, it is natural that generative art aims at high
complexity created by an optimum combination of a rule and autonomy. It does not
simply focus on how it copies a genetic system, but how it creates the aesthetic
states by comprehending noise and mutation. This view shares Bense’s context. The
aesthetic structure has a specific meaning only by showing innovation which does
not imply the fixed reality but the probable reality, and thus the guiding motif of
generative aesthetics is to yield probabilities deviated from the norm through
theorems or programs. Here, yielding probabilities deviated from the norm might be
connected to the view of Soddu and Colabella. As they mentioned in the last
conference, the most important reason why we approach art using the generative
way is in the relationship between the generative approach and the human creativity.
When the artist creates a generative dynamic artwork able to generate variation, he
is able too to create a representation of his own idea. It entails the acceptance of
mutations as well as the processes including interaction, self-organization and
emergence. Thus, bio information is worthy of generative art by itself, and then being
involved in generative aesthetics, it can evolve into genetic aesthetics. [15]
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Abstract
This paper discusses the effect of generative concepts on the planning, execution,
documentation, and interpretation of my recent series of three-dimensional
sculptures. My intent was to build systems that had both cyclic and open-ended
processes from which there is no combination of fundamental design or surface
evidence that traditionally identifies an object as precursor or final product.
Metal, plaster, rubber, clay, and other commonplace sculptural materials are
categorized as points on a set of continuums including rigid-flexible, absorbentwaterproof, opaque-transparent, buoyant-dense, and so on. Based on these intrinsic
qualities, I build systems that manage constraints and define and implement rulesets to regulate the order of interactions. Despite the limited use of virtual
technologies, the results of these physical activities can be compared to
computational and iterative processes including Boolean operations, graphical user
interface tools such as fill and skew, programming structures such as loops, random
number generators, and geometric identities.
Additionally, my intent was to allow any transformation to initiate or conclude another
process. Observable “links” to preceding or successive iterations may be perceptible,
but traditional notions of completeness or progress towards a particular state are
discarded. The physical constraints in these systems inform a discussion of
successes and failures encountered during the building of processes that respond to
these requirements.
Of particular interest is the way in which plaster, metal, clay, and rubber are used
over a series of transformations that demonstrate recursive structures, variations in
high- and low-fidelity data compression, and distortion.
Documenting ongoing systems that have one or more real-time unfolding aspects
and one or more physically durable artifacts raises philosophical issues as well as
practical ones. The paper examines the implications of documentation through still
images and time-dependent mediums.
The paper concludes with a brief discussion of how the classification systems and
transformational rules could inform future work.
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Overall Objective
This paper describes sculptures and imagery that emerged from generative
fabrication processes developed between January and November 2014. The overall
objective of this work has been to achieve diversity over the course of iterations by
adding or removing subdivisions. Having learned traditional mold-making techniques
in which containment fields are blocked off one section at a time in a worthy but timeconsuming process, a faster means was sought to make plaster objects fit closely
together without cutting. The traditional means of using metal shims to divide a soft
clay original into a short wall for plaster to rest against led to the insight that perhaps
the role could go entirely to the metal shims or to thin partitions in general. The
response was devise ways to assemble a certain set of rigid objects to contain
and/or subdivide a material in its fluid phase, then disassemble that set of objects
from the system after the liquid reaches its solid phase.
An additional objective was that the parts be modular and repositionable among
themselves. With a small number of materials and completely quantifiable
parameters, they define a great variety of spaces, allocate material to those spaces,
group or subdivide that material, and create objects which are completely repeatable
or widely variable. In so doing, the physical materials manipulated here mimic or
embody aspects of Boolean logical operators and familiar aspects of digital interface
tools. The generative aspect of the processes refer to what aspects of the system
can be quantified and varied, and the degree to which that potential is expressed, if
at all.
Result: Partition Cycle--Styles One through Six
The generative fabrication processes are identified by six styles, presented in an
order that demonstrates progressively complex changes in construction rules. It will
be seen that each material may take on the role of form-giver or thing formed, often
displaying distinctly different qualities across the sculptures and photographs that
emerge during the many constructing, assembling, and disassembling processes.
The set of objects or materials that creates subdivisions is called a mesh, regardless
of the differences of material.
Means
The straightforward choice was to use plaster and liquid clay slurry, both of which
have fluid and rigid modes and which release from each other easily. This releasing
quality has been used for centuries all over the world, but adding the thin partition
concept, embodied here by thin metal sheet, rubber latex sheet, and brushed clay
slurry, allows the creation of an unprecedented diversity of objects. The thin partition
arrangement allows many close-fitting parts to be made in situ from one or perhaps
several batches of liquid material. The resulting separated shapes can then be
reused as containments for further processes in many combinations.
Notably, these processes can both increase or reduce complexity with equal ease,
by installing a greater or lesser number of partitions into a containment space. The
six styles differ in part because, with the appropriate separator, each material
explored here can function either as "tool" (thing-former) or "content" (thing formed).
Moreover, since the waterproof separators are all reversible, it enables an absorbent
material to be waterproof for a certain period of time in order to form new materials.
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The separation apparatuses involved often take on qualities of generative art as
much as the filling materials do.

Introduction to materials
The materials used in this series are commonly available, simple to use and modify,
and combine easily with each other. Basic information on materials and processes
that are not germane to the manipulations in this series can be found in the
voluminous literature available elsewhere. Notably, plaster use for statuary and
mold-making, and clay use for absorption casting represent a vastly interesting and
complicated subject. But since only one type each of plaster and clay slip is
completely sufficient for these systems, I only describe the quantifiable aspects that
are allowed to vary that have direct "generative" bearing on the results.
Plaster
This series involves plaster as material that is at first a liquid that flows, then
gradually gels, and finally hardens. When it first hardens, plaster is completely
saturated with the water used in mixing, and over approximately 2-3 days, the water
completely evaporates, leaving a rocklike absorbent material. These systems exploit
the fact that a plaster object is absorbent, is rigid, is not too brittle (but can be made
to fracture), and allows for easy subtraction of material by standard means.
Moreover, its unsurpassed ability to capture and retain detail is exploited by leaving
many of the marks it takes on during casting.
The current procedural constraints do not allow sawing of plaster objects into pieces;
however, breaking a single plaster object into more than one piece is allowed
because the fracture plane is an attractive separation surface that otherwise can't be
sculpted. Since plaster's ability to capture detail is so complete, nearly all process
marks are left alone, but constraints do allow for the shaving down of slightly rough
surfaces that were intended to be flat.
A meaningful variable that affects plaster's shape is the short window of time after it
is a completely mixed liquid, but before it completely hardens. Quantifying and
allowing this time variable to change affects future processes dramatically. The most
common use for this frosting-like, gelling state is that it allows for partitions to be
pushed into plaster and immediately held there by the plaster with an absolute
minimum of disturbance to the surrounding surface.
The implications for generative processes is that as mixing time changes from
standard duration of about 5 minutes to longer than that, the gel window starts
sooner and sets up faster, leaving less time for liquid- or gel-specific events. For
example, larger or more convoluted areas that need to be filled with freely flowing
liquid plaster might be completely covered or might not be covered, which we see in
Style No. 6. A great number of partitions that need to be positioned might not all
drive in easily or only do so with evidence of disturbance, as we see in Style No. 4, in
which a certain number of metal parts that must be arranged--often
improvisationally--within the 2 minutes the single plaster layer is still gelling. If that
gel should set up sooner than all partitions are in place, will the fewer number of
partitions affect the layer favorably?
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The standard recipe of plaster is completely sufficient as absorptive material for clay
slurry. Additionally, there are instances in the Partition Cycle in which new plaster is
cast against old plaster. In traditional processes, a waterproofing agent is applied
between old and new plaster to prevent chemical bonding. This sealant is generally
considered irreversible, meaning that clay slip will no longer cling to and build up
against the waterproofed surface.
Since the goal of these systems is to be more open-ended than that, a different
method was needed. After the thin layers of spilled slip that often happen when
emptying the mold were seen to peel off cleanly, it was an indication that the same
thin release could be used deliberately. Applying a very thin coat of clay slip to old
plaster proved the best choice for enabling new plaster to release cleanly.
Afterwards, the thin, detail-preserving clay slip film used as separator can be cleaned
off completely. Establishing plaster's binary and reversible role either as a surface to
be sealed to itself or absorbent to clay slip is a key element of these discoveries.
Clay Slip (Slurry)
The standard usage of specially prepared liquid clay is that it builds up a structurally
sound 2-5mm shell when it fills a containment area made of absorbent surfaces like
plaster or other clay. The greater the length of time the liquid dwells in the
containment area, the thicker the coating on all surfaces becomes. Draining the
excess material stops the thickening process, and starts the drying and shrinking
process until the casting is stable enough to release itself from the mold. The outside
surface of the clay casting takes an exact impression (negative) of the mold surface,
while the inside of the clay casting exhibits a somewhat rounded surface where the
clay built up in the narrow spaces that inhibited complete draining. When both
surfaces are visible as in several of the Styles, the comparison between the two is
appealing.
It is worth clarifying here that these systems are designed to have clay slip function
at a very wide range of thicknesses. In separator mode, clay slip is applied as thinly
as possible, approximately 0.2mm-0.5mm thick, used between old and new plaster.
Conveniently brushable, the separator coat can be applied by hand. But perhaps
more useful is the fact that clay slip can be poured into very complex inaccessible
surfaces and drained immediately. In structural mode, clay slip is built up to a
standard thickness of approximately 2-3mm, appropriate for ceramic objects
intended to hold their own shape. In "erosion filter" mode, clay slip is left to dwell for
up to 30 minutes to really obscure its own interior details with a wall as much as
4mm thick. Thickness growth slows down as the wall gets thicker, even when excess
liquid clay still dwells in the mold. Programming that specifies times greater than
approximately 20 minutes does not appreciably affect thickness. (The effects of
leaving all the liquid clay in the mold without draining are not discussed in this
paper.)
Generally the only thickness of clay slip wall that is intended to survive as a baked
object is the structural coat. Timing of the dwell can run short or long, which might or
might not build a shell at an appropriate thickness for its intended function. In this
way, like plaster, which has more than one role depending on manipulation of the
materials around it, clay slip can function as a separator, a structure, or a filter.
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Another quantifiable and potentially meaningful aspect of using clay slip is fact that it
can be colored beforehand. In some cases, as in the combination casting from
Styles Nos. 2 and 3, different colors act as visual cues that separate events have
taken place in time, using color to identify an event that might otherwise have gone
unnoticed because no textual or structural evidence can be seen.
Future developments regarding clay slip usage
An obvious but unexplored generative aspect of using clay slip for baked objects is
the fact that its approximately 20% shrinkage after baking is a form of "data filter"
that can be used without computation for feedback loops. A baked clay structure can
be brought back into the mesh creation stage and its shrinkage accommodated. In
addition to shrinkage, baked clay objects may exhibit some shape distortion from
unavoidable or deliberately induced warping. If the object is used in further
processes, this distortion is analogous to a shape filter in digital systems.
Aluminum sheet
Commercially available aluminum metal flashing is thin, waterproof, easily cut, and
bendable. It is reusable depending on what was used to connect pieces together and
whether dismantling it after use went smoothly. Conveniently, it can be scored and
snapped into pieces with minimum of effort and maximum accuracy. Because cutting
with scissors or guillotine invariably bent the metal, cutting curves from flat metal was
not explored in this series. (Bending curves was explored, however, in Style No. 4.)
In this generative aspect, it provides very close tolerance between plaster objects
when plaster is on both sides of the metal. Extending the traditional use of metal
sheet to separate mold sections when plaster is used, metal thinness created an
equally thin gap between flows of liquid plaster that was leakless when properly
reassembled before use with plaster or slip.
A quantifiable and meaningful generative aspect to using metal shims is that
connectives vary and each contributes to information captured by the plaster flowed
into it: tape and magnets used to join pieces leave surface/process information. If
care is taken not to distort the metal, another generative aspect is that a set of metal
pieces can be reused in different arrangements, leading to an underlying consistency
of form. In Style No. 4, the same set of a dozen or so separator glyphs were sunk
into gelling plaster and rearranged every time a new layer had to be cast. Though
the patterns were different, there was an unmistakable design resemblance among
overall patterns.
Rubber latex
Commercially available rubber latex sheeting at a thickness of .03mm serves
perfectly well as a thin separator for plaster that is flexible, waterproof, reusable, and
easily measured and cut. Since it is never absorbent, it has no use in these systems
as a separator for clay slip. Making connections among separate pieces of latex is
easily accomplished with double-stick tape if tensions are not too great and the width
of the tape can be exploited or ignored, and with rubber cement when the
connections need to withstand greater tensions. Double-stick tape was sufficient to
hold up under the tensions involved in Style No. 5. The generative aspect of using
latex as a mesh is that while the mesh components might be very accurately
measured and assembled, during use the resulting mesh varies considerably based
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on what forces act upon it before and during use. Moreover, because the rubber
mesh can move during the flow of plaster, varying the starting location and number
of pours has great impact on the resulting objects.
Foam core
At a thickness of 3-5mm, commercially available foam core is lightweight, easily cut,
somewhat rigid even when thin, and somewhat reusable depending on whether it
gets bent or wet and whether its deterioration can be exploited. While foam core can
be sealed with brushable coatings like shellac or paint, it is slower to execute, and,
other options are preferable.
Various plastic packaging tapes and water-resistant edging tapes were used to
waterproof the foam core partitions because of two additional attributes those
materials contribute. The waterproofed panels became miniature abstract paintings
in themselves from the color, translucency, and direction of the tape application.
Moreover, the thickness and surface qualities changed subtly, definitively captured
by the plaster that was poured against it. A great many distinctive patterns can be
executed by means of the tapes, which in turn would have graphic validity in
themselves, or transfer their textures to plaster objects. Moreover, since the panels
themselves can be joined at any point, the tape/noise patterns are interrupted and
collaged anytime two panels are combined in a different way.
Several other generative aspects emerge from tape-waterproofed foam core. From a
graphic standpoint, the texture imparted to the plaster surfaces can be a target site
for other events, such surface decoration. The tapes may not release plaster in the
same way, causing bits of plaster to adhere to the panels on disassembly, leaving
physical chunks that can be resealed and incorporated as "noisy" data in the next
iteration.
Structurally, foam core as a mesh element is by far thicker than the other materials in
use, providing a 3-6 millimeter gap between plaster pieces. This is more than
enough room for liquid clay slip to flow and be structurally sound enough to survive
unmolding, which, incidentally, is the only way in these systems a clay wall could be
created from plaster mold pieces in their original positions. Alternately, the narrow
gap within the plaster mass provides easy access for leverage to pry open the mass
and crack it somewhere, using that violent act as a secondary form of separation.
Regrettably, though the tape-waterproofed foam core is in theory reusable, the
complications of building Style No. 6 were of great value to improvisational nature of
casting plaster, but bad news for recovering and saving the mesh. Fortunately, many
interesting pictures were taken of that mesh, and it provided generative material all
by itself. Future attempts at making such labor-intensive, information-rich meshes
reusable are likely to be more successful.

Operational concepts
Throughout the entire Partition Cycle, various operational concepts governed
choices of shapes and guided priorities of timing. Several major topics, discussed
below, define the narrower set of options these systems operate in than those of
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more generalized sculptural processes involving these materials.
Draft angle
As will be familiar to those exposed to a wide range of manufacturing and molding
practices, for two rigid objects that meet exactly that are required to move apart
without breakage, all shared surfaces must be visible along the direction of
movement. Much literature exists explaining the pragmatic and ingenious solutions
this requirement has inspired. All the separators and rigid objects in this Cycle satisfy
the requirement of positive (releasable) draft angle. For example, in Style No. 4, all
the "puzzle" pieces slide sideways away from each other because when the missing
ones are cast in clay or plaster, it is likely that there is only one direction of
unmolding. Systems that allow locked-in pieces, while fascinating, are not addressed
in this cycle.
Computational analogs
Many aspects of the systems described in this Cycle rely on materials that can be
quantified by shape or volume, and processes that can be quantified by time,
location, or rate. The variety of objects created and used throughout the Styles have
computational analogs in virtual processes common to 3D modeling and
mathematical logic. The following list of concepts will be familiar to anyone
comfortable with digital design environments and programming languages: FLIP,
SKIP, SLIDE, CONCATENATE, STRING, ROTATE, GROUP/UNGROUP, UNION,
SUBDIVIDE, FILL, SKEW, BLUR, SHRINK, INTERSECT, ADD/REDUCE NOISE,
SELECT.
Some of these concepts are mentioned in the description of the styles where
noteworthy. Conceptualizing these early demonstrations in this way, future work in
these Styles can easily progress not simply from an intuitive ordering of events, but
also from a kind of pseudo-code or program that drives events, limits options, and
results in a "render" or some manifestation of the command-implementation cycle.
Intuitive input
The Styles vary considerably in appearance, but the level of choice involved in
changing features of mesh creation was based more on intuition than on rigorous
method. As each style is described, it is often noted what future recommendations
could be made to the generative aspect of the existing Style. The next Style is
described in terms of what it addresses from the previous one.
Conservation
In some styles, an aspect of the partition is conserved, or in other words, limited in
how much it varies. Most meshes made of metal sheet that are used in the Styles
have some basic dimension equal to the size of the original sheet. The height of the
mesh in Style No. 2 is conserved so that other variables can be made important. In
Style No. 4, the same metal "glyphs" are repeatedly used in different combinations.
Obviously, no such restrictions need occur. Think on how different the configurations
of metal mesh would be in Style No. 3 would be if the number of prefabricated
triangles could be chosen from 5 to 100.
Similarly, the quantity of material for filling might be conserved. Style No. 4, for
example, features plaster layers of consistent thickness because the containment
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does not change shape, the same amount of plaster is mixed (conserved), and the
metal pieces that sink are of negligible volume. But what if the metal shims were
replaced with the thicker foam core partitions? The displacement could become quite
noticeable from one layer to the next. Similarly, what might have happened in the
case of Style No. 1 if the plaster poured for the layers had been conserved. (It
wasn't.) As the same amount of plaster is poured between the consistent
containment field around a form that becomes smaller, the resulting plaster layer
becomes thinner and thinner. In this way, the thickness of that layer is not arbitrary,
but conceptually and physically directly indicative of the form it buried. Many aspects
of future Cycles will exploit such events that arise from conserved materials.
By recognizing the implications of conserving materials or operations, these physical
systems acquire more attributes that define recognizable styles of object. Further
variation will emerge from similar systems not just from my intuitive approach, but
also when combined with further refinements to how conserved resources are used.

Style Descriptions and Documentary Photographs
The following sections present an analysis of the Styles in terms of what was
accomplished and how its generative aspects were changed to continue this
exploratory Partition Cycle. The images were all taken by the author and represent
either the interesting graphic presentation of an apparatus, or documentation of
some installation or "still life" aspect of the objects generated. Note that it is well
within the intent of this Cycle that objects function both as "tools" and as "content,"
and so the photographs of the process are included as well.

Style No. 1
Foam core original, pyramid vase type.
x Object design exists first.
x Plaster mold cast around it in standard box former not intended to be
interesting.
x Generative qualities emerge from fact that form is buried in many thin layers
that separate. The result is that layers can be used in many combinations for
different profile, all but the most extreme "slide" variations are still leakless.
x Appealing concept is that if the twelve layers are divided up into more than
one group, and all are used, family resemblance among objects cast is easy
to see.
x Refinement needed: Why build original in the first place?
x Refinement needed: Why have such bland exterior shape (mold only does
one thing)?
x Refinement needed: Mold pieces cannot easily be used in rotation or nonmesh defined spacings because outside is so bland.
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Images for Style #1

(1.1) Foam core original form with repositionable containment box in lowest position,
without plaster layers.
(1.2) Containment box moves upwards as plaster slices are poured until form is
completely covered in plaster layers

(1.3) Separated layers after hardening.
(1.4) Labeling on plaster layers indicating reordering variations "skip" and "flip."
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(1.5) Castings depicting (l-r) "flip," "skip," next to complete set in original order.
(1.6) Interior of castings still in mold with "slide" variation.

(1.7) Unmolding in progress for casting with "flip," "skip," and "slide" variations. Note
split in each layer that solves draft angle problems.
(1.8) Unmolded castings when twelve layers of original mold are divided into two
groups ("skip") and reoriented ("flip" and "slide").

Style No. 2
Prism mold set
x Addresses blandness of exterior shape by being irregular, directly expressing
space-filling potential: perimeter has same character as contents.
x Very simple hinged metal strips as mesh; blue tape is compelling to me, also
textural. Tape need not span entire height, and gaps in tape could be used in
future for generative variation.
x Flat upper and lower surfaces invite combination with other sets. (See Style 2
atop Style 3 castings.)
x If flat panels of plaster are added to top and bottom, hollow castings can be
filled from any direction: any combination of contiguous objects, with any
being entry/drainage point for liquid clay.
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x
x
x
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Objects have non-mesh-defined arrangements as well, requiring minimum
leak-management.
Mesh arrangements used graphically in composited photographs.
Refinement needed: Need greater subdivision count, and outer surface of
containment shapes themselves is not accessible at all.
Refinement needed: What if mesh isn't flexible-strand type and needs
specific shapes?

Images for Style No. 2

(2.1) Various possible configurations of perimeter and subdivisions.
(2.2) Plaster poured into mesh.

(2.3) Partially disassembled plaster pieces from metal mesh, mold configuration
(foreground) fits together perfectly.
(2.4) Completed mold with all pieces.

(2.5) Missing pieces (left) and liquid clay forming shell drying in their place.
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Style No. 3
Triangle mold set
x Increases subdivision count, larger overall size, greater variety of convex
surfaces.
x Faster installation times by virtue of tape coverage improvement (only top and
bottom of metal partitions) with equally effective separation of plaster objects
but easier disassembly.
x Perimeter shape identical to some of the interior division shapes; moreover,
self-supporting units triangle "extrusions" are very strong.
x Mesh creation has prefabricated components like triangle prisms and flat
panels.
x Generative variations emerge from liquid-gel progression and friction of
smallest mesh shapes: dramatically lower fill-level surface inside smaller
triangles demonstrates that time increased during mesh installation.
x Ceramic development milestone: within that same set, clay walls poured in
two stages that fuse together (both same color, or different colors).
x Ceramic development milestone: used two different sets as stack to combine
molds in two layers, with three pour-fusing stages as more mold parts are
removed.
x Refinement needed: Some curves would be nice.
x Refinement needed: Maybe tape isn't required at all.
x Refinement needed: Rebuilding mesh seems tedious and metal panels are
distorted (which could be a good thing elsewhere).
Images for Style No. 3

(3.1) Triangle prism shapes for predetermined aspect of subdivisions.
(3.2) Perimeter containment box also triangle prism shape with prefabricated triangle
metal subdivisions arranged first.
(3.3) Disassembly of plaster pieces (side view) showing non-triangular straight
pieces added to increase subdivision count.

page # 216

XVII Generative Art Conference - GA2014

(3.4) Disassembled plaster objects showing the downward-dragging effects of
smaller-area partitions on what was originally level plaster.
(3.5) Example casting #1: Clay shell drying from example casting. Note thin section
upper left.
(3.6) As clay wall hardens, this first casting supports its own weight as some plaster
pieces are removed from containment area, creating new open spaces.

(3.7) Next set of open areas created for second casting filled to shorter level. Note
thicker wall on newly exposed (most absorbent) plaster surfaces, and thinner wall
fused to original wall (less absorbent).
(3.8) Fully unmolded casting showing higher wall of first pour and lower wall of
second pour.
(3.9) Detail of casting. Note details on clay surface left from tape originally used to
hold metal sheet together.
Images for Stacked Combination of Styles 2 and 3
A second casting event in Style 3 mold with Style 2 stacked on top.

(3.10) Missing pieces from Style 2 layered over missing pieces in Style 3.
(3.11) First pour of tan slip (seen as brown shiny liquid in photo).
(3.12) Drained and partially unmolded.
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(3.13) Second pour of white slip (seen as grey shiny liquid in photo) in newly
exposed containment.
(3.14) Drained and partially unmolded.
(3.15) Third pour of tan slip (seen as brown shiny liquid in photo).

(3.16) Entire casting shown partially unmolded.
(3.17) Completely unmolded object.

(3.18) Completely unmolded object in standing poses.
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Style No. 4
Puzzle Étude
x Prefabricated strips of metal as a set of "glyphs" with curves and straights.
x Conserved amount of plaster in standardized overall containment, yielding
regular layers/slices that can be stacked.
x Making use of 2-3 minute time constraint that liquid plaster becomes gel that
accepts weight of metal strips, but must improvise quickly.
x Shaving meniscus unevenness is minor and brings leak-management to
feasible minimum.
x Standardized surfaces on all six sides of plaster chunks allows leakless
abutting in all directions.
x With additional flat panel containments above and below, many more open
castings could result.
x Generative aspect: same "glyphs" are used as separators, the overall pattern
relates well visually to others also made from them.
x Separation of parts is fastest yet and metal pieces almost completely
unchanged.
x Ceramic development milestone: incredibly complex shapes still release from
mold because all draft (withdrawal) angles are monitored and locked-in
plaster chunks are rare.
x Graphic development milestone: while unmolding casting from plaster
chunks, very interesting forms emerge, used as graphic content.
x Conceptual development milestone: casting and separable plaster parts
thought of as abstract typography, resembling radical/stroke relationships of
meaning with modifications.
x Refinements needed: Reassembly of unmarked pieces very, very tedious.
Images for Style No. 4

(4.1) Metal strips in straight and curved pieces for pushing into gelling plaster (not
shown).
(4.2) Detail of metal subdivision being pushed downward into gelling plaster. Note
close fitting strips against edge and against each other.
(4.3) Fully hardened plaster with metal subdivisions.
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(4.4) Detail of disassembly. Note clean edges to complex shape.
(4.5) Minimal shaving on top surface of plaster layer ensures leakless stacking with
future layers.
(4.6) Disassembly views.

(4.7) Comparison of four layers, each made with the same set of drop-in partitions.
(4.8) Four layers with various central pieces removed, edges bound together, and
stacked into block. Reserved pieces shown at top.
(4.9) Comparison of viewing angles.

(4.10) Drained casting still wet
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(4.11) Views of unmolding (raised stance).
(4.12) Views of unmolding (right side up stance).
(4.13) Views of unmolding (bottom side up stance).

(4.14) Completely unmolded object (baked color is white).

(4.15) Abstracted views, close detail.
(4.16) Abstracted views, close detail.

Style No. 5
Latex 9-cell
x Actually made before all the rigid systems, but conceptually distinct and
evolved separately.
x Notion of partition grid starts with flat panels, but flexibility of mesh when
unfilled is made dramatically distorted when filled.
x Procedural milestone: multiple-plaster pour enables early plaster layers to act
as anchors to flexible material, which is distorted by creating more tension
than was in original system.
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Containment is a bit less interesting than the latex mesh it contains but the
technical means to make the outer containment out of latex under tension is
still in development.
Plaster shapes are the most variable, comparable to those from Style No. 6.
Refinement needed: What about horizontal subdivisions within cells defined
by meshes?
Refinement needed: What if design of mesh collapsed and deployed over
several uses?
Refinement needed: What if partitions contributed more to surface
information?

Images for Style No. 5

(5.1) Measured pieces of latex for flexible partitions.
(5.2) Mesh supported by containment box.

(5.3) Fill of first three minimally constrained cells, showing much distortion.
(5.4) Fill of middle row of cells, constrained by previous hardened plaster on one
side, and round clay shapes in adjacent still-empty cells on other side, and tape
(grey) pulling outward.
(5.5) Fill of last row of cells, similarly constrained as earlier row.

(5.6) Nine cells fully filled with plaster containment pieces around them, scraped
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level (bottom view).

(5.7) Dismantling of mesh revealing organic plaster objects formed by latex
distortions.
(5.8) 12-piece plaster mold from flexible latex mesh, partially disassembled.

(5.9) Largest possible form that results when all nine plaster pieces are removed
(shown in background).

(5.10) Form that results when plaster pieces 1,8,9 remain in mold, creating union of
pieces 2,3,4,5,6,7 (shown from bottom of mold)
(5.11) Form partially unmolded, side view. Plaster piece 1 (in hand), grey casting in
middle (grey) union of pieces 2-7, plaster pieces 8,9 on other side.
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(5.12) Comparison of two castings created from same mold, full form (foreground)
and partial form.
(5.13) Completely unmolded form created from "union" of pieces 2-7, showing
wrinkle details from inside of original nine latex cells.

Style No. 6
Massive geologic mesh with complex mesh
x Successful on several levels, but not pourable.
x Massive unliftable mold needs drainage platform (under development).
x Very noisy process with plaster amounts and gel times creating wandering
surfaces at end of pour.
x Mesh built up from layers of foamcore, metal, and tape while completely flat;
mesh cell shapes emerge only when parts are moved out of flat stowed
position.
x Operational milestone: thin clay slip as separator between old and new
plaster for subdivide again operation.
x Conceptual milestone: mesh parts not completely unfolded/deployed implies
that information "within" mesh contains can be "expressed" or "suppressed";
stowed mesh elements create void in plaster object set that will be used by all
neighboring arrangements. If identical mesh were constructed and deployed a
little farther, "new" information/chunks become available, partition number
increases.
x Clay slip used as separator among horizontal areas was completely
successful, required no anticipation of shape, and interesting patterns
emerged at disassembly when parts tore slip layer into abstract but
complementary patterns.
x Generative aspect that shapes which emerged from noisy process have
organic, almost geologic quality absent in all previous systems; pieces
themselves can be rearranged as sculpture.
x Graphic potential of mesh by itself is greatest among others discussed so far.
x Technical challenge not yet solved: using mesh for plaster was far more
destructive than anticipated, so mesh layers that used incrementally posed
meshes will have to wait.
x Technical challenge not yet solved: leak-management for such noisy,
broken-edged objects is beyond current ability to patch subtly.
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Images for Style No. 6

(6.1) Separator plates of foam core with tape and metal waterproofing.
(6.2) Individual plates are grouped into a stack with more tape.

(6.3) Concept included a mesh that was originally flat and can expand into
containment area.
(6.4) Exploring possible deployed arrangements.

(6.5) Pouring plaster into mesh in multiple batches.
(6.6) Detail of brushed clay slip separator for subdivisions not indicated by vertical
mesh walls.
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(6.7) Plaster pouring targets different areas of mesh, which fills them earlier. This
means subdivisions will be at various levels.
(6.8) Example of plaster gelling state slowing down flow.

(6.9) Example of metal shim (not shown) pushed into gelling plaster and then pulling
it back out when plaster has hardened enough not to close back up (seen here as
the thin dark lines). These divisions will not be part of later layers.
(6.10) Plaster has filled the mesh and weighs over 30 pounds.

(6.11) The containment box is pulled apart and disassembly begins.
(6.12) Stages of disassembly.
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(6.13) Complementary grey (clay slip) and white (plaster) designs from slip separator
layer.

(6.14) Representative stacks of objects generated.
(6.15) Arrangement of objects reminiscent of geology and architecture.

Creative concepts, moving forward
The systems under discussion explore generative concepts in a very hands-on
sculptural process. As these processes continue to unfold, a number of aspects
should receive attention.
Style No. 4 is an extremely interesting set of objects that combine elements of
abstract art and typography. Much thought will be given to the idea that the casting
might represent a radical, as in Chinese writing systems, and that the mold parts all
total represent the additional "strokes" that change the meaning. During the process
of unmolding, as fewer and fewer mold pieces remain in their original locations, the
object takes on more and more aspects of a changing set of graphics. The concept
is compelling that the casting plus some of its mold might be as much the object of
attention as is the casting by itself. Much effort will be put into having this concept
affect choices as far back as the metal drop-in pieces, to see whether the resulting
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assemblages can be photographed and rendered as abstract typography.
Style No. 5 is perhaps the most distinct of the meshes because of its extreme fluidity.
It will be difficult but interesting to bring some of the modularity of the other systems
into those with latex meshes.
The tool-versus-content duality should be used to inform decoration on the surfaces
of the plaster and ceramic objects, an application that has been conspicuously
avoided in this Cycle. It would be relatively easy to generate 2D artwork from
photographs of an arrangement, convert it to some imagery system like screenprinting, and decorate some surface with that imagery. Does the image represent
some aspect of that object's past? Its future? Or depict some entirely different Style?
In all styles in which plaster is the former for clay slip, it is tempting to switch the
roles. The thicker the casting, the more dramatically abstracted is the casting inner
surface compared to the mold inner surface. Usually ignored as irrelevant, this
interior form is actually very interesting because it represents a kind of "erosion filter"
that in digital systems requires computations. In future Partition series, when liquid
clay is left for long enough in the mold, the loss and distortion of information will likely
be remarkable.
The flow of information toward or away from "surface noise" should be more
pronounced in future systems. Iterations from one Style can magnify some minor
detail until it is larger than the object that created it in its "formation history." By
including a greater number of iterations into these Styles, these physical systems will
even more take on aspects of digitally produced generative art than has been seen
here.

Conclusion
These systems represent an achievement of planning over virtuosity of gesture. The
generative nature of these processes should indicate to anyone with tenacity and a
methodology that highly complex objects can be made. These objects can be
interpreted as tools for what they do, and can be interpreted as photographic subject
matter for what they look like. This open-ended, diversifying aspect aligns well with
the basic intent of generative art in digital and physical form.
From a procedural standpoint, these systems exploit the often conflicting concepts of
"flow" and "stasis." By combining these basic universal aspects in different
proportions, the variety of objects in this Partition Cycle might develop into larger,
meaningful, compelling collections of abstract objects. Perhaps, in so doing, these
systems might remind viewers of how a constant dynamic that exists between "flow"
and "stasis" can be beautiful while still being of uncertain outcome. These objects
have no beginning and no end, but transform a little or a lot at a time. How much of
this universe that inspires us is based on exactly those concepts?
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Abstract
One of the most used, but maybe most controversial, terms, when one refers to
generative art, is randomness.
In “Chance and Generativity” (GA 2008), chance (randomness) was examined
relatively to generative processes, and mainly considered along the huge possibilities
of combinatorics and the necessity of arbitrarily (and then randomly) choosing
among results, which are all, though not strictly identical, definitively similar.
Here we explore randomness with its links to order and disorder, and its capacity to
generate forms or structures.
First, one needs to objectively define those terms (randomness, disorder), along with
others like entropy, complexity, and confront their reality, which can be measured as
probabilities, to our perception of them. For instance, interacting randomness may
lead to something which seems more ordered, though actually it is not (cf Jennifer
Galanis and Martin Ehler, “Disorder disguised as Order”, GA 2011). This topics can
be illustrated in many ways.
Those illustrations of randomness comprise constrained packings (of rods, circles,
…, which must not overlap) and the more or less ordered structures they generate,
according to the rules one gives oneself in the packing.
Some rules may be interpreted as behaviours. Then we can see how more or less
random behaviours (erratic walk especially) may paradoxically generate forms that
are ordered at some level.
All those experiments illustrate phenomena like emergence, spontaneous patterns,
crystallisation, and so on, and let us think about the links between nature, science,
and art.

page # 230

XVII Generative Art Conference - GA2014

Introduction
According to wikipedia, “randomness means lack of pattern or predictability in
events. Randomness suggests a non-order or non-coherence in a sequence of
symbols or steps, such that there is no intelligible pattern or combination.” [1]
Randomness may apply to very different situations, and we will not discuss it
abstractly, but in a defined context: some configuration of some shapes, in some 2D
space (possibly extensible to a 3D space).
We first need to define that space, and the principal distinction is between a discrete
and a continuous space. If one wants to distribute random points in a square, for
instance, there is a difference between choosing random pixels in a bitmap (discrete
space) and choosing random points in a square that is a subspace of R2.
In a discrete space, it is a question of combinatorics: there may be a huge number of
different configurations, but their number is finite. The probability of some
configuration is the proportion of this configuration among all possible configurations,
i. e. 1 divided by the number of different configurations, which is a finite number. For
instance, the number of 10x10 bitmaps, where pixels may be white or black, is 2 100.
This is a very large number (§ 1030), but not infinite. Any configuration of pixels in
such a bitmap has a probability of 1/2100.
Defining the probability of an event as the proportion of some event(s) among all
events (which you can count) could infer that any probability is a rational number, but
it is not so. In a continuous space there is an infinite number of configurations, and
you cannot calculate a fraction with  as denominator, but you can still calculate
probabilities. For instance, drawing a disk of diameter d inside a square of side d,
you can calculate the probability for a point randomly chosen in the square to belong
to the disk by dividing their respective areas: ʌd2 / 4d2 = ʌ/4, which is not a rational
number. Neglecting his dear naturalism for a while, but in the interest of games of
chance, popular at his time, Buffon proved that if you throw a needle of length 2a on
a surface where parallel lines are drawn with an interval 2b, the probability that this
needle intersects one of the line equals 2a/ʌb.[2] [3].
A random distribution of points in a square of side d, which is a subspace of R2, is
one where you choose their coordinates anywhere in [0,d]. There is no way to
determine the probability of any configuration, but if you divide the square into a grid,
the probability of each point to be in any box of the grid is the same. That is, if you
have a great number of points, there will be approximately the same number of
points in each box. And it must be true for any size of the grid.
Beyond randomness, what we are interested in is to try to define order versus
disorder, and what our perception detects as a pattern, something which we find
“interesting”, versus configurations which are indifferent. It is also dependant of the
context, and we will try to objectively define what an interesting pattern is in each
context. It is generally something between total order and total disorder, which are
both without interest. It is opposed to randomness which supposes a lack of pattern,
but randomness may be an initial condition in a process that leads towards some
pattern. Those patterns, which are neither totally ordered nor disordered, but contain
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an underlying order more or less broken by a certain amount of disorder, are what
we qualify as “(dis)order”.
We support our discussion with two models, one that works in a discrete space, and
one that works in a continuous space.

I. Randomness and (dis)order in a discrete space: around the Ising
cellular atomaton
I.1. The Ising cellular automaton
Cellular automata work in a discrete space, generally an orthogonal grid, which we
can easily assimilate to a bitmap of pixels. All cellular automata evolve according to
the neighbourhood of each cell, either the four neighbours at the edges, or the eight
neighbours obtained with adding the ones at the corners. Cells may have any
number of states (visualised as colours), but there are already a great lot of results to
consider with two-states CA (0 and 1). Metaphorically, one can say that cells are
dead or alive. The state of each cell evolves according to the states of its
neighbours, but then again, there are a lot of different results when considering only
the sum of those states, what one calls “totalistic” CA. The famous “game of life” is
one of those totalistic two-states CA.
A CA “works” well when it evolves and does not disappear too fast, i. e. when all cells
do not “die” immediatly. This may depend upon the initial conditions. In the game of
life many configurations have been studied, some die rapidly, some others after
some generations, others seem to evolve indefinitely.
There is a totallistic two-states CA that simulates an actual physical behaviour: the
Ising model [4]. The two states do not refer here to life and death, but to the
magnetic moments of atomic spins that can be in one of two states (-1 or +1). In this
model, each cell adopts the state of the majority of its neighbours (the “majority
vote”).
Notwithstanding the scientific side of this model, it interests us here for its involving
randomness, order and disorder, in ways we want to discuss. A typical evolution of
such a CA is shown in fig. 1. In all these experiments, we consider a “torical
topology” (periodic boundary conditions).
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Fig. 1: typical evolution of Ising CA (300x300)
This CA may use different “depths” of neighbourhood, by not only considering the 8
cells lying directly around each cell, but also the 16 ones around them (depth 2), and
even the 24 ones beyond (depth 3), and so on. It works as a sort of zoom on the
process, and the patterns are similar, but larger.

Fig. 2: Ising CA (300x300) with depth 2
What makes us recognise the result as a “pattern”, as “(dis)order”, is, in a first
approach, that it seems not totally predetermined (each pattern we obtain is
different) but not absolutely nondescript either (like the random initial distribution).
We will try to measure what has changed during the process later, but here we can
say that those patterns show smooth interlocking of black and white areas, with
boundaries that curve themselves in a “natural” way. Without being figurative at all, it
can remind us of natural patterns. And, as it were, some animals, horses and cows
(especially one cow breed native to our region, the “Bretonne pie-noir”), and other
ones, called “piebald” or “pied”, display such patterns...

I.2. Randomness and balance
This CA is supposed to start with a “random” and balanced distribution. The
condition of being balanced seems straightforward: if one state predominates at the
start, with the majority vote, it is indeed likely that this state will spread and invade all
the automaton. But we will see later that it is not such a strong condition.
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Let us discuss the “random” condition of the starting distribution. In order to obtain
such a random balanced initial state of the automaton, one considers each cell, and
“flips a coin”, i. e. chooses randomly between -1 and 1 (or 0 and 1, or black and
white). One typical configuration is such as fig. 3.

Fig. 3: typical initial state of Ising CA (50x50)
The CA evolves rapidly (in 20 steps) towards a fixed state (Fig. 4).

Fig. 4: steps 1, 2 and 20 of Ising CA (50x50)
The automaton has got 50x50=2500 cells. 2500/2=1250, so there should be around
1250 black cells at the start. Actually in this particular example, there are 1242 black
cells. It does not perturb the evolution, though. Through the steps, the count of black
cells evolves around 1250, and stabilises itself at 1264:
1242 1227 1236 1248 1249 1252 1254 1251 1248 1247 1248 1250 1251
1252 1256 1258 1261 1262 1263 1264 1264 ...
A more subtle way of obtaining a balanced random distribution is to consider the
statistical density of black cells. A balanced distribution corresponds to a density of
0.5. We can then try the plasticity of the starting conditions by choosing densities
different from 0.5.
With a density of 0.75 and more, the automaton becomes all black. But with a
density of 0.7, though a lot of evolutions have the same fate (all black), some keep
one, or even two small white area(s) (fig. 5):
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Fig. 5: some final results of Ising CA (50x50) with density 0.7
Below a density of 0.7, white areas remain allways. Typical results are shown fig. 6:

Fig. 6: typical results of Ising CA for densities 0.55, 0.6, 0.65
This CA and its starting conditions allow us to better define randomness and
disorder. If we start with ordered though balanced starting conditions, the CA does
not work. A strict equality between black and white cells happens in ordered
configurations such as striated and checked patterns. A striated pattern evolves as a
“blinker”: the black and white stripes exchange themselves at each step. A checked
pattern does not evolve, it remains unchanged.
Randomness is then crucial to this CA, more than balance of states of cells.

I.3. Randomness, (dis)order and neighbourhood
In order to better define this randomness, and the disorder it contains, we can
highlight a property of cells, directly involved in the evolution of the CA: the number
of neighbours. Fig. 7 shows the “black” cells coloured according to their number of
“black” neighbours, from 0 to 8 (from red to purple), and the number of cells that
have those numbers of neighbours:
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Fig. 7: “black” cells coloured according to their number of “black” neighbours, and
amounts of “black” cells by numbers of neighbours
One can see that the repartition of the numbers of neighbours shows a nice socalled “normal” distribution, or gaussian curve. It is a good characterization of a
balanced “random” configuration in this context. It is important to remark that we
could do the same visualisation for the white cells, which would show the same
repartition.
The process of the CA consists in destroying this normal distribution (fig. 8):

Fig. 8: numbers of neighbours (0 to 8) for steps 1, 2 and 20
By contrast, we can analyse the ordered configurations with the same criteria. The
stripes contain black cells that have all only 2 black neighbours; the process of the
CA turns those cells white, but the white ones are in the symmetric situation, so they
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turn black. Hence the “blinker”. For the checked configuration, any cell, white or
black, has 4 neighbours in the same state, so the situation is blocked in the nest.

Fig. 9: numbers of neighbours for two ordered initial stages of Ising CA
One other consideration about this model is that we have seen that the balanced
condition was not a very strict one when cells were distributed randomly. Now, if we
introduce only one perturbation in the checked (and stable) initial stage, the “error”
spreads, and invades all the space.

Fig. 10: evolution of Ising CA from initial checked configuration with one error
Leaving alone the Ising CA now, let us examine random densities according to
numbers of neighbours.
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Fig. 11: numbers of neighbours for random densities 0.1, 0.2, 0.3, 0.4
It seems that with a high density (0.8 and 0.9) we have a distributed neighbourhood
that resembles that of the results of the Ising CA. Examining the amounts more
precisely, there is some difference though. In Ising results we had a predominance of
8-neighbours cells, but 4-, 5-, 6-, and 7-neighbours cells remained. In random
density 0.9, 8-neighbours cells predominate, there are no more 4-neighbours ones,
and 5-, 6-, and 7-neighbours ones are not of the same amount. We see that it tends
progressively to the 1.0 density where all cells have 8 neighbours.
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The other important difference is that in the Ising CA results the repartition of white
and black cells (and their neighbourhoods) remains balanced. It is this balanced
distribution of black and white cells, but also of their neighbourhoods, that
characterises Ising patterns.
The discussion could have been continued about cellular automata in general but we
will now address another model, which works in a continuous space, though we will
see that this question of neighbours will also play a key role.

II. Randomness and (dis)order in a continuous space: disk packing
II.1. First approach
We became aware of this topics through the article “Spontaneous Patterns in Disk
Packings” [5] to which we owe a lot in this part. Problems of packing, in general,
consist in looking for some configuration of shapes in some space that maximises
the density of those shapes, i. e. the proportion of space occupied by those shapes.
Packing disks in a certain area of the plane has been much studied. One must first
notice that we can easily define an ideal optimised packing, theorically unlimited
(without any boundary), and that it consists in a triangular grid of disks, each one
occupying a hexagonal subspace. So the ideal density is easy to calculate: the area
of a disk of radius 1 equals ʌ, and the area of the hexagon in which the circle is
inscribed is 6 times that of the equilateral triangle of height 1, i. e. 6 times 1/¥3. So
the ideal density equals: ʌ¥3/6=0.90689968...

Fig. 12: ideal packing of disks
When boundaries come into play, it is not so simple... If the ideal packing had been
orthogonal, there would not have been any problem because its dual is also
othogonal, and the square is self-similar, i. e. you can pack squares inside a square.
Even if the ideal grid had been hexagonal (each subspace being a triangle), there
would have been no problem either, because the equilateral triangle is self-similar as
well, and one could have packed “disks” with a maximal density in a triangular area.
But, as it were, the hexagon is not self-similar... So, even with an hexagonal area,
never will we be able to pack disks with the maximal density we defined previously.
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The hexagon cannot tesselate any convex polygon, though it tesselates the illimited
plane; that is a weird but insurmontable characteristics of 2D space...

II.2. Physical model
Along with digital simulations, we wanted to examine the physical behaviour of disks,
more exactly balls, or marbles, on a plane. We chose small balls used for toy pistols,
for their claimed regularity of diameter, and smoothness of surface.
A first observation is that if you pour such balls into any plane recipient, as soon as
there are enough of them, they tend to form ordered areas, separated by more
disordered boundaries. These first experiments were not very rigorous, so we built a
machine designed to pack balls.

Fig. 13: packing-ball machine
This machine consists in a frame, one side of which is pushed by a system of
cogwheels and screws. This moving side packs the balls progressively. We put a
plexiglass sheet over the balls in order to help them from moving up. As it were we
observed that forces are so strong that, in spite of this precaution, the balls had the
tendency to push up on the plexiglass... The desire for an extra dimension of space
is very pregnant...
Anyway, we had some results with this device as such. We saw ordered areas
forming, and holes (one ball missing), and boundaries that went from curved to
straight ones, often perpendicular to the applied force, and phenomena that will
appear also in the digital model, such as triangles, and so on.
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Fig. 14: holes, straight lines and triangles appearing when packing balls

II.3. Digital simulation with mechanical laws
A preliminary remark about a digital simulation, is that we cannot pretend that it
works in a continuous space. Obviously, no digital model can achieve such an
ambition. Real numbers are only approximated by computers, and any digital space
is discrete. Hopefully the high resolution of that space manages to simulate a
continuous space.
Inspired by [5], the model consists in starting with a random distribution of points,
considered as disks with diameter 0. The disks are growing, and as soon as two
disks happen to overlap, a force is applied to their centers in order to part them. This
system simulates a shrinking of space where a certain number of disks (with a fixed
diameter) are first randomly distributed. Contrarily to our physical model, there is no
predominant direction of forces.
The growth of the disks happens by discrete steps (0.01 at each step for instance). A
crucial element of the process is the rate of this growth. The slower the disks grow,
the more compact the final configuration will be.
We considered a square space with borders, or with periodic boundaries. We did
some experiments with borders first, and obtained results showing areas seemingly
ordered (compact and on a triangular grid), separated by chords issued from the
corners (fig. 15):
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Fig. 15: packing with borders, 2000 disks, steps 220, 400, 1040
We colour the disks according to the forces applied to them (white (no contact at all),
and from grey to red). This allows us to see the blocked disks (in red), and those that
are more relaxed. The background is also white: the three white “stars” in the final
picture of fig. 15 are holes, where one could place a disk. We see that in that final
stage, there are three roughly compact areas separated by boundaries which we
remark because we see the white background. In these boundaries, disks are mostly
subject to smaller forces. But in the compact areas some are not totally blocked
either.
We mostly started from random distributions, but we also wanted to see what
happened with regular initial distributions. We put the initial 0-diameter disks on a
triangular, orthogonal, and hexagonal, grid. A issue is the shape of the frame, either
a square or not. We can keep the square with the orthogonal grid, but with the
triangular and orthogonal grids, we cannot, since their horizontal and vertical
spacings are not the same: they are in the proportion v/h=¥3/2. With the condition of
the periodic boundaries, the initial configuration must repeat itself horizontally and
vertically exactly. So the initial frame is a rectangle, not a square.
Not unexpectedly, the triangular and orthogonal grids are stable, since all disks are
blocked by their neighbours, but the hexagonal grid collapses, and has the same
ulterior fate as a random distribution (fig. 16):

Fig. 16: collapse of hexagonal distribution of disks
What is interesting is what happens with a slightly perturbed triangular or orthogonal
grid. One added random disk is enough to perturb the stability of the system.
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less perturbed, but is perturbed anyway, which is an indication of the difficulty of
getting a regular configuration starting from a completly random initial distribution.
Going through all the results we obtained, we retained two categories: “crystals”, the
most compact ones, very strained though not completely ordered, and “wallpapers”,
patterns which the periodic display and the colours chosen in order to show different
properties of the disks, induce inevitably such an image... In this last category, we
got sometimes rough stripes, horizontal, vertical or oriented at 45°.

Fig. 19: “crystals” (2x2 display)
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to forces,
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Conclusion
Randomness is often a “trick” used to not to have to choose, to reduce the
subjectivity, or to display one result among a huge number of possible results [6].
What we learned with the two models we explored is that in some cases,
randomness, or disorder, is not only a convenience, but a condition of the evolution
of the process. Ordered configurations do not evolve, they are stable, and what is
even more interesting is that a very slight amount of disorder input in those ordered
configurations is enough to perturb this stability.
Apart from their initial distibutions, both models are deterministic. In a way they are
ways to display, to enhance, some random distribution of points in the plane, the
discrete plane in the first case, the continuous one in the second. We tried to
measure this disorder, by characterising not only the distribution of elements (which
have the same probability to be in any location of the considered space) but their
number of neighbours.
We do not pretend to contribute to a scientific study of randomness, disorder or
entropy. At first glance, those models are counterintuitive in relation to a very loose
knowledge of what entropy is, which we can express as: “entropy (or disorder) must
allways increase”. But this is probably a too ingenuous view of those very difficult
topics, and we forgot that it is only true for an isolated system. What we must
acknowledge at least is that natural phenomena are well simulated by such
processes. The Ising cellular automaton was designed to simulate the behaviour of
spins in a ferromagnetic material, but its results suggest that it may simulate what
happens in piebaldism, and maybe other phenomena as well. The disk packing
model does not only simulate the actual behaviour of balls that you constrain on a
shrinking surface, but may simulate what happens in crystallisation, where the
random (Brownian) motion of molecules is replaced by a stable ordered configuration
of them. What we see in actual crystal, is that contiguous ordered regions of different
orientations emerge, as in the disk packing model.
According to wikipedia, “emergence is conceived as a process whereby larger
entities, patterns, and regularities arise through interactions among smaller or
simpler entities that themselves do not exhibit such properties.” [7] The two models
we studied display such a behaviour, and we were able to precisely define and
measure this arising of regularities. Beyond this objective measures, those patterns,
and, in the case of the second model, the way they arise, are appealing to us (to
some of us al least).
This allows to explain how those models ar able to contribute to the issues of
generative art.
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Abstract
Based on the previous work by the Design Technology Research Centre in the
School of Design of the Hong Kong polytechnic University, we have developed a new
generative design framework for the development of creative cultural industries for
western China as a collaborative initiative among the Hong Kong Polytechnic
University, Xian Jiaotong University, Xian Tongli International college, Cultural
Bureau of Chen Cang District, and Research Centre on Qin Opera Branches. The
proposed generative framework is built on an RtttI model for generative and creative
product design. The terminology of RtttI defines a generative process consisting of
Research, translation, transform, transcending and Innovation. It extends the scope
of a normal generative system in which a large number of design and its alternatives
are generated by programs such as genetic algorithms or other transformational
computation. Our RtttI model integrates Research, Generative Design, and
Innovation (Making) by linking cognitive and symbolic research of cultural genes,
through a generative design process of translation, transform and transcending, with
innovation through direct 3D printing as the final means of making. In particular, the
generative process involves three inference engines of translation, transform, and
transcending, with which creative and stylish design solutions are generated from the
cultural genes of tangible products derived from handicrafts or cultural heritages. In
this way, there is a sense of expansion of normal generative computation into social,
cultural and historic development of design intelligence and design aesthetics. In the
meantime, the three generative engines of translation, transform and transcending
go beyond mere geometric, spatial or functional calculations. Instead, it relies on
flexible integration of a variety of software systems including 3D solid modelling
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systems to generate new design solutions that can be evaluated with multiple and
cultural related criteria, and more importantly, that can be 3D printed directly.
Therefore, it is possible with this framework to develop an integrated generative
design system that supports the emerging creative cultural industries for western
China, where the cultural and design heritages are rich and diverse, with great
opportunities for design collaborations under a generative approach.
In this paper, we present several examples of using the RtttI model to support
generative design based on cultural heritages in Xian and Shaanxi province in
western China. The purpose is to show how the three generative design inference
engines of translation, transform and transcending can work with traditional sculpture
and wood face painting techniques that have several thousands of years of history of
development and evolution by hands, Another example is to show how the same
generative model of RtttI and its underline thinking can be applied to music, with Qin
opera music pieces as the genes for the composition of generative music that can be
played by both western and Chinese violins. This paper is accompanied by an
exhibition and a live performance in the Generative Art Conference 2014 in Rome.

1. A Framework for Generative Design
Generative art and design has great potentials for creative cultures in western China.
In the past, we have developed generative systems [1], [8], for product design and
interactive music using evolutionary algorithms and computational transformation
methods. These approaches opened many opportunities for research and
development of generative design systems [3]. However, there is a need for scaling
up generative systems to real industrial and product design areas amid the
emergence of 3D printing techniques. It is possible now to develop a new framework
of design and making integrating generative design and 3D printing, as shown in
Figure 1.

Figure 1: The RtttI framework of generative design for creative culture industries in western China

The RtttI framework of generative design has three main parts. These are, Research,
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generative design inference engines, 3D printing and evaluation. The research
focuses on how to recognize the values of cultural elements and convert these
cultural elements into the genes of design. The genes of design include form, color,
texture, and composition of products or objects that can be processed by the
generative design engines as the input.
The generative design engines perform the tasks represented by 3 “t”, that is,
translation, transform, and transcending. The task of translation involves converting
local and regional meanings of design genes into universal forms of aesthetic and
functional substance of a new design concept. The task of transform is concerned
with making changes and variations by computational methods in order to increase
the populations of an original design gene. There are a wide range of choices for AI
based computational techniques to perform such a generative act. But it is also
possible to combine human interaction into this process. In most cases, such a
generative act can be taken over by human artists or designers. The third task of
transcending is the ultimate objective of generative art and design. That is, it must go
beyond normal geometric or spatial transformations, in order to create new styles or
new forms of innovation. This transcendence involves a sense of collective
intelligence, by mixing several design genes in order to generate a collaborative
creation or process. In this way, it can be said that new designs have transcended
the original ones, such as the handicrafts, which are normally created by individuals.
The new generative design and making process needs to work with universal design
evaluation criteria and be implemented by direct 3D printing, in order to demonstrate
the advantages of generative art and design for real scale design problems [4], [7].

2. Applications of RtttI framework with Shaanxi art and crafts
There are many outstanding cultural heritages and talented handicraftsmen/women
in Shaanxi, a northwestern province in China. There is a natural link between cultural
heritage and any new form of art and design technique. Generative Art and Design
involves computational transformations of original design elements into their
variations and complex combinations. Such a technique needs a strong connection
with traditional art works and handicrafts in order to achieve the qualities that have
demonstrated the powers of human brains and hands over a long history [2]. Lacking
of cultural and historic significance in any computational art and design approach
would only generate designs and art works that create only problems instead of
solutions for our planet.
The examples we used to test the RtttI model are the brilliant works done by the
masters from Shaanxi, a northwest province of China [6]. They include ZRRGZRUNV,
IDFHSDLQWLQJ, FOD\VFXOSWXUHSDSHUFXWVSDWFKZRUNVandVKDGRZSXSSHWV.
They form a great series of original and cultural genes for generative art and design,
with which we are developing generative design inference engines. These generative
design inference engines can translate, transform and transcend the design thinking
behind the tangible objects into higher level of creative works, to be supported by the
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emerging 3D printing techniques for revolutionizing the process of design and
making of the future. Figure 2 is an example of translating and transforming an
ancient horse bowl into a table lamp. Figure 3 is an example involving a combination
of generative act (translation, transform, and transcending) that requires
collaboration and integration; Figure 4 is a 3D printable outcome of our RtttI model in
which more cultural characters are introduced into generative design process.

烍
Figure 2: Translate and Transform an ancient horse bowl to a table lamp

Figure 3: Translating, transforming and transcending the original design genes into products that
require collaboration within the generative design and making framework
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Figure 4: Many variations of designs can be generated and 3D printed with generative design
framework combining cultural elements and design genes.

3. Generative Music with Qin Opera
There have been many works on generative music [5] in generative art conferences
over the years. Previously we have also used generative techniques to develop
interactive dance music [9]. The above discussed framework of RtttI can also be
applied to music. In our research, we used Qin opera as the example in our
exploration.
Qin opera has some 2000 years of origination, development, and evolution. With its
current form, it can be regarded as a Chinese opera with a large audience and funs
only second to Peking Opera. There are many famous branches of Qin Opera. Li
Shufang represents one of the best such branches (known as Xiao branch), as a
leading Qin opera soprano in Xian, who has won a national award named the Plum
Performance Award for Chinese Operas. In 2014, she established the Research
Centre on Qin Opera Branches with the support of Professor Zhong Ming Shan of
Xian Jiaotong University. The performance she gives in Rome as part of Generative
Art Conference 2014 is the first of its kind on world stage. This is closely related to
our research on generative music with Qin opera [6].
Qin opera music is ideal for testing our generative design framework for creative
culture industries in western China. The typical characters of Qin Opera good for
generative music can be highlighted as follows:
1. There are two main themes (bitter or sad theme and happy theme) which can
be used as the control of emotion in generative music;
2. Many pieces of Qin Opera music have been generalized, and can be used in
combination with contextual variations;
3. Such pieces have the computational conveniences. That is, they are
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repetitively (with slight variations), and recursively combined;
4. The composition methods for Qin opera music can be generalized as rules
that are highly associated with the stories of the opera;
5. The singers can make random or regular changes without dramatically getting
away from the melodies. That is, it is always possible to leave small rooms for
the singers to improvise or for the computers to change;

Figure 5: A performance of generative music with Qin opera music theme in the School of Design of
the Hong Kong Polytechnic University, in May. 2014

Because of these characters, plus others features in the vocal and performance
areas, there have been many different branches of Qin opera in Shaanxi, Gansu and
Shanxi province where Qin opera has been popular for over 1000 years with tens of
millions of funs in the vast countries.
In our exploration of generative music with Qin opera, a combination of Chinese
Violin and western Violin is used, particularly intended for the live performance at the
2014 generative art conference in Rome. Such a combination is also intended to
show how these two music instruments from different cultures can work together to
perform and explore generative music derived from the music themes of Qin opera.
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At Generative Art 2014, we came as a big group from Shaanxi province in order to
introduce Qin Opera and our initial exploration of generative music with Qin opera
with both Chinese and western violins.

Figure 6: Yaozhou Ceramic works have great potential for generative design and 3D printing which is
our next project of this research team.

4. Conclusions
We have presented a generative framework for the development of creative cultural
industries for western China with initial examples in product design developed with
this framework. We have also discussed our exploration of the same framework with
Qin opera. Our main conclusion is that with the emergence of 3D printing techniques,
it is possible now to scale up generative art and design to embrace a new design and
making process in which generative art and design is to take a leading role. In the
meantime, it is possible to employ generative art approach to revive culture based
designs which are traditionally only possible with hand making. Automatic generation
of products using techniques such as generative art and design needs a balance and
a bench mark with the sophistication and quality level that have been proved over
several thousand years’ history of Chinese culture. It is an opportunity as well as a
challenge to further develop the framework proposed in this paper. Our future and
immediate work is to develop more products with 2D inspirations but with 3D
outcomes such as the one shown in Figure 6, with fully 3D printable outcomes of
generative variations and innovations.
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Stochastic Generative Image Model Contributes to sMRI
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Premise
This research describes instrumental role of artificially generated images during artistic
judgment aptitude construct validation, then corroborates results with structural MRI brain
scanning when hypothesis is an aptitude. MRI scanning shows artistic judgment aptitude is
mediated by several aesthetic neuron networks with suggestion of asymmetrical lateralization
to right hemisphere. Prominent questions addressed by this research are, first, do MRI brain
scans support validity of stochastic generative images for artistic judgment aptitude testing?
Secondly, how does generative art facilitate and enhance traditional cognitive test validation?
Do generative algorithms and MRI affect construct validity? Finally, how might future research
clarify other contributions of generative art to psychometric validation?

1. Introduction
Generative image algorithms have been developed for cognitive test models to assess
verbal and spatial abilities in education and psychology [1, 2], but applications in
aesthetics and visual arts, in general, are rare. Consequently, present research is first
application of a generative algorithm to images presented during standardized artistic
judgment (AJ) aptitude testing. This report describes contribution of generative art
(GA) to AJ aptitude test development evaluated with structural magnetic resonance
imaging (sMRI) technology. In this research, an AJ aptitude test model was first
validated with conventional correlational procedures then investigated with sMRI brain
scans.
Generative algorithms in psychometrics conveniently manipulate image properties
such as complexity, redundancy, and spatial organization, which has implications for
perception of order, coherence, and meaningfulness. These properties are sometimes
referred to as syntax or formal design, and their manipulation fundamentally influences
image preference. Generative algorithms can also produce images with affective
properties independent of artistic style, image narrative, or thematic context. For
example, serenity, agitation, confusion, harmony, and anticipation are affective
properties that have been expressed by generative algorithms. Consequently,
generative algorithms are very useful for experimental investigations that explore
mental and personality development where control over image properties is important.
Not only can generative algorithms specify syntactical and affective properties in
images, but specific properties can be replicated exactly without duplicating overall
images. By imposing a stochastic procedure on the image algorithm, every generated
iteration of an algorithmic specification can display intended formal structure while
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allowing overall image to vary randomly. Therefore, unique images with identical
structural properties can be presented without creating boredom, fatigue, or concern
that prior exposure will contaminate subsequent viewer responses.
Generative image algorithms do not affect traditional psychometric validation
procedures, which require correlation between hypothetical construct and empirical
criterion. In fact, generative algorithms improve construct development because
specific image properties can be isolated and correlated with a criterion, which clarifies
functional relations between properties and measurement target. Doing so, generative
algorithms address a long standing problem in conventional test validation where
aptitude constructs are commonly conflated with concurrent abilities and confounded
with personality and socio-economic background. In other words, generative images
provide more convincing evidence of validity than traditional correlation methods.
Purpose of this report is to describe neurological validation of a cognitive AJ test model
that implements a generative algorithm to produce visual test images. Based on
speculative aesthetic theory and empirical AJ studies, artificially generated images
were first validated with professional artists using conventional correlational methods,
then visual preferences and sMRI brain scans were collected from a layperson
sample. Structural MRI results were correlated with AJ aptitude scores with intentions
of identifying neuron sites that corroborate construct validity. For example, a sMRI
scanning hypothesis was AJ aptitude is a measurable construct related to certain
prominent neurological sites, as well as dedicated, neuro-aesthetic networks. In other
words, high aptitude persons should show neurological structure that not only differs
from those lower on the aptitude construct but is consistent with published studies of
aesthetic appreciation.
Results in this research show AJ aptitude is mediated by a distributed neuron
processing network and modest support for asymmetrical right hemispheric
lateralization for at least certain aspects of AJ aptitude. In general, implementation of
a generative art algorithm substantially improved AJ aptitude test validity by showing
respective brain structures corresponding to independent test factors.
Prominent questions addressed by this research are, first, do sMRI brain scans
support validity of generative images for AJ aptitude testing? Secondly, does sMRI
validation, in fact, present implications for construct validity that significantly differ from
traditional methods? A related question is, do generative algorithms and sMRI affect
construct validity? Finally, how might generative art improve construct validation in
future?
Sections below provide philosophical orientation to generative art, aptitudes, and
mental measurement, which is followed by background for presented empirical
research. Then structural sMRI results are presented of an AJ aptitude test sample.
Validity implications of these results are interpreted for AJ aptitude testing.
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1.1 Philosophical orientation
1.11 Generative art
From a broad metaphysical perspective, generative art is an insight into naturally
occurring growth mechanisms found throughout nature. It is a cosmological principle
that is not yet understood but is widely recognized. Dorin [3] below alludes to profound
implications of generative mechanisms.
Generative processes have been long evident in art, far predating current era
of the digital computer. From Paleolithic ornamental art and hydraulically
activated automata of ancient Alexandria (Hero 1st C. CE), Islamic art circa the
ninth century, through to medieval and Renaissance clockwork ﬁgures . . . . all
of these [have] generative processes. [3, p. 240])
Naturally occurring generative mechanisms are independent of particular artistic styles
or movements and are, arguably, “universal” [4]. Philosophical foundations for these
mechanisms are “Pythagorean concepts of unity and harmony based on numerical
principles” [5]. They are fundamental to phylogenetic forces producing natural
variation.
Mathematics and visual arts have long, extended relations, which promote
contemporary statistical ideas about generative art. Pythagoreans, for example,
predate Western philosophy, and their evaluation of proportions was instrumental to
art and sculpture of ancient Egypt and Greece. Proportion in art has reappeared
historically in Divine Proportion, Golden Mean, and Golden Ratio.
By the
Renaissance, painters were using mathematical techniques to achieve visual
perspective, and a harmony between arts and mathematics continued through the
Enlightenment.
Nineteenth century cosmological confusion precipitated by
thermodynamics and quantum theory provoked stochastic reactions in 20th century art
(Arps, 1917, Collage with Squares Arranged according to the Laws of Chance).
Modern philosophers began to speculate on a scientific metaphysics defined by
chance and probabilistic order [6].
Stochastic ideas echoed through 20th century as contemporary artists absorbed
underlying cosmological principles of chance and order. For example, Tzara and Arp
were early promoters of Dada Art, which popularized chance in visual art. Kandinsky
and Malevich would show its influence in their paintings. Mondrian and the school of
neoplasticism were based on principles of chance and order. Drip paintings by
Jackson Pollack and checkered paintings by Ellsworth Kelly both integrated stochastic
methods in 1950s, while John Cage advanced autonomous stochastic procedures in
visual arts in 1970s and 1980s.
The generative computational algorithm described in this report reproduces a
mechanism of chance, order, and harmony commonly found in both nature and visual
arts but with an adaptation that distinguishes between visual preferences of artists and
nonartists. Order and complexity have been explicitly manipulated to separate visual
preferences into aptitude-based differences predictive of artistic sensitivity.
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1.12 Aptitudes
Aptitude conceptions were already contentious issues among philosophers in ancient
Athens over 2,500 years ago. Aristotle presented a classical perspective in
Nicomachean Ethics where aptitudes are natural capacities [7]. Like Plato, Aristotle
equated political and philosophical abilities with natural endowments. In Plato’s
Republic, aptitude determines assignment to education and confers special social
status. These rigid, exclusive ideas about aptitude changed during the Enlightenment
when Kant [8] rejected fixed human abilities and asserted foundations for a priori
mental structures now expressed in terms of “emergence”, that is, knowledge that
accumulates on basis of incremental experiences. Contemporary aptitude thinking
leans toward epistemological conceptions that inherently depend on interactions
between mental preconceptions (genetic aptitude) and learning, which establish
knowledge. These ideas are foundations for developmental theory, yet archaic
conceptions of aptitude as fixed mental traits remain dominant in lay discussions.
By the 20th century, classical rhetorical perspectives were replaced by ontological
assertions that aptitudes are nonphysical, nonmaterial “entities” yet can be inferred by
observations and are consistent with numerical representation. In context of Galton’s
broad eugenics movement [9], 20th century aptitudes became a psychometric
invention thoroughly grounded in standardized testing movement of that time.
Moreover, aptitude testing became instrumental to prediction of future student
performance and integrated into public policy and college admission practices. Not
surprisingly, college admissions board and scholastic aptitude tests were established
in 1930s.
In contemporary discourse, aptitude has acquired objective statistical status and has
gained prominence predicting human performance based on aggregated group
parameters, while pseudo-scientific nomenclature has increasingly made aptitude
conceptions less transparent. Aptitude has progressed from Platonic and Aristotelian
rhetorical conceptions to contemporary developmental theory, which is filled with new
terms such as latent structures, genetic variance, genetic factors, and genetic
“influences” [10], as well as heritability estimates [11]. Aptitude is also generally
subsumed under genetics of cognitive ability and behavior genetics. Aptitude in
contemporary technical nomenclature is an obscure term to laypersons though
typically associated with talent and ability. Not surprisingly, this shift to objective
formulation is accompanied by growing politicization. By mid-20th century, aptitude
was perceived as a source of socio-political control [12].
This shift from an Aristotelian rhetorical approach to contemporary statistical construct
with predictive applications, however, is now recognized to come at substantial cost
to human development. Traditional aptitude models have encouraged public policies
that systematically exclude cultural minorities and disadvantaged youngsters from
high quality educational resources, which, in turn, has institutionalized low school
performance [17], as well as fostered an appraisal environment that discourages selfmotivation and achievement [18, 19]. Issues surrounding debates between nativism
and empiricism such as “emergence vs representation” models of encoding neurons,
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relevance of latent structures and influence of social environment on human
development are central to contemporary understanding of aptitudes.
As a biological concept, genetic traits govern broad areas of human development.
Genetic determination of physical traits such as hair and eye color are commonly
accepted, while many behavioral and psychological traits are also associated with
genetic origins. For example, twin studies of behavioral traits and disorders such as
aggression, schizophrenia, alcoholism, depression, and obesity now show significant
portions of statistical variance associated with genetics [13].
Mental aptitudes such as music, language, mathematics ability, language, and visual
arts also have genetic components. Substantial research has been conducted into
genetics underlying music aptitude [14, 15]. Heritability estimates for creative artsrelated aptitudes, which includes visual arts, have been estimated to range between
.40 and .71, which suggest around 50 percent or so of observed variability can be
safely attributed to heredity [11]. Not surprisingly, other research also points to central
role of genetic aptitude in visual arts talent development [16]. Yet predictive accuracy
is now understood to be precarious because aptitude expression is keenly dependent
on genetic switches linked to both biological and social-cultural conditions.

2. Background
2.1 Generative image algorithms
Generative art in psychometrics has 19th century origins. A visual preference survey
was first conducted by Fechner [20] when he manipulated proportions of an original
painting to resolve an authenticity dispute. At that time, he pointed to central role of
complexity or variety on visual arts preference and implied coherence or “unity”
fundamental to understanding aesthetic preference. Fechner described procedures
for measuring complexity of polygons but did not produce images.

Figure 1. Birkhoff samples contrasting items with highest positive and highest
negative factor loadings, from Eysenck [24].
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Synthetic images representing explicit manipulation of complexity and order first
appear in Birkhoff [21]. He proposed the following mathematical model and produced
90 polygons based on it.
M = O/C

(1)

Where M is an artistic measure that is a function of order and complexity. In other
words, artistic value of any pattern is always greatest when order (O) is maximized
relative to complexity (C). At any level of complexity, an increase in order always
increases overall aesthetic value of a design.
Eysenck followed Birkhoff’s lead and collected ratings for polygons from artists and
nonartists, which he factor analyzed [22-25]. Figure 1 presents examples of Birkoff’s
polygons. Eysenck found those on left with highest positive factor loadings, while
polygons on right with highest negative loadings. He combined them to obtain a
“supra” factor with relatively high psychometric reliability, .89, which suggests visual
preferences are quite stable, an extraordinary finding at that time. Eysenck empirically
identified two visual preference factors, “T” and “K”, and he considered T especially
important because artists and nonartists agreed on it. A general preference factor,
while K was a bipolar factor separating artists and nonartists. In general, he found

Figure 2. Attneave [30] discovers function of redundancy in visual images. His
manipulation of redundancy on left demonstrates explicit visual effects. Image on right
shows practical applications of redundancy in native basket weaving.
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responses to polygons manifested a curvilinear relation between preference and
complexity, which distinguished between nonartists and artists. Artists reach their
peak for random complexity significantly sooner than nonartists. This important finding
has led to enormous confusion because many replication studies failed to include both
artists and nonartists, which lead to inconsistent and unusual results about preference
for complexity. Eysenck’s T later became basis for Visual Aesthetic Sensitivity Test
(VAST) [26], which also became controversial because psychometric reliability was
never adequate for valid use.
Eysenck successfully demonstrated visual preferences are consistent and a likely
source of individual differences, which he speculated might be associated with
personality [27]. However, his success was largely limited to preferences for polygons.
Later, Attneave also conducted preference studies but in a format that we now call
pixels [28]. Attneave [28-30] applied principles of information theory developed in
acoustics to vision perception and discovered statistical parameters associated with
preferences for statistical images that systematically differ in complexity and
redundancy (order). Figure 2 presents several manipulations of redundancy and
compares them with native basket weaving.
Attneave demonstrated effects of redundancy when manipulated as a fixed parameter.
In contrast, Noll [32-34] advanced generative art by developing algorithms with fixed
parameters which also included a stochastic component executed by computer. He
essentially extended potential range of images and effectively introduced unique
methods to produce images that simulated authentic visual art. Figure 3 presents
computer rendered samples and a copy of Mondrian’s Composition with Lines, 1917.

Figure 3. Images on left represent redundancy variations produced by computer [32].
Images on right compare Mondrian’s Composition with Lines, 1917 and a computer
reproduction.
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Figure 4. Generative image algorithm applied to aptitude measurement.
2.2 Generative art applied to AJ aptitude testing
Developments above describe key insights into stability of human visual preference,
influence of image properties on visual preference, and image manipulation by
computer algorithms. However, with exception of Eysenck, these advances did not
address individual differences. A dedicated generative algorithm to produce images
for identifying AJ aptitude differences first appears at the Johnson O’Connor Research
Foundation (JOCRF) in Chicago in late 20th century when an effort was initiated to
improve AJ aptitude testing.
Substantial advances described above made this goal reasonable and practical.
Building on foundations of generative art and visual preference studies, a stochastic
algorithm was developed to manipulate complexity and redundancy in random
patterns, and factor analytic investigations confirmed Complexity and Redundancy
factors. Extensive validation studies were conducted with adults and school children,
as well as professional artists. Those studies found broad support for measuring AJ
aptitude with calibrated test images. Figure 4 presents sample images from a
generative algorithm based on Eysenck’s K or complexity factor that distinguishes
between artists and nonartists.

3. Generative art and test validity
Mental test development is dependent on items that solicit responses and empirical
validation to establish meaningfulness of score distributions. Both requirements
present special challenges to visual arts testing. Authentic, historical artworks are
well-known and typically rich in thematic content, figurative details, and artistic style.
Not surprisingly, these characteristics may interact with viewer background such as
arts training and interest when images are presented for preference judgment.
Consequently, AJ aptitude studies based on authentic artworks typically represent a
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confounding of genetic endowment, social-cultural background, and arts training.
Despite protracted commercial and educational efforts through 20th century, failure to
address these problems led to virtual abandonment of AJ aptitude testing. An
exception is VAST, a standardized aesthetic sensitivity test originally developed by
Eysenck based on his T factor. Unfortunately, field testing largely rejected VAST
because of low score reliability and inadequate validation [34, 35]. Validation was
based on a sample of only eight professional artists, while other research indicates
confounding relations with personality, intelligence, and creativity [36].
In addition to complications presented by authentic art works, artist validation samples
are also problematic because of vulnerability to selection bias especially in restricted
small artist samples. See Osborne, [37] for discussion of artist validation problems.
GA addresses these problems in two ways. First, generative algorithms provide
control over image production, which increases objectivity of aptitude testing. Images
can be developed with specific properties such as hypothetical genetic components
that can be separated from experience-based learning components during statistical
analyses. Those image aspects believed to elicit genetic-linked responses can be
isolated, while all other image properties are randomized hence eliminated from
comparisons.
Instead of idiosyncratic, subjective reactions to complex,
multidimensional images, generative algorithms parse an image into those
components directly relevant to cognitive or psychological performance being tested.
Secondly, generative algorithms provide an additional advantage by modeling AJ
preference in a sequential process during overall image appraisal, which provides a
theoretical context for collecting preference judgments and evaluating their validity. A
related benefit is examination of separate factors during preference, which contributes
to understanding perceptual mechanisms guiding preference judgments. Moreover,
GA manipulation of separate factors facilitates evaluating their cumulative effect on
preference, as well as interaction with other characteristics. Likewise, temporal effects
of their presentation order become more apparent.
3.1 sMRI validation in psychometrics
In general, structural sMRI reveals neuron tissue associated with some aspect of
person or environmental variation. Consequently, MRI technology offers a method of
examining specific cognitive or affective structure and functions purported being
assessed by a psychometric instrument, which is construct validity. For example, MRI
has been applied to psychometric music and language aptitude models [38, 39]. Other
examples are creative writing, which was divided into a generative and evaluative
procedures and functional MRI mapping demonstrated separate activation pathways
[40]. MRI has been useful for verifying cognitive change [41]. In present research, AJ
aptitude scores were compared with brain tissue density and inferred brain function.
In this research, validity of GA images for measuring AJ aptitude was established first
by conventional methods, that is, image properties were statistically correlated with
preferences of a large sample of professional artists, which established a scoring
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protocol. When these images were presented to a sample of laypersons, structural
MRI brain scans were collected and neurological gray matter density correlated with
their AJ aptitude test scores. In other words, generative images helped to define a
preference gradient or continuum, which was reconciled with visual preferences of
professional artists. Then brain scans were collected of laypersons to verify
neurological implications of validated aptitude scores.
A central issue in sMRI aptitude validation concerns hemispheric concentration of gray
matter brain tissue. Traditional neurological views are visual arts aptitude should be
lateralized to right hemisphere because of dependence on spatial abilities, mental
imagery, and creativity [42], which contrasts with left lateralization of cognitive abilities
such as math aptitude (addition and subtraction, left anterior portion of arcuate
fasciculus [43], reading ability [44], cognitive abilities in general [45, 46], language
(leftward lateralization of the inferior frontal gyrus in second language learners) [47],
and music aptitude [48].
However, traditional ideas about hemispheric lateralization have been substantially
weakened by growing sophistication of sMRI studies [49, 50], which emphasize more
complicated neuro processing of creative arts distributed across both hemispheres
depending on task. For example, Aziz-Zadeh et al. [51] found left lateralization even
for canonical right hemisphere tasks, while drawing lateralization was not correlated
with 22 variables in a study by McManus and Chamberlain [52]. Mihov et al. [53] did
not find hemispheric differences in a study of creativity, while Bolwerk, et al. [54] did
not report lateralization for visual arts. Moreover, direct sMRI evidence for
hemispheric specialization during representative drawing is limited. Makuuchi,
Kaminaga, and Sugishita [55] found drawing in nonartists characterized by bilateral
parietal lobe activation, while Chamberlain et al. [49] presented mixed results in a
drawing study. Following statement by Chatterjee and Vartanian [56] presents several
contemporary issues concerning visual arts and hemispheric lateralization.
The popular notion that the right hemisphere is the artistic hemisphere is likely
wrong. According to this view, damage to the right hemisphere should
profoundly affect artistic production and left hemisphere damage should largely
spare such abilities. . . If anything, damage to the left hemisphere induced more
extensive alterations in artistic production, including in the symbolism depicted,
than did damage to the right hemisphere. [56]
Another issue in sMRI aptitude validation concerns whether aptitude brain structure
conforms to published neuroaesthetic networks. Brown et al. [57], for example,
conducted a comprehensive investigation of published neuro-networks and rejected
claims they represent subsystems exclusively dedicated to neuroaesthetic processing.
In contrast, Vartanian and Skov [58] concentrated on a narrower subset and identified
a neuro-aesthetic network they believe more clearly defines a coherent neuoaesthetic
system. The prominent issue here is whether aptitude-related neuron structure
uniquely associated with professional artists replicates established neural-aesthetic
networks. If aptitude results are mainly incoherent or inconsistent, then an aptitude
validity argument is substantially weakened.
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3.2 Hypotheses
An assertion in this research is GA methods for producing visual images can
manipulate features that systematically elicit preferences associated with AJ aptitude.
Moreover, this manipulation can target both physical and emotional properties
independently of all other image features.
Given this context, goals of this research were to demonstrate convergence of
preference for synthetic images with published arts-related neuro-processing centers.
Then a related goal was to clarify whether neuron structure provides any support for
asymmetrical lateralization traditionally associated with arts and creativity processing
in right hemisphere.
Consequently, this research will test following hypotheses.
Hypothesis 1: AJ aptitude is a physical entity. Therefore, sMRI brain scanning
will identify significant gray matter density associated with AJ aptitude scores,
as well as asymmetric lateralization to right hemisphere, the traditional center
for aesthetic activities.
Hypothesis 2: sMRI will demonstrate consistency between AJ aptitude structure
and published visual arts processing networks, in particular, a neuro network
established by Vartanian and Skov [58].

4. Method
4.1 Sample
Volunteers from Johnson O’Connor Research Foundation (JOCRF) in New York were
invited to participate in an aptitude study, while sMRI scanning was conducted at Mt.
Sinai Medical Center. All who volunteered were screened for medical and psychiatric
illnesses including a history of head injury and substance abuse. The final 40 subjects
completing sMRI included 21 males and 19 females, aged 18-35 years (mean age =
26.6, SD = 4.9).
4.2 Data
sMRI image parameterization was conducted with standard procedures.
4.3 Cognitive test model
Standardized test items (visual images) were constructed with a published statistical
algorithm based on a theory-based visual arts test model and validated with
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Figure 5. Synthetic image development with a statistical algorithm. Complexity and Redundancy factors were manipulated in random
patterns based on a theoretical AJ cognitive-perceptual aptitude model where artists and nonartists significantly differ in visual
sensitivity.
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professional artists [35]. Item parameters were estimated with a linear probabilistic
measurement model [59].
4.4 Psychometric image development
A cognitive model based on Eysenck's K factor, Attneave’s stochastic composition
process, and classical information theory principles [60, 61] was implemented to
manipulate complexity and order (redundancy) in images that distinguish between artists
and nonartists (see Figure 5). A factorial design was developed where 3 levels of 3
complexity factors were crossed with 3 levels of a redundancy factor to construct images
contrasting higher and lower complexity/redundancy levels. Then 84 image pairs
contrasting higher and lower complexity/redundancy combinations were presented to
several JOCRF examinee office samples with instructions to select their preference.
Their responses were dichotomously scored (0/1) in conformity with Eysenck’s research
indicating artists prefer less-complex designs. Conventional factor analysis then identified
two prominent factors that were called Simplicity (Visual Designs 1) and Uniformity (Visual
Designs 2). Original 84 items were reduced to 35 forced-choice items (Simplicity = 22
items and Uniformity = 13 items). Following algorithm represents an image model for
simultaneously specifying complexity and redundancy in stochastic images:
(CeCt)Rp

(2)

which was implemented across 1-layer of image processing levels, where each level has
rank in an overall hierarchy, and: e = n of elements and n takes values 2, 4, and 8 t =
types of elements and ranges from 1 to 4 p = n of panels p and n takes values from 1,
2, and 4, which leads to images of 0%, 50%, and 100% redundancy, respectively. Figure
3 presents complexity and redundancy components in a VDT image model.
Figure 6 presents an aptitude processing model that guided this research and
distinguishes between artists and non-artists. Several principles underlie this model,
namely, recursion, information components, and hierarchical order. VD 1 and VD 2 are
processed by syntactic component early in the judgment process. Some authorities have
demonstrated instantaneous decisions about artistic quality when images are presented.
More complicated images would involve many more components and frequently several
iterations through the model before an appraisal is established.
4.5 Analysis
Volumetric gray matter measurement/correlations were computed between scores and
white matter density.
4.6 Procedures
Thirty five calibrated image pairs were printed and presented to several hundred
examinees in JOCRF testing offices. Standardized protocol was followed and total test
scores were entered in computer files.
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Figure 6. Information processing model of artistic judgment aptitude that distinguishes between artists and nonartists. This
model implements multiple information components that are hierarchically organized and visually processed recursively. A
viewer may circulate through visual information several cycles before arriving at comprehension and understanding.
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Figure 7. Distribution of increased gray matter density associated with VD 1.
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Table 1
Brain regions in which gray matter density significantly correlated with Visual Designs 1
scores in overall sample (p < .01).

MNI
coordinates
x
y
z

Anatomy(Brodmann)

Cluster
Size

Z

Puncorr

3.81
3.73
3.46
3.42
3.61
2.77
2.43
3.53
3.29
3.04
3.31
3.19
3.09
3.06
2.52
2.44
2.98
2.65
2.96
2.87
2.69
2.74
2.68
2.68
2.67
2.48
2.57
2.60

.000
.000
.000
.000
.000
.000
.008
.000
.001
.001
.000
.001
.001
.001
.006
.007
.001
.004
.002
.002
.004
.003
.004
.004
.004
.007
.005
.005

VD 1
Overall
positive
R
R
L
L
R
R
R
L
L
L
R
R
R
R
R
R
R
R
R
R
R
L
R
L
L
R
L
L

Parietal lobe
Parietal lobe
Parietal lobe
Parietal lobe
Frontal lobe
Frontal lobe
Frontal lobe
Occipital lobe
Temporal lobe
Occipital lobe
Parietal lobe
Frontal lobe
Brainstem
Frontal lobe
Frontal lobe
Frontal lobe
Occipital lobe
Occipital lobe
Brainstem
Sub-lobar
Sub-lobar
Occipital lobe
Occipital lobe
Temporal lobe
Frontal lobe
Temporal lobe
Frontal lobe
Occipital lobe

Inferior parietal lobule
Superior parietal lobule
Precuneus
Precuneus
Medial frontal gyrus
Middle frontal gyrus
Superior frontal gyrus
Middle occipital gyrus
Middle temporal gyrus
Inferior occipital gyrus
Supramarginal gyrus
Middle frontal gyrus
Medulla
Precentral gyrus
Precentral gyrus
Middle frontal gyrus
Middle occipital gyrus
Middle occipital gyrus
Midbrain
Thalamus
Thalamus
Cuneus
Middle temporal gyrus
Middle temporal gyrus
Middle frontal gyrus
Fusiform gyrus
Precentral gyrus
Lingual gyrus
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B7
B7
B7
B 39
B9
B8
B 10
B 19
B 39
B 18
B 40
B 10
B6
B6
B6
B 18
RN
MDN
B 19
B 19
B 37
B6
B 37
B4
B 18

34
16
-12
-32
22
32
26
-32
-38
-34
48
44
4
46
40
36
30
26
2
4
4
0
40
-51
-24
40
-36
-12

-58
-54
-46
-64
42
27
51
-83
-67
-82
-41
53
-37
-14
-4
-4
-76
-82
-20
-21
-19
-90
-61
-58
2
-53
-13
-68

42
56
54
35
18
37
7
13
16
-6
30
19
-45
34
33
46
4
-3
-7
1
10
28
14
1
44
-11
52
2

257
5349
330
695
130
184
158
255

74
615
48
33
43
66
23
41
26
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Figure 8. Brain sites show increase of gray matter density structure and asymmetrical
lateralization to right hemisphere associated with artistic Judgment aptitude test scores.

page # 275

XVII Generative Art Conference - GA2014

4.7 Brain image acquisition and analyses (Structural sMRI acquisition)
A 3T Siemens Allegra sMRI scanner (Siemens Medical Systems, Ehrlangen, Germany)
was used at Mt. Sinai Medical Center, NYC. (Scanning details on request.)
4.8 Voxel-based-morphometry and statistical analyses
Voxel-based-morphometry (VBM) was implemented to identify brain areas where gray
matter volumes were correlated to AJ scores. Statistical Parametric Mapping software
(SPM5; The Wellcome Department of Imaging Neuroscience, University College London)
was implemented applying VBM unified segmentation protocol [62, 63].

5. Results
5.1 Overview
Data analyzed for this presentation show AJ aptitude scores were positively correlated
with gray matter density in 21 brain regions spanning parietal, occipital, frontal and
temporal lobes, as well as regions in the thalamus and brainstem. Figure 7 shows
their distribution across brain sites, which indicates increased gray matter density of AJ
aptitude is associated with following neurological functions:
x
x
x
x

Visual processing (occipital lobe)
Spatial relationships visual imagery (parietal lobe)
Emotion (temporal lobe and insula)
Dopamine (frontal lobe)

In addition, significant gray matter density increases were found in brainstem, both
medulla and midbrain.
5.2 Aesthetic networks
Table 1 presents results identifying brain sites with significant correlations between matter
density and AJ test scores. Results also show predominant concordance between AJ
aptitude scores and specialized networks. For example, AJ aptitude scores were
consistent with both passive, art appreciation neuro-networks [57, 58], and an active,
representational drawing network [55].
5.3 Asymmetric lateralization
Finally, brain gray matter density showed both bilateral and asymmetrical lateralization
with significant accumulation lateralized to right hemisphere. Greatest concentration of
gray matter density occurred in superior and inferior parietal lobes of right hemisphere.
Lateralization also occurred frontal, occipital, sub-lobar, and brainstem. Figure 8 presents
graphic details about parietal lateralization and Table 1 presents coordinates.
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6. Discussion
This study examined statistical relations between volumetric gray matter density and AJ
aptitude scores based on visual preferences for images generated by a generative
image algorithm. Images were presented in pairs that contrasted variations of
complexity and redundancy. Prior studies had validated preference scoring with a
broad consensus of professional artists. sMRI results showed significant correlations
between visual preference, scored in direction of professional artists, and increased
gray matter density in 21 brain regions. In general as AJ scores increased from low to
high, gray matter density increased in those brain regions. Therefore, persons who
tended to express preferences conforming to those of professional artists, tended to
show increased gray matter density in corresponding brain sites, namely, frontal,
parietal, temporal, and occipital lobes. Consistency between increased AJ density
areas and published aesthetic appreciation networks was also evaluated for purposes
of test validation, and those results showed general concordance of VD 1 and VD 2 with
neuro-aesthetic networks.
As expected, results showed VD 1 (Complexity) and VD 2 (Redundancy) associated
with different neuron sites, respectively, and VD 1 was dominant showing substantially
more significant brain structure. Of that structure associated with VD 1, approximately
70 percent occurred in parietal and frontal lobes. As predicted, right hemisphere
lateralization occurred primarily for VD 1 images.
6.1 GA contributions to test validation
While these results tend to support results from prior conventional validation procedures,
GA implementation presented important epistemic benefits during sMRI, which
substantially improved validation. Several benefits are described below.
x

x
x
x

sMRI demonstrated a cognitive perceptual aptitude test model based on
underlying factors is not only largely consistent with published neuroaesthetic
studies of visual arts appreciation but also clarified the underlying perceptual
mechanism – avoidance of higher complexity random patterns when presented
in contrasting pairs.
GA images provided insight into importance of coherence on arts-related visual
preferences.
sMRI results indicated that GA factors were instrumental to measuring not only
visual arts sensitivity but also drawing production – an unexpected performance
implication of AJ aptitude measured with VD 1 and VD 2.
GA established foundations for constructing more complicated visual art and
designing more sophisticated preference models.

Psychometric validation is a process of accumulating empirical evidence that supports
claims of a test model. Those claims here refer to increased brain structure for high AJ
aptitude persons, and consistency with expected neuro-processing. In general, these
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results show neuroscience analysis of preference for generative images offers insight into
brain structure, as well as functions relevant to those claims.
6.2 Implications for cognitive test validation
sMRI brain scans provide physical corroboration for a hypothetical construct, which is
more profound than validation with only conventional test score correlations. It offers
insight into the cognitive mechanism involved in AJ aptitude expression, and in certain
study designs, sMRI of GA preferences could provide values for estimating variance
components of genetic and learned abilities. In this research, sMRI results also
substantially expanded AJ aptitude interpretation by including drawing performance.
6.3 Future research
An interesting question is association of visual arts learning instead of AJ aptitude with
brain structure, which may also show significant neuro structure. Bolwerk [54] in fact
described substantial influence of art making on brain structure described below.
We observed that the visual art production group showed greater spatial
improvement in functional connectivity in frontal and parietal cortices . . . than the
cognitive art evaluation group. Moreover, the functional connectivity in the visual
art production group was related to psychological resilience (i.e., stress resistance)
at T1. Our findings are the first to demonstrate the neural effects of visual art
production on psychological resilience in adulthood. [54]
Other studies [40, 49] present additional support for neurological structure associated
with visual arts-related learning. Consequently, results in this research would benefit from
longitudinal study before and after visual arts training to clarify independence of aptitude
neurological structure from experience and learning.
These prospective investigations of learning and aptitude, as well as neuroprocessing
comparisons between professional artists and nonartists should be examined in the
framework of linear measures. Published neuro-aesthetic studies are typically conducted
with ordinal measures, which lack precision and objective measuring units for
investigating longitudinal change.
6.31 More sophisticated visual images
Generative images examined in this research only manipulated complexity and
redundancy at the syntactic level of image processing isolated from other information in
an image. The algorithm developed in this research should be elaborated to
accommodate more complex arrangements of hierarchical components with narrative,
emotional and expressive content. These studies would lead to more sophisticated
understanding of AJ aptitude brain structure.
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6.4 Limitations
For an aptitude study, this research was limited by its concentration on a single
observation of modest sample size. Consequently, variance components were not
computed to clarify stability of neuro structures presented here. Another limitation was
lack of professional artists in the sample. Some participants may have had some arts
background, but without background information, association with neuro structures was
not possible to investigate.

7. Conclusion
What are the contributions of GA to psychometric test validity?
x
x
x

Isolation of relevant components in cognitive test model, which facilitates an
understanding of their function during human performance.
Theoretical cognitive foundations to guide construct development
Reproducible methodology

How does sMRI improve mental test validation?
x
x

Clarification of components that contribute to human performance
Corroboration of cognitive test model theory with brain function and structure
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6SDFH V,QWHULRULW\E\3UREDELOLWLHV'LFLQJ 3DSHU 
$EVWUDFW
7KHLQWHULRUGHVLJQSURFHVVLVOLQNHGWRPDVVDQGYRLGWHUP0DVVHVFRQVLVWRIWKH
PDLQ HOHPHQWV RI LQWHULRU GHVLJQ VXFK DV ZDOOV FHLOLQJV IORRUV OHYHOV ,QWHULRU LV
WKH FRQIOXHQFH RI WKH FRPSRQHQWV RI WKHVH HOHPHQWV WR JHQHUDWH D FRKHUHQW
LQWHUDFWLYH LQWHULRU GHVLJQ 7KH SRVVLELOLWLHV RI XVLQJ VSHFLILF GHVLJQ HOHPHQWV LQ
JHQHUDWLQJGLIIHUHQWLQWHULRUVSDFHVLVDFUHDWLYHDQGWULFN\PHWKRG,QWHULRUGHVLJQ
SURMHFWVFDQEHVLPXODWHGDVDSRVVLELOLWLHVER[IRUJHQHUDWLQJPDVVDQGIRUPDWLRQV
VKDSHLQVLGH
7KLV VWXG\ UHODWHG WR GHVLJQ UHWDLO VSDFH WKDW RIIHUV VPDOO DQG PHGLXP DUHD
%HFDXVHRIWKHUHTXLUHPHQWVRIWKHFXUUHQWWHFKQRORJLFDOHUDVLPSOLFLW\LVQHHGHG
WR GHVLJQ LQWHULRU HOHPHQWV DQG UHIOHFWHG PXOWLSOH PHDQLQJV DQG IXQFWLRQV RI WKH
IRUP6LPSOLFLW\DQGFRPSOH[LW\DUHOLQNHGZLWKHDFKRWKHUDQGFRQVLGHUHGWREHD
PHDVXUHPHQWWRROIRUDHVWKHWLFVWDQGDUGVLQLQWHULRUGHVLJQ
6WXG\DGRSWHGWRGHDOZLWKWKHPDLQLQWHULRUGHVLJQSULQFLSOHV LQWKHJHQHUDWLRQRI
VLPSOH SULPDU\ VKDSH WKHVH SULPDU\ VKDSHV FDQ EH DVVHPEOHG LQ D PDQQHU
SRVVLELOLWLHV LQ RQH VSDFH 'HSHQGLQJ RQ DUHD WKH DUHD LV PRGXODWHG WR ILQG WKH
YDOXHRIWKHXQLWVDQGVFDOHRIVSDFH6KDSHSRVVLELOLWLHVIRUHDFKRIWKHZDOOVDQG
FHLOLQJVDQGIORRUVZLOOEHGLIIHUHQWDVUHVXOW%XWLGHQWLFDOLQWHUPVRISULPDU\IRUPV
FRQVWLWXHQWV 9LUWXDO GHVLJQ ZLOO EH VWXGLHG LQ WKLV SDSHU IRU P [ P [ P 7KH
YDOXH RI WKH PRGXODU LV  XQLW WKH SURFHVV RI JHQHUDWLQJ VSDFH SRVVLELOLWLHV WR
DUUDQJH HOHPHQWV RI VSDFH $V LW LV VLPLODU WR WKH SURFHVV RI WKURZLQJ WKH GLFH
GHSHQGRQHDFKVSDFHPRGXOHLQDGGLWLRQWRWKHSULQFLSOHDGRSWLRQRIUHSHWLWLRQDQG
UHIOHFWLRQ LQ FRPSRVLWLRQ 7KLV VWXG\ LV DQ DQDO\WLFDO DQG DSSOLHG VWXG\ IRU
JHQHUDWLQJSRVVLELOLWLHVRIVSDFHWKDWFDUU\DQDHVWKHWLFYDOXHDQGFRQYHQLHQFHIRU
XVHUV$FDGHPLFVZLOOHQWHUWKURXJKWKHUHVXOWVPRGHOVE\YLUWXDO$QGUHFRUGWKHLU
DVVHVVPHQWV DV D PRGHO TXHVWLRQQDLUH ZKLFK GHVLJQHG WR DGRSW WKH DHVWKHWLF
YDOXHVDVVRFLDWHGZLWKWKHIRUPDWLRQRI6KDSHJUDPPDU

*HQHUDWLQJFRPSOH[LW\E\VLPSOLFLW\

.H\ZRUGV
,QWHULRULW\6SDFHVKDSHUHODWLRQVVKDSH VOLQNLQJSUREDELOLW\
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$EVWUDFW 
7KH LQWHULRU GHVLJQ SURFHVV OLQNHG WR PDVV DQG YRLG WHUP 0DVVHV FRQVLVW RI
WKH PDLQ HOHPHQWV RI LQWHULRU GHVLJQ VXFK DV ZDOOV FHLOLQJV IORRUV OHYHOV 7KH
LQWHULRU GHVLJQ SURFHVV LV WKH FRQIOXHQFH RI WKH FRPSRQHQWV RI WKHVH HOHPHQWV WR
JHQHUDWH D FRKHUHQW LQWHUDFWLYH LQWHULRU GHVLJQ 7KH SRVVLELOLWLHV RI XVLQJ VSHFLILF
GHVLJQ HOHPHQWV LQ JHQHUDWLQJ GLIIHUHQW LQWHULRU VSDFHV DUH D FUHDWLYH DQG WULFN\
PHWKRG,QWHULRUGHVLJQSURMHFWVFDQEHVLPXODWHGDVDSRVVLELOLW\ER[IRUJHQHUDWLQJ
PDVV DQG IRUPDWLRQV VKDSH LQVLGH 7KLV VWXG\ UHODWHG WR GHVLJQ UHWDLO VSDFH WKDW
RIIHUV VPDOO DQG PHGLXP DUHD %HFDXVH RI WKH UHTXLUHPHQWV RI WKH FXUUHQW
WHFKQRORJLFDO HUD VLPSOLFLW\ LV QHHGHG WR GHVLJQ LQWHULRU HOHPHQWV DQG UHIOHFWHG
PXOWLSOH PHDQLQJV DQG IXQFWLRQV RI WKH IRUP $FKLHYLQJ VLPSOLFLW\ VKRXOG FRQVLGHU
LQWHULRUGHVLJQSULQFLSOHVDVWKHUHDOJHQHUDWRULQWHULRUVSDFHWRROV'HSHQGLQJRQWKH
DUHDWKHDUHDLVPRGXODWHGWRILQGWKHYDOXHRIWKHXQLWVDQGVFDOHRIVSDFH6KDSH
SRVVLELOLWLHV IRU HDFK RI WKH ZDOOV FHLOLQJV DQG IORRUV ZLOO EH GLIIHUHQW DV UHVXOWV %XW
LGHQWLFDOLQWHUPVRISULPDU\IRUPVFRQVWLWXHQWV9LUWXDOGHVLJQZLOOEHVWXGLHGLQWKLV
SDSHUIRUP[P[P7KHYDOXHRIWKHPRGXOHLVXQLWWKHSURFHVVRIJHQHUDWLQJ
VSDFHSRVVLELOLWLHVWRDUUDQJHWKHHOHPHQWVRIVSDFH$VLWLVVLPLODUWRWKHSURFHVVRI
WKURZLQJWKHGLFHGHSHQGRQHDFKVSDFHPRGXOHLQDGGLWLRQWRWKHSULQFLSOHDGRSWLRQ
RI UHSHWLWLRQ DQG UHIOHFWLRQ LQ FRPSRVLWLRQ 7KLV VWXG\ LV DQ DQDO\WLFDO DQG DSSOLHG
VWXG\ IRU JHQHUDWLQJ SRVVLELOLWLHV RI VSDFH WKDW FDUU\ DQ DHVWKHWLF YDOXH DQG
FRQYHQLHQFH IRU XVHUV  $FDGHPLFV ZLOO HQWHU WKURXJK WKH UHVXOWV PRGHOV E\ YLUWXDO
$QGUHFRUGWKHLUDVVHVVPHQWVDVDPRGHOTXHVWLRQQDLUHZKLFKGHVLJQHGWRDGRSWWKH
DHVWKHWLFYDOXHVDVVRFLDWHGZLWKWKHIRUPDWLRQRI6KDSHJUDPPDU

 ,QWURGXFWLRQ
7KHHYROXWLRQRIWKHWHFKQRORJ\RIPHWKRGVDQGGHVLJQPDWHULDOVVLJQLILFDQWO\
DIIHFWHGWKHOLPLWDWLRQRILQWHULRUGHVLJQ,QWHULRUGHVLJQQRZDGD\VGRHVQ WGHSHQGRQ
WKH SULQFLSOHV RI LQWHULRU GHVLJQ RQO\ EXW LW VKRXOG XVH QHZ DQG VWUDQJHPHWKRGVRI
GHVLJQWRFUHDWHPDVVDQGVSDFHWRFRQQHFWZLWKWHFKQRORJLFDOGHYHORSPHQW5HWDLOV
HYHU\ZKHUH ZLWK GLIIHUHQW W\SHV DUH GHVLJQHG E\ GLIIHUHQW GHVLJQHUV ZLWK GLIIHUHQW
SXUSRVHV 6RPH RI WKHVH GHVLJQV DWWUDFWHG XVHUV E\ WKH DHVWKHWLF HOHPHQWV ZKLFK
FRQQHFWHGWRWKHXVHUV FRPIRUWDELOLW\YDOXHZLWKWKDWGHVLJQ6WUDQJHGHVLJQOHDGVWR
WKH VDPH YDOXH RI DWWUDFWLRQ DQG H[FLWHPHQW ,QWHULRU GHVLJQ DV ER[ DUH D VWUDQJH
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PHWKRGWRGHVLJQVSDFHDQGPDVVHVDFWXDOO\LVDGLDOHFWLFDOUHODWLRQ:KRLVFUHDWHG
WKH LQWHULRULW\ RI LQWHULRU GHVLJQ VSDFH RU PDVV ,Q WKLV SDSHU ERWK DUH XVHG WR
JHQHUDWHLQWHULRUGHVLJQ6RPHUHVHDUFKHUVPHQWLRQHGWKDWWKHPDLQHOHPHQWVRIWKH
LQWHULRU GHVLJQ SURFHVV DUH WKH VWUXFWXUDO HOHPHQW ZDOOV FHLOLQJV DQG IORRUV  >@>@
,QWHULRUGHVLJQVKRXOGFRQQHFWWKHVHHOHPHQWVDVDRQHERG\WRUHIOHFWWKH$IILOLDWLRQ
WRRQHSODFH7KHUHODWLRQVKLSDPRQJWKHGHVLJQRIVWUXFWXUDOHOHPHQWVIROORZVDPH
VWUDWHJ\ SURFHVV DQG LW FRXOG EH GLIIHUHQW EXW DW OHDVW VRPH PDWFKLQJ VKRXOG E\
XVLQJLQWHJUDWHGGHVLJQFKDUDFWHULVWLFV>@
6LPSOLFLW\ DQG FRPSOH[LW\ DUH OLQNHG ZLWK HDFK RWKHU DQG FRQVLGHUHG WR EH D
PHDVXUHPHQW WRRO IRU DHVWKHWLF VWDQGDUGV LQ LQWHULRU GHVLJQ 7KH VWXG\ DGRSWHG WR
GHDO ZLWK WKH PDLQ LQWHULRU GHVLJQ SULQFLSOHV LQ WKH JHQHUDWLRQ RI VLPSOH SULPDU\
VKDSH WKHVH SULPDU\ VKDSHV FDQ EH DVVHPEOHG LQ D PDQQHU SRVVLELOLWLHV LQ RQH
VSDFH 6LPSOLFLW\ GRHVQ W PHDQ SRRU VKDSH DQG VSDFH ZLWKRXW GHVLJQ RU GHVLJQHUV 
SXUSRVHV 6LPSOLFLW\ FRXOG OHDG WR FRPSOH[ GHVLJQ DQG FRXOG DIIHFW WKH SV\FKRORJ\
DQGSK\VLRORJ\XVHUV QHHGV7KHPRVWLPSRUWDQWYDOXHRIWKHGHVLJQVKRXOGPDWFK
WKHVHQHHGV7KLVPDWFKLQJOHDGWRDFKLHYHXVHUV VHFRQGVNLQZKLFKGHVLJQHUKDYH
WR UHDFK LW E\ SOD\LQJ RQ WKH VWUDWHJ\ DQG PHWKRGV RI LQWHULRU GHVLJQ UROH>@ 7KH
VWXG\LVDQDWWHPSWWRILQGDVXLWDEOHPHWKRGWRXVHWKHSULQFLSOHRIVLPSOLFLW\LQWKH
JHQHUDWLRQ RI DQ LQWHULRU VSDFH WR EH PDWFKHG WKH VHFRQG VNLQ RI WKH XVHU E\
VLPXODWLQJWKHLQWHULRUVSDFHDVDFXELF7RVROYHWKLVSUREOHPREMHFWLYHRIWKLVVWXG\
ZDV WR ILQG WKH VXLWDEOH SULQFLSOHV WR FUHDWH LQWHULRU GHVLJQ E\ VLPSOH ZD\ WR EH
DHVWKHWLF DQG H[FLWLQJ GHVLJQ 5HDFKLQJ WKLV JRDO ZLOO GHSHQG RQ WZR W\SHV RI
OLWHUDWXUHV


 /LWHUDWXUH5HYLHZ
7KH LQWHULRU GHVLJQ SURFHVV OLQNHG EHWZHHQ WKH GHVLJQ VWUDWHJ\ DQG VKDSH
H[SUHVVLRQ 7KH OLWHUDWXUH UHYLHZ SDUW KDYH WZR W\SHV RI VWXGLHV HDFK W\SH IRFXVHV
RQ VSHFLILF DUHD 6RPH RI 6WXGLHV UHODWHG WR LQWHULRU GHVLJQ SULQFLSOHV DQG FUHDWLQJ
VKDSHDQRWKHUVWXGLHVIRFXVHVRQSV\FKRORJ\DQGSHUFHSWLRQWHUP
VWXGLHVUHODWHGWRJHQHUDWLQJVKDSH
'LIIHUHQW VWXGLHV GLVFXVVHG WKH SULQFLSOHV RI LQWHULRU GHVLJQ DQG LWV DIIHFW RQ WKH
SHUFHSWLRQDQGXVHUEHKDYLRXU,QWKLVSDUWVWXGLHVWKDWUHODWHGWRVLPSOLFLW\VWUDWHJ\
LQ FUHDWLQJ VKDSHV LQ LQWHULRU GHVLJQ ZLOO EH GLVFXVVHG 4DVLP  H[SODLQHGWKDW
WKH REMHFWLYLW\ SXUSRVHV FDQ EH UHDFKHG E\ EDVLF DQG VLPSOH GHVLJQ SULQFLSOHV LQ
RUGHUWRDFKLHYHKLJKTXDOLW\RIWKHLQWHULRUGHVLJQIHHOLQJV>@7KHVHEDVLFDQGVLPSOH
GHVLJQSULQFLSOHVDUH
x 5K\WKP
x %DODQFH
x 3URSRUWLRQDOUHODWLRQVKLSV
x 'RPLQLRQLQVSDFHE\
'LIIHUHQWLDWLRQRIRQHIRUPDOHOHPHQW
'LIIHUHQWLDWLRQLQFRORXURULWVWRQHV
8QLILFDWLRQWKHSHUVSHFWLYHGLUHFWLRQ
2QFRPLQJRUHVWUDQJHPHQWGHJUHHIURPWKHUHFHLYHU>@
&KLQJ DQG %LQJJHOL   PDUNHG WKDW LQWHULRU GHVLJQLQJ SURFHVV IROORZ WZR
PDLQ ZD\V )LUVW ZD\ GHVLJQ DV RQH SDUW HYHU\ GHWDLO ZLOO IROORZ WKH RYHUDOO GHVLJQ
DQGKDYHDVSHFLILFSRVLWLRQDQGIXQFWLRQLQWKDWGHVLJQ6HFRQGZD\LQWHULRUGHVLJQ
SURFHVVFRXOGVWDUWIURPGHWDLOWKHQOLQNVZLWKWKHHOHPHQWRIVSDFHWRSURGXFHRYHUDOO
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LQWHULRU GHVLJQ>@  $EGXOTDGHU DQG RWKHUV   H[SODLQHG WKDW DQ\ GHVLJQ FDQ
DQDO\]HVGHSHQGLQJRQWKUHHVWDJHVRIJURXS GHWDLOSDUWRYHUDOO  )LJXUH >@





)LJXUH&UHDWLQJVKDSHE\WKUHHVWDJHVDQGWZRZD\VDFFRUGLQJWR&KLQJDQG%LQJJHOL  DQG
$EGXOTDGHUDQGRWKHUV  VWXGLHV

&DDQ  DQG)HOGPDQ  LOOXVWUDWHGWKDWLQWHULRUVSDFHKDYHWZRPDLQ
JURXSVRIHOHPHQWIORRUDQGFHLOLQJDVWKHILUVWJURXSZKLFK PD\EHGHVLJQDVRQH
SDUW RU DV QHJDWLYH DQG SRVLWLYH GHVLJQ )LJXUH   :DOOV DQG SDUWLWLRQV DV VHFRQG
JURXSZKLFKQRZDGD\VGHVLJQHGE\RQHVWUDWHJ\WRUHIOHFWVWKDWERXQGDU\RIVSDFH
DQGJLYHXQOLPLWHGDUHDOLNHXVLQJPLUURULQLQWHULRUVSDFH )LJXUH >@>@



)LJXUH5HODWLRQVKLSEHWZHHQHOHPHQWRIJURXS IORRUFHLOLQJ DFFRUGLQJWR&DDQ  DQG
)HOGPDQ  H[SODQDWLRQ 5HIHUHQFHUHVHDUFKHU 



)LJXUH:DOOVGHVLJQHGDVPLUURULQRQHJURXSDFFRUGLQJWR&DDQ  DQG)HOGPDQ  
H[SODQDWLRQ 5HIHUHQFHUHVHDUFKHU 

6RPH UHVHDUFKHUV PHQWLRQHG WKDW VLPSOLFLW\ FRXOG EH FUHDWHG E\ XVLQJ VFDOH
DQGPRGXODUSULQFLSOHVWRFUHDWHDXQLW\LQGHVLJQ>@'HVLJQHUVFDQFUHDWHWKHLURZQ
VFDOHDQGPRGXODUXQLWDFFRUGLQJWRWKHDUHDRIGHVLJQDQGIXQFWLRQDOQHHGV0RGXODU
FRXOG EH XVHG LQ GLIIHUHQW OHYHOV DUHD YROXPH  ILJXUH   ZLWK GLIIHUHQW W\SHV ZLWK
WUDQVIRUPDWLRQ LQ VFDOH ZLWK WUDQVIRUPDWLRQ LQ SURSRUWLRQ UDWH ZLWK UHIOHFWLRQ
WUDQVIRUPDWLRQ >@

)LJXUH/HYHOVRIVFDOHZLWKPRGXODUZKLFKFDQEHXVHGLQGLFLQJLQWHULRUGHVLJQ 5HIHUHQFH
UHVHDUFKHU 


VWXGLHVUHODWHGWRSHUFHSWLRQDQGSV\FKRORJLFDOQHHGV
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7KH VWXGLHV LQ WKLV SDUW IRFXVLQJ RQ WKH GHVLJQ UHVXOWV DQG SV\FKRORJLFDO
HIIHFWV RQ XVHUV  EHKDYLRXU PRUH WKDQ WKH DFWLRQV 5HDOL]LQJ WKH FUHDWLYH GHVLJQ
YDOXH GHSHQGV RQ DFKLHYLQJ VHFRQG VNLQ E\ DFKLHYLQJ WKH SK\VLRORJLFDO DQG
SV\FKRORJLFDOQHHGV'HVLJQHUVVKRXOGEHGHSHQGHGRQWKHVHFRQGVNLQHOHPHQWVLQ
LQWHULRUGHVLJQSURFHVVHVE\SOD\LQJRQVLPSOLFLW\FRQFHSWDQGLWVUHODWLRQVKLSVZLWK
WKHXVHU VSHUFHSWLRQ7KLVVWUDWHJ\OLQNHGWRJHQHUDWLQJVKDSHSURFHVVHVZKLFKFDQ
DGGUHVV WKH XVHUV  PLQGV E\ HIIHFWLQJ RQ WKH PHQWDO LPDJH VWRUH >@ 7KH HIIHFWLYH
SURFHVV RI SHUFHSWLRQ LQ LQWHULRU VSDFH LV RQH RI GHVLJQHU UHVSRQVLELOLW\ ZKLFK
GHSHQGVRQWUDQVIHUULQJZKDWLQWKHGHVLJQHU VPLQGWRSK\VLFDOPDWHULDODQGVKDSHV
3K\VLFDO RXWSXW SHUFHSWLEOH VHQVRU\ E\ WKH XVHU WKHQ WKH SHUFHSWLRQ SURFHVV VWDUWV
>@-LUMHHV  H[SODLQHGWKDWWKHFRQFHSWRIGHVLJQLVWKHPDLQHIIHFWLYHHOHPHQW
LQWKHXVHUV SHUFHSWLRQ(DFKGHVLJQRUGHVLJQHUKDYHVSHFLDOHIIHFWVH[FLWLQJXVHUV
LQLQWHULRUGHVLJQLVYHU\LPSRUWDQWWRHYDOXDWHWKHGHVLJQE\WRXFKXVHUV VHFRQGVNLQ
>@&DQQ  PHQWLRQHGWKDWXVHUVFRXOGEHH[FLWHGE\DWWUDFWWKHPWRHYDOXDWH
WKH GHVLJQ HVSHFLDOO\ ZKHQ GHVLJQ KDYH WKH VWUDQJH LGHD OLNH XVLQJ VLPSOLFLW\
FRQFHSW 2QH FRORXU LQWHULRU VSDFH XVLQJ PLUURUV VLPLODULW\ EHWZHHQ GHVLJQHG
HOHPHQWV DQG QHJDWLYH ZLWK SRVLWLYH DOO WKHVH ZD\V FRXOG DWWUDFW XVHUV WR LQWHULRU
VSDFH 7RXFKLQJ XVHUV  VHFRQG VNLQ GRHVQ W PHDQ MXVW LQ SRVLWLYH IHHOLQJV EXW
QHJDWLYHIHHOLQJVDUHRQHRIWKHDWWUDFWLQJHOHPHQW>@,QWHULRUGHVLJQRIUHWDLOIROORZV
WKHVH DWWUDFWLRQ HOHPHQW IRU GLIIHUHQW SXUSRVHV LW V QRW MXVW IRU HFRQRPLFDO DQG
PDUNHWLQJWHUPEXWLQWKHIDPRXVFLWLHVLQWHULRUGHVLJQKDYHDKLJKOHYHORIDWWUDFWLQJ
WRPDNHWKHVHFLWLHVPHPRUL]HGE\XVHUVLQRUGHUWREHDVDPHDVXUHPHQWWRRO


,QWHULRU'HVLJQDVD&XEH
)URP WKH SUHYLRXV VWXGLHV YDULDEOHV WR GHVLJQ LQWHULRU VSDFH DV FXEH ZHUH

IRXQG ,Q DGGLWLRQ WR LGHQWLI\LQJ VWDJHV RI GHVLJQ WKH LQWHULRU VSDFH 'LFLQJ LQWHULRU
GHVLJQJHQHUDWLQJVWUDWHJ\LVDPHWDSKRUVWUDWHJ\ZKLFKFUHDWHGYDU\RIPRGHOVIRU
WKHVDPHVSDFH3OD\LQJRQWKHGHVLJQRIVWUXFWXUDOHOHPHQWDQGPDNLQJWKHLQWHULRU
VSDFHDEOHWRIRUPDWLRQSURFHVVWRIL[WKHVXLWDEOHGHVLJQIRUXVHUV8VHUVZLOOEHRQH
RI WKH HIIHFWLYH HOHPHQWV LQ WKH GHVLJQ SURFHVV SDUW RI WKH SURFHVV 7KH ,QWHULRU
VSDFHKDYHVL[HOHPHQWVWRGHVLJQLWDVDFXELFYROXPH$VDUHVXOWVRIWKHSUHYLRXV
VWXGLHV ILQGLQJV VLPSOLFLW\ VWUDWHJ\ FDQ EH XVHG WR FUHDWH LQWHULRU GHVLJQ IRU UHWDLO
VSDFHE\PRGHOOLQJLWZLWKGLFLQJVSDFHZKLFKIROORZVWKHIROORZLQJVWDJHVWRSURGXFH
GLIIHUHQWPRGHOVIRUWKHVDPHVSDFHDQGHOHPHQWRIGHVLJQ
VWDJH
6HOHFWLQJ WKH DUHD DQG YROXPH WKDW WKH GHVLJQHU ZDQWV WR UHIOHFW KLV LGHD E\
XVLQJ VLPSOLFLW\ WHUP $FWXDOO\ LQ WKLV SDSHU VL[ IDFHV FRQVLGHUHG WR DSSO\ WKH
FRQFHSWRIGLFLQJ ZDOOVIORRUDQGFHLOLQJ  ILJXUH 



)LJXUH7KHEDVLFHOHPHQWRIVSDFHWRVWDUWWKHGLFLQJGHVLJQ

VWDJH
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)LQGLQJ WKH YDOXH RI PRGXODU IURP H[LVWLQJ RU PHWDSKRU HOHPHQW ZKLFK
GHVLJQHU ZDQWV WR XVH LW LQ WKH GHVLJQ VLPSO\ E\ GLYLGHG WKH VL[ IDFHV DQG ILQG WKH
UHODWHGXQLWVWRSUHSDUHLWWRWKHQH[WVWDJH ILJXUH 



)LJXUH)LQGLQJWKHPDLQXQLW

VWDJH
,QWKLVVWDJHGHVLJQHUFDQUHIOHFWKLVFRQFHSWWRIRUPXODWHWKHPDLQXQLWDVD
PRGXOHIRUDOOGHVLJQWKLVVKRXOGIROORZWKHSV\FKRORJLFDODQGSK\VLRORJLFDOQHHGVIRU
XVHUVWREHDFFHSWDEOHIRUXVHUV VHFRQGVNLQ'HVLJQHUVFRXOGVHOHFWGHVLJQHOHPHQW
WR EH LQ WZR JURXSV ZDOOV IORRU ZLWK FHLOLQJ  7KHUH DUH PDQ\ VXLWDEOH GHVLJQV IRU
UHWDLOVSDFHWRFUHDWHFUHDWLYHDQGDWWUDFWLRQLQWHULRUVSDFH ILJXUH 



)LJXUH'HVLJQVIRUXQLWVHOHFWHGIURPH[LVWLQJUHWDLOV

VWDJH
7KLVVWDJHLVWRGHVLJQWKHIDFHVHDFKRQHFDQEHGHVLJQHGE\VDPHXQLWEXW
ZLWKGLIIHUHQWSULQFLSOHVRIGHVLJQWKDWPHQWLRQHGLQWKHSUHYLRXVVWXGLHV$VDUHVXOW
RIWKLVVWDJHVL[IDFHVGHVLJQHGGHSHQGLQJRQGHVLJQHUVDQGXVHUVQHHGV ILJXUH 



)LJXUH6L[IDFHVGHVLJQGHSHQGLQJRQWKHPDLQXQLWDQGJHQHUDWHGE\XVLQJUHIOHFWLRQVFDOHDQG
UHSHWLWLRQ


VWDJH
7R UHDFK WKH RYHUDOO LQWHULRU GHVLJQ GHVLJQHU FDQ VHOHFW WKH IDFHV IRU ZDOOV
IORRU DQG FHLOLQJ DFFRUGLQJ WR WKH YDULDEOH V YDOXH WKDW PHQWLRQHG LQ WKH OLWHUDWXUH
UHYLHZ $VDSSOLHGWRWKLVVWXG\IRXUGHVLJQV ILJXUH JHQHUDWHGWRWHVWLWE\XVHUV
YLUWXDOO\ WR ILQG ZKLFK PRGHOV WRXFK XVHUV  VHFRQG VNLQ DQG DWWUDFWHG XVHUV WR
HYDOXDWHWKHGHVLJQQHJDWLYHO\RUSRVLWLYHO\
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0RGHO0RGHO0RGHO0RGHO
)LJXUH)RXUGLIIHUHQWPRGHOVGHVLJQHGE\WKHSUREDELOLW\RIGLFLQJ 5HIHUHQFHUHVHDUFKHUV 




7HVWLQJ'HVLJQHG0RGHOV
7KHUHVXOWVRIGHVLJQPRGHOVIRUWKHVDPHVSDFHZLWKWKHVDPHXQLWRIGHVLJQ
ZLOO IDFHG WKH UHDO WHVW E\ WKH UHFLSLHQWV WR HYDOXDWH WKH PRGHOV DFFRUGLQJ WR
SHUFHSWLRQ DQG SV\FKRORJ\ YDULDEOHV ZKLFK ZHUH PHQWLRQHG LQ WKH OLWHUDWXUH UHYLHZ
SDUW 7KH WHVW LV QRW WR VHOHFW WKH EHVW GHVLJQ IURP WKH JHQHUDWHG PRGHOV EXW WR
PDUNLQJWKHVXLWDEOHVWUDWHJ\WKDWFDQEHXVHGWRFUHDWHLQWHULRUGHVLJQIURPVLPSOH
VWDJH 7KLV WHVW PDGH GHSHQGLQJ RQ FKHFNOLVW RI YDULDEOH 7DEOH   GHVLJQHG DV D
TXHVWLRQHU ZLWK LQWHUYLHZ WR HYDOXDWH WKH IRXU PRGHOV LQ YLUWXDO DIWHU PDNLQJ WRXU
LQVLGH WKH PRGHOV 5HFLSLHQW ZLOO IHHO WKH LQWHULRULW\ RI GHVLJQ IURP WKH ILUVW WLPH DOO
LPDJH ZLOO EH WUDQVODWHG IURP UHDO LPDJH WR PHQWDO LPDJH ZKLFK LV ZKDW UHFLSLHQW
ZDQWWRVWDUWWKHHYDOXDWLRQDQGILQGWKHYDOXHRIDHVWKHWLFDQGH[FLWLQJ
7DEOH3HUFHSWLRQDQGSV\FKRORJLFDOYDULDEOHVWRWHVWJHQHUDWHGPRGHOV
1R



*LYHVHTXQFHIRU
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$QWL
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6XLWDEOH









(IILFLHQW












7KH SRSXODWLRQ RI VWXG\ ZDV IURP GLIIHUHQW QDWLRQDOLW\ DQG GLIIHUHQW DJHV LW
VHOHFWHG UDQGRPO\ IURP YDU\ SODFHV IURP VKRSSLQJ FHQWUH DQG VKRSSLQJ VWUHHW LQ
3XODX 3HQDQJ ± 0DOD\VLD ZKLFK FRQWDLQHG PDQ\ IDPRXV PDOOV IDPRXV VKRSSLQJ
FHQWHUVIDPRXVVKRSSLQJVWUHHWV
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5HVXOWVDQGGLVFXVVLRQ
7KHUHVXOWVRIWKLVSDSHUDSSHDUHGLQWZROHYHOVWKHILUVWOHYHOLVUHVXOWVIURP
FKHFNOLVWDQGLQWHUYLHZZLWKUHFLSLHQWZKLFKVKRZWKDWH[FLWLQJYDULDEOHZDVIRU
PRGHO DQG  PRGHO  IRU PRGHO DQG  IRU PRGHO DQG WKDW PDWFKHG
ZLWK WKH VXEYDULDEOH H[FLWLQJ LQ GHWDLOV DQG RYHUDOO  1RUPDO 6FDOH YDULDEOH UHVXOWV
VKRZ  IRU PRGHO  DQG   IRU PRGHO  IRU PRGHO  IRU PRGHO
5HVXOWV IRU VWUDQJHQHVV VKRZ  IRU PRGHO  PRGHO PRGHO 
PRGHO  7KH UHVXOWV IRU VSLULWXDO IHHOLQJV ZHUH YHU\ QHDU IRU DOO PRGHOV DOO ZHUH
EHWZHHQ  IULHQGO\ DQG DQWLIULHQGO\  IURP UHFLSLHQW PHQWLRQHG WKDW WKH GHVLJQ
VXLWDEOH IRU GLIIHUHQW IXQFWLRQ 7KH VHFRQG OHYHO RI UHVXOWV LW UHODWHG WR PDWFKLQJ WKH
GHVLJQHGSULQFLSOHVZLWKFKHFNOLVWYDULDEOHVZKLFKVKRZWKDWWKHPDWFKLQJYDOXHZDV
IRUDOOPRGHOV7KHXVHUVDWWUDFWHGWRPDNHWKLVWHVWWRLQWHUWKLVYLUWXDOLQWHULRU
HQYLURQPHQWDQGJLYHWKHLURSLQLRQLQQHJDWLYHRUSRVLWLYHZD\WKDWPHDQWKHVWUDWHJ\
RI GHVLJQ ZHUH VXFFHVVIXO WR H[FLWLQJ WKH WHVWHU WR HYDOXDWH WKH LQWHULRU VSDFH
EHFDXVH WKH\ IHHO OLNH SDUW RI GHVLJQ SURFHVV (YHQ WKHUH LV VRPH OLPLWDWLRQ RI WKH
VWXG\ EXW GLFLQJ GHVLJQ RU LQWHULRU GHVLJQ DV FXEH LV D VLPSOH GHVLJQ VWDJH WR JHW
FUHDWLYHVSDFHV


&RQFOXVLRQ
,QWHULRUGHVLJQDVDFXEHLVDWKHRU\IRUVLPSOHLQWHULRUGHVLJQZKLFKFDQXVHG
WR JHQHUDWH FUHDWLYH LQWHULRU GHVLJQ E\ VLPSOH VWDJHV ,QWHULRU GHVLJQ LQ D FRPSOH[
SURFHVV ZKLFK KDYH PDQ\ HIIHFWV DQG IDFWRUV WKDW VKRXOG WUHDWPHQW WR FUHDWH
HIILFLHQW VSDFH $V WKH UHVXOWV VKRZ WKH VLPSOH ZD\ WR DFKLHYH WKH VHFRQG VNLQ IRU
XVHUVLVE\LQYROYLQJXVHUVLQWKHGHVLJQDQGXVHGVHWRISULQFLSOHVVXLWDEOHIRUGLFLQJ
LQWHULRU GHVLJQ $V D FKHFNOLVW UHVXOWV XVHUV JDYH KLJK YDOXH WR PRGHOV WKDW XVHG
PRGXODULQGHVLJQE\VHOHFWLQJRUFUHDWLQJXQLWRIPRGXOHLQDGGLWLRQWRXVHWKHVFDOH
IDFWRU LQ WKH WZR GLUHFWLRQV 7KH UHVXOWV LQGLFDWHG WKH FKDQJLQJ SURSRUWLRQ LV QRW
HIILFLHQWWRXVHLWLQGLFLQJGHVLJQ7KHPRVWLPSRUWDQWIDFWRULVUHIOHFWLRQDQGLWVW\SH
ZKLFKKDYHWKHJDLQHGDIIHFWRQWKHGLFLQJLQWHULRUGHVLJQSURFHVVWRJHQHUDWHLQWHULRU
VSDFHDVDFXEHE\VHOHFWLQJZKLFKIDFHWRZKLFKGHVLJQDQGILQGLQJWKHSUREDELOLW\
LQWHULRUGHVLJQIRUPWKLVSURFHVV


5HIHUHQFH


>@ ) ' . &KLQJ DQG & %LQJJHOL ,QWHULRU 'HVLJQ ,OOXVWUDWHGHG-RKQ:LOH\ 
6RQVS
>@ 14DVLPDOSKDEHWLFDO,QWHULRUGHVLJQYROVW'L\DOD'L\DODXQLYHUVLW\
S
>@ -)HOGPDQ,QWHULRU(OHPHQWV86$-$186HW&LH
>@ 24$EGXOTDGHU),EUDKLPDQG%$]L]L,17(5,2563$&(*(1(5$7,1*
675$7(*<$66(&21'6.,1(/(0(17LQ[in]arch international conference
2014 NTERIORITY AND INTERIOR ARCHITECTURE'HSRN
>@ 9 ' R T DEGXOTDGU DQG + DEGXODD $SSOLFDWLRQ RI DUW DQG DUFKLWHFWXUH
SULQFLSOHV LQ WKH GHVLJQ RI VSDWLDO PRGHO LQ 14GA Generative Art international
conference 5RPD
>@ 6 &DDQ 5HWKLQNLQJ 'HVLJQ DQG ,QWHULRUV +XPDQ %HLQJV LQ WKH %XLOW
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(QYLURQPHQW/RQGRQ/DXUHQFH.LQJ3XEOLVKLQJ/WG
>@ 0$6LOYHUVWHLQDQG./RULQGD,QWHULRUGHVLJQWKHRU\DQGDFWLRQJournal of
interior design, YROQRSSPD\
>@ 8 )OHPPLQJ 7KH UROH RI 6KDSH JUDPPDUV LQ WKH DQDO\VLV DQG FUHDWLRQ RI
GHVLJQVn Kalay Y.E.(ed.) computability of designs, SS
>@ + $ + +DVVDQ 3V\FKRORJLFDO ODQJXDJH LQ WKH DUFKLWHFWXUH WKH HQWUDQFH LQ
DUFKLWHFWXUDOSV\FKRORJ\'DPDVFXV'DU6DIDKDW3XEOLVKHU
>@60-LUMHHV7+(36<&+2/2*<2)&21&(37$1',76())(&7217+(
,17(5,2563$&(6'(6,*1AL-TAQANI Journal, YRO9ROXPHQR,VVXH
SS
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7UDGLWLRQDO 7XUNLVK+RXVH 3ODQ/D\RXWV
$EVWUDFW
7KHWUDGLWLRQDO7XUNLVK +RXVHV KDYH D ORQJ KLVWRU\ ZKLFK KDV JRQHWKURXJKPDQ\
VWDJHV RI GHYHORSPHQW LQ$QDWROLD DQG 5XPHOL LQ WKH ODVW ILYH FHQWXULHV +RZHYHU
WKHVH KRXVHV KDYH FHUWDLQ FKDUDFWHULVWLFV LQ FRPPRQ ZKHUH WKH SODQ OD\RXWV DUH
WKHPRVWLPSRUWDQWFKDUDFWHULVWLFIHDWXUHV >@
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ZZZJHQHUDWLYHDUWFR
P

7KH SXUSRVH RI WKLV VWXG\ LV WR H[SHULHQFH WKH IRUPDO DQG V\QWDFWLF LQIRUPDWLRQ
XQGHUO\LQJ WKH SODQ OD\RXWV RI WUDGLWLRQDO 7XUNLVK +RXVHV KDYLQJ D FHUWDLQ GHVLJQ
ODQJXDJH WKURXJK DQ LQWHUDFWLYH DQG KLJKO\ YLVXDO H[SHUWV\VWHP >)LJXUH @,QWKH
VWXG\WKHVKDSHJUDPPDUZDVDSSOLHG DVWKHPHWKRGZKLFKLVLQWURGXFHGE\6WLQ\
and Gips in 1970’s >@ 7KH PHWKRG HQDEOHV WKH DQDO\VLV RI GHVLJQ ODQJXDJHV RI
DOJRULWKPLF VWUXFWXUH DQG WKH SURGXFWLRQ RI QHZ GHVLJQV +HQFH WKH VKDSH
JUDPPDU FDQDOVREH GHILQHGDVDUXOHVHWGHSOR\LQJDGHVLJQODQJXDJH
%\ UHIHUULQJ WR WKH VKDSH JUDPPDU ZKLFK FRQWDLQV LWV RZQ UXOHV DQG GHVLJQ
FRPSRQHQWVDQ DOJRULWKPLVGHYHORSHG WRSURGXFHSODQOD\RXWV7KHVHSODQOD\RXWV
DUH XVHGWRLQWHUSUHWWKHDOJRULWKPYLDFRPSXWHU7KHLQSXWGDWDWRWKHFRPSXWHULV
GHULYHG IURP Ça÷daú’s >@ VWXG\ QDPHG DV “$ 6KDSH *UDPPDU7KH /DQJXDJHRI
7UDGLWLRQDO7XUNLVK+RXVHV”.
7KH SUHVHQW VWXG\ JHQHUDWHV WKH SODQ OD\RXWV RI WUDGLWLRQDO 7XUNLVK +RXVHV LQ
Ça÷daú’s study. The novelty is the introduction of a 2D analytic plane by means
EDVHG RQ DQ DOJRULWKP 7KH JHQHUDWLRQ SURFHVV LV H[HFXWHG E\ XVHUV GXH WR WKH
LQWHUDFWLYH VWUXFWXUH RI WKH H[SHUW V\VWHP E\ WKH KHOS RI NH\ERDUG 'XULQJ WKH
JHQHUDWLRQ SURFHVV SHUIRUPHG EDVHG RQ WKH DOJRULWKP WKH FRPELQDWLRQ UXOHV RI
GHVLJQFRPSRQHQWV DQGUHVWULFWLRQVDUHWDNHQLQWRFRQVLGHUDWLRQDQGDQLQVWUXFWLRQ
OLVWLVGLVSOD\HG>@
7KH VWXG\ LV D WULDO ZKHUH WKH DUWLILFLDO LQWHOOLJHQFH LV GHDOW ZLWK LQ GHVLJQ WUDLQLQJ
ZKLOH UHJDUGLQJWKHXVHRIVKDSHJUDPPDUPHWKRG 7KHVKDSHJUDPPDULQWHUSUHWHU
H[SHUW V\VWHP LQ WKLV VWXG\ KHOSV XVHUV WR XQGHUVWDQG WKH IRUPDO FRPSRVLWLRQV
DQGSODQOD\RXWVRI WUDGLWLRQDO7XUNLVKKRXVHV:KLOVWWKHVWXG\LVDGHVLJQWRROWR
UHFRUGQXPHURXVSODQOD\RXWDOWHUQDWLYHV

)LJXUH&RGLQJ,QWHUIDFHDQG*HQHUDWHG3ODQ/D\RXWV


&RQWDFW
.H\ZRUGV
RUNDQJX]HOFL#JPDLO 6KDSH*UDPPDU $UWLILFLDO,QWHOOLJHQFH'HVLJQ/DQJXDJH3URFHVVLQJ
7UDGLWLRQDO7XUNLVK+RXVHV
FRP
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Abstact
The traditional Turkish Houses have a long history, which has gone through many
stages of development in Anatolia and Rumeli in the last five centuries. The purpose
of this study is to experience the formal and syntactic information underlying the plan
layouts of traditional Turkish Houses having a certain design language through an
interactive and highly visual expert system. In the study, the shape grammar was
applied as the method. Shape grammar enables the analysis of design languages of
algorithmic structure and the production of new designs. By referring to the shape
grammar, an algorithm is developed to generate plan layouts. Developed algorithm is
interpreted to computer by using “Processing” coding interface. The input data is
derived from Cagdas’s study named as “A Shape Grammar: The Language of
Traditional Turkish Houses”. The generation process is executed by users, due to
the interactive structure of the expert system by the help of keyboard. The shape
grammar interpreter in this study helps users to understand the formal compositions
and plan layouts of traditional Turkish houses. System also record numerous plan
layout alternatives generated by users.

1. Introduction
1.1 Aim and Methodology
The purpose of this study is to show the formal and syntactic information within the
plan layouts of Traditional Turkish Houses. The plan layouts are the most important
characteristic features of Traditional Turkish Houses. This certain characteristics can
be defined as design language and shown through an interactive and visual expert
system. In this study, shape grammar was chosen as a method, which can be used
in analyzing design languages and producing new designs.
The syntactic information about Traditional Turkish Houses is obtained from
Cagdas’s study named as “A Shape Grammar: The Language of Traditional Turkish
Houses [1]. The plan layout generation algorithm is interpreted to computer by using
Processing interface. Design components, shape rules and restrictions are also
defined to computer by coding. The present study generates the plan layouts of
traditional Turkish Houses analyzed in Cagdas’s study.
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1.2 Design Languages and Shape Grammars
People use natural languages to maintain daily relationships. Languages may
change or develop but in a long time. Language is an abstract definition to show and
explain the reality. On the other hand, artificial languages are special communication
tools invented by the people. As an example, music notes are a part of a special
language used by musicians. Moreover, Fortran and Pascal are computer based
artificial languages [2].
Language consists of arrangements of the words in its own vocabulary. Likewise,
design is an organization of design components. New designs are produced with
new arrangements of shapes [3].
Many researches emphasize that there is a strong relationship between the structure
of language and architectural design. Languages have a grammar that defines the
combining rules of words. As mentioned on languages features, a similar approach
for combining design shapes is possible.

Image 1. Components of Classical Ottoman Mosque [5]
In the 1980’s the researchers focused on the architectural designs, which are
belonging to an era, an architect or a region. Each of these architectural languages
that belong to a certain era or an architect has its own compositional principles.
These architectural principles are defined with the set of rules and these made up to
the grammar of that language [4].
In architectural design with using a limited number of components, the number of
created combinations is numerous. However, it cannot be said all combinations are
meaningful. In this point, shape grammar includes the rule set to provide the
appropriate relationships between these components.
Shape grammar is a method introduced by Stiny and Gips in 1970s, enabling the
analysis of design languages of algorithmic structure and the production of new
designs in the same language.
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Shape Grammar can be defined as a rule set which is deployed to form a design
language. As linguistics does not invent a new language, shape grammar does not
invent a new architectural language.
Shape grammar consists of generative rules used to produce shapes. Repeated
application of shape rules to an initial shape lead the generation process of new
shapes. A sequence of derivation often generates shapes that are unexpected [6].
First studies on shape grammars aim to criticize and analyze design languages with
working on shape rules. By analyzing these rules, the original language is realized
and new forms produced by using language. Each shape grammar is unique and
expected to produce different designs. As, there is not an official language for all
societies, there is not a common or finalized form of shape grammar.
Vernacular architecture language is evolved in a long term with additive and
repetitive process. The language of vernacular architecture is complex but the whole
keep architectural orders and information. This architectural information underlying
vernacular architecture language can be defined through an algorithm. It is possible
to analyze and decompose the vernacular architecture language. Decomposition is
made by exploring the components and the rules of combining rules for these
components. The components and the rules formalize the grammar of the language.

Image 2. Applying the rule on an initial shape [7]

2. Traditional Turkish Houses in the Context of Shape Grammars
2.1 Main Features of Traditional Turkish Houses
th

The building process of Traditional Turkish Houses started in Anatolia in 15 and
th
16 centuries. These houses expanded to other regions within the borders of
Ottoman Empire. Traditional Turkish Houses have many developments in the
architectural context during five centuries [1].
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Image 3. Different types of Traditional Turkish Houses [8]
Various types of Traditional Turkish Houses were evolved under different geographic
features, climates and traditions. In spite of all this diversity, some features of the
Traditional Turkish Houses are remained unchanged in many regions. As Eldem [9]
stated, all Traditional Turkish Houses have certain characteristics in common. The
plan layouts of the houses are the most important characteristic.

Image 4. Plan layout of main living floor and facade of a Turkish House [10]
The Traditional Turkish Houses usually have one floor. Over time, houses floor
quantity has increased. Even the number floor is increased; the main living floor is
generally located at the highest level. The plan layouts of main living are presenting
the common language that belongs to Traditional Turkish Houses.
The architectural language of Traditional Turkish Houses consists of the organization
of rooms, halls, eyvans and bays. The organization of these plan elements is a main
issue. For this reason, certain details of house plans are ignored in the scope of this
study.
2.2 Elements in the Traditional Turkish Houses Plan Layout
In this section, the elements that composing the Turkish Houses plan layouts are
examined. These elements are rooms, halls, eyvans and bays.
Room can be described as the most important plan component. Number and the
location of rooms directly affect the plan types. Aligning the rooms in one or more
axes creates the hall. The hall is a corridor that connects the rooms. The plan types
are named by the relationship of between rooms and hall.
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According to the location of halls plan layouts are classified as without a hall, with an
outer hall, with an inner hall and with a central hall. Graphical representation of hall
types can be seen in Image 5.
Rooms on a single row can divided with a space called eyvan. Eyvan is an additional
hall to get sunlight into the hall and to reach the courtyard from hall.
The bays are generally added to enlarge the interior volume of the house. Another
purpose to add bays is to get sunlight and gravitate to view. Bays are generally
located on the outer border of rooms but in some plan types bays are used as an
extension of hall.

Image 5. Plan types and plan components of Traditional Turkish Houses [8]
2.3 Shape Rules to Generate Traditional Turkish Houses Plan Layouts
A parametric shape grammar to generate the Traditional Turkish House plan layouts
is developed by Cagdas [1]. For guiding the generation process of the plan layouts
an imaginary grid is used. Straight lines are used to create shapes. Definition of the
spatial relations between the plan elements is made through shape rules sets. In the
rule set vocabulary elements are represented with polygons. Polygons are placed in
a grid to determine the alternative locations of the plan elements.
In Cagdas’s work, the main vocabulary elements of Traditional Turkish houses are
rooms, halls with their extensions. Two dimensional shape grammars are usable to
create plan alternatives. The dimensions of plan elements may vary in different plan
layout. To avoid that, blocks size parameters are standardized to make the
modifications easily [1]. To create the expert system, the scope is limited only with
rule sets belong to the plan types with inner hall. The rules that will be used in
program are explained. In the rule set, RI code states the rule set for houses with
inner halls. For example, RI31 code means the first shape rule of the third rule set.
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In Cagdas study, the rule RI1 replace the initial shape with a hall labeled with letter
“H”. This rule application creates the core of the plan. This case means that every
house should have a hall. RI2 rule set is used to locate rooms around the hall. RI21,
RI22 and RI23 rules are used to add rooms. These shape rules are applied to
generate plan types with more than one room. During this process the hall length is
increased as seen in rules in Image 6. In other words the hall length is equal to the
room length in those rules. Rooms are labelled with letter “R”. The RI31 and RI32
and RI33 RI34 rules place the eyvan to the corner or between the rooms in a row.
RI71, RI72, RI73, RI74, RI75 and RI76 rules add the bay to the outer border of a
room [1].

Image 6. Shape rules to generate plan layouts with inner hall [1]

3. Shape Grammar Based Expert System
3.1 Theoretical Background of the Expert System
Shape Grammar Interpreters are expert system that allows users to develop or
generate designs. A Shape Grammar interpreter is a computer based system that
can make operations. With using these systems development of these design
alternatives can easily created in an interactive way [11].
Early shape grammar expert systems were implemented in Prolog by Krishnamurti
[12]. Krishnamurti’s approach is defending the need of algorithms for performing the
shape rules. First visual shape grammar interpreter was done by Tapia [13]. Tapia
developed a 2D shape grammar interpreter that is able to work on an entire shape
with Euclidian transformations.
Jose Duarte developed a shape grammar for Alvaro Siza’s houses at Malagueira.
For the generation of houses, shape grammar proceeds recursively by locating
rectangles. Duarte used the shape grammar to create an interactive computer
system for the design of mass housing. Houses are created and rendered due to
user preferences [14]. Such interactive systems enable user participation in design
process.
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3.2 Developing the Logic of the Expert System
Processing is a very flexible interface to create 2D geometric compositions. First,
design components are defined on a 2D analytic plane by using coordinates.
Shapes, sizes and the label are also specified. The components that will create the
plan layouts are become unique with these specifications. The combination rules of
components and restrictions are also defined. Processing interface is used to
interpret all information about components.
Generation process of plan layouts is specified with a verbal algorithm and flowchart.
Instructions about generation process are displayed to help the user while the code
is running. Interface has coding screen, display screen and an interactive screen.
Users have the chance to lead the process by the help of keyboard on interactive
screen. Keyboard places the components into plan layouts due to the rules and
restrictions.
The drawn plan components have different colors and labels. Overlapping between
components and transforming components is restricted. The reason of these
restrictions is having finite plan schemas by grammar.
To use the generative feature of shape grammar an algorithm schema is developed
to perform the generation process. Algorithm schema help users to avoid from
making errors and create design step by step.

Image 7. Interactive interface of Processing
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Image 8. Coding screen, display screen and interactive screen
3.3 Algorithm Schema of the Expert System
After mentioning how the Processing code operates, it is essential to give the
working process of algorithm schema. The algorithm schema is generating plan
layouts based on Cagdas’s shape grammar study. Users are managing the
generation process of layouts by communicating with code interactively by using
keyboard. As shown in Image 9, process begins by drawing the layout, hall, room,
eyvan ends with the addition of bays.
Algorithm schema is leading the user to define the size of layout in coding screen.
After defining the size of layout the code is run. First, user is expected to create hall,
which is the main element of Traditional Turkish House’s plan layouts. In the next
step, the rooms are located around the hall. The number of the rooms can be 2,4 or
6 based on grammars. Operation of adding rooms is reversible. It means layout with
a 4 rooms can transformed into type with 2 rooms by deleting 2 rooms. Another plan
element eyvan can be added to plan layouts. Eyvans can only added to plan layouts
with 4 or 6 rooms. In other circumstances, the code does not respond to inputs.
Before lasting the generation process, user can create bays. The bays are added
randomly to plan layout on every pushing to the button. Adding bays is not a
necessity.
After completing the code, the expert system based on an algorithm is run and the
bugs are fixed. New steps and new components are added based on grammar
developed by Cagdas [1].

page # 301

XVII Generative Art Conference - GA2014

Image 9. Algorithm scheme and representation of design components
3.4 Rules and Restrictions on Creation Process
The system is running on an order, which is defined on algorithm scheme. The
generation process is explained step by step below.
The layout (field) is the area where the design alternatives created on. Before
running the Processing code the size of the layout has to be defined by the user in
coding interface. Processing interface draw the layout once as a background.
Changing the size of layout is not possible during the code is running. The user
enters the width and length as parameters.
Every created plan layout based on a grammar has to include a hall. The distinction
between inner or outer hall is not defined to the system. Expert system is able to
produce only plan layouts with an inner hall. After running the code, the system
automatically draws the background to place the plan components. Afterwards,
system communicates with user from the instruction display screen.
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Placing hall is the first step to generate a plan layout. “Push the letter H from
keyboard to place the hall.” statement is written on instruction screen. By pushing to
“H” button from keyboard, system places a hall at the middle of the layout. The hall
size is 100,100 pixels on both axes.
The houses with inner hall may have 2, 4 or 6 rooms. System consults to user to
choose one of these alternatives. User press the button “2” from keyboard to create
2 rooms, press “4” to create 4 rooms or press “6” to create 6 rooms. The rooms are
located on the both side of hall on y-axes. Having 4 or 6 room create 2 rows this also
enlarges the hall, which is a passage between rooms. Example can be seen in
Image 10.
Houses with 4 or 6 rooms may have 1 or 2 eyvans. Users press “E” button to place
one or two eyvan between rows of rooms. Adding eyvan is transforming rooms into
eyvans. With this operation plan layouts with 3 and 5 rooms are created.
Bays can be located on outer edges, which is not neighbor with the hall. To locate
bays user press button “A” for types with 2 rooms, press “B” for types with 4 rooms
and “C” for types with 6 rooms. This operations start to create random bays on the
edges which is not neighbor with halls. The restrictions within the process are listed
in Image 10.

Image 10. Restrictions on generation process and example plan layout generation
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3. Conclusion
This study presents an expert system that generates plan layouts in a closed shape
grammar. In the scope of this study, an expert system is developed to generate fast
and different design alternatives with using rendering, generating and saving abilities
of computer. The expert systems code structure is changeable for any modification
for further shape grammar studies.
Written code allows users to participate generation process interactively. Users also
make inputs to the process. Expert system is explaining rules to combine design
components. System also controls the process with specified restrictions. With the
help of interactive display screen users generate plan layouts by following the
process step by step.

Image 11. Generated plan layout alternatives
Consequently, users learn the plan layout types, design components and the rules to
combine these components. All these steps constitute the generation process, which
are not separate processes. New plan layouts are generated based on a same
shape grammar. Applying different rules for generation process end up with different
plan layouts. The system is able to record these numerous plan layout alternatives.
The study is a trial where the artificial intelligence is dealt with in design training while
regarding the use of shape grammar method. The shape grammar based expert
system in this study helps users to understand the formal compositions and plan
layouts of traditional Turkish houses.
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Premise
This paper proposes a system model for studying the effects of computers
cooperating with humans in drawing a subject together on the same canvas. We
present our hypotheses, partly drawn from a preliminary experiment with ten subjects.
It is a part of our plan in wider experiments on the subjects. We propose two
questions; (1) "How does the drawing style of the computer affect the users
performance?" and (2) "How does the distance between strokes drawn by computer
and human affect the users performance?" We are pursuing the answers through
more experiments in which the computer draws with two parameters, imitation rate of
drawing style and spatial interference rate. The effects of the rates are investigated
by assigning a variety of probability distributions of occurrence for each rate.

1. Introduction
The doodle is a play drawing with paper and pen. Wide people, from small children to
the elderly enjoy it. In addition, it is also generic and highly scalable play. It expands
to graffiti on the walls, the drawing on the screen using the projector, and so on.
Traditionally, creative activities such as doodle, has been considered as the act only
human do, so only human can collaborate on creative activity. However, computers
those perform autonomously and creatively have begun to be accepted by people,
recently. Artificial intelligence artist AARON [1] is a typical example. Along with these
creative computer, the possibility of human-computer collaboration on doodle has
begun appear.
In fact, there already have been computers that aim to collaborate with human. There
are two examples of the studies; SHIZUKA [2] is a computer system which draws
picture interactively by associating next drawings from human drawings, and another
system aims to mix own creativity and human's [3]. In the aspects of humancomputer interaction, human-computer doodle is one of the "collaborative
interactions of which primary aim are spending a fun time together [4]".
Yamamoto et al. argued that one of factors that bring fun to humans on such as
collaborative interactions is "itself that thinks partner is human" [5]. Therefore, it has
been said that it is difficult to make human fun by such human-computer interaction.
However, Yamamoto et al. also pointed out that; might humans can enjoy humancomputer interaction itself, if computer's behavior achieve the level in which human
can empathy with it or can superimpose psychological state on it.
When humans doodle together, they tend to care what the partner is drawing and
how it is possibly going on. In this study, we consider that the computer which human
empathies with or superimposes psychological state onto gives the partner feelings
of "the computer cares me" and "I'm caring the computer". Further more, we assume
such computer promotes human-computer interaction spending a fun time together.
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In human-computer doodle, the computer reaction that gives the partner the feelings
of "the computer cares me" and "I also care the computer" have not been much
studied. In addition, the creative computers are not suitable for verification of
computer interaction, because these computers are not yet adequate to "doodle
together with".
In this study, we develop the Co-Drawing System (CDS) which doodles a presented
image based on a teaching data together with human, and propose two assumptions
to give human feelings that "the computer cares me" and the Co-Drawing System
TOMMY (CDST) which is the system to investigate these assumptions. These
assumptions were induced based on our preliminary observation using CDS.
As a result of the human-computer drawing observation using the CDS, we assumed
two hypotheses; 1. Human is easily aware of the drawing style, and feels easily "the
computer cares me" if the computer imitate the person's drawing style, 2. Human is
easily aware of the spatial interference of strokes, and feels easily "the computer
cares me" through the spatial interaction with the computer.
To investigate these two hypotheses more deeply, we propose the CDST that can
set imitation rate of drawing style and spatial interference rate and change behavior
of the system.

2. CDS Overview
2.1 System doodling together with human
Figure 1 shows the schematic diagram of the CDS. CDS is software running on a PC,
and it doodles an imitated figure of the image presented by an experimenter together
with a person on a single canvas shared between them. The CDS does not only
doodle on its own, but also do together with a person. If the person doodles a stroke
on the canvas using a pointing device such as a mouse, the CDS detects it, and
acquires information of drawn strokes. In addition, the person sees how strokes are
drawn during the CDS is doodling the strokes on the canvas in real time.
The CDS doodles in accordance with the teaching data obtained by converting the
presented image to interpretable form. Figure 2 shows the flow of processes to
doodle in accordance with the teaching data, with acquiring strokes drawn by the
person. Until the teaching data exhausted, the CDS repeatedly selects a stroke from
the data and acquires information of a stroke drawn by the person if it detects the
person drawing strokes on the canvas.

CDS Teaching Data

Drawing
Virtual Canvas
Mouse

CDS

Human

Figure 1. Schematic diagram of the Co-Drawing System.
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Figure 2. The flow of processing to doodle drawings with acquiring strokes drawn by
the person.
2.2 Creation of teaching data
Teaching data is obtained by converting a presented image to a recognizable form of
the CDS, and a hand of man converts the presented image. First, a person doodles
the presented image on the canvas using a mouse. Next, the CDS gets boundary of
each stroke, absolute coordinates of the stroke, and drawing speed of the stroke
from the drawn data. Finally, the presented image is converted to the teaching data.
At that time, beginning and end of each stroke are obtained by detecting the moment
the mouse is pressed or released, and each strokes is obtained as a set of points.
The points are taken at predetermined time intervals, so if a distance between points
is long the drawing speed of the stroke is quickly, and if the distance is short the
speed is slow.
When the CDS doodles on own, it can faithfully reproduce strokes forms of the
teaching data and the drawing speeds of the strokes.
However, draw order is not recorded.

3. Outlook of the factors that affect human
3.1 Observation of human-computer doodle by CDS
In this experiment, the CDS operates according to the following three policies, in
order to hold the act of doodle together.
• Do not draw a stroke on the stroke drawn by human.
• Select a stroke from the teaching data, with priority the furthest from the stroke
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drawn by human.
• The stroke of teaching data, which is not yet drawn, is considered that it is already
drawn, if the stroke is close to a stroke drawn by human.
These policies realize human-computer doodle sharing, separating the area to draw
strokes.
Below we describe the conditions of the experiment.
• At first, the subjects are informed the partner of doodle is a person.
• Drawing speed of the CDS is based on the teaching data (it is same as the
teaching data creator).
• It seems that the CDS draws strokes at random order from a person who doodle
together with the CDS, because it chooses a stroke from teaching data in favor of
distant stroke from the strokes drawn by the person.
In this experiment, we asked some questions to subjects; whether felt that "doodle
together with", whether felt that drawing speed of a computer is adequate, whether
felt that the computer doodled drawings at adequate order, and so on.
3.2 Observation results
Subjects were ten university students, and of which eight people answered that "I felt
drawing together with the computer", but other two people did not feel so. The
computer / the person supported the other, or they succeed to share the canvas to
complete drawing the presented image, these are the reasons why the eight people
felt drawing together with the computer.
On the other hand, as the reasons why they did not feel so, the two people
mentioned that the computer drawing speed was too unlike their own. About feeling
of computer drawing speed and feeling of computer drawing order, we prepared
some choices.
For the drawing speed, there were slow, somewhat slow, normal, somewhat fast, and
fast choices. For drawing order, there were unnatural, somewhat unnatural, neither
unnatural nor natural, somewhat natural, and natural choices. While a half of subjects
answered the drawing speed is normal, seven subjects answered the drawing order
is unnatural or somewhat unnatural. Despite the computer's drawing order is
unnatural, nobody mentioned about it at free impressions. To the contrary, some
subjects mentioned about the drawing speed.
3.3 Hypothetical factors affecting human
First, we considered that there are conscious factor and unaware factor, in humancomputer doodle. From a result 3.2, we regard the drawing speed and each other's
drawing area as conscious factors. To contrary, the drawing order is seemed to be
unaware factor.
The drawing speed is not fixed while a stroke is drawn, and it is closely related to
how to draw the stroke. Thus, we considered that humans imitate other party each
other, and assumed that the person feels easily "the computer cares me", if the
computer imitates person strokes.
Therefore, we devised the system which the experimenter can change how much
imitate and how much interference to strokes drawn by human. This system extends
the CDS, and it is called Co-Drawing System TOMMY (CDST).
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4. Imitation of how to draw strokes
In this study, we define the drawing style, which represents how to draw strokes
using the drawing speed, and CDST imitates the style using "imitation rate" which
CDST has. Using the system CDST, we investigate the change in human impression
due to increase or decrease of imitation rate. Then, we will verify the relationship
between imitation of the drawing style and whether the person feels that "the
computer cares me".
4.1 Style of how to draw the stroke
Each stroke has own style of how to draw strokes, and each style is represented
using the three factors.
The first factor is the average drawing speed to draw the stroke. The average
drawing speed Vave is the number of the stroke length divided by the number N of
points contained in the stroke, and it is expressed by following equation.
(1)
where Dt,t+1 is distance between point Pt and next point Pt+1.
Second factor is the drawing speed ratios arranged in order from the first section to
the last section. It is prepared to express a habit of how to draw such as initially slow
gradually faster. Figure 3 shows an example of the habit of how to draw in the graph.
When the drawing speed ratio in the vertical axis is 1, drawing speed of the section
equals the average drawing speed of the stroke. Therefore, figure 3 shows the
change of drawing speed; the start drawing speed is slow, but it is gradually faster,
and it again gets slow at the end of drawing. The drawing speed ratio Rt of section St
is expressed following equation.
(2)
where, section St is between the point Pt and next point Pt+1 on the stroke, and the
drawing speed of section St is distance Dt,t+1. Such drawing speed ratios Ri arranged
in order from the first section S1 to the last section SN-1 is treated as a habit of how to
draw which the stroke has.
Third factor is the waiting time from time finished previous drawing to time beginning
current drawing. The previous two factors can be calculated only from the current
stroke, but the third factor needs to measure the time continued from the stroke
drawn previous.
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Rt

t
Figure 3. An example of habit of how to draw
4.2 Acquisition and imitation of drawing style by person
If CDST detects a stroke drawn by person, it acquires the stroke, and calculates the
drawing style using representation of 4.2. When CDST draws a stroke Lc chosen from
teaching data, it imitate human drawing style using own imitation rate. That means it
calculates drawing speed Vt used to draw the point Pt on the stroke Lc by own
drawing style and acquired human drawing style. When the imitation rate is high, the
calculated drawing style close to human drawing style, but it is close to the CDST
drawing style if the rate is low. Imitation rate takes the real number of 0 or more 1 or
less.
Now, we assume CDST draws a stroke Lc with imitation of human drawing style
acquired from stroke Lh. When imitation rate is M, the drawing speed Vt of section St
on stroke Lc is expressed following equation.
(3)
where Rct, Rht, respectively, refers to the habit of the CDST's drawing and humans at
point Pt and point Pht, and Vc, Vh, respectively, refers to average drawing speed of the
CDST's stroke and humans. The point Pt is on stroke Lc, and the point Pht is on stroke
Lh and corresponding to the point Pt. Figure 4 shows the correspondence of point Pt
on stroke Lc and point Pht on stroke Lh.
Finally, the waiting time d until choosing next stroke from teaching data and starting
drawing is expressed following equation.
(4)
Here, dc, dh, respectively, are the CDST's waiting time and the human waiting time.
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Stroke Lc

Point Pt
Stroke
Lh

50%
Starting
Point

Relative positions against
each stroke are the same
Starting
Point

50%

Point
Pht

Figure 4. The correspondence of point Pt on stroke Lc and point Pht on stroke Lh.

5. Spatial interference
The CDST adjusts by interference rate the distance between human previous stroke
and the stroke chosen from teaching data, in order to observe the impact of spatial
interference among strokes.
First, get strokes which are included in the teaching data and have not yet drawn, to
sort that in the order of proximity to the stroke drawn by human. The distance
between a stroke drawn by human and a stroke gotten from teaching data is
regarded as the distance of which the combination of most closer points. Then regard
100 * (1 - interference rate) as the percentile value, and choose appropriate stroke
from sorted strokes.
In other words, when there is the interference rate I (0 < I ≤ 1), the chosen stroke Ln is
located nth of sorted strokes counting from 0, then, the n is given by the following
equation.
(5)
where N is the number of strokes which included the teaching data and not yet drawn.
Therefore, when the interference rate is high, the CDST draws in favor of close
stroke from strokes drawn by human, and when it is low, draws in favor of distant
stroke from strokes drawn by human.
However, because selectable strokes gradually become less, the CDST can draw
distant stroke from strokes drawn by human despite the interference rate is high, and
it also can draw close stroke despite the rate is low.

6. Occurrence probability and combination of imitation rate and
interference rate
When a human does something, it is difficult to repeat the same thing exactly like
computer. In order to provide some fluctuations in the behavior of computer, the
spatial interference rate and the imitation rate are updated with a random number
according to a triangular distribution on the each time to draw a stroke.
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Triangular distribution of the probability density function f(x) is given by following
equation.

(6)
Here, a, b, c denote respectively, the lower limit of the distribution, the upper limit, and
the mode value. Table 1 shows values of experimentally used three distributions.
Imitation rate in the 0 to 1 inclusive of the real number, and spatial interference rate is
greater than 0 to 1 or less of the real number. Figure 5 shows the probability density
function of the triangular distribution using values in table 1.
The horizontal axis expresses the value of imitation rate and interference rate. In
Figure 5, as distribution of imitation rate goes from (1) to (3), the CDST often imitates
drawing style of the person a lot. In interference rate, as distribution goes from (1) to
(3), the CDST often disturbs human strokes.
The behavior of the CDST varies by the combination of the shape of the imitation
rate distribution and the shape of the interference rate distribution. Because the
imitation rate and the interference rate have respectively three shapes of distribution,
the CDST have nine behaviors.

Table 1. Values of distributions.

Figure 5. Probability density function of triangular distribution.
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7. Conclusions
In this study, we assumed the two hypotheses; 1. When the computer imitates the
style of drawing by the person, the person feels that "the computer cares me", 2. If
there are appropriate spatial interferences, the person feels easily that "the computer
cares me".
These hypotheses are based on the prediction that there are possibility of which
human feels a fun through human-computer interaction itself, if a computer reaches
the level in which human empathies with and superposes psychological state onto. In
addition, to investigate the two hypotheses, we proposed the Co-Drawing System
(CDS), which can doodle together with human, and Co-Drawing System TOMMY
(CDST) which can adjust degree of imitation of drawing style and degree of spatial
interference.
Then, we show that the CDST behaviors are changed by combination of imitation
rate and interference rate, in the other words, varying the distribution of imitation rate
and spatial interference rate.
In the future work, we will conduct the verification of the hypothesis throughout the
experiment.
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Abstract
In territory of Latvia the origins of the regional architecture formation are
related to wooden houses built by the Baltic tribes and the architectonic space
arrangements on castle hills, as well as spatial solutions in the rural environment – in
farmsteads where in the natural environment context, following peculiarities of the
topography, near water basins the building-forms of residential and household
buildings were arranged and the proportions of their separate constructive parts were
looked for. Due to the environmental interaction created by nature and people, every
region of Latvia – Courland, Semigallia, Vidzeme and Latgallia – over the centuries
has acquired its own language of architecture forms typical for the particular region:
their qualitative features are the scale and relations of spatial forms.
Searches of the space and shape mutual impact and arrangement are also
topical nowadays. Architects, following old traditions and preserving the human scale
in environment, have created modern buildings in Latvia regions – complexes of
residential and public buildings – and culture environment for daily activities. The
interpretation of the building-forms formation and their separate parts, usage of
natural building materials, also the searches of proportional relations of separate
parts and details of buildings improve the language of architecture forms, awarding it
new features.
The goal of the research is to find out the significance of the qualitative
features of architecture – relations of the scale and spatial forms – for the emotional
artistic expression achievement in the modern regional architecture of Latvia.
Keywords: environment, natural building materials, regional architecture, residential
and public buildings, scale, shape, traditions

Introduction
Regional architecture in Latvia countryside and cities has been developing
during lots of centuries thanks to the geographical placement of Latvia which has
provoked the visits of neighbouring nations and impact of different cultures.
Originally, typically rural wooden houses created the city building, which gradually
were adapted to the requirements of city building. The oldest wooden buildings in
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Latvia have been created by unknown authors: the building structure was made in
order to achieve an aesthetically wholesome architectonic solution avoiding
mechanical collection of separate elements in the construction volume. In the second
th
half of the 18 century buildings were given a monumental shape, and each
ethnographical region of Latvia (Picture 1) – Courland, Semigallia, Vidzeme and
Latgallia – obtained its own characteristic language of architectonic forms, whose
qualitative features are the scale and relations of spatial forms.

Picture 1. Map of Latvia with four ethnographic regions [I-1]

1. Ancient Wooden Building in Latvia
If we look into the distant past, we can see lots of common features in the
urban and rural building layout and constructive formation, whose origin was
connected with the subsistence farming. Popular architecture appeared in the
presence of foreign relations and newly-introduced stone architecture.
The oldest buildings in Latvia territory were built of natural building material –
wood, whose constructive possibilities and sizes – cover span, length of horizontal
beams or straddle height, also the features – sensitivity to humidity, precipitations,
long-horned beetles and fire, were taken into account when building wooden houses
in different ages and countries in the corresponding climatic zones. The main types
of wooden construction buildings were timber frame, log building and strut or lattice
construction. The environmental influence was strong and local traditions obtained
their reflections also in the buildings’ architecture. This process was promoted by
social structure, climate conditions, resources of local building materials and the use
of logic, as well as the desire for simplicity in construction and décor. The
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architecture of wooden buildings was expressed in the construction silhouette, roof
constitution, also in the forms and décor of openings and small details.
Understanding of wood properties had great significance which was expressed in a
conscientious care of the created material and potentially longer live expectancy of
the art value.
Evolution of wooden construction forms was a complicated and mutually
reversible process, which was implemented in the contact of popular architecture
and style architecture: first it was expressed in the city construction, but later it
echoed in rural centres – manors, also influencing the architecture of farmsteads.
The architecture of styles in the urban wooden construction encountered severe
resistance of traditions.
The roof took an important place in construction: the roof pitch approved for
rural buildings could also be met in urban wooden construction, confirming the
influence of national building traditions on wooden architecture in towns.
Décor in construction was used very sparingly. Small detailed forms of
functional significance can be counted as a decoration: porch railings, carvings at the
end of barge boards, regularly placed reinforcement elements of the roof ridge. In
barns the porch columns and lintel elements were emphasized with décor.
In the architectonic artistic form of buildings a special attention was paid to
window and door openings and their infill. Smooth door leaves of vertically placed
boards were made for buildings, but with crafts development the constructions of
th
leaves were improved. Doors of buildings were emphasized starting from the 17
century – they obtained a decorative significance.
The window has always been an active element in the façade of the building –
the construction document of the age which included the information on the stylistic
and constructive evolution of the construction components. Window leaves were
divided into several panes and their sizes were determined by the glass
manufacturing facilities. Glazing of small panes was used for the window leaves of
urban wooden residential buildings which were fastened in wooden laths. Glass size
determined the constructive and architectonic construction of windows.

2. Planning of Latvian Farmsteads and Urban Environment in Latvia
Historically Ethnographic Regions
In Courland the prevailing type of farmers’ settlements was singlehomesteads, but there were also lots of dispersed villages. The system of two yards
was popular: the residential building was in the centre, but between it and the
stockyard – the work or “dirty” yard. The “clean” yard was made between the
residential building and barn. People of the residential building could easily get into
both yards through the communicating hall in the central part of the building. There
were also other types of the yard planning, in which the layout of the buildings
depended on the size, terrain and other factors of the farm. All buildings were placed

page # 319

XVII Generative Art Conference - GA2014

round the yard, bet several rooms of different character – residential and outbuildings
– were joined under one common room in one building [1, 40–41].
Semigallia due to the fertile lands and more favourable historical conditions
became economically the most developed region of Latvia where single-homestead
settlements dominated, but along the border of Lithuania and on the coast of the
Rīga Gulf – villages. In Semigallia a residential building was situated in the centre of
the yard which was surrounded by a garden. On one side of the residential building
barns and granaries were placed. The buildings together formed a closed yard.
Further on the other side of the residential building a threshing barn was built, but
even further behind the barns a bath house was situated [1, 196–197].
In Latgallia the farmers’ material culture was based on the regional ancient
inhabitants’ – Latgallians – culture. Due to the cultural interaction of strong Latvian
and Slavic people- Russians, Poles, and Byelorussians – in all areas of life and
regions lots of local peculiarities appeared. In Latgallia the prevailing types of
farmers’ settlements were terraced villages and dispersed villages. Each type had
several versions: a street made the planning of the terraced village; a cruciform or Tshape layout was also possible. Within the borders of the villages farmsteads had
several options of layouts: buildings were built around a rectangular yard which was
formed by two parallel buildings built facing with their side walls the street, or all
buildings, facing the street with their side, were placed according to the principle of
two yards – the residential building in the centre, on one side from it – the barn, on
the other side – the granary. Sometimes the residential building and barn were
placed so close together that the roof pitches touched each other. A closed
stockyard was situated between the buildings, but the barn and other buildings were
placed further [1, 162–163].
Vidzeme farmers’ material culture was based on the ancient inhabitants’ –
Latgallians and Livs – material culture which during the historical development was
influenced by the Selonians, Estonians and Slavs living in the neighbourhood. Due to
the interaction of different national cultures and historical and social-economic
conditions several local regions with their own material cultural peculiarities were
th
th
formed in Vidzeme. In Vidzeme during the 18 and 19 centuries there were two
types of farmers’ settlements: single-homesteads and dispersed villages, which
sometimes were rather closely built up. In single-homesteads and villages buildings
were placed around an irregular yard, where on one side the residential building was
placed, but on the others- outbuildings. The barn was sometimes built in the garden,
but the granary was placed further from the other buildings, as if forming a special
threshing barn’s yard [1, 90–91].

3. The Earliest Buildings in Latvia Countryside and Towns
In Courland farmstead and town buildings were mainly built in log
construction with trimmed beams which had already been used in building since the
th
13 century. Wall resistance of log buildings depended on the wood bonding
techniques; therefore in the corners of the buildings dovetail joints were made which
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had already been used in building since the 16 th century. The quick boom of wood
construction encouraged carpenters to improve their woodworking techniques, look
for a variety in the constructive formation and appearance of walls. The economic
considerations became important – walls of strutted log edges were made, in which it
was possible to use shorter timber. Such a wall construction solution was pretty close
to the strutted or lattice construction principles. The variety of wooden buildings
increased – residential homes, warehouses and outbuildings were built. The
construction form and décor were solid.

Picture 2. Residential building of a three-part planning with a smokestack in Talsi
Parish, Courland [2]
The proportions between the walls of the building and the height of the roof
were important in Latvian national building. Traditionally the roof takes an
outstanding place in building construction and about two thirds of the total building
height was allocated to its construction. Buildings were covered with either a tent roof
or a double pitch roof, or a double pitch roof with hip ends. Straw, reed and also
shakes were used for roofing. The roof pitch had to be a little smaller than 45
degrees, so the rafters in the gable would make a little wide angle. The roof pitch
approved as appropriate in the national building was also found in the urban wooden
building [4]. In Courland as the local peculiarities in national building should be
mentioned: a residential building of two-part or three-part planning with a
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communicating central part of the building, in which a furnace with a funnel type
smokestack and two unheated vestibules (Picture 2), a massive barn with an open
porch and porch poles adorned with decorative woodcarvings (Picture 3) were
situated, as well as a horseshoe-type or angled stockyard, where under one roof
different rooms connected with cattle breeding were joined together [1, 41].

Picture 3. Log barn with an open porch adorned with decorative poles in Courland.
Foto: Vitolds Mašnovskis. 31.03.2010. [I-2]

In Semigallia farmers built solid log buildings from trimmed beams which in
the corners were joined in cross corners (Picture 4), also strut structures were used.
Buildings were covered with a tent roof or double pitch roof with hip ends, and straw
th
was used for the roofing, but in the second half of the 19 century – also shingles
and tiles. In the villages by the Riga Gulf coast reeds were used for the roofing
material [1, 197].
In Courland and Semigallia a two-part and three-part planning was common in
th
th
residential buildings since the 17 century, which in the second half of the 18
century was improved: in the central part of the building a smokestack with a furnace
was made, but one could enter the rooms only through the vestibule [3]. In towns
next to the smokestack, placed in the central part of the building, two vestibules were
attached: one facing the street, but the other facing the yard, through which it was
possible to get into the outbuildings and garden. The entrance into the building was
emphasized by the form of the door opening and portal.
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In the western part of Latvia the two-part and three-part planning residential
houses with a communicating central part were adapted to town conditions and
construction of wooden buildings was promoted. Three-part planning residential
houses were considered as the most appropriate for town building and they were
placed on both sides of the street, so that the longer façade directed towards the
carriageway would form the building line. In the townscape the silver grey wood tone
and moss green tone prevailed. In some places the existing tiling roofs stood out
especially brightly. People from towns and countryside, when staying in a particular
spatial environment, which provoked emotions, obtained a certain understanding of
environmental characteristics and functional content of spatial forms, the sense of
scale – the ability to compare the proportions of the environment and body
dimensions – was developed.

Picture 4. A wealthy farmer’s residential house in Semigallia [I-3]

Picture 5. A residential house with a massive double-pitch, thatched roof with hip
ends [I-4]
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In Vidzeme farmers mostly built log buildings from round or slightly trimmed
beams, which in corners were joined in cross corners. Buildings were covered with
tent roofs or double pitch roofs with hip ends, but in East Vidzeme – also double
th
pitch roofs. Straw or shakes were used for roofing, but in the second half of the 19
century shingles were used more often. Wealthier farmers’ buildings had tiles on
th
th
roofs. In the 18 -19 centuries buildings of Vidzeme farmsteads had lighter building
forms than in Courland. Decorative elements were used less, whereas they were
homogeneous. In Vidzeme as the local peculiarities in national building should be
mentioned: a residential building of a two-part or three-part planning, threshing barn
with a low and wide roof, tradition to build in one farm several small single-room
barns, a bath house with additionally built living-rooms, as well as a threshing barn
for living whose walls under the deep eaves made up only one fourth of the overall
building height (Picture 5) [1, 91].

Picture 5. Threshing barn with a high roof in Vidzeme. [PK]

th

In Latgallia in the 19 century farmers built small log buildings from round
beams, which were joined in corners with cross corners. Buildings were covered with
double pitch roofs of straw or shake roofing. Utility rooms of different character were
often joined under one roof, but sometimes also living-rooms and utility rooms. In
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Latgallia the most obvious local peculiarities in national building should be
mentioned: an Eastern European style chimney-less log with a “Russian stove”, a
two-part or three-part residential house with an unheated vestibule, porch poles
decorated with wood carvings, roof barge boards (Picture 6), window ledges
(Picture 7) and gables of the buildings. A high fence with a decorative gate separated
the yard from the street [1, 163–164].

Picture 6. Décor – barge board horses on the gable of a residential house [I-5]
Picture 7. Window decoration of a residential building in Latgallia. 09.06.2013. [I-6]

4. Artistic Expression in Modern Regional Architecture in Latvia
In the dynamically variable and information exuberant world where, forming
super big spatial structures the scale and proportions are totally subjected to the
economic requirements, each of us assesses the events and phenomena according
to our knowledge and understanding of space and time. The scale determines a
person’s attitude towards regional expressions in art and architecture. A definite,
diverse environment, where expressing an active attitude towards the surroundings,
a human being would be able to develop the sense of scale and proportions, which
has been developed in the interaction of experience and information during the
lifetime, is very important for personal development.
In Latvia during lots of centuries rural and urban environment and landscape
rich in architectonic and natural forms have been formed, which cannot be imagined
apart from the cultural values and traditions. Wooden and log buildings have become
a part of rural landscape, which encourage us to cultivate and develop the ancient
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building traditions. The ability to perceive with an interest and shape the surrounding
area in a creative way gives stimuli to restore the ancient buildings, changing their
original function, as well as to create modern and contemporary wooden buildings.
Studying the historical heritage, which shapes our living space, Latvian architects
find new, creative solutions for the development of the informative emotional
potential, for the attainment of artistic expression and identity preservation. The
regional architecture is enriched by compositions of new construction planning
created on a human scale, as well as in the spatial context of landscape and
architectonic space.

Picture 8. Village “Amatciems”. Architects: Sarmīte Bumbiere and Pēteris Blūms. [I-7]

In Vidzeme village “Amatciems”. was built, changing the landscape
(Pictures 8, 9 and 10), whose owner is Aivars Zvirbulis. The idea, construction and
traditions of Latvian single-homestead were included in the planning of “Amatciems”.
Few-storey residential buildings placed among the water bodies and clusters of trees
integrate nicely into the landscape. Preserving the human scale in the spatial
composition of separate buildings and houses, it is possible not only to amalgamate
organically and cover all spatial expression components, but also guarantee an
appropriate perception of the spatial composition. Territory of village “Amatciems” is
divided into 0,4 to 1,5 ha large piece of land.
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Picture 9. Winter panorama of village “Amatciems”.[I-8]

Picture 10. Autumn panorama of village “Amatciems”. [I-9]
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In Latvia due to the impact of different cultures the architectonic image and
constructive solution of individual contemporary residential buildings is developing.
The planning of family buildings is being improved, therefore the historically
traditional two-part and three-part planning is not topical any longer. An
environmentally – friendly and ecological building and harmonic integration into the
landscape have become essential. Natural materials are used in building, the
technology of log house building, technologies of thatched roofs and other national
building traditions have been developed. One-storey buildings of village “Amatciems”
have a single silhouette, which can be supplemented with a ground floor and attic
(Pictures 11 and 12).

Picture 11. Village “Amatciems”.. Family house with living-rooms in the attic [I-10]

Picture 12. Village “Amatciems”. A country house [I-11]

page # 328

XVII Generative Art Conference - GA2014

Picture 13. Village “Amatciems”. A family house [I-12]

Picture 14. Village “Amatciems”. On a terrain slope a residential building a with a
reed roof in winter [I-13]
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Picture 15. Village “Amatciems”. Stylized shingle roof of a country house [I-14]
Nowadays in order to create an image of detached houses built in Latvia
towns, countryside or outskirts, solutions are being searched for the compatibility of
the modern building with historical one. The changes in wooden and log house
constructions are mostly connected with solution searches for a rational planning of
the houses, constructive architectonic building, houses’ sustainability and efficient
energy, using local timber resources and providing a comfortable erection of
prefabricated wooden houses. Developing the construction of log houses, the
traditional building techniques are used, at the same time enriching the regional
architecture with expressive building forms, where a special attention is paid to the
proportions of exterior walls and roof height (Picture 13), as well as the roof shape
and roofing material (Pictures 14 and 15). Ornament is used modestly.
Home construction can choose one of the three building types – timber frame,
log or stone building, supplementing it with a boulder, decorative wooden cladding,
colored glass or stucco exterior wall finishes. Acceptable roof coverings are reeds,
split wood chips, clay or concrete tiles, as well as turf coverage. Each farm building
volumes are adapted to site terrain, up to 8 meters above the spatial scale to be built
or cultivated surface of medium height.
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Picture 16. Guest house “Krauklīši” in Vidzeme. [I-15]

In the modern rural landscape of Latvia ecological, structural and functional
changes take place, and under this influence also building of functionally new
unconventional wooden buildings and log houses – rest homes and guest houses,
social buildings and monumental complexes. A new type of wooden buildings,
preserving the human scale, creates changes in the perception of open space,
construction volume relations and language of architectonic forms. In Vidzeme the
construction forms of the guest house “Krauklīši” (Picture 16) recalls a residential
house in the countryside. In the high-roof attic rooms are made for guests’
accommodation.

Conclusions
1. In the modern Latvia the conventional building techniques are used for
creation of wooden buildings and log houses of unconventional construction
volume. The roof is emphasised in the human scale built houses, but the
height of the ground floor exterior wall reaches approximately one third of the
construction overall height.
2. Newly erected buildings are covered with stylized ancient roofs which are
made of natural roofing material – straw, reed and shingles.
3. In rural environment buildings are mostly placed in groups, preserving the
traditions of a single-farmstead planning.
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Premise
Generative synthesis systems are systems of mechanisms that are combine
together, and are capable of creating alternative compositions that address design
problems, express design view, and additionally, offer a huge scope of satisfactory
solutions. The system is developed form one side to support architects in designing
sustainable buildings, from another side allows uncover new forms of shapes and
meanings including architecture, engineering, design, art. The generative synthesis
system provides a mechanism for generating design alternatives. If efficiency criteria
such as daylight, solar heat, real state preferences established and solutions are
modeled and analyzed, then architects or design team can compare design
alternatives and better pilot the design space. The system lends itself well to
calculation and simulation realization. As a matter of fact, the use of more affected
analysis tools would provide for more potent solutions. The symbiotic relationship
between the generation and testing mechanisms would lead to a larger set of
attainable solutions and can assist both the design team in establishing intelligent,
sustainable and superior designs. In this paper, I will describe generative
performance based design methodology and its expected benefits. I will begin first
providing a brief argument on generative systems and their use in design. It will be
followed by talking over analysis systems used in architectural design. I hope to
explain the methodology phases and show how the methodology influences design
process. In the following paper, I focus first of all on the theoretical aspect of design
derives from generative design methodology. The practical approach generative
design methodology should appear through experiments that I will have carried out
on actual experiments project. I hope to present results of experiments soon in
succeeding the paper.

1. Introduction
The design of buildings is a usual purpose by the need to meet a set of minimum
efficiency criteria such as beauty, functionality, budget, energy requirements. In order
to achieve better performing and sustainable architecture, architect needs to work
together in a focused effort. Generative synthesis systems offer us a number of
options to compare and select from entirely. Once we encapsulate our design intent
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in procedural terms, we can automate the design process, and generate many
alternatives to choose from.

2.The Generative System
The contrivance of using generative systems in design has roots in the past. Design
patterns and design rules have been implemented throughout the history of
architecture and art. Characteristics of the such systems can be found in many
historical examples including painting, architecture, design art. The study of Greek
and Roman architecture, for example, demonstrates the consistency in design that
was figured out through logical design rules. Palladio, a famous renaissance century
architect throughout his architectural work, developed a process of designing that
was based on such logical design rules. In the 1970s, Stiny and Mitchell were able to
extract from Palladio’s writings and work a set of such shape rules and grammars [1]
(Stiny and Mitchell 1978). These grammars were capable of creating many variations
of Palladio’s designs.

Fig.1. Stiny and Mitchell translated Palladio’s writings producing his design into a
series of Shape rules (Shape grammars). Palladio grammars where structured in
stages (as per Palladio’s writings). The grammars was capable of producing many
variations, all of which resemble Palladio design.[1]
Durand a French architect in the eighteenth century provided his students with a kit
of shape rules and instructions on how to build architecture (Britt 2000)[2].
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Fig.2.Durand’s geometric shapes and rules of how to build Neoclassical architecture
[2].

In the early twentieth century, Sullivan - American architect demonstrated the
development process of ornament plates. Sullivan’s plates ornament showing the
construction process through a set of instructions and rules that were then given to
the craftsman within Sullivan’s design style (Twombly 2000) [3].

Fig.3. Sullivan’s ornament plates instruction.[4]
In the Modernist theories of design became means to improve the mode of
communication, representation, thinking and building. Established design rules that
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promoted the simplification of form and the elimination of ornament were
implemented. The “Constructivism” as design methodology in architecture that
indicated a mode of thinking and a certain ordering of the process of thought also
implemented its design rules. As a group, the Constructivist's architects refuted
charges of trying to eliminate the aesthetic emotion. They argued that they purely
seek to recognize that the character of building had changed under the influence of
different conditions of life, new economic priorities and new technology ( Cookie
1983) [4].
In Netherland, the “De Stijl” was established as an approach influenced by ideal
geometric forms such as the perfect straight line and the Neoplatonic philosophy of
mathematician Schoenmaekers. Its underlying philosophy also argued for
embedding a certain logic and design rules within architecture.
The relevant issue highlighted assumes the necessity to develop a design process
that is more systematic and even scientific combining the pursuit of modernity with
the pursuit of knowledge. Therefore, architecture is considered as the result of an
unveiling or a rediscovery process or even as problem-solving process similar to that
of solving a mathematical problem.
It could be argued that design based on rules is influenced by mathematics and
logic. In the right sense, neither Russian constructivists nor Dutch De Stijl’s theories
would have been realized without mathematical developments at the beginning of
the twentieth century. Therefore was ought to indicate the relevant role mathematical
ideas not only those related to geometry, but even logic as an essential factor
influencing architecture.
Since the early 1960s, Christopher Alexander has been arguing for the development
of design rules in architecture and urban planning. He designed a set of rules and
process to offer solutions for various urban design contexts. Alexander’s Pattern
Language showcases several algorithms to solve urban design issues. These
include topics such as street corners, street pedestrian view, public spaces, access
points, among others (Alexander 1977) [5].

Fig.4.Chsitopher Alexander designed a set of rules, and processes to offer solutions
for various urban design contexts [5].
In addition, many experimental architects like Peter Eisenman base their work on the
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assumption that architecture is based on such settled design logic. Eisenman
described (House X) as a series of “Transformational diagrams” in order to define the
process of design. His design rules were expressed in how the design evolves
(Eisenman 1983) [6].

Fig.5. Eisenman described (House X ) in a series of “Transformational diagrams” to
define the process of design [6].
In the early 1970s, Benoit Mandelbrot evolved a new type of mathematics called
fractals capable of describing and analyzing the structure irregularity of the natural
world. Fractals are forms with detailed structure on every scale of magnification
(Mandelbrot 2004) [7]. Fractal geometries and theories also had an enormous
influence on architecture within the twentieth century and specifically on the
development of the concept of generative systems in design.
Several of the examples discussed above represent design approaches that
intentionally or not attempt to develop a generative system although without apparent
formalism. Currently, there are a number of existing formalized generative systems
divers from mathematics and computer science. That have been applied within an
architectural design context such as Cellular Automata; L-Systems and Shape
Grammars.
Generative systems are formalized mechanisms that are capable of producing
alternative solutions. Generative systems provide the ability to create complexity,
many orders of magnitude greater than their specification, whereby interacting
components of a given complexity generate aggregates of far more significant
behavioral or structural complexity. Generative Design System exploits the principle
of generating complex forms and patterns from a simple specification in order the
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supervision of an architect (McCormack et.al.2004) [8].
It should be noted however that the development of a generative design system is
only possible after identifying the design objectives and intent in order to entails
defining rules, relationships and algorithms.

3.Why Generative synthesis systems?
When we explore design processes to provide for a design solution, we typically
explore various concepts, methodologies, geometries, materials and compositions.
Selection and comparison are only possible when we have a number of alternatives.
Herbert Simon (Science of the Artificial) [9] described create a loop of Generate and
test. If we were to consider design as such, we may represent our design process in
the diagram shown below:

Fig.6. design a loop of Generate and test.

The combination of a generative synthesis system with a design process is only
possible after formalizing a precise definition of design objectives, a set of generative
design procedures, and the language expressing it. The diagram below suggests a
provisional process of such integration.

Fig.7. provisional process of the integration ofa generative synthesis system with a
design process.
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3.2 The analysis System

Vitruvius frequently called “the father of contemporary architecture” formed
fundamental principals regarding architecture. These principles were firmitas, utilitas
and venustas – strength, utility and beauty (Morgan 1914) [10]. It could be argued
that Vitruvius in the first century BC constituted a system of analysis to facilitate
assessing quantitative and qualitative aspects of architecture design. Strength and
Utility could be measured and are value driven. They indicate an objective
assessment of the architectural approach and therefore represent quantitative
features of the model. Beauty attributes however are not of a constant value and
rather mean a subjective notion. Beauty submits to qualitative features of the model.
The quantitative features could include the building construction initial cost, the
building running cost or even the building’s return on investment in the case of
commercial buildings. The environmental and energy features could include aspects
like daylighting, thermal, indoor air quality, acoustics, or even structure.
The quantitative features in the building design are much harder to gauge or identify
such aspects affected by social requirements or aesthetics and style preferences.
3.3 Proposed Methodology.
The key properties of generative performance based design system can be
compressed according to the following stages:
Design concept, Hierarchies and levels, and a Generate and Test loop which
combines both generative and analysis systems. However, the previous phases
cannot be treated separately because of the inherent relationships that exist between
them and how they affect each other.
3.4 Design concept.
Developing a design concept is the initial step on any approach to design. The
building design concept is influenced by aspects that include building program, cost,
and social and historical conditions. Building program information such as functional
program, main building assumptions, public and private space or commercial space
are necessary for developing the design concept.
Economical conditionings and aspects also present significant factors that determine
design strategies and goals. Social, as well as historical conditionings, also help set
the stage and draw both on the contemporary reality and on experiences of the past.
3.5 Hierarchies and Levels.
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A hierarchy defines a system as being composed of several subsystems, each of
which can also have their own authorities. A hierarchy can also be seen as a
collection of parts with ordered asymmetric relationships inside a whole. That is to
say, upper levels are above lower levels, and the relationship upwards is asymmetric
with the relationships downwards (Simon 1996) [10]. A developed design concept
can be broken into hierarchies and levels to handle design complexities and simplify
the design process. Each level within the system includes a generate and test loop.
3.6 Generate and Test Loop.
Within a design process designers while seeking a design solution typically initially
propose certain geometries and compositions and then reflect on the results and
analyze and evaluate the solution, and then investigate certain modifications to the
proposal that might present more potential and then repeat the process. This is what
is referred to here as a Generate and Test Loop (Rowe 1998) [11]. The generativeand-test loop is in essence a trial-and-error process. However, the results of tests are
specifically used to guide successive attempts to generate solutions. Moreover, the
procedure takes place in the environment of definite, explicitly enclosed problems.
3.7 Generative System.
The Generative System I m proposing includes the following elements: parameters
(constants and variables), constrains, rule set, and algorithm.
Typically, after the system constants are set, the rule application is initiated, and is
restricted by the system constrains. The system variables will control the design
variation. These elements work collectively within the algorithm to multiply a design
solution each time the algorithm runs.
3.8 Parameters.
The parameter is a measure or value on which something else could depend on. The
architect and design team define what sort of parameters can be expressed as
constants within the design and what parameters are able to pass on as variables.
Constants could be defined as a word expressing a property, quantity, or relation that
remains unchanged under specified conditions. However, variables could be defined
as something that can be changed and varied. There are different types of variables,
manipulated variables and responding variables.
3.9 Constraints.
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A constraint could be defined as a restriction on the degree of freedom in the
process of providing a solution. Each constraint has the potential to restrict our ability
to deliver a solution as we visualize it. Therefore, each constraint must be carefully
considered as part of planning process. In proposed methodology, constraints could
be divide of two types, geometric, and functional or performance constraints. The
geometric will control geometric characteristics such as building height, internal
spaces, area, etc. The functional or performance attributes such as the minimum
illumination required for an interior space or the maximum solar intensity allowed on
an external surface, etc.
3.10 Rule Sets.
A set of form rules must be first extracted from the design concept. The rules specify
how each of the shapes in the grammar is replaced with another form. The system
begins with the axiom and replaces each of its shapes according to the form rules to
produce a new combination of forms. This process of shape replacement continues
until an individual way rule is triggered terminating the process.
These shape or design rules are the basis of the generative design system. The
generated design alternatives fall within the design space generated by the rule set.
3.11 Algorithms
Algorithms describe a process or sequence to be followed in calculations. This
course should consist of unambiguous instructions for solving a problem and for
obtaining the required output for any valid input in a finite amount of time. Algorithms
are descriptions and blueprints for building design. These descriptions however
require clearly defined objectives and design languages.
3.12 Analysis system.
Analysis could be defined as a measure of how well a proposed design solution fits
the objectives it is planned to assemble. An analysis system resembles a lab that
test alternative solutions. Solutions created within the generative system are handed
down to the analysis system in order assess their behavioral and performance
characteristics. Here my focus is on quantitative aspects of the design. An analysis
system in this sense infers certain attributes from a design solution that are relevant
to a particular discipline. In doing so, the analysis system operates on the design
solution date through laws of physics and geometry to produce the desired rating. It
also depends on specialized disciplinary knowledge such as heuristics, formulae, or
simulations to inform how this date is transformed into performance characteristics.
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3.1Current examples of generative design processes
Describing design processes in algorithmic terms, relationships, and parameters can
be found in many fields such as origami, art, and architecture.

Fig.8. Algorithm for folding an origami paper duck.
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Fig.9.Fritz Glarner’s paintings were structured around design rules. Some designs
following a Pin-wheel pattern, while others followed “split in half” model.




Fig.10.Serpentine Pavilion and Federation Square a sample of alghorithms in shape
creation process. Cecil Balmond and Toyo Itto devised an algorithm to create
Serpentine Pavilion. Lab-Architecture used a fractal algorithm to design the skin of
Federation Square.
We have witnessed a large number of design explorations in the field of architecture
that utilized generative design systems. However, there seems to be no structured
approaches for studying them; a clear methodology to critically assessing their
potentials and limitations; and most importantly a conceptual understanding of how
to build them, when to utilize them, and the value for integrating them with our
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classical design processes.

4. Conclusions.
In this paper, I demonstrated a Generative Design methodology that could be applied
in practice. In the next stage seems to relevant to demonstrate the application of
proposed method within design experiments. The method starts by identifying a
design concept. This design concept is then broken down into different levels and
hierarchies. Each of these levels includes a generate and test loop in which a
generative system produces a solution that an analysis system can prove. The
generative system includes parameters, constraints, rule sets, and algorithms. The
analysis system tests for both qualitative and quantitative aspects. The system is
relatively flexible and can allow the architect to maintain individual design intentions.
The methodology was able to generate solutions that have high-performance levels.
This contributes to the building’s sustainability that is an important current issue in
the architecture discipline. My objective in the development of this method was to
provide a powerful model system that can be included in early conceptual design
phases. This proposed method can present both the architect and the client with
better understanding of the design space and the effect of different design decisions.
The design system generated by the methodology provides for emergent properties
that are only identified through the integrated interactions of the design elements as
a whole. In addition, the system lends itself well to computation and simulation
implementation. The processing power of the computer can provide for breeding
capabilities. Also, the use of more sophisticated analysis tools would provide for
more robust solutions.
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Premise
This paper presents a method to apply a type of swarm simulation to generate
interesting patterns of deformation that provides an experience to visitors as if their
bodies were liquidized. Utilizing a combination of two different types of swarm
formation algorithms, BOIDS and ANT; it is possible to focus the deformation only on
the part of visitors' bodies captured by live cameras. This mechanism organizes a
distribution of 2D vectors on the display area. The final image on the display is
rendered using an interpolation algorithm that generates spatially smooth image in
any resolution by taking an advantage of GPU power. Parallel processing by multicore CPU is also helpful to guarantee the smooth movement and quick response for
interactive installation.

1. Introduction
Swarm simulation is a useful technique to produce complex dynamic patterns as
response to any type of real-time changes of environment as shown in our previous
works [1-4] and many others such as [5]. The mechanism was developed as models
of collective behavior of animals mainly in the researches of Artificial Life to deepen
our understandings on biological complex system. The targets include herbivore,
birds, fish, grasshoppers, mosquitos, ants, termites, and so on. Usually, the
movement of the simulated swarm is used as a type of brush strokes to draw
aesthetic patterns by computer, but we propose here a method to use it to generate a
type of deformation in order to provide a virtual experience to visitors as if their
bodies were liquidized.
It is possible to realize any type of deformation of a 2D image if appropriate
distribution of 2D vectors over the whole area of the canvas is given. Assigning a
position in the original image for each agent, such distribution that is changing
dynamically is easily organized by combination with an interpolation method of
continuous vector field. By starting from uniform distribution of agents each of which
memorizes its starting position, the movement of swarm produces a dynamic pattern
of deformation gradually changing from original to chaotic.
For our new interactive installation named Visual Liquidizer or Virtual Merge [6], we
employed BOIDS algorithm in 2D space as the basic mechanism to design the
swarm activity. It forms a type of flocking behavior similar to birds and fish by local
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interactions among individual agents. To restrict the area of deformation into the part
of target object, namely visitor's body, we organize another type of swarm controlled
by ANT algorithm that densely inhabits the target area and sparsely inhabits the
background area. Each ANT agent is attracted by virtual chemicals supplied at the
area, where the target is detected by background subtraction or depth information
from the Kinect sensor. The chemicals gradually evaporate and diffuse to form
distribution of density gradients as to summon the agents properly. Each BOIDS
agent is paired with an ANT agent in one-to-one relation, and only the BOIDS agents
whose partners are in the target area contribute to form the swarm. The continuous
distribution of 2D vectors in the rendered area is computed based on the distribution
of BOIDS agents each of which provides the position of paired ANT agent as a
sample point.
To provide experience that is more impressive for visitors, we added two
mechanisms; to temporarily reunite some recognizable parts of original image, and to
return the scattered image perfectly back to the original one at the final stage.
The following sections describe details of behavior models of swarm, an interpolation
method to organize a continuous vector field, techniques of parallel processing to
accelerate the response speed, additional mechanisms of reunion and homing, and
then some concluding remarks.

2. Swarm
We employ a combination of two different models of swarm behavior here, ANT and
BOIDS.
ANT algorithm is a model of collective behavior of ants and termites. They live in the
well-constructed nest as a group of large number of individuals. Each individual has
its own role in the organization. The most individuals are the workers for nest
maintenance, larva care, and foraging. The model focuses on the teamwork by
workers who seek and gather foods from outside of the nest to feed all of members
of the group. It is still an unsolved mystery in the field of ethology, but one of the wellknown hypothetical mechanisms behind the teamwork is a communication through
the pheromone, a special biochemical each individual produces and senses. In a
typical ants living in the nest under ground, foraging workers start roaming from the
nest every morning in almost random walks. Once a worker discovers a food, such
as a dead body of another insect, she carries it back to the nest if possible. In case
the object is too large to bring alone, she releases pheromone on the ground. The
chemical gradually defuses and spread around the place. It organizes a distribution
of density gradients gradually descending from the food position to the surrounding
area. Once another food seeker detects the pheromone on the ground, she stops
random roaming and starts walking directed toward higher density of the chemical.
As the result of a number of workers gather together around the food, they carry it to
the nest by cooperation. If the food is decomposable by individual workers to carry its
small part by each, they organize a long stable line of transportation between the
food site and the nest. Because the chemical on the ground gradually becomes
thinner by evaporation, the line breaks after they finish carrying all of foods. This
mechanism is called pheromone trail that inspired a useful method to find an optimal
route in a decentralized system in the industrial applications such as packet routing in
the communication lines and traffic planning in the transportation system. These
application-oriented researches and developments are on going under the name of
Ant Colony Optimization [7]. The team organization mechanism by pheromone is a
type of communication mediated by signals recorded in the environment, but not a
direct mutual conversation between individuals.
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We employ ANT algorithm to follow the target area in the 2D space. The attractant
chemicals are not provided by individual agent, but the image processing algorithm
places a fixed amount of signal in the cell of memory lattice corresponding to the 2D
position. The signal spreads to neighboring cells by taking a weighted summation of
the amounts, and decreases by multiplying a coefficient less than one to simulate the
evaporation. When nothing is detected as a target, that is, there is no signal in the
memory lattice; the each individual agent is roaming in a random walk relatively fast.
Once an agent finds a gradient of signals at the corresponding position of memory, it
starts moving slowly toward the direction of higher value of signals by observing the
values in the neighboring cells. By adding an auxiliary repulsion force between
agents, this mechanism achieves an efficient arrangement of agents where they
gather and stay in the target area in higher density than the other area as shown in
Figure 1.

Figure 1. A simple positioning of ANT agents. They gather in the target area with
higher density.
BOIDS algorithm is a model of collective behavior of fish, birds and herbivores. They
move together with a number of individuals with neither guidance from outside nor
central control by a leader, but just a simple mechanism by each member. Such type
of decentralized group behavior is useful to reduce a risk of a predator’s attack. By
splitting a group into subgroups when a single big predator is approaching, some
subgroups will survive and it avoids extinction of whole of the original group. It is also
helpful for long distance migration of birds and herbivores by finding an appropriate
path by some members and following them by others. The development of the model
of such behavior is useful not only to understand more about animal behavior in the
context of ethology but also to develop software that simulates a group of such
animals for movie animation. We can find the pioneering work of computer animation
of mixture of fish and birds by C. W. Reynolds in late of 1980’s [8].
In this model, each agent follows three types of rules in principal by observing the
other neighbouring agents surrounding it. Those are cohesion to gather, repulsion to
avoid collision, and alignment to move together. With some additional parameters
such as physical coefficients of mass and friction, limitation of observable area from
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each agent, delay of reaction, limitation of acceleration and speed of both
translational and rotating movements, and so on; it is possible to develop a variety of
behavior styles from mosquitos to geese.
We use this algorithm to produce a complex pattern in 2D plane. An alternative
method might be a simulation of fluid and powder by particles or finite (or boundary)
element methods. Those techniques seem more natural for simulation of flowing
liquid than BOIDS, but here the objects to be liquidized are not simple physical
entities but living things, that is, visitors' bodies. BIODS is more effective to produce
unpredictable complexity which provides an illusion to the visitors as if there were
something alive behind the observation.

Figure 2. A sample movement of BOIDS agents in Visual Liquidizer or Virtual Merge.
Blue dots are agents whose partners are at the left target and red dots are agents
whose partners are at the right target. The frame sequence begins from the top left,
and proceeds toward the bottom for each line scanned from left to right.
Each agent is coupled with one of the other type of agent in one to one relation, that
is, the population is organized by a number of pairs of one ANT agent and one
BOIDS agent for each. BOIDS agent is just carrying the 2D coordinate of coupled
ANT agent's position to another position. By allowing the BOIDS agents to participate
the collective behavior only if the partner settles in the target area, it is possible to
produce a deformed pattern only of the target object. By assigning the same position
of the partner ANT agent as the initial state, the movement of BOIDS swarm
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produces a dynamic deformation process that gradually changes the image from the
original to chaotic. An example movement of BIODS agents is shown in Figure 2.

3. Interpolation
As described above, the arrangement of BOIDS agents provides a distribution of 2D
vector expressing the position of ANT agent. We employ an interpolation method to
construct a continuous distribution of 2D vectors to fill the area BOIDS agents are
flocking. This distribution represents a function that maps a vector value to another
vector value where both are indicating positions of 2D space. Each pixel in the final
image is rendered with the color extracted from the indicated position of camera
image according to this function. An alternative method is to interpolate not positions
but colors. However, color interpolation produces grayish blurry image when the
agents are fully mixed, though position interpolation results very complex textures.
In the interpolation method, the estimated value vi at position pi is calculated from a
set of samples S by the following equation.

(1)
where  pi − pj  is the Euclidean distance between pi and pj, and α is a positive
coefficient. The terrain of interpolated surface becomes smooth if this coefficient is
larger than 2. In out application, vi is the position of ANT agent, and pi is the position
of BOIDS agent. We use α = 1 based on our preliminary experiments for a variety of
values. This setting makes pointed peeks at sampled points, but the rendered image
looks more natural than the case of larger value of α even when the sample points
are sparsely positioned.

Figure 3. A sample image rendered with the interpolation algorithm from a set of
distributed sample points.
To render the deformed image, it is necessary to compute the above equation for
each pixel of the image unless the pixel position is far away from any sample points.
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Theoretically, it requires the computational cost proportional to the number of pixels
multiplied by the number of sample points. Because the target application of this
algorithm is a type of real-time visual interactive installation, it is an important point
whether the rendering process of one frame image finishes within 1/30 second in
order to guarantee a smooth motion and quick response. The other parts of
computation necessary to drive this installation are also relatively heavy as described
later, but this part is the heaviest because the display of required resolution includes
approximately half a mega pixels. The detail of parallel processing to reduce the
computation time is described in the later section. Figure 3 shows a sample image of
display generated with this algorithm.

Figure 4. A sample movement of BOIDS agents with "reunion." The red circles
indicate the positions where reunions are organized.

4. Reunion
As you can easily imagine, after a several minutes of mixing motion of BOIDS agents,
the deformed image becomes too complicated to recognize what the original image
is. Sometimes it occasionally produces beautiful dynamic visuals typically when the
original camera image contains a number of different clear colors. Of course, there is
no guarantee that the visitors are wearing such colorful clothes. It is more effective if
the scattered elements reunite so that the visitors can recognize a part of their body
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is flowing. To realize this type of spontaneous reorganization, we designed and
implemented reunion mechanism as described below.
The reunion is a group of BOIDS agents whose partners are located in the
neighbouring place in the target area. The reorganization starts by random selection
of one agent who becomes a leader of the group. For each of simulation step, each
member of the group tries to find a newcomer whose partner is at the near position
from its partner. This finding process is conducted targeting the BOIDS agents within
the view range, together with the calculation of mutual influence in the basic
collective behavior described above. When a member finds an appropriate candidate
of newcomer, it sends invitation if the candidate neither belongs to nor be invited to
any group of reunion. The invited agent moves toward the relatively proper position
from the inviter paying less attention to the force of BOIDS behavior so that the
reunion makes recognizable part of original image. The leader distributes the angle
of reorganized image for each member in order for members to determine the proper
relative position from the neighbouring members. A member leaves from the group
when the partner lost the position in the target area. If it happens on the leader, one
of the neighbouring members inherits its role. The reunion breaks when the
predefined length of duration elapsed from the starting time of reuniting process.
Figure 4 shows an example of movements including reunions.

Figure 5. A sample movement of BOIDS agents on homing process.
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5. Homing
We introduced a process of turning the scattered BOIDS agents back to the position
of their partners for each in the final stage of appreciation by visitors. As similarly as
the case of reunion described in the above section, each agent pays its attention to
the partner's position as its own goal. Differently from the case of reunion, the
weights of balance between flocking and homing behaviors are gradually changed as
increasing the ratio of homing. Using the predefined fixed time coefficient, typically 10
seconds, the weight value of flocking behavior exponentially decreases. The agent
coheres with its partner and does never move apart once it reaches the position near
enough to the goal. The displayed image shifted gradually toward the camera image
by dissolving transition effect after the average distance to the goal position over all
of BOIDS agents became small enough. By this mechanism, the visitors' figure on
the display is reformed back to the mirror image, and it makes them recognize that
the show ended. Figure 5 shows an example movement of homing process.

6. Parallel processing
The system needs to compute four types of tasks in order to work as a completed
interactive installation, that is, image processing, swarm simulation, image rendering,
and sound synthesis. The detail of image processing and sound synthesis is
described in another article [6], and the following part of this section describes the
other two tasks.
The task that simulates swarm behavior is not light because it needs to care a
number of agents and their mutual influences. In the installation, we use thousands
of agents to obtain a complex smooth pattern that looks like not particles but liquid.
To reduce the computational time, we divided the space into a lattice of 24 by 9 cells
to manage the agents in order to shorten the calculation to discover the other agents
in the view range for each one. The aspect ratio of grids was induced from the size of
2D space area that consists of 1,280 by 480 pixels in which two VGA camera images
are horizontally arranged. This part was implemented mainly utilizing a multithreading on multi-core CPU.
The heaviest task is the rendering process using the interpolation algorithm as
described above. It theoretically requires the computational cost proportional to the
multiplication of the number of pixels and the number of agents. The color value for
each pixel over the rendering area is determined, referring to the coordinates map
calculated with the above equation 1. It is easy to compute in parallel by storing the
data in a frame buffer of GPU. To organize the map of 2D coordinates in a frame
buffer from the data of swarm as the distribution of sample points, we need to
accumulate the weighted 2D values for all of sample points for all of pixels. Because
for each pixel the weight value of sample points at the position far away from the
pixel is very small, those influences are ignorable. Instead of the iteration over all
pixels, we designed the algorithm that iterates over all of sample points to
accumulate the distribution of weighted 2D values onto the frame buffer within a
restricted area where it affects in some degree of significance. Weighted summation
is easily realized with a blending function that adds a source value to the destination
value multiplied by the opacity.
Due to the improvement of GPU's power in recent years, our installation runs fast
enough for smooth animation and interaction on the personal computer, such as
Apple's MacBook Pro with 2.3 GHz Intel Core i7 and NVIDIA GeForce GT 750M. We
are using the fixed resolution of camera image in 640 by 480 pixels for each, but the
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display resolution is flexible. It is possible to render the very smooth image on the 4K
display in full screen size using the latest MacPro.

7. Conclusion
We introduced our approach of swarm simulation that produces a unique style of
representation for a visual interactive installation. Combination of two different types
of algorithms is very effective to integrate the required processing including computer
vision as input and image rendering as output. All of computation work fast enough in
a recent hi-end personal computer by utilizing parallel processing in both CPU and
GPU even if the number of agents is more than 10,000.
We hope this technique will provide a hint to create an alternative representation for
new media arts.
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$EVWUDFW
7KH WH[W SUHVHQWV WKH GHVFULSWLRQ RI D UHVHDUFK ZRUN WKDW KDV DV LWV PDLQ REMHFWLYH
WKH GHYHORSPHQW RI D WHFKQRORJLFDO WRRO WR VXSSRUW WKH PDLQWHQDQFH DFWLYLW\ RI
EXLOGLQJV ZLWK UHVRUW WR QHZ LQIRUPDWLRQ DQG YLVXDOL]DWLRQ WHFKQRORJLHV 7KHUH ZHUH
DQDO\VHGWKUHHPDLQFRPSRQHQWVRIWKHEXLOGLQJURRIVIDFDGHVDQGLQWHULRUZDOOV$
EXLOGLQJ¶V URRI FRYHULQJ RI FHUDPLF WLOHV FRQVWLWXWHV D FRPSRQHQW RI LWV VXUURXQGLQJ
DQGSRVVHVVHVDQLPSRUWDQWIXQFWLRQLQWKHSHUIRUPDQFHRIDQHGLILFHQDPHO\LQLWV
SURWHFWLRQDJDLQVWWKHSHUPHDWLRQRIPRLVWXUHDQGUDLQZDWHU)DFDGHFRDWLQJVSOD\D
VLJQLILFDQW UROH LQ WKH GXUDELOLW\ RI EXLOGLQJV VLQFH WKH\ FRQVWLWXWH WKH H[WHULRU OD\HU
WKDW HQVXUHV WKH SURWHFWLRQ RI WKH ZDOO DJDLQVW WKH DJJUHVVLYH DFWLRQV RI SK\VLFDO
FKHPLFDORUELRORJLFDOQDWXUH7KHSDLQWFRDWLQJDSSOLHGWRLQWHULRUZDOOVFRQYH\VWKHLU
DHVWKHWLFFKDUDFWHUSHUIRUPVDQLPSRUWDQWIXQFWLRQRISURWHFWLRQDQGLVH[SRVHGWR
DJHQWV RI GHWHULRUDWLRQ UHODWHG WR WKH EXLOGLQJ XVH $ VXUYH\ RI WKH PDLQ DQRPDOLHV
WKDW RFFXU LQ WKHVH FRPSRQHQWV WKH UHVSHFWLYH FDXVHV DQG WKH DGHTXDWH
LQWHUYHQWLRQV LQ RUGHU WR SODQ PDLQWHQDQFH VWUDWHJLHV ZDV FRQGXFWHG 7KH
LQIRUPDWLRQ FROOHFWHG VHUYHV DV D EDVLV LQ WKH LPSOHPHQWDWLRQ RI DSSOLFDWLRQV XVLQJ
LQWHUDFWLYH YLVXDOL]DWLRQ WHFKQRORJLHV WR VXSSRUW WKH SODQQLQJ RI EXLOGLQJ
PDLQWHQDQFH 'XULQJ WKLV ZRUN WKH EDVLF NQRZOHGJH UHODWHG WR WKH PDWHULDOV WKH
WHFKQLTXHV RI UHKDELOLWDWLRQ DQG FRQVHUYDWLRQ DQG WKH SODQQLQJ RI PDLQWHQDQFH LV
RXWOLQHG DQG GLVFXVVHG LQ DGGLWLRQ PHWKRGV RI LQWHUFRQQHFWLQJ WKLV NQRZOHGJH ZLWK
WKH YLUWXDO DSSOLFDWLRQV ZHUH H[SORUHG 7KH LPSOHPHQWHG SURWRW\SHV ZHUH WULDOOHG LQ
UHDO FDVHV 7KLV UHVHDUFK ZRUN EULQJV DQ LQQRYDWLYH FRQWULEXWLRQ WR WKH ILHOG RI
PDLQWHQDQFHVXSSRUWHGE\HPHUJHQWWHFKQRORJ\

,QWURGXFWLRQ
7KH PDLQ DLP RI D UHVHDUFK SURMHFW 37'&(&0  >@ ZDV WR GHYHORS
YLUWXDO PRGHOV DV WRROV WR VXSSRUW GHFLVLRQPDNLQJ LQ WKH SODQQLQJ RI FRQVWUXFWLRQ
PDQDJHPHQW DQG PDLQWHQDQFH 9LUWXDO 5HDOLW\ 95  WHFKQRORJ\ FDQ VXSSRUW WKH
PDQDJHPHQW RI GDWD WKURXJKRXW WKH OLIHF\FOH RI D EXLOGLQJ DOORZLQJ LQWHUDFWLRQ DQG
GDWD YLVXDOL]DWLRQ )DFWRUV VXFK DV WKH FRQVWDQW H[SRVXUH RI WKH FRDWLQJ PDWHULDOV
OLNH FHUDPLF WLOHV LQ URRIV DQG IDFDGHV VWRQHV DQG SDLQWHG VXUIDFHV LQ IDFDGHV DQG
LQWHULRUZDOOVWRWKHZHDWKHUSROOXWDQWVDQGWKHQRUPDODFWLRQVRIKRXVLQJXVHOLQNHG
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WRLWVQDWXUDODJHLQJDQGLQVRPHFDVHVWRWKHXQVXLWDEOHDSSOLFDWLRQRIFRQVWUXFWLRQ
PDWHULDOVRUV\VWHPVRISDLQWLQJJLYHULVHWRLWVGHWHULRUDWLRQDQGWRWKHDSSHDUDQFHRI
LUUHJXODULWLHVZKLFKFDQQHJDWLYHO\DIIHFWLWVSHUIRUPDQFHDVERWKDQDHVWKHWLFDQGD
SURWHFWLYHHOHPHQW$FFRUGLQJWR/RSHV>@LQQRUPDOFRQGLWLRQVRIKDELWDWLRQXVHDQG
ZKHQFRUUHFWO\DSSOLHGDSDLQWFRDWLQJFDQUHPDLQXQDOWHUHGIRUDERXWILYH\HDUV7R
SHUIRUPPDLQWHQDQFHDFWLYLWLHVDVXUYH\RIIDLOXUHVLQWKHEXLOGLQJPXVWEHFRQGXFWHG
LQRUGHUWRDUULYHDWWKHEHVWVROXWLRQIRUUHSDLUDQGPDLQWHQDQFH
7KH 9LUWXDO 5HDOLW\ 95  WHFKQRORJ\ LV DFWXDOO\ XVHG LQ DUHDV OLNH HGXFDWLRQ DV D
WHDFKLQJVXSSRUWWRRORULQSODQQLQJSURFHVVHVFRQFHUQLQJLQGXVWU\DVDFROODERUDWLYH
WRRO ,Q DUFKLWHFWXUDO GHVLJQ VWXGLR $EGHOKDPHHG >@ DSSOLHV PLFURVLPXODWLRQ
IXQFWLRQLQVLGHDYLUWXDOUHDOLW\HQYLURQPHQWXVLQJWKH956WXGLRSURJUDPLQRUGHUWR
SURYLGHWKHVWXGHQWVZLWKDQHIIHFWLYHWRROWRVHOHFWDQGYLVXDOL]HDVWUXFWXUDOV\VWHP
DQG LWV FRQVWUXFWLRQ SURFHVV 6DPSDLR DQG 0DUWLQV >@ SUHVHQW GLGDFWLF 95 PRGHOV
DSSOLHGWRWKHFRQVWUXFWLRQRIEULGJHILHOGDQGGHYHORSHGDVHWRIOHDUQLQJDFWLYLWLHV
IRUVWXGHQWVLQWKH(QJLQHHULQJ*UDSKLFVVXEMHFWVLQRUGHUWRDFTXLUHGHYHORSDQG
LPSURYHWKHLUOHYHOVRIVSDWLDOVNLOODQGIRUWKDWSXUSRVHWKH\KDYHVWUXFWXUHGWUDLQLQJ
ZLWK 95 $XJPHQWHG 5HDOLW\ $5  DQG 3')' WHFKQRORJLHV )LOODWUHDX HW DO >@
GHYHORS D IUDPHZRUN IRU LPPHUVLYH LQGXVWU\ FKHFNOLVWEDVHG SURMHFW UHYLHZV
FRPELQLQJLPPHUVLYHQDYLJDWLRQLQWKHFKHFNOLVWYLUWXDOH[SHULPHQWVDQGPXOWLPHGLD
XSGDWHRIWKHFKHFNOLVWUHOLHGRQWKHLQWHJUDWLRQRIYDULRXV95WRROVDQGFRQFHSWVLQ
DPRGXODUZD\DQG0HQFNHWDO>@XVHV95DVDWRROIRUFROODERUDWLRQWRH[FKDQJH
LQIRUPDWLRQ DQG GDWD KDV LQFUHDVHG VLJQLILFDQWO\ RYHU WLPH LQ SURGXFWLRQUHODWHG
DUHDV

,QWHUDFWLYH$SSOLFDWLRQV
7KHGHYHORSHG95PRGHOVFDQEHFRQVLGHUHGDVXVHIXOFRPSXWHUWRROZLWKDGYDQFHG
YLVXDOL]DWLRQ FDSDFLWLHV LQ WKH PDLQWHQDQFH ILHOG 7KH NLQG RI EXLOGLQJ PDWHULDO WKDW
FRPSRVHV WKH URRIV IDoDGHV DQG WKH LQWHULRU ZDOO KDV D FRQWLQXRXV OLIHVW\OH VR
UHTXLUHV WKH VWXG\ RI SUHYHQWLYH PDLQWHQDQFH WKH SODQQLQJ RI SHULRGLFDO ORFDO
LQVSHFWLRQV DQGRIFRUUHFWLYHPDLQWHQDQFHZLWKUHSDLUDFWLYLW\DQDO\VLV7KHPRGHOV
RI PDLQWHQDQFH IDFLOLWDWH WKH YLVXDO DQG LQWHUDFWLYH DFFHVV WR UHVXOWV VXSSRUWLQJ WKH
GHILQLWLRQ RI LQVSHFWLRQ UHSRUWV ZKHWKHU LQ QHZ FRQVWUXFWLRQV RU WKRVH QHHGLQJ
UHKDELOLWDWLRQ 7KHVH DSSOLFDWLRQV FDQ EH HDVLO\ WUDQVSRUWHG WR DQ\ EXLOGLQJ SODFH LQ
RUGHU WR REWDLQ DGHTXDWH DQRPDO\ VXUYHLOODQFH DQG D FRQVHTXHQW PHWKRGRORJ\ RI
UHKDELOLWDWLRQVXSSRUWHGRQWKHGDWDEDVH7KHLQWHUDFWLRQDQGWKHGDWDYLVXDOL]DWLRQ
DOORZHGE\WKHPRGHOVWXUQWKHVHDSSOLFDWLRQVVLPSOHDQGGLUHFWWRZRUNZLWK
7KH LPSOHPHQWHG SURWRW\SHV FRQFHUQLQJ WKUHH EXLOGLQJ FRPSRQHQWV URRIV >@
IDFDGHV>@DQGLQWHULRUZDOOV>@LQFRUSRUDWHLQWHUDFWLYHWHFKQLTXHVDQGLQSXWGHYLFHV
WRSHUIRUPYLVXDOH[SORUDWLRQWDVNV7KHIROORZLQJFRPSXWDWLRQDOV\VWHPVZHUHXVHG
LQ WKHUH GHYHORSPHQW DQG WKH VFKHPH RI OLQNV EHWZHHQ VRIWZDUH LV SUHVHQWHG LQ
)LJXUH
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Figure 1: Scheme of links between software.
7KH95PRGHORIURRIV
7KH URRI FRYHULQJ LV WKH PRVW HIIHFWLYH HOHPHQW RI D EXLOGLQJ¶V VXUURXQGLQJ LQ LWV
HGLILFDWLRQ SHUIRUPDQFH DQG DV VXFK PXVW EH HIILFLHQW LQ WKH IDFH RI PHFKDQLFDO
WKHUPDO VRODU UDGLDWLRQ DQG ZDWHU DFWLRQ >@ $OWKRXJK VHYHUDO FRYHULQJ PDWHULDOV
FDQEHDSSOLHGLQWKHH[HFXWLRQRISLWFKHGURRIVWKHPRVWIUHTXHQWO\DSSOLHGFRYHULQJ
LQ3RUWXJDOLVWKHFHUDPLFWLOH>@$VWKHFRYHULQJSHUIRUPVDSUHGRPLQDQWUROHLQWKH
SURWHFWLRQ RI EXLOGLQJV QDPHO\ DJDLQVW PRLVWXUH SHUPHDWLRQ LW UHTXLUHV D JUHDWHU
DWWHQWLRQ LQ UHJDUGV WR WKH DQDO\VLV RI LWV GHWHULRUDWLRQ SURFHVV 7KH GHYHORSHG 95
DSSOLFDWLRQVXSSRUWVWKHLQVSHFWLRQDFWLYLW\>@
$Q LQGHSWK VWXG\ RQ WKH DQRPDOLHV WKDW PLJKW RFFXU DQG WKH PRVW OLNHO\ FDXVHV
DVVRFLDWHGZLWKWKHGLIIHUHQWHOHPHQWVRIWKHURRIDUHFRQWDLQHGZLWKLQWKHGDWDEDVH
7RPDLQWDLQWKHHDVHLQVWUXFWXULQJWKHGDWDEDVHWKHFDXVHVDQGWKHLQWHUYHQWLRQDUH
ERWKOLQNHGWRWKHDQRPDO\7DEOHLOOXVWUDWHVWZRH[DPSOHVRIDQRPDOLHVDVVRFLDWHG
WR WKH W\SH RI HOHPHQW FXUUHQW VXUIDFH DQG VLQJXODU FRYHULQJ SRLQWV  UHVSHFWLYH
SURYDEOHFDXVHVDQGUHFRPPHQGHGLQWHUYHQWLRQV
Table 1. Anomalies, respective causes and recommended interventions.



7KHLPSOHPHQWHGLQWHUIDFHDOORZVWKHXVHUWRSHUIRUPLQWXLWLYHO\DQLQVSHFWLRQWRDQ
LQFOLQHGURRI )LJXUH 7KHILUVWVWHSLQXVLQJWKHDSSOLFDWLRQLVQDWXUDOO\WRLGHQWLI\
WKHEXLOGLQJWREHDQDO\VHGDQGWKHUHVSHFWLYHURRILQJFKDUDFWHULVWLFV7KHILOOLQJRXW
RI D QHZ DQRPDO\ FKDUW RU WKH YLHZLQJ RI H[LVWLQJ FKDUWV¶ GDWD LV PDGH DYDLODEOH
WKURXJKWKHLQWHUIDFHDQRPDO\FKDUWDFFHVVHGE\WKHPDLQLQWHUIDFH,QWKHDQRPDO\
FKDUW WKH VFUROOGRZQ PHQX UHIHUULQJ WR WKH DQRPDO\ ILHOG VKRZV WKH DQRPDOLHV WKDW
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KDYH EHHQ UHJLVWHUHG LQ WKH GDWDEDVH LQ DVVRFLDWLRQ ZLWK HDFK RI WKH W\SHV RI
HOHPHQWV 7KH FDXVHV DQG LQWHUYHQWLRQ PRGHV ZHUH HTXDOO\ DVVRFLDWHG WR WKH
DQRPDOLHV DQG WKHUHIRUH E\ VHOHFWLQJ WKH UHVSHFWLYH FRQWURO EXWWRQV WKH SUREDEOH
FDXVHV DQG UHFRPPHQGHG ³,QWHUYHQWLRQ´ ILHOGV DUH ILOOHGRXW ZLWK WKH GDWDEDVH
UHFRUGVFRQQHFWHGWRWKHVHOHFWHGDQRPDO\
7KH VHYHULW\ RI WKH DQRPDO\ FDQ EH FKDUDFWHUL]HG DFFRUGLQJ WR WKUHH SDUDPHWHUV
ORZPHGLXPDQGKLJK UHIOHFWLQJWKHSUHYLRXVO\UHDOL]HGVWXG\7KHLQVSHFWLRQFKDUW
LQWHUIDFH DOVR FRPSULVHV D SKRWR LQVHUWLRQ ]RQH WKXV LW LV SRVVLEOH WR DGG
SKRWRJUDSKVWDNHQLQWKHLQVSHFWLRQ ORFDWLRQRURWKHULPDJHVUHODWHGWRWKHHOHPHQW
EHLQJ DQDO\]HG IRUPLQJ D FRQVLGHUDEO\ UHOHYDQW FRPSOHPHQWDU\ LQIRUPDWLRQ IRU WKH
VXEVHTXHQWVWXG\RIUHSDLUPDLQWHQDQFHUHODWLYHWRWKHREVHUYHGVHYHULW\


Figure 2: The VR model of roofs interface.
7KH95PRGHORIIDoDGHV
7KHIDoDGHV95PRGHODOORZVLQWHUDFWLRQZLWKWKH'JHRPHWULFPRGHORIDEXLOGLQJ
YLVXDOL]LQJFRPSRQHQWVIRUHDFKFRQVWUXFWLRQ>@,WLVOLQNHGWRDGDWDEDVH 7DEOH 
RI WKH FRUUHVSRQGLQJ WHFKQLFDO LQIRUPDWLRQ FRQFHUQHG ZLWK WKH PDLQWHQDQFH RI WKH
PDWHULDOVXVHGDVH[WHULRUFORVXUHV>@
Table 2. Anomalies in facades, repair solutions and methodologies.

7KH95PRGHOLQWHUIDFHLVFRPSRVHGRIDGLVSOD\ZLQGRZDOORZLQJXVHUVWRLQWHUDFW
ZLWK WKH YLUWXDO PRGHO DQG D VHW RI EXWWRQV IRU LQSXWWLQJ GDWD DQG GLVSOD\LQJ UHVXOWV
)LJXUH   )RU HDFK QHZ EXLOGLQJ WR EH PRQLWRUHG WKH FKDUDFWHULVWLFV RI WKH
HQYLURQPHQW H[SRVXUHWRUDLQDQGVHD DQGWKHLGHQWLILFDWLRQRIHDFKHOHPHQWRIWKH
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IDoDGHVPXVWEHGHILQHG IDoDGHRULHQWDWLRQGRXEOHRUVLQJOHH[WHULRUZDOODQGDUHD
DQGW\SHRIFRDWLQJ 2QFHHDFKPRQLWRUHGHOHPHQWKDVEHHQFKDUDFWHUL]HGVHYHUDO
LQVSHFWLRQ UHSRUWV FDQ EH GHILQHG DQG UHFRUGHG DQG WKHUHDIWHU FRQVXOWHG ZKHQ
QHHGHG$QLQVSHFWLRQVKHHW )LJXUH LVDFFHVVHGE\WKHPDLQLQWHUIDFH8VLQJWKH
GURSGRZQ PHQXV RI WKH LQWHUIDFH WKH XVHU FDQ DVVRFLDWH WKH FKDUDFWHULVWLFV RI WKH
REVHUYHGDQRPDO\WRDIDoDGHHOHPHQWWKHW\SHRIDQRPDO\WKHVSHFLILFDWLRQGHWDLOV
DQG WKH SUREDEOH FDXVH RI WKH DQRPDO\ DQ DGHTXDWH UHSDLU VROXWLRQ DQG SLFWXUHV
WDNHQLQWKHEXLOGLQJ$IWHUFRPSOHWLQJDOOILHOGVUHODWLQJWRDQDQRPDO\WKHXVHUFDQ
SUHVHQWWKHUHSRUWDVDSGIILOH:LWKWKLVDSSOLFDWLRQWKHXVHUPD\IXOO\LQWHUDFWZLWK
WKH SURJUDP UHIHUULQJ WR WKH YLUWXDO PRGHO DW DQ\ VWDJH RI WKH PDLQWHQDQFH SURFHVV
DQGDQDO\]HWKHEHVWVROXWLRQIRUUHSDLUZRUN
&KDUDFWHULVWLFVRIEXLOGLQJDQGIDoDGHV

,QVSHFWLRQLQWHUIDFH


Figure 3: The main and inspection interfaces of the VR application.
7KH95PRGHORISDLQWHGZDOOV
7KHPDWHULDOPRVWIUHTXHQWO\XVHGLQWKHFRDWLQJRIRUGLQDU\LQWHULRUZDOOVRIEXLOGLQJV
LVSDLQW,UUHJXODULWLHVPDQLIHVWWKHPVHOYHVLQYDULRXVZD\VDQGLQGLIIHUHQWGHJUHHVRI
VHYHULW\ $FFRUGLQJ WR &RLDV >@ LQ QRUPDO FRQGLWLRQV RI H[SRVXUH DQG ZKHQ
FRUUHFWO\ DSSOLHG D SDLQW FRDWLQJ FDQ UHPDLQ XQDOWHUHG IRU DERXW ILYH \HDUV 7KH
GHYHORSHG 95 DSSOLFDWLRQ VXSSRUWV RQVLWH LQVSHFWLRQV DQG WKH RQJRLQJ DQDO\VLV RI
WKHHYROXWLRQRIWKHGHJUHHRIGHWHULRUDWLRQRIWKHFRDWLQJ>@7KH95PRGHOLGHQWLILHV
HDFK LQWHULRU ZDOO VXUIDFH LQ HDFK RI WKH URRPV RI WKH KRXVH DV LQGHSHQGHQW
HOHPHQWV 7KH DSSOLFDWLRQ LV VXSSRUWHG E\ D GDWDEDVH 7DEOH   FRPSRVHG E\ WKH
PRVW FRPPRQ LUUHJXODULWLHV WKHLU SUREDEOH FDXVHV DQG VXLWDEOH UHSDLU SURFHVVHV
ZKLFKIDFLOLWDWHWKHLQVSHFWLRQSURFHVV
Table 3. Anomalies and associated repair methodology.

page # 362

XVII Generative Art Conference - GA2014

7KH PDLQ LQWHUIDFH RI WKH DSSOLFDWLRQ JLYHV DFFHVV WR WKHLQVSHFWLRQPRGXOH2QDQ
RQVLWH LQVSHFWLRQ YLVLW WKH HOHPHQW WR EH DQDO\VHG LW VHOHFWHG LQWHUDFWLYHO\ RQ WKH
YLUWXDO PRGHO DQG XVLQJ WKH LQVSHFWLRQ LQWHUIDFH WKH VSHFLDOLVW FDQ VHOHFW WKH
LUUHJXODULW\ LQFOXGHG LQ WKH OLVW RI WKH GDWDEDVH ZKLFK FRUUHVSRQGV WR WKH REVHUYHG
GHIHFW DQG FDQ VHOHFW DOVR WKH SUREDEOH FDXVH DQG WKH SUHVFULEHG UHSDLU
PHWKRGRORJ\

&RQFOXVLRQV
7KH SUHVHQWHG 95 DSSOLFDWLRQV VXSSRUW WKH LQVSHFWLRQ DFWLYLW\ RI URRIV IDFDGHV DQG
SDLQWHG LQWHULRU ZDOOV DQG SURPRWH WKH XVH RI ,7 WRROV ZLWK DGYDQFHG JUDSKLF DQG
LQWHUDFWLYH FDSDELOLWLHV LQ RUGHU WR IDFLOLWDWH DQG H[SHGLWH WKH PDLQWHQDQFH SURFHVV
7KH 95 FDSDFLW\ RI FKURPDWLF DOWHUDWLRQ ZDV DSSOLHG LQ WZR RI WKH PRGHOV DOORZLQJ
XVHUV WR VHH LQ WKH YLUWXDO HQYLURQPHQW WKH VWDWH RI JUDYLW\ RI DQRPDOLHV RU
FRQVHUYDWLRQRIWKHFRDWLQJPDWHULDOV7KHLQIRUPDWLRQDERXWSDWKRORJLHVFDXVHVDQG
UHSDLU PHWKRGV FROOHFWHG IURP D VSHFLDOLVHG ELEOLRJUDSK\ KDV EHHQ RUJDQLVHG LQ
VXFK D ZD\ DV WR HVWDEOLVK HDFK PRGHO GDWDEDVH WR EH XVHG DV D EDVH IRU WKH
GUDZLQJ XS RI D WRRO WR VXSSRUW EXLOGLQJ PDLQWHQDQFH 7KH PDLQ DLP RI WKH
DSSOLFDWLRQVLVWRIDFLOLWDWHPDLQWHQDQFHHQDEOLQJWKHUDSLGDQGHDV\LGHQWLILFDWLRQRI
LUUHJXODULWLHV DV ZHOO DV WKH SRVVLEOH SUHGLFWLRQ RI WKHLU RFFXUUHQFH WKURXJK WKH
DYDLODEOH LQVSHFWLRQ UHFRUG 7KLV DQDO\VLV KDV EHHQ VKRZQ DV SOD\LQJ DQ LPSRUWDQW
UROH LQ FRQVHUYDWLRQ DQG LQ WKH UHGXFWLRQ RI FRVWV UHODWHG WR WKH ZHDU DQG WHDU RI
EXLOGLQJVDQGFRQWULEXWHVWRWKHEHWWHUPDQDJHPHQWRIEXLOGLQJVZKHUHPDLQWHQDQFH
LVFRQFHUQHG

5HIHUHQFHV
>@6DPSDLR$=DQG*RPHV$0Virtual Reality Technology Applied as a Support Tool to
the Planning of Construction Maintenance UHVHDUFK SURMHFW 37'&(&0  )&7
/LVERQ3RUWXJDO
>@ /RSHV &  Anomalies in Painted Exterior Walls: Technic of Inspection and Structural
Evaluation&RQVWUXOLQN3UHVV0RQRJUDSKQ/LVERQ3RUWXJDO0DUFK$SULO
>@$EGHOKDPHHG:$Virtual Reality Use in Architectural Design Studios: A Case of Studying
Structure and Construction3URFHGLD&RPSXWHU6FLHQFH9ROSS
>@ 6DPSDLR $ = DQG 0DUWLQV 2 3  The application of virtual reality technology in the
construction of bridge: The cantilever and incremental launching methods $XWRPDWLRQ LQ
&RQVWUXFWLRQ9RO-DQXDU\SS
>@ )LOODWUHDX 3 )RXUTXHW -< /H %ROORF¶K 5P &DLOKRO 6 'DWDV $ DQG 3XHO %  Using
virtual reality and 3D industrial numerical models for immersive interactive checklists&RPSXWHUVLQ
,QGXVWU\9ROXPH,VVXH'HFSS
>@0HQFN1:HLGLJ&DQG$XULFK-&Virtual Reality as a Collaboration Tool for Factory
Planning based on Scenario Technique, )RUW\6L[WK&,53&RQIHUHQFHRQ0DQXIDFWXULQJ6\VWHPV
3URFHGLD&,539ROSS
>@$IRQVR/3Virtual Reality Technology Applied to the Maintenance of Roofs06FWKHVLVLQ
&RQVWUXFWLRQ/LVERQ3RUWXJDO
>@*RPHV$5Virtual Reality Technology Applied to the Maintenance of Facades06FWKHVLV
LQ&RQVWUXFWLRQ/LVERQ3RUWXJDO
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>@ 5RVDULR ' 3  Virtual Reality Technology Applied to the Maintenance of Painted Interior
Walls06FWKHVLVLQ&RQVWUXFWLRQ/LVERQ3RUWXJDO
>@+DUULVRQ+:Roofs And Roofing - Performance, Diagnosis, Maintenance, Repair and the
Avoidance of Defects/RQGRQ%5(
>@ *DUFH] 1  Inspection and Diagnosis System of Inclined Roofing Siding 06F WKHVLV LQ
$HURGURPHV/LVERQ3RUWXJDO
>@*RPHV$0DQG3LQWR$3Didactic Text of Construction Materials78/LVERQ/LVERQ
3RUWXJDO
>@ &RLDV 9  Inspections and Essays on Rehabilitation of Buildings /LVERQ 3RUWXJDO ,67
3UHVVSJV,6%1 (G 
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*$±;9,,*HQHUDWLYH$UW&RQIHUHQFH

$OHMDQGUR/RSH]
5LQFRQ

8QLW\ $UWZRUNV/LYH3HUIRUPDQFH 

$EVWUDFW
,V WKHUH D ZD\ ZH FDQ VKRZ IHHOLQJV" 7KLV LV WKH LGHD ZH ZRUNHG LQ VHYHUDO
DUWZRUNVDQGSUHVHQWDWLRQVLQFOXGLQJ>@7KHLGHDLVVLPSOHVKRZHPRWLRQVXVLQJ
WKHWRROVPDGHDYDLODEOHE\DUWWHFKQLTXHVDQGWHFKQRORJ\
,QRUGHUWRVKRZIHHOLQJVZHGHFLGHWRPHDVXUHWKHHOHFWURSK\VLRORJLFDOVLJQDORI
WKHKHDUWDQGE\WKHIDVW)RXULHUWUDQVIRUPJHWWKHFRHIILFLHQWVIURPWKHGLIIHUHQW
IUHTXHQFLHVDQGLQWURGXFHGWKHPLQWRWKHVSLUDOPRGHO)ROORZLQJWKLVSURFHGXUHZH
DUHDEOHWRJHQHUDWHDVHTXHQFHRILPDJHVLQUHDOWLPHWKDWGHSHQGRQWKHDFWLYLW\
RIWKHKHDUW
:H FKRRVH WKH KHDUW EHFDXVH WKH V\PEROLVP LW KDV LQ FXOWXUH DQG VRFLHW\ LQ
 FRQQHFWLRQZLWKHPRWLRQV$OWKRXJKWKLVV\PEROLVPLVGXHWRWKHFKDQJHVLQKHDUW

UDWH SURGXFHG E\ WKH HPRWLRQDO VWDWH LQ D SHUVRQ )RU H[DPSOH LQ WKH IROORZLQJ
7RSLF$UWZRUN
DUWZRUNZHFUHDWHGDVHULHVRILPDJHVE\WKHSKUDVH,ORYH\RXVDLGE\DSHUVRQ
3DLQWLQJV3HUIRUPDQFH
LQORYHWRWKHUHVSRQVLEOHRIKLVDIIHFWLRQ7KHQRQHRIWKHVHLPDJHVZDVXVHGDVD
WRVKRZIHHOLQJV
PRGHOWRFUHDWHDSDLQWLQJXVLQJDFU\OLF

$XWKRUV
$OHMDQGUR/RSH]
5LQFRQ
&156
0DLQ5HIHUHQFHV
>@/RSH]$OHMDQGUR³Le

hasard a l'oeuvre (the
random in the artwork)´
*HQHUDWLYH$UW




)LJXUH7KHSKUDVH,ORYH\RXDVDSDLQWLQJFUHDWHGXVLQJRXUV\VWHP
7KH FLUFXLW XVHG WR JHQHUDWH WKH LPDJHV LV DQ HOHFWURFDUGLRJUDP 7KLV GHYLFH
PHDVXUHV LQ D FORVHG FLUFXLW WKH HOHFWULFDO DFWLYLW\ RI WKH KHDUW 7KH PHQWLRQHG
FLUFXLW FRQVLVWV RI WZR PHDVXULQJ HOHFWURGHV RQH LQ WKH ULJKW DUP RQH LQ WKH OHIW
DUP DQGDUHIHUHQFHHOHFWURGH7KLVLVWKHVWDQGDUGHOHFWURFDUGLRJUDP
,QWKHFLUFXLWZHLQWURGXFHDVHFRQGSHUVRQDOWKRXJKWKHPHDVXUHGVLJQDOKDVQR
YDOXHIRUPHGLFDODQDO\VLVLWVKRZVWKHXQLW\RIWKHWZRSHRSOH7KHUHIRUHFKDQJHV
WKH UHVXOWLQJ LPDJHV DQG FDQ EH GRQH ZLWK VHYHUDO SHRSOH7KH SURFHGXUH LV WKH
UHIHUHQFHHOHFWURGHLVJLYHQWRWKHQHZSHUVRQDQGWKHQWKHLQGLYLGXDOWRXFKHVWKH
KDQG RI WKH SHUVRQ ZLWK WKH PHDVXULQJ HOHFWURGHV 7KLV SXWV LQWR DQ HOHFWULFDO
FORVHG FLUFXLW ERWK SHRSOH DQG WKH VLJQDO UHIOHFWV WKH UHVXOW 7KH LGHD RI WKLV
SHUIRUPDQFHLVWRVKRZXQLW\DQGJLYLQJLWDYLVXDOUHVXOW


)LJXUH,PDJHJHQHUDWHGE\WKHLQWHUDFWLRQRISHRSOHLQDFORVHGFLUFXLW


DOHMDQGURORSH]Q#KR .H\ZRUGV
,QWHUDFWLRQIHHOLQJVHOHFWURFDUGLRJUDPVSLUDOPRGHOIUDFWDOV
WPDLOFRP



*$±;9,,*HQHUDWLYH$UW&RQIHUHQFH
$QJHOD)HUUDLROR

$UWZRUN7KUHH%DQNHUV9RONHU*UHHQVSDQ)ULHGPDQ
$EVWUDFW
7KUHHYLGHRSRUWUDLWVWKDWXVHQRLVHDQGLQGHWHUPLQDF\WRFUHDWHEURNHQXQVWDEOH
DQGIUDJPHQWHGUHSUHVHQWDWLRQVRIRIILFLDOLPDJHV
%\SURYLGLQJDQHQGOHVVVHTXHQFHRIUDWLRQDODQGDSSDUHQWO\VWDEOHLPDJHVRI
DXWKRULW\WHFKQRORJ\LVDOZD\VLQYHQWLQJZKDWLVFDOOHGIDFWZKDWZHNQRZRIRXU
H[LVWHQFHDFRQFHQWUDWLRQRILPDJHVWKDWDFFXPXODWHVFUHGLELOLW\WKURXJK
UHSHWLWLRQSUHGLFWLELOLW\DQGXQLIRUPLW\RYHUWLPH

7RSLF&RPSXWDWLRQDO
$UWDQG$OJRULWKPV
$UWLVW
$QJHOD)HUUDLROR
$VVLVWDQW3URIHVVRU
9LVXDO$UWV6DUDK
/DZUHQFH&ROOHJH
%URQ[YLOOH1HZ<RUN
86$
KWWSZZZVOFHGXIDFXOW\
IHUUDLRORDQJHODKWPO
ZZZDQJHODIHUUDLRORFR
P

+HUHDVVPDOODPRXQWVRIQRLVHDUHLQWURGXFHGLQWRWKHUHQGLQJSURFHGXUHVRIDQ
RUGLQDU\YLGHRDOJRULWKPWKRVHVDPHWHFKQRORJLHVDUHXVHGWRIRUPDQRWKHU
RXWOLQHRQHWKDWDGPLWVWKHXQDFFRXQWDEOHWKHDFFLGHQWDODQGWKHGHYLDQWDVD
HTXDOO\UHDOTXDOLWLHVRIWKHV\VWHP
7KHLQWHQWLRQLVWKDWE\VXEYHUWLQJWKHRIILFLDOUHSUHVHQWDWLRQRIFHUWDLQSXEOLF
ILJXUHVFRPSXWDWLRQDOGLVUXSWLRQFDQDOVRVKLIWWKHYLHZHU¶VUHODWLRQVKLSWRWKH
RUWKRGR[YHUVLRQRINH\HYHQWVDVZHOO
1RLVHLQVWLOOVGRXEWFUHDWHVVXVSLFLRQDQGE\EOXUULQJZKDWLVEHOLHYHGWREH
DFFXUDWHZLWKZKDWLVXQSUHGLFWDEO\PDOIRUPHGVKRZVWKDWZKDWLVVHHQDVUHDO
GHVSLWHDFRQWLQXDODQGVRSKLVWLFDWHGDVVHUWLRQRIRUGHUFDQHDVLO\EHUHGHILQHG

7KUHH%DQNHUV9RONHU*UHHQVSDQ%HUQDQNH
$QJHOD)HUUDLROR86$LPDJHVHTXHQFHPLQV
.H\ZRUGV
&RQWDFW
DIHUUDLROR#VDUDKODZUHQ FRPSXWDWLRQDODUWQRLVHJHQHUDWLYHYLGHR
FHFRP
DIHUUDLROR#JPDLOFRP
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*$± ;9,,*HQHUDWLYH$UW&RQIHUHQFH
$QQDDQG0LFKDHO&KXSD 7,7/(:HDUDEOH

7RSLF$UW
$XWKRUV
$QQD&KXSD
/HKLJK8QLYHUVLW\
'HSDUWPHQWRI$UW
$UFKLWHFWXUHDQG'HVLJQ
ZZZOHKLJKHGXaDQF
WLOLQJJDOOHU\KWPO
0LFKDHO&KXSD
&KLOGUHQ¶V+RVSLWDORI
3KLODGHOSKLD 5HVHDUFK
,QVWLWXWH
8QLWHG6WDWHV

PFKXSD#JPDLOFRP
DQQDFKXSD#OHKLJKHGX

$EVWUDFW
$W *HQHUDWLYH$UWZHLQWURGXFHG7LOLQJVPDGHIURPVWLOOOLIHFRPSRVLWLRQVERXQGHG
E\JLULKVKDSHVDGHFDJRQDSHQWDJRQDUKRPEXVDFRQFDYHKH[DJRQ ERZWLH DQGDQ
HORQJDWHGKH[DJRQ(DFKJLULKWLOHLVGLYLGHGIXUWKHUE\VWUDSSLQJOLQHVZKLFKDUHUHVHUYHG
DVQHJDWLYHVSDFH$VWKHWLOHVDUHMRLQHGWKHVWUDSSLQJOLQHVUHYHDOODUJHUILYHIROG
V\PPHWULHV $W*$ZHLQWURGXFHG7LOLQJVDWZROHYHOGHVLJQLQZKLFKWKHJLULKIRUPV
DSSHDUDWWZRVFDOHVZLWKDYDULDWLRQRQWKHVXEGLYLVLRQUXOHXVHGRQWKH'DUEH,PDP
VKULQHEXLOWLQ,VIDKDQ
)RU*$ZHFRQWLQXHWRXWLOL]HVHOIVLPLODULW\WKDWLVWKHVPDOOHUVFDOHGJLULKWLOHV
LQIODWHWRFUHDWHODUJHUWLOHVWKURXJKVXEGLYLVLRQDQG VXEVWLWXWLRQ:KDWPDNHVWKLVSURFHVV
PRUHFRPSOH[LVWKDWWKHWLOHVWKHPVHOYHVDUHQRWIODWFRORU,QPRVWJLULKWLOLQJVLQGLYLGXDO
WLOHVDUHVROLGFRORUHG)RUIOLSVDQGURWDWLRQVRULHQWDWLRQRIWKHWLOHGRHVQ¶WSUHVHQWD
SUREOHP,QRXUJLULK WLOLQJHDFKWLOHLVILOOHGZLWKIORUDOFRPSRVLWLRQVWKDWDUHDV\PPHWULFDO
7KHUHLVDFOHDURULHQWDWLRQ$VWKHODUJHUVHFRQGOHYHOWLOHVURWDWHWRFUHDWHDQHZSDWWHUQ
WKHERXQGDU\WLOHVEHWZHHQWKHP ZKHUHWKH\DEXW DUHELVHFWHGDQGIOLSSHGDORQJWKHD[LV
RI URWDWLRQ7KLVLVZKHUHQHZLQWHULRUFRQILJXUDWLRQVRIWKHWLOHVDUHFUHDWHGDQGWKLVLVWKH
SURFHVVWKDWEHFRPHVJHQHUDWLYH
)RUWKHH[DPSOHVKRZQRQWKHOHIWERWWRPZHVKRZWKHVPDOOURPEXVLQGHWDLO$ERYH
WKDWZHVKRZWKHODUJHUUKRPEXV VFDOHGGRZQWRILWWKLVSDJH VXEGLYLGHGLQWRWHQ
GHFDJRQVWHQUKRPELHLJKWKH[DJRQVDQGHLJKWERZWLHV,QRXUZHDUDEOHZHKDYH
DUUDQJHGWKHUKRPELLQDKDOIGURSSDWWHUQZLWKVOLJKWJDSVEHWZHHQHDFKUKRPEXV7KH
KDOIGURSSDWWHUQILOOVWKHJURXQGSODQH7KHERWDQLFDOVRXUFHPDWHULDOWKDWLVUHDGDEOHIORDWV
RQWKHVXUIDFHRIWKHJLULKFRQVWUXFWLRQXQFRQVWUDLQHGE\UXOHVRIWLOLQJWKDWSHUPLWQRJDSV
DQGQRRYHUODSV

.H\ZRUGV
*LULKWLOLQJ
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&HOHVWLQR6RGGX
(QULFD&RODEHOOD

*HQHUDWLYH/LJKWLQJ%LUGV
DUWZRUNVDQGOLYHSHUIRUPDQFH 
/LJKWQLQJELUGV
%LUGVJHQHUDWHOLJKWLQJVKDGRZVRQRXUZLQGRZV
)O\LQJE\IO\LQJELUGVWRXFKRXUZLQGRZV
2QO\ZLWKWKHLUVKDGRZVDVYLVLRQDU\REMHFWV
,QWRXFKLQJWKH\JHQHUDWHDOLPSLGZKLWHOLJKWQHVV
$VRQRXUERDUGHGVKLSVRPHWLPHVKDSSHQV
:KHQWKHZLQWHUFDOPVDIWHUDQLJKWOLJKWQLQJVWRUP\
$WGDZQDUHPLQGRIWKHIHDUXQGHURXUVKRXOGHUV
)HDUWRRPXFKIHDULQRXUVLOHQFHIXOORIJURXQGQRLVH
)HDU\RXDUHVRDEOHLQPLVVLQJPLUURUV
%XWQRWWKHVKDGRZVRIOLJKWQLQJELUGV
7KHLUOLJKWQLQJGLVDSSHDUVDOOIHDUV
%\UHPLQGLQJWKHHWHUQDOYRLFHRINLQGQHVV
2QWKHZLQGRZVGHIOHFWHGZLWKWKHLUOLJKWQLQJ
 $FKLOGYRLFHDVNV³%LUGVZKHUH,V\RXUVRQJ"´
1RDQVZHU/LJKWLQJELUGVEHORQJWRDUWLILFLDOZDUH
7KH\FDQRQO\JHQHUDWHOLJKWQHVVRQRXUZLQGRZV
)RUJDLQLQJDQRSHQKRSHWRZDUGQHZDUWYLVLRQV
$VLPDJLQDU\VRXQGVRIRXUQRPDGPLQG

7RSLF*HQHUDWLYH$UW
DQG3RHWU\

$XWKRUV
&HOHVWLQR6RGGX
Generative Artist
(QULFD&RODEHOOD
Poet
3ROLWHFQLFRGL0LODQR
8QLYHUVLW\



ZZZJHQHUDWLYHGHVLJQFRP
ZZZJDVDWKMFRP
ZZZJHQHUDWLYHDUWFRP
ZZZJHQHUDWLYLVPFRP


*HQHUDWLQJ ELUGV DUH SHUIRUPHG ZLWK P\ $UJHQLD VRIWZDUH 7KH SDUDGLJP IROORZV
0DLQ5HIHUHQFHV
QDWXUDOVHOHFWHGVKDSHVRIELUGV7KHYDULDWLRQVEHORQJWRVRPHWUDQVIRUPDWLRQVDQG
XSJUDGHVRIDUFKLWHFWXUDOFRGHVWKDW,XVHGLQRWKHUJHQHUDWLYHZRUNV
>@&HOHVWLQR6RGGX
³Città Aleatorie´0DVVRQ , GHVLJQHG D WRSRORJLFDO VWUXFWXUH FRQQHFWLQJ OHJV WKLJKV ERG\ WR WZR H[SODLQHG
ZLQJV WR D QHFN D EHDN WR WKH H\HV DQG D FUHVW ZLWKRXW IRUJHWWLQJ WKH WDLO 7KLV
3XEOLVKHU0LODQ
SDUDGLJPLVGHILQHGWKURXJKSULPDU\UHODWLRQVKLSVRIFRQQHFWLRQVDQGJHRPHWULHVRI
>@(&RODEHOOD
VSDWLDOWUDQVIRUPDWLRQVDEOHWRIRFXVWKHUROHRIWKHVLQJOHHYHQWV
&6RGGX³Il Progetto
:LQJV EHDN FUHVW DQG WDLO DUH SURGXFHG WUDQVIRUPLQJ FRGHV XVHG IRU P\
Ambientale di
DUFKLWHFWXUDO GRPHV OHJV DQG QHFN ZLWK FRGHV GUDZQ E\ WKH DUFKLWHFWXUDO
Morfogenesi´/HRQDUGR FRQVWUXFWLRQRISLOODUVDQGWUDQVIRUPHGWRKRF7KHERG\WKHWKLJKVWKHKHDGDQGWKH
0LODQ
H\HVDUHWKHWUDQVIRUPDWLRQRIJHQHUDWLYHFRGHVIRUFRQFOXGHGVSDFHV
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Abstract
Sheet Music is a sound installation whose physical setup consists of several piezoelectric film speakers distributed in space. The sonic content of the installation is
generated by employing time-delayed recurrent networks as sound synthesis
systems. The installation setup embodies some of the algorithmic principles that
underlay the generative sound synthesis process. Each speaker corresponds to a
specific point in the network and renders the network's activity at this point audible.
In addition, the physical distances among the speakers are proportional to the time
delay applied to the signals between those points. Hence, some of the otherwise
hidden properties of the generative algorithm are made visible. Furthermore, each
display of the installation is unique and site specific, as the distances between the
speakers depend on the particular spatial properties of the venue. The installation
represents an attempt to establish a clear correspondence between a generative
system and its physical manifestation.

1. Introduction
The use of feedback and delay is commonplace in electroacoustic music. There is a
large number of applications that use these techniques for audio signal processing
and sound synthesis. Likewise, these mechanisms of feedback and delay also play
an important role in artificial neural networks that process temporal data. Despite the
shared interest, there exists very little research concerning the adoption of recurrent
neural networks as mechanisms for signal processing and sound synthesis [1, 2].
We believe that the arrangement of feedback and delay units in network-like
structures has a promising potential to be an attractive artistic tool for computer
music. An ongoing research project at the Institute for Computer Music and Sound
Technology of the Zurich University of the Arts investigates these audio feedback
networks [3].
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Audio feedback networks exhibit a complex and non-linear behaviour. From an
artistic point of view, this is a most desirable property: it is the basis of all the unpredictability, variety and richness of the acoustic textures thus generated. On the other
hand, due to their complexity the internal operations of such networks are fairly obscure. Hence, there is a concern that these networks become incomprehensible
black boxes used as readymade systems but never fully understood [4]. We propose
that this issue could be addressed by rendering some of the network's internal properties directly perceivable and tangible. Therefore, we try to establish an ontology
alignment via a number of correspondences between the sound synthesis network
and the physical objects of the sound installation. These correspondences include
on the one hand the representation of each network node as an individual sounding
object and on the other hand the matching of the distances between the objects and
the duration of the time-delays of the connections between the nodes.
Sheet Music is an attempt to prototypically demonstrate the application of an audio
feedback network in a sound installation context. It is also an attempt to explore the
effectiveness of ontological correspondences. The structure of the sound synthesis
algorithms as well as the specific, custom-made hardware are described in the following sections.

2. Hardware
2.1 Piezoelectric Film Speakers
The sound installation is formed by
eight sound-emitting objects distributed in a room. Each object consists
of a piezoelectric film speaker mounted on the foot part of a music stand
(Fig. 1). The operation of the piezoelectric film speakers is based on the
piezoelectric effect, which refers to
the accumulation of electrical charge
in response to an applied mechanical
force. Materials that show this piezoelectric effect also exhibit the reverse
piezoelectric effect, i.e. a mechanical
deformation resulting from an applied
electrical field. The latter allows piezoelectric films to be used as sound
transducers. Piezoelectric film speakers are characterized by a highly nonlinear frequency response and a variable sound emission directionality,
both of which depend on the shape
and curvature of the film (Fig. 2).
These peculiar acoustic traits render
the speakers interesting as musical
artefacts that strongly colour the sonic
emission in relation to their shape.

Figure 1. Piezoelectric speaker films
mounted on the foot part of a music stand
form the sounding objects of the installation.

page # 374

XVII Generative Art Conference - GA2014

Figure 2. Curvature dependency of the frequency response of piezoelectric speaker
films. The figure depicts the speaker films (top row) together with the corresponding
amplitude spectra (middle row) and spectrograms (bottom row) of the speakers'
audio emissions. The input audio signal is white noise.

Apart from its function as sound emitting device, the piezoelectric film speakers are
also an important visual component of the sound installation. Being thin, transparent
and weightless, the piezoelectric films possess several material properties unlike
those we normally associate with loudspeakers. Therefore, they do not iterate the
concept of loudspeakers and sound generation being two detached processes.
Rather, the film speakers are readily accepted as sounding objects in their own right,
which consequently reduces the gap between sound reproduction and the
underlying generative algorithm.
2.2 Audio Amplifier Electronics
Conventional audio amplifiers are not suitable for our needs, as the piezoelectric
films require a high voltage to function as a speaker. Therefore, we decided to use
custom-made audio amplifiers. These special amplifiers have been developed and
manufactured at the Institute for Computer Music and Sound Technology (Fig. 3).
The amplifiers contain a toroidal transformer that is stepping up the drive voltage to
the high level required. The electric power supply is provided either by a DC wallplug adapter or a lithium-polymer battery, which can be charged from USB. To make
the technology accessible to the community, the circuit board design is released
under an open hardware license. The amplifiers' electronics are fitted in a plexiglass
box, which turns the amplifiers into aesthetically appealing objects. Consequently,
they can well be used as visual elements of the installation.
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Figure 3. Audio amplifier electronics. Custom designed amplifier board to drive the
piezoelectric speaker films.

3. Sound Synthesis
The sound synthesis method that drives the audio output in this setup consists of
units organized in a network (Fig. 4). These units – nodes and connections – have
certain functionalities. The nodes' function is mainly that of a control mechanism.
Since the network contains many feedback loops, audio signals tend to accumulate
which is very likely to lead to runaway conditions. This is avoided by switching to another connection whenever the volume rises over a certain threshold. In addition, a
peak limiter comes into action when the signal remains above the threshold despite
the rerouting. Finally, the summed input of every node is connected to a speaker
(Fig. 5). The connections contain a delay line and a low-pass filter. Both the delaytimes and the filters' cutoff frequencies have an important impact on the sonic characteristics of the output. In order to compensate for the loss of energy caused by the
low-pass filter the signal is multiplied by a gain factor (Fig. 6).
Due to the feedback loops, this sound synthesis system is self-sustained: Once excited with a short audio signal it continuously keeps on sounding. As a result of the
different delay times and the ever so often change of the signal path, a variety of different rhythmical gestures and textures emerge. This, however, also depends on the
size of the network: It requires a certain quantity of nodes in order to provide a suffi-
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Figure 4. The network topology used for the sound synthesis. Each node is
connected to every other node and to itself. (This diagram is simplified; the actual
number of nodes in Sheet Music is eight.)

Figure 5. Signal flow inside a node. All input signals are summed and routed to one
single output connection at a time, switching to the next connection whenever the
level is above a given threshold.

ciently high number of different signal paths. This sound synthesis approach is
neither intended to mimic natural sounds (e.g. musical instruments) nor to model any
existing physical property. Rather, its artistically most compelling feature is the fact
that this synthesis method permits to shape the timbral as well as temporal
properties of the sound within the same formalism.
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Figure 6. Signal flow inside a connection. The signal is delayed, the DC component
of the signal is removed, the signal is low-pass filtered and a gain factor is applied.

4. Discussion
The sound installation Sheet Music is an attempt to realize a work that relates the
sound generation to the spatial positions of the physical objects. The effect of this
relation is twofold: it furthers the tangibility of the underlying generative sound
synthesis algorithms and it increases the site specificness of the installation. The
spatial layout of the objects makes the network explorable, i.e. the listener can move
among the object and hear the sound of the network "from within". The
correspondence of the delay times and the distances between the objects is
particularly well perceivable when the sounds are short and of a percussive quality.
This is achieved by the switching between the connections, which occasionally cuts
the sound into short bits. The signal propagation inside the network is reflected in
spatial effects, i.e. sounds moving about. As far as the site specificness is
concerned, the correlation of the installation's layout and the sound synthesis is also
meaningful. The actual sound of the installation depends on a given spatial layout.
Due to the fact that this layout is always to a certain extent determined, or at least
influenced, by the size and shape of the exhibition space, every rendition of this
installation is unique.
In view of this relation between sound synthesis and spatial position of the objects, it
must be asked how the sound synthesis algorithm has to be designed in order to
obtain the results postulated above. In our case, there are two major aesthetic criteria: First, the algorithm must produce a sufficiently large number of different
musical gestures and, second, it must maintain a certain rate of change yielding an
output that is neither too static nor too repetitive. No matter what the spatial layout of
the objects might be, the algorithm must work flawlessly with the parameters derived
from that layout. Therefore, in order to meet the aesthetic criteria in any case the
algorithm must be quite robust. At the same time, these parameters should have a
sufficiently height impact, in order that the algorithm actually yields a perceivably
different result in a different setup. The fact that this installation can take on many
different forms is most important. The work is unfinished and only completed when
realized in a certain environment. In this vein, the sound installation Sheet Music is
what Umberto Eco calls a work in movement [5].
The relation between the generative algorithm and some of the physical properties
of the installation's objects encourages the listener to engage with the work both on
a perceptual and a conceptual level. Such an ontology alignment between the
material and the immaterial aspects is particularly well realizable in an audio-visual,
i.e. multimodal, environment. Yet, establishing a relation between the algorithm and
the physical properties of an artwork serves not only the purpose of understanding
the particular algorithm of this artwork. It provides also an example of how
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generative art can play a role in the discourse about today's information society
where objects have become more and more de-physicalized and where there is an
existential need to find ways to understand the principles of networked structures [6].
The ontological alignment would be even more compelling in an interactive situation,
as this would take the tangibility one step further. We therefore intend to address interactivity in future works, for instance, by making the objects movable. This would
allow the listener to alter the delay-times or even the topology of the feedback
network and listen to the sonic changes in real-time.
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Visual Liquidizer or Virtual Merge #1
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Zurich, Switzerland
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Premise
This article describes a detail of the authors’ artwork entitled Visual Liquidizer or
Virtual Merge, an interactive audio-visual installation inspired by an imaginary drug in
a science fiction entitled Wetware by Rudy Rucker. This drug temporarily liquidizes
the taker's body, which causes a type of tripping experience by mixing bodies of a
couple of lovers. To provide the virtual experience of such kind to visitors, we
designed a system that displays dynamic deformed figure of visitors using two types
of swarm simulations for the image processing on the camera image and rendering
on the display screen. Sounds are also generated to provide more impressive
experience for visitors.

1. Introduction
The authors’ latest artwork entitled Visual Liquidizer or Virtual Merge is an interactive
audio-visual installation utilizing two cameras and one projector connected to one
personal computer. The visual output is projected on the rear projection screen
visible from both front and rear sides. Viewing from the each side, the visitor's figure
is displayed as in a mirror from his/her side and the partner's figure is visible in
normal as shown in Figure 1.
The idea of the concept is inspired from an imaginary drug named Merge in a science
fiction entitled Wetware written by Rudy Rucker [1]. This drug temporarily liquidizes
the taker's body, which causes a type of tripping experience by mixing bodies of a
couple of lovers.
The technical idea is from two types of the author's previous works. The one is of
SBArt [2] that generates unique 2D images and movies by means of genetic
programming. It has a functionality of not only generation of the new image but also
deformation of an existing image. The other work is on swarm. There are two wellknown algorithms to simulate the complex collective behaviors of animals in the
nature, that is, BOIDS for birds and fish and ANT for ants and termites. We have
used BOIDS for our interactive installations since 2004, that is, Flocking Orchestra
[3], MediaFlies [4], Flocking Messengers [5] and Identity SA [6], and ANT for Cycles
[7] in 2010. This new artwork utilizes a combination of these two types of swarm. It
realizes a virtual Merge using detection of visitors' images by ANT and generation of
deformed images by BOIDS.
When two visitors take seats at the opposite sides of the screen each other, the
images of their bodies start scattering and mixing some seconds later. The dynamic
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moving image rendered by a visualization technique continues two or three minutes,
and then it gradually comes back to the normal figures as the final stage. The system
starts waiting for new visitors again after the visitors left.
The following part of this article describes details of the concept and the technical
features.

Figure 1. An example setup of the installation. This picture was taken by the author at
the Open Campus of Soka University in 24th of August, 2014.

2. Concept
As described in the previous section, an imaginary drug Merge is assumed to be able
to relax the connections among protein molecules of human body. The taker's body
becomes liquidized as the efficacy, but it recovers back some minutes later. In this
novel, a couple of lovers took it together to mix their bodies and felt tripping. Each
individual person is an entity physically separated from the others, but we sometimes
feel spiritual connection with lovers, friends, family members, and so on. Any type of
close communication between persons amplifies such feeling. The closer physical
contacts such as hand shaking, hugging, kissing and so on cause the deeper
communications from this point of view. It is possible to imagine that it would be more
effective if we could physically mix our melted bodies with of the others. Human
relation is one of the most important aspects to measure happiness of people. It is
somewhat difficult but might be ideal to have as many peaceful relations as possible,
rather than conflict or separation. This installation provides not real but virtual
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situation as if the bodies of two persons become melting and mixing so that the
visitors would feel spiritually closer connected with others.
The novel's title Wetware is originally come from a coined word in the research of
Artificial Life [8] that is pursuing models of complex biological phenomena using any
type of scientific constructive methods. The majority of the research projects are
based on software that examines computational models for simulation and system
implementation, but hardware approaches by mechatronic construction are also not
few because it is sometimes much more efficient than software typically when the
model requires solving so-called multi-body problems. Wetware is neither software
nor hardware, but a research medium using organic or non-organic chemical
materials to examine the reaction processes that shows any type of complex
phenomena such as reproductive process of molecular structures.
The research results of this field is useful not only to understand what life is from a
scientific point of view but also to develop a method to build an artificial system that
behaves too complex to predict by human observers. It sometimes brings us a wide
variety of generative methodologies suitable for design, art, and entertainment.
Typically, it provides a design method by which the product looks as if some
unknown living things cause the phenomena behind.
Swarm model is one of those mechanisms. It is a model of collective behaviors of
organisms such as fish, birds and ants. It is natural that the simulation of melting and
mixing process should be simulated using a model of physical dynamics, but we use
swarm simulation to provide the visitor occasion to feel that the materials would be
living, namely the visitors' bodies.
The authors are hoping people merge each other more, not only in a private relation
like lovers, but also with people from difference cultures, to change the world where
disruption and violence are rampant.

3. Technical Features
The hardware setups consist of one personal computer of recent product with
relatively powerful graphics board with cameras and projectors. The projector should
be of an ultra short focus placed on the table or a normal one mounted on the ceiling.
This specification is necessary in order to avoid a conflict between the projection
beam and the camera's sight. It is possible to use any type of hi-resolution display or
screen to show the visuals, but a rear projection screen is the most effective because
it realizes the combination of mirror image of the viewer and normal image of the
partner from both sides. The authors think this style is better than the case two
visitors view the screen together from the same side. Usually, people are familiar with
a mirrored image of him/herself, but a normal image for the others.
The details of swarm simulation and rendering algorithm are described in another
paper by the authors [9]. The following part of this section presents two alternative
methods to capture the visitors images and then method of sound synthesis.
To organize the visual that consists of deformed visitors' body overlapping with the
stable background, the system needs to extract the part of targets from captured
image in real time. One commonly used method is by background subtraction. It is
easy if the background image is stable and the contrast with the target is high, but
difficult if there are moving objects other than target in the scene. For a long time
exhibition for one day for example, it sometimes raises a problem of stability on
lighting. The sunlight is often the biggest interference since it changes in time and
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weather condition. Even if the sunlight from the outside could be totally shut out,
there remains possibility that reflection of room lights on the visitors body alters the
light condition. Another method for more stable installation is to use Kinect depth
sensor [10]. It detects the distribution of distances between the camera and the
objects in the captured image area. We don't need worry about the changes of
lighting condition because the side effect is very small except the case the light
includes much of infrared light, but the drawback is the restricted range of observable
distance. Because the sensor was originally designed for visual interaction of TV
game assumed being played in home, the range is from 0.8 to 4.0 m. It is suitable for
a typical setup for single person for each side as shown in Figure 1 in the above
section, but difficult to adapt to a further range for a large size of audience. We
developed the software adaptable for both web camera and Kinect sensor so that the
installation is adaptable for a wide range of situations in the exhibition site. The open
source library of Open Kinect project [11] was useful for our development.
The sound effect is very important to amplify the impression. Because the visuals
look like dynamically flowing liquid, we gathered sampled sounds of different types of
water flows and mixing them that reacts against scene changes. Sound of stream is
for the beginning and ending, Bright sounds of bubbles and heavy sounds under the
water are mixed for the melting and mixing stage. As described in [9], parts of original
images are temporally reunited so that the visitor can recognizes their body is flowing
even after some minutes elapsed. The system attaches a sound of drain at the
horizontal position of reunion by stereo speaker system. In addition, voices and
environmental sounds are recorded in real time to render the sound for reunion with
modulation of the pitches and echoes. The sound from the outside is recorded when
its loudness exceeded the predefined volume. The recorded sounds are used
repeatedly until the predefined time passed. After some minutes of mixing, the
melting image turns back to the original just as the drug's efficacy has expired.
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7KH 0L[HG :RUOGV¶ OLIH DQLPDWLRQ LV FUHDWHG WKURXJK D FRPELQDWLRQ RI
GUDZLQJ DV OLIH SHUIRUPDQFH HYROYLQJ LQ WLJKW LQWHUDFWLRQ ZLWK DQ DFWLYH
EDFNJURXQG WKDW UHVSRQGV WR WKH DUWLVW¶V JHVWXUHV7KH V\VWHP UHFRUGV
WHPSRUDULO\ WKH GUDZLQJV GHYHORSHG OLIH WKURXJKRXW WKH SHUIRUPDQFH
EXW DV VRRQ DV D OLQH LV GUDZQ LW VWDUWV WR GLVVROYH LQWR WKH DFWLYH
HYROYLQJ WH[WXUHV GHYHORSHG E\ WKH NLQHPDWLF GUDZLQJ V\VWHP 7KLV
FUHDWHV D YHU\ SDUWLFXODU PHGLXP IRU DUWLVWLF H[SUHVVLRQ ZKLFK LV
 GHVLJQHG WR YLVXDOO\ VXSSRUW WKH WKHPH RI WKH 0L[HG :RUOGV OLIH
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$XWKRUV
'DQLHOD6LUEX
8QLYHUVLW\RI/HWKEULGJH
)DFXOW\RI)LQH$UWV
'HSDUWPHQWRI1HZ
0HGLD
&DQDGD
KWWSZZZXOHWKFDILQHD
UWVQHZPHGLD
5HIHUHQFHV
>@5HDV&DVH\DQG
&KDQGOHU0F:LOOLDPV
)RUP&RGHLQ
'HVLJQ$UWDQG
$UFKLWHFWXUH1HZ<RUN
1<3ULQFHWRQ
$UFKLWHFWXUDO3UHVV
>@$UQKHLP5XGROI
$UWDQG9LVXDO
3HUFHSWLRQ/RV$QJHOHV
&$8QLYHUVLW\RI
&DOLIRUQLD3UHVV
>@6KLIIPDQ'DQLHO
7KH1DWXUHRI
&RGH6LPXODWLQJ
1DWXUDO6\VWHPVZLWK
3URFHVVLQJ7KH1DWXUH
RI&RGHVWHG

0L[HG:RUOGV6WLOOIUDPHVFDSWXUHGIURPNLQHWLFGUDZLQJSHUIRUPDQFH 

&RQWDFW

.H\ZRUGVJHQHUDWLYHDUWNLQHWLFGUDZLQJDUWLILFLDOFUHDWLYLW\

GDQLHODVLUEX#XOHWKFD

3URFHVVLQJ

page # 391






  





   

 

  

%
   4       "       3  " 
6  7      4    7        4
        4 4 3  
 4  4     7"    3 4  2 7 3  
2  3  4  4  "  4              3
   2   3     8          
   "        23   4  4    2
    "   "  "            8  3 
  9 ! "     7       4   
    3     4  4    :   2    #   2 7;;
    2 7   3        2          
   
    $ '
 4  4     7" 4 3  3 4  2 7 3  
 
2  3  4  4  "  4              3
  
!
   2   3    
" #
     4  "      4 3   2    3   
    
4      4 3       66   3   
   
        2 7               3
 
     4       2         <   
                <     3 4 
  3      4   2  6   /   
 $
 4        4    3    !       4
    !   "  4                )=;*  
#       2      3 >3      "    7  4  
       4  
!" #$ %$"
% " &" '(("
%)* +,---+(./0'+
'  1   2  "
#&    $"
'((("
'  3 
 24 ('.'
/ 5   3
 3  3  33"
   3 3

'(  )*

 
+  , 

""     

&'(  
?     " 4 3  "    "  4  "     3

page # 392

*$±;9,,*HQHUDWLYH$UW&RQIHUHQFH
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7KH SXUSRVH LV WR SUHVHQW WKH OLYH SHUIRUPDQFH 7KH VWRU\ RI DOO URVHV  RU $
KLVWyULD GDV URVDV  LQ 3RUWXJXHVH  EDVHG LQ D QDPHVDNH SRHP ZKLFK FHQWUDO
WKHPHLVKXPDQIUDLOW\DQGYXOQHUDELOLW\ZKHQLWFRPHVWRWKHGHDOLQJZLWKWLPH

7KH SHUIRUPDQFH RU ©WKH SRHP OHFWXUH DV D VFHQHª ZDV DQFKRUHG LQ FRUSRUDO
H[SUHVVLRQPRYHPHQWDQGGDQFHDQGVXUURXQGHGE\DXGLRYLVXDODPELHQFH YLGHR
SURMHFWLRQ LQWHQGLQJWRPD[LPL]HWKHSRHPPHWDSKRULFDOSRWHQWLDO

7KH SRHPSHUIRUPDQFH LV D FROOHFWLYH ZRUN WKH SRHP LV SDUW RI )HUQDQGD
%HOOLFLHUL V ERRN ) WDOHV RU &RQWRV GH I  LQ 3RUWXJXHVH  ZKR LV DOVR WKH
SHUIRUPHU DQG WKH VFHQH ZDV GLUHFWHG E\ +kQLD 3LODQ 9LGHRV SKRWRV DQG
GUDZLQJV ZHUH /~FLD 1DUG\ V 7KH JURXS KDV EHHQ ZRUNLQJ VLQFH  LQ VFHQH
FRPSRVLWLRQEDVHGLQWH[WLPDJHVDQGDXGLR

%HVLGHVSKLORVRSKLFDOGLVFXVVLRQEURXJKWE\WKHSRHPLWVHOIWKHLQWHQWRIWKLVOLYH
SUHVHQWDWLRQ FRQVLGHULQJ LWV FUHDWLYH SURFHVV DQG WKH GHDOLQJ ZLWK WKH SRHP
WUDQVODWLRQ WR VFHQH LV WR DVVXPH WKH SHUIRUPDQFH DV D OHJLWLPDWHG YHKLFOH RI
DUWLVWLFH[SUHVVLRQSDUWLFXODUO\SRZHUIXOZKHQLWFRPHVWRGLOXWHWKHOLPLWVEHWZHHQ
GLIIHUHQWODQJXDJHVDQGWRV\QWKHVL]HWKHP
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IHUQDQGDYQV#\DKRR 3RHWU\3HUIRUPDQFH/DQJXDJH$XGLRYLVXDO7UDQVODWLRQ
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KHDOLQJVRXQGV <XQ& )DUUHVRQDQFHVLVDPHHWLQJSRLQW ZKHUHGLJLWDOLQWHQVLWLHV
DQGPHGLWDWLYHWRQHVLQWHUPLQJOHDQGVWDQGRXWLQDLPDJLQDU\GLDORJXHEHWZHHQ
LQGRRUDQGRXWGRRU

7RSLF0XVLF
$XWKRUV
'DY\*UpJRLUH
)UDQFH
&KXQJ<XQ
7DwZDQ
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%HFDXVH WKLV SHUIRUPDQFH ZDV DOVR WUDLQHG LQ VWXGLR ZLWK IULHQGV SOD\LQJ
JXLWDU )HQHW &  DQG GUXPV /DFURXW] )   LW FDQ LQWHJUDWH LQVWUXPHQWDO
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&RPSRVLomR
WKHSRLQWZKHUHWKHV\VWHPEHFRPHVVDWXUDWHGDQGIDLOVWKLVEHLQJWKHSRLQW
LQWHUSUHWDomR
RIDOOHJRULFRUSRHWLFVHDUFKIRULQILQLW\,QILQLW\LVQRWDQXPEHUQRWDQREMHFW
H[SHULPHQWDomR
&(6(08QLYHUVLW\
QRWDIRUPXOD
129$RI/LVERQ

KWWSFHVHPIFVKXQOSW
DQG
,' ,QVWLWXWRGH
,QYHVWLJDomRHP'HVLJQ
0HGLDH&XOWXUD
8QLYHUVLGDGHGH$YHLUR
KWWSZZZLGPDLVRUJ
3RUWXJDO
0DLQ5HIHUHQFHV
KWWSYLPHRFRP

KWWSDERXWPHKXJRSDT
XHWH

86&  8QSUHGLFWDEOHV\VWHPVDQGFROODSVH B+XJR3DTXHWHBB0XVHXGH
$YHLUR

&RQWDFW
.H\ZRUGV
3DTXHWHKXJR#JPDLO 3RVWGLJLWDO 6RXQG 6RIWZDUHDUW *OLWFK 1RLVH &KDRV 3HUIRUPDQFH
FRP
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,VDEHOOD7LUHOOL

0\6RQJRI6RQJV±PXOWLPHGLDDUW±YLGHRHOLYHSHUIRUPDQFH
%\,VDEHOOD7LUHOOL

7RSLFPXOWLPHGLDDUW
9LGHRDQGOLYH
SHUIRUPDQFH
$XWKRUV
,VDEHOOD7LUHOOL
,QGLSHQGHQWDUWLVW DQG
3URIHVVRU RI3DLQWLQJWR
$FFDGHPLDGL%HOOH$UWL
5RPD
ZZZDFFDGHPLDEHOOHDU
WLURPDLW
0DLQ5HIHUHQFHV
ZZZLVDEHOODWLUHOOLLW



7LWOH+D6KLU+D6KLULP6KHOu 0\6RQJRI6RQJV 
<HDURISURGXFWLRQ
0XVLF:ROIDQJ$PDGHXV0R]DUW5LFKDUG:DJQHU*XVWDY0DKOHU
6WXGHQWVZRUN\HVOLNHDPRGHOVDQGSHUIRUPHUV
.LQGRIH[KLELWLRQ0XOWLPHGLDLQVWDOODWLRQDQGSHUIRUPDQFH
'XUDWLRQPLQXWV RUVFDOHGGRZQYHUVLRQRIRQO\VRQJVIRU PLQXWHV
RIGXUDWLRQ 
6\QRSVLV
+D6KLU+D6KLULP6KHOu 0\VRQJRI6RQJV LVGHYHORSHGZLWKIUHHDVVRFLDWLRQV
EXWIDLWKIXOWRWKHWH[WDQGWRWKHDOFKHPLFDONDEEDOLVWLFV\PEROVRIWKHSRHP
RIZKLFKWKH6RQJRI6RQJVLVULFK7KH LQWHUSUHWDWLRQRI6RQJGRQRWIRUJHWVDOO
WKHDOOHJRULHVRIWHQOLQNHGWRWKHSULPRUGLDOP\WKRIWKH*UHDW0RWKHU
7KLVZDVDJUHDWMREUHDOL]HGLQ\HDUVRIZRUNDVLWLVDYLGHRFRPSRVHGRI
LPDJHVRIRULJLQDOGLJLWDOSDLQWLQJV
7KHQWKHLPDJHVDUHEHHQDQLPDWHGRQHE\RQHDQGILQDOO\WKHDQLPDWLRQVDUH
EHHQFRPSRVHGLQD'9'ODVWLQJPLQXWHVPLQXWVHDFKVRQJIRUVRQJV
7KH6RQJRI6RQJVLVLQWKHWKLUGVHFWLRQRIWKH+HEUHZ%LEOHWKDWRI:ULWLQJV
DQGLWLVWKHILUVWRIWKHVRFDOOHG)LYHUROOV,QWKH&KULVWLDQ%LEOHVWKH6RQJ
IROORZVWKH(FFOHVLDVWHV 7UDLOHUODVWLQJ¶¶´DWOLQN
KWWSZZZLVDEHOODWLUHOOLLW,VDEHOODB7LUHOOLB&DQWLFRB35202B(1*PS
3URMHFWRIOLYHSHUIRUPDQFH
:KHQ,ZLOONQRZZKHUHLW VSRVVLEOHWRSURMHFWWKHYLGHR,FDQFUHDWHDVSHFLDO
OLYHSHUIRUPDQFHLQWKLVVSDFHZLWKWKHVDPHPHQDQGZRPHQ PRGHOV WKDW
DUHLQWKHYLGHRLQDULWXDODFWLRQGXULQJDQGWRFORVHWKHSURMHFWLRQ
(TXLSPHQW  DGYGSOD\HURUDSFZLWK9/&SURJUDPRUVLPLODURUPRUHDFWLYH
VSHDNHUVDYLGHRSURMHFWRURIDQVLOXPHQRUPRUH DSURMHFWLRQVFUHHQRU
DZKLWHZDOO
WKHSURMHFWLRQLVPRVWHQMR\DEOHLIWKHSURMHFWLRQZLOOEHJUHDW PW[RU
PRUH 

&RQWDFWHPDLO
.H\ZRUGV
LVDEHOODWLUHOOL#IDVWZ ,QDQQD
HEQHWLW
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PLQ'6RXQ'6OLYHSHUIRUPDQFHRIDJHQHUDWLYHQHWZRUNHGPXVLF
-{QDWDV0DQ]ROOL
9kQLD3RQWHV&OD\WRQ
0DPHGHV7LDJR
7DYDUHV
$EVWUDFW
,W LV D SURSRVDO WR SUHVHQW D OLYH SHUIRUPDQFH RI D JHQHUDWLYH QHWZRUNHG PXVLF
WKDWXVHVPXOWLPRGDOVLJQDOV DQGEUDLQFRPSXWHULQWHUIDFH %&, WRSURGXFHPXVLF
DQG DXGLRYLVXDOV LQ UHDO WLPH PLQ'6VRXQ'V LV EDVHG RQ WKH QRWLRQ WKDW WKH
GHOLYHU\ RI 3UHVHQFH LV FORVHO\ WLHG WR DQ XQGHUVWDQGLQJ RI FRQVFLRXVQHVV DQG LQ
SDUWLFXODU RI WKH LQWHUSOD\ RI LPSOLFLW DQG H[SOLFLW IDFWRUV LQ WKH FRQVWUXFWLRQ RI
KXPDQ EHKDYLRXU DQG DUWLVWLF H[SUHVVLRQ ,W LV D SHUIRUPDQFH ZKHUH D JURXS RI
PXVLFLDQVDQG PDFKLQHVGLDORJXHLQDQHWZRUNWKHUHLVDFRQWLQXRXVH[FKDQJHRI
LQIRUPDWLRQ
EHWZHHQ WKHVH DJHQWV DQG WKH HPHUJLQJ VRXQGV DQG YLVXDOV DUH
7RSLF 0XVLF
VKDSHG E\ SK\VLFDO DFWLRQV PRYHPHQWV PXVLF LPSURYLVDWLRQ DQG LPSOLFLW VLJQDOV
FDSWXUHGE\%&,7KXVZHSUHVHQWDQLQWHUDFWLYH SHUIRUPDQFHWRFUHDWH PHDQLQJIXO
$XWKRUV
UHODWLRQVKLSV EHWZHHQDJHQWVDQGH[SORUHWKHLULQWHUDFWLRQVXVLQJ YLVXDOL]DWLRQDQG
-{QDWDV0DQ]ROOL
9kQLD3RQWHV&OD\WRQ VRQLILFDWLRQ 7KLV SHUVSHFWLYH LV GLVFXVVHG LQ >@ ZKHUH ZH DUJXH WKDW D WKHRU\ RI
PLQG LQFOXGLQJ RQH RI FUHDWLYLW\ DQG DHVWKHWLFV ZLOO EH FULWLFDOO\ GHSHQGHQW RQ LWV
0DPHGHV7LDJR
UHDOL]DWLRQDVDUHDOZRUOGDUWLIDFWEHFDXVHRQO\LQWKLVZD\FDQVXFKDWKHRU\RIDQ
7DYDUHV
RSHQDQGLQWHUDFWLYHV\VWHPDVWKHPLQGEHIXOO\YDOLGDWHG ,QWZRSUHYLRXVZRUNV
0XVLF'HSDUWPHQW
,QW1XFO6RXQG6WXGLHV ZH KDG DOUHDG\ GHYHORSHG OLYH SHUIRUPDQFHV EDVHG RQ WKLV SHUVSHFWLYH
UH 3(5 FXUVR   DQG 0XOWLPRGDO %UDLQ 2UFKHVWUD   2Q WKHVH ZH
1,&6
8QLYHUVLW\RI&DPSLQDV H[SORUHG KRZ WKH LQWHUQDO DQG H[WHUQDOUHSUHVHQWDWLRQV RIWKH ZRUOG FDQ EHMRLQHG
WRJHWKHU WR FUHDWH D PL[HG UHDOLW\ LQWHUDFWLYH QDUUDWLYH >@ &RPSXWDWLRQDO PRGHOV
%UD]LO
WHFKQRORJLFDO
WRROV DQG FRPSRVLWLRQDO VWUDWHJLHV XVHG RQ PLQ'6VRXQ'V DUH DOVR
ZZZQLFVXQLFDPSEU
GLVFXVVHGLQ SUHYLRXVDUWLFOHV >@>@>@
0DLQ5HIHUHQFHV
>@9HUVFKXUH 
0DQ]ROOL³&RPSXWDWLRQDO
0RGHOLQJRI0LQGDQG
0XVLF´,Q/DQJXDJH
0XVLFDQG 7KH%UDLQ
(6)5HSRUWV0,73UHVV

>@/H*URX[HWDO
³'LVHPERGLHGDQG
&ROODERUDWLYH0XVLFDO
,QWHUDFWLRQLQWKH
0XOWLPRGDO%UDLQ
2UFKHVWUD´ 3URFHHGLQJV
RI1,0(SS±

>@0DPHGHVHWDO
³&RPSRVLQJIRU'0,V
(QWRDPXVLFIRU
)LJXUH3HUIRUPDQFHRI0LQG6RXQGV
,QWRQDVSDFLR´
3URFHHGLQJVRI1,0(
SS

&RQWDFW
MRQDWDV#QLFVXQLFDPSEU

.H\ZRUGV
0XVLF,QWHUDFWLYH1HWZRUN0XOWLPRGDO%&,
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0LQJ;L7DQJ

*HQHUDWLYHPXVLFZLWK4LQ2SHUDDFFRPSDQLHGE\&KLQHVHDQG
ZHVWHUQYLROLQV
$EVWUDFW
,Q WKLV OLYH SHUIRUPDQFH ZH SHUIRUPXVLQJ ERWK &KLQHVH DQG ZHVWHUQYLROLQVDWWKHVDPH
WLPH WKH PXVLF FRPSRVHG ZLWK WKH  \HDUV ROG 4LQ RSHUD PXVLF XVLQJ JHQHUDWLYH
WHFKQLTXHV ZLWK WKH OHDGLQJ 4LQ 2SHUD VLQJHU ZKR LV QDWLRQ¶V EHVW 4LQ RSHUD SHUIRUPHU
7KLVH[SHULPHQWDOSHUIRUPDQFHLVDLPHGDWSURPRWLQJJHQHUDWLYHWHFKQLTXHVDQG4LQRSHUD
PXVLF IRU LQWHUQDWLRQDO DXGLHQFHV ,W LV WKH UHVXOW RI WKH FROODERUDWLRQ EHWZHHQ WKH +RQJ
.RQJ 3RO\WHFKQLF 8QLYHUVLW\ DQG ;LDQ -LDRWRQJ 8QLYHUVLW\ ;DLQ  XQGHU WKH MRLQW FHQWUH RI
UHVHDUFKRQFUHDWLYHFXOWXUHLQGXVWULHVIRUZHVWHUQ&KLQD7KHPLQXWHVSHUIRUPDQFHZLOO
SURGXFHDQLPSDFWRQWKHDXGLHQFHE\ERWKWKHRULJLQDO4LQRSHUDPXVLFDQGLWVYDULDWLRQV
GHULYHG E\ JHQHUDWLYH WHFKQLTXHV ,W ZLOO DOVR VKRZ KRZ ZHOO ERWK &KLQHVH DQG ZHVWHUQ
YLROLQVFDQEHDGRSWWKHWKHPHVRIJHQHUDWLYHPXVLFLQDFROODERUDWLYHPDQQHUWRKLJKOLJKW
WKH GLIIHUHQW IHDWXUHV RI ERWK LQVWUXPHQWV 7KH JURXS FRQVLVWV RI  DFDGHPLFV DQG 
 SURIHVVLRQDOPXVLFLDQV


7RSLF $OLYH
SHUIRUPDQFHRIYLROLQV
ZLWK4LQRSHUDVLQJLQJ 

$XWKRUV
7DQJ0LQJ;L
7KH+RQJ.RQJ
3RO\WHFKQLF8QLYHUVLW\
:DQJ=KRQJ0LQ
;LDQ-LDRWRQJ8QLYHUVLW\
=KRQJ0LQ6KDQJ
;LDQ-LDRWRQJ8QLYHUVLW\
/Y;LDR1LQJ
;LDQ-LDRWRQJ8QLYHUVLW\
<DQ;LDR)HQJ
6KDDQ[L2UFKHVWUD
&KHQJ%DLIX
;LDQ4LQ2SHUD7URXSH
/L6KXIDQJ
;LDQ4LQ2SHUD7URXSH

7KH RSHQLQJFHUHPRQ\ RI 6KDDQ[L &XOWXUH DQG 'HVLJQ ,QQRYDWLRQ ([KLELWLRQ LQFRUSRUDWLQJ
$UV 0DWKHPDWLFD H[KLELWLRQ RQ 0DWHULDOV IRU ,QYHQWLRQ LQ WKH ,QQRYDWLRQWRZHUGHVLJQHGE\
=DKD +DGLG DQG RSHQQHG LQ 0DUFK  KRXVLQJ 6FKRRO RI 'HVLJQ RI WKH +RQJ .RQJ
3RO\WHFKQLF8QLYHUVLW\

0DLQ5HIHUHQFHV
ZZZVGSRO\XHGXKN




/LYHSHUIRUPDQFHRI4LQ2SHUDZLWK&KLQHVHDQGZHVWHUQYLROLQVLQ+RQJ.RQJE\WKH
VDPHJURXS
&RQWDFW
VGWDQJ#SRO\XHGXKN

.H\ZRUGV
*HQHUDWLYHPXVLFFUHDWLYHLQGXVWULHVLQZHVWHUQ&KLQD4LQRSHUD;LDQ
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