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,I�WKH�WUDQVFHQGHQWDO�VLJQLÀHG�VWLOO�IRXQG�H[SUHVVLRQ�DIWHU�
0D\����������ZKHQ�WKH�ÀUVW�WHOHJUDSK�RSHUDWHG�EHWZHHQ�
Washington D.C. and Baltimore, MD, then the word of 
God has been articulated through 0s and 1s since October 
1948, when Claude Shannon published the second install-
ment of “A Mathematical Theory of Communication” in 
the Bell System Technical Journal.1  The following year, 
WKH�WLWOH·V�LQGHÀQLWH�DUWLFOH�ZDV�UHSODFHG�E\�The��GHÀ-
nite one, the two installments were published in a single 
volume, and a binary digit, or bit—what contributes the 
0s and 1s to which all programming languages must be 
reducible—became the base numerical unit for digital 
information storage, transmission, and processing.

While Shannon was employed at Bell Laboratories to 
work on problems of cryptography, under contract with 
section D-2 (Control Systems) of the US Government’s 
National Defense Research Committee, he wrote in a 
FODVVLÀHG�PHPR��´ODQJXDJH�LV�FRQVLGHUHG���WR�EH�UHSUH-
sented by a stochastic process which produces a discrete 
sequence of symbols in accordance with some system of 
probabilities.”2  Language came to obey the binary rule 
RI�SUREDELOLVWLF�LQIRUPDWLRQ��+� ��.�ȸ�S�[��ORJ2 p(x).  
Shannon’s H is generalized from the formula for entropy 
inscribed on a tombstone in the Viennese Zentralfriedhof, 
S = k log W. Both tombstone and engraving are Lud-
wig Boltzmann’s, who, after reducing the second law of 
thermodynamics to a law of probability, took his own 
life while on summer holiday near Trieste, Italy.3  Shan-
non’s appropriation means that more entropy or disorder 
is equated with more information during communication; 
and, “if the base 2 is used”—replacing log10, or log, with 
log2—“the resulting units may be called binary digits, or 
PRUH�EULHÁ\�bits.”4 
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The word “shorts,” for example, appears 5,667 times in 
the 450 million-word Corpus of Contemporary American 
English.5  Letting K = 1, x = “shorts,” and p(shorts) = the 
probability with which “shorts” appears in the Corpus, 
WKHQ��IRU�VLPSOLFLW\��ZLWK�VXPPDWLRQ�ȸ�RYHU�D�VLQJOH�[��
H = .000205. “Emergence” appears in the Corpus 4,675 
times, so with K = 1, x = “emergence,” and p(emergence) 
= the probability of the appearance of “emergence,” then 
H = .000173. Following Shannon, the word “shorts” con-
tains more information than the word “emergence”—or 
the word “neuropsychiatry,” “transcendentally,” “moder-
nities,”  “pro-consumer”… But let us not forget—and a 
point to which I will return—that for the mathematical 
theory of communication (MTC)—as Shannon’s greatest 
promoter Warren Weaver wrote—“information must not 
be confused with meaning.”6  

It was 40 years after the publication of Shannon’s MTC 
that it was employed in the machine translation of lan-
guages, and 59 years to the month that Google Translate 
switched from the rule-based machine translation system 
SYSTRAN—which attempts to translate from source to 
target language through the application of morphological, 
semantic, and syntactic regularities—to statistical ma-
chine translation (SMT) and a system driven to this day 
by the entropy of information.7   

Google Translate, as with all SMT, employs Bayes’ 
Theorem, the theorem of inverse probability that takes its 
name from the Reverend Thomas Bayes, a special case 
RI�ZKLFK�ZDV�ÀUVW�SXEOLVKHG�LQ�������´%\�FDOFXODWLRQV�
similar to these may be determined universally,” Bayes 
wrote in the conclusion of his essay, “the probability that 
any particular cause in nature, with which we have any 
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acquaintance, will or will not, in any single trial, produce 
an effect that has been conjoined with it.”8  Bayes’ liter-
ary executor Richard Price asserted that, in reasoning 
from observed effect to hidden cause, Bayes’ mathemat-
ics proved the existence of God.9  Today Bayes’ Theo-
rem is the universal proposition and hidden cause of the 
observed effect of SMT generally and Google Translate 
VSHFLÀFDOO\��SHUPLWWLQJ�XVHUV�DW�WKH�FORVH�RI������WR�LQSXW�
text in 71 languages for 4,970 possible language transla-
tion pairings—and by early 2014, 80 languages for 6,320 
such pairings.10  SMT, and hence Google Translate, are 
conditioned by Shannon’s use of Bayes’ Theorem in 
cryptographic theory and its generalization in MTC.

Shannon’s paper “Communication Theory of Secrecy 
Systems” describes a mathematical treatment for when 
an enemy intercepts and tries to decipher a coded mes-
sage, cryptogram E. After interception, the enemy seeks 
to calculate the probability that E will, when decoded, be 
message M. In modern mathematical notion this prob-
ability is written P(M|E), and Shannon uses Bayes’ Theo-
rem P(M|E)=P(M)P(E|M)/P(E) to provide precisely this 
probability. The left side of the equation asks us to locate 
M given E, or to reason from observed effect E to hid-
den cause M. Yet the same effect can be linked to vari-
ous causes and cannot be calculated directly. The right 
side of the theorem asks us to instead reason from cause 
to effect, from M to E, treating P(E|M) as “the sum of 
the probabilities of all keys which produce cryptogram 
E from message M.”11  “’Knowledge’,” writes Shannon, 
´LV�WKXV�LGHQWLÀHG�ZLWK�D�VHW�RI�SURSRVLWLRQV�KDYLQJ�DV-
sociated probabilities. The calculation of the a posteriori 
probabilities [e.g. P(M|E)] is the generalized problem of 
cryptanalysis.”12  

The word “shorts,” for example, appears 5,667 times in 
the 450 million-word Corpus of Contemporary American 
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True to its origins in the theory of cracking enemy codes, 
MTC “in fact is really the basic theory of cryptogra-
phy, which is, of course, a form of coding. In a similar 
way, the theory contributes to the problem of translation 
from one language to another.”13  And so with SMT and 
Google Translate: if we wish to translate from a string of 
English words e into a string of French words f, assign to 
every pair of strings e and f a probability that f is a pos-
sible translation of e, or P(f|e). Following Shannon, this is 
the probability of a cryptogram f given a message e. By 
the equality of Bayes’ Theorem P(e|f) = P(e) P(f|e)/P(f), 
we must solve for e given f—in other words, we must as-
sume the French exists prior to its translation: “The job 
of our translation system”—wrote Peter Brown, Vincent 
Della Pietra, Stephen Della Pietra, and Robert Mercer of 
IBM in their seminal 1993 paper on SMT—is to locate 
the English string e that a “native speaker” of French 
“had in mind” when he produced the string of French 
words f.14  For SMT to calculate the statistically opti-
mal—or most likely—translation of an English text into 
French, solving “the Fundamental Equation of Machine 
Translation” is locating the e of all the e—or, ê—for 
which the function attains its maximum value: 
ê = argmax P(e)P(f|e).15     
 e

To translate what a French speaker says into Eng-
lish, “this formula” in fact assumes “that the [French] 
speaker’s mind works in English, the generated text is 
then translated by him into [French], and the task of the 
machine translator is to ferret out the speaker’s original 
thought ê.”16  With a Bayesian interpretation of experi-
ments—pioneered in the 1930s by chief statistician at the 
agricultural experimental station in Rothamsted, English-
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man Ronald Fisher—English here is equally the effect 
or the phenomena (data), French the cause or hypothesis 
(explanation), and Bayes’ Theorem not only a model of 
WKH�VFLHQWLÀF�PHWKRG�LWVHOI�EXW�D�XQLYHUVDO�SURSRVLWLRQ�
that makes possible the very thing it is said to explain.17  

How then to proceed with a translation system that cre-
ates its own conditions of possibility? Brown et al’s 
foundational 1988 paper uses the following protocol: (1) 
cut the English text up into individual words or phrases; 
(2) map each word or phrase in the English to its most 
probable translate in French language; and (3) reorder the 
WUDQVODWHV�WR�IRUP�VHQWHQFHV�LQ�)UHQFK³UHFRQÀJXULQJ��
LQ�:HDYHU·V�WHUP��KRZ�WKH�V\VWHP�LV�´VKXIÁHG�µ18  Prob-
ability distributions provide for the mapping of English 
text into French, with P(f|e) “just an enormous table 
that associates a real number between zero and one with 
every possible pairing of a French passage and an Eng-
lish passage.”19��)RU�WKLV�ÀUVW�HQRUPRXV�WDEOH�RI�DVVRFLD-
tions we can thank those researchers Brown et al at the 
IBM T.J. Watson Research Center for extracting around 
3 million paired sentences that had been translated from 
French into English, or English into French, as recorded 
LQ�WKH�2IÀFLDO�3URFHHGLQJV�RI�WKH�+RXVH�RI�&RPPRQV�RI�
Canada.20  Since turning to SMT, Google Translate has 
been using Bayes’ Theorem to align the most probable 
language translate pairs, probabilities drawn from 200 
ELOOLRQ�ZRUGV�IURP�WKH�RIÀFLDO�GRFXPHQWV�WKDW�SURYLGH�
WUDQVODWLRQV�IURP�HDFK�RIÀFLDO�ODQJXDJH�RI�WKH�8QLWHG�1D-
WLRQV�LQWR�WKH�ÀYH�RWKHUV�WRJHWKHU�ZLWK�KXQGUHGV�RI�PLO-
lions of Internet documents.21  

Let us move for the moment from formulas to their 
graphical representation. Shannon’s most widely known 
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contribution to information theory is surely a diagram of 
the order and operations of his general communication 
V\VWHP��ÀJXUH�����D�PHVVDJH�LV�VHOHFWHG�IURP�DQ�LQIRUPD-
tion source and converted by a transmitter into a signal; 
the transmitter sends the signal over a communications 
channel to a receiver; the receiver converts the signal 
back into a message and passes the message to its desti-
nation (I will return to the role of “noise source”). 

“When I talk to you,” for example, “my brain is the infor-
mation source, yours the destination; my vocal system is 
the transmitter, and your ear and associated eighth nerve 
is the receiver.”22  

Figure 1. Diagram of a general communication system. Claude E. Shannon and Warren 
Weaver, The Mathematical Theory of Communication (Urbana: University of Illinois 
Press, 1949), 7.

Figure 2. Diagram of a general secrecy system. C. E. Shannon, “Communication Theory 
of Secrecy Systems,” The Bell System Technical Journal 28, no. 4 (1949), 661.
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$V�WKH�JUDSK�LQ�ÀJXUH���LOOXVWUDWHV��6KDQQRQ·V�FU\SWR-
graphic theory—which preceded MTC and of which his 
cryptographic theory is as a special case—is structured 
on the following sequence: an enciphering key K is ap-
plied to an unencoded message M, producing cryptogram 
E. A sender then transmits E through a communications 
channel to a receiver, and the receiver applies a deci-
phering key K-1 to E to decode and recover M. Just as in 
cryptography K-1 is applied to E to recover M, a receiver 
in MTC will “ordinarily…perform approximately the 
mathematical inverse of the operations of the transmit-
ter.”23  

1RZ�ORRN�WR�ÀJXUH����DOVR�IURP�6KDQQRQ��DQG�ÀJXUH���
from Brown et al’s 1993 paper. The upper surjective sub-
VHW�RI�ÀJXUH���LV�6KDQQRQ·V�UHSUHVHQWDWLRQ�RI�D�´W\SLFDOµ�
message received over a communication’s channel that 

Figure 3. Surjective subset and multivalued mapping between inputs and outputs in a com-
munication channel. Claude E. Shannon and Warren Weaver, The Mathematical Theory of 
Communication, 73.
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could be explained by multiple messages sent; in the low-
er multivalued mapping, messages that could be received 
over a communication’s channel from a “typical” mes-
sage sent.24��7KH�WRS�VXUMHFWLYH�IXQFWLRQ�RI�ÀJXUH���SDLUV�
single English words with their most probable single or 
multiple-word French translation; the bottom multival-
ued mapping, single or multiple English words are linked 
to their most probable single-word French translation. 
7KHVH�ÀJXUHV³WR�GUDZ�IURP�$OIUHG�7DUVNL³V\PEROL]H�
a class of objects with the same abstract form that their 
graphic form only evokes.25  This is a condition of math-
ematics and makes the universal possible, both in itself 
and for us.26  Despite its ever growing possible language 
translate pairs, Google Translate operates through the 
universal of mathematics, and it is no less than aligned 
with the binding monolingualism of the 1539 Ordinance 
RI�9LOOHUV�&RWWHUrWV��ZKLFK�PDGH�)UHQFK�WKH�RIÀFLDO�ODQ�

guage of France: both stand for and institute themselves 
as singular law, for which “there neither is nor could be 

Figure 4. Top: Surjective function of English words aligned with French. Bottom: 
Multivalued mapping of English words aligned with French. Peter F. Brown et al, “The 
Mathematics of Statistical Machine Translation: Parameter Estimation,” Computational 
Linguistics 19, no. 2 (June 1993), 267.
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any room for ambiguity or uncertainty, nor cause to ask 
for interprétation [interpretation or translation].”27  Rule 
is, after all, used interchangeably with Theorem in refer-
ring to Bayes’ equality.

In 1993 Peter Brown and Bob Mercer left the IBM T.J. 
Watson Research Center and their research on SMT for 
Renaissance Technologies LLC, one of the most success-
IXO�KHGJH�IXQG�ÀUPV�HYHU�VLQFH�LWV�IRXQGLQJ�E\�-DPHV�
Simons28—who, when asked to design data encryption 
protocols for IBM in 1973, relied heavily on Shannon’s 
WWII cryptographic research.29  As the fraction P(f|e)/
P(f) indicates the “strength of association” of e with f, 
and, following on Shannon, I(f; e)=log2(P(f|e))/P(f) “is 
the mutual information between” f and e, the success of 
the company has been attributed to their use of automated 
trading by way of computer programs that analyze how 
related securities are priced: shares of BP plc and Exxon 
Mobil Corporation, for example, are both dependent on 
oil prices and production, and so historically trade in 
like directions. Should BP’s stock price begin to rise but 
not Exxon’s, Ren Tech may purchase BP and sell Exxon 
short (borrowing shares of Exxon from a lender, sell-
ing them to another buyer, and subsequently buying the 
shares back to return to the lender), in anticipation that 
the price of the two stocks realign. This strategy is fueled 
by servers in metal cages six and a half-feet-tall, aligned 
row after row, which together absorb three tennis court-
sized rooms.30 

***

Perhaps more or less regularly, your wireless Internet 
connection fails due to the interference of other transmis-

Figure 4. Top: Surjective function of English words aligned with French. Bottom: 
Multivalued mapping of English words aligned with French. Peter F. Brown et al, “The 
Mathematics of Statistical Machine Translation: Parameter Estimation,” Computational 
Linguistics 19, no. 2 (June 1993), 267.

that could be explained by multiple messages sent; in 
the lower multivalued mapping, messages that could be 
received over a communication’s channel from a “typi-
cal” message sent.24��7KH�WRS�VXUMHFWLYH�IXQFWLRQ�RI�ÀJXUH�
4 pairs single English words with their most probable sin-
gle or multiple-word French translation; the bottom mul-
tivalued mapping, single or multiple English words are 
linked to their most probable single-word French transla-
WLRQ��7KHVH�ÀJXUHV³WR�GUDZ�IURP�$OIUHG�7DUVNL³V\P-
bolize a class of objects with the same abstract form that 
their graphic form only evokes.25  This is a condition of 
mathematics and makes universal possible, both in itself 
and for us.26  Despite its ever growing possible language 
translate pairs, Google Translate operates through the 
universal of mathematics, and it is no less than aligned 
with the binding monolingualism of the 1539 Ordinance 
RI�9LOOHUV�&RWWHUrWV��ZKLFK�PDGH�)UHQFK�WKH�RIÀFLDO�ODQ�

guage of France: both stand for and institute themselves 
as singular law, for which “there neither is nor could be 
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sions, such as power lines, electrical railroad tracks, or 
your home microwave—WiFi is a communications chan-
nel, after all, and it can fail when the channel is subject 
to noise. Noise or error is present in all but Shannon’s 
ideal communication system, an ideal that “cannot be 
DFKLHYHG�ZLWK�DQ\�ÀQLWH�HQFRGLQJ�SURFHVV�µ31  The ideal 
V\VWHP�ZLWKRXW�HUURUV�H[LVWV�RQO\�LQ�D�UHDOLW\�RI�LQÀQLWH�
delay, one in which the time it takes for communication 
can be without limit; mathematically, it can be reached 
RQO\�LQ�WKH�OLPLW��DV�WLPH�WHQGV�WRZDUGV�LQÀQLW\�32  Yet so 
fundamental is noise to communication that attempting 
to eliminate it rests on the condition that the ideal system 
transmits a signal that itself approaches white noise in its 
statistical properties.33  “Communication,” as Bernhard 
Siegert writes, “is the presence of noise and the absence 
of noise is therefore the absence of communication.”34

  
&RPPXQLFDWLRQ�ZLWKRXW�LQÀQLWH�GHOD\�LV�WKH�SUHVHQFH�
of that which functions as the third man in Plato’s Par-
menides, between the Form of man and the human par-
ticulars that participate in the Form. In the third man 
argument, two particular men participate in the common 
Form of Man and are in relation to the Form of Man. 
But in what Form does a particular man and the Form of 
Man both participate to account for their relation? This 
relation between a particular man and the Form of Man 
must also be explained in terms of another Form; a fur-
ther Form is always required beyond the one proposed. 
To explain how man participates in the Form of man, one 
needs a third man.35 

$Q�LQÀQLWH�UHJUHVV�HQVXHV��WR�UHGXFH�QRLVH�WR�´OHVV�WKDQ�Ƥ�
ZKHQ�Ƥ�LV�DUELWUDULO\�VPDOO�µ�6KDQQRQ�SURSRVHV�D�V\VWHP�
with an “observer” who can see signals sent and received 

any room for ambiguity or uncertainty, nor cause to ask 
for interpretation [interpretation or translation].”27  Rule 
is, after all, used interchangeably with Theorem in refer-
ring to Bayes’ equality.

In 1993 Peter Brown and Bob Mercer left the IBM T.J. 
Watson Research Center and their research on SMT for 
Renaissance Technologies LLC, one of the most success-
IXO�KHGJH�IXQG�ÀUPV�HYHU�VLQFH�LWV�IRXQGLQJ�E\�-DPHV�
Simons28—who, when asked to design data encryption 
protocols for IBM in 1973, relied heavily on Shannon’s 
WWII cryptographic research.29  As the fraction P(f|e)/
P(f) indicates the “strength of association” of e with f, 
and, following on Shannon, I(f; e)=log(P(f|e))/P(f) “is the 
mutual information between” f and e, the success of the 
company has been attributed to their use of automated 
trading by way of computer programs that analyze how 
related securities are priced: shares of BP plc and Exxon 
Mobil Corporation, for example, are both dependent on 
oil prices and production, and so historically trade in 
like directions. Should BP’s stock price begin to rise but 
not Exxon’s, Ren Tech may purchase BP and sell Exxon 
short (borrowing shares of Exxon from a lender, sell-
ing them to another buyer, and subsequently buying the 
shares back to return to the lender), in anticipation that 
the price of the two stocks realign. This strategy is fueled 
by servers in metal cages six and a half-feet-tall, aligned 
row after row, which together absorbs three tennis court-
sized rooms.30 

***

Perhaps more or less regularly, your wireless Internet 
connection fails due to the interference of other transmis-
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over a communications channel and note the noise in the 
PHVVDJH�UHFHLYHG��ÀJXUH�����7KH�REVHUYHU�WKHQ�WUDQVPLWV�
correction data over a “correction channel” to the receiv-
er. If the entropy of the correction data is equal to that of 
the noise, the receiver can correct the received message.36  

But as the correction channel is itself a communications 
channel and is as such subject to noise, the correction 
channel itself must be corrected for noise.  An observer 
of an observer must be in play, transmitting correction 
data over a correction channel C2 to correct for the cor-
rection data for correction channel C1; correction data 
over C3 correcting for the correction data for C2; and so 
on.

“Who is this third person?” one must ask following Mi-
chel Serres. “Noise is a person…it is the third person.”37

  
Communication is a sort of game played by two interlocu-
tors considered as united against the phenomenon of inter-
ference and confusion…To hold a dialogue is to suppose a 
third man and to seek to exclude him; a successful commu-
nication is the exclusion of the third man. The most pro-
found dialectical problem is not the problem of the other, 
who is only a variety—or a variation—of the same, it is the 
problem of the third man. We might call this third man the 
demon, the prosopopeia of noise.38  
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Figure 5. Diagram of a corrective communication system. Claude E. Shannon and Warren 
Weaver, The Mathematical Theory of Communication, 68.
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$V�VLJQLÀHG�E\�WKH�)UHQFK�WUDQVODWLRQ�RI�´QRLVH�µ�KH�LV�D�
parasite: by the side of, next to.

Although in MTC “it is generally true that when there is 
noise, the received signal exhibits greater information,” 
“the semantic aspects of communication are irrelevant to 
the engineering aspects.”39  SMT likewise “eschews an 
intermediate mechanism (language) that would encode 
the ‘meaning’ of the source text.”40  Through the proba-
bilistic calculation of mapping source and target translate 
SDLUV�IROORZHG�E\�WKH�VKXIÁLQJ�RI�ZRUGV³WKH�WKLUG�VWHS�
in SMT from Brown et al’s 1988 paper—the words-with-
out-meaning are merely in, outside, within, beyond other 
words-without-meaning. 
 
If information in its base form can be understood as a 
bit, what procedures make meaning possible? In 1917 
Louis Couturat—a founder of the universal language 
Ido, an outgrowth of Esperanto—proposed an algorithm 
to handle probabilistic propositional functions, an early 
contribution to Bayesian reasoning using logical proposi-
tions having uncertain truth or falsity.41  Four years later 
Ludwig Wittgenstein published Logisch-Philosophische 
Abhandlung, known in its English translation as Tracta-
tus Logico-Philosophicus, in which he employed propo-
sitions of logic to distinguish between sense or meaning, 
senselessness, and nonsense.42  A proposition held to-
gether by logical form makes sense (bedeutung) possible, 
but the propositions themselves are senseless (sinnlos). 
Nonsense (unsinnig) is when a proposition is so wholly 
devoid of meaning that it transcends the limits of sense. 
“It will therefore be only in language that the limit can 
be drawn, and what lies on the other side of the limit will 
simply be nonsense.”43  Only what is “in” the world can 
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be described—all else is excluded, including the concept 
of limit and the limit itself. 

As with the choice among “acceptable translations” in 
SMT being “largely a matter of taste,” the propositions 
of aesthetics exceed the bounds of language and are as 
such a form of nonsense.44  In a feedback loop with non-
sense as its limit, as the popularity of Google Translate 
grows—it boasted 200 million monthly users in 201245 
—the Internet text on which it draws will increasingly be 
what has already been translated by Google Translate, the 
most probable translate used to locate the most probable 
translate. The limit point of translation—provided radi-
cal heterogeneity does not make translation theoretically 
impossible46— is made possible by what conditions the 
possibility of information: nonsense and noise, which, in 
the words of Siegert, is “at once the abyss and meaning 
in general and the conditions for its possibility.”47   
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