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Introduction

BATIC is a teaching device for demonstration of and
experimentation with “Basic Automata Theory In Cybernetics
or Communications".

BATIC can be considered a kind of primitive digital computer,
but is not designed to perform any specific arithmetical
computations. Its primary purpose is to provide vivid
experiences of some behavioral consequences of communication
which are the declared subject of cybernetics. Comrmunications
and its implications are basic to wery many domains of
scientific inquiry, a fact which is oftem not realized and
frecuently treated only ad abstractums

BATIC will be of great value in teaching fundamental concepts
of cybernetics, general systems theory, simulation processes,
comrunication theory, information theory, abstract design,
etc. Especially, BATIC would be of assistance in lectures

in any of the communication criented disciplines such as

the social sciences, the behavioral sciences, the biological
sciences. and be of help in philosophy of science as weli-

BATIC consists essentially of a set of units each of which
can be ®rogramed and coupled in numerous ways such that ths
whole can be made to show a great number of behaviors. Thes
behaviors are represented visuzally, for instance as describin:
a path through a behavior space of electric lights. Some of
the typical processes which c¢an be demonstrated are given

in chapters 3 and 4. They range from "transmission of
information in the presence of nocise" to '"corrective
behavior® involving feedback and exhibiting various "forms

of stability" as a consecuence thereof,

BATIC's value is most obvious fo educators wishing to
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srate Qarvaln ideas with which $hey want to concern

c.m

lomons
thenmselves. loreover, students can gxercise the analysig
and synthesis of elementery sygtems invelving communioeation.
BATIC!s wehavior can, for instance, be recor ed and the
nrotocol so obtained be subseguenily suwjected fo analysis.
Or, the student can use BATIC to test hisg soluition o

given problems by Twning the gpecified behavior and
communication on BATIC and judge whether it was corrsctly
golved. BATIC could moreover be an interesting educational
toy. Its almost inexhaugtible combinatorial possibilities

leaves much room for experimentation and surprises.

The idea of such a teaching device is not entirely novel.
Mumerous mechanical computing kits which can be made to
nerform some elementary algebraical or logical gperations

are already on the toy market, They are, however, inadequatel;
gquipped for - the type of problems with which BATIC is
concerned. For the principal idea I am 1nd@pted Ho

Wo. Ross Ashby who used in his lesctures on cybermetics a
"blaek box® with which he could most competently and vividiw
demonsitrate some basics of the science of communictation and

control.-

The outline for BATIC whiech follows, refers only to The

first few prinary componentse hathough the agrest instructions’

value cen already he asseverated at this point, experiences
should be gainad systematically defore further sddibtions

arz sugossted. It is, however, intended to inecluds aegw end

more eomponents in erdéer to represent mora scomplax typeg

of commuinicationsg behevior.
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Abstractly specified requirement

BATIC's components are required to be capable of embodying

at least the following:

a)

b)

e)

i)

Several sets each of n binary elements, here denoted
by capital letters I, J, K, L, etec.

Bach set represents n states.

A set of mappings/&h ovér one stép in time defined as
follows: ' ‘

' . t 5 ' N t+1

/&iu : l:e":]e "“'%Ce

nn :
u:l, 29 sccwsg I ¢ e = Xy ¥ Zia

A set of transformations ﬁ% over one step in time each
determining a probability distribution over the states
in L. The set of probability distributions range from
perfect randomness to nearly certaintia In uncertainty
measures (Shannon), the set of distributions range from
H(L):Qﬁax to approximately H(L)= 0 . '

T, K — | B4

A set of mappings &w involving no step in time, defined

between nay two of the sets named above.



An illustrative example

ILet a primitive social group be composed of three members
X, ¥, and Z, interacting with each other through well
defined channels of communication in an environmental
setting B,

Some of the gquestions which may immediately arige are:

What constraints does a group network impose on the behavior
of each of its component members?

What collectively determined behavior will finally evolve

if the communicators .are long enough in interaction?

Can stability of the group structure be achieved under the
assumed conditions? What are the determinants of various
types of stability and how will an alteration of these
conditions effect the group process?

Let the behavior of each of the comrmnicators be characteri-
zable by a set of preferences formulated on the basis of the
perceived social context which is composed of the other
comrmnicators present activity. A typical preference
commitment by one of the communicators could be:

X: "If Y does 3 and Z does &, I prefer to leave the
activity o in which I am currently engaged and
will do o' "

A1l such assertions of X's preferential commitments amount
in fact to defining a mapping of the general form m: I®J—K
Such a mapping can be represented in terms of the felilowing
matrixs



Activity of Z as perceived by X

L 2 L] & *® x ] & L] -« *
_ Aetivity .
of Y ag p & 6 e & @ 0£' & ¢ o . N
. perceived v
'by X . . o
8 v J

X*'s conditional preferenee, the retivity
which X will assume’ ai‘ter the n ‘m; step.

The preference commitments of each comunica-bor coul__{ithen be
. represented by one of BATIC's components, capable d:f‘”éi‘ceep-binc
' .the respective mapping Me The communication channels 'between

l

these components can be realized by the mapping Rwas defined

in the previous chapter. An example of the way a triac’t of
. eommanicators can be represented by ZBATIC's componen‘i:s is

pictured heres P
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For the sake of simplicity of the illustration it is assumed
that each of the comunicators correctly perceives what the
other is currently doing. This implies that A is an identity
mapping, describing perfect transmission without loss in
detail or confusion of perceived activities, and can be
omitted from the graphical representatione For the same
reason the size n of the repertoire of activities available
to each group member may be only three. The concretely
specified preferences for the communicators is the following:

Comrmnicator X wants to maintain his activity but does not

want to give the appearance of copying the comrmunicator 7.

He thus chenges if and only if the activity he assumes is

identical with the activity of Z. In matrix representation:
K

2

(a b c

ajec a a

Mgt Eg DD ob
cjc ¢ a

Comrmanicator Y accepts some sort of majority vote as a
criterion for his preference., If X and Z agree in their
assumed activity, he will do the same, otherwise he chooses
some other activity:

Kz
| @ b c
ala a b
/”y : Ki ble b ¢
cjla b ¢

Communicator Z is sensitive to the environmental situation

or to the instructions by an experimenter. He does three
kinds of things dzpending on E. (a) he prefers to continue

a particular activity whatever X and/or Y does. (b) he prefers
gsome activity which Y does not assume, and (c¢) he just copies
what Y did previously:
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a ;“5 b b

M, s E v gg a b
B cjia b ¢

Although the number of activities available tc each gfﬁup

member is nnrealistiecally small, and the assumed preference

struzcture extremely primitive, a prediction of ﬁhe’smeGme
of the interaction process seems almost impossible when the
assumptions are stated only verbally. BATIC would noWﬁ%e

capable of demonstrating comprehensively what will han?
If the behavior of the communicators is written in berns of

SNe

a prog geem which is aceeptable 4o BATIC's units, and 11:theee
- units are coupled according Ho the assumed eammunicati n
network, the group behavior can be made obsexrvable and

reproducable. This pgffers the nossﬂblll*y of ?amonstratlng
~some of the fundamental consequences of cagmurlca+1aﬁ w i theus
going inte complex mathematical fermulations and suggesvs
answer@ to some of the duestions listed eariier. “vem “with
thege simple assumptions the compubtation and “wesemtaLvon oF
the implied dynamics can become rather painsteking on

paper. & brief daseription of the solu%icn'followsg

Simplified diagram of immediate effeets of the abeve
specified situations

. Input
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Description of the behavioral consequences:

If the environnent E assumes the activity a, i.e. the
commmnicator Z does not accept any information from X or
from Y, the group quickly achieves an agreement concetning
its collective activity. At least after the second step
each member establishes congruency between his preference
and his assumed activity. B

If E is at b, i.e. the commmnicator Z is determined to
prefer something other then Y does at the moment, sudhla
mtunally agreed upon activity can not be acdomplisheag

The pecularities of the communication network and the
distribution of preferences forces the group members to
change their activity according to a patterm which reézlts‘
in an oscillation of the group behavior. For illustraﬁion
this behavior may be represented sagittally:

<fghy 1is to be read: X assumes "f"; Y assumes "g", and

Z assumes "h".

<cccr——<acb>——<aab»~—<aacx—_<abc»-<aba»——<caa»——<cacz\\\

sbbar—cbecar—beh>——cCbb>—ccba>’ caaa, <acc>

/ <bbb>/ <ba'b>——-<cbc>\(ab'b>/
<0080~——<03bK::i

The diagram makes clear that the oscillation evolves after

¢bbe> <cchy

/

<baa,—<beey

- <bac; aca’

at least seven steps. For the communicators Y and Z the
change of activities which they assume subsequently ranges
over their whole repertoire.

In case E takes ¢, there are not two equilibria as in the
above situations, but five toward which the group may
converge depending on their initially assumed activity.

In 52% of the cases in which the commnicator Z copies the

activity which Y occupies, congruence between preference and
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assumed activity can be accomplished for all members. In the
remaining cases the group behavior alternates between two
states. The resulting oscillation which imposes on each
member a constraint in form of a regular sequence of assumed
activities is by far less complex than under the condition
that E does b. The  finally utilized activities range only
over parts of the repertoire of possible activities.

A theoretical interpretation and generalizations from the
demonstration seem futile at this point. The contribution
BATIC can make for an understanding of the dynamics implicit
in given communication structures seem sufficiently clear

at this point.
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Sauples of demonstrations

Exapples of behaviocr types which can be demonsfrated by
BATIC are sugsested in this chapter. The demonstrations
are represented in terms of the simplified diagrams of
immediate effects as used in the previous chapter. That
is, notations which would only complicate the picture are
omitted. Furthermore the following conventions are
adopted:

An arrow without labeled origin pointing to an input I
denotes manipulability of that input by an experimenter.

Outputs are denoted K, K&, and KZ respectively.

A1l sets I and K are observable, sets labeled otherwise
are not.

C is reserved to denote a set whose state remains invariant.

All components of product sets are such that th2ir initial
state can be determined by the experimenter. :

An wnnanmed arrow denotes an identity mapping Ao
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Simple machines:

Simple transducer

—— I o C //“’( S
b:d
H+1 t,
Ry~ = M (1%0)
Isolated machine
C o
5 y
By = Ay (CK])
Machine with input (Ashby's Black Box)
e S I
41 _ t, ot
K, = /%Z(I z)

Demonstration of: mapping, simplification, ecuivocation
the law of irrecoverable variety
confluence
basin

types of stability: stablle state, cycle
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Coupled systems

Coupled transducer

LR T 50 % Az | La
K = e (1000))

B+2 _ 278 0 Yo ¢
Kz _/ﬁ&§&&(1 01;002)
Coupled iselated system
4 XN

K, © K
N N
XN

Demonsgtration ofs encoding and decoding
ger? 4«1 transmission
incividual equilibrie vs. joint equilibr.
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Partly observable systemss

Hidden steering

Richly connected network

D o E
% “\\\
i
S~ ¢!
s 7 =
‘ /My H o Kx
Demonstration of menory

hypothetical sconsiruds
invarients and predictabllity

working from protocel
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Simple regulator:

Mz

——== I o A

vy

Kﬁ+2

Demonstration of:s

; -t;‘{'l P B
oS = (T A (K

Ay -

o))

partly osbservable system
feedback (negative)

gtate naintenance

el B
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Homomorphic systems:

Given: A
- ven | / m & \

1) A regulator R: My

1 )
B I P & - -

2) A mapping O

&J——b S

I—=1

'3) A mapping 7 .
4) A mapping J : gbo gt~to g2, . .ogtn . S‘b +1
- which describes the behavior of a machine il.

: éand, n is a homomorphism of R into M if:

6/5,(I’°°/wx(fg,‘lwz<x'°"2° c))) = T(n(z%)ed (Kﬁ;—l)oéiﬁ‘z;“?) )

Denmonstration of: isomorphism
homemorphism
analogy :
foundations of simulation px’ocesses
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Ilarkov source:

Oth order
~
i K.
'/\-
K, =T(x,)
1st order
P

kP = u(T(L )oKE)

2nd order . j/’~> A ‘\\

u LOKX Aoc

\ /)

K52 = e (R)ee0) 7Y

Demonstration of: probability distributions
randomness
regodic and non-ergodic processes
Markov chains
entropie and information
measures of uncertainty
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Noisy communication channel :

Sender Signal & Receiver

- Noise Source
(O
 —— I o C e a— e S o I, o
My /’/’/ FV
t+2 _ =% ™~
K2 = o (m (1% C) (L))
Demonstration of: decoding and encoding
equivocation
noise

transmission of information
communication
uncertainty measures of transmission
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Error correcting channel:

Z
L ¥
hl
_ I v
RS W I o A i, o D (-] E

2 = (m (TPAT(D) )opm (T%2(T)))

Demonstration of: redundancy
Shannon's 10th theorem
Hampming distance

Mz
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Homeostatic systems:

- Disturbances

Environment < By L e K

/"x /”)'

¥
Organism < Ky @ Kz i yZ Vv
' z

.

.

4 ! \

—

Interaction Component Control Comp o}l ent

M, end ) are defined in such a way that U becomes effective

if and as long as KX takes a state which is outside the limits
acceptable to the organism. T becomes ineffective if the
"esgsential values" of the organism are maintained.

Demonstration of: homeostasis

ultra stability, goal maintenance
creativity and survival
adaptation

probabilistic equilibria
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Some practical considerations

Without going into technical details of the hardware suitable
for BATIC, some requirements derived from the intended usage
can be formulated here, and a few construction ideas be
suggested. The chapter therefore serves as a very general
guide line for the design of BATIC's components.

The number n of binary elements in éach of the sets,

n effects BATIC's instructional value insofar as it restricts
the variety within which the device is capable of representing
various phenomena. The upper limit of n is largely determined
by the way a mappinglﬁ is stored and introduced into the
respective components. The number of possible mappings/ah is
nnn’ a number which should not be underestimated with respect
to its technical realigability. If, for instance, an IRl
punch card with 12x80 positions were to represent such a
mapping, i.e.
o < 2920’
n can not exceed 15. For the instructional purpose so far
assumed for BATIC, this is perfectly adequate. n should,-

however, not be smaller than 8.
The mapping A

These mappings serve only a connectives, as commnication
links between BATIC's components, and reduire no special
design. They could be realized simply in form of jump-wires,
allowing confluengs according to the definition of a mapping.

The unit Ied——K

Bach such units embodies the two inputs, I and J, and the
output X, related by one of the set of possible mappings/guo
In orxrasr to fulfill its minimal objective as a device for
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demonstrating the behavior of comrminicatively interlinked
components, BATIC necessitates at least three such units,

Each unit takes a "program" which induces a specific mapping
M, upon its behavior. Whatever the format of this program
may be, it is required that it be (1) easily exchanghble
such that various demonstrations can be performed without
extensive rewiring, and be (2) inexpensively to "write®.
This seems easily accomplished by eny kind of punched caxrd.
Such a card could quickly be inserted into the unit under
consideration and serve as a program for that unit. If
something like an IBIM card is used, a low degree of storage
efficiency might be aquite acceptable provided that a more
comprehensive coding schema improves readability and reduces
punching errors. When other forms of representing a mapping
M, are considered, the difficulties arizing in handling the
large number of possible programs should not be ignoreds

The input I and J for each such unit has to be manipulated
in two ways: (1) manually, e.g. by means of control knobs,
switches, or even better by an array of push-buttons, and
(2) automatically, i.e. by means of a commnicative link

to one or two other components of BATIC. INote that each set
can take always one and only one state at a time, i.e. a
former state must be erased as a new one is taken. Since there
“are two ways of determining the input to a given unit, and
since it is required that the experimenter always be able to
set the unit's initial state arbitrarily, the manual input
has to have preference over the automatic one.

Is is necessary that each input state is represented visually.
An arrangement of small lamps may fully satisfy this
requirement. The arrangement can consist of two rows, each of
n lamps, a square field of nxn lamps emphasizing the character
of the input as a product set; etc. K needs no visual
representation on this unit. Needless to say that K must be
available at a plug to be conveyed viauﬂw to any other input
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whether of the own or any other unit of BATIC. The unit
may be visualized as follows:

2

visual representation
manual input ;K//

Ve ——'0
T ) 07 L
Kh» Q0000000 000OOOCO

-

\ Z A z
D'

T J

The wnit L—=1

The probabilistic transformation'!T9 defined in L over one
step in time is to assume an mpproximately invariant
probability distribution over the states in L. It has already
been mentioned that the set of distributions should range
from equal probability of all states (perfect randomness to

a distribution in which the probability of one state
approaches the value one. As a reasonable minimum, between
four and eight such distributions are reauired for BATIC,

There are numerous ways in which such a probabilistic source
can be built. A kind of dice with "variable bias® is an
obvious case in point although probably difficult to realigze
mechanically. A paper tape, bearing punched holes according
to the desgired frequency of the statesy; from which the states
are selected at random, is a very simple example. lfore elegant

solutions are readily available.
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It should be mentioned that a proper selection of the
comminicative links A permits ~not only to rearrange the
frequencies within the set of n states, but also to |
combine frequencies within them additively.

The pacing component

The mappings v and @ are defined over time. The units which
embody one such mapping necessitate coordination so that the
step changes occure simultaneously. One of BATIC's components
therefore -paces the changes each unit is programmed to make.

It is required that the occurence of such steps in time is
manually maniplulable. In addition it would be desirable to
pace these changes automatically in regular time intervals of
about 0.5 to 1 seconds such that the dynamics implicit in
communication behavior becomes readily apparent. It is of
perzmount importance that the change from one state to the
next, the occurence of each step be indicated visually or

acoustically.

One way of building such a pacing component is to interpolate
1t with the energy transmission to the coupled units. If the
units which embody # and U are so designed that a short
interruption of the energy supply causes the relays to respond
and change to the next of the programmed states, then the
pacing component is nothing but a switch, when desired
operated mechanically. The indication of whether a change

has taken place can also be accomplished in numerous ways.
Probably most advantageous and sufficiently simple would be

a counter the change in state of which could not only
indicate that a step occumed, but also numerate the states

in question. This would greatly assist the protocolling of
longer sequences. Such a counter would necd not more than
three to four digits.

A visualization of this component follows on the next page:s
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///// — automatic pacing

0 @I QW manual pacing .

erase of counter

f The representational space Kﬁ?K&PKi

When units are coupled it is of great interest to represent
their compound state visually, for instance, as an element

of the 3~dimensional product set EﬁfK%PE% of n3 light bulbs.
Each light then represents a triple state of BATIC., If states
with less then three components are to be represented, or a
behavior is to be projected onto fewer dimensions,'an invariant
value mast be supplied to the remaining sets. In either case
the behavior of BATIC's coupled units will appear as a
trajectory through that representational space.

o 1~ o ] Q © (-] (4] )’
© I
[ o < o ) o (7

"
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g A possible total ','view in working conditions
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Space Kp K K,
Units I%J = KX
Unit: I;J 5—-% Ky
Unit: I%J é—"Kz
Unit: TL—1

Pacing Component





