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CYBERMETIC ASPLCTS OF STATISTICS
~ Bast Germany -

ﬁollowing is a translation of an article by Klaus=Jergen
Richter in Stgtistische Praxis (Statistical Practice),
No. 1, Berlin, 19 Jamary 1963, pages 15-19,/

The number of fields in which cybernetic systems are discovered,
is constantly expanding. ‘e need only name, for example, biology,
control technics and the social sciences [ﬁote: in regard to the
latter, cf. Thiel "On lathematical=Cybernetic Comprehension of
Economic Principles" in Wirtschaftswissenschaft (Zconomic Science),
1962, No. 6, page 889/, 1In the final analysis, this concerns the
recognition of systems characterized by the aspects of system,
control, information and of the theory of probability (llotes cf.
Klaus, in Foreward to Cybernetjcs by Poletajew, Berlin 1962,
page XII). Such a problem formulation certainly does not exist in
the search for the cybernetic aspects of statistics., Disregarding
the fact that statistics plays ax.is'gbii‘ica.nt role in the theoretical
structure of cybernetics, the invesjigation of these aspects for
statistics is contained in the two questions on the role of statistics
as a form of feedback and in the analogy between cybernetics and
statistical categories and the type of these analogies, . . - VAR

Statisti F f Fee k

Feedback is a decisive component of the control loop which
combines the aspects of system, regulation, information and of the
theory of probability:
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The system aspect of the control loop is manifested in the fact
that the individual 'éomponents of control, controlled system,
controlled condition and feedback form & cybernetic system in which
information is processed. The regulatory aspect is expreseed in
the fact of the existence of a control and of a controlled parameter.
The information aspect is manifested in the form of feedback through
which information is transmitted to the control on the status of the
controlled parameter. The theory of probability is that aspect of
the control circuit which is expressed in the chioice of action by
the control for maintairding the controlled parameter at a given
magnitude or value in spite of external influences,

Control 1lnoops of this type exist in many forms in technics as
well as in natural organisms.. Technical devices can exercise the
regulatory function quite as well as componante of natural organisms,
There are, however, also control loops in which man assumes the
role of the controle Such a control loop consists for instance of
& notor vehiocle and its operator. This system poses regulatory
tasks both in regard to the direction to be maintained by the
vehicle as well as in regard to the speed of the vehicle, However,
man acts aa control, individna.lly and cqllectively, alseo in la.rgwar
and more: canplicated cybernetic eystems. i '

There :l.s consequently nothin., which contradicts the interpreta-
tion of the national economy &8 & very complicated cybernetic system,
Here the parameter to ve controlled may be production., On the
other hand, the extent of investments, accumulation or individual
consumption may constitute the controlled parameter. The carrect
magnitude of these parameters is established by the national-economy
plans in a socialist planned economy, The management organs of the
national economy, the control of the system, must ascertain that
the magnitude of the controlled parameter prescribed in the plan is
reached and/or maintained. Their regulatory influence on the
national economy is subordinate to this goale Correct regulation,
howevar, also reyuires an exact knowledge of the controlled
parameter, In such an extraordinarily complicoted cybernetic
system like the notional economy, a large mumber of random influences
are present which are responsible for the fact that.the regulatory
measures transmitted by the control produce only an approximation
(greater or lesser) of the status of the controlled parameter
desired by the control, Furthermore, the interference in the
transmission of information (the so-called noise) and the inertia
(greater or lesser) with which the controlled parsmeter reacts to
the instructions of the control, reduce the immediate and direct
effectiveness of the instructions of the control. The way and
manner in which the controlled parameter reacte to the control
determines the behavior of the entire system. /See lote/ (Cf.

Zllustrative Control Technolozy, Berlin, 1960, page 18).
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[Bote/t In technical controls, it is gensrally relatively easy
to datermine the transfer functions by messurement, In the field of
the soocial soionces, this orezies a rather extensive tasks of statistios,
not always easily solved, for deternmi the transfer functions
through suitable methods, For example, let us assume that the magnitude
¢0 be controlled is the sale of ocertain products, We are assuming that
sales do not reach the desired volume so that the ocontrol attempts to
influence ssles through lowering of price. In this case, the controlled
system represents the prioe level which is varied dy the control at the
inatant t,. The oontrolled condition, the sale of the rsspective
produot, will not immediately reach the sales volume corresponding to
the new price level by reasoa of the different causes mentionsd above
but assume this volume only at the instant tyo Both the interval
t4~t, as well as the form of variation of the controlled oondition in
this intervel of time are expressed by the transfer funoticn. The

lowing curves are examples of transf tions
two fol e s p:.'eomn:rol ed o%rndi on *
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It becomes clear from the reasons mentionsd that there are
differences s a rule between the actual status of the ocontrolled
parameter and that desired by the oontrol. However, effective perform-
anoe by the control requires that it te ocontimiously informed on the
status of the conirolled parameter.' In national-economio oontrol loope,
statistios can essume the extraordinarily important function of feeddack,
i.0.y the function of informing the control on the status of the
controlled parameter, _

,‘-"

49 explanation by a simple example, let us assume that statistioal
date covering a certain period or time are available on the sale of
certain goods. These dsts tend tc show that the sale of the respective
goods is subject to a certain annual periodioity and that moreover
certain irregular variations oscur. The periodio component of the time
ssquence shows the following traoes
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We may conoluds from the observed irregular variations that the
affectively determined values vary cn the aversge by s maximua of 10%
avove and below the norm, As shown by the sketch, sales in the month
of August represent 100% of the annual averege dut rise in September,
a8 a result of detailed examination of the average, t0 110 and in
Oatober to 1195, :

Let ua ssswne further that prices were lowered in August to
inorease sales of the respective goods. If we then 40 not colleot
axaot data (in the form of the transfer function meationsd sbove) on
41e manner of reaction of the controlled parameter (sales) to the
iastyuotions of the control (lowered priou)‘, we may then be oonfronted
by the faot that information on the status of the controlled perameter
41 the form of statistioal data is obtained too early and that theree
2ore no effective information can be drawn from it, From the multitude
of the poasible transfer funotions in the case desoribed, we shall
nerely select twos . . '

Sales Sales
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quth Month

In case a) no appreoisble reaction of the oontrolled parsmeter
oscuxrs in the firet two montha after the urioce change. Sales inoreased
oaly to a minor extent, In the third and fourth month also, the
inorease of sales achieved by the changze of prios reaches barely 10%
of the starting megnituie. However, sinoe it is known, on the basis
of earlier investigations, that we nust anticipate a maximum averege
variation of 10> from the sales volume determined, the varietion of
sples &8 ocomsequence of lower price ococurring during the first four
nonths takes place within the limits determined by the irregular (or
random) variations. A varistion vithin these limits msy de the
oconsequence of the price change but may also be the result oaly of
=he random veriations., Becanse an axact separation can in general be
offected only with great difficulty, there is no point in sttempting
%0 frooure information with the eid of (statistiosl) feedback during
she firat four ronths after the lowering of gprioces.

In osse b), the transfer funotion shows an entirely different
srece. Here tho deoisive changes of the controlled parameter ooour
Sunedistely after the oontrol action (after the lowering of prices).
Heocsuse the variacions of sales %0 de anticipsted already in the first
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months after oontrol, lie above the limit appliocadble to randca
variations, there also exists the possibility of measuring the
varistion of the controlled paremeter &s a consequence of ocontrol
action and %0 transuit the respective information to the oontrol.

These considexrations can be generalised by msans & the following
sketohs

ocontrolled|
ocondition 5 ,, o, -
oy R Rt A Sransfer funetien

XTI SLELLLY Y AT

S

For the sake of simpli . _, & linear transfer function wvas assumed,
Hovever, it is now poseidble to introduce a magnitude

vy - (1)
t‘ ~%4'a
“4/“ Y = AR‘ . | (1.)‘
ey

0f oourse, there is always valid hexe

8§24 .1

. (2)

tetg g = BBy 4/
v

Because td symbolizes & later point in time in relation to $5.1y 13 and
RJ,, indicate the magnitude of the controiled parameter R st the points
in time td and td-"’ and the magnituie v indiocates the rice of the

transfer funotions In ouwr sketoh, v is constant. However, nothing is
ohanged in this indication of megnitude if we aduit that v itself
varies, This ocoours in the non-linsar transfer functions which mast
be expected in genersl. From equation 1, there follows '

.s.




(3)

KRR R Sk W14
v

t‘ - t‘-.‘ + % . A n‘

In relation 3, ty.q eignifies either the instant of control action
or that of the last measurement of the ocontxolled parameter, t, further

represents the next measuring instant and v the rise of the transfer
function, The relstion also contains the magnituds A Rgp 1000y the

ohange of the oontrolled parsmeter in the trensfer from instant ty.1
to instant td'

There now exists the possibility of determi s vhen the minimam .
necessary magnitude of the change of R (i.e. A Ry) and the starting

instant t3.1 is given, the instant tJ at vhioch new information on the

controlled parametexr in the sense of the given formulation is of the
sarliest usefulness, Murther simplification is possible by setting
33_1 = O3 then

t « 1AR (4)

v ,

exprosses the interval of time in which, starting from any given instant,
s nev (or the £irst) measurement and consequent information is pertinent,
This simplification is possidle, however, only with such transfer funotions
or fuwtion componsnts whioh are ligear or aan be regaxrded as linear with
adegaate acouracy so that oonstant values of rise v exist. The relation
4 oan be very simply represented graphiocally:

ot
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For non-linear transition functions, we must turn baock to relation 3,
Here we know that v is then no longer oconstant but itseelf dependent on §.
The investigations connected vith this question are regarded by us a8
neocessary and useful.




The above considerations were directed to the stion when
statistical information on the controlled parameter is of use in
relation to the given transfer function) However, it is also
possible to arrive at conolusions on the form of procuring statistics
to be selected, with the aid of the transition function. As
comparator for our decision, we utilize here the expenditure of time
reyuired for the procurement, processing and transmission of a
statistical element, For the process "j," this expenditure amounts
to 4 per elements The total expenditure (of time) therefore .

amounts with the statistical treatment of n elements with the
prooess 73"

TJ = ne YJ (5)

However, it is obvious that the magnitude '1'3 must be smallexr
than the interval A t; between the measurements of j-1 and j
(statistical survey), i.e., there is valid

T, 4 At - (6)

In the opposite case, the resultsof the measurement of j-1 are not
yet available at the instant of the measurement of j. This means

that the statistical information and its feedback produced by them
lose their meaning for the activity of the control.

If we assune further that a certain amount of time is necessary
for the control to arrive at decisions on the basis of the information
transnitted, i.e., to react to the feedback, then relation 6
becomes

Ty + . LAY (1)

in wvhich ¢, represents the reaction time of the control in regard
to the inftrmation obtained through feedback (Note: The magnitude
t, is assumed as independent from:the process of survey. It is

possible, however, that it is influenced by the type of the
controlled magnitude),

Because td‘ contains the number of elements n which can be

predetermined because the spot-check error 4 (in the determination
of which n enters) must be smaller than the difference AR 3 of

the controlled condition (lNotes Through the assumption of the
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difference A Ry which mist be determined for reasons of the control

action, the extent of the stst:.atiocl survey is obv;i.ousl,y interfered
withse This extent n must be determined so that the spot-check .error
linked to it is always smaller, when taking into agcount the othexr
magnitudes influencing this error, than the mliest practically
usable value of ARJ, indicotions for the magnitud.q "fd can be

obtained from relation 7 and, with their help, the resper‘ive
method can be selected. However, we should stress that these
considerations are primarily theoretical because the required ‘
standard time values v 5 for the individual statistical methods :are

not yet available and are not simple to determine., This is true,
however, also for the transfer functions listed above, In spite of
this, we believe theoretical investigations of tihis kind to be .
necessary in order to investigate the relations existing between
cybernetics and statistics,

In re'gai-d to this problen.camplex, let us mention in conclusion
that relation 7 can beé further narxowed down hy a condition which
is related to the survey costs, It may be required not only that
relation 7 is not exceeded but that similtaneously the costs
connected with the survey

K = neky =) Mnima - (8)

assume a minimum value, Here K = total costs; n = mumber of
surveyed elements; kd = survey costs per element when utilizing

method "j".

Equation 8 is a restricting condition to relation 7. It has:
been indicated whet considerations arise from the possibility of
interpreting statistics in the system of the socialistic national
economy as a form of feedback which represents an integral component
of the cybernetic system "national economy." The briefly sketched
oconsiderations may demerve to be pursued further., They illuminate
the problem, frequently disucssed in the past, of the interrelation
between planning and statistics from the viewpoint of cybernetic
concepts. Planning and statistics are comequently two oomponantl
of a systenm
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The distinction of information-processing, established by
Potthoff, into ex-post-facto and ante-facto processing cannot be -
directly accepted on the basis of these considerations, at least
in regard to plaming and statistics (Note: Cf, Potthoff "Thoughts
on Information Processing" in Uirtschaftswissenschaft, 1962, No. 6,
pece 921)s Potthoff lists statistics as an example of ex-post-
facto information-processing and planning as example of ante-facto
rrocessing. For ex-post-facto processing, he considers slow=-
working data=-processing methods as adequate but feels that ante-
facto processing requires rapidly operating devices (e.g.
electronic computers), Actually, statictics has the character
both of ante-facto as well as of ex-post-facto processing of
informations In the form of feedback in the national economy,
this double character of information=processing manifests itself
clearly because information furnished by feedback is needed for
renewed planning, In this regard, statistics is a component of a
control loop, quite independently from the fact whether its
information is to be furnished over longer or shorter intervals of
time, Simultaneously, statistics also has the nature of ex-post-
facto information processing and therefore of a chain of information,.
However, the question whether slow or rapidly operating data-
processing installatioins are required, does not depend primarily on
the distinction between ante-facto and ex~-post-facto data=-processing,
especially since this distinction is not always easy to make in
statistics, Statistics are perfectly able to operate with slowly
working installutions (e.ge punch-card systems) when the changes
in the system itself take place slowly and the minimum magnitude
of the changes of the controlled condition ARJ becomes adjusted

only very slowly, At the same time, it maintained that the
required calculating operations can be effected by punch-card
systems. 4lthough this specifically concerns work which has the
nature of ante-facto information-processing, the utilization of
expensive and quickly operating electronic devices for data-
processing would often be uneconomical in these cases,

-9 -




Are There Analozies Between Statistical and Cyberpetic Categorjes?

As in the discussion of the gquestion on:the role of statistics
a8 a form of feedback, the following remarl:s will be able to only
touch on the questione For one thing, there do not as yet exist
sufficlent investigations of this problem complex and it will also
require collective efforts in order to arrive at further results.
The analozy between statistical and cybernetic categories refers
prima.mly, as far as we are novw able to determnine, to relations
between the theory of information (as a component of cybernetics)
and statistics, Adam (Notes Cf. Adam, "The llaxirum Deteramination
Scale in the Case of Relations Between Qualitative Characteristics"

in The Utilizatiaqn of Matrix Calculation to Egonomical and
Statistical Problems, therzburg 1959, page 210) has published

several communications on this and has treated in particular t..e
relation between entropy and scatter (standard deviation) and
questions of dependency measurement by utilizing considerations
from the theory of information, The opinion expressed by Adam
that statistics tends to a general scienoe of information ( Notes
Cf, Adam, "Entropy and Scatter" in Metrica:'1958-1959, page 99)
merits serious examination. It would seem necessary to undertake ) ,
investigations in the field of theoretical statistics in the future
also from the viewpoint of the cybernetic aspects of statistics,
This will very likely produce both theoretical as well as practical
benefit.

The following will sttempt to cla.rify the qQuestion here
investigated through the example of a comparison between the

cybernetic category of being organized and the statistical concept
of correlation ( the remerks on theory of information refer to
Poletajew, Ibide, page 89). ,

The entropy of the number of states of the element XJ of
a system is known to be

B (X)) = - irik * 108 py) (9)

in vhich n possible states of the element J(._j (k =1, 2, eeee 1)

are assumed, P. ik is the pro’ba.bihty that the element X 3 will be
specifically in the state k. It is further a.ssumed that the

system consists of thie two elements X, and X5+ If these elements
are independent of each other, tie total entropy of the system is

B(XK) = B(x,) + Hx) - (10)

- 10 =




i.e., it is equal to the sum of the individual entropies, In this
case, we speak of a maximum non-organized system. If the maximum
non-organization is eliminated and connections a.nd,/or relations

have been created between the elements X, and X, in the system; then

the total entropy of the more or less orginized system E1(x1/x2) is

smaller than the maximum entxropy ‘ﬂ“;wh:lch; oxis*:e only when none
organizeds There is then valid

B(XXp) = HX,) + EXyKy) & HX) + HX) (1)
- Hx) + HX M) § KX) + KE) (12)

Here H(X,/X;) and u(xz/x1) represent conditional entropies, i.e.,
in the first case, in regard to the selection of X1 if X, is known

and, in the second, in regard to the selection of X, if X, 'is known.

Since we proceeded from the assumption that relations exist between
two elements of the systern and that they are therefore not
independent of each other, the uncertainty in regard to the
selection of one element must decrease if the other element related
to it is already known (Hotes A very simple example for this are
piece-work wages in which the wages depend on output. The
uncertainty in regard to the selection of an employee with a ocertain
wage is appreciably reduced by knowledge of his output. (This

also points to relations between the concept of entropy and the
problem of selection of the random-sample method) ). It follows
from this that

x1/x2) 4 H(x1) (133)
H(xz/x1) 4 H(xz) (13b)

This proves the accuracy of equations 11 and 12, As s
quantitative measure of tihe stage of organization reached between
X1 and X,, the difference between maximm entropy E, and entroyy H.'

(reduced by organization) can be used in the form of

DO H - H -1 (14)
and/or ' a8 = HX,) - HX,/%) (15a)
and ' OH = BX)-HX/X) (150)

-11 -




This magnitude is equal to zero when no degree of organization exists
because then the gcondition is equal to the non-conditional entropy
and the knowledge of the ohe element does not reduce the entropy
existing in regard to tlie selection of the other. Both elements

are then not interrelated. In greater or )esser organization of

the system, Q) H-is not equal to zefo, It Would seem pertinsnt to
express the difference A H rala.tivolm For equation 15&, we then
obtain . .o

- "H(X,) - B(X,/X;)
&)

tadfor an, = 1 - HX/5p) (16)
(X,

. Since oond1tiona1 and non-conditional entropy ooncord in the
oomplete abserice of organization, we have

AH 0

On the other ha.nd, the conditional entropy H(x1 /x.‘,) cannot become

less than zero, If a complete, i.e., functional, intemlation
exists between the two elements 8o that krnowledge of X, completely
eliminates the uncertainty- existing in regard to the selection of
x,, we then have

AH = 1

Accordingly, we can then delimit the relative pntropy difference
in the form

°$A%$1 (17)

\

and now are confronted 'by O H, by a magnitude which corresponds to
the ale of oertainty (or square of the correlation coefficient
‘ <) familiar in statistics, For B, there is also valid

0 5B g1 (18)
in which the case "zero" corresponds to the state of complete

independence and the oase "one" corresponls to the functional
dependence between the two statistical measurement series.

The cases of dopend.onoe between two statistical series of
characteristiocs to ve treated by the theory of correlation now

-12-




veveal themselves t0 be a special oase of the more general oybernetio
aoncept of orgenization. This faot also beoomes clear when we regard
each of the two elemsnis here mentionsd as & numericel interval on a

streight line with a frequency distribution given above the latter as
is customary in ocorrelation caloulation. The following sketches are

therefore also completely identioal wish those familiar from ecxrela-
tion oaloulation (Netes O2. Poletajew, Ibid., page 90).

Frequenoy Distridution of the States of Two Blements X4 and Xps

s) Under complete absence of orgenisation (AB' =013 =0)
. 1] X
x"“ ”

x %xgx

* .
won XN ox x
x o % e ¥ ou X

ew XX M,

L]

b) When organised different from zero (0K H,< 1) 04B< 1)

L]

"
o) Under maximm crganisation (AE, = 15 B = 1)

o

'
~

To discuss in detail the various consequences of the analogy just
demonstrated batween scale of organiszation and sosls of ocertainty, would
exoeed the scope of this article. We may be sure, however, that the
utilisation of oybernstic oconcepts is able ¢to contribute to the olarifi-
oation and understending of statistioal categories. Undoudbtedly, others
‘ 9osides the analogies here given will be found, However, that utiliza-
tion of oybernetios in etetistios will produce not only theoretical dut
also practical benefit for statistical work, was to be demonstrated by
means of the remarks mado in the seotion on statistics as a form of
feedback, :

(The observations oontained in this article vers delivered as a
lecture at the Karl Marx Institute of Economic Sciences in Sofia on
15 November 1962).
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