Communication Technology

How Information is Encoded
You know, Phaedrus, that's the strange thing about writing, which makes it truly analogous to painting.  The painters’ products stand before us as though they were alive: but if you question them, they maintain a most majestic silence.  It is the same with written words: they seem to talk to you as though they were intelligent, but if you ask them anything about what they say, from a desire to be instructed, they go on telling you the same thing again and again. 

  


Plato, Phaedrus
By ‘uncertain’ knowledge I do not mean merely to distinguish what is known for certain from what is only probable.  The game of roulette is not subject, in this sense, to uncertainty; nor is the prospect of a Victory bond being drawn. …  Even the weather is only moderately uncertain.  The sense in which I am using the term is that in which the prospect of a European war is uncertain …  About these matters there is no scientific basis on which to form any calculable probability whatever.     
[Keynes]

We all want to know things—to have information.  At primitive levels, we want to know what to eat and how to avoid being eaten.  Since acting on such knowledge can be more effective in partnership with fellow human beings, we want to know how to communicate and cooperate.

Not knowing makes me uncomfortable.  But there are things that cannot be known.  The boundary between what can be understood and what must forever remain subjective decision is limited to facts that language can convey; work between 1880 and 1940 identified the boundary.

Knowing is not enough.  From ancient times philosophers have sought not only confidence, but certainty.  Scientific philosophy teaches that certainty is impossible—most knowledge is provisional and might be replaced with changed ideas.  The best possible is confidence.

In contrast to much knowledge about the world, sound philosophical concepts will be as useful decades from now as they are today.  What Information for Everyone tries to convey about information structure belongs to epistemology—philosophy of knowledge—that will be forever valid and useful.

Representing Information

The endless cycle of idea and action,
Endless invention, endless experiment,
Brings knowledge of motion, but not of stillness;
Knowledge of speech, but not of silence;
Knowledge of words, and ignorance of the Word.
All our knowledge brings us nearer to death,
But nearness to death no nearer to God.
Where is the Life we have lost in living?
Where is the wisdom we have lost in knowledge?
Where is the knowledge we have lost in information?
  
   T.S. Eliot, 1934, The Rock
The word ‘table’ is an object that carries meaning, but the word is distinct from any table that it might represent.
  Even though both the word and the table are objects, only one is commonly the topic of discourse—the table itself; the word ‘table’ is, instead, a means 
of discourse.  We also have related thoughts that we associate with ‘table’.  Thus, any grammatical unit relates at least three entities: (i) a symbol representing some meaning,
 
(ii) an entity that is represented—an event or thing or fact in the world, and (iii) a mental concept of some such entity.

Philosophers describe this in great detail.
  For instance, [Quine] begins with:

This desk manifests its presence by resisting my pressures and by deflecting light into my eye.  Physical things … become known only through the effects which they help to induce at our sensory surfaces. …  Each of us learns his language from other people through the observable mouthing of words …  the things in sharpest focus are [those] public enough to be quickly identified and learned by name; it is to these that words apply first and foremost.

As Figure 10 suggests, information can be stored in many ways and copied from one store to another, without necessarily being represented (depicted) in the same way in different stores; moreover, the same information can be copied from a second store back to the first, without any loss during the round trip.  What makes the information in one store correspond to that in some other store is that the two representations share a pattern; a pattern is the set of shared characteristics that make two pictures convey some identical information.
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Figure 10: Information representations and relationships

The arrows suggest relationships and also transformations that create new versions.
What human beings share with each other is patterned information.  The business of scholarship is invention or discovery of useful patterns.  One man's thinking can neither contradict that of another, nor his own thinking at some other time.  However, the content of his thoughts—that is, the statements in themselves—can of course contradict the content of another man's thoughts.
 

One way of teaching the meaning of ‘pattern’ is provided by alphabetic glyphs, whose patterns extend in two directions: one along the alphabet, representing the different letters of a single font (horizontally in Figure 11), and the other relating the pictures (called ‘glyphs’) of some letter depicted in different fonts, such as in the set { E E E E E E E E } of Figure 11.
Bookman old
a b c d e f g h i j k l m … 
A B C D E F G H I J K L M …

Brush Script
a b c d e f g h i j k l m … 
A B C D E F G H I J K L M …

Century schoolbook
a b c d e f g h i j k l m … 
A B C D E F G H I J K L M …

Comic Sans MS
a b c d e f g h i j k l m … 
A B C D E F G H I J K L M …

Harlow solid italic
a b c d e f g h i j k l m … 
A B C D E F G H I J K L M …

Calibri
a b c d e f g h i j k l m … 
A B C D E F G H I J K L M …

Stencil
a b c d e f g h i j k l m … 
A B C D E F G H I J K L M …

Verdana
a b c d e f g h i j k l m … 
A B C D E F G H I J K L M …
Figure 11: Glyphs and fonts

Computer geeks talk glibly about content management.
  To them, content is data that can be stored or shared by human beings—data about anything that might interest somebody.  They count it in bits or bytes, kilobytes, megabytes, gigabytes, terabytes, and petabytes—the last sufficient to represent 1,000,000,000,000,000 (1015) characters—enough data to fill many miles of library shelves. [Figure 12]
Information management, the job of data processing systems, is manipulation of bit-string collections to transform them to more useful patterns.  Digital networks transmit bit-strings from wherever they happen to be stored to where people can inspect them and mull what they mean.  Each of ‘data’, ‘information’, and ‘knowledge’ has meanings that depend on context, on conventions, and perhaps on who is speaking.  Figure 13 suggests how Information for Everyone uses these words.
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Figure 12: La Salle des Planètes (the Planets Room) 

A bit-string is a sequence of 0’s and 1’s in some particular order, such as ‘00101000’, which represents a tiny amount of information.  Specifically, a bit-string is the most primitive representation of the information it is intended to convey. [Figure 13]  The example, ‘00101000’, means the same as ‘40’ in conventional decimal notation.
Computers manage sequences of bit-strings—sequences of unintelligible sequences of 0’s and 1’s.  The machines obey commands expressed in such sequences—sequences translated from intelligible form—executing them step by step, with each step controlling how other bit-strings flow among electronic circuits and what these circuits do.  Each step follows a rule expressed jointly in program and circuit patterns.  What makes such a mindless process useful is that it is rapid, that programs can consist of millions of commands expressing thousands of patterns, and that PCs have millions of circuits, each constructed according to a careful pattern. [Kernighan]
Transmitted bits are ephemeral.  Stored bits cannot be seen, except by machine rendering.  However, their technical details do not interest end users.  Instead, what counts are bit-strings’ inherent patterns, and how these are mapped into text, pictures, or robotic commands.
Figure 13 data are patterns created from bit-strings by printers and display screens or converted into bit-strings by keyboards.  Each character, an elementary symbol depicted by a glyph, is mapped from/to a short bit-string (usually a 16-bit nibble—2 bytes). [Figure 23]
We call the smallest meaningful chunks messages
—finite amounts of information.
  These express relationships as sentences or phrases.  Such information can be held on paper, transmitted in signals, and managed by machines without necessarily being known by any human being.
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Figure 13: Bit-strings, data, information, knowledge, and understanding 

Do you understand?  Be wary!  To the man with a hammer, everything looks like a nail.
By knowledge we mean correct mental content related to the world or to human thinking.
  Understanding is internalized profound knowledge useful to or emotionally satisfying to some human being.
Picture That

Far from originating in Wittgenstein's Tractatus, the idea of regarding language, symbolisms and media, expression of all kinds as giving us “representations” or “pictures” had by 1910 become a commonplace in Viennese cultural debate.  
[Janik p.31]
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Figure 14: René Magritte's The Treachery of Images, 1929

Precise language is not only a philosophic topic, but a source of artistic humor.  Magritte’s Figure 14 caption might seem contradictory, but is not.  The painting depicts a pipe, but is not a pipe.  Asked by anyone who did not understand, Magritte suggested loading his depiction with tobacco.

Philosophers discuss relationships between conceptual and physical objects—entities such as:

· Facts (each being a state of affairs in the world),

· Mental conceptions about the facts,

· Pictures of the facts,

· Propositions about the facts,

· Structures that model the facts, and

· Abstractions of the facts.

A sign is a manifestation—an observable object or event.  A symbol is a sign associated with a meaning.  A symbolic form is a kind of pattern.  A meaning is a relationship between a symbol and some performance, concept, fact, or real-world object.  Packages, performances, and data [Figure 10] are probably so well understood that any reader could give examples that others would accept without discussion or clarification.  Such understanding is less likely for values and patterns, and for their relationships to information about the world; what follows tries to strengthen readers’ understanding of these, and ability to deal with them.
Our thoughts stand to things in the same relation as models to the objects they represent.  The essence of the process is the attachment of one concept having a definite content to each thing, but without implying complete similarity between thing and thought.  



‘Model’ in the 1910 Encyclopedia Britannica
Almost every digital object that we communicate is a picture that represents or models something other than itself.

	[image: image5.jpg]A fact:

1

1
\ a state of affairs /

N . 7/
\ intheworld ,

N

-

-’

/
8

[
1
1
1

\
\
AY

E

An apple
is on the
table.

\
1
1
1

Kant's
Anschauung /
- /
(Intuition),
4
v
-
-
_-
rt— e
- ~
~
,n apple w B
7/ ison N
the table. e
\ pr-
Each of four \ y
legs is attached I| Y/
to a table-top. | 1
\
4 \
4 \
4 k.
\ ’ b
\ ~

2 Carnap's Aufbau 5
~ _ (Structure) _ - D

- Bild (Picture)

- Abstract
~ o Concept

Wittgenstein's

An apple
is on the
table. |

TEE— S \

(Proposition),





	Figure 15: Philosophic models (aka pictures)


Figure 15 suggests object classes and what might be said about them.
  Kant’s ‘Anschauung’ [Figure 15B] had to do with mental pictures.  Carnap’s Logical Structure of the World [Figure 14E] intended to show that shared descriptions of real-world objects are isomorphic to the objects themselves.  Wittgenstein's Tractatus Logico-Philosophicus (TLP below) talks about “facts, not things”, and asserts that any proposition is a “model of reality”.  TLP’s ‘ein Bild’ [Figure 15D]), translated as ‘a picture’, means the worldly situation that it represents.
  However, translating ‘ein Bild’ as ‘a model’ seems more likely to convey what Wittgenstein intended. 
Every conversation and everything written is full of abstractions [Figure 15C].  Every phrase and word, in ordinary language or scholarly disquisition, embeds more abstractions than anybody describes.
We call very different things “names”; the word ‘name’ is used to characterize many different kinds of use of a word, related to one another in many different ways; …  we often point to the object named and say the name.  And similarly, in giving an ostensive definition, for instance, we say “this” while pointing to a thing.  And also, the word ‘this’ and a name often occupy the same position in a sentence.  
    [Wittgenstein 1953 §38]
Any object might receive many names—different names in different contexts, but perhaps even within a single context, as for “Moscow”, “Moskau”, “Moskva”, and of course “Москов”.

Might careful construction prevent misunderstanding?  Not reliably!  One problem is granularity; if I point at an automobile you might not know whether I am pointing at the entire automobile, its engine, its carburetor, or some smaller part.

Even supposing that we somehow avoid such problems, we will not have evaded all difficulties.  Try to teach a four-year-old what we mean by ‘a ball’.  Show him tennis balls, baseballs, and golf balls, occasionally interspersing another object that you call “not a ball”.  Then test him by showing a bowling ball.  When you are confident the child has learned, show him a cantaloupe; you will learn that you did not help him distinguish spherical objects that are not playthings.  After long instruction which has engaged the child’s full attention, imagine his perplexity if you show him an American football and call it a ball, even though it is not spherical.

Ambiguous
Everyday language is full of ambiguities.
  A “bit” is the smallest possible portion of a number—an abstraction—or else a tiny amount of matter—something tangible.  To “compute” is either a mental process or what an electronic machine we call “a computer” does.  Being “governed by” a law of physics is a description of behavior, not a political relationship.

We can never be certain that somebody else understands what we have communicated.  Idiomatic English is particularly difficult.  “What works”—such as techniques making an artistic performance successful—has little relationship to “what does work”—energy expenditure to move objects.  Such nuances are likely to be understood only by natives.


‘I don't know what you mean by “glory,”’ Alice said.


Humpty Dumpty smiled contemptuously.  ‘Of course, you don't—till I tell you.  I meant “there's a nice knock-down argument for you!”’


‘But “glory” doesn't mean “a nice knock-down argument,”’ Alice objected.


‘When I use a word,’ Humpty Dumpty said in rather a scornful tone, ‘it means just what I choose it to mean—neither more nor less.’


‘The question is,’ said Alice, ‘whether you can make words mean so many different things.’


‘The question is,’ said Humpty Dumpty, ‘which is to be master—that's all.’

Lewis Carroll was fully aware of the pro​fundity in Humpty Dumpty's whimsical dis​course on semantics, …  If we wish to communicate accurately, we are under a kind of moral obliga​tion to avoid Humpty's practice of giving private meanings to commonly used words.  
[Carroll p.213]

Listeners may feel they do not understand experts whose jargon is unfamiliar.  Even worse, a listener might believe he understands, but be mistaken—a hazard that can sometimes be corrected by dialogue.  Worst of all, listener and speaker might believe that dialogue has overcome all such problems, but still misunderstand one another. [Figure 16] 
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Figure 16: Conveying meaning can be difficult even without mediating machinery
Each man has in mind his own apple!

“Knowledge Management” workers manipulate information, not knowledge.  “Information Management” specialists handle database systems more than they strive to inform others. 
The boundary between knowledge and information is less ambiguous in the case of the cognate verbs, ‘to know’ and ‘to inform’.  Almost nobody would misunderstand the difference between knowing something and informing somebody about something.
The picture of a situation is not the situation itself, even though the existence of such a picture in this chapter is itself a situation that could be depicted.  However, Figure 17 does not reflect Wittgenstein’s model, because he was striving to eliminate psychology from his theory of knowledge.  A TLP picture takes its meaning from its relationship to a real-world situation.  
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Figure 17: About the meaning of the word ‘meaning’

Natural language originated long before anybody analyzed the distinction between subjective and objective utterances—perhaps before anybody even noticed that it might be important.
  It has not shed its ancient history.  Modern speakers encounter problems whenever they describe art.  Imagine comparing Shakespeare’s Hamlet to Beckett’s Waiting for Godot.  Your statements might oscillate between subjective and objective—between mental images that can be described, but not shared, and realized images that can be shared because they have been drawn in the world.
  

Is a cloud an object?  Does the pilot of a fog-bound vessel think of the fog as an object or as an atmospheric condition?  Even such a primitive matter as designating a material collection as “something” is, to some extent, a subjective choice rather than an objective fact.  We do so for collections that are long-lived in human life spans or human attention spans.  

Somebody might say, “I hit him with a heavy book.”  “Heavy” is perhaps not an attribute that you would include in describing a book.  However, it contributes to the picture of hitting.  What is considered essential and what is merely accidental is determined by what its speaker wants to convey.  
Natural language allows us to construct unanswerable questions.  Some readers might never understand our word choices.
  Natural language and artistic imagination allow nonsensical assertions, unanswerable questions, and expression of unknowable facts—facts that cannot be known for reasons of principle and assertions that might not communicate facts—so-called “fake news”. [Watts 2018]
Every use of language—a word, a phrase, a book—is fully comprehensible only in the context of many other communications
� 	Ludwig Wittgenstein, Rudolf Carnap, Ernst Cassirer, and Willard Van Orman Quine built on the work of Emmanuel Kant, Auguste Comte, Heinrich Hertz, Karl Weierstrass, Ernst Mach, Gottlob Frege, David Hilbert, Karl Kraus, and Bertrand Russell.  William James and Charles Sanders Peirce represent separate, but topically similar and compatible, American lines of thinking.


	The works that most directly influence Information for Everyone are Ludwig Wittgenstein’s Tractatus Logico-Philosophicus and Rudolf Carnap’s The Logical Structure of the World.


� 	Bernard Bolzano emphasized avoiding “words mistaken for things” by distinguishing between an objective representation and the object represented.


� 	Like chessmen, the symbols of pure mathematics stand not, or not necessarily, for anything denoted by them, but primarily for the use that can be made of them according to known rules.�	[Polanyi p.85]


� 	Within some discussion one might say “discussion” to refer to the word ‘discussion’.  Notice the punctuation for each instance of the repeated word.


� 	As [Quine] illustrates, much scholarly philosophy is little more than careful organization of plain common sense.


� 	We are under the illusion that what is peculiar, profound, essential in our investigation, resides in its trying to grasp the incomparable essence of language.  That is, the order existing between the concepts of proposition, word, proof, truth, experience, and so on.  This order is a super-order between—so to speak—super-concepts.  Whereas, of course, if the words ‘language’, ‘experience’, ‘world’, have a use, it must be as humble a one as that of the words ‘table’, ‘lamp’, ‘door’.	[Wittgenstein 1953 §97]


� 	The impact of cheap, reliable, fast, and universally available information will easily be as great as [that] of electricity.  Young people will use information systems as their normal tools, much as they now use the typewriter or telephone. …  In another generation people will have learned that the computer is their tool and not their master, [enabling] them to do the mind work they want to do.  	[Drucker, p.27]


� 	This is from a series of illustrations for [Borges] and is available online in Erik Desmazières’ Recent Prints.  See www.galeriedocuments15.com/artists/29-rik-desmazires/works/.


� 	This is not to say that a message is necessarily short; it can have any finite length.


� 	Another way to speak of anxiety is in terms of the gap the between information and knowledge.  A barrage of data often fails to tell us what we need to know.  Knowledge, in turn, does not guarantee enlightenment or wisdom.  … particularly in a world where all bits are created equal and information is divorced from meaning.  … Lewis Mumford restated it in 1970: “Unfortunately, ‘information retrieving,’ however swift, is no substitute for discovering by direct personal inspection knowledge whose very existence one had possibly never been aware of, and following it at one’s own pace through the further ramification of relevant literature.”  … in the pursuit of knowledge, slower can be better.  Exploring the crowded stacks of libraries has its own rewards.  Reading—even browsing—an old book can yield sustenance denied by a database search.	[Gleick pp. 403-4]


� 	[Cassirer 1950], [Cassirer 1957], and [Diamond] teach how symbols figure in human culture.


� 	Knowledge is the subject matter of epistemology. 	[Polanyi], [Coffa]


�	The notion of pure sense datum is a tenuous abstraction, more conjectural than the notion of an external object, a table or a sheep.  It is significant that when we try to talk of the subjective, we borrow our terminology from the objective: I feel as if I were falling, I have a sinking sensation, I feel on top of the world, I feel as if I were really seeing real pink elephants. 	[Quine ch.21]�XE "Quine, Willard Van Orman" �


�	What Wittgenstein writes about signs, symbols, and words at �HYPERLINK "W/Books/Books by HMG/Book2 Patterns/Takings/Philosophy/Wittgenstein/TLP/Tractatus.xls"��TLP 3.32 ff�. is what most computer scientists understand in connection with “representations of information”.


� 	� REF _Ref236731657 \h  \* MERGEFORMAT ��Figure 15� merely hints at what might be discussed.  For instance, it does not distinguish “The book is on the table” from “The book was on the table”.  


� 	It lies in the nature of a picture to have to add certain arbitrary features for the purpose of representation. …  One goes beyond experience as soon as one infers from a picture … even a single new fact.  Is it mathematically certain that … one will not have to replace Fourier's equation for heat conduction by a different relation which reduces to the former only in cases hitherto observed, so that for … new observations we have to alter … our conceptions as regards heat exchange? … 


	Just like … the fact that heat exchange between two touching bodies is proportional to the temperature difference between them, so gas theory with the general laws of mechanics … carries over to the smallest parts, which are indispensable if one is to represent extended bodies.  The assumption that one and the same kind of smallest parts suffices for representing the liquid and gaseous state of aggregation seems to me well-founded.	[Boltzmann p.47]


�	Suppose that one of the early words acquired by a particular child is ‘red’.  How does he learn it?  He is treated to utterances of the word simultaneously with red presentations; further, his own babbling is applauded when it approximates to “red” in the presence of red.  At length he acquires the art of applying the word neither too narrowly nor too broadly for his mother's tastes.  This learning process is familiar to us under many names: association, conditioning, training, habit formation, reinforcement and extinction, induction. 	[Quine ch.21]


� 	A user foraging in Wikipedia’s labyrinthine galleries for “Babel” finds “Babel (disambiguation),” which leads in turn to the Hebrew name for ancient Babylon, to the Tower of Babel, to an Iraqi newspaper, a book by Patti Smith, a Soviet journalist, an Australian language teachers’ journal, a film, a record label, an island in Australia, two different mountains in Canada, and “a neutrally aligned planet in the fictional Star Trek universe”.  And more.  The paths of disambiguation fork again and again.  For example, “Tower of Babel (disambiguation)” lists, besides the story in the Old Testament, songs, games, books, a Brueghel painting, an Escher woodcut, and “the tarot card”.	[Gleick p.374]


� 	Thinking is serious business … and it is not likely that language, the physical image of thought, portrays a pattern of mere fancies and vagaries.  In so far as language is incompatible with scientific reasoning, it must reflect a system of thought that is soberly true to a mode of experiencing, of seeing and feeling, different from our accepted mode of experiencing “facts”.


	This idea … made the forms of misunderstanding take on … importance as archaic forms of understanding.  The hypostatic and poetic tinge of language which makes it so often recalcitrant to scientific purposes is a record not only of a different way of thinking, but of seeing, feeling, conceiving experience …  The problem of mind and its relation to “reality” took a new turn with the hypothesis that former civilizations may have dealt with a “real world” differently constituted from our own world of things with … qualities and causal relationships.  	[Schilpp p.384]


� 	We attribute objectivity to a determinate connection of the contents of consciousness; we regard it as the expression of being, when we have grounds to assume that the form of this connection is not merely contingent and arbitrary, but is something necessary and universally valid.  For the moment, it is not yet certain what gives us the right to this assumption; nevertheless, it is not only what our whole consciousness of truth and objective validity rests on, but is also what this consciousness essentially con�sists of.  	[Cassirer 1981 p.147] 


	The boundary between objective and subjective is far from decided, even among philosophers.  “It has been a central tenet of the pragmatists … that judgments of value are empirical in nature, and so have a cognitive or theoretical character amenable in principle to control by scientific methods. …  Carnap has certainly affirmed the opposite.  He has maintained that we can deduce no proposition about future experience from the sentence ‘Killing is evil’, and that value judgments, of which this is an example, are ‘not verifiable’ and so have ‘no theoretical sense’.”	[Schilpp p.94]


�	There seems no reason to believe that we are ever acquainted with other people's minds, [as] these are not directly perceived …  All thinking has to start from acquaintance; but it succeeds in thinking about many things with which we have no acquaintance.	[Russell]





