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In 1936 the "invention" of the conputer was a by-product of
Turing's answer to the mathematically undeci dabl e: "Conput abl e"
nunbers are those which are cal cul abe by finite procedures.
<Turing 1936/ 37>. The question if conputer prograns have a sense
of ending (the Halteproblen) |eads to the nore genera

consi deration of nedia-induced tenporality. Not only that nedia
systens internally devel op new forns and performations of tenpora
sequences and a different notion of "ending" (finite algorithns
for recursive functions, real-tine operations) and provide of a
m rco-dramaturgy of tenporal proporties, but they are able to
external |y address the hunman perception on its nbst essentia
channel of being-in-tinme. Thus Martin Hei degger's phil osophy of
Sein und Zeit has to be extended to (and is bei ng underm ned by)
guestioning nedia tenporality.

Al gorithmc tine

Let us start this nedia-theoretical perspective on the question of
a "sense of ending” with the very termnmediumitself. By
definition, Geek netaxy (as defined by Aritotle in his Physics,
book V) and its Latin translation nediumis grammatologically (in
| ogi cal syllogisns as the "nediumterni) and technically | ocated

i nbet ween begi nning and end, sender and receiver, data input and
output, and so forth: as the internediary, thus tenporally
epheneral channel of transm ssion (as defined by C aude Shannon's
Mat hermat i cal Theory of Comunication in 1948), or as the
processing unit in conputing. Interpreted in this way, the medi un
channel always renmenbers the input and antici pates the output -
with a "sense of ending"” tenporally directional signal processing
(such as the so-called von-Neumann architecture of current
conmputers). A current diagnosis states that the current plurality
of nmedia itself has already started to converge into one dom nant
nmet a- medi um the interconnected conputer, with books and
newspapers, film radio and television finally ending as
technically independent nedia and re-turning in a ghostly shape,
as nmere formats within the new conmputational franme (so-called
"digital culture”). Is the very term"nedi a" not only an
expression of an always al ready anticipating sense of ending, but
itself dooned to end in universal conputing <Kittler 1986:

Pref ace>.

Culturally, the nost common way of information processing is the
human- machi ne communi cation (and its time-critical escal ations,
such as comuter ganes). The tenporal constellation which has

repl aced the narrative, dramatic aesthetics of (tragial or happy)



endi ng, for conputer ganes and human-conputer interaction in
general, is the node of interrupt. Thus, kairotic time repl aces
chronos. Such interactive events between conputer and human unfol d
in ideosyncratic tine (based on the "interrupt" node of
conputing), rather rhythmcally than algorithmcally, in contrast
to the conputational steps that unfold within the conputer itself,
where instruction-execution histories express an ordering of inner
events of an algorithmw thout any relation to the actual passage
of time. "Algorithmc tinme is intentionaly neasured by nunber of

i nstructions executed <...> (Operation sequences are interactive
streans with tenporal as well as functional properties, while

i nstruction sequences describe inner state-transition semantics”
<Wegner 1997. 83f>.

To describe the tenmporal coupling between human and machi ne on the
one hand, and machi ne-to-nmachi ne conmuni ati on on the other,
Shintaro M yazaki has introduced a neologism "Algorithn, a

conbi nation of algorithmand rhythm Al gorithmin conputer science
nmeans a finite sequence of step-by-step intructions, a procedure
for solving a problem while rhythmis defined since Platon as a
ti me-based order of principally infinite novenent <M yazaki 2009>.

Finite State Machi nes and the Hal t eprobl em

The question if technol ogical artefacts - "non-hunman agenci es”
(Bruno Latour) - have an inplicit (physical and/or mathematical)
sense of tenporality imediately |eads to the question whether
machi nes are gifted with "consci ousness". The phil osopher of
cybernetical logic, Gotthard Ginther, ascribes to machines the
possi bility of consciousness - though not self-consciousness (a
quality reserved for human intelligence) <Ginther 1963: 203>.
Consciousness is no material quality, but "a netaphysical instance
of existence which can snoothly be translated fromone existentia
'aggregate state' into another” <ibid., translation W E > This
alnmost literally rephrases Turing's notion of the machinic
"states". Can machi nes be conscious of their tenporal state?
According to Turing, the conmputing machinery is at any discrete
tenporal nonent "conscious" of its state as being read from
synbol s inscribed on the internediary recording tape. Thus man can
i nvest the "countable", thus "clocking" parts of his own

consci ousness into the machi ne.

"The theory of automata deals wth machi nes which are intended for
producti on of sequences of machine states. <...> the finite-state
machi ne, is an abstract systemwhich has a finite set of interna
states"” <Kohonen 1995: 16>. A mathematical calculation thus is a
change of the nenory state of the nachine. Starting from an
initial state, passing a pre-programmed sequence of internediary
states a final state is being achi eved. Undi sputabl e precondition
is the algorithmc structure of the procedure, i. e. with a finite
series of steps a finale state nmust be achi eved.



Do conputers, in order to be functionally usable, have a sense of
endi ng? For conputing in the sense which got dom nant in current
media culture this question is not an epitenol ogical |uxury, but
essential. The conmputer as we understand it (the Turing Machine)
was i nvented by Al an Mathison Turing 1936/ 37 as an answer to the
mat hemat i cal Ent schei dungsproblem Crudely fornul ated, the
guestion of ending startet the age of digital nmedia. Turing's
machi ne reasoning was triggered by the Entscheidungsproblem In
mat hemati cs, the Entschei dungsproblem (Gernman for "decision
problent) is a challenge fornulated by David Hilbert in 1928: the
search for a general procedure which allows within a formal system
to decide if a problemcan be solved withend limted tine or not.
Turing' s theorem prooved the inpossibility of such a prediction,
by transform ng the original mathematical -1ogical question into a
tenporal ly determ ned one: the Entschei dungsprobl em becones the
Hal t epr obl em and thereby a tinme-critical question ("critical" here
in the sense of a necessary decision). Can a Turing Machi ne deci de
i f another one can solve a problemw thin [imted, ending (CGernan:
endlich) tinme? The sense of ending here is transfigured into a new
fromof dealing with infinity, as cultivated by transfinite

mat hematics (Cantor). The Turing Machine (which is nechanized

mat hematics) is to be understood fromthe dynam c perspective of
tenporal processuality. These tenporal processes take place in the
real m of real nunbers, of which the conputable nunbers are a
partial quantity (that is, in machinical managabl e way, the
cal cul able part). "The witing head of a Turing machi ne inscribes
synbols one by one in an infinite string, giving rise to tine as a
sequence-stream' <Varela 1999: 268>. The strict sequentiality of
the Turing nmachine and its operational table enbodies an el enent
of intuitional mathematics contrary to Hilbert's self-referentia
pl ay of synbols: the hypothesis of a tenporally structured,
sequentiality, as known from human consci ousness.

Finite-state machi nes operate as |inear sequences of events in
time <M nsky xxx: 12>. These events happen as di screte nonents
wi t h not hi ng happeni ng i nbetween (the "tinme of non-reality", as
once casually naned by Norbert Wener). This tenporal rhythm m ght
be conpared to the ticking of a clock - nunerical variables for
time t. The Hal teprobl em (anong ot her Entschei dungsprobl ene), to
repeat its essential feature, searches for an algorithmto decide,
i f prograns, automata or conputer will stop in case of certain or
all inputs or not. The stop problemwants to deci de whet her a

| ogi cal machine can stop solving a problemafter a finite nunber
of steps. For Turing machi nes such an algorithmis possible for
singl e machi nes, but not for all in general. There is no automatic
procedure which can decide for any program if it contains an

endl ess | oop or not <ibid. > For exanple, witten in pseudocode,
the program "while True: continue" does not halt; rather, it goes
on forever in an infinite loop. On the other hand, the program
"print "Hello World!"" halts quickly. A straightforward way to
conmpute |l ooks like this: "if f(i,i) == 0 then / return 0/ else

| oop forever" <Wkipedia> The question is whether the given
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programw || ever halt on a particular input. Al nost paradoxically
in the context of "the sense of ending", the question of ending in
the Turing Machine as finite automaton is based on the (purely

theoretical) assunption of an infinitive, endless storage tape for
internedi ary notation. The configuration of a |oop, the iterative
principle, and recursive procedures are the predom nant chrono-

tropes in conputing tinme. But the | oop structure has been al ready
characteristic of the classic magnetic tape (reel-to-reel). Let us

repeat: "loop forever"; this rem nds of Sanuel Beckett's play
Krapp's Last Tape (first perforned in London 1958) which ends with
the director's note "tape runs on in silence" - an endl essness

whi ch has been answered by technol ogy by introducing the auto-stop
mechani smat the end of a tape. There is a growi ng asymmetrie
between nmedia tine (the tapes which re-play Krapp's voice
invariant to tenporal progression, whenever it is subjected to the
magneti c recorder), and Krapp's biol ogi cal existence which is
subject to aging (that is: entropy).

Any enjoynment of a nusical performance which is done by rea
humans in real tinme and space (be it oral poetry as sung by Honer,
be it a nmuscial concert) is always al ready acconpani ed by

mel anchol i ¢ know edge (that is: the irony) of its ending. On the
contrary, audiovisual machinic recordings (the granophone disc,
the video tape) can be replayed with no internal sense of ending.
To nodify Walter Benjamin's analysis on "The Wirk of Art in the
Age of Technol ogi cal Reproducibility", with technical re-petition
the tenporal aura (which is based on the allegorical awareness of
ending) is |lost.

Al ready wi th photography, the unique nonent becones reproducabl e
(Rol and Barthes) - extended to |ife-as-novenent by ki nemat ography.
While the traditional archive of predom nantly textual records
provi des a spatial order ("l'espace de |"archive", as described f.
e. by the historian Mchel de Certeau), to be transforned into
"history" by the very act of witing, the audio-visual archives

t hensel ves take place in tine.

"Zeit" in German is a noun, suggesting substantiality; in English,
t hough, there is as well the verb to tine, tinmng" - and only

Hei degger dared to nake use of the word "zeitigen". The sane
structure happens for "end" ("Ende"), leading to ending - a
tenporalization of "tinme" and "end" thensel ves.

Bei ng-t o-deat h (Hei degger)

Marshal | McLuhan named it in 1964, in his classic Understanding
Medi a: The nessage of a technological mediumis the change it

i nduces with the frane of reference, the speed and schenes of the
human situation. Audi o-visual nedia address us at the essence of
our sensation of being which is the tenporal sense. They re-
generate tenporal experience, thus adressing the hunan on the



sensory (aisthetical, physiological) |level as radically present,
while our cognition puts it into a "historical" context: here, a
di ssonance takes place, a gap opens, a différent in Jean-Francois
Lyotard's sense (referring back to Kant).

According to Heidegger, it is the know edge of death which

I nscribes a tenporal vector into the human sense of being, so-
called existentials ("Existenziale"). This cognitive horizon
antici pates death al ways al ready <Hei degger 1927 / 1979: 234>.
Humans live with the inplicit awareness that their death is

al ready future in the past, a dynamcally deferred futurum
exactum This pattern escal ates dramatically within electronic
nmedi a, turning Heidegger's question froman ontol ogical one into
an analysis of mcro-tenporalities which take place there,
critically. Heidegger's ontological archaeology of tenporality
wi thin human being is decisively anthropocentric, explicitely
opposed to reified tinme as enbodied in a trivial nmachine: the
mechani cal clock. But with the cultural nastering of electro-
magneti sm (el ectronics and conputers) a form of processing
tenporal nonments cane into the world which unfolds a tenpora
kosnos of its own, its very own chronosphere whi ch needs

(anal ogous to Hei degger's anal ysis) a nedi a archaeol ogy,
practicing not "abl eitende Begrindung", but "aufwei sende G und-
Frei |l egqung"” <Hei degger 1926/ 1979: 8>, uncovering the eventuality,
which is: tenporality (and finiteness) of being <ibid., 375> Let
us performthis tine-critically, that is: on the mcro-tenporal
| evel of electrophysical nedia.

To transl ate the Hei deggerian anal ysis of being-as-tine to
conputing: A Turing Machine - that is, a class of mathenatica
concepts rather than a physical object - is not yet a conputer in
its full sense. Only the interrelation of logics and natter, of
formal sytens and their physical inplenmentation, allow to speak of
a conmputer inits full real sense, becom ng powerful as

i npl emented mat hematics. Turing, while exploring the limts of
nmechani zati on of mathenmatics, defined nechani smas synbol -
mani pul ati ng devi ce, abstracted from physical properties. |ndeed
such a Turing machine , by varying what it reads as its input, can
be made to behave |i ke any possible synbol manipul ati on machi ne
(but only such a machine, different von nmachines "cal cul ati ng"
with physical entities thenselves, such as the anal og computer
conmputes with electricity itself). But in order to conpute, a
synbol i cal machi ne has always to be inplenented in the physica
worl d as hardware - be it as operations with a pencil on paper, or
be it in electronic circuits. Once a conmputing nechanismis in the
(physical) world, it is subjected to tenporalities. This is the
"subsynbolical level™ (Martin Donner) of physically inplenented

| ogi cs (mathematics). Medi a-ontol ogi cal analysis reveals no static
bei ng, but the essential processuality of nedia-tinme (their
operativity) - sonmewhat close to Charles Sanders Peirce's triadic
semotics, wth its accent on infinite semosis (thus taking place
in tenporal dynam cs). A Universal Turing machine can enul ate
every concei vabl e synbol processing machani smw thout changing its



basi c structure. Enulation refers to the |ogical nodelling of one
conputer (a previous one - downward-conpatible) by another; in
this sense the universal TMis an enul ati on of another TM

Simul ation, though, refers to the nodelling of the concrete
tenporal nodelling of the behavious of the reference conputer
under question as well.

The being of technical nedia is inconpatible with a notionl ess
ont ol ogy.

Computing (wth) tine

In mat hemati cs, Newton and Lei bni z have devel oped a m ght too
known now as differential and integral calculation in order to
cope - for the first tine in occidental intellectual history -
with tenporal objects, notably speed and accel eration, as opposed
to discrete mathemati cs which has conbi natorial subjects (like
the digital conputer). "Anal ogue"” conputing has such a sense of
(physical) time, different from nunerical conputing. Nunerica

mat hemati cs constructs discrete algorithns to cope with continua
mat hemati cal problens, in tw nodels: direct conputing which after
a finite tenporal process delivers the exact solutio, and

approxi mation. Nunerical procedure replace a continuous

mat hemati cal problem by a discretes, that is: finite problem at
the cost of errors which results fromthe very act of quantization
(such as sanpling). There is a kind of "digital conputing"” avant
la lettre which | acks a sense of ending because of its very
repetitive neasuring of time itself - the automated cl ock driven
equal |y pul sed by the escapenent nmechanism an oscilaltor
literally counting - that is, conputare - tine, with a sense of
tenporal flow Heidegger criticised the "digital" tine produced by
nmeasuring nedia such as clocks. It was Aristotle, who in book IV
of his Physics has defined tine as "Zahl und Mall der Bewegung
gemald der Fol ge des Vorher und Nachher" - and as such as a
function of numerical neasuring. Hei degger opposed ,vul gar*
nmechani cal tinme - as defined by Aristotle as countable, and
objectified in the ticking clock - by ,essential*” tinme <Hei degger
1927 /| 1967: 421>. Countable tine as represented by clocks are a
form of periodic neasuring, in the sense of the experinental order
as devel oped in the natural sciences.

Endi ng as a function of nenory versus endl ess del ay

For any synbols and signals there is the problemof limted nenory
capacity, both in humans and in machines. At this point there is a
rupture between sem otics and conputing respective neurobi ol ogy:
Wil e synbols are tineless abstractions for notation, signals are
physi cal beings which take place in tine (the "real”). By signa
processing in data nodelling it is easy to gather a great dea
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nore information than can ever be represented in artificial,

| ocal i zed nmenory systens. The notion of infinite-state nenory (and
organi zational nmenory) is famliar fromsystens theory, especially
fromthe theory of adaptive filters. In this nodel, the paraneters
are recursively updated by all the received signals, whereby they
can be regarded as a kind of nenory for all received information.
"It seens that the human nenory <...> operates in this way"
<Kohonen 1984: 21f>. On the other side, there is dynanmi c nmenories
as devel oped for early electronic conputing: (ultra-)sonic "del ay
lines" and "iconic" internediary storage, the so-called WIIlians
Tube, keeping pulse trains (which enbody "data", bits respectively
"words") in latent nmenory until they are used (addressed). The
endl ess delay of the nonent of ending is a chrono-rhetorica

figure known in Christian religion as katechon (articul ated by
apostle Paul). Already in the world of mass nedia, starting with
the original radio Soap Opera and culmnating in television
serials, the performance of end-less tine, the tine of endl ess
deferral (the katechontic) has become a cultural form

"Si egecraft, once the art of defending the strategic cities of

Eur opean states, has becone the art of defending the archive"

<Ri chards 1992: 124f>.

In many ways, recycling replaces the tel eol ogical direction
("sense") of ending - a tenporal vector once scientifically
objectified by the Second Law of Thernodynam cs (entropy).

The "sense of ending” (Kernode) in narrative and nusic

In human physiol ogy, there is no such |ocatable "sense of tinme" as
it is manifest in the optic, the haptic, and the other biologica
senses. But still there is sonmething like a "sense of tine", but
this experience of tinme (see Ednmund Husserl, "inneres

Zei t bewul3t sei n") does not necessarily involve a sense of ending
since this is a specific product of narrative tine. The decisive
mar ks of narrated tine are beginning, mddle (or climx) and end,
connected by a tine-line on which the narrative unfol ds towards
the ending. Storage or nmenory tinme, on the oppositive, is "enpty
time", not dynam cally unfol ding, but invariant stasis <G olkl aus
1995: 47>.

Narrative as a cultural formof ordered conmunication always
already inplies a sense of an ending. But the sense of (an) ending
is not necessarily clothed in narrative form Narrative (both as
literature, as oral performance and as rmnusical conposition)
carries the signature of its ending (a Kernodian "sense of

endi ng") already fromthe beginning. "Misic al ways knows the end",
Ernst Bl och once described the narrative dramaturgy of nusica
conmposition <quoted after Richter 2003: N3>. What is speficic with
nmusical time (with rmusic counting as tinme-based art) is the tine-
critical mrco-dynamcs of its tenporal order, thus nodelling
tenporality (German "Verganglichkeit") as such. The human



perception of a nelody takes place on the basis of a mcro-
tenporal nmechani smin consciousness, identifiable as neurona
correlation in the brain regions - a different, cybernetical drama
unfol di ng bel ow the narrative level, closer to mathematica
counting (of tine).

Linear tinme is characterized by sequentially unfolding, aim
directed events, with the singular events being linked causally to
each other unfolding. The effect is the inpression (and ideol ogy)
of a tenporal continuum created by a succession of events in which
earlier events inply later ones and | ater ones are their
consequences <Kramer 1988>. Ludw g van Beet hovens' string quartett
op. 135, for exanple, initially perforns this step-by-step

i ntegration of apparent divergent nonents, linearly aimng at a
guasi - Hegel i an di al ecti cal synthesis at the end). These processes
gi ve the novenent a sense of forward notion through tine.

Sonic tenporality (sonmewhat inbetween physical acoustics and the
cultural semantics of mnusic) is conditioned on the one hand by the
physi cal and physi ol ogi cal |aws of acoustics, and by cultura
training on the other. Kraner points to this cultural condition of
this tenporal aesthetics, as a function of the occidental

phi | osophy of progress.! A process-oriented analysis of mnusical
dynam cs in occidental nusical art reveals that is has been nostly
directed towards an aimtowards it unfol ds progressively. Agai nst
this Eurocentristic tenporality, Kramer describes non-Ilinear
tenporal aesthetics - a "tenporal continuumthat results from
princi pl es permanently governing a section or piece", |ike known
fromthe isorhythmc notette with its constant pattern of the
rhyt hm cal process (a "post-historic" condition). For severa
reasons - one of which is the technomat hemati cal devel opnent of
electronic nedia itself - non-linear tine has becone the dom nant
tenporal figure in 20th century, where the dom nant pieces of
conposition do not causally unfold any nore, neither do they end
in a harnmonic, conflict-resolving finale. This non-directed
linearity, "gestural time" (Kraner), is a semantic equivalent to
nmedi a-t echnol ogi cal Ei genzeit.

Witing and Tine

The chrono-entropical directedness of physical (thernodynam cal)
time becones "final destination” by the hypothesis of a discursive
i magi nary called history; sense (ital. senso) und end thus
converge asynptotically. The frontispiece of Lafiteau's Meurs des
sauvages Aneriquains (1724) shows the encounter of witing and
time in a closed space littered with relics fromboth C assica
Antiquity and the New Wrld. The nuse of history (Cio) holds the
pen, the allegory of tinme (Chronos) the scythe (in Gernman:

! Hans-Ulrich Fuss, Musik als Zeitverlauf. ProzeRorientierte Analyseverfahren in der amerikanischen Musiktheorie,

in: Zeitschrift der Gesellschaft fiir Musiktheorie 2/3 (2005); here quoted from the online-Version
http://www.gmth.de/zeitschrift/artikel/205.aspx (accessed July 2009)



"Sense", another senso); both tools approach each other
asynptotically w thout ever touching <de Certeau 1980>.

The idea of historical tinme, according to Vilém Flusser, is an

i mplication of al phabetic witing which reduced the

mul tidi mensionality of architecture and inmages to |inear,
sequential lines. According to Marshall MLuhan, the invention of
the printing press, i. e. the nechanized form of al phabetic
witing as a further escal ation, gave rise not only to perspective
i n Renai ssance painting, but as well "print produced the idea of a
past in distant perspective" <MLuhan 1962: 58> which is
directional, end-orientated tine. Historical consciousness, read
this way, is the direct function of a specific nedia technol ogy.
The [ oss of historical consciousness as reference for the
selection of information in conbination with the increasing
technol ogi cal mani pulation of tinme |eads of the sinple storage of
all incomng data - starting with the E-nails on al nbst every
private conputer desk. The end of history is the future of the
archive, a kind of post-historical condition not to thing in
linearities any nore, but to calculate with discreet states.

St orage, according to the mathenmatical theory of conmunication
engi neering, is the pre-condition for all transfer.

The nonent when facts are dissem nated by news nedia, they gain a
ki nd of kinetic energy which divorce themfromtheir origina
context and throw theminto hyperspace where they | oose any

poi nted direction, de-referentialized, with no nore tel eol ogy
(which is the condition for the discourse of history as sense-
driven narrative). \Wien events are not only registered but as well
witten (histerio-)graphically with no nore sense of endi ng, what
remains in the end are listings - a reduction of narrative to its
essentials, like On Kawara's "date art" paintings. The artistic
witing systens of Hanne Darbovens as well turn what used to be
narrative historiography into lists of dates (e. g. Bisnarckzeit,
1978): pure serial witing (corresponding with the conputationa
histoire sérielle in the Franch school of historians around the
journal Annales), pure description. Narrative elegance is being
repl aced by mat hemati cal procedures of tinme series.

Gane tine

Live is not really, but only synbolically organized in stories;
this sense-giving machinery gets in ekstasy when the end of
narrative texts coincides with the expecation of the end of tine
(a sense of ending).

In traditional nedia the relation and distribution of linearity
and non-linearity nostly converges with the patterns of
narrativity. Narration produces in its classical structure of
begi nngi ng, mdlee and end, a linearly unfolding sequence which
all ows for non-linear couplings, differering according to the



i ndi vidual |aws of nedia. Wile novies represent closed bl ocks of
| ength, television devel oped the weekly series and its repetition.
Wth hypertextual nedia (conputer ganmes, and the Wrld Wde Wb),
non-tenporal nodes of begi nning and end becone aquai nt ed:
hypertinme. The point and nonent to step in is alnost arbitrary.

Expressed in the mathematical theory of graphs, an adventure-
comput er gane is defined by a begi nning and an endi ng (al nost
,Homeric narrating“, according to Erich Auerbach): everything
whi ch happens between point a and point b in binary space
partitioning.

Wil e human nenory renenbers the sane response to the sane signal
a counting function counts it different each tine <Spencer-Brown
1994: 65>. This is non-narrative tine in action, replacing
raconter (in French) by conter, disrupturing narrative (German
"Er/zahlung"). For the first time, in the so-called digital age
hi st ori ography does not take place on the synbolical |evel of the
phoneti ¢ al phabet exclusively, but on the |evel of electronically
enbodi ed al pha-nunerics. In binary formthe year 2000, f. e.,
appears as nunerical string ,11111010000“, rem nding us not to be
seduces by narrative suggestion, but to calculate in discrete
states, with the consequence not to tell events intransitively but
to count themtransitively, quantizing data. The nedi a theori st
Lev Manovich (in a chapter of his book The Language of New Medi a)
calls this the aesthetics of data banks, corresponding with a

dat a- ar chaeol ogi cal information ascetitics. Beginning and end, in
conputing nedia, are not structured by dramatical structures any
nore, but dramaturgi sche Struktur, but by the (equally conpl ex)

| ogi ¢ of count down.

The "Y2K probl enf and the non-sense of ending

In spring 2009, | received per e-mail a strange nessage sent from
the conputing service of my university (Hunbol dt University,
Berlin): The storage capacity of ny account was close to overl oad
and nmenory capacity will expire soon. Having passed the first
nonment of astoni shnent, ny assistant (Felix Pfeifer) pointed at
the date indicated for this tenporal limt: "1.1.1970" - the

begi nning of "systemtine" in |IBMconputers. This apparent joke
neverthel ess is indexical for the being-to-death of conputing
tinme.

Al nost ten years ago, a conputational problem (both in Arno
Borst's sense of nedieval conputus as tine-counting and in the
sense of mechani zed data processing) alnost led to a collective
panic for the so-called post-industrial information society: the
m || enium bug. The so-called "m |l enium bug" rem nded our
informati on society of its very tenporal being-to-death. There is
a cl ose connection between the tenporal, destinational |ogic of



narrative texts and apocal ypti c expectati ons. Mst conputers so
far had been progranmmed in such a way that the step into the 21st
century - wthout |aborious intervention - nmeant a junp back in
time, so the 1st January 2000 was indicated as the 1st January
1900. The reason for this lied hidden deep within the operating
system - a nedi a-archeol ogi cal deep tine. The junp from 1999 to
2000 (in chronological tine) as a junping back to 1900 (in

conmput ational tine) was not biased by phil osophical musing on the
ende of history any nore, but has been triggered by integrated
circuits. The conputer-tenporal bonb namend the Y2K probl em

rem nded the post-historical society drastically that its tenpora
order is no nore a function of philosophy of history but of data
st orage econony, since in the early years of digital conputing
menory space had been the nost precious commodity. Thus the Y2K-
probl emturned out to be a function of the technonmat hemati a
archive to which the phil osophical notion of "beginning" and "end"
is alien. The mlleniumbug thus turned out to be (like all

kat astrophi es) a chance as well: the liberation fromthe cultura
supremacy of narrative. Wth the "m || enium bug", the mghty

cul tural engineering of calendar time turned out to be no nore the
priviledge of the church (like in nedieval tinmes) or of |earned
societies (like in the nodern age). Calculating tinme turned out to
be a technical historicity fromnow on - a tenporality to which
human concepts of tine are increasingly subjected <Baudrillard
1990 / 1994>.

The idea of historical time, according to Vilém Flusser, is an

i nplication of al phabetic witing which reduced the

mul tidi nensionality of architecture and inmages to |linear,
sequential lines. According to Marshall MLuhan, the invention of
the printing press, i. e. the nmechanized form of al phabetic
witing as a further escal ation, gave rise not only to perspective
i n Renai ssance painting, but as well "print produced the idea of a
past in distant perspective" <McLuhan 1962: 58> which is
directional, end-orientated tine. Hi storical consciousness, read
this way, is the direct function of a specific nmedia technol ogy.
The |1 oss of historical consciousness as reference for the
selection of information in conbination with the increasing

t echnol ogi cal mani pul ation of tinme | eads of the sinple storage of
all incomng data - starting with the E-nails on al nbost every
private conmputer desk. The end of history is the future of the
archive, a kind of post-historical condition not to thing in
linearities any nore, but to calculate with discreet states.
Storage, according to the mathemati cal theory of conmunication
engi neering, is the pre-condition for all transfer.

The nonent when facts are dissem nated by news nedia, they gain a
ki nd of kinetic energy which divorce themfromtheir origina
context and throw theminto hyperspace where they | oose any

poi nted direction, de-referentialized, with no nore tel eol ogy
(which is the condition for the discourse of history as sense-
driven narrative). Wen events are not only registered but as well
witten (histerio-)graphically with no nore sense of ending, what



remains in the end are listings - a reduction of narrative to its
essentials, like On Kawara's "date art" paintings. The artistic
witing systenms of Hanne Darbovens as well turn what used to be
narrative historiography into lists of dates (e. g. Bismarckzeit,
1978): pure serial witing (corresponding with the conputationa
histoire sérielle in the Franch school of historians around the
journal Annal es), pure description. Narrative el egance i s being
repl aced by mat hemati cal procedures of time series.

“Ubi quitous oscillations"” versus transient phenonena: Signals of
ending in electronics

Active sonar in subnmarine conmunication creates a pul se of sound
called a "ping", and then waits for reflections of the pulse. The
time fromemssion of a pulse to reception is being neasured,
traditionally by use hydrophones to neasure the relative arrival
time to each in a process call ed_<WKki pedia> The ping signal,
when fading out, resenbles the outfading oscillations in early
spark-driven tel egraphy which was turned into stabilized,
continuous oscillations only by the el ectronic vacuumtube in
feed-back circuits. Only this allowed for the transm ssion of
carrier-wave- nodul ated speech and nusic, as opposed to discreet
Morse code. Let us conpare this with the process of a sw nging
string. A pulled string at an instrunent with a fading pitch
anticipates the infinite swnging out fromthe sudden, transient
start. In the real, that is: physical world the picked string
fades out during to nechanical |oss of energy (Heidegger's "being-
to-death” in its nechanical sense), like a swi nging pendulum Iike
the echo in the sonosphere. In 1948, Dennis Gabor criticized the

i deal i sm of harnonic Fourier analysis: the hyothetically endless
and begi nni ngl ess periodic waves mss the tenporal (eventual)
aspect of a sound happening in the world, for exanple a key stroke
at the piano, or a string touched - that is, the nonent when an

i deal i zed nodel becones an event in the real, that is:
tenporalized world. It was the tenporal delay manifest in echo
acoustics which already led Aristotle to the hypothesis that there
nmust be a resistant "inbetween" (in this case: the air) which
functions both as a carrier and a restistance to the propagated
sound - to nmetaxy, giving birth to the first genuine nedia theory.

Both the pulled string and the articul ated echo, by their very

fading out, reveal the endlichkeit (the tenporal limt) of any
physi cal event. The nonment a string is pulled or a sound is
articulated, |ike a breaking wave, nature already antici pates and

senses its very end, alnost instantaneously but strictly tenporal
(l'i ke el ectromagnetic induction which is - as calculated by Janes
Cerk Maxwell - very fast indeed but not instantaneous). In 1879
Her mann von Helnholtz initiated a prize by the Berlin Acadeny of
Sciences to answer the dispute on the essence of electricity: the
theory declaring no wave-li ke transm ssion but rather an i medi ate
reaction (in the tradition of Newt onean physics) versus Maxwel|l's


http://en.wikipedia.org/w/wiki.phtml?title=Beam-forming&action=edit
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mat hemati cal theory of el ectromagnetic waves as part of an
enconpassi ng el ectromagnetic spectrumlike [ight, thus subject to
tenporality, a limted speed. Radi o waves, as turned out by

Hei nricht Hertz' experinments on the very nedi a-archaeol ogi ca

| evel (that is, before becom ng part of a mass-nedium call ed
"radi 0"), have a sense of ending on the very el ectrophysica

| evel ; the secondary level is the nodul ation of the carrier waves
by the proper radio programwhich by its very format nature is
ending by arbitrary cultural and nmedi a-econom cal deci sions.

Time-to-live and ping-to-death: Internet tenporality

There is a "semotic" use of signs of ending on the mcro-tenporal
| evel which is the operative tenporality of electronic nedia:
linearities which are neverthel ess not narrative, and

di scontinuities which are the precondition for what human
physi ol ogi cal |y perceive as continuous novenent in space (the

ki nemat ogr aphi c effect). The el ectronic (anal og) image on the
tel evision screen is being scanned by the scanning finger of the
cat hode tube ray line by line. After such a Iine has been

conpl eted, a special signal indicates the cathode beamto junp
back to wite another successive line. A different kind of
synchroni zation inpul se indicates the conpl etion of whol e i mge
frane, to start anew.

The progranmm ng of conputers always involves a | ocal sense of

endi ng, since it has to pay respect to the tine-critical question
of data-synchronisation. Wen a code is literally "run" by the
machi ne, a so-called profiler finds out how | ong the nachi ne takes
for the respective operations. Asimlar tine-critical node is
true for comunication in the Wrld Wde Wb. The | CWVWP protoco
operates on the basis of echo request and echo reply. The source
conmput er sends snall data packets of the type echo request to the
destination conputer. In case these packets reach their
destination, it replies with the type echo reply; thus the data
connecti on between two machi nes can be chequed and di sturbances be
detected. But these control data can be m sused, leading to the
so-cal led "ping of death" and ping flooding. "Ping of death”
stands for oversized data packets which once | ead sone TCP/IP
stacks to coll apse, destroying the machi ne configuration. "Ping

fl ood" nmeans the echo requests are being targetted with the

hi ghest possi bl e speed; the destination conputer thus is so busy
Wi th answering that he can al nbst not be used for its poper tasks
any nore.

What happens in the conputational background of "Ping Tinmeout"?
Bet ween the | ocal PC and the | RC server keep-alive-singals are
bei ng sent back and forth: the "pings". When no answer occurs
within a certain pre-defined tenporal interval, the Iine is being
set back automatically. The whol e procedure can appropriately be
called a Ping-Pong gane. In TCP/IP as fundanental network program



techni ques of synchroni sation neet a deadly econony of tine. "Tine
to live" neans that each daten packet is assigned a given life
span; "Time to die" stands for the crucial signature of the

i nformati on age <G elRmann 2009>.

A mat hemati cal anticipation of ending

Techno- mat hemati cs operates in an untinely node (to nmake use of
Friedrich N etzsche's German notion of "unzeitgenal3").

OGswal d Spengl er starts volunme | of his classic Untergang des
Abendl andes with his notorious chapter on "The Sense of Nunbers"
<Spengl er 1923>. He criticizes nodern "Faustean" science for its
enphasi s on mathematical | aws of causality which do not catch the
unpredictability of life which is rather a function of destiny.
According to Spengler, future |ive can be sensed, but not

cal cul ated. Soon after Spengler, Western science nanaged to cope
even with destiny and unpredictability in mathematical terns:

| i near prediction by stochastic cal cul ati on and harnoni ¢ anal ysi s,
as devel oped by Norbert Wener. Linear prediction (which in
linguistic grammar is futurum exactum pracitcally neans the
anticipation of the past in the future. This chronotopos of "past
in the future"” has been devel oped as a mathenatical tool for anti-
aircraft artillery in the Second Wrld war, |eading fromthe

anal ogue conputer (Vannevar Bush's Differential Analyzer) to the
first electronic conputers.

Wth anticipatory targeting (known from human "nusical "

per ception, such as nel ody recognition as analyzed by Henri
Bergson as nuch as by Ednund Husserl), such a directional "sense
of endi ng" opens a tenporal horizon, in fact: it tenporalizes the
apparent nonmentary presence into an augnented presence. \Wat has
been descri bed by Ednund Husserl (exanplified by the human
capability to grasp a mnusical nelody) as "inneres Zeitbewltsein",
a tenporal horizon consisting of re- and protentions, has becone
technomat hematical in real-tinme conputing (since the stored
program conputer, the so-called von Neumann architecture of
conmputing) which - seen under that aspect - is "nusical"” in
character. Indeed, this formof tenporal integration is known from
human physi ol ogy and in linguistics, when it cones to (Husserlian)
semantic pro- and retention in sentence-building, such as the
backwar ds-correction of the nmeaning of a word. A simlar
phenonenon is the perception of a nusical nelody when there is

di screet sonic pulses in (physical) reality. Each attentive
perception involves always al ready an expectation, resulting from
the eval uation of what has just be perceived by mxing it with the
menory of previously perceived inpressions. Thus during the so-
call ed psychic time of presence the i mediate future is already
bei ng cal cul ated. "Bergsonean tinme" (as nentioned in a chapter of
Nor bert Wener's Cybernetics), which is the experienced event tine
(tenps durée), differs fromthe physical tinme in science (tenps
espace). Is it therefore - referring to Husserl ean phenonenol ogy -



an ant hropol ogically (or better: neuro-physiologically) grounded
tendency to predict from past events a future behaviour of tine
series. In the case of nusic, the cognitive hypothesis states that
the physically heard signals will be reproduced in one way or the
other in the inmediate future ("Protention"”). It is such
projective fields which account for an inpresison of regularity -
arole traditionally ascribed to the abstract notion of prescribed
metrum <Hasty 1997>.

Sensors for targets (rockets, trajectories)

The nmeani ng of the end and the sense of ending are closely

coupl ed. There is a conplex and controversial relationship between
the ideas of the end and of sense, with "sense" here referring to
the physiologically sensual (neurologically and el ectro-

technically) signal-based, but to "neaning" as well - an
anbi val ence kept in Italien (senso). Let us look at the plurality
of semantics. Latin finis means border, limt, end, achievenent,

goal, final aim purpose, equivalent here to Geek telos. It has
been a technol ogi cal paradi gm of 20th century communi cation
theory, in fact cybernetics, which gave a hitherto netaphysica
notion an epi stenological tw st for both humans and machi nes, as
expressed in Norbert Wener's witing on "Behavi our, Purpose, and
Tel eol ogy"”, cultivating a non-determnistic, still teleologically
orientated theory of feed-back <Wener 1943>. Between target and
destruction, on one hand, finis neans end and ruin, whereas, on
the other, result, achievenent, aim This polysemanticity is kept
inltalian, but as well is resonant in el aborate German | anguage,
f. e. in G W F. Hegel's notion of the "end" of art ("Ende" here
equal s "Vol | endung”, fulfillment).

Mlitary techno-mathematics is | ess netaphorical here, or
expressed the other way round: it is literally nmetaphorical (wth
"met aphor" namng "transfer"). Archytas of Taranta once expl ai ned
acoustic sound kinematically: a really nedi a-archaeol ogi cal ,
process-orientated explanation indeed. H's kinematic (or dynam c)
description of sound as crash of objects with air nost probaly
results fromthe poetic notion of the voice as m ssile <Khal ed
2006>. Archytas recogni zed the essence of sound fromits tenporal
nature (and thus its frequency avant la lettre), analyzing that

hi gher sound (the pitch) results from higher speed. In ballistics,
the final destination has been a function of mathematica
calculation, giving rise to a plethora of new nethods. A shel

[ Geschof}] has to be inbued with an in-built "sense of ending” in
order to arrive at its planned destination, culmnating with the
German V1 rocket in World War |1 and its pre-cal cul ated
trajectory. Wth the V2 rocket a further escal ati on happened: A
self-correcting nmechani sm (a kind of Analog Conputer, the in-built
"M schgerat") was able to correct aberrations during the
trajectory ("on the fly") - a technomat hemati cal sensori um of

endi ng. W know the image fromlraq War Il1: The endi ng of the



trajectory is the final hit of the m ssile which corresponds with
its self-destruction, as expressed by the title of David Mndell's
Ph.D. thesis in 1996 (Canbridge, Mass.): Datumfor its Omn

Anni hilation. But still, the trajectory is planned to be nore or

| ess linear and allows for |inear prediction.

An epistenologically nore delicate situation arrives with the
anti-aircraft artillery in WNI, when the "eneny" pilot is
expected to try to manoeuvre around the artillery trajectories.
The artillery thus has to anticipate not only the imediate future
position of the eneny aircraft, but as well the possible counter-
manoeuvres of the pilot to escape this linear prediction. For that
reason, a nodification of the trivial pre-calculated fire tables
has been devel oped which lead to the rise of a mghty

technonmat hemati cal tool: the electronic anal og, then: digital
conputer. The Mark 1 Ford Rangekeeper on a battle-ship in Wrld
War | had the purpose to calculate in real time, that is: in the
medi um of tenporality itself (as the only stable variable) the
eneny ship's course and speed, to extrapolate these data into the
future, and the to aimwhere it was expected to be: a

mat hemati cally "cal cul ated" sense of ending, enbedded within a
mechani ¢ anal ogue conputer. If one entered an inital range, the
machi ne cal cul ated the range into the future. A simlar nechano-
mat hemati cs was applied in the |later Sperry T-6 anti-aircraft
director. "The conputer performed <...> prediction, or |eading the
target, nodeled its notion and extrapolated it to sone tine in the
future” <M ndell 2004: 20>. The figure of tine here is the
grammati cal future-in-the-past, based on a feedback operation: The
director multiplied the calculated velocity of the target by the
prediction tine "to determne a future target position and then
converted the solution back into polar coordinates for output”
<ibid., 89> Thus the nmachine represented a worldly, that is:
tinmely process by a physical nodel. In order to do so, the
classical firing table data were nmechanically fed into this
conputer as a kind of permanent nenory, "roughly conparable to
what today we would call ROM or read-only-nenory” <M ndel

ibid.> Ballistic and prediction calculations forned a feedback

| oop, with the aimof mninmal dependance on the so-call ed human

el ement .

A phot ography of a German rocket attack, reproduced in Mndell's
medi a- ar chaeol ogi cal anal ysis, shows continuous and di screte
signals agonistically coexisting in the air - the anti-aircraft-
system shooti ng down a buzz bonb. The missile enters at the left,
is hit by a shell, crashes, and expl odes. The white dots are shel
expl osi ons, which continue to statistically track the predicted
position of the target"” <M ndell 2004: 256>. This is the
appropriate nonent for this text to end - or should | wite: STOP?
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