- ~
o~
QM
T
NE S
I )

¥
7}
1=
Jf\
]
[
Db
" I
[t ]
i £°
3 D
o
I
Lb]
270
[CRR ]

NS
O
- e
LR
a0
oo
- )
AN
LS
will
3
K2
o

;

£8-8

NJ )

KREIPORT

~- - -~ fa il fal I ]
CERING FoBLLis

CIC-TNGINZZ

S0

Dece

ok

g i
oo 8

(Meh

e

DEN

oD
MMJ &)
"~
N O
o O
~ L

W 4D

P
e
s
%)
0

»a
er eo T}
[ A |
b
ol o9 L
2 on el

.

PR
-

e
il e wd

e
LA I
[ORRY]
by cpa
[A TR

o
T e
| i)

oV 0
oA
¥

j o
9 2
-

oG

5

o
il e €
IR
wme woem LR
B g
[ L
[y
= M)
e

a

s

-

-
I

prigfr To

3
utior
m

o @
O ...U fgaa
wm e 43
4 f e
g g
[ LI I
3 oo &
[ OS]

munication
an 18

'
3
;

[}

~
(e
P

[
20
w2

1

ta =l

i)

sad

.

oo

)
=

i

O =

(=T
[

Tved

P



L8 o <f

23 E A G N ~i < P e I R G i
Cro e e s BV BN W h R C R AY JATISY o

b

. :‘
e e
Wl e b

H

[ PR
(AR
Ty
[

3

PR

<
Lo wti

o wa QT o
MV O e

L] LI e ,..
5 [t} [T
i aren ym T ages
N e L1 &)
[ I
[,
440
[ & I A
a0
oy O
o
o7 & @ - Ll *
i . o 15 [ Ny




—
[}
LR
IR
Lo

A ol
: s
o [
- P

=
Rl

SRR E
S e D0
e R
3 SR A N PRI
s e s P
LR SR e s L
a . -
[ B A ] o e
L T el
e N
af v P P RARS a
L R T
B Ly 1
e Y L Y
O TS o R o
T . BT (o,
(R el Wmii ¢ w4 tural
- - ~ e rm tn R
[ S S IS

.
y

4
[
o

@
[

e}
N}

2
i
K

-

3
P
[
Fra——
A
;.
i
.
H B
e e
LAY e
ISP}
[ e
[N -
T
e
et
any
ey
it
— o -
R
-t -
. At

i

S

C
e}
pa
i
¢
[

[P T, - e - T
thes o on the vexlulness

oy e - ] e o yom <7 T
SUY Wad Suggeated many vedta

YoLne mathemat.co. Lheary

- S oy e \ -~
SHL RN pasiral vy ]
- e A . v 5o el 2
b (3.4)  mede {1 posss

SHELTALIen 07 SO0re Lneoit o
S "'D'"i" ~ MRS
ol b s e i L= )
R s . N
oy QTYTSSUIZSION U Lo o E
W Bt S e -~ - - o R P
[SI0RaN e ik SonSCRNe TR RPN
s ol e Vo A U I SO
2 N PR JeBLICE.
2 < ol e
coooonet Railmen Luil ron
B .ok [P AP e -
. U PR OWSaUh
. WHE oL Sonugay U
4 IR { A OE W  B L C  SS A R
L

. B e Y T R L -
Vi Vil MQFE:-:C:)‘, T S N




=R UL R L
b Ep
IERETEIN
R T
b

UEREHER

information

enlropy

Le

gof

o

pa

£

(o negentropy ™ in

HPL L :
< L R R 0T
ANy L s S

A g RS EERE

T b {
W T the TooT i o
SlLAUS Zilgdy

gginyed by the second

are veiated To

HQG aw

Flies ¥ B h
Tt : !
R8s P ¥
A e bl Thadn T i
& 7 2
' AL I o 3 RO AL 3
3 gk LYE T -
. P P
i W E 9
1 - R N ;
Ty < ;

CprewEnly OY«

Beth the

inei modynaming,

a wian v el L el nrgl
" ar Y s ;
I 457 |38 Wb il Tk
f : i :

o T )

S £ g Goo3l ol

Groomesge g o e doo

faw of thermodyrnamcs.

Phy&% a-

i L STRTT L0
m o .
Thoel [ L ¢
Fren, oot FE I
y
It
FER o 8
T el
TN - G 0.3
- - . L -
I il -
i T | N < -
.o ad me bLees E

ife process ard Yo negatfue.

YA







c. DEFINITIONS.

~efors proceeding with this study it is important to review the
dictionary definitions of the principal words we are using.
The definitions in Table 1 are from Webster's Seventh New Colieglate
Dictionary.(7) Where a definition uses directly another word, the

definition of the second word is also included in Table 1.

My plan for this paper s to first review some elementary
properties of finite sets of discrete messages that might be sent
over a telegraph line, These simplie examples wil! {liustrate the
the relationship of the probabilities of different messages being
sent, the negentropy component of the individua! messages, and the
negentropy of the set of messages, Then | shall consider a
hypothetical world divided fnto six countries of (00,000 people
in each country., These six countries will have a range of soctial
orders from fdedl democracy to a dictatorship. 1 shal!l assume
a set of probablility distributions for the chances of an individual
having a measure of freedom in these different social orders.

Then 1 shall make the hypothesis that the negentropy of the
set of probabilities of freedom in & country or sub-system jis a
measure of the "democracy" of the sub-system. The next step is
to compare these numerical results with our common sense rating
of social systems In order of increasing amount of "democracy."

If there is consistency we can assume the relationship between

"negentropy"” and "democracy”" s a useful hypothesis, even though



TABLE I: . DEFINITIONS

Definitions from Webster's Seventh Collegiate Dictionary(ﬁ?éB)

ENTROPY. o
fa: a measure of the unvailable energy in a closed thermodynamic
system so related to the state of the system that a change
in the measure varfes with change In the ratfo of the
increment of heat taken in to the absoiute temperature at
which {t is absorbed

Ib: a measure of the disorder of a closed thermodynamic system
in terms of a constant multiple of the natural logarithm
of the probability of the occurence of a particular
molecular arrangement of the the system that by suitable
choice of a constant reduces to the measure of unavailable
energy

2: a measure of the amount of information ina message that
is based on the logarithm of the number of possibie
ergyivalent messages ‘

- ——

3 the degradation of the matter and energy in the universe
to an ultimate state of inert uniformity

FRESDOM

Is the quality or state of being free: as

a: the absence of necessity, coerc%on, or constraint
in choice or action

b: liberation from slavery or restraint or from the power
of another: INDEPENDENCE

g:_wékEMPTION; RELEASE.
d: EASE, FACILITY
e: FRANKNESS, OQUTSPOKENNESS
f: improper familiarity
g: boldness of conception or execution
h: wunrestricted use

2a: a political right

20 FRANCHISE, PRIVILEGE

FREE

la: having the legal and political! rights of a citizen

1b: en joying civil and political liberty

(See also definitions 2 through 15)
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b 2B _ TABLE 1 (continued): DEFINITIONS

DEMOCRACY

la; a government by the people, esp.: rule of the ma jority

ib: a government in which the supreme power is vested in
the pecople and exercised by them directly or indirectly
through a system of representation usu. involving
periodically held free elections '

2: a political uniti that has a democratic government

2 cap: the principies and policies of the Democratic party
in the U.S.

4 the common people esp. when constituting the source of

political authority

5: the absence of hereditgry or arbitrary class distinctions
or priviiéjes. - :

JUSTICE

[a: the maintenance or administration of what {is just
esp. by the impartial adjustment of conflicting claims
or the assighmeént of merited rewards or punishments )

—

Ib: JUDGE

{ lc:  the administration of law; esp.: the establishment or
| determination of rights according to the rules of faw
or equity

2a: the quality of being just, impartial, or fair

Eb({gl'the brinciple or ideal of just dealing or right action
2b(2): conformity to this principle or ideal: RIGHTEOQUSNESS
2¢: the quality of conforming to law
3 conformity to truth, fact, or reason: CORRECTNESS

JUST

fa: having a basis in or conforming to fact or reason:
) REASQNABLE ‘
. Ib archaic: faithful to an original

lc: conforming to a standard of correctness: PROPER
2a(1): morally right or good: RIGHTEOUS
2a{2): MERITED, DESERVED

2b: legally right

LIMPARTIAL: not partial

PARTTAL : it Inclined to favor one party more than the other: BIASED
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2. Negentropy.

In this section we shall review briefly the concepts of
the entropy of probability distributions. These equations apply
to Webeter's definition 2 in Table 1. The exampies {d this section
apply to sets of messages which might be sent over abteLegraph Hne.
For those who want a brief introduction to Information Theory, 1
recommend the following books:

Coitn Cherry, On Human Communication (10)

Ch. Two: EvoTullon of Communication Science-- An

Historical Review
Ch. Five:0n the Statistical Theory of Communication

R. Duncan Luce, Bobert R Bush, and J. C. R. Licklider, Deveop-
ments in MatEgn;ﬁical cholo {11)
ar eory o elective Information and Bome of

Its Behavioral Applications

J. R, Plerce, i I nd Neise (12)
Ch. 1. The ' )
Ch. 11. The Origine of Infornatlon Theory
h. I11. A Mathematfcal Model
Oh. 1V, Endoding and Binary Digits
Ch. V Entropy

The entropy of the set of messages is defined as:
1 =¢ P qu: P (1)
where p, {s the probability that the i-th message will be sent,
8ince the probability p; i{s a posttive number between zero and one,
log py €0,
we can define the negentropy as minus the entropy,

H= =1, (2)
n .

Ho - ;E: Py log. p, ‘ | (%,
=| .

The choice of the base of the logarithm to the base two is

or

arbitrary. For this study eq. (3) becomes:
n n

H= - PI '092 Py = p' Ui (&)
Li ;-1
where Uf = =~ ltog2 p; ts sometimes called the "uncertainty.” ()

¥ Davlid Widdieton, Statistical Communication Thegry. N.Y.:NcGrasw-
Hit1{1960), pp. 283:5.
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Sample values of Py 'Ui’ and Uipi are tabulcted in Tabie II
for a useful range of values. For convenience of the user, tnege
sarameters are plotted in Fig. 1. There is a scale change in the
center of Fig. | where the direction of tne {o0g-lcg paper reverses.

The parameters p(x), U(x), and p{x)ui{x) are plotted against p(xJ
p P

]

on the left nalf and agianst Ll-p(x) . on the right nalf. This
cnoice of scale makes the curves asympgotiic to straight lines
for simpler graphical construction and appiication.

Curve (:) is the simple probability, plx).

Curve CE’ is the uncertainty, Ul{x)= - lo3n pix).

Curve @ is the product of curves @ andg , or the
negentiropy component H(x) corresponding to p{x).

IT we have a set of two messages which can be sent over a
telegraph line and their prooabilities of oceing sent are P and Prs
the total probability is o+ P2 = I.0. For example, if p = C.i

and ps = 0.9, we have from eg. (4):

;:—ho U, bl .Q 9 -9

H G.i log2 O. 1 0.¢ 1052 0]

The uncertainty terms can be calculated or read off of Fig. [,
H=0.3%2 + 0.137 = 0,45¢ Negentropy of the set of

messages.
4 curve Tor the total negentropy is pleotted in Fig., 24 for ali
combinations of P and pg. Tne negentropy of tne system is
maximum for p, = Pp = 0.5
For a set of three messages we have the condition
p, + Ps + p3 = {.0
wnich means there are itwo indepencdent variables, so we can use 2
vwo-dimensional plot to obtain equi~negentiropy lines for the case
of three messages. note that the edges of the triangular cocrdinate

plct in Fig 2B are the top projectiocon of Fig. 2A, Egui-negneiropy

1§
Ly

lines for = 0, 0.5, .G, 1.5, 1.5

(=

L

5 are plotted in Fiyg 23,



Joe
/55

VRO P N -

TABLE 11: NEGENTROPY COMPONENTS

Probability Uncertainiy

Pj

 0.9969530

0. 9999900
09999700
0.9999500
0.9999300
0.999900C0
0.9997000
0.9965G0C
0.9993G00Q
G.9990000
0.9970000
0.9950C00
0.993000C
C.9900C00
0.9700000
0.95G0000
C.9300000
0.9000000
0.700000¢0
0.5000000
0.3000000
0.1000000
0.0700000
0.0500G00
¢.0300C00
0.0100000
0.0070G0C
0.0050000
0.0030000
0.0010000
0.000Q70C0
0.00uU5000
G.00G3C00
¢.0001000
0.00007G¢C
0.00005060
0.00C0300
0.0000100
0.000007C

~-0.0000101
-~-0.0000144
-0.,0000433
~0.0000721
-0.000101¢0
~G.0001443
-0.0004329
~-0.0007215
-0.0010103
-0.00l4454
-0.0043346
~0.0372316
~0.01013¢4
=0.014499¢6
-0.0439434
~0.0740006
-0.1746974
-0.1220052
-0.5145723
-1.0500G03
~1.73695660
-31.3219289
~-3.B365022
-4,3219292
-5.0588949
~b.6438578
-~T.1584512
~-T.6438580
-8.3:08239
-9.,9657867

-10.4803600
-10.9357859
-11.7527527
~13.2877157
-13.80228439
~-14,287715%8
-15.0246818
~16.6096444
~17.1242177

Negentropy
Component

YiPj

0.0000101

C.G0OGO144
0.C0004332
0.G000721
0.00G1010
0.0001443
0.0004328
0.0007212
2.0010095
0.0014420
0.0043215
0.0071954
0.,0100634
0.0143546
0.0426251
0.0763006
D.0973686
0.13648028
0.3602013
0.5000001
0.5210898
0.3321929
0.2685551
0.2160965
C.1517668
0.0664386
0.0501090
C.0382193
0.0251425
0.0099658
0.0073363
0.0054829
0.0035108
0.0013288
0.0009662
0.0007144
0.00C4507
0.0001661
G.0001199
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In a similar way the triangular coordinate system for the
ihree-message system forms the four fa;es of the quadrilateral
cube with guadrangular coordinates. In this case egui-negentropy
surfaces for H =0, 0.5, 1.0, 1.5 & 2.0 are shown. For larger
sets of messages the equi-negentropy surfaces would be in
n-coordinate, n-Il space which is hard to visualize for n> 4,

The conditions for maximum negentropy can be extended to give
for the n-message case: p(=PpT «-....=p,= «%— (7)
1.0

n
and the condition holds that: E Py o= (6)

i=|

Three sample distributions corresponding toc maximum
regentropy are shown in Fig 3A. The cases for n=2 and n=4
cprresppnd to the centers of Figs. 2A and 2C. These distributions
will be used for reference when attempting to find an analogy
of negentropy to..use as a measure of democracy.

Another case of interest in future exfensions of the concepts
considered in this paper is the continous channel where there ié
a continous range of analog messages ihstead of a finite set of

discrete messages. In this case eq. (4) becomes

H :L/G:(x) log, p{x) dx (8)

For an electrical signal carrying a message on a telegraph line
with an average power of 0~2 and there is random noise on the
line, we have a theorem from Information Theory that the negentropy

is a maximum when the message distribution is gaussian, i.e.,

p(x) = W;,F e-(x2/2 T 2) (9)

The equivalent condition to eq. (6) is

ﬁ(x) dx = 1.0 (10)



oh | P4
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S 4 e

Fig. 3A Sample Distribution of Message Probabilities Vor
n=",4,10. (Discrete Noiseless Channel) Maximum Negertrogp),
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Two sets of curves are included in Fig. 3B to show sample
continuous probability distributions and also power distributions,
i.e., P{x) = 0T2:p(x). Thne p(x) curves give the probability of
messages in the range O to 100 occuring and satisfy eq. (10).

The power distribution curves satisfy

‘j/;(x) dx = o 2 : . {11),



(X d Ry dkuQ +7 mcqc-xﬁ}_.ﬂ.‘@ 2)FWL S A% 2 A

1o~ 3 fotd Taiee

[ : e RN

IV I H L
— L
I3 . 2 g

131 H .: By

PSR i - I

T H

. i

e 4

]

b1 =2

Y

.
by
by

—

1

DERE S 0N

S bt

ol
3y

Q
o

98 pon
177 il v
imuw_r i ++ =
e 4 v ] ™
i1 : it Jyts: IR
S + 4+ .LH,. v,
et 2 . IS PR T IEE -2

x bt @:.w SRl sEes T

- et Sriprbrapiebptidapaada

~ et bt dadt ke P

4 SHael SETEE
g i 3 dqeigrebefisiafay

R o apap i1 FEEed REES2IE2SE SRS ER)

O i i 114

n 1 i S

b

+ ey
PR
Fai

PR
!
i i
' EES0e bl spsie ppass
i G faant il 4+ 444
i Jiaagardagetis 2
| P P S : *\
| ESat SEp e by uis it ¥
[ e e 1
et i g H , I
! ; ;
Pdedyaat et | PYPITES PR SE Py 1
sbdadiit 11 3553 su 85 SETEe P b Fanas ¥ BEAN
Pl 1333 SR TR f >
LOBES DS 4 rsiiiina HH N

"k

Crisbree

PR
g b

. ...Ol” WS ME 3GYN
= up el X L Fupoesdaeg

paiva SN g gl % V0 09T X of
A5C OW A TH 02 SARSTE F WNa4NRM ._




3, Freedom.
) To assign a numerical value to "freedom”" is a difficult task.
There are many kinds of freedom, some of which are more valued than
others. The idéal way to start this section would be to get
some social psychologists to determine the retative weights to‘
different typeé of freedom. Since such information is not
presently accesib}e to me, I shall assume the following ten kinds
of freedom to have equal weight in order to obtain some trial
calculations.

I shall assign to each person a unit of "freedom" F;=1.0
If he is deprived of scme of his freedom his Fi becomes less than
cne and the perscn or persons interfering with his freedom have
Ff's greater than one, For example if a dictator reduces the
frecdom of his subjects to 0.5 and there are 100,000 pecple
under his control then the dictator's freedom is F;=50,001.
To obtain a measure of freedom that behaves like a praobability
function, we define a normaiized "freedom" function,

G, = Fs / n (12)

where n is the population of the country or sub-system.
In the above case the normalized freedom for each subject
becomes G, = 0.5x10™° and that of the dictator G,=0.50001,
i.e., the dictator has [00,000 times the freedom of a subject of
his.

In these sample calculations the measure of freedom is

arbitrarily between the following components of freedom:



(1) Freedom of SPEECN v v v v v « & + « o = « « » 0.1
(2) Freedom of religion « . « « ¢ &« ¢« + o « « « + Q..

{2} Freedom to print, broadcast, televise and
to ifisten to same T ¢ I

{4) Freedom to find sexual partner . . . . e e e G
(5) Freedom to obtain education . . . . . .+ . . . 0.1
(6} Freedom from job discrimination on
account of race, religfon, or .

national origin S
{7) Freedom to build or buy own home . . . . . . . O.I
(8) Right tovote v v « v v v v v v v e e e e . O
{9) Right to trial by juUry « . v « v v « + « o « « 0.1

(10) Freedom to establish small business or farm . O.i
F, . =
;§3 1J

Consider Country A, population of 100,000,where everyone has

O

the iceal amount of freedom without infringing upon the rights
of tohers, where everyone has an Fi = 1.0, In normalized units
everyone has Gi = 1.0 x% 105 units of freedom. A probabiiity
distribution curve for this country is plotted ' in Fig. 4A,

Next consider Country B, 0% of the people have restricted

freedom in accordance with the foliowing schedule:

j Group | (10%) Group 2 {90%
| 0.05 0.1
2 0.10 O. 11
3 0.05 0.1
i 0.05 0. 10
5 0.01 il
6 0.0l .11
7 0.01 0.1
8 0.01 0.10
9 0.03 0.10
10 0.02 0.112
Fl = 5.32; f‘-2 = 1.072
G, = 0.34x10=5 G, = 1.072x1075

0.10x0.34=0.034 0.60x1.072=0.966
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In this case it is assumed that the division into classes | & 2 is
by individual achievement, not by reason of national origin or
other factors determined before birth. In other words this case
represents a situation where any loss of freedom is determined
by individual consideration with due process of ftaw. This probability
distribution is ploﬁted in Fig. 4B.

Next we consider Country C which is asemi-democracy fn which
80% of the population have democratic rights, 10% have heriditary
rights to strategic jobs, and I0% are grouped as a class by

reason of ancestry to restricted jobs.

j  Group | (10%) Group 2 (80%) Group 3 (10%)
! 0.05 0.1 0.15
2 .10 Q.1 .10
3 0.05 Ol C.15
4 0.05 C.l 0.15
5 0.01 Q0.1 0.19
6 0.0! 0.1 0.19
7 0.0l 0.1 C.19
8 0.0l oL 0.19
g J.03 0.1 .17
10 0.02 G.i 0.18
F,=0.34 F.=1.0 Fe=1.66
oZ 2 3lo%
Class 61:0.034 go, 000 out G_=0.166
of {ou, poC -5 3
Individual GEZJ.OXiO

Groups | & 3 are considered as classes, not by individuals,
while Group 2_is treated by individual case. The corresponding
probability distribution is plotted in Fig. 4C.

The cross-hatched sections of Fig. 4C are the shrinkage due
to consideration of Groups } & 3 as heriditary classes instead of

treating each individual separately.
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Next we consider Couniry D, a population of 100.0C0 controlled

e by an ocligarchy of twelve men.

j Oligarchy (I2 men) People (99,988)
: 700.0 0.0l
2 1.0 0.01
3 '700.0 0.0l
4 1400.0 - 0.085
5 700.0  0.02
& 700.0 v 0.01
7 700.0 0.0%
8 700.0 0.00
9 0.0 0.00
10 1400 .0 0.02
F0=700| .0 Fp:O. 16 '
6y=0.07001 Gp=0.16x40“5
12x0.07=0.84 10°x0. 16x10~2=0.16 -

e g
L

This distribution is plotted in Fig. 4D. People are all treated as
{Adividuals in this calculation.

The next case is Country E,a country where there ten castes into-f

f‘g which people ar born. The caste into which one is born determinea&

'”_one s education, job opportunities, and many other restriction8.= '
'Although within each caste there undoubtabiy is ind:viduai con&ider

Vatlon on merit, to get a limiting value we shai! assume peapl

Q;This distribution is plotted in Fig. 4E.:4It‘should beﬁnoted that
'this fs-a worst case. In practice the consideratton of indiv!dual!

,_merit in each caste would introduce some democracy on a iimited

-.stcale,
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Next we consider Country F, a dictatorship. The freedem of the
dictator. and his subjects are tabulated as follows:

Dictator {one) People (99,599)

.

8500
8500
8500
8500
8500
8500
8500
8500
8500
8500

A—it

F,=85,000 F.=0.15

OW M~ Ahu =0l B —
OO0 OOOO0O0
OO0 —

N -0

O

G,=0.85 G;=0.15x107°

This distribution {s plotted in Fig. 4F,



4., Democracy.

This analysis is a test of an hypothesis as to the analogy
between "negentropy"and "democracy." We wish to see, if replacing
the probabilities of a set of messages by the normalized measure
¢f freedom of the individuals in a social system will give a
value of negentropy for the system which is a reasocnablie measure
of the amount of democracy in the social system. }f such a
procedure gives a higher measure of democracy to a dictatership
than to an obviousiy democratic society, the hypothesis will have
to be rejected, If however the resultant measures of democracy
fall into relative positions consistent with common sense
concepts and with the more sophistocated analysés of political
scientists and sociologists we can accept the hypothesis until
another hypothesis is found that gives better agreement with the
available facts, In developing this section ! wish to acknowledge

of
the valuable assistance/correspondence and discussions with

Dr. Stuart C. Dodd, University of Washington, and with Mr. Milton

Rubin, MITRE Corp., Bedford, Mass.

Using eq. (4), replacing p; by G and H by D, we have:

i »
n

0= - E Gy log, G, (13)

i=|

with the restraint that:

G, = 1.0 (14)
=1 i
The subscript stands for a single individual unless otherwise
noted, When a group of individualg are treated as a class
without regard to individual performance, such as job discriminaticn

on account of color, the subscript will refer to the group or class

as a unit instead of to an individual.
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In the following examples the probability distritutions for
"freedom" from Figs. 4A through 4F will be used in the calculations.
For Country A, the ideal democracy, we nhaveg.by eq.(13):

D, = -100,000x10"5{i0g, 1072) = 16.61 entropy units

52
In this case the jog, 10'5 was obtained from Table 11. Both the
"uncertainty'" and the "negeniropy components" can be read off the
curves of Fig. | for the p;oblems considered in this paper.

If in the above calculation, we were still dealing with a set

of messages for a telegraph line, the resuit @ould be DA:16.6I bits
of information. Where we have tranferred by analogy to another
field, without deriving any scale factor, we shall simply call

the results "entropy units.” We further note that pending further
analysis of the effect of normalizing the heasure of freedom, we
must only make comparisions for populations of the same numbers of
people. In this study all hypotheﬁicai countries have 100,000
population. It may turn out that the effect of normalizing does
agree with the sociological phenomena. To explore this guestion

it is felt that some of the work of N. Rashevsky in the Bulletin

of Vathematica{ Biophysics wiil shed some Jight on this question.

For Country B8, a democracy with some underprivilged groups,

we have: D= —IS.OOO(O.BAxIO‘5)iog2 O.34x10“5
-50,000(1.072x10"5) log, 1.072x10~5 =
= 0.34(18.17) + 0.966(16.51) = 0.61+15.92

g = 16.52 entropy units
For Country C we have Groups | and 3 treated as classes and

Group 2 treated by individuals:

-

= 0.034(4.88)+0.8(16.61)+0.166(2.59)= 0.166+13,3+0.43 1=

De= =0.034 10g,0.034 -80,000({107°) logy 1072-0. 166 log, 0.166 =

Dc = 13.90 entropy units
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For Country D, the ofigarchy, we have:

O

-!2(0.07)!092 0.07 -99,988(O.i6xl0‘5)iog2 O.I6xlO"5 =
0.84(%.84) 4+ 0,16(19.255) = 3.2% +%.08 =
Dn = 6.31 entropy units

D

We observe that so far the measure of "democracy" in decreasing
as the system becomes less democratic in common sense terms,

For Country E, the caste system, we treat each cast as a group
not by individuals:

Dg = -0.034 logp 0.034 “8(0.1)1092 0.1 -0.166 log, 0,166 =
= 0,034(4.88)+0.8(3.22)+0.166(2.59)= 0.166+2.65+0.43| =
£ = 3.25 entropy units

For Country F, the dictatorship we have:

~0.85 logs 0.85 -99,999(0.15x1075) log, O.15x1075 =

. =
=

= 0,85(0.236) + 0.15{18.506) = 0.200 + 2.78 =
DF = 2.98 entropy units

The negentropy measures of "democfacy' for each of the six
hypothetical countries have been plotted as a bér graph in Fig. 5
for comparison.

Examination of Fig. 5 indicates a general agreement between
our theoretical calculations of negentropy with the relative
degree of democracy one would ascribe by common sense to the
different types of social organization. This means that we can
seriously consider using the calculation of negentropy to
evaiuate social systems where we do not have good common sense
references. However we would have to check more rigorously the
method of computing the normalized "freedom" G,

Another feature is that a democratic country like country B8

can have an appreciable portion of {ts population with seriously

curtailed freedom, provided restrictions are based on an
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‘indimiduai basis related to individual performance and are detnrmined

by due precesa of law. Fcr exampie having loﬂ of the population

in this way reduces the negentropy by O. 5%, whf{e an
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De messured Dy 3 corfgiation fTunction beiwesn the actua! probaiiiiity
diyateibutyen  of Yresdem o Countiry A wiih the optimum Tresdon
digiribution computed from an analysis of the analogous communi.
cation channel with noise derived from the other countries in the
system. [t is premature to attempt a specific mode! of "dynamic.
justice” on this basie, However two curves of megsiage probablidtty
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6. Conclusions{or Summary)

The dicttonafy definitions of a property of physical systems
namely "entropy" , and a group of properties of social systems namely
"freedom, democracy, and Justice" have been reviewed. The examination
of the English word definitions does not yield any precise re!ationshﬂb;
Therefore the comparision of these physical and social parameters
must be done in some mathematical or geometrical way.

First the equations of "entropy" or "negentropy"”, i.e., entropy
with a minus sign, which conform to "information" in the analysis
of communication systems ére reviewed and plotted as curves and
graphs. Graphs are plotied of the pa}aheters: probabilitﬂ,
uncertainty, and negentropy component for the probability of
occurence of a message.in a,sét of n messages. One~, two-, and
three-dimension equi-negentrop}_points, lines, and surfaces are
drawn to develop a feeling for the geometry of '"negentropy" in
n-dimensional spaces representing sets of n messages.L

Then an attempt is made to define a numerical'scafe for
individual freedom. Lacking.any recognized weighting of different
componeénts:.such as freedom of speech, freedom of religion, etc.,
ten principal freedoms are arbitrarily given a value of one-tenth,
such that an independent individual has a freedom of F, = 1.0, or
a normalized freedom of Gi = Fi/ n, where n is the gopu!ation of
the group, country, or system being considered. Using this
approximate definition of normalized freedom, a set of §raphs of
probability distributions of freedom are made’for six hypothetical
countries of 100,000 population each: an fdeal democracy; an
imperfect democracy; a partial democracy with an upper class,

a large democratic middie class, and a lower class; an oligarchy

ruled by a committee of twelve; a country structured by a caste
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7. POTENTIAL APPLICATIONS.
When these concepts are testad against more Comp ete data
by soctorogiste and politicai scientiste, ithe pse of negeni opy

as a measue ot demgrracy coutd ‘ead to a usefu meazure in

deating with domestic probiems | Ke ~«yi: Jitahis, b discriminadnt

freedom of retigion, and (reedom of speecn.
#hen deve pped fu tner Lo Lhe propoded Sonoopl of "dynam. .
justice,” the comdit.ons of maximizing negenirapy Zcuid jead 1o

a useful measure in analysing internationai problems and in

particular disarmament problems.
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