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TESSELLATIO~S 

TEMPER: A System for 
Music Synthesis from 
Animated Tessellations 

THE QUESTION OF PAINTING ANO MUSIC 

'vluch literature has been written and manv works have been 
compieteci in the area of audio-visual composition and 
performance. Most of these works start with the implicit 
assumption that sound and images can run concurrentlv 
without anv kind ofinteraction and correlation. Usuallvonlv 
the synchr~nization of elements in time-sound linked with 
video or film-is attempted. However. there are a number 
of works that, while not specifically devoted to audio-vi sua! 
objectives, have given more import.ance to correlating 
graphic and musical infarmation, such as work involving the 
graphic representation of musical infarmation, either to 
de fine notational svstems [I] or to automatically produce 
traditional [2] or a~ditory [3] scores. In this article, we use 
the term 'traditional score' when referring to a common 
music notation score: and the term ·auditory score' when 
referring to a kind of music notation used to help listeners 
understand musical sequences and structures-particularly 
when the music either cannot be or is not represented by 
means of a traditional score (e.g. electronic, computer. 
ethnic musics). 

Some of Kandinskv's written works are illuminating with 
respect to analogies between graphics and music (4]. Sev­
era! articles published in Leonardo provide rich overviews of 
work in music visualization (5]. The stimulating work of 
Whitnev [ 6] involves the syn thesis of audio-visual processes, 
with a high correlation between auditorv and visual aesthetic 
information. The work of Brian Evans is also significant in 
this field [7]. In addition, paintings have inspired the struc­
ture of music in manv works: in the work of Cen'etti, paint­
ings by Bosch are d~picted in music [8]; in the work of 
Brecker, the strucmre of a painting by M. C. Escher deter­
mines the process with which one rhvthmic pattern gradu­
allv transforms into a second one [9]. Yet other works are 
based on fractals as the generative structures both far graph­
ics and music. 

Our research can be considered within the frarnework of 
the works we have mentioned, but our aim is to go beyond 
the traditional: we wish to investigate severa( kinds of aes­
thetic expressions-literature. painting, music. architecture 
and other forms of art-in arder to find out if common 
strucmres exist among them. Our ultimate goal is the defi­
nition of a knowledge base suitable far the description of 
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multimedia compositions and 
performances in which there is 
a high leve! ofcorrelation among 
different media. 

We conducted a series of 
experimental works devoted to 
building our knowledge base. 
Some of our experiences bear 
mentioning: in one work. the 
metric-rhythmic structure un­
derlying the dialog between 
Othello and lago in Shake­
speare· s Othello was translated 
into music; another project 

T he authors discuss the re­
sults of research carried out since 
1987 at Laboratorio di Informatica 
Musicale (LIM) involving the associa­
tion ol graphics and music, with 
special attention to drawings based 
on tessellations. Alter a theoretical 
investigation primarily devoted to 
the creation of a conceptual frame­
work, the authors developed a 
prototypal computer program, 
TEMPER. This program allows lor 
the editing of tessellations and lor 
the definition of performance paths 
that include the animation of tessel­
lations and the synthesis of music 
pieces obtained by translating 
graphic animations. 

involved the development of 
the computer program Traslitteratore [ 10], which allows 
the translation of any literary text (i.e. any text file) into a 
musical composition that respects metrics and accentua­
tions of natural language. Other projects are in progress: far 
example, data received from the galaxv UGC 9567 have 
been translated into sound bv means of tempora! com­
pression and the application of suitable scale factors far 
amplitude and frequencv values [ 11]. Ali of this work con­
cerns correlations between graphic animation and musical 
processes. 

Within the framework of our generai project far the 
definition of a knowledge base. we are concentrating on 
flows and limits in the process of aesthetic perception. A 
centrai point in the design of new kinds of aesthetic works 
is certainlv the definition of suitable audio-visual 'stews·. 
Viewers ~ust not be bored by information flows that are 
either tao poor or tao repetitive (which is the same), or 
overwhelmed by tao rich or too varied an informative flow 
[ 12]. Our working hypothesis is that the whole audience can 
enjoy the audio-visual work onlv if the qualitv and quantitv 
is within a certain range, which mav varv from individuai to 
individuai but cannot exceed certain limits. Note that even 

< ;olfrccto Han~ ( re'\carcher). Lthora1orio di l111imna1ica \lusicdl'. Dipaniml·n10 ,ti 
Scienze dt-lrlnforma1io11c. L'nivcrsi1:'1 dc~li Studi di ;\-lilano. ,·ia Cuuu:lko. :i~l.1-'!0l'.\:i 
\tilan. hai~·. 

l\1nlo ;\-lorini !H'!!l.~lrchcrl, Llhor,uorio di l11form,uica \-IHsic1lc. l)ipanimen10 di 
Scienze ddl'lnforma1.innt'. L·ni\'crsit:i rle~li Studi cli \lilano. \'ia Cunwliro. :\9, 1-'.Wl'.\:J 
\tilan. ltill\'. 

Rece1n·cl ~ .fanuarv I~~ I. 

LEONARDO, Voi. 25. No. 3/4, pp. 355-360. 1992 355 



Translation 
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p P' 
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• Glide reflection \) p·~ 

17 z;/ 
Fig. 1. Examples of the four symmetry operations allowed in the 
piane. Each point in the piane is transfonned into another (for 
example P into P') by the symmetry operations; these are outlined 
by the vector t for the translation, the mirror line m for the re­
flection, the angle a for the rotation and the mirror line g togeth­
er with the vector t for the glide reflection. Tue illustrations for 
the translation and glide reflection operations should be consid­
ered as infinitely and repeatedly extended in the direction of the 
vector t. 

when the quanti!:\' of information given to members of 
an audience is equa!. receiving capabilities may differ, de­
pending on qualities of the information itself. A triviai but 
effective example would be that the same phrase. expressed 
in different natural languages, is of quite different value 
depending on the listener·s mother-tongue. In otherwords, 
we think that the design of audio-visual works mav be re­
garded as a kind of qualitative and quantitative 'information­
flow engineering'. 

CORREI.ATIONS BETWEEN 
GRAPHICS AND MUSIC 

We are in terested in a special kind of graphic process known 
as tessellations, or tilings--drawings made up of one or more 
shapes that fili the piane without gaps between them when 
appropriate svmmetry operations such as rotations. reflec­
tions and translations are applied to them. Drawings of this 
kind are well known in the works of Dutch artist Escher 
[13-15]. 

From a certain point ofview, tessellations show surprising 
affini!:\' to musical pieces; in particular, graphic symmetrv 
operations are closelv related to common musical opera­
tions: there are mirror-like musical pieces that are similar to 
graphic rellections. tonality transposition and time repeti­
tions in music that are similar to translation. cyclic tonalitv 
changes that recali rotations. and so on [ 16). 

We were interested in checking to see if these affinities 
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are onlv superticial or ifthev have deeper roots. Ifthe latter, 
we also wanted to cliscover if it is possible to associate a 
tessellati on to a musical piece. If so. then we wanted to know 
if this association would correlate the artistic contents of the 
graphics with the music; last, we wished to investigate 
whether this process can be enactecl bv a computer program. 

In dealing with these problems. we intended to obtain a 
work that presented a solid theoretical base as well as prac­
tical results. This requirement brought some additional 
dillìculties. so that some ideas were temporarilv shelved 
because of implementation problems. On the other hand 
we discovered things not strictly linked to theory. We accom­
panied these studies with a program; our aim was not only 
to obtain a practical demonstration of the theorv, but also 
to develop a graphic and musical instrument that can actu­
allv be utilized for audio-visual performances [ 1 7). 

Gathering together practical and theoretical require­
ments, we mainly followed these development guidelìnes: 
I. The association between graphic and musical elements 

should be attempted only from graphics to music. The 
reverse, or a one-to-one correspondence. is possible. 
but could not easily be clone in a proper manner 
because of quantizing problems. 

'.!. Graphic-to-music transformation must be clone accord­
ing to an exact function, whose behaviour can be modi­
fied by the 'composer' through special parameters. 
There should not exist any casualness in the transfor­
mation; neither should it be possible to work on the 
music independently from the graphics. 

1. The association should be easily perceived by the audio­
visual observer; therefore it is important to note the 
limit.ations of the human brain relative to the capabili­
ties of perception, abstraction and concen t.ration. 

4. The software should be able to perform the graphics 
and music in real time; only in this manner is it possible 
to obtain results that can be utilized fora demonstrative 
or artistic purpose. 

Tessellations 
The graphic side of our work consists of the studv of tessel­
lations. In particular we considered a kind of tessellation 
called isohedrnl. A tessellation can be obtained through the 
partition of an unlimited piane in sets of limited and con­
nected points, so that every point in the piane belongs to 
one and only one set. From a graphic point of view every set 
is a shape; if ali the shapes on the piane are directly or 
reflectivelv congruent-that is, they can be superimposed 
by an isometry-the tessellation is said to be monohedral; 
if, on applying the isometry needed to superimpose any two 
shapes, the whole tessellation superimposes on itself, then 
the tessellation is isohedral. 

For the study of tessellations, we used the crystallographic 
theorv of svmmetrv groups [ 18]. The details can be found 
in severa! publications. but we will point out here that in 
accordance with this theory we start from the concept of 
isometrv [ 19). the operation that relates two congruent 
objects in thc space. An isometry is called a svmmetry opera­
tion if it can be applied to the whole space instead of to a 
single object. that is, if the spaces before and after the 
application of the isometrv are identica!. 

There are only four kinds of symmetry operations in the 
piane: translations, reflections, rotations and gliele reflec­
tions (Fig. l). The combination of two symmetrv operations 
is another symmetry operation; so interaction between a set 



of operations generales olher operations-however. there 
are limits on the k.inds of operalions possible. For tessella­
tions, il is compulso1>· co have cwo non-parallel translation 
operalions because olhe1>vise it would not be possible to liii 
up the piane . 

. -\s a result of these considerations. there are 17 allowed 
combinations of svmmem· operacions. lt is possible to dem­
onstrate that eve1>· set of allowed symmetrv operations. 
joined to the bina1>· operation of composition (that vields 
another svmmetn· operation). forms a group (in the mathe­
matical sense of the word). For this reason these combina­
tions are named svmmetrv groups (20). The ones in which 
we are interested are called bidimensional (with exactlv two 
translations) and monochromatic (no symmetry operations 
will change the shapes· colour). 

This leads to an important demonstration: to any isohe­
dral tessellation we can apply ali the svmmetry operations in 
one ofthe 17 bidimensional monochromatic spatial groups. 
We say that the tessellation belongs to that symmetrv group 
[21.22]. 

To define a tessellation we first need a shape and a group 
of svmmetrv operations. But we have some more points to 
develop. lt is obvious that a generic shape cannot belong co 
anv group: hence it is not easv to bui Id a tessellation starting 
from an isolated shape. Besides. every attempt to modifv a 
shape to lit to the adjacent one will also modify ali the other 
shapes. creating holes that are difficult to fili. 

Furthermore, consider the fact that the border of a shape 
is also pan of the border of the adjacent one; we cali the 
common border becween two adjacent shapes a side, and we 
cali the ends of sides vertices. Sides 

Lain this kind of formulation belongs Lo liYe hierarchicallv 
ordered categories: 

Svmmetrv group: one of the 17 bidimensional monochro­
matic spatial groups. 

Tl'S.1ellation scheme: one of the 81 isohedral tessellation 
schemes. chosen in accordance with the svmmetrv group. 

'f'mnslation vectors: the two vectors corresponding to the 
shortest svmmetrv operation of non-parallel translation, 
defining the scale and the orientation of the tessellation. 
Some svmmetrv groups impose bounds on the ratio length 
of the vectors and on the angle subtended bv them. 

Vertices: che joining poin ts of sides of adjacent shapes: the 
svmmetrv group and translation vectors impose bounds on 
the vertices' reciprocai position. 

Sides: the lines defining a path between the adjacent 
l'ertices of a shape. Some parts are defined by a symmetry 
operation applied on another pan; the independent parts 
are free from bounds, even if in special cases crosses and 
coincidences of sides cause the main shape to break into 
severa!. 

This method proved to be particularly suitable to build 
tessellations: the ·weft' of the svmmetry operation is implicit 
(in a computer program it is automatic); therefore it is 
possible to concentrate on the shape to be built without 
wasting attention on ics insertion into the whole drawing. 

Tue Graphics and Music Connection 
The main problem was how to associate graphic and musical 
elements. To settle the question with a correct theoretical 
approach and at the same time with an association that is 

join only in vertices, and three or 
more sides necessarily join in a ver­
tex. It is easy to find out that cwo 
tessellations belonging to the same 
symmetry group can be topologically 
different-that is, we cannot stretch 
one into the other. There are 81 
different ways to build topologically 
distinct tessellations. as is shown in a 
study bv Grùnbaum and Shephard 
(23]. 

Fig. 2. A three-step transfonnation from birds to winged horses (shapes are inspired by 
Escher's works) perfonned by the TEMPER prograrn. Notice that lines that appear curved 
are in fact composed by short straight segments. 

We looked for and found a 
method. suitable to be implememed 
on a computer, to facilitate the 
building of tessellations. We start 
from a set of 81 models of tessella­
lions, supplying a single shape that is 
a simple example for every scheme; 
then we allow the sides of this shape 
to stretch. In fact, it is enough to 
stretch only some parts of the sides, 
because the other parts are obtained 
by transpositions: every stretch of a 
part should be reproduced on ali the 
parts of the sides that can be reached 
through the application of a symme­
try operation. Because this mecha­
nism does nor modifv the symmetry 
operations. the shapes so obtained 
necessarilv belong to the same tessel­
lation schema and can then tile the 
piane. 

The informa~ion needed to main-
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not too hidden to an observer-listener. it was necessarv to 

begin a studY or the nature of graphics obserYation and 
music listening. 

The first phase of this studv was an analvsis of the 
climensions delìning graphic and musical spaces: the 
rlecomposition ilHo dimensions can be made in seYeral wavs. 
but we thought that everv attempt should fall within one of 
the following ll'aYs: 

S/1alial: the eYents to be examined are simple elements 
(i.e. poims and segments in graphics: notes in music): these 
dements ha,·e to be lving on a coordinate svstem such as a 
bidimensional piane in graphics or time and pitch in music. 

F1111ctù111al: the events to be examined are complex ele­
ments on which composilional and transformational func­
tions can operate: examples of this kind of function could 
be symmetr\· operators in graphics. or transposition and 
mirroring in music. 

After an opportune choice for the decomposition of the 
two representational spaces is made. it is necessary to estab­
lish pairs berween the chosen dimensions. so that a given 
event in a space can be translated into a corresponding even t 
in the other space onlv by transforming its coordinates. The 
choice of dimensions and the coupling of them is without 
doubt the most criticai phase of the whole work because it 
<lefines the transformation between graphics and music: so 
the results strictlv depend on these choices. 

:\t this point we meta serious problem: how to treat the 
tempora! dimension. In fact this dimension is usuallv absent 
in graphic work (except for subjective aspects); while it is a 
fundamental component in music. This difference is the 
main cause of the dissimilar kinds of menta! images that 
form in our minds in the two cases. Since one of our aims is 
to make as e,ident as possible the association hetween 
graphics and music. a careful examination of the tempora! 
question is needed. 

To properlv treat the tempora! dimension. it is necessary 
to balance the quantitv of information contained in the 
graphics and musi e, relative to the capabilities of the human 
brain recei,ing this information. and to compare it with 
previouslv recei\'ed information. This balancing operation 
is difficult and delicate because reception capabilities (24) 
and short-term associative memor\' have dissimilar charac­
teristics for ,isual and auditorv information. 

In accordance with the work 's requircments. and bearing 
in mind the problems previouslv illustrateci, we had to make 
some decisions about which methods to use for the associa­
tion of graphics and music. 

In deciding berween the spatial or functional approach. 
we chose the former for severa\ reasons: 

I. The functional approach is surelv more significant: 
indeed it is related to the spatial one as semantics is to 
svntax: ne\'ertheless this advantage works against itself 
for the more complex and less intuitive association. 

2. Operations work on composite entities that cannot be 
directl\' associated with a single musical event; there­
fore a second leve! of interpretation is necessarv for 
ever\' entitv. For this step the spatial approach becomes 
indispensable. 

3. A translation made with the spatial approach will im­
plicith· reflect the behaviour of the operations that 
define the functional approach: without recognizing 
the underlving structure, everv element of originai and 
transformed entities is translated in the same wav. 
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For these reasons the result5 of a spatial approach are 
simpler than the results of a functional approach. without a 
notable loss of significance. 

Following the choice of adopting the spatial approach it 
ll'as compulsorv to use horizontal and vertical dimensions to 
clefine the drawing piane. and to associate these dimensions 
\\'ith tempo and pitches. respectivelv. The result is a scan of 
the piane from left to right; graphic elements are translated 
into musical ones as thev are touched bv the scan; the higher 
the graphic element in the drawing, the higher the pitch of 
the note generateci. 

This solution could seem oversimplified, but the pairing 
of dimensions obtained a good balance of graphic and 
musical psychoperceptive aspects. Indeed we notice that an 
observer of a graphic work usually considers it more natural 
to find the more solid objects in the lower part ofa drawing, 
because it creates a feeling of gravity and, from a musical 
point ofview, low-pitched notes give a heavier feeling. 

Another important consideration was that horizontal 
time scanning could be made from right to left, although, 
for Western people, reading from left to right (including 
musical staves) is a more natural motion (25-27). 

We have vet to define the graphic elements necessary to 
be translated. In accordance with the spatial approach. these 
elements are the strokes of the drawing, that is. the sides of 
the tessellating shapes. But if we notice that music is com­
monly perceived as a sequence of discrete events (notes), 
not as a continuously varying sound (28). a better choice is 
to consider the sides made up only of broken lines; then 
their vertices can easily be associated with single discrete 
musical events. Therefore a curved line should be approxi­
mated by a sequence of straight segments. 

Ali these choices express the metaphor of the melodie 
line (a graphic word-line-for a sequence of notes) in a 
way that calls to mind the musical stave. This means that the 
interpretation of the music generated by tessellations is not 
clissimilar to that used by musicians performing a piece, so 
the brain can apply a well-stated mechanism. 

In addition, we considered it to be of great importance 
to define the musical scale used during translation, that is. 
which pitch values correspond to the scale degrees, or notes. 
It is useful to note that for music, once the key or tonality 
with which one is playing is fixed, every degree does not have 
the same importance. We can roughly set two groups: 
pitches inside and outside of the scale. The latter are gener­
ally used only as intermediate notes. because otherwise they 
could easily result in unpleasant dissonance. To further 
justify this choice we note that there are instruments, espe­
cially the wind instruments, that are tuned in a particular 
tonality, and that even common music notation makes a 
distinction between pitches inside the scale and outside the 
scale, specifying the second pitches with special symbols like 
sharps and flats. 

We have yet to solve the problem of the tempora! dimen­
sion: left-to-right scanning is a valid choice. but it is usuallv 
completed in too short a time to provide a feeling of com­
pletion. Rather, the corresponding graphics are generallv 
perceived as the finished work. This causes a lack ofbalance 
in informational content. 

To eliminate this problem we decided not to use a fixed 
image, but. rather, to gradually transform one tessellation 
into another one with a sequence of intermediate tessella­
tions. In this way the graphics are supplied with a tempora! 
dimension comparable to the musical one, since astili image 



side alter 
transtormation 

end ot translation vector 

side before 
transformation 

this is immediateh· foliowed b,· the 
transformation hetween the second 
and Lbe Lhird tesse!lations. and so on 
unti! Lhe end of tbe scquence. \-\'hen 
tbe scanning of a step reaches a ver­
tex of a side tbat is required to be 
lranslated into rnusic. a note is gen­
erated according Lo tbe musical pa­
rameters supplied. 

To improve the capahilities of the 
program. some uscr-dcfined parame­
ters are supplied to change the be­

Fig. 3. Tue transfonnacion funccion: a three-step transfonnacion from a straight line to a 
three-segmem broken line. Tue relative length of the segment OA with respect to the tota! 
length of the broken line OC is the same as the length of the segments OA', OA" and OA"' 
with respect to the lines OC', OC" and OC"'. respeccively. Tue same relacionship applies to 
ali the corresponding segments within the broken lines. 

haviour of che translation funclion: 
a group of parameters is associated 
with everv tessellation in Lhe se­
quence. Such parameters are di\'ided 
into three groups: 

is changed into a slow animalion, whose sleps are scanned 
from lefl to righl al a conslant speed. The contemporaneous 
performance of sequences of tessellalions and of tbe corre­
sponding sequences of notes result in a greater feeling of 
completion and satisfaction. 

For this purpose we studied a special transforrnation 
function thal acts on the sides (hroken lines) of the 
tessellations. This function is able to conlinuouslv generale 
tessellalions between any cwo tessellations: tberefore it is 
possible Lo execute a graduai transformalion (with the re­
quired nurnber of intermediate sleps) from one tessellation 
to a second one. frorn the second lo a tbird, and so on (al 
this point lbe funClion applies onlv to tessellations of lhe 
same tessellalion scheme). The qualil\• of lhe transforma­
tion function was also evaluated in an experirnental wav. bv 
observing the sequence of steps produced. Our aim was to 
avoid a feeling of Yariation in speed or discontinuitv in 
rnotion (Fig. 2). 

The transformation function is based on a linear interpo­
lation of a pair of points belonging to the corresponding 
sides of the staning and fìnal tessellations. One of these 
points is a Yertex ofthe hroken line defining a side: thc olher 
poinl lies on lhe other side al lhe same dislance. rneasured 
relative to tbc total lenglh oflbe lines (Fig. 3). 

A CAsE STUDY: THE TEMPER PROGRAM 

Based on the lbeoretical work described above we devel­
oped a computer program named TEYIPER (TEsscllating 
Music PERformerl. Wc gave prioritv Lo tbe musical aspects. 
which are the more originai parts of the work. rather than 
to lhe graphics. which reflect alread\' exisling theories. 
Thcrefore al present only one of ali the possible scbemcs of 
tessellalions is implemented: lbe one wilh four-sided shapes 
joined in \·enices and with no symmetrv operalions otber 
than two translations (symmelrv group 'pi· [29]. tessella­
tion scheme ·[H41' [30]). 

Tbe program consists of two logical sections: (I) . .\ gra/1h­
irs editor. which allows one to huild. sa\·e and modifr tessel­
lalions composed of translation veuors witb hroken lines as 
sides. The tessellations are organized in an ordered sc­
quence: e\·erv sequence can be saved on mass storage. (2) .-\ 
performn of sequences of tessellations. whicb sbows on tbe 
screen e,·er.· step of the transformation het\veen Lhe fìrst and 
the second Lessellations. according to tbe Lempo required: 

Temf>oral paramelPTs: tbese parame­
ters al!ow one to set tbe speed of tbe grapbic transformation 
and, as a consequence, the tempo of tbe music generated: 
it is possible lo specifv che number of steps to be shown and 
the time required to scan every step . 

. 'imi.e pammPIPT.1: these paramelers make it possible to 
decide which musical scale and Lonalitv Lo use and wbich 
pitch intcn·al should relate to a ccrtain ,·ariation in the 
height on the drawing. 

Voire pammeters: these parameters permit one to choose 
wbich sides should contribute to sound generation: a dis­
tinct voi ce can be assigned to eve11' side to obtain polyphonic 
and poiytimbric effects. For instance, it is possible to assign 
two voices. one with a melodie function and one with a 
rhythmic function, to different sides, orto assign rwo voices 
repeating the same melodie line wilh a fixed delay. Cbang­
ing voices could completely change the perception of a 
musical piece. 

Sound generation is carried out hv external devices such 
as synthesizers and samplers, dri\'en bv a Musicai Instrument 
Digitai lnterface (MIDI). 

CONCLUSION 

Musicai performances produced hv TE:\IPER were encour­
aging. hecause the picces were often pleasant. We experi­
mented with varving the avaiiahle musical parameters on the 
same sequence of tessellations to obtain signilicant techni­
cal and aeslhelic dilTerences. Through carcful cboice of 
paramelers. e\·crv tcssel!ation produced satisfactorv melo­
dies. This result was surprising considering tbe low leve I of 
musical knowledge included in tbe program. however. itwas 
justitied. considering the characteristics of tbe drawings. 

lt would he a mistake to think that a translation bet\veen 
tessellations and music. carried on in the manner described 
in these pages. produces a sequence of disconnected notes. 
\-!usic generateci from a drawing will rcflen cenain cbarac­
teristics in tbe musical structure: if we analvze thcse charac­
teristics we will fìnd properties that are usualh• found in 
musical pieccs. 

Periodicil\· is ,i constant factor in the tessellalions. For 
musical pieces. the concepl of period is fundamemal. too. 
in reference either to time-supplving rhvtbmical hases­
or to pitcb-allowing existence of harmonv (e.g. octave 
rcpetitions ancl frequencv ratio). h is not an accident that 
tbe association of graphic. musical and temporal dimen-
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sions inrnlves lhe pairing of periodic elemems. The result 
is that musical pieces generateci bv tessellations in lhis wav 
are m our ears rhvthmic and harmonic. 

Funhermore \\:e consider it significanl that we oblained 
imeresting musical pieces from drawings crealed onlv for 
graphic purposes. On the other hand. we successfulh· treated 
stricth· geometrie lessellations: in lhis case lhe 1·ariet\' of 
shapes and melodies produced is surprising. e1·en if lhe 
drawings are 1·er1· simple and defined bv a mimimum of 
information. 

...\.s a relaled result, we bave noticed lhat when \\·e set 
the transformation speed at a high value. 11·e obtain an 
animation (i.e. wc cannot distinguish between one frame 
and the following one), however. we cannot concurrentlv 
svnthesize music due to the excess amount of musical infor-
1~ation produced with this method. 

We have recentlv proposed audio-visual works made bv 
TEMPER to be used in the context of multimedia perform­
ances: we wish to continue this activity to better understand 
TEMPER's potential and to improve its functions. Manv 
audio-visual works and performances have to be created with 
the fundamental involvement of a new kind of anist-a 
creator of bolh music and graphics. 
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