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Hommage a Leibniz

A composition dedicated to
Donald E. Knuth, Stanford



Hommage & Leibnis

>K Goltfried Wilhelm Leibniz (1646-1716) legte durch sein duales Zahlensystem
die Grundlagen fiir die Elektronik und heutige Computertechnik, ebenso fiir die

Kybernetik.

Die 8 Trigramme aus dem I-Ging.

In den aus frithchinesischer Zeit stammenden >Charakteren des Fuh-Hi<

sah Leibniz Hinweise auf ein bindres Zahlensystem, das jedoch in den
spéteren Jahrhunderten wieder verloren ging. Sein Zahlensystem, die Grundlage
moderner Wissenschaft, wiirde somit auf die chinesische Friihzeit zuriickgehen.
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Leibniz sah in dem bindren System ein System der Schopfung.
Er stellte sich vor, daf3 die Eins Gott darstellt und die Null die Leere,
daf$ das hochste Wesen alle Wesen aus der Leere zog, ebenso wie Eins und Null

alle Zahlen seines Zahlensystems ausdriicken.

(Pierre Laplace)
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Im Prinzip gleicht der in kleine Einheiten zerlegte Tintenklecks

von Leibniz bereits einer digitalen Rasterdarstellung — sog. Bitmaps —
wie sie zur Steuerung der Bildpunkte von Buchstaben fiir moderne

Setzmaschinen und Laserdrucker verwendet werden.



The 8 trigrams from the I-Ching.

I
I
The binary

Hommage & Leibnis

>k Gottfried Wilhelm Leibniz (1646-1716) laid the foundations for electronics
and today’s computer technology, as well for cybernetics, with the invention of a
binary system of notation.

Leibniz believed that the ‘Characters of Fu-Hsi’ contained the remnants of a
binary arithmetic system which had been discovered thousands of years ago and
then forgotten. He traced his own notation system, which is the basis of today’s

cybernetics, back to prehistoric China.
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Leibniz saw the binary system system as a system underlying Creation.
He imagined that the number one represented God and that zero stood for the void,
and that the highest of all beings drew all other beings out of the void, just

(

as one and zero express all numbers in this system.

(Pierre Laplace)
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In principle the ink blot which Leibniz divided up into diminutive
elements already resembles the digital raster—called a bitmap—which
is used to regulate the pixels of letters in modern typesetting machines

(D)

and laser printers



Notes

(1) In 1675, Leibniz presented an explanation of infinitesimal calculus using
an ink blot: The task was to measure the total area converted by the blot.
Leibniz hit upon the idea of dividing the surface into diminutive units.
These square units could then be calculated. But there were some ele-
ments whose surfaces were only partially covered by the contours of the
blot. These could not be determined exactly. Using his infinitesimal cal-
culus Leibniz progressively reduced the surfaces of these elements until
there were almost no elements left with only partially covered surfaces.
Mathematical calculation thus became possible.

(2) Gottfried Wilhelm Leibniz to Duke Rudolf August of Brunswick-Lune-
burg-Wolfenbuttel on 2 January 1697:

“...one of the main articles of the Christian faith [...] is the
creation of all things out of nothing by the omnipotence of
God. Now one can very well say that nothing in the world rep-
resents this better, indeed virtually demonstrates it, than the
origin of numbers, as it is presented here in their expression
simply and solely by one and zero or nothing, and it would
surely be hard to find a better model of this secret in nature or
philosophy...”

Wolfenbuttel, 26th June 1708, in a letter to Jacques Lelong;:

“...In time this new calculus system will be widely used be-
cause everything in it follows on from one simple rule.”



PoQog Tung otov Leibniz

>k O Gottfried Wilhelm Leibniz (1646-1716) é0eoe ta OepéAix g
NAEKTQOVIKT|C KAL TNG ONUEQVIC TEXVOAOYIAC TV LTIOAOYIOTWY, OTtWC ETLONG Kot
NG KLBEQVNTIKTG, He TNV avakIALYT TOL dLAdLKOV TLOTHUATOS OTUEOYRAPIAC.

O Leibniz mtioteve dtt ot xapakteg Tov Fu-Hsi megtelyav ta amopevaoix evog duadikov

Ta 8 toryodppata tov I-Ching.

aQIOUNTIKOV CLOTHUATOC TIOL eixe avarkaAvdOel MOV amd XIALETiEC KL 0T OLVEXELX
Eexaotie. O dlog TomoOeTovoE TV ATAQXT) TOL dIKOV TOL CLOTHUATOS ONuElOYQAdInS,
OV AMOTEAEL TN BAOT TNG ONUEQLVIG KLBEQVNTIKTG, 0TV €MOXT| TG TEoioTooikric Kivag.
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O Leibniz Oewpotoe to duaducd cvotnua wg OpeAto g dnuioveyiag Tov

ovpnavrtoc. O agBuoc Eva avtumgoodneve tov @b kAt To Undev 1o Kevo,
Kot 0 ANpiovQyog Twv mavtwyv éptiale OAa tar AAAx dvTar amd To kevo, OTwS

TO £VOL KAL TO UNOEV XQNOUOTIOLOVVTAL Y Vat EKPQATOLY OAOVS TOLG

agOpovg oo duadkd cvotua@.  (Pierre Laplace)
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To 1675, o Leibniz magovoiaoe pia e£ynon tov anelpootcol Aoyl-
OHOU XONOLOTIOLWVTAS X KNADA amd peAdve LtoX0¢ ToL Tav va
HLETQONOEL TO EUPADOV TNC CLVOALKTS EMUPAVELAS OV KAAVTITE 1) KN)-
Ada. O Leibniz eixe v éa va dapéoet tnv emipavelx tng knAidag
0€& HLKQOOKOTIKA TUTHaTa (Hovadeg). Taoa umogovoe va vrtoAoyioet
TO eUPadd AVTAV TWV TETEAYWVWYV TUNHATWV. Opwe, vroxay Kot
HLEQIKA TUNHATA 1] ETUPAVELX TWV OTOLWV KAAVTITOTAV LLOVO LEQLKWS
amo TG KapmOAeg 6 kNAdag. To epfaddv avtwv Twv TUNUATWY dev
HUTTOQOVOE V& VTTIOAOYLOTEL AKQLPWS. XQNOLUOTIOLWVTAS TOV ATIELQOTTL-
KO Aoylouo, o Leibniz otadiaka diaigeoe TIc eMPAVELES TWV TUNUA-
TWV AVTWV WOTIOL DEV LTIOXAV T AAAX TUHATA PLE LEQIKWG KAA-
ntopeveg emupavetes. Etol katéotn duvatog o padnuatikog vtoAo-

YopoG.

AmevBuvépevog o Gottfried Wilhelm Leibniz otov Aovka Rudolf Au-
gust Tov Brunswick-Luneburg-Wolfenbuttel otig 2 Iavovagiov 1697:

«.. &va amo ta KUQLAX OTOLXElOt TNG XQLOTLAVIKNG oG [... ]
elvan dnuovEyia Twv MAVIWY AT TO KEVO XAQT] OTNV TotV-
Todvvapia tov AeoV. MmoQOUHE VA LOXVQLOTOVE TS Ti-
TOTA OTOV KOOHO dEV aAVATIAQLOTA KAAVTEQA AVTO TO OTOL-
Xxelo, yix nv axpifewax timota otov KOOUO deV TO KaTAdEL-
KVUELKAAUTEQR, Ao T dNHLoVEYia Twv aQtd v, dTws av-
1] TAQOVOLALETAL ATIAG KoL ATMOKAELOTIKA ATIO T1) XQTOT
TOL €VOG KAL TOL UNOEVOG 1) TOL Kevoy, kat Ba 1jTav ToAD d0-
okoAo va oedel éva kKaAUTEQO LOVTEAD AU TOV TOV HLOTLIKOV

ot ¢von 1 ) prAogodia...»
Y& eT0TOAY) tEog tov Jacques Lelong tnv 26m Iovviov 1708:
«.. Me tov kapd, 1o véo avtd cvotnua Aoylopov Oa xon-

OLHOTOLE(TAL EVEVTATA YIATL T TIAVTOL OTO OVOTIHA AVTO
nyalovv amnod évav anAd kavovo.»

Adrepwvetat otov Donald E. Knuth, Stanford.
(. Iwdvvng Anudog)



