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Xenakis's Polytopes and the Diatope

Polytopes are perhaps the quintessential Xenakian creation. As intermedia artistic productions (combining music, visual performance, architecture) in specific locations and using cuttingedge technology, as events here-and-now that focus on the spectator's experience (immersion), they are resolutely oriented towards utopia. This article will explain the origins of the concept of polytope in Xenakis' creation and will shortly present the five polytopes he realized. Then it will discuss with more details the Diatope, before concluding on the polytopes as utopia.

THE POLYTOPES

The polytopes made a major contribution to Xenakis's reputation: over 200 000 spectators are said to have seen the Polytope of Cluny (1972-74), the Diatope (1978) hung in front of the Centre Pompidou for several months, the Polytope of Mycenae (1978) marked the artist's recognition by Greece after long years in exile. And today there is a whole line of artists who take the polytopes as their model for artistic creation. In a sense, the very idea of what is a "polytope" represents the quintessence of Xenakian creation 1 .

Xenakis seems to have borrowed the term (just the term) from mathematics 2 , where it refers to a geometric object, and we know how much mathematics inspired him. Etymologically, it can be broken down into poly and topos, "several places" (or "sites"). "Place" can be interpreted as a synonym for "media", since the polytopes bring together sound, light, spatial configuration and/or architecture, and even literary texts; although he worked more in music, Xenakis also left a significant architectural body of work, and the idea of analogies, correspondences and relationships between several media is at the heart of his thought. "Place" could also be interpreted as discipline or science: his universe is by definition interdisciplinary or multidisciplinary -"alloys" arts/sciences 3 , relationships between arts and philosophy, and so on. Finally, the concrete realizations of these events that are the polytopes, call for cuttingedge technology, another fundamental element of the (civil) engineer that was also Xenakis.

Polytopes are also "events" in the sense of unique, unrepeatable, here-and-now creations -"happenings", as John Cage and Fluxus would have said. They happen in a particular sites: the ancient site of Persepolis and its surroundings, the site of Mycenae, the esplanade in front of the Centre Pompidou and so on. Xenakis put in them all his musical, artistic and technological know-how of the moment to work. In a way, even if the content varied from one 1 The bibliography on the polytopes begins to be important. I will quote later researches on specific polytopes. Here are some books and articles on several polytopes or on the concept itself of polytope:

polytope to another, there are not several, but one polytope -it's a "concept"; and moreover, there are many repetitions of elements from one polytope to another.

In contrast to the notion of "work", which emphasizes the object, we might also mention the primacy of experience, of the singular lived experience: hence the immersive quality of polytopes, bathing the listener in a continuum of sound, light and tactility. As we know, the primal scene is that of the experience of the Second World War and the events of December 1944 (the battle between the Greek communists and the British occupiers, in which Xenakis almost died): "I witnessed the bombings, it was something extraordinary, remarkable! Not to mention the DCA searchlights, at that time (because there were no radars), which made a remarkable ballet in the sky. Then there were the explosions, plus... it was all a fantastic spectacle, something you never get to see in peacetime", he explains4 . Of course, this statement should not be interpreted in the same way as the Italian Futurists (most of whom espoused Mussolini's fascism) spoke of the "beauty" of war, but as a statement of a highly traumatic event whose transmutation, several decades later, into a work of art, offers a kind of sublimation.

The concrete origin of the polytopes may be found one evening in July 1953, when Xenakis was asked by Le Corbusier to organize a reception on the roof of the famous Unité d'habitation in Marseille -inaugurated a few months earlier, and on which he had worked -a reception for the closing of the ninth International Congress of Modern Architecture (Congrès International d'Architecture Moderne, CIAM)5 . Here's how he went about it:

"In 1953, Le Corbusier asked me to organize a party on the roof of the Marseille unit for an architecture conference. There was a full moon, and in the Mediterranean setting, it was great in the evening. I had set up three areas of interest. In one, there was music by Bartók and Vivaldi, even musique concrète, but recorded and broadcast over loudspeakers. Which is quite different, especially from the point of view of amplification, and psychologically too. It's pure music, so to speak. That's why it's so difficult to listen to... So, in another center, there was jazz, with dance. If I remember correctly, there was even a live orchestra there. And in a third place, there was traditional music from all over the world: Japanese, Hindu, Chinese, etc. On magnetic tape. People were free and could go anywhere"6 .

Of course, the Philips Pavillion at the Brussels Universal Exhibition (1958) was the prototype. Having built the architecture of the pavillion -with its famous hyperbolic paraboloid structures -in which the Electronic Poem (music by Edgar Varèse, images chosen by Le Corbusier) was to be performed, Xenakis designed the "sound paths" (automated broadcasting through more than 400 loudspeakers: see figure 1) through which the music was performed. He also composed Concret PH, which was played though the loudspeakers as an "interlude" to the Electronic Poem, and which, with its granular sounds -it is the first granular music in the history of music -, contrasted with the smooth surfaces of the Paviljion. In 1958 he published an article entitled "Notes un 'geste électronique'" ("Notes towards an 'electronic gesture'") in which he developed the question of the spatialization of sound and implicitly criticized the choice of figurative images for the Electronic Poem, emphasizing the need for abstraction, which he said applied to all levels: "Abstraction, here, is meant in the sense of conscious manipulation of laws and pure ideas, and not of concrete objects" 7 . Xenakis could produce only five polytopes. The first, the Polytope of Montreal (1967), was designed for the French Pavillion at the Universal Exhibition. It features an electronic sculpture combining light, music and structure, with hyperbolic paraboloid steel cables and 1200 electronic flashes varying every 25th of a second (the threshold of perception by the human eye) (cf. figure 2). As he did not have access to an electroacoustic music studio at the time, he composed an instrumental work (with the homonymous title) for four ensembles to be spatialized on stage -in Montreal, this composition was broadcast on tape. The Polytope of Persepolis (1971) was created in the ruins of the ancient Iranian capital (cf. figure 3), two years after the creation of Persephassa in the same place, with music specially written for tape. The polytope included laser beams, anti-aircraft projectors and large fires on the hill opposite the ruins -150 children carrying torches roamed the area 9 . The Polytope of Cluny -an automated light spectacle (3 laser beams and 600 electronic flashes) and sound spectacle (with original music for tape) -took place over several months in two versions (1972-72 and 1973-74) in the Roman baths of Cluny (Paris) (cf. figure 4). The music, electroacoustic and spatialized, is on seven tracks. An eighth track was controlling the visual spectacle. It is this track, thought to have been lost, that was restored by the Bibliothèque nationale de France in 2022, which enabled the polytope to be reconstituted and performed in Paris for the Ircam Festival ManiFeste (June 2022) thanks to the work of Pierre Carré 10 . The fourth project, for which Xenakis composed his most grandiose electroacoustic work, La Légende d'Eer: the Diatope, conceived for the inauguration of the Centre Georges Pompidou (1978), with an automated visual spectacle in the continuity with the Polytope of Cluny; for this occasion, Xenakis built a dismountable architectural structure, which extended and renewed the hyperbolic paraboloids of the Philips Pavillion. In August of the same year, the last polytope (Polytope of Mycenae) was premiered in Mycenae -using sound from earlier works by Xenakis, as well as Mycenae alpha, the first piece written with UPIC. It was inspired by Persepolis and in this production participated "the young people and the population of the surrounding villages, Argos and Nafplio, the shepherds and their flocks, as well as an army unit stationed in Nafplio" 11 (cf. figure 5). 

THE DIATOPE

The Diatope is Xenakis's most accomplished achievement in terms of wealth of media since he combines four: music, architecture, images (light spectacle) and texts. The architecture was conceived so that it could travel, yet the spectacle was only given in Paris, in front of the Georges Pompidou Center in 1978 (cf. figure 6), and in Bonn (Germany) in 1979. Abundant and powerful technical means were needed for its production and several outside collaborators were necessary. Unfortunately, nothing remains today of the original architectural structure. In terms of the computerized visual spectacle, the technical apparatus was not properly stored, and a video of the entire spectacle was never filmed. However, some documents are still available in Xenakis's Archives: architectural plans, manuscript drawings for the visual spectacle, etc. The splendid music Xenakis composed for the Diatope has known a better fate: it exists on tape, was subsequently digitized and two versions have already been released CDs. Written for seven tracks, it constitutes an entirely autonomous entity that carries its own title, La légende d'Eer, borrowed from the homonymous myth narrated by Plato at the end of his Republic. The difference between the "pure" works Xenakis wrote for spectacles and La légende d'Eer comes down to a question of the latter's relative simplicity and long duration. Also, in contrast to the music of other polytopes, this work follows a dramatic arched form: the music appears very slowly, then several waves culminate in a sort of deluge, and finally progressively disappears. One can also evoke the image of the "cosmogony", an idea cherished by Xenakis.

The sounds that compose La légende d'Eer come from three sources:

"The music of La Légende d'Eer is composed of the following families of sounds: a) instrumental, for example, the sonorous shooting stars at the beginning and the end, or the sounds of African guimbards (or Jew's harp), or of Japanese Tzuzumis (small hourglass drums)…; b) noises, such as special bricks hit together, rubbing on cardboard...; c) realized by mathematical functions on a computer and subsequently converted from digital to analog at the Centre d'Études de Mathématique et d'Automatique Musicales (CEMAMu)", Xenakis has specified 12 . Some of the first two types of sounds, ones we can call "concrete", come from Xenakis's own sound bank: they can be found in other works by him. The third family of sounds (electronic sounds) constitutes a stochastic (based on probability theories) sound synthesis which Xenakis initiated in Bloomington (USA) at the end of the 1960s and that he furthered developed at the end of the 1980s, giving birth to the program GENDYN. In order to analyze this work in detail, a marvelous document is available (Archives Xenakis), of which figure 7 is an excerpt: the work's "score". It is a schema on graph paper where Xenakis indicates the sounds that are used on each of the seven tracks: he uses words (often abbreviated) in French, Greek and English. Note that this score only names the sounds, without specifying how they will be transformed. Also, this is a draft: later, Xenakis made certain changes -which explains any differences between this score and the final tape. It is possible to identify six distinct parts in La légende d'Eer, each of a different duration and having a different role. However, these segments are all relative: the piece presents itself as a gigantic continuum, made up of very subtle transitions. The opening develops very slowly, as though we are witnessing the birth of a new world. The "sonorous shooting stars" (called "barres métal." on the score, an abbreviation of "metallic bars") progressively enter each of the seven tracks. Xenakis attributes a fundamental pitch to each (which is difficult for the ear to discern); the seven pitches enter first in the upper register, leading lower in 3/4 tone intervals. These sounds become progressively more animated and go through several states before retrieving their initial stability at the very end. The second section (6:34 19:18) is the longest. If one were to adopt a xenakian imagery, we could say that the first section corresponds to the cosmogony's "silent" phase (since quite distant from man); in other words, the birth of the stars. In this second section, it is more a question of the earth, of sounds closer to us, yet without being deafening, bear witness to intense activity. Here, we can distinguish a first sound "background": an electronic continuum ("Log.rer." on the score, undoubtedly an abbreviation for "logarithmic (function) reruns"), occasionally appearing, then disappearing. A second sound "background" is created from a mixing of several concrete sounds that progressively enter (or vanish): "χέλι" ("eel", that sounds like sideslipping in water), "κυμβ" (undoubtedly an abbreviation for "cymbal", made of sounds that are impossible to describe), "guimb." (for "guimbarde", or Jew's harp, whose sounds rather resemble those of African sanza or mbira), "Fcl vagues" (waves of col legno battuto played in masses) and, at the very end, "κεραμ" (abbreviation of "tiles", those "special bricks hit together" previously mentioned. We may speak of "background" for these two categories of sounds since a third category emerges as a "figure": electronic sounds that enter and disappear several times that begin as white noise and whose main core is composed of sinuous glissando melodies very close to the "Brownian motions" found in Xenakis's instrumental works. The third section (19:19 -25:00) plays a transitional role: the intense activity continues yet is stabilized. The "κεραμ" sounds gear down and four news sounds make their entry: first "τζουζ" (abbreviation of "Tzuzumis", small Japanese drums shaped like an hourglass), then "χαπ" (abbreviation of a word we are free to imagine: the sound resembles small wooden chimes), then "Φιλιπ" (for "Philips", i.e. the music performed in the Pavilon: Concret PH), and finally, "χαρτ. ρυθμ." (probably corresponding to the "rubbing on cardboard"). The activity intensifies during the fourth section (25:00 32:54) and attains the deafening phase of the cosmogony. This section is largely dominated by electronic sounds that strongly evoke the second part of Jonchaies, an orchestral work from the same period: vortexes, perpetual ascensions (auditory illusions), rhythmic desynchronization, etc. This sound pervades the space entirely and grows by stages that seem to lead it towards an acceleration and white noise. We can also identify some other new sounds called "χαρτ" on the score (that sometimes sound like an electric guitar, sometimes like a double bass) as well as previously heard sounds and "drops". The fifth section (32:55 -40:16) plays a transitional role: it stabilizes the maximum level of activity and begins to lower it, thereby introducing the final section. The vortexes are replaced by previously heard sounds, some very mysterious sounds called "pel. basque" on the score, and "bridge" sounds (grating the bow over the bridge of string instruments). The work's conclusion, at the very end evoking the last measures of Jonchaies, brings us back to silence. Sounds named "Διαττ." (abbreviation of shooting stars), quite different from those at the beginning of the piece, progressively emerge and dominate the other sounds, accompanied by "Cfg" sounds (abbreviation for contrabassoon). At the very end, only sonorous shooting stars remain, whose duration vary at Xenakis's will for each performance, followed by undoubtedly a long moment of silence, necessary after such a cosmogony! Although the tape of La légende d'Eer has been well-conserved, Xenakis's spatialization program has not been found, but we have some manuscripts13 . "Each track is distributed over the eleven high quality loudspeakers scattered throughout the shell of the Diatope. The static or cinetic distribution is realized by means of a special computer program", he noted14 . However, we have the manuscript concerning the distribution of the speakers within the space: tracks I, IV, V and VII were doubled (figure 8). The Diatope's architecture evokes the Philips Pavillion from the Brussels World Fair in 1958 and its notorious hyperbolic paraboloids. Xenakis had reflected deeply about the architecture-sound relationship in conjunction to his Diatope:

"What architectural form is to be given to musical or visual performances? I say that there is no unique answer. But I also say that the effect of the chosen architectural form has an almost tactile influence on the quality of the music or spectacle performed in it. […] The Diatope's form, because of the laser trajectories, also had to conform to the following principle: a maximum of free volume for a minimum of enclosing surface. The classical answer is the sphere. But the sphere, beautiful in itself, is poor for acoustics and less rich tactilely than some other, double-curvature forms. Whence the current configuration, which is a sphere in its principles, yet open to the world by the convergence of its geometrical construction"15 .

The light spectacle, electronically generated, comprised laser beams and light flashes. The flashes (numbering approximately 16005 16 ) were attached to cables that espoused the architecture's form. And there were four lasers only due to price (100,000 FFrs a piece, in 1979); mirrors (approximately 400) that were mounted on micrometric pivots, that received and reflected onto other mirrors, thereby creating a wealth of figures. With these flashes and lasers, Xenakis created both abstract and figurative configurations. In the Xenakis Archives, one can find his poetically named drawings such figures: "lotus", "anemones", "galaxies", "spiders", "wheels", "Ω2", "W2", etc. (Figure 9 shows a drawing of "anemones"). The poetic names given to several of the luminous configurations are significant: what commands Xenakis is a poetry of the elements. In a sense, we are here in a figurative framework. Xenakis tells us that they are created from "either points (electronic flashes) or of lines (laser beams)"17 . There is no contradiction between abstraction and figuration, but a constant back-and-forth: galaxies can be perceived as galaxies in the true sense of the word, but there is nothing to stop us seeing them as a pure collection of points -in the first case, we will be interested in their poetry, in the second, in their geometric qualities. How did Xenakis conceive of the sound-image relationship ? It is difficult to answer this question due to lack of documentation. We may assume that certain associations were direct, based on the principle of tautology. In a manuscript dated November 30, 1976, he wrote in Greek on the margin of a drawing for "galaxies" of light flashes: "the sound rises and diminishes simultaneously with the light". But we are equally convinced that he sought out a noncorrespondence, a difference between the different media. It is not likely that he used a common scenario for the music and light spectacle. In this sense, even if the desired goal was indeed to create a totality, it did not stem from a preconceived idea that would cover both the musical and visual events. The totality was therefore a direct result of this superposition of the different media where each art maintained its own specificity.

Rather than a "synthesis" (of the arts), then, we can speak of a "sum' or, if we prefer, a "difference" of the arts. The absence of a common framework between sound and image allows them to evolve freely (which does not exclude points of coincidence). Unlike Wagnerian opera, totality is not achieved by merging the various artistic media through a unifying element (music): each art form retains its specificity. If we refer to a very fine text by Adorno from the mid-1960s, "Art and the Arts" 18 , we could see in Xenakis's polytopes an attack on idealist aesthetics: the contestation of art in favor of the arts and multiplicity. However, Xenakis tells us that there is equivalence all the same, but that -following structuralist thinking -it develops at the level of cognition:

"The depth of emotions, in the etymological sense, seems proportionately opposite the variety and the richness of the media. The closer we move towards the asceticism of each artistic activity, the more the realm of absolute values diminishes. From which, we arrive at the contradiction: 'The depth of the artistic demand is proportionately opposite the wealth of expressive means during a given period'. This maxim leads us to refuse any correspondence or equivalency between expression, for example, of sight and sound, at least at the first stage of conception. Sound and light are produced by natural means that are extraneous to each other; equivalent sensorial organs also differ. The miracle of equivalency is produced elsewhere, well beyond the ear or the eye, in the deep spheres of the mind"19 .

The last media used in the Diatope are the five texts that were included the spectacle's program booklet. These texts don't function as a "program" in the sense of program music: "This spectacle and its music form multiple resonances with the chosen texts and form a sort of sonorous string pulled tight by mankind through cosmic space and eternity; a string of ideas, of science, of revelations coiled around it. The spectacle is created from the harmonics of this cosmic string", Xenakis states20 . The first text proposes excerpts from the end of Plato's Republic, that recount the legend of Er, who was thought to have been killed in battle yet whose corpse did not decay; upon his return from the kingdom of the dead, Er tells of what he saw there. The second text is from Poimandrès, by the mysterious Hermès Trismégiste who was revered by many esoteric Renaissance philosophers. Then a famous excerpt from Blaise Pascal's Pensées that deals with the two infinites. The fourth text is by an author who Xenakis also cites as a reference in Nekuïa and Pour la Paix: the Romantic German author Johann Paul Richter aka Jean-Paul; in the Diatope, he cites the writer's Siebenkäs. The final excerpt is from an article published in a 1976 issue of the review Scientific American that evokes the "type II supernova" the SN1970g whose explosion was observed at the end of 1970 in the M101 galaxy.

ABOUT UTOPIA

Xenakis only made five polytopes, but some of his performances resemble them. This is true of the electroacoustic piece Hibiki Hana Ma, which was conceived for the pavillion of the Japanese Steel Federation at the Osaka World Fair (1970), with music for tape that alternates pre-recorded (and unretouched) string sounds with worked sounds (in which, among others, koto sounds can be distinguished). The same goes for Taurhiphanie (UPIC), which was performed in 1987 in the Arènes d'Arles with a spectacle of bulls and horses. Above all, Xenakis imagined polytopes that he was unable to realize: a polytope in Mexico, an "Athens polytope", another in the skies over Paris and, finally, a "World polytope"21 . For the latter, he wrote:

"Global interactions of light and sound. The time has come to bridge the arts across oceans, between continents and among countries. Military alliances and trade agreements touch people indirectly leaving them caught up in monstrous dogma. Why not weave together the population of the earth through the arts, by establishing a new, direct contract that overcomes the barriers of language, politics, parochialism, racism chauvinism?" 22 .

It is true that the composer dreamt of increasingly vast projects, eventually going beyond the site itself. In his thesis on his work, published in the book Arts/Sciences. Alloys, he said : "There is no reason why art cannot, following the example of science, rise from the immensity of the cosmos; nor why art cannot, as a cosmic landscaper, modify the demeanor of the galaxies. This may seem utopian, and in fact it is, but only temporarily when viewed in the context of the immensity of time. On the contrary, what is not utopian but possible today is to cast luminous spiderwebs of colored laser beams like a giant polytope over cites and countryside: the use of clouds as reflector screens, the rise in space and surround as reflecting mirrors so that these "webs" rise in space and surround the earth with their phantasmagorical, moving geometrics; joining the earth and the moon by filaments of light. One could even willfully create artificial aurora borealis in the night skies whose movements, forms and colors would be controlled by electromagnetic fields aroused by lasers in the highest atmosphere. As for music, loudspeaker technology is still at the embryonic stage, too underdeveloped to send sound into space and have it received there, where thunder dwells"23 . Some have seen in Xenakian polytopes a will to power and an unfailing faith in technological progress, a reading that the beginning of this text would allow. For my part, and with the benefit of hindsight, I think it would be more accurate to emphasize its utopian aspect, an aspect that blends with the imaginary elements ("send sound into space and have it received there, where thunder dwells"). In Xenakis there is an extraordinary combination of Apollonian and Dionysian philosophy, of mastery of and fusion with nature24 . BIBLIOGRAPHY ADORNO, Theodor W. "Die Kunst und die Künste" (1966), in: ADORNO, Theodor W.
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 9 Figure 9. Diatope: drawing by Xenakis for lasers: "anemones". Published by kind permission of Xenakis's family.
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