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FRSTRACT

In this work we have attemntéd to define rreciselv
the term 'inforraticn;, and to do so in a wav sufficientlv
general to he ernlicakle to the mvriad situations in which
people apply the term., Yo have identified a collection of
basic obiects as antecedents, herein called nourena, and
aragued that these are the onlv torics which hurans use as
a basis for inforration. 2 noumenon ccupled with a reaninao

nder

jtn

function is then defined to ke information. The remrma
of the paper vprobes some of the consecuences of this structure,
relating it teo prhvsics, computation, inferential loagic, commu-
nication, knowledce, the entreonv function, value theorv; to
theories of Marschak, Shannon, Rrillouin, Moles, PRar-Hillel

and Carnap, and others; and to informal evarvdav situations
involving the information in a book and the transzlation of

information from one lanauage to another.

In all, we find the pronosced definiticon at once satis-

fvinalv sirmle end comprehensive. Tt clarifics the relation-
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ship between information theorv and physics, taking a posi-
tion guite different from that of Rrillouin and Peters. With-
in the proposed structure, the svmbol processina theories
of Marschak and Shannon emerge as prominent examples of the
kinds of specific models that need to be analyzed to effect
understanding of particular information processing situations.
Perhaps rest satisfving is the extent to which aesthetic
asvects are describable in our terminoloov: The information
content of art and the enjovment it evokes are as readilv
described in terms of noumena, meanina functions and value

as are the workings of a mechanistic information svstem.
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FOUNDATIONS TFFOR A GENEFRAL THEORY OF INFORMATION

I. Technical Exposition
I7. Pelationship to Extant Vorks
III. Ceommentarv

David W. Peterson

INTRODUCTION TO THE FOUNDATIONS

Packaround

The past 40 vears has seen the development of several
theories vertaining to information, for it has heen recog-
nized that information is one of the fundamental centities
with which humans must deal. In contrast, theories concernina
the ecauallv fundamental entitv energv have heen developina
for at least 300 vears, with the result that we are todav in
posscssion of such useful and complimentary concents as con-
servation of momentum, conservation of enerqgv, ecuivalence
of mass and energv, the princinle of uncertainty, and manv
other general laws which enabhle one to deliberate cuantita-

tively and obijectively problems involving energv.

The theories of information have not vet attained this
unity. The statistical communication theorv of Shannon treats
coding and transmission problems in a statistical setting and
introduces a convenient measure of volume of information,
ignoring philosophical issues relative to the fundarental na-
ture of inforration, and practical issues relatina to ccono-
mics of information processina. A phvsical theory of infor-
mation, germinated by Szilard and develonad v Rrillouin, re-

lates information to phvsics also within a statistical setting.
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The relationship is accomplished in a wav which success-
fullv explains the paradox of Maxwell's demon, thouch the
explanation could as well be accomplished without their
formal definiticn of information. This theorv too fails to
capturce certain fundamental aspects of information, and it

avoids questions of economics.

The theonry of Marschak deoes introduce some economic
considerations in the obhtaining and processina of informa-
tion for decision murposes; his work represents a sionifi-
cant enrichment and extension of Shannon's thecrv. Tt does
fail, hovever, to exrlain what information is, a shortcoming
that does not impair its intended use. The theory of Moles
intreduces and expounds in a cualitative wav the aesthetic
aspects of informration. The works of Fisher and Hurvticz con-
tain rcferences to measures of information which thev developed
for rarticular purposes of their own, and while useful within
certain settinas, the measures are not associated with full
flecdaed attempts at the developiment of an information theorv.
The semantic information theorv of Rar-Hillel and Carnap deals
with some problems of meaning, concentratina particularly on
the loaical implication relation, but the technical viewpoint
they adopt docs not appear broad enough tc explain meaning as

it is experienced in everydav affairs.

While cach of these theories points up sore aspects of
information which are important within the particular domains
for which the theories were develoned, none of the theories
appears to be broadlv cnough based to bhe ashle to accormmodate

all of the others. Furtherrore, none of the theorics defines
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in a satisfactorv wav the verv entitv with which theov

o 3 S N T T e - e R § y - P N
oo, anlorroevion. Incoad, Uany authers scer RN
to aveia the (Liorrmhk,

Sharnon recocnizes and adrits this lirmitacion of
trnecucn ranv enthusiasts of the Shannon thoorv
crun v s serarlensk this, Drillouln (srona aothors)

rects tho iemee head-on and defires information to ho one

<

ol its vyrocoriices, a lowical error corrarahle to that of

GCofinine & rarrle to he its masce. Anotroer offort ¢
oFf Vosito oo 7 s . inforratis Coin owhiieh
15 uaz®el in maving docigions. This definition is wvacuz in

that it leaves inforration defined in terms of tne eclusive

and undefinad words cdata and decision.

Thus the situation recardinag the theorv of information

is &t this tirme one of disarrav. There are several nartial

N
<

thecories pecorlv related; none of the theories annrcar

9]

to he
constructed on what could be considered elementarv or funda-
rmeo b5l brincirles. The diversitv of theories, lack of comrmon
ground, and lack of fundamental principles, are a hindrance
to clear, nrecise, quantitative thinkinc concerninc informa-
tion, the sort of thinking which 1s necessarv to come with

the multivaricus vrrehlers of inforration nroczezine.,

Purnose of the Present tork

It is the purpose cof this paper to nrovide a preciselv

defined gencral frarw - irhin which to accomrodate the
further studvy of inforration. & secondarv ohiective is to

intorrelate relevant existine werks in order to anpreciate

more fullv their siagnificancec.



An Overview of the Toundations

Inforration is defined in Part I in terrs of those
things which are universally perceived bv human heings, and
in terms of set merbershio functions revwresenting meaninos,
The definition aprears sufficiently general to label as in-
forration anvthina anvone would ever be inclined to call in-
formaticn, and it possesses a satisfvinolvy sirmmle mathema-
tical preciseness. This definition is then intervreted in
the contexts of natural laws, computation, meaning, inference,
knowledce, comrunication, wvalue, and, in closing, in the

contexts of several colloguial usadges.

In Part IT7: Relationshir to Extant Works, we indicate
how our viewpoint contrasts with or reinforces rreviously
aiven viewnoints developed bv phvsicists, economists, psvcho-
loagists, phileosophers, statisticians, and enaineers. In the
Commentarv (Part IIT), we aopraisc the new epistemoloqy with
respect to its comprehensiveness, nhilosophical lirmitations,

and its sionificance for future research.



FOUNDATIONS FOR A GENERAL THEORY OFF INFORMATION

I. Technical Exposition

David ¥. Peterson

ABSTRACT

Set forth hercin is a mathemrmatical framework for
the explication of infcormation ahd its nrocessing. The
pronosed epistermoloav for information is analvzed in re-
lation to natural laws, computation, meaning, inference,
knowledae, communicatiocon, wvalue and colloguial usaace, as

each is viewed hv the author.
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FCUNDATIONS FOR A GENERAI, THLORY OF INFORMATION

I. Technical Exposition

David W. Peterson

Intreduction

In this first part of a three-part work, we present
a matheraticel viewnoint of the.universe and the aspect
thereof that aprears to correspond to the colloouial usage
of the word information. The presentation is purposelv
cryptic because it is desired to assemble here a concise
collection of ideas which can then be discussed in total

in subseauent parts.
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the propertv of heinag spherical. Formally, we define

prorvertv the same as nourena:

Definiticn 2. 2 set of subsets of E4 is called
1

a prorncrtv,
In arvlicatien, cne praomaticallv desianates only certain

nourrcna as properties.

Definition 3. A nourmenon W contained in a prorertw

n
P 1is said to vpossaess nronartvy P,

Thus if a nourmenon is a subset of the set of spherical nou-

mena, it is svherical.

In some contexts a nourenon acts as a sion, svmbhol
or desicnaticn of sormethinc. The meaning of such a nourenon

appcars to he representahle in terms of a meaninc function.

Pefinition 4. Tt D denote a subset of U. A func-

tion 1, : b > [0,1] associated with a noumenon W

is called a reanino function.

Consicder for example the noumenon associated with the word
"tree". This noumenon consists of 211 regions in space-time
wherein the uttering or writing of the word "tree" has taken
or will take vrlace. The meanina function associated with this
noumenon canrtures the meaning of the word "tree" bv assignina
to any noumenon correspondinag to a real tree a value near 1,
and to nourmena which do not corresvond to real trees, values
near 0. In this case D may be taken ecual to U. 1In other
cases, I mav be much smaller, as in the case of a meanina
function associated with the phrase "this is true": It doesn't
make sense to aprly this meaninog function to a noumenon corres-

ponding to an avple, so such a noumenon would be excluded from D.

Noumena and their meaning functions are the bhasic ingre-
dients of information. Snecificallv, we define the followina:
Definiticn 5. 2 tunle < N, NN > , where M is a
noumenon and M., its meaning function, is called an

I

information iten.
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Dofinition €. 2 nonarnty collecticn of information

itoms 1is called informatinn.,
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and information. Ve mav censideor anv eohdect to
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- s o

Iomoaumaran av onrrashond o gsomnthing ahwstract, as

B

Tor o2xicmin Lhe crard Tthrea”, as nrevinouslv illuastratnd,
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nownanon o a warzon Lo B ronregoantod Bwohis sacanine
u recosmizine that £to a aiven »erson, 5o (in
asurana 7ill o harvn no mnarticular meoaninag (ile.,,
the domain of Lthe meaninag Tunction 711l he nearlv or
totally emntvy) . Ue do not evclude the mossihility thaz
animals and commuters nay He thousht Lo Bnssess neaning
functions, nor do ve exclude the nossibility that urnon
occasion a noumenon nay have assocliated with it +w7o or
nore neaning functions.  Whnen a nowtenon is accorded
meaning throuoh the anmnlication of a meaninc function,
e reaard the set consistine of tha noumenon and meanina
function as infeormation. Mlso callina unions of such

sets infornatinn, we nraserve the grammaticallv sircgular

usace of the word,
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Laws and Commutation

A law, as used here, corresponds to a natural vphvsical,
social, hehavioral, matheratical or economic law, but not in
general to the tvpe of law from which lawvers derive their

livlihoond.

Definition 7. 2 law is triple < P, B., 0 >, where P
and 0O are proverties and BN < 0 for each N C P,
Thus, if N 1s a noumenon with promerty P, the law permits

the assertion that the nourenon (wvhich devncnds on N) has

N
"N
propertv 0. The vrroperty P might ke that associated with

the words a marbhle rollinc freelv over a larce, flat srooth
surface", the noumenon N might be a narticular occurance of
such an event, P mioht bhe a similar occurance displaced
into the Future, and 0 might be identical with P. In this
case the law would summarize the bit of human wisdom that ce-
nerally predicts a marble rolling freeclv on a flat smooth sur-
face will continue to do so. As with meaning functions, we
regard laws to be personal entities. Our laws are not immu-
table unknown eaguations according to which the universe evolves:
They are the individually held models of how space—-time vheno-
mena are related. That different people mav construct auite
different laws is emphasized by the following aualitative de-

finition:

Definition 8. A realistic law is a law which is appa-

rently rarely violated.

One realistic law might postulate that n 1is discretely
valued, an assumption consistent with quantum mechanics. If
one assumes further that the structure of n 1is so coarse that
(as suggested by the uncertaintyv principle) it is not possible
to distincuisgh pairs of co-ordinate sets which differ but
slightlv, one concludes that the distinculshable disjoint
sub-sets of E4 are countabhle, that it is reasonablie to use
onlv the o-alcoebra built cn thesc sub-sets (instead of §,

all of the sub-sets of E4) to define information, anl that,
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therefore, the numher of noumena in the universe 1is at most
c .
a mere 2 . The further assurption that the number m of

4

distinouishable disdoint sub-sets of E is finite leads to

the conclusion that the numher of noumena in the universe is
m

27 .

A realistic lew can he used for making inferences ahout
events standinag in anv space-time relation to the noumenon N
of Definition 7. 1In order for communication to take nlace he-
tween indivicduals, however, it is necessarv that the acent re-
ceiving the communication emwvlov a law which is not onlv rea-
listic but causal. 2doptinag a relativistic set of laws as ao-
verning the hehavior of the universe, we could srpecifyv in nre-
cise terrs the idea that causalitv reauires the noumenon P;\1
of Definitien 7 to have onlv elements contained in the inter-
section cof hackward-time (or else forward-time) liaght-corcs of
points in elerents of HN. Sufficient to exhibit cur concaynm
for the matter is the followina more cualitative staterent,

vwhich nermits one to postoone cormmitrent to relativistic laws.

Definition 9. A causal law is one vwhich relates noumena

suitably spraced in tire.

What constitutes a suitable tire displacement of nourena
in the determination of the causalitv of a law mav varv widely
with circumstances. VWe have suggested an example involvino liaght-
cones, hased on a tvpical relativistic analvsis. Sccial laws or
phvsical laws applied to highlv non-viscous areas of n mav
impose more stringent restrictions on the causalitv of a phv-
sical or social law; the 'provacation velocitv' mav be con-
siderably reduced, thus producing a tire cone ruch narrower

than the cone of the relativistic examnle.

The following cdefinitions express the verv ceneral way

in which we view the process of computation:

Definition 10. A realistic causal law is called

an alcorithm.
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Definition 11. et A = < P, B., O > be an
algorithm. Let N be a noumenon such that N < p,
Let P ke a subset of E4 " containing the ele-
rents of N and of RN. We call the pair < R, A >

a COI‘:"I‘Uth .

Thus we recard as a computer anv reqion in space-times, pro-
perties of wvhich are related throuoh a realistic causal phv-
sics. A radio nlus the understandino by someone that it con-
verts radio waves into audible sound constitute a cormnuter.
An cconcmv alona with scme understandinag bv somecne of some
aspects of its evolution constitutes a computer. With this
viewnoint, one sees that all of the universe and all of the
realistic causal laws are available to him as raw materials
for calculaticn and the processing of information. In addi-
tion to our dicital corputers and electronic analoa computers,
any chunk of the universe stands readv to act as a computer
if we can but descrihe its bkehavior throuch a realistic cau-

sal phvsics.
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The Mlaebra of Meanina

The meanina of the word sofa is taken to bhe, roughlv,
the sct of all thinos which are sofas. Associated with a
nourcnon which is this particular writinag of sofa is a rea-
ninc function ™ which assigns to everv noumenon in the
universe a deorce of rerbershiv in the class of sofas. A
nourenon N is a sofa 1f M(N) = 1, it is not if M)~ 0O,

and its classification is uncertain if M(HN) = 1/2.

In like manner, the meaning of 'libertv' is taken to

be the meanina function vhich assians values near one to
noumer:a which are examnles of lihertv, near zero to those
which are not. An especiallyvy aprealinag feature of this forma-
lizaticn of the ceoncent of reaninag is that humans arpear to
learn reaninos larcelv by examnle. 2 child learns t
of the word vcllow throudgh the examination of ranv examrles:
dandelion blossoms and ears of corn are in the set, healthv
qrass and chocolate cake are out, sometimes the sun is in,
sometimes its merbershin is tenuvous, sonctimes it is out al-

together.

The characterization of rmeaning through meaninag functions
is sugagestive cf a calculus of meanina. Consider for examnle

a nourenon A consistina of all printed secuences of the words
it is cold and it is raining (A)

and a noumenon B consisting of all printed secuences of the

vords
it is cold or it is raining. (B)

Related to these noumena are two other noumena, C and D,

seaquences of printed words

it is colad (C)

it is raining. (D)

MAssociated with these four nourena, In thcir current context,

and MD' It is of inter-

are meaninag functions Mo MP’ M
est to examine the extent to which these functions are re-

(-|I
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lated. We assume the domains ¢f the functions to he U.

If a noumenon E € U 1s a qgood example of something

cold, we should expect that

MA(E) is undetermined
MP(F) 3 1
Y‘.C(h) = l
MD(E) is undetermined.

In all, we would anticipate that for anv F ¢ U

MA(E) x 1 imnlies NB(E) 1, MC(E) =1, Mp(E) =
MA(E) = 0 implies nothing-
MB(E) 1 implies that either HC(E) 1 or MD(E)
or Hoth
MB(E) : O implies Mp(ﬁ) 0, M. (E) O, M (E) =
M ) z irnlies d D
IC(E) 1 imnlie PB(F) 1
T i i M z
MC(E) 0 implies “A(E) 0
I impli M :
MD(E) 1 implies 'R(E) 1
~ : 3 * - -~
MD(E) T 0 implies JA(E) z 0.

A collection of relationships amonao the meaning func-

tions can be cdevised to reflect these implications. Letting

and y denote the conijunctive operations 'and' and 'or', and
- denote the negation operation, we note that

A=CAD (1)

B =C vy D, (2)

and postulate that

Ma y D(E) = MC(F) + HD(E) Mo A D(1:)
H_C(F) 1 - MC(F)
M (E) = O,
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where 4 is a self-contradictorv noumenon, e.qg. C A (~C).

1

By these postulates we ensure that the meanino func-
tions associated with an alcebra o of noumena are well
defined and have the proverties of a probabilitv function

when aprplied to a fixed E € U, namely:

v

1) ™M_{L) 0O for each D ¢ «a

D
- M + =
2y If D],...,Dn ¢ &« are such that My A D.(E) 0
i 9
for 1 # 4 and MDl Voeee v Dn(E) = 1, then

It is critical to note that the operations A, vy, -~
are conceived as locgical operations on meanirgs, not prima-
rily as phvsical operations on noumena. It is incidental
that the operaticns on the meaninags can, in this instance,
be so closelv related to orerations on the nourena. Cone-

rallv, meaning functions associated with various nourcna

and their cormhination are acuite unrelated. Thus the ;meaninas
of the letters of the alrhahet combine in no particular wav
to vield the meaning of a word, nor do the mesaning functions
of the 50,000 noumena associated one-to-one with the 50,000
scrapns of paper into which this page micht be torn combine

in an orderlv wav to produce the meaning of this pace. The
problen is analocous to that of trving to determine a joint
probabhilitv functicon agiven onlv the marcinal functicons: in
general, it cannot be done. In the case of probabilitv, the
construction mav not bhe vossible hecause the variahles in-
volved are not statisticallv independent; in the case of mea-
nino functions, the construction mav fail hecause the noumena
used as svmbols have meaninas dependent on the context in

which thev are used.

Thus we conclude that vhile it is rossihle to construct
simple relationshirsamona the meanina functions of scme sne-
cial zlaebras of nourenz, it is cencrallv not possihble to do

so given an arbitrarv alaelra of noumena.
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The knowledge of an acent, 1f we accept the present
frarcvork, is exactly describable in terms of the distri-
bution of elements comprisina the agent. If an agent could
be examined in sufficient detail and if one knew the mea-
ninas of the noumena encountered in the examinaticn, presu-

rmahlv he could determine just what knowledae the agent possesses.

On a somawvhat more operaticnal level, it secins natural
to cdescribe the krowledcee prossessed bv an individual as the
awareness that certain noumzna have certain pronertics. We
capture this by characterizino the knowledoe of an aocent as

a set of meanina functions:

Definition 12. 7he krowledae of an agent, 2, 1is the

set of meaning functions {4}, which he emplovs.

The properties that such an agent recognizes we assume are
of the form M1 ], where T<[0,1] and M ¢ {M},, and
unions, complirents and intersections of such forms. Know-
ledce of a law rmicht be ecuated to knowledee of three meaning
functions: One each for the properties P and O of Defi-

nition 7, and one which identifies noumena of the form NURN.

A measure of the arount of knowledae of an individual
is the number of noumena he can distinquish throuah anpli-
cation of his meanina functions. Tet PM be a partition in-
duced on U by the meaninag function M, as it gencrates

cells of the form M % [{x}], x ranging over [0,1]. The

product of all such P, as M ranges over {M}A is a par-
tition P dividing U into a set CA of cells.
Definition 13. The cardinalitvy m of C is the

A A
amount of knowledae associated with {M}p.

As to the cuality of the knowledoe nossessed bv an agent,
nothing can he said within the wresent context excent rue-
fully to acknowledoe that it is rossible to knew much of

little wvaluce.
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Remark 2. The cardinality of CA is at most that of U.

Supnose that at the beginning of his life, an indivi-
dual's collection of meanina functions consists of a larcae
nurbher of functions, each with empty domains.3 As he matures,
the individual modifies these functions bv communicating,
thinkinae and foraettina. If an elementarv modificaticen of a
reaninag function is to assion it a new value on a reaion of
U, (thus enlaraing its cdomain or altering its value on a vnor-
tion cf its domain), and if such a modification reouires, for
an individuel, at least some positive amount of tire €p then
after a finite amount of time onlv a finite numbcer m  of such
modifications will have heen macde, and the cardinalitv Ma
of CA will be at most the finite number 2™,

Pemark 3. If the cardinalitv of U {is infinite and

if the mwechanism of learninag is as just described, an

individual cannot learn all there is to know.

Let two sets of meaning functicns {M A and {M}A,
be related to each other in the folleowinag wav. For cach

M'e{M}A, let there exist a function G  such that for each NeU,
MU o= GLIMMN) T,

Thus the set of meaninag functions {M}A. can be "derived”
from the set {M}A' A function G might, for example,
corresrond to the supremum operator on {M(N)} A or some

other simple operation.

Definition 14. If two sets of meaning functions {M}
and {M}A, are related as above, we say the set {M}p.
is introsrectivelv denendent on the set M}p.

Rerark 4. The partition P induced on U hy {M}A
is (weakly) finer than the partition P' induced bhv
{M}A..
Thus, the emcunt of knowledoe associated vith a sot of mean-
ing functions is no greater than that cf a set of meaning

functions on which it is introspectively dependent.
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An example of two sets of recaning functions one of
which is introsnectively dependent on the other arises in
connection with computino. The set of meaning functions
assoclated with the output symbols should be (in anv useful
case) introsnectively dependent on the set of meaning func-
tions associated with the set of inrut svmbols. It mav also
be that the meaning functions representinag the knowledge of
an ageni after a reriod of introsrective thought (i.e., no
corrunication or fresh ohservation of his environment) are
introsnectivelyv denendent on his meaning functions at each
earlier instant durinc this period. In this context, Remark 4
claims that the oguantitv of knowlecdge of an individugl is
increased only throuudh cormunication and experimentation. Of
course, introsmnection can areatly increase the aqualitv of a
set of meaninc functions while recducinco the ocuantitv of know-
ledge, for it mav happen that many unimportant distinctions

are cast out in the process.
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Communication

Among the clenents of communication bhetween two agents

(%

Aoand Poare the folleowing:

1. 1 must know an aleorithm < », B.,n > for communicating
with B

2. A must welieve P hnows the meanina function to use to
nrororly intarnret the fortheooming sianal.

3. A must initiate a nourmenon M with nrowmertyvy P, vhich he
believes will cause a noumenon T, (the sional) of

tyme O Lo inninge on .

vr

A, B nmust detect from vThatever nownenon imninges on him

that a communication is intended.

,

5. % omust annlv the meaning function ™, to the noumenon

L)

vhich ic A to detcrrmine what M is tryino to communicate.
Fvidently, somethina can ago wronc at any step:
1. M mav fail to sneak loud enounch, or bhe unaware that a
telenhonn circuit is faultv.
2. A may thin% B understands only TFrench, and not kncowing
French, 2 mayv net even attemnt communication.
3. N may forqget to call B.
4. P may dcze throuch the discourse.
5. B may in fact understand only French, and he unahle
pronerly to interoret 72's Fnalish.
Recognition of such nossihilities comes easilv from the cde-

talled descrivtion of the comrunication nrocess. Stens 2, 4

and 5 are major stumhling hlocks in the effort to cormunicate

by R

with thincs in other worlads -  or with anirals.
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Consicder two acents A and B as characterized bv
sets (M}, and {M}B of meaning functions, respectively.
Communication bketween A and B may be regarded as intro-
spection on the set {M}A U (M}B of meaning functions,

generatina new meaning functions {M}p. and {M}B..

Repark 5. If the wartitions PA' PB’ PA, and Pp,
are induced on U hv {M}A, {M}B' {M}A,, and
{!-*}B. , then

PA, is no finer than PAPR

P is no finer tha P P..
R er than  PpPp
Thus tre amcunt of knowledce acent P can vossess after
conversation with R . is limited from above hv the cardinalitv
of the set of cells into which PP vartitions U, and

AR
hence hy the product maT cf the cardinalities of CA and CB'

For Agent A to cormunicate with Agent B, Ahgent A
"must cause certain kinds of noumena to amnpear near P, and B
must epplv the proper meaning functions. If nourena D1 and

D have meanings M and MD , corresponding perhaps to

Dy 2
D1 - red licht near B 1is illuminated (A turned it
on to indicate that there is a telephone call for R)

2

D2 ~ blue light near R is illuminated (A turned it

on to indicate that there is a visitor waiting to see B)

then the noumenon DIUD2 cannot have a separate meaning

(arbitrarily chosen meanina function) such as

D]UD ~ both lichts on {A turned them on hecause the

2
coffee is readv).

Renark 6. The raximal numher of nourena which mav be

assianed independent meanings permittinag unamhicuous

interpretation is ¢, the cardinalitv of space-time.
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Thus, thouah the thines about which one micht wish to speak,
the nourena comprising U, are of cardinality 22C, one's
vocabularv consists of at most ¢ noumena. This limitation
on comrmunication 1s fundamental, and independent of the
assumption that the cardinality of space-time is that of the
set of rcal nuirbers. If m is the cardinalitv of space—tine,m
m finite or infinite, the set of nourena has cardinalitv 22
which is strictly oreater than the maximal number m of nou-
rmena wnich can he assiuned arbitrarv meaning functions and

still ke unarbicuously decoded.

In fact the limitation may be more severe than suaces-
ted above when one considers the nurher of noumena which will
ever e successfullv used as svrhols. For an individual to
assian a reanino to a svrkol is an act reouirina a non-zero
amount of tire, during which, we assume, he cannot assian
nmeaninags to other nourmena. Thus an individual, in a finite
lifetirme, can decode but a finite number of noursna; and a race

of individuals enduring forever can ascribe appronriate mean-
inas to at rnost a countahlv infinite nurber of nourena. Hence
our abilitv to comrunicate is agrosslv inadequate to accommo-

date the totalitv of things which we micht wish to communicate.

In the communication of knowledae from aeneration to ge-
neration of mankind, it apvears reasonable to sunpose that the
amount of knowledce of an individual humen, measured as in
Definition 13, is finite. This mav be because of nhvsical 1li-
mitations on the diversity of meanina functicns which the brain
can accemrodate, or sirply because of the finiteness of life
and the discrete nature of the knowledoe acguisition process.
With a finite huran population, the knowledge of mankind is
thus also finite bv our measure. The bhound on human knowledae

thus obtained can he inCreased if

the elerental learninag process can he speeded up

rJA
B

)
) the foraettine process can he slowed down, or
)

the vonulaticon increases,

e
[
[N

but the bound rermains finite and a lid effective in sucgeoesting
that ultirmately the kncwledoe possessed by man in aces past

can be retained onlv at the exnense of forgoino new knowledae.
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Thus even mankind as a group can differentiate throuah
communication amona onlv a finite number of the 22C
noumena - and thiz sharp limitation on the number of
cormunicable distinctions is not likelv to he sianifi-
cantlv altered. The few meaning functions mankind mav
possess rmust be carefullv selected to ensure their ut-
most usefulness. The procress of the development of
humean knowledce shculd he measured in terms of the cua-
litv of these functions, not of their associated amount

of knowledge.
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Contemnlation

Because everv jdentifiable obiect (including ideas
thoucht, words used, and sofas built) is presumed to he a
noumenon, 22C is an upper hound for the number of these
entities. If one makes the pracgmaticallv appealina assurmn-
tion that anything worthv of bheing described as an idea or
thcuaht erists over some ownen interval in space—-time, then
the assurmntion of a countablv infinite population ©f thinkers
leads to tne conclusion that the numbker of thouchts past,

present and future is, at most, countahly infinite.

This restriction sucgests that thouch one mav think
about sets containino elements numbering well in excess of
“o’ one cannot rossihlv contemnlate all the individual ele-
ments of such sets. Hence there are scveral classifications

of sets:

. Finite sets can be contemnlated elerment by elerent,
thouah not all finite sets will he contemnlated since
the set of finite sets is of cardinalitv c.

. Countablyv infinite sets can be contemplated element
bv elerent, but no one human of finite life sran will
accomnlish the entire task.

. Sets of cardinalitv areater than ﬂo can re conceived
as entities themselves, and sore of their elements can
be conterplated. However, not all elements can be con-
templated even bv a finite cormunitv of thinkers.

. Sets of cardinalitv agreater than 22C can he regar-
ded as being composed largelv of elements which can-
not be identified with reality, since the cardinalitv
of the set of nourena is at most 22C. Indeed, this
restriction mav be considered in force even for sets
of cardinalitv greater than ¢, for the latter is

numher of ncurena which can he assioned

imal
independent recanings.

These restrictions cn what sorts of sets can he con-
ceived rose interestinae prohlers for decision rakers who
are wont to consider sets of all possible outcoires, all
possible actions and all possible ohscrvaticns: Unless these

scts are finite or unless thev are describahle in terms not
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requirinag contemplation of each individual memher of each
set, these sets cannot be imaained, constructed or speci-
fied (we sav thev are unimaginable). This barrier may nartly

explain vhv the mathematical theory of decision is not

more widely used.
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The Valuve of Inforration, the fualitv of ¥Ynowledoe

Though economists, enacineers and statisticians have
utilized reasures of the value asscciated with inforration
in certain circumstances, there appears to be no wav of for-
mulatina a useful value or cualitv theorv on the level of
generelitye of the information theorv we have thus far deve-
loped. The major obstacles to the formulation of such a ce-

neral theorv are

i) the considerable practical difficultv of
assigning a nurerical value to an information

item cr a collection of items, and

1i) the lack cf anv general rules relating the
values of individual infcormaticon items to

values of sets of such items.

The ascsionrent of a value to an item of inforration
involves considerations of the use to which the information
will ke vut and the rewards cained therebv. The value must
depend on the tire at which the information is brouaght to
the attention of that acgent. There is no mnarticular reason
to sucnose that value can, in all circumstances, he expressed
as a recal nurher: DReceipt of an item of information mav be-
nefit an agent both financiallv and psvycholoaically, or its
effects mavy bhe svread over time or smace in a wav necessi-

tatina that value be vector—valued.4
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Sarmnle ITnternretations in the Theorv

M book is a noumenon which acts as a svmbol to which
manv people would assicon meaninas similar to those assianed
it bv its author. The book itself, beina a nourmenon, is an
appronriate topic for discussion auite indemendent of its
function as a svrmbol. Usuallv, the reader of a hook is inter-
ested primarilv in its role as a symbol, and has but nassing
interect in the hook itself. The book contains, bv itself,

no inforration in anv sense.

The value of the information a reader derives from a
book mmav ke economic, aesthetic, or both. This value mav
arise keccause of the svmbholic asrnect of the book (e.qg., it
tells one how to improve his economic conditicn, or it eli-
cits a feelinc of satisfaction Ehrouqh the depictinc of a
heart-warrina secuence of events), or bhecause of the utilitv
of the hook itself as a raritv, an item of court evidence
or a door damh. The reader of a book mav be thouaht to ermnliov
a great rmanv meaninag functions. Functions mav bhe associated
with noumena corresponding to individual words, vhrases,
paraorachs, chanters or the hook as a whele. The dormains of
the mweanina functicns mav be exterior to the author (in case
of a factual rerort) or interior to the author (in case of a
persconal outwouring of eroticon). In the vrocess of reading
the book, a reader's meanina functions undergo chance and

hence his knowledce alters.,

Two books, one written in Enalish and the other its
French translation, represent the same information in the
sense that an English person readina the English book, and
a French person reading the French version, will perceive,
throuch their meaning functions, nearlv identical distinctions

amona the noumena in U pertinent to the topic of the hooks.

A digital computer is proorammed to differentiate among
the symbols or noumrena in an input set, and to respond in
accordance with an algorithm to vield noumena in the outout
set. As far &s the comnuter is concerned, the input noumena
need have no reaninag. The outvut nourmena derive meaning by
virtue of their relation throuch the alaorithm to the inout
nounena; and thev derive additional meaning if reanings are

assianed to the innut svmhols.
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Surmarv and Cecnclusions

In this work we have attempted to define precisclv
the terr ‘'inforration', and to do so in a wav sufficientlv
general to be apnlicable to the myriad situations in which
veople avply the term. We have identified a collection of
basic oliects as antecedents, herein called nourena, and
consideored these as the onlv topics which hurans use as a
Fasis for information. 2 nourenon counled with a meanina
function is defined to he an information item, and informa-
tion is identified with sets of information items. The re-
mainder c¢f the paver probes some of the conseocuences of this
structure, relatino it to natural laws, computation, mreanina,
knowledue, cemmunication, contemvlation and value theorv,
and to inforral evervdav situations involvinog the information
in a hcook, the translaticn of information from one lancuace
to ancother, and the general nrocessing of inforrmation bv a

computer.

In all, we find the rrovosed definition at oncec satis-
fvinaglv simple and cormprehensive. In II. Relationghiv to
Extant orlks, we shall show how it relates to previous de-
velopments in nhilosonhv, enoineering, eccnomics, aesthetics,
computer science, statistics, psvcholoav, linauistics, and

physics.
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1. Another definition of "propertv" which might be
convenient in some anplications would emplov fuzzv sets or
arades of merbershin of individual subsets of E4 in the
set (= propertv). Our sirpler treatment is adeguate for the
develonment of several conclusions regardina computation

and cocrmunication.

2. More explicit notation would he <N, MN’ D>,
where D is the domain of MN.

3. A more realistic starting point might be one in
which a standard set of bhiologicallv inherited meanina func-
tions is postulated. It is interestinq to spmeculate on the
variability of such a standard set in the evolution of man.

4. That information can possess value other than that
measured in torrms of dellers or sirilar units associated
with acarandizerent seemrs first to have been clearlv expoun-
ded by Moles. An exploration of the relationship of his work

and the works of others to the present one is presentced in II.
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Foundations for a General Theorv of Information

IT. Pelationchin to Extant Works

David W. Peterson
Abstract

Set forth herein are references to manv works in the
areas of philcsonhv, enogineering, economics, statistics,
psvcholoev, linguistics, computation theorv, aesthetics,
logic and phvsics which are relaﬁed to the nresent work
on general information theorv. It is shown that the view-
point expressed in Part I. Technical Exrosition satisfac-
torily accormodates manv previcuslv expresscd views, and

improves, in the author's opinion, on some others.
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Fcundations for a Gencral Theorv of Information

IT7. Relationships to Extant Vorks

David W. Peterson

Iptroduction

In this second nart of a three-part essav, we present
a survev of scire of the work which has preceeded our own.
Pertinent rrevious works are Verv numerous and are from
such a diversitv of disciplines that we can, within the
scope of this maner, onlv hopre to indicate through selected
citations that the theorv presented in Part I. Technical
Exposition is a consistent step in the developrmant of a
coneral theorv of information. With this aim, we discuss
the relationship to cur own of previous develonments in

each of several diverse discirlirnes.
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Ph%}osonhz

Substantial nortions of the Qiewpoint expnressed in
I. are to he found in the philosophical literature. Our
hxiom, for exarmnle, is a srecific statement of Planck's
first fundarental cannon of natural philosophv,
namelv that there is a real outer world(which exists inde-
nencdentlv of cur act of knowinc), a view similar to that of
Plato ( 1,138-9]. The word "nourenon" has previouslv been
used to refer to "an ohiect that is conceived bv reason and
consecuentlv thinkable hut is not knqwahle hv thes scnses:
(a) thing-in-itself" 47,1545 | - a meaning which ¥ant devel-
oned [22,267—285] and which convevs scmething of our view
of how primitive are the sets of sukhsets of svace-tire.

The identification cf thires with their svatial co-
ordinates was sucoested by Descartes [»6:14{]r the inven-
tor of the rectanaular coordinate svstem. PRy takina as
nourena sets of subsets of space-tire, we appear at odds
with Whitehead's asscertion that "in a sense, evervthing is
everywhere at all times" L§8,8i]. The resolution of this
disparitv may lie in the recounition that throuch amnrlica-
tion of natural laws and meaninag functions (which we choose
to define senaratelv from ohijects), information concerning
an object mav he located anvihere in space-time. At worst,
the disparitv can he attrihuted to a difference in rodels,
with the consecucnce that in some situztions one model mav

he more anpronriate than the other.
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In survevina the literature on knowledge, ve were dis-
maved bv the aeneral lack c¢f precisely defined terms. We
felt that manv assertions could have heen more forcefully
made (or nerharps would never have been made at all) if ini-
tiallv some hasic terrinoloqv had been preciselv defined.
Thouch nanv exarnles are available, we cite Chisholm's
definition of truth and compare it with one of our own, as
this indicates how pracmatically we recard the concent of

truth in addition to dermonstratine a use of our terminoloav:

Chisholnm [ 7,10?}: A belief or essertion is true pro-

vided, first, that it is a kelief or assertion with
resnect to a certain state of affairs that that state
of affairs exists, and nrovided, secondly, that that

state of affairs does exist; and a heliery or assertion

is false prrovided, first, that it is a belief or

assertion with resnect to a certain state cf affairs
that that state of affairs exists, and provided, sccond-
lv, that that state of affairs cdces not exist. It is
true that a ugiven state of affairs exists provided

that that state of affalrs exists; and it is false that

a given state of affairs exists provided that that
state of affairs does not exist. And a truth, finallv,

is a state of affairs that exists.

Peterson: "True" is a word. Almost everv Enalish-
speakina praerson has a non-trivial meaninag function
assoclated with this word. A noumenon is aenerallv

true 1f a sufficientlv larac number of these meaninag
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functions indicate sufficientlv stronag merbership in
individuals' sets of true noumena. A noumenon is true
for an individual if his meaninag function assigns it
sufficientl? strona mermbershin in his set of true

noumena.

Cur definition involves terrms which are gencrallv unambicuous
and widelv understood, or which have been precisely cdefined
in such terms. Tt also avoids the difficulties associated
with having to deterrine if a state of affairs recallv does
exist, and, for that matter, havina to define what a state
of affairs is if it dgos not exist.1 Our concewnt of truth
is pracvratic and individual-snecific: "true" is a word and
like all words it helcncgs to the people. "Ultirate truth”
is different frer our "truth", and the former seems to bhe a
less uscful concernt. Our concent of truth oernmits flat-earth-
ers to he regarded as truthful, their model of the world he-
ing satisfactorv to them for their purposes. This view mav be
similar to the one held hv Parmenides [:6,19 :] when he wrote
"All thincos that mortals have estabhlished, believing
in their truth, are just a name ...."
That inductive inference is the onlv process bv which
new knowledae comes into the world is an assertion of Mill
[; 27 ]. In our view, all inducticon is done introsnec-
tively: meaninag functions are altered in some fashion,
perhaps "loaical", perhaps unexpleinable. Mathematical in-
dvction, using the standard scheira of showinag that a rnroposi-
tion P{(o) 1is true and that if for anv n 2 o, [}(n) is true -

P(n+}) is trué], is a verv specific kind of intrcspection.
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The reaninco of the vord "true" in this context is that held
bv a circle of rathermaticians for such contexts. A nronosi-
tion proved bv induction is often said to ke true (bv these
rathematicians), but the truth of the proposition does not
autoratically follow from the proeof: rather, the nroof ralkes
the rrorczition nlausahle, and for lack of anv substantial
evirence o the contrarv, the nrorosition is desicnated as

true. Pecause induction is introspective, it does not in-

crease the amount of knowledoe (as reasured bv our Definition

19

1 an indivicdual, thouch it rav well result in hetter

8]

4

Y o
oraanization of his knowrledoe. Concérnina the less formal
tvres of irduction discﬁssod hv Hintikka E 17 j and Porner
[ 35 ] vo have little to sav except to note that these too
are introsnections.

The internrectation we v»lace on a natural law recardina
its fallarilitv and transitcrv nature is well-established
in the literature; Duher [ 14 ] for erample articulates our
view. Matural laws beina nersonal beliefs, it is follv for
example to debate the issue of deterrinism in hopes of
"settlince" the matter. We should adrire the heautv of the
words (Tennvson [ 42 ])

"The stars," she whispered, "blindlv run."
not aroue them. Tf a man doasn't have a realistic phvsics
throuch which he can nredict sore asvect of the evolution
of the universe, then to hirm the universe, in that asnecoct,
hlindlv runs.

X precursor o cur coripination of nourena, natural

laws 2né¢ rcanine functions to transmit inforration can he
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found in Bishep Eerkelev's writinags [}8,6?]:
"Is it not plain, therefore, that neither the castle,

the planet nor the cloud, which vou see here, are

those real ones which vou suppose exist at a distance?"
This sucgested distincticn is rmaintained in our terminoloav.
The adeauacv of languace as a vehicle for exchanoing
inforration has undergone studv from ancient times, and
our cuantitative conclusion concernina the shortace of
unicuelv decodeable cormmunication svmhols was clearlv an-
ticirpaoted in cualitative forms:
Cassirer 1;5,107—10@] "Tf we ﬁook an exact rerroduction as
our norri, we shoﬁld ke driven to an attitude of funda-
mental skevnticism toward the value of the siaon as such.
If for exarnple, we reuvarded it as the true and essential
function of lanacuage to express once again, but merelvy
in a different medivnm, the verv same realitv that lies
ready-made before us in particular sensations and in-
tuitions - we should ke struck at once by the vast
inadequacv of all lanaquages. Measured by the limitless
richness and diversity of intuitive reality, all lin-

guistic svmbols would inevitably seem empty ..."

Cassirer [ 5,123] "In his youth he (Plato) studied with
Cratvlus who, in opposition to the Sophists, renresent-
ed the vositive side in Heraclitean thought, since he
lonked upon words as the true and authentic instru-
mnents of knowledoe, cxrressino and encornassing the

essence of thines. Heraclitus had asserted an iden-
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tity between the whole of language and the whole of
reason; Cratvlus transferred this identitv to the re-~
lation between the particular word and its conceptual
content. (...) With surmassing ironv Plato tears down
the thesis that there is a naturallv correct term for

every existing thing ...

Corcias seerms to have anticipated this inadecuacv of lan-
cuaae and shared cur (Planck's) view of the outside existing
but not necessarilv knowable world when writina [ 5,187]
"if there is bheing, it is inaccessible and unknowable;
if it is knowable, it is inexvressibkble and incommunic-

able."
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In our definition of noumena, we have aiven ecual
importance to 2all nourena, even thouagh most noumena corre-
spond to iterms of little or no use. In practice, there are
relatively few noumena that we assign names to, and also
few wvhich we do the honor of desicnatinag as a propertv.

Just how we hanpened to nare the nourmena that we have, or
how we harrpen to work onlv with the proverties we do seenms
to be the result of a lonag series of arbitrary choices.
Pussell [37,33] writes

",..from a logical »noint of view, a prorer name mav

be assioned to anv continuous portion of space-time. "
Agrecing with this, wé have left noumena formally undiffer-
entiated.

Donald MacXav's worl on informration thoorv we mention
in this sectiocon not bhecause he is a professional philosovher,
but because his work, arising in a scientific and engineering
environment, is of an unusual deuree of generalitv. MacKav
[:24 j introduced his basic ideas at the time when many of
his colleagues were over-enthusiasticallv welcoming Shannon's
great work. MacKav and Par-Hillel (of whom more will be
said later) were notakle in continuing to develop their
worthy ideas in spite of the fact that for a long time
general interest in information theorvy centered onlv within
the narrow confines unintentionallv fostered hv Shannon.
MacKav araoued stronaly for recardina meanina as personal,

notinag that meaninec is alwavs meaninag to soneone. He re-

coanized that there are differences amona intended, received
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and conventional meaninas, and that it is not reasonable

to suprose "...that onlv what can bhe expressed.nreciselv

in words has precise meanina." In gentlv chastising the
enthusiastic users of Shannon's entropv function, MacKav
remarks that information is not anv of its pronerties, but
somethina else. Although we do not, in I., adont all of
Mac¥av's rodels, we have cuantified meaninag and Kknowledage

in a wav which appears to us consistent with his qualitative

models, and we reacard his work as a close ancestor to our own.
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The Shannon MModel

A simnle form of the Shannoﬁ [ 39 ] model is as follows:
A Source, consistinag of an alphabet A = {al,...,an}
of svrmbols, one of which is emitted by the
source each second. The svmhol cernitted is
chesen accordino to the fixed probabilities
P(ai}, each selection independent of all
prececding selections.

A Channel, consistina of an input alvhabet 2 and an
output alpharet P = {bl,...,bm} and a tran-
siticon preobahilitvy matrix with elemrents
p(bj!ai). The channel can accent one input
per sccond.

It is assured the scurce can be connected to the input of

the channel and that at the outnut of the channel, an attempt
is made to determine which svmbol or svmirols the source
recently emritted,.

For this general model, we mav reagard acs relevant onlv
those noumena associated with the alvhabets A and B. In
a specific case, an ay might mean “send help" or "bhuyvy
bonds," end in such cases it might be reasonable to assian
a meanina function to each a; . with the present general
statemrment of the model, we sec no reason to associate mean-
incs with elerments of A. The meanina of a b_i is in a
sensc rio rore cefinite than that of an ai. Howoever, because
of the mechanical svstem bheinc rodelled, intercest attaches
to the fact that an ay becets a bj' and that knowledoc

of a particular hj which has occurred enables one to assess



49 -

the liklihood with which each aj micht have caused that
bj' Conseguentlv the mezaning function Nb associated

: ]
with a warticular bj micht reasonablv be defined onlv

on A, and M (ai) might measure the liklihood with which

b.
J
a; caused bj. A particularlv convenient wav of assicanina
values to "y (a;) is to let it le p(aiibi), the prcha-
3 :

hilitv that «iven bj' a, occurred. The informaticen which

o

is associated with an output svmbhol is the single elerent

set {<hj' M. >},

Ve ncte incidentaliv that the reaning of "a symbol from
A is selected"” micht cenveniently rte identificed with the

function p(ai) as ai rarces over 2, and that the rean-

A svmbol from P has been selected” miasht he similar-

(5]

ing of
ly identified with p(bﬁ).

An observer watchino the output teriminal of the channel

Iy

and usina the meanina functions M given ahove would have

b,
1

m .
} relative to the output. The arnount of

knowledge (M
- e s
J a=l
knowledge he has (akout 2 given PR) would be the numher
of ecuivalence classes into which the functicns {Mb } par-
3
tition ».

Shannon's entropy functions, used to measure uncertain-
ty, surprise, averace information volume, and channel capacity
are aopronriate to this tvrpe of model but not necessarilv to
other tvnes. Thev are adood examples of mecasures which nmust

he introduced in certain circumstances to auarment the func-

tions and terminclogv developed in I.
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Econcnic Works

Jacob Marschak [ 25 | describes a svymbol processing
svstem of more complex structure than that of Shannon.
Marschak's intent is to examine cuestions concerning the
econonics of svmhol processina, and he explicitlv intro-
duces such effccts as npavoffs resultina from decisions made
on the hasis of inforration rececived, and the costs of date
collecting, vrocessinc and transmittina. The svstem he
analvzes, like Shannon's, can be'described in terms of
nourena and their relations throuch nhvsical laws, and, as
in Shannon's system, the nourena need have no meaninc outside
the svstem for the analysis to proceed.

In a different economic context, work on information
guantification has develooed from the observation that the
proper functioning of an econorv reauires the constant inter-
chance of information amona agents, for example in advertisina
their wares and makina their needs and desires known. The
free market and price mechanism serve as nowerful reans of
summarizing and communicating information concernina the
availabhilitv of goods and services. However, there are
many variations cf econonic orcganization throuch which such
information miaght ke diseminated, and considerabhle recent
interest has heen shown in examining in detail the effi-
ciencies of some of these organizations.

Hurwicz [j21 ] examines an cconoric svstem in which are
identified individual aaents characterized bv their desires,

production and communication capabilities, and possessions.
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The acents cormunicate their desires as though throuoh a
general ressacce clearina house, and eventuallv actions are
aareed upon and effected. The informaticnal efficiencv of
this svstenm is measured in terms of the size of the set of
rmessecos or svmbhols which are recuired to convev the infor-
mation necessarv eventuallv to achicve appropriate action.
reiter [ 36 ] studies a somecwhat ceneralized version of
Hurwicz's svstem, reasurinc efficiencv in terms of the re-
duction of uncertaintv in the acents' knowledce of their
environment.  TFeiter defines the meanino of a svmbol in
a matheratically precise wav, as tﬁe set of states of the
environrant consisten£ with the occurance of that symbhol.
If 8§ 1is the set cf prozsibhle states of environrent in such
a model and if the occurance of a svemhol ©h  permits the
inference that sore subzet S§' of S contains the vresent
state of the environment, then the meaninc function associ-
ated with b mayv be defined to have the nower set of S as
domain, takinc values 1 on the powver set of &', O clse-
where. Thus our terminolooy accomodates itself to Peiter's

usagce.
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hesthetic Inforration

Aside from 1its association with decisions and naveoffs,
inforraticn ig associated with nleasure, dismay, boredom,
excitemaent - those states of human minds which can occur
in resrtonse to ohservaticn of noumena related to nmusic,
paintine ¢r one's aeneral surroundincs. Moles [;28;] sua-
gests that information dissociated with decision making bhut
giving rise to human emoticn be laheled aesthetic infor-
mation, and recoanized as inherently different from the
tvre usuallvy studied.

The present thecorv provides a sufficientlv cencral
definiticn of inforration to include hoth Moles' aesthetic
inforration and the information associated with decision
makina. Anv itcem of informaticn presumablv has some aes-
thetic value, as well as scire dearce of use in a decision
process. 2n iter: to vhich Yoles micht refer as aesthetic
information would be one for which the aesthetic value is
high, though perhaps not to the exclusion of its value in
decision makino. Thus while we appreciate Moles' recoanition
of aesthetic aspects of information, we do not view "aesthetic
informaticn" as inherentlv different from anv other tvpe of
information.

Though it is often difficult to assicn a number to the
economic value of information, it is perhans more difficult
to assian a numbcer to the acsthetic value. Indeed, it is
difficult to nut forth anv recasonable axions of aesthetic

inforration value, hut we are saved from a Germoralizino impass
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by recoonizing that there is no apparent purmnose served in
putting forth such axioms. I know, vet, of no reason whvy
we should want to cuantifv the aesthetic aspects of infor-
mation.,

One micht, of course, ke interested in ocuantitativelv
analvzina the content of theater works, obiects of art and
production line job reouirerents to make sure that there is
varietv enouah to keep the marticirants from falling asleep,
but this is a cuantification activitv we regard as within
the domain of psvcholocists, and not so rmuch a problem in
aesthetics. Moles obscrves, howevér, that acod art is often
complex in the sensc that it cannot be easilv transmitted to

the human mind in its entiretv. One mav contemnlate a good

n

praintinag many tires and still see rew things; a good svmnhonv

{

may be heard acain and acain, each time revealing new, in-
terestina facets to the listener: Good art tends to he com-
nosed of nourmena with richlv varied meaninao functions. With
our wav of thinkine of information, we note that thouoh the
artist prepares a nourenon, it is the beholder who supplies

the meaninag functions and anv value assessment.
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I

Computers and Computino

The rise of dicgital cornuters and the vast activitv
surroundina it have had a self-reinforcing effect of the
tvpe that has manifested itself throuchout historv with

uniragineable conseauences: the Greek identification of

9]

linres ond circles as elementary chijects ohscured for cen-
turies the analvtical results ohtainable from slicghtlv
different asxioms; the mrass choice hv the Chinese of a non-
alphabtetic writing svstem has surelv hindered their scien-
tific develorment; and even now our view of the world as
being comnosed of matter-enerav in a four-dimensional ex-
panse mav ke bleockina our efforts to develop rmore realistic
natural laws. So it is that digital comnuiters have swuna
attention awav frem the general nroblem of comnutince, and

rinkino about the process of computation. The

ct

-ricidified
concents of aloorithm and computehilitv are formallv devel-
oped (see, e.a., Davis [;ll:]) only within a digital com-
puting framework. So synonvrous has "digital computing”
becorie with "computina”, that efforts such as Cobham's [:9 j
to show that multiplication is intrinsicallv more complicated
than addition often fail to note that their proofs are in
support of the pronosition

multiplication is intrinsicallv more complex than

addition, on a dicital corruter.

On a slide rule, the situation is otherwise, bv most reasonable

reasures; and in general, compbutaticonal complexity must alwavs

IN]

he rmeasured with respect to a agiven computer.
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Comoutation, as we define it, includes the operation
of digital cemputers as well as electronic analoc ccomnuters,
and virtuallv all processes of simulation and analcaical
develorrent. Most striking about this viewpoint is the
claritv with which it points out the relative lack of
thecrctical and vhvsical development in areas of corputing
other than dicital.

Models cf diagital comnuters, with snecial reoard to
their tcchnical carabkilities, have heen developed hv Turing
[[44 ] and in more recent times hv Hartmanis and Stearns
[:lG_J and bv Vairavan | 45 |. With recard to the econo-
mics of cemputinag, the rmodel proposed bv Marschak [ 25 ]
represents scome initial procress. Even the Sharnnon channel
may he recarded as a ccrruter model -~ vperhaps a stochastic
comruter, althouvgh the mechanism of its internal omeration
is not as exrlicit as in rost models previcuslv cited. Neither
the Shannon nor the Marschak rodels pertain only to diaital
computers.

It seems guite reasonable that in some sense the in-
formation enterinag a computer must limit the information
leaving it. Shannon shows that this holds between the ave-

rage uricertainty H{(A) of the input and the average uncer-

tainty H(A|B) of the input agiven the outrut. Generallv,

H{A) Z H(\IB) 2 0. If the amount of information out of the
channel (or computer) is measured as H(A) - H(A|BR), and
the amount of information enterinag the channel is measured

as (7)), then O S 1(a) - H(A!B) 2 H(A).
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hnother sense in which this relationship between in-
put and output information holds is the followinag. IlLet

} at the output be defined,

the meaning functions &
! ¢ gk { b beR

as bhefore, onlv on the elements of A. If we take as the

meanina of “ai has occurred" the meanina function
fl, =1
Ma (aj) =
i lo, 5 # 1,

then {Ma}ag‘ partitions 2 to its ultimate fineness, hence
Y

at least as fine as the rartition induced bv {Mb} Thus

heR’
with these meanina functions, an ohserver of the output
kncws no more ahout the input, by our Definiticn 13 measure,

than an observer of the input. This conclusion ohtains for

arbitrarv sets 2 and BE.
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Statistical works

Several important concents concerninag information have
been ceveloped within statistical settinas. R. A. Tisher [ 15 7]
pronosed a measure of the arount of information a valuation
of a real random variahle rav bhe anticipated to agive, on ave-
racge, about its rean. In our terrincloav, Fisher recarded the
rmeaninag of "x is a norral random variabhle with (unknown) mean

. . 2, o .
u and a variance ¢ 2s the norral prohahilitv function on

e , e 2

the power set of the real line, with rarameters u and o .
This meanina function is characterized bv the rnormal prohabi-
Ny . . = . 2 . . 2
litv densitv function. ¥ (x;y,07), havinog parareters ¢ and o7.
The averadge amount of inforraticen an observation of x oives

about y 1is then defined as

2]

3y |2
fal 5 |

/v dx,

o
-0

which from the forecoina mav he recarded as a forrula for
mapving meaning functions into the real lirne. &. FKullhack
[:23i] also introduced some statistical measures of informa-
tion volume. These, along with the measures investicated bv
Blachman [ 3], are ocuite similar to Shannon's ¥ function.
Thev revresent, within our frameworlk, further examples of
specific measures of meanina function properties that can

be introduced advantageously for snecialized situations.

Information value has been treated exwnlicitlv bv

Howard [}8,15] vithin a contract hidding context, and a creat
deal of related work has been nukliched on valuc without
srecific reforence to inforrmation:  the utilitv theorv of

von Neumann and HMorgenstern [ 46rJ, with aucreontation bhv
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Savage [j38:] and Dehreu [:12:] heing esncciallv prominent.
Though utility theorv is useful in some situations to describe
information value, one can easily construct situaticons in
which the rules given hy the theorv do not lead to reasonahle
infoermaticn values. TFor example, an agent mav have learned
that the nrice of & certain securitv is due to change abrunt-
ly bv one d¢ollar, thcecuch he ltnows not the sense of the chanae.

To learn either that (E,) the nrice is going u» or that

1
(~E1) the rrice is coing down henefits the agent. If he is
hioghly risk averse, to learn that El will occur with pro-

hiri at all. 7Tn this case the

ct

babilitv .4 will no® henefi
values violate the basic and verv useful von Neunann-Morgen-
stern value relationshio

V(El, .4 -F L6)Y = .4V(E1, 1.) + .6V(~E1, 1.),
where V  mecasures the value of the inforration sugoested
by its arqurrent. Thus our attitude toward utilitv theorv ic
that 1t is useful in certain circumstances, that we rerceive

3
no direct conflict in terminolocv or rhilcsonhv,” and that
we have no ceneral improvements to add. W¥e are inclined, for
the present, to recard the concerts of information value and
aualitv of knowledce as semi-collogqguial, takina explicit
form onlv when one models particular situations.

H. Simon [:40:] evidently recognized in a ocualitative
wav the problem of unimaaginable sets in a statistical de-
cision-rmakino context. Pecause one cannot, in manv cases,
enunciate the full rance of possihle availahle actions, or
the full rance of wvossihle states of nature, onc is likelv

to save. frustration !v recoonizina the futilitv of determin-
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ing an "optimal" decision, and instead concentratinag on

choosing satisfactorv actions. (A somewhat analogous con-
clusion can be made in favor of heuristic over exact solu-
ticns to mathematical programmina problems - but the sup-
porting reasons are cenerallv based on comruter economics

rather than on the outricht irpossibhilitv of one of the tasks.)
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Psvcholoaoical Works

The Shanncn model cenerated a areat deal of enthusiasm
amona experirental psvchologists, manv of whom were anxious
to 2rnlv the rodel and measures to humans. 2As is well re-
cocanized now, the Shannon rmodel is not rich enouah in several
resnects to describe certain imvortant features of human
information processina. fttneave [ 1 | cives an account of
many works bv experimental psvcholoaists hased laréélv on
anplication of the Shannon I fﬁnction. Pecentlv, interest
has been shown in the developinent of nore detailed models of
human informetion procescsinag (e.c; merorv characteristics,
types of word associations), and the carcfree use of the H
function secems to have decreased. (See e.g. Wickens [49 ],
Norran r—31:], or for an overview of several rec=2nt works,
Newell [ 307].)

A recent viewpoint on the nature of lancuace and thouaht,
expressed by the nsycholooist D.R. 0Olson [ 32 ], provides a
qualitative model with which to compare some features of our
own cguantitative model. Olson arques that such entities as
"categories, meaning, meaning components and dimensions that
correspond to the recurrent features of the world" comprise,
in his terms, the semantic svstem. External to this are the
referents, ohiects and events in the environment. &n indivi-
cual, Olscn argues, doss not select words for use onlv based
on conditions within the semantic svstem (as micht be sugaested
by linguistic models analvzed bv Davidson [;10:], Chomsky {;8 t]

or Par-tillel and Carnav [:2 ]), hut also on the lhasis of
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conditions external to the semantic svstem: the referents,
obijects and events in the environment. A supportinag example

cited invclves the possible answer to the cuestion "who

threw the hall throuch mv window?"

The hov threw the hall,

If onlv cne bhov were in irmediate view, this answer would
suffice; if two or more hrovs were in view, it vould not.

e acoree that word choice is more realisticallv regarcded
as extra-semantic. 'toreover, we regard meanina as being ex-
tra-serantic, 1n the sense that it rav he considered to pre-
exist anv rules or structure: it is cnly under fortunate
circurmstances that moéninq functions are interrelated accordina
to sore sirple rule. We also agree that the meaning of a
vord is cgencrallv sensitive not onlv to the verhal context
within which it appcars, but to the surroundina envircnment,
as illustrated in the cxamnle of the hov{(sc) and the window,
With our msanina furctions, one rav in nrinciple describe not
onlv the meaninags of individual words within their verhal and
environmental contexts, but also the meaninag of a whole grocup
of words within a verbal and environmental context, or even
the reaning of the environment, includino the words. Thus
it is possible, without rmajor shifts in terminoloagv, to pass
easilv from consideration of the meanina of "bov" as just
used, to the meanina of "The hov threw the bhall” as just usecd,
to the meanina of the environment consisting of mv deck and
these panrrs scattered unon it., And there is no reason to
sunrosc that anv one of these meanina functions is simplv

related to the others.
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Lanouace and Meanina

Only a few selected ties of'our views to the vast
literature on larcuace and meaning can ke noted here. (A
cood initiel source for a more extensive comnarative analvsis
is provided bv Dixon [jl3 j who preceeds exposition of his
ovn views with an extensive literature review.)

The Wittcenstein [34,127] assertion that a sentence is
either true cr else false or elsc reanincless can he captured
7ithin our terminoloav bv letting the domain D of the rean-
inag function M associated with the word "true" contain only
those noumena which are either true or false, leaving as
meaninagless the noumena in U ~ D. To conform strictlv to
Wittogenstein's dictate, one would presumeably want M to
take value 1 for true noumena in D, the value O for false
‘noumena.

Ve agree with MacKav [24,11@] that the meaning of a wecrd
or sentence need not he exactlyv expressible in terms of other
words: our meaning functions are primitive, and we offer no
precise explanation of how thev came into keing, nor how thev
are interrelated. As Suppes [j 41 :] wrote concernina the im-
possibility of ever findino out what enerqv reallv is, so
think we that enerqy is only what people refer to when thev
use the word, and that no ultirmate energv can be determined
because the meaninag of "enerqgv" cannot be exactlv cormunicated.
As MacKav [j24i], Olson | 32 ] and Shanncn [;39:] arong manv
others have recocanized, meanina is associated with seclecticn,
and inasmuch as npeaninag functions differentiate arono nowrena,

we concur. More restrictive than our conception of meaninc is
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that of Suri L}B,ZQ@}, who states that "meaninog is an antici-
pated resncnse to a sianificant svrbhol." However, this
definition annarentlv could he cast into our terminoloav bv
a suitaeble choice cf meaning functions.
Generally, wo pnercelive most of the activitv in the area
of ararmar and sermantics as a studv of formral interrelation-
ships aronc rmeanince functions. Of Chomskv [ 8 ], Morris | 29 |
and Par-Hillel and Carnan [ 2 |, sowe leadinc authors on
these tonics, we extract onlv from the latter:
Let a2 lancuace svster L; denote a collection of n
individvals, &,,...,a, and ‘v  preoverties, PlreeedPoL

I.et an atomic statement he Piaj, which rendered in

words 1is "aj has propextv Pi." Let a content element

]

be anv disiunction which fo ch ¢of the nwv atoric

8

[¢Y]

e
statements contains either its statement or else its
ncagation. rtomic staterments are statements, as are
finite locical comhinations of atomic statements. The
class of content elements logicallv implied bv anv
statement (i) in L; is called the content of this
statement, denoted Cont(i).

In our terminoloov, the content of a statement is svnonvmous

with its meaning. The meanina function Mi associated ,with

a staterent (i) has as domain D the rower set & of the

set of content elcrents; the function takes the value 1 on

the subcsets of Cont(i), 0O e¢lsevwhere. The characterization of

implication in tcrms of meaninco functions thus becores

[(1) => (1)) <=> [".(s) S *.(s),¥¢ seS .
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Furthernore, an alonbra of meaning functions results directly:

UseS, g (s) = 1 () () :
Mo, {s) = - i, (s
Ly (8) 1 ! )
I o -— " { i { e~ 1 = AR (53 - 1 S L]
JiVj(J) max /Ty q\,.]\u), I (s) + (s) 5 (s) 5(s),

hiero oy, vooand A ronrnsent, rasnactivelv, disjunction,

neoation and conjunciion., Thus we recard the ar-"illal and
Zarnan el as onne involving hinarv-valued meeninoe functions

v ' l —~n

> submit to an alcebra, a characterization which sucoests

several avenues along which the model micht he extended.
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Phvsics

Attempts have been made bhv Brillouin [j 4 j, Peters
[3303 and others to link information and phvsics, larcelvw
throuagh the suacgestive similaritv between the Shannon H
function and therrmodvnaric entropv. Our view of the matter
is that this is a tenuous link at hest, and that a more viahle
relationshin is that hased on noumrena, meaning functions and
natural laws, as described in I. Our view of the relatienship
between the H function and thérmodvnamic entropy is developed
helow.

The cntropy function Y 1is a real-valued function defined

4
ces as follows:

N

on the set of descrete onrohrahilitv sn

H(P) = - I p loc o
PeP

where P 1s any countable sct of prohabilities summing to 1.
Like a mean or a variance, H 1is a function which depends
on an entire probabhilitv function, and a value of H can he
thought & sumrarv descrivnticn of the properties of P. The
value of H for a particular set 7P of probabkilities measures,
roughlv speakina, the variabhilitvy, unpredictahilitv or gene-
ralized dispersion of events governed hv P. 1In this resnect
it is analocous to the variance function, except that the
latter is defined onlv in case P describes the bhehavior
of a randem variable, while H 1is defined even if the events
occurrina in accordance with P do not involve numrbers.

A measure of the variahilitv associated with a pro-
babilitv function is in some sensc a reasure of the amount

of informaticn c¢aincd bv a rerson when he is told which
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forrer thae ontronv functinn is annlied to nrohahilities

oh:tainet in a rochaniea2l, irmmersonal wav, while in thn
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Summarv

To provide an appronriate c&ntext for the expositorv
work in I. fTechnical Exposition, we have brieflv surveved
various arcas of literature which relate to information and
informaticn rrocessina. PResults from each of these areas
have been relatced to our cown, and we find that our episte-
molecav aprears cquite adantable, in some cases lendina in-

sichts and precision of thouaght heretofore lackina.
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Foundations for a Ceneral Thecryv of Inforration

ITI. Correntarv

David W. Peterson

Abstract

set forth in I. Technical Exnosition

The foundations
e U

are discussed herein with recgard to their scope, limitations

to the spirit with which thev should

D

(ag

and essential features,

he anrplied, to the arcas of avnlication forseen, and to alter-

native forrulations. The opminicn is exnressed that these
foundations mav be useful to psvcholegists, linauists, com-

puter scientists, bchavioral scientists, desicners of infor-

mation svsters, eccnomists, and philosonhers.
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Foundations for a General Theorv of Information

IITI. Cocmrentarv

David . Peterson

Introduction

In this third nart of a three-part work, wve discuss
several aenerzal aspects of the foundations presented in I.
Technical Fxrosition. Discussed first are several philo-
sorhical pnoints; subsecuentlv are offered some thouochts on

possible aoplicaticns.
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Phileosonhical Asnects

The foundations set forth in I. are intended vprimarilv
as an episterologv to be useful in describing information
and its nrocessinc in a wide varietv of situations. Thev are
presented in ratheratical form to enhance their usefulness in
annlicaticns, where corputer-like exactness is sometimes a
necessitv., Thus it 1s onlv a secondarv matter that the foun-
dations have relationships to tormics of a philosophical na-
ture, and we see these relationshins as assvmetrical in the
sense that our work sgems to follow from certain well-esta-
blished lines of philosonhical thought, while we neither prer-
ceive nor reocuire that the work contribute to the develorrent
of such thought. Hevertheless, the foundations do raise inter-
estine cuestions which do not aprear to hear directly on their
usefulness in vnractical situations, and some of these are taken

un below.,

¥We note first that the foundations leadina to the defi-
nition of information aiven in I. are not a theorv, for there
is nothinc to be proved or disnroved. Tdentified there are
certain entities which seem to combine(in a natural manner to
give exrlications of toth technical and colloguial information
handlina scenarios. The imrortance of the foundations rests
essentially on this carahilitv. No claim is made that the
enisteroloov is unicuelv dictated from a set of hroad sreci-
fications, ncr that it revnresents some form of ultimate truth:
It is mercelv an identificatien and labeling of certain elerents,

done in @ way which shows pronise of heino useful.
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Arona the assumntions passed over lightlv in I. is
the one that sore form of coordinate svstem in space-tire
exists. Rut such a coordinate svster must be hound to the
irreccular features of the matter-enercv distribution des-
cribed bv the function n, and is not sorethina which could
exist for anv arbhitrarv distrihkution, nor does it necessarily
exist over the whele cf the domain of n. If the distribu-

tion is ncerlv horogeneous over a verv larage expanse, it is

Ficul: to iracine heow a cocrdinate svstem micht be con-

-

di
structed: Porsons on a shiv at sea on a cloudv night without
radio, cecmrass or clock have lirited means of distinouishina

s position at one time relative to that at another.

the shir
Continuine with this rathologyr, we note that according to the
Second l.aw cf Therrodvnarics, the mratter-enerav distributicon

s bhecoring more homocencous with the passage of time, sucaest-

[

inag that mranv vears hence it will he cenerallv more difficult

to estahklish and use coordinate svsters. lowever, for the present,
people ampear to bhe ahle to construct coordinate svstems which
work well enouch, and it is this with which we ‘justifv the

reference to a coordinate svstem in I.

In choosing the set U, the second-nower set of snace-
time, as the set of nourena we were cquided bhv the followina
considerations. Simple obhijects such as particular trees,

ontified vwith the one or more

[N

chairs and peonle can he id

subsets of snace-tire thev occunv. 2 meaninag function asso-
ciated with "this tree” cculd he defined on the subsets of
space-tirme in such a wav as to assion values near 1 to those

subsets of gnace-tire corresvondina to the tree,
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values near 0O to other subsets. Now what is the thinag with
vhich that meanino function is associated? A collecticn of
words "this tree" - but these words as an obiject are not a
sinale subset of smace-time: thev are hetter taken as a set
of subsets of snace-time, for their vhvsical dimensions are
not exact. Thus the ohiject with which we associate meanina
is an eloement of the power set of space-tire, and the set
of such ohijects is U. We have not encountered anv insur-
mountable difficulties in assuming that anv obiect, thina or
entity to which we micht wish to accord meaning can be regarded
as an elerment of U.
With reaard to theidomain of a mweanina function, the
situaticn anpears less clear. In J. we have taken the domain
as U, the second-power set of srpace—-time; in the above rara-
graph, the meaninag of "this tree" was identified with a
meaninag function havina as domain the first-power set of
space~time. Other rossibkilities exist: a convenient mrean-
inag function to associate with the obiject "number, according
to Russell” has as domain the third-power set of space-time,
and is develoned as follows:
Let hna be a subset of space-time containing n
thines, wvhere n 1is an intecger.

Let An be the set of subsets of space-time, each
of which contains n thinas.

Let N be the c=et of sets of subsets of space-time,
each of wvhich is an An for some n.

Let the rmeanino function ™ associated with "nurtor

accordina to Russell"” have as domain the third-
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power set of space-time, and he defined as -
1 if P = A

M(R) =
0O otherwise.

An alternative but less mechanistic reanina function assion-
able to "number, accordina to Pussell” 1is one which has as
domain the first-power set of space-time, and takes values
near 1 on those subsets corresponding to Russell as he
thought akout this concent of number, and lesser values else-
where.
Evicdently situations in which the domain of the reaning
function is the first-nower set of space-time can also he
treated with a meanina function havina as domain the subsct
of the second-power set of space-time consistino of sinale
elerent sets. Qur choice in I. of the second-pover set of
space-tire to contain meanina function domains was made bhecause
i) it is at least as cornrehensive a formulation as
that in which the first-rnower set contains the
meaning function domains;

ii) it arpears that for applications, having as domain
the first-power set is usuallv sufficient;

iii) the adoption of the second-power set introduces a
pleasinag symmetryv, in that the obfdects with which
meanings are associated also constitute the domain
of the meaning functions.

In practice, the identification of a thouaht, word,
idea or thing with a nourenon is likely to he a trivial
matter, as when in II, we made such identifications for

the Shannon and Bar-Hillel and Carnap models. Tt 1is a



solering suqgestion, however, that all thinos, words, ideas,
and entities that ever were or will be, or which one can
contemrplate, are icdentifiable with so small a set as U,
the powver set of the power sct of space-time. Such a state-
ment aopears at odds with the fact that mathematicians from
time to time deal with sets of cardinalitv ruch larger than
that of U; but such sets are alwavs defined intensivelv (not
extensively, i.e; exhaustiveliv), and recuire fcr their charac-
terization a nurber of noumena considerablv less than their
cardin&lity.

The choice of tne intcrval {O,l} as the ranage of meaninag
functions is arbitrarv.and somewhat cavalier, for it imposes
a restriction on the number values a meanino function mav
take, and it irputes an orxder to reanina function values,
neither of which mav bhe desireable in sore situations. The
chcice of the interval is convenient in cases where a mean-
ina function is élso a probabilityv function, as miaght he the
case in a Shannon-tvpe model. 1In case2 the meaning function
is binarv valued, as in the Reiter and Par-Hillel and Carnap
models, the range mav bhe simplified to be {0,1}. Primarilv
for concreteness and in rreparation for applications which
come to mind, we have settled on [O,l] as a recasonable ranqge.
The rossihle advantaces to he aained hyv recarding a meanina
function rere abstractlyv, rerhans as a vector-valued function
or as a relation on UxU, are not chvious to us and thev have
not heen seriouslvy investicated.

To characterize the knowledae of & person as a collection

of meaninco functions is vague in the respect that a person's
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knowledae constantly underqgoes chenge, and it is not clear
phvsicallv what it mecans to have a meaninag function at an
instant of time when it is not put to use, and when that
function is different at previous and subsecuent times.
Counter to this observation is the observation that our
reanine functions are not meant to suaggest anvy phvsical
mechanisms bv which a human retains knovledae; we intend
them onlv to describe in an overall fashion some informra-
tion handlino characteristics of a human. Thus it is not
too surpnrisina that the phvsical location, association or
sicnificance of certaiq individual features of a collection
of meanino functions mav bhe difficult to determine. Ve
persist in this characterization of knowledaoe believinog it
hoth reasonable and useful in at least specialized dorains,
such as those involvina knowledce of a comnuter's input
agiven its cutput, or involvinc the alteration of knowledge
throuch a well-defined loagical nrocess.

Our choice of definition of a natural law, thouach
couched in quite general terms, is not to be defended either
on the ground that everv known natural law can he cast into
this fermr, or that it is an egpeciallv useful form with which
to work.1 Rather, the formulation permits clarification of
our assertions that natural laws are subjective, that comput-
ing is a much more ceneral activitv than often thouaht, and
that it is necessarv for purposes of communication to emplov
a realistic causal law. Of cur definition of a law, we re-

quire nothina else.



-76-

Practical Prsrects

The terminocloav nresented in I. is intended orimarily
to perrit introduction into mvriad practical situations a
terminolocv which is at once nrecise and convenient. The
users c¢f information theorv have strugaled too lona under
the encurbrances imnosed hv partial and imprecise episte-
rolccies., It is our hore that our terminologv will make
absolutelw evident the distinctions sometimes reouired
armona the terrs data, inforration, knowledge, information
value, amncunt of information and so forth. We hope also
that the definitions posed will specialize naturallv to
situations of interest, and have indicated in II. how sore

of these specializations micht he undertaken.

There are several areas where we foresee that the
foundations mav kc avbplied. To psycholoaists, it micht he
interesting to determine what nurber of non-trivial reaninag
functions are characteristic of a human heinc, and hovw com-
plex these functions are. It micht be that some people are
best modeled as havina a few, verv complicated meanina
functions (verhaps revresenting exvnert knowledae), while
others would be hetter modeled as having many simple ones.
Corresronding to lonc-term and short-term mermorv, there
might be sorme reascnahle decav model stated in terms of
slow and fast erosions of meaninag function domains and com-

plexities.

There arc dvnamlc comisunication models te be built and
analvzed, with the intenit ©f iritatinae the human learnine
process and devinina the relative rerits of experimentation,

conversation and introswection at various staaes in
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life. There are models (perhaps now of more interest to
sociolocists or lincuists) to he built describing how two

or more cultures, each with its own set of meaning functions,
rerge to form a new culture.

With resmect to the area of comouter science, our
world view indicates the possibilitv of seriouslvy studvina
computers other than the usual digital tvrnes, in order to
devzloe new thenries of computation, a deeper understanding
of what constitutes an econonicallv efficiept comoutaticon,
and ultimatelv, new tvpes of efficient comnputers.

Ipnlications are forseen as weil in the desiaon and
modificaticon of informétion svstems in organizations such
as firms and cconomies. In these circumstances manv of
the flexibilities provided by the foundations, e.a., con-
tinuouslv variahle meaninag function values, rersonal, sub-
jectivelv defined meanino functions and a larce, rich domain
of referents (nourena), should be usceful. Extensions of
our work mav help illuminate the essential features of an
informationally efficient orcanization; thev will hopefullv
also shed some licht on the problems of the maintenance of
histocrical data, whose meaninag and rhvsical recovérabilitv

tend to decrease with time.
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Summary

The foundaticns set forth in I. Technical Exposition
and discussed in II. Relationship to Extant Works and in
the present paver revresent an attempt to quantifyv at an
abstract level the elemental concept of information. The
selection of entities to be named and their naming has been
done with the vorirmary purvose of creatince a terminoloay use-
ful in a vide varictv of information rrocessing situations.
The termrminolcov nrovosed and anal&zed avpears to be satis-
factorv in respect to its ceneral amrnlicabilitv, and it
aprears to fit naturallv into an evolution of thought which
has been underwav for centuries. PRut its ultimate justifi-

cation rests with the accomnlishments it facilitates.
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1We suspect the former may be true, and doubt the latter.

-



