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A Tool Box for sonic and visual deep-structural adventures
by comparing classical, indicational and morphic CA

If words are not going to be listened to and notions are not going to be understood, there is still a chance of
showing some pictures and making some noise, with an offer to motivate to enjoy or to conceive their differences
and also to try to overcome the attitude of blind and deaf denial of conceptual thinking.

This little exercise concentrates on just 3 fundamentally different ways of writing as they are involved in the
general theory of writing and formalization, developed in the attempts of graphematics which is paradigmatically
surpassing the semiotics of formal and programming languages.

These 3 selected paradigms of writing, the classical, indictional and the morphogrammatic, are confronted with
the formal concept of 1 D cellular automata (1 d CA).

There is not yet any “deconstruction” of the classical concept of CAs as finite state machines and dynamic systems
intended.

Classical CA

Jaime Rangel-Mondragén, A Catalog of Cellular Automata

“‘A one-dimensional CA processes in parallel the simultaneous change of state of each individual cell
forming a collection arranged in a line. These individual changes are performed in accordance to the
states of each one of their neighbors including itself through the application of a local transition rule.
It is remarkable the fact that from such a simple mechanism we are able to generate a behavior of
profoundly intrincate complexity, all this in contrast to the general impression that effects are always
preceded by causes of at least comparable complexity.”
http://library.wolfram.com/infocenter/MathSource/505/CAcatalog.nb

More at:
http://plato.stanford.edu/entries/cellular-automata/supplement.html

Hence, three categories of paradigmatically different kinds of CA are studied. The first is well known and gives a
contrastive background to the two newly introduced kinds of CA.

Firstly, the classical CA,
secondly, the indicational CA,
thirdly, the morphogrammatic CA.

Therefore | introduce a new kind of an epistemological comparatistics, i.e. a comparison of graphic and sound
systems in respect to their paradigmatical structures based on different kinds of writing systems and their own
intrinsic CA rule sets.

In a first approach, aspects of the dynamics of CA systems in general are studied by the presentation of their
intrinsic transition graphs.


http://library.wolfram.com/infocenter/MathSource/505/CAcatalog.nb
http://plato.stanford.edu/entries/cellular-automata/supplement.html
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Transition graphs for classical CA had been introduced and exhaustively studied by Andrew Wuensche. The used
implementation in this paper utilizes the published version of Stephen Wolfram.

“Cellular Automaton State Transition Diagrams’” from the Wolfram Demonstrations Project
http://demonstrations.wolfram.com/CellularAutomatonStateTransitionDiagrams/

Furthermore, the proposed approach to a formalization of morphogrammatic CA is still more a simulation than a

genuine implementation of the very concept of morphogrammatic CA.

The classical paradigm is well studied, mathematically and philosophically, and got a decisive elaboration with

the Opus Magnum of Stephen Wolfram % A New Kind of Science (NKS).

Here, | refer just to some 1D CA examples within the set of CA rules. Accessible by special CA of the CA box.

A special topic of compararison is the representation of the single archetypical figures of Sierpinski triangles in

the 3 modi of formalization (classical, indicational and morphic).

RuleBox of the RelLabel-based rules

MorphogrammaticRuleDefinitions

R1 R2 R3 R4 RS
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R6 R7 R8 R9 R10
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R11 R12 R13 R14 R15
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-m |-, -}|]-=w-}]-m= - - -

Relabeling

StaticMorphoRuleDefinitions
DynamicMorphoRuleDefinitions

DynamicMorphoRuleSchemes

Diagram of the separation procedure

Decision procedure

rule set, initstring
!
stringatpos = (Nr., 1)
| ReLabel
relabeled (string)
v | N NextGen
NextGen (relabeled (string))
N v erule-set?
(yes; no)
7 N
applyrule  stop
1

result

ruleset = {1, 11, 3, 9, 15}, init
Example2

[2, 1, 0]: stringatpos (Nr. =2, 1 =3)
| Relabel
[1, 2, 0]
¢ | ~ NextGen
11,2,0,01,[1, 2,0,1],[1,2,0, 2], [1, 2,0, 3]
N L v erule-set?

(yes; no)
v N
apply: stop
[1, 2,0, 3] =rule[15]
l
result = [3]

http : // memristors.memristics.com/CA - Compositions/Memristive %20 Cellular %20 Automata %20 Compositions.pdf
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Further explanation of the procedure

Given a morphoCA™™Y defined by its complexity, how does it work?

The automata defined by morphoCA(m‘”'” are at first closed systems entailing their internal rules defined by the
morphograms and the supposed complexity.

A classic automaton is a machine with input and output.

A classical CA is defined by its rules and by its elements. The elements are as much pre-given as the rules. Both
are mathematically ternay functions over an alphabet, typically of two elements, 0 and 1.

In contrast to a classical CA, the elements of a morphoCA are not pre-given. What is given, i.e. specified are the
rules conceived as morphograms and the complexity of its compositions.

Morphograms are playing a double role: they are rules and data, i.e. operators and operands, at once. In this
sense, morphograms are functioning as a double look-up device for rules and data together.

With that, a morphoCA has no output yet. Simply because it has no informational input to manage.
Hence, a morphoCA has to be understood as being embedded in an environment that contains itself all kinds of
automata. Such an environment is enacting data as a disturbance of the closed morphoCA.

Off whatever kind of elements or patterns of elements the disturbance consists, the disturbance has to be inter-
preted by the automaton according its own internal structuration by the complexity of the composition of its
morphograms that are the deep-structural rules and patterns of the morphic automaton.

Therefore, if a disturbance, realized by a pattern of elements occurs, the machine has to decide if this structured
disturbance corresponds to an internal rule/morphogram system or not.

Such an interpretation, necessary to decide an application of an internal rule is realized by a normalization”
function that is defined on different levels of organization/abstraction.

On the trito-level of abstraction which is constitutive for morphoCAs, the normalization function is realized by the
so called ReLabel procedure for a linearly ordered interpretation of events or the e/v-abstraction for the general
case.

If a disturbance occurs as a string of whatever elements at a position of the “istory” of the previous activities of
the automaton, it has to be checked if the string/pattern corresponds structurally to a rule/morphogram of the
morphic automaton.

This is done 1) by a relabeling of the semiotic event and 2) by a comparison of the relabeled/normalized pattern
with the existing morphograms that are involved in the particular morphoCA.

If there is a correspondence to a morphogram, the procedure of the automaton can continue with an implementa-
tion of the new string/pattern which is delivered by the disturbance.

At first it is convenient to use the normalized pattern instead of the original pattern that might contain very
different signs than the ones that had been in the previous history of the automaton.

Therefore, if e.g. a pattern like [2, 1, 0] appears, the relabeling produces a normal form and this normal form of
the string can be compared with the existing morphograms of the rule-set of the particular morphoCA.

ReLabel [L_List]:=

L/ -Map[#[[1]]-#[[2]]&,
Transpose[ {DeleteDuplicates[L] ,Range[Length[Union[L]]1]1}1]

ReLabel [{5,7,a,b,m,0,[s,£,m}]

{1,2,3,4,5,6,7,8,5}

RelLabel[2,1,0] delivers [1,2,0] and this corresponds to the head of some morphograms , i.e. morphic rules.

The application of the NextGeneration rule produces a set of successors of the pattern:
NexGen[1,2,0] = {[1,2,0,0],[1,2,0,1],[1,2,0,2].[1,2,0,3] }.
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Hence, there are 4 possible continuations offered by the morphic successor operation, NextGen, on the Gncoming”
pattern [1,2,0].

In other words, there are no sign events that are not accepted in principle by a morphoCA.

Classically, if a CA is defined over the set {0, 1}, any other sign sequence that is not defined over this set gets will
not be recognized. This lack of recogntion is not yet a active rejection.

The decision of the machine which one of the 4 possible successors is chosen depends on the definition of the
specific morphoCA.

From a general point of view all possibilities are accepted as new applications of the implemented rules.
In concreto, a procedure of a machine is defined by a finite set or system of non-conflicting rules.

If the machine morphoCA is defined, e.g., by the rule set = {1,11,3,9,15}, i.e. the ruleM[{1,3,9,11,15}], then just
the successor [1,2,0,3] of the previous [1,2,0] input is accepted by the machine. It corresponds to the rule [15] of
the machine definition ruleM[{1,3,9,11,15}]. Therefore it fits into the rule definition of rule [15] and is accepted
for an application of rule [15] delivering a prolongation as a next step in the development of the algorithm of the
machine.

This prolongation of the CA process is defined by the application of rule[15] that is generating the element “3”” on
the constellation of the new level of the process.

morphoCA example

ArrayPlot[CellularAutomaton|
ruleDM[{1,3,9,11,15}],

{{1},0},22],

ColorRules->{1->Red,0->Yellow,2-» Blue, 3- Green},
ImageSize-»400,Mesh- True]
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ArrayPlot[CellularAutomaton[
ruleDM[{6,3,9,11,15}],

{{1}.,0},22],

ColorRules->{1->Red,0->Yellow,2-» Blue, 3- Green},
ImageSize-»400,Mesh- True]

ruleM 5 15 @

cell

initial row | simple randoml

(]

With this quite complicated maneuver that builds the “Vorwissen’” of a computation, two crucial aims are
achieved.

First, an abstraction from any sign repertoire.

There is no need to implement into a morphoCA a set of pre-given elements that are defining the range of the
rules as a sign repertoire.

Second, interaction of acceptance and rejectance of environmental events.

All elements, patterns, events of an interaction or disturbance of a machine with/by its environments can be
handled by the machine as the modi of acceptance or rejectance of the physical or semiotic event.

A sign event from an environment gets rejected by the machine if it doesn  fit into the rule set of the actual
machine.

Nevertheless, the rejection is not denying the status of the sign event as a reasonable object of perception. It just
doesnt have the form to be accepted to be involved into further computation by the actual machine and its
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rules..

Hence, there is therefore still the possibility left that the rejected event gets saved into an internal memory that
is not the memory of the actual machine and might be used simultaneusly by another machine or for later applica-
tions by a further machine. Also the mentioned inner memory is an external memory for the actual running
machine it nevertheless belongs to the complex machine as such.

To contrast the situation to the classical model it is clear that an event or an information that is not accepted by
a classical machine simply doesn exist for the machine at the time of the interaction. It might be classified as
disturbance in a negative sense.

The categories of acceptance are:
1) semiotic,

2) morphogrammatic (trito-level),
3) deutero-grammatic and

4) proto-grammatic.

Other possibilities to categorize sign events in general are a) the indicational and b) the Mersenne-abstraction of
events.

A rejectance might be utilized to change the structural definition of the existing machine. Hence this would
enable the possibility of a structural evolution of the machine that will change the rejectance to an acceptance of
the events.

In contrast to the interactional and operational approach, the papers published up to now are not generating their
data and their rules but are depending on a pre-given set of data and concrete rules over the data. Thus, this
approach is based on pre-defined look-up tables and is not yet interactively producing its operational outer and
inner environments.

Those rules are defined abstractly as general functions in a traditional way. Only in the case of applications, the
functions are defining the concrete rules for the given formal context.

As an example, the deuteroRule dckd[{11122}] is defined by the following function. The realization of the deutero
rule dckv[{11122}] for a constellation of 5 values is given by the list of concrete functions.

The same function, dckd[{11122}], might be embedded in an environment with a higher or with a lower complex-
ity depending on the existing embedding of the rules.

Thus, any occurrence of the listed concrete rules is accepted by the morphoCA in question. Other constellations
remain rejected until the range of the rule is adjusted.

Look-up is depending on a selected alphabet and the functions over it.

The operational approach is not depending on a pre-given set of rules, organized as a look-up table, but is
operationally creating its operands over any symbolic input.

This happens on a dook-up”list of meta-rules.

The meta-rule for dckd[{11122}] has 4 entries and is producing 80 functional rules that are applied for the
automaton.

dckd[{11122}] =
Flatten][ {

Table[

{
Mod[{i,i,i,i+j},5]
Mod [ {i,i,i+]
Mod [ {i,i+],1i
Mod[{i+J,i,i,1},5]
1.

{i,5}, {J,4}11}]

Mod[ #+j,5],
Mod[ i
Mod[ i
Mod[ i+j,5]

A shorter example is defined by just one meta-rule that is defining 20 rules for the definition of dckv[{11112}].

dckv[{11112}] =Flatten[Table[Mod[{i,i,i,i},5] -»Mod[ i+j,5]1,{i,5}, {J,4}].1]

On the level of a functional implementation of the morphic cellular automata, like in this paper, the genuine
concept of morphic interaction is replaced by a corresponding set of ‘pre - given' functions in a look-up table of
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functions.

Albeit the presented implementations of morphoCAs are based on the meta-rules and the functions produced by
the meta-rules the intended interactional implementation is not yet fully realized.

That means, that such a situation is understood as non-interactional and not yet involved in any disturbance,
interpretation and codification. The automata are simply running an the base of thir given rules as they are
defined.

For questions of modeling and constructing living systems, this is a very strong restriction of possible dynamics
that has to be surpassed.

The look-up concept relates to memory, while the operational approach is producing its concrete ‘operands”by
the application of its operators.

What defines of morphoCA is a set of meta-rules (operators), symbolized by morphograms, and not a set of values
and functions. Certainly, the meta-rules have to be stored. With that a kind of look-up list for meta-rules has to
be implemented.

If the realized rules are memorized by the machine, this memorization can be utilized secondarily as a look-up
table. With that, the look-up table approach is not denied but has not to be presumed for the functioning of the
machine. The machine is producing its own look-up table.

This sketch of the concept of morphic cellular automata opens up some interesting questions that are not yet
answered. And which probably don ™ occur in classical context.

Where are the input-elements of the disturbance from?
How is the topology of the automaton affected by such structural interactions?

Obviously, classical CAs are interaction-free. Therefore they don™ have an environment that could disturb its
architecture. Interactions between “autonomous”CAs are not included in the framework of CAs.

CAs may model the interaction between traffic entities but they are not enabled to model conceptually the
interactions between CAs.

The common operations on and of CAs, like union, products etc. of automata, are not touching their very concept
of ‘dnteraction-free ” closeness.

Helpful insights and concepts to the approaches to a new paradigm of interactional/reflectional computing can be
found in the work of the cybernetician Gordon Pask (Pangaro).

Motivation and definition of the rules

Epistemological orientation

On the level of a functional implementation of the morphic cellular automata, like in this paper, the genuine
concept of morphic interaction is replaced by a corresponding set of 'pre - given' functions in look-up table of
functions.

The look-up concept relates to memory, while the operational appraoch is producing its “operands”by the applica-
tion of the operation.

Look-up is depending on a selected alphabet and the functions over it.

The operational approach is not depending on a pre-given set of rules, organized as a look-up table, but is
operationally creating its operands over any symbolic input.

What is presumed is a set of rules (operators), symbolized as morphograms, and not as a set of functions.
Hence the system of morphograms is presented as a system of operations.

Paradigmatic system of CA rules
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Stirling turn of graphematics Stirling turn of CA rules
Pascal rul eDD
v 7 N v T N
Brown « Stirlig - Mersenne ruleCl « ruleDM - rul eMers
N v N 1 v
Lei bni z CArul es

The Stirling turn indicates a reversion/subversion of the known logical order of semiosis. In this conceptual graph,
semiotics turns from the fundamental center - position to a derived mode of writing with trito - grammatics
playing the role of the initial position of the graphematical writing system.

ruleDD : deutero — grammatic rules of morphic CA, (notincluded in this paper)

ruleCl : indicational CArules, Cl, CIR, CIRT,

ruleM : morphogrammatic rules of the trito — level, M, DM, N, MNP, M42, (static version)
ruleDM  : morphogrammatic rules of the trito — level, M, DM, N, MNP, M42, (dynamic version)
ruleMers : Mersenne rules (not included),

ruleCA : classical CArules.

Laws of Form

The indicational way of writing and thinking, introduced by George Spencer Brown (GSB) with his Laws of Form
(LoF), published 1969, is not specially well elaborated and got a very controverse reception from the side of
mathematicians and logicians.

One of the most crucial intuition of the Cl is the “topology invariance”” of its terms of distinctions. Therefore, the
indicational CA introduced here are based on this ““topology invariance’” of the distinctions only and are not yet
including the internal CI rules of the Laws of Form (condensation, cancelation).

A distinction of a distinction is conceived in the reflectional Cl, i.e. CIR, and CIRT, as both at once: as annullment
and as reflection (enaction). Therefore, annulation is eliminating and destroying distinctions while reflection as
enaction is not only creating new distinctions but also a new domain, i.e. world of distinctions, in which the new
distinction and its further applications is realized.

Enaction rule Laws of dynamics in complexions of LoFs

(O} 1. conservation: [l — [l : condensation

D1 FDZ

2. destruction: [l — 2 : cancelation

cancellation as

. 1 3.creation: ili — : enaction
anullmentinCl *: 1 |- 2. [l
i+1

enaction as

et o A2
distinctioninCI*: [ll 1_)[|2 4. creation & destruction: [li | —

DzE D1

A calculus of the formation of forms, i.e. the form and process of structuration,
mightinclude at least the 4 principles of distinction dynamics:
1. conservation,
2. destruction,
3. creation,
4. creation & destruction.

http: // www.thinkartlab.com/pkl/media/Diamond %20 Calculus/Diamond %20 Calculus.html


http://www.thinkartlab.com/pkl/media/Diamond%20Calculus/Diamond%20Calculus.html
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Morphogrammatics

The morphogrammatical way of writing and thinking, introduced by Gotthard Gunther with his “Cybernetic
Ontology and Transjunctional Operations,(1962), is as such well elaborated by the publication “Morphogramatik™,
Kaehr, Mahler (1993), and got a some controvert reception from the side of mathematicians, logicians, semioti-
cians and cyberneticians.

Morphograms had been introduced by Gunther as pre-logical patterns (morphé) of trans-classical logics. As pre-
logical and pre-semiotic figurations morphograms are in fact figures and rules at once, i.e. as figurations or
structurations. The dynamic aspect of morphograms as rules is implemented in the paradigm of morphoCA.

In his theory of cybernetic self-reflection, Gunther classified the 15 basic morphograms into 3 classes:
1. Acceptance: objective reflection represented by the morphograms MG*?,

2. Rejectance: subjective reflection represented by the morphograms MG“¥,

3. Refutation: self-reflection as reflection on 1) and 2) by MG**.

In the context of cybernetic studies of dynamic systems, this classification had also been interpreted in the 1960s
by Henz von Foerster as order principles.

Cybernetic Dynamics

1. Order from order,

2. Order from disorder,

3. Order from noise (order and/or disorder).

A new graphematic principle of order and creativity might be added as:
4. Order from (neither order nor disorder).

Because this cybernetic research into automata theory happened in the early 1960s, it wasn't mainly computer
supported.

Definitions

How GSB sounds might be listened at the register Cl, is orchestrated by ruleCl.
The further Cl concepts, CIR, RCI and CIRT, had been freely introduced by the author in previous papers.

The rule set Cl, defines the objectional definition of the Calculus of Indication (CI), a reflection on CI generates a
second-order Cl, i.e. the RCI, with its genuine new rules.
Further reflectional thematizations of the Cl generates a third-order calculus RCI, and its augmentation CIRT.

Indicational CAs are thus divided into:

a) first-order indCA (in the sense of the Calculus of Indication (CI), ruled by the set of ruleCl,
b) as second-order (enactional) rules ruleCIR,

c¢) as third-order rules ruleRClI, and

d) the rules of ruleCIRT.

Rule schemes for indicational CA

ruleCl[{a_, b_, c_, d }] :=
Flatten[{rci [{a}], rci [{b}], rci [{c}], rci [{d}]}]

ruleCIR[{a_, b_, ¢c_, d_, e, f_, g, h_,i_, k_}]:=
Flatten|
{cir[{a}], cir[{b}], cir[{c}], cir[{d}],
cirf[{e}], cir[{f}], cir[{g}],
cir[(hy], cir[{i}], cir[{k}]}]

ruleRCl[{a_, b_, c_,d_, e, f_, g, h_,i_, j_,

k ,h,l_,m,n, o, p,q,r_,s_}]:=
Flatten[{
rci [{a}], rci [{b}], rci [{c}], rci [{d}],
rci ({e}], rci ({f11, rci [{g}], rci [{h}],
rei [{i 3], reci [{j}], rci [{k}], rci [{h}],
rci [{I'}1, rci [{my], rci [{n}], rci [{0}],
rci [{p}1, rci [{q}], rci [{r}], rci [{s}]

}]

ruleCIRT[{a_}] : =
Flatten[{
ruleCIRT[{a}]
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H

Morphogrammatic CAs are divided into:
a) classical morpho CAs, CcA®? ruled by ruleCl, with complexity 4,
b) trans-contextural CAs, CA®? | ruled by static ruleM, with complexity 5,
c) trans-contextural CAs, cA®® | ruled by dynamic ruleDM, with complexity 5,
d) trans-contextural CAs, CA®®, ruled by ruleMN, with complexity 6 and
e) trans-contextural CAs, CA®®, over-dtermined, ruled by ruleMNP, with complexity 7,
f) trans-contextural CAs, CA“?, over-determined, ruled by ruleM42, with complexity 8.
Clrule set =11,2,3,4,6,7,8,9} over 4 places,
Mruleset ={CLU {5,10,11,12,13,14,15} over 5 places,
MN rule set = { M} over 6 places,
MNP rule set = {M} over 7 places.
Rule schemes for morphic CA

ruleCl{a_, b_, c_, d_}] : =

Flatten[{rca[{a}], rca[{b}], rca[{c}], rca[{d}]}]

ruleM[{a_, b, c ,d, e }] =

Flatten[{rca[{a}], rca[{b}], rca[{c}], rca[{d}], rca[{e}]}]

ruleDM[{a_, b_, ¢, d_, e }] : =

FI atten[{_dca[{a}}, dca[{b}], dca[{c}], dca[{d}], dca[{e}]}]

ruleMN[{a_, b_, c_,d , e, f }] :=

Fl atten[{_rca[{a}}, rca({b}], rca[{c}], rca[{d}], rca[{e}], rca[{f}]}]

ruleMNP({a_, b_, ¢c_, d_, e, f_, g_}] :=
Flatten[{rca[{a}], rca[{b}], rca[{c}], rca[{d}], rca[{e}], rca[{f}], rca[{g}]}]

rulev42({a_, b_, c_, d_, e_, f_, g, h_}] :=

Flatten[{rlc[{a}], rlc[{b}], rlc[{c}], rlc[{d}],
rici{e}], rlec({f}y], rlc({g}], rlc[{h}]}]

Motivations

After Niklas Luhmann got mesmerized by the performances of the magician Heinz von Foerster (Second Order
Cybernetics), the Laws of Form nevertheles nurtured a whole movement over decades of mainly German theoreti-
cal sociologists.

Finally, the morphogrammatic endeavor is more or less unknown to the academic public. It goes back to Gotthard
Gunther work in the 1960s at the Biological Computer Lab, Urbana, Ill. on a reflectional theory of living systems
capable of self-reflection and autnomous decision making.

It is certainly not my aim to enter into a 'debate’ about 'deviant' or ‘cranky' (Hao Wang) formal languages.

There is also no need to go back to the Ancient Chinese thinkers, Pythagoras or Kepler to connect conceptions
with numbers and sound.

It suffice to reduce the apparatus to an elementary construct that has shown to be quite powerful.

Cellular automata have a long history but might have come to the public awareness only by computer-supported
experiences.

The challenge of this exercise is to hear and see concepts, i.e. structurations, and not just to perceive sounds and
pictures.

This seems to be possible mainly by a comparison of the (deep)structure of different sound and graphic systems
based on specific cellular automata.

Epistemologically different perceptive systems are not properly defined by their internal differences but by the
difference between their deep-structural differentiations.

A nice, and well developed structuration is established with the difference of classical, indicational and mor-
phogrammatic writing systems as proposed in my texts towards a general theory of writing systems, called
graphematics.
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Also sounds of different graphematical systems are heard and pictures are seen, there is nevertheless a crucial
difference in their mode of production.

The slogan, What you see is what you get, applies properly for classical approaches of a visualization of concepts
and a way to present sound.

The indicational approach is still in the framework of the classical semiotic conceptualizations and modes of
writing. Because the fundamental “topological invariance” of its mode of writing which is not directly percievable
it demands for some combinatorial manipulations of the notation to be possible to perceive in a classical mode of
perception its genuine abstraction properly.

The morphogrammatic approach is denying the obvious WYSIWIYG concept. Therefore, What you see and hear is
not what it is. Morphogrammatics is a part of kenogrammatics. The term %keno”in kenogrammatics derived from
the Greek kenoma (kévwua, emptiness) says it all: there is nothing to tell.

The WYSHINWIS, “What You See and Hear Is Not What It iS™’, challenges towards a new kind of perception: the
cognitive perception, that is at once, a perceptive cognition.

The set of paradigms, the classical, the indicational and the morphogrammatic, is certainly not exclusive. There
are other kinds of conceptualizations and writing systems to recognize too. This is explicitly developed in the
research field of graphematics, the morphosphere(s).

Hence, the aim of this little exercise presented here, is to learn and to train the brain to recognize the difference
between different conceptual systems as they are presented to our perception by sounds and graphics and not
their intrinsic beauty or lack of it.

Neither are there any mathematical or philosophical considerations included in this proposal of an exercise.

One exercise might be concentrated mainly on the single form of Sierpinski triangles, and its variations in graphic
and sonic environments. It then could be seen as a kind of a contemplation on Wolfram % ECA rule 90. In this case
such exercises are restricted to strictly symmetric patterns of homogeneous or heterogeneous dynamics.

Technically | apply freely David Burraston “Music Box Toy with Elementary Cellular Automata™.
What do we have to do to follow this invitation?
Compare, contemplate and analyze your experiences!

The rules of the presented CA are new and had been introduced by the author as an experimentation to deal with
morphogrammatic and indicational CA.

This work of different paradigms of formal systems goes back to publications that did not yet use Mathematica as
a programming environent.

David Burraston's program "Music Box Toy with Elementary Cellular Automata".

“This Demonstration uses a simple and novel mapping of elementary cellular automata (CA) to single - voice
musical sequences. The mapping is created by evolving a small CA through all its possible initial conditions for a
number of generations, converting the cells to decimals and storing them in a table. This table is visualized using
Mathematica' s built - in function ArrayPlot with starting conditions assigned vertically and generations evolving
horizontally.”” (David Burraston)

More at: http://noyzelab.blogspot.com.au

David Burraston, "Music Box Toy with Elementary Cellular Automata”

http : // demonstrations.wolfram.com/MusicBoxToyWithElementaryCellularAutomata/Wolfram Demonstrations
Project

Published : January 31, 2012

How to use the programs?

How to compare sound and visual events?
[Unfortunately, only with the formats CDF and HTML their is chance to enjoy the very fun of the programs.]

Again, my intention is not to simulate known kinds of anthropologically founded music and sounds but to let the
algorithms, as far as possible, ‘manifest” themselves thru the machine.
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Hence, my not so humble intention seems to be to enable a project that evokes “a kind of a new kind of music of
no kind™.

It might be a late contribution to Bruce Stirling remark at the Academy of Media Arts, Cologne around 2000, that
he preferred very much more to see/hear the machine manifesting itself instead of imitating, simulating and
varying human achievements in music and poetry.

A different intention is expressed by:

Stephen Wolfram: “How difficult is it to generate human-like music? To pass the analog of the Turing test for
music?”’

http://blog.stephenwolfram.com/2011/06/music-mathematica-and-the-computational-universe/
Katarina Miljkovic's mixed approach

“Generative sound is always coupled with live performance of some kind, often improvisation, to contrast and
enrich the mechanical aspects of electronic part.””

——

"
£y

A
3

http: // www.katarina—miljkovic.net/

More CA sounds: Music simulations versus algorithmic sounds

Music by John Baez and Wolframtones, June 2, 2009

Lol i =l L |||.
I .I|rl' =y |"rl_
-"'I"II ...I-_- r.

(JErer s :

http: //rrath.ucr.edu/hon"e/baez/rrusic/treq_liIa/4_| alla_aisha_ii.nm3

MorphicRAlgorithms, Rudolf Kaehr, Glasgow 2014

T
T

I :

o
AT
iy

MorphicAlgorithms are part of the project "The Sound Box: A Kind of a New Music & Visualization Box"

The aim is not to simulate music by algorithms, but to give a sonic impression of the structure of the morpho - cellular
automata. The' pure' structure of the automaton might be distracted by the instrumental interpretation of its algo-
rithms.

The Sound Box offers more than 500 different morpho - cellular automata and its sonifications. All the algorithms
have a visualization too. A visualization of the sounds is added as the label of the track. The first specification of the
track is the name of the algorithm, the second, the number of the' instrument'.


http://blog.stephenwolfram.com/2011/06/music-mathematica-and-the-computational-universe/
http://www.katarina-miljkovic.net/
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https: // soundcl oud. com/ nor phi cal gori t hns

Orientation thru different paradigms and categories

Conceptgraph

morphic CArules
v N\
visualization sonification
N
comparison

The sound and visualization programs are both based on the same morphogrammatic production rules for 1D
cellular automata.

Therefore, the comparison of both types of events is strictly one-to-one.
That is, the category ruleM of the sound box corresponds directly to the category ruleM of the visualization box.
And this holds also for all other categories.

The graphematic rules are classified in 3 categories:
1) morphogrammatic:

a) static rules: ruleCl, ruleMN, ruleMNP, ruleM42 and
b) dynamic rules: ruleDM,

both rule sets have a simple or a random seed (init),
2) the indicational rules: ruleCIR, ruleCIRT, and

3) the classical CA rules: CA rules.

Additionally, there are some selected rules too: special M and special CA.

The offered direct graphic representations of the sound production, as shown by the sound box, is more complex
than the underlying strict production rules for the cellular automata. Its complexity is defined by the complexity
of “all its possible initial conditions for a number of generations’” (Burraston).

Therefore, a separate visualization of the direct production rules with a simple or a random initial condition,
seed, is offered too.

Comparisons

Comparison is part of the general project of Comparatistics that is comparing on a paradigmatical level different
kinds of writing systems (symbolizations).

The topic “‘comparison’” gets algorithmic support by several programs published by Daniel de Souza Carvalho at
Wolfram Demonstrations Project.

A nice, slightly modified example for formal comparisons is given with Carvalho* “Elementary Cellular Automa-
ton Dynamics as Wavelets™.
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.
] DM25 (1,0,00 -1, {1, 2, 2 -
] '1 CA dynamics wavelet
MN \V4
MNP \V4
M42 \V4
Cl \V4
CA Dynamics
CIR \V4
20
15 /7
CIRT \V4 1g
cA J———— [ ((0,0,0) >0, 5 10 15 20
{1,1,1) -1,
size -D— 22
steps 22
seed _D_ 606

2}-0,{2,1,2 -0, {2, .
CA dynamics wavelet

CA Dynamics

14
12
10 W

2 4 6 8 10

\SE-Replee]

How to use the sound box?
A full description of the categories can be found in Burraston % paper.
= cells:

* generations:
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* mapping:

e transpose:

* duration:

* instruments:

« show mesh:

How to use the graphics box?
= n (steps) glider for the number of ‘generations”

= steps offers a set of fixed steps.

How to use the transition graph box?
= width: complexity of the environment
= states: set of the morphic states in symbolic form

= icons: set of the morpho rules in symbolic form

Initialization Code for PPSB-ruleSets

StaticMorphoRule Set
DynamicMorphoRule Set

IndicationalRule Set
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Dynamic Sonic Events with PPSB.x11

“ v
om DM16¢
MN \"4
MNP \"4
M42 \"4
cl \" Note Sequence Table
CIR \"4
CIRT \"4 g
8
°
special M . =
special CA .
Generations
cells 5

generations ——{- i1 109
mapping ——}—— & 32
transpose —D— -6
duration { J——— 1 0.1

instruments —D— 103

show mesh D

ruleDM 13, 5
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Dynamic Visualizations of PPSB.x11 events

111

2 2 A A >

111

MN

MNP

M42

Cl

CIR

CIRT
special M
special CA

special M42 !
n (]

steps

show mesh D

ruleDM 60, 44
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DM

MN

MNP

M42

Cl

CIR

CIRT

special M

special CA

special M42

n

steps

show mesh

¥
DM27 !
\4

[l

ruleDM 65, 111, Random

e W S T T T T
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ListAnimate ruleDM, Random, 222

Discrete Colors
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Rainbow Colors
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Transition Graph representation of PPSB.x11 events

.

om DM59 ANy
- b
MNP \"4 % o
. \Y/ ©
& \Nﬁ ’
T o Ho
. v I e e - Sl
width — 0] , e e I VR o

show states D

show icon D

Transition graphs for classical CA
Stephen Wolfram, “Cellular Automaton State Transition Diagrams” from the Wolfram Demonstrations Project

http://demonstrations.wolfram.com/CellularAutomatonStateTransitionDiagrams/
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| b M 110
rule number L_J

i M
width U 4

show states M

show rule icon D

>
H—>— i —>Ein - oA <31 <=1

>
IR HEN_ N <5 —<— 1

Transition graph of CA rule 110, width 3

/

Q.
N
VN

VAN
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Comparatistics of picto-, diagrammatic and sonic manifestations of the
ruleMN18

CA vizualitation of rule MN18, {9, 44, 47, 4, 0.1, 103}, witdth 4

ArrayPlot[CellularAutomaton|
ruleMN[{1, 2, 12, 13,5, 15}],
{{1}, 0}, 44],
ColorRules -> {1 -> Red, 0 -> Yellow, 2 » Blue, 3 » Green}]

Transition graph for rule MN18, {9, 44, 47, 4, 0.1, 103}, witdth 4
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Sonic rule MN18, {9, 44, 47, 4, 0.1, 103}, 2252.8 s
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Different number of cells

6 cells

5cells

Examples of the plot table of vizualisations of the morphic ruleM,

Randominteger[1,100]
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Complete plot table of vizualisations of the morphic rules ruleDM

AN va g
A0
Al vda g

AdAarhaa
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Special cases of ruleDM
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Transition graphs

Transition graph for ruleDM[{1,2,3,4,10}] -> “DM2”
Colored transition graphs
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Naked transition graphs

e
e
e

(OOER:
OO % EIEIZ

%{%%%BBUDOE
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Transition graph for ruleDM 24 and ruleM 24, width = 4
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ruleM 24, ruleDM 24, width = 3
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Table for ECA:
http : // atlas.wolfram.com/01/01/views/40/TableView.html

Transition table for ruleDM, w=4

Ol

misininiajaini Mo
SIS IBINISIBIBID ()() 1SN %%%% age!
SR QOO i
OnoonanOde <:x:) Hile mmmmmggo
Eiaia|aia{aint T annnnnn
OOOO000e &FFnnun.. Oponnrie
HHHH e e e o r oot Ooonnnn

—e e—2 e—2 e—o o—o o—o



44 | PPSVB.x11.nb

% e Hle™  @@:cccoscse™
Oonnte o o @@ iiil

L RSgisiniaists Heooooonuoniiiiioo.
%%%ggggé %%mw STt Ie:
ornpnpnos HHOOOH?  eeeeeeeosee.
oonOonnnt= AR A A seooccseoans
OOOOMMC 0 2 6 a0 e consoocsalll
BB e e
oo XKoo
goo %%%XX: Xﬁg
SR vkt T
nooonte e ~
ononnfe o ????ﬁ?: }{x«» S
O S P SR L R ity

- : 7-%(% 2

oo - 3

- ?ji - “:%?“ R el
KAXKKK DSOS SR S B = 2 Fo T o RII
mmmmmmm e OO — o eeee seve sees voes soes

{0
nonn” L R jﬂé%%m
DTy ks
oone.  Hakst oo iﬁ%@%?
DM e eeeeeeeeees i sonto

oooooooooooooooo

oooooooooooooooo
oooooooooooooooo

eV eeleeleeleeteeteede = GGG B®
P~ IR~ EPAPA ~ S ~ SR~ SO A By I:I ®  ®00300000300030000
PR~ I ~ ST~ ST - ST~ S~ TN I:I OOOOOOOOOOOOOOOO

oooooooooooooooo
+0eeleeReeReeleele !l 6  osos0000GOGOGOGO®
o9 009 00D 00D oo o0 Do tI oooooooooooooooo

oooooooooooooooo
o0 0—'0 00~ 090 0—0=0 -0 I:I Iy

oooooooooooooooo
0=—0 6=—0 6——0 6—0 6—0 6—0 6—0 6—0 +—0



eQeeQeePeePosPosRocen
e oo oo oo oo oePoete
e eePeePeePeePesPesPen
[ I I - I - I~ T -TN
ePeePoePoePoePosPosoen
eQeePeeDeePosPosPoee
0 eefeefeetectete ] o
P eeP et ettesteete 1T
ePeePeetertertestell o
e P et ertestesteet. 1]
eGeeterteebectectell o

®ee Bee Boe Boe ee® g o

ooooooooooooo

L
ReB oo Up oGS
noononooonon
noaanndiaie
H_&é\‘ br«“<:>“
xmf%béi
e
H-.—-&‘Wq.»l{ o
o> e o
e I e I O
LI LS

LI S
o
7?,

ey

e S
TRk RN
oB I SN SR IR IR AR ot ds

e oIIIIUININ

o000 po0 D00 D500 00

oooooooo

e—o0—90—90—90—90—90—900—0
—90—900—90—90——o0—90—900—0

ooooooooooo

oooooooooo

o X
ARRAT ST
P
PR

©—0 6—0 6—0 0—0 0—0 6—0 6—90 0—0 0—0 o—0

PPSVB.x11.nb | 45

oooooooooo

000 000 000 0600 000 000 0-0-0
60 00 00 00 00 00 00 00 090 00

H
M
1
8
I

>33 ®O®
oooooooooooo
oooooooooooo
000000000000
oooooooooooo
oooooooooooo
aaaaaaaaaaaa
oooooooooooo

et

X
P e
o8 ek J0



46 | PPSVB.x11.nb

gy ey £ 3
g ih Tt :}iix =
R S .o

NN ez IR
LR e R jﬁiiﬁﬁg
RETOEIE S o e
%%%B&H F o oo oo . Xiﬁﬁ%g

@ O O O e=s e=e o—o
o o0 0 e 4o oo o O O O O s e s e—s o—o

2 =9 60 00 ¢—0 o2 o—0 oo oo o o9 oo oo oo oo oo

2
2
2]
HMHMH%
HeEaey
)
-
{
0

=0 o——0 6——0 o——0 o——o &——9
=0 =9 =0 o——0 e——0 o—9
6——0 o——9 6——0 o——9 o—9o o——0
6——0 6——90 6——0 o——0 o——o o——o
=9 6—9 6—9 —0 —0 +—9
e——0 6——9 6——9 o——9 o——o o—0
6——0 6——0 6——90 o——90 o——o o—9
=0 6—90 6—0 o—0 +—0 +—2

B(B{BI8|8IBIEE - %;
OOOOnonnd o Snnoo. % %
L

aisiais
aisiais)
aisiais
aisieie
uisieis
Sinls!
niuls!

Q

&%

%

¥

|8

18

|8

O

OOOOOOOOOO

OOOOOnnn Oz
nooOononn %%E%Sm: % %{&%
OOOO0O0He NN oonns
OOOOOdHe Siaiatatats

aiaie! = F{F{{
HOOHOH e jpe
OO0t e EIIICJIEIICIDDIJ — LT

;ESEI%
RS
El o
SH
ks
3
i



PPSVB.x11.nb | 47

RSt 8 . e s 088000000 ollllf
e fomm R
11 IO . :
Stbanandl BELLED (I :
sl o OO0 & .
ol PP . X
s NI G o @SSRS v i
RRRRRRRRRRRRRRRRE R0 5660600 ol SN vno so s s s s ®
siseesacsst]  OOOOOde olly  EEHHBHe e o
it ppmnoell HEEHAHE: wmvm
BOAK L e e e s Hbment QHOHOH
SO S amh v@%
KO LSS ES u% aiaiate B S SR
T T T 1T o s NI OOOO s o ST
0RO COuAA T dooin ﬂﬂ%wi“ e g o i
OO OGOkt Coomn o u%w“ : 3 e o Bk K i
o o o ol o ¥ e
SEE - BB G \
oo ollllll  mriEn  dhdEaEk.

oo



48 | PPSVB.x11.nb

Hnometrtrrind seesaasseanl

ﬁm IO X8
%wa S:0iat]
%Wmﬁ R

lMl miveen gL
M wmwwmm umunwfw Ws@m
%xw%wxwvvri

WM%MW&W%%MM .@i@wmnnmmnow MW&WAXHWW AAOMXMMO iiiiYMW

pamaan UM mENEL SERET X E

E Trd s vﬂ o Y o

EREE MZE&W? e W%X Vm%m“
1 oo etttrl 6 __.mmmw

ol KA e B

% i GoOEEFWRGD e

I 730 e hd X8

T ¥ %%X g4 w@ﬂqwm;ﬁo

oooo



I SIS S _ 1y H nonnon!
R %\ﬁ%x“ :” AR AR
SRR N AR
B 5 wd SRR
xxnnnnWE RPN v knan TTH:H:ZMLW
Yk T - 13 AL
ERG RS %fw M 4
e T

sorrisE, Wil wmil
e F L Seaedel R w0



50 | PPSVB.x11.nb

Ry
Y xXxoogonnug
oo o

!
S e 111111

@ oo

oooooooooo




PPSVB.x11.nb | 51

oooooooo

oo osensaegyy SHHHLLLN cessssecsssssl  nmmnmunajunm
P oo VH L ceessssssss..l noonpnnuonnn
Il ceseseccesssss 1 o]
V\V\V/AU I7°  cccoocecenssss 1
Vla ﬁ HHH 0000000000000 H WHHHA
oooooooooooooo
|8
&
|8

j(%i&mmmm
0 o

iy
R
s
A

oooooooo

8 8 8 8
o nnn "
® s s 8888 8& 88 8 88
«Wm“%.mm%% s OONORIHD - o
| L EEEL

e B Lo
. S X & T e
WUMVA“ LT STER N - -3 IRl et

L R RS- R S S mmmn?:z::: o e s ilIILIN
I s 0 N s
sesespiizis 000 Hon %A@i% i
IR TR et B RO ok S o
V- SLHIED bR e
Wheetiinh HOROOCER HaMH abREE



52 | PPSVB.x11.nb




PPSVB.x11.nb | 53

8
8
8
8
8
8
8
8
8
8

%

o
g8
oy
et
oan

oooooooo

oooooooooooooo
oooooooooooooo
oooooooooooooo
oooooooooooooo
oooooooooooooo
oooooooooooooo

ooooooo

WMWMMWnnnnm
M
g

LR

nrnnnnniil,
Tt ouat
PRy
<1
SRR



54 | PPSVB.x11.nb

= s
=t ) -
Piaad - S S b

oooooooooo

st ol s
S B N

SLELE 7&:; ey
S 0 b
N nhnenien s riiis g



O——0 6——0 6——9 6——9 6—0 6—0 &—9
6——0 6——0 6——9 6——9 6——0 o—0 o——0

=0 6——0 6——90 o——0 o——o o—0
=0 6—0 6—90 6——9 6——0 o—9 *—0

00000000000
000000000000
00000000000
00000000000

-OOnnne o o

B O e—e—0——00—00—00—00—0

©—0 6—0 6—0 0—0 06—0 6—0 0—90 0—9 ¢—0 *—0
=0 6—0 c—0 6—0 o—0 o—o 0—0 o—0 o—0

W nnnonnnog,
ejafeatatefatedaps

oo oo

oooooo

ooooooooo

PPSVB.x11.nb | 55

mmmmmmmmmmmmm

E

P
b

Bt

e

o
i

M

IIIIIMIIIIIIMII% ¢ o0

W

o



Knnunn:wmu“m HH@@@.‘?Z fiwnrrrunnn
H 5 FE &%H% Ay
s

%

v
IO i Hge S
mmo& e %%w bk b

! ! noonoonoo e YLV Y EEREREEEEE
efsteteieiess: @.@nnmmmnmm z %ﬁ

W B M X Mﬁwﬂ\ﬁ% E\%mawwmm

Y Y Y >

Wﬁm ﬁ
Ww i
i wﬁ%%ﬂ%ﬁ




PPSVB.x11.nb | 57

st 3. s
s ;

Hxxw\wﬁ W,TEE

b xﬁﬁ

& ] ﬁx

//,__S\

S\

2\ :,,7
Y
\




58 | PPSVB.x11.nb

nnnnnnnn::H meuﬁm imﬂw n _____ w ..... MMMM%MMMMMMW ,,,,,,, Mmm
e LTS SR s T4
SEGE e g D e
3, 5 FE R B oY T
ot 1 TS STE IS JOpLIRr e W Iaaki P i
%wﬁ%ﬁ%wm I o vvvxmm.m.m.m.m;
: W s g Y Aed]
fehed i RSN P} /AM
it P e 3
sReReg R R R RS S AR N IR 3 2 2 3 S m“z::z: ooooooooo
%ﬁﬂnnmn .Mt.vw».vw\k.vm : VAMWMWmmmnnn%
P %H%mmm“ BXe g
et IS =3 )




PPSVB.x11.nb | 59

Y-
L

o

e ten

i
e
R

<>

A A
AN

oo o000
69000000 eeCoeo® 0o 0o© B & L iy ]
*—e—o =0
O Pee O EOEO P B B B B B —o9o oo
*%e eee oo L .

® ® 03> o—o—o
Laad P > & = o=
® ® ® ® ® ® @ eeeoeooooe oo oo =

eeoe oo oo e oo

Transition table for ruleDM, w=5

faTetatelat el toToTatetoto el Aahans
ALSARARAGEORAGNS 3
E Y Y e Te ta s tutvivy Bat et e il
ARARARAGOORIAGNG 23
AAAANAGGGLAGTE dhdlatan
ARARBDGOORIGES Hoamd
ABADBGGOGRIGNS 23
e Lo s pe e tatataterel al
b teteretaretvis tatatatotel &
ABARARRARAAAGNS Fatt
AOADADRDDBDGEG ot
AG G bttty B
B L L Lo Lo S L e o Lese) Goe
B oL gL Lo s R e v Leaorese) BHe
L R T L T R R

B
S84

‘OVVVVVVVIVVVVY

R3csedeloteds
‘80000800000




60 | PPSVB.x11.nb

x::mxxxzzx*
xxxxiill|

HRHKAKHK AN *W“mmmw
vnvnunvnvnvnvnvnﬁwwmmmw
HRRAX KN
vnunvnununvnunvnwwwmmmw
HRRRXHKHKN :
HRRRHK KN

gesrieireie i HIHHE

I T EE TR
TR
Hittiibdte%
AT T T
T

(XXX RN NN

Mx:"mxxxm.
s IITHE

HRAAX
vaunvnunvavnunvn"mmmmmw
HRARAX KN H .
vnvnvnvnvavnvnvnummwmmm
KRRRHKAHHNN :
vnvnvnvnvnvnvnvnmmnwmmm"
HHRRRKKRNR .

coc00s0 O



PPSVB.x11.nb | 61

*
YeldR 0B R R L] 3
bladsdsisesat Ak L A% 1

o
&S,

3¢

K

3

hy
X

fog

£t
hrke s

..............o;}#

*
*

b aRRER ¢t
etz Sipoam Yo
- Wy RERevvinli e
AL g
dpdede iyl rassmsaciie '
o EECRRTE
x*:zz?ﬁg‘zﬁ?? et s

F 53 LA L XIS LTS3 23+ 3£+ LARTANT s 3 +4
oo - -



62 | PPSVB.x11.nb

L ]

b & e
A
Foa
2

¥ Xy
Jofe
S
Moy,
XY
o
S
- B
% oo
g

-]
e
L-X- 2%

3 3 0 o5 Hoop 2
g OO ﬁwmwow.g
Mwwwwﬁm ﬁ&w%oM
*
P Sededciiidl el enn _m”
P ale b ol ol e ot TSR] ) LelefeReTalaleleleT el sTele I sEBBEBBEBBEBOEE
I T L COO000000E"
M« oo gEEmmmmaad BEREETGES Sdbdaneh
el SUNRGE SOSORIS
Baae 2®
st RIS R
HSISIEISIFIFIS e gaas  CHXKICHE
. HISHSIHIS SIS IS v b+ D L L L PO B o O Pt
PrEervrvasess  Rbbppnn. R E RS Ccee i
*i eibivi et I 8 G
P hbptaihs HHHGGNE B
I1 dedotbaor ¥ B
th ZREIGe Lt Do
TH O dededorddi rIOHMBNNN dESmEwas



PPSVB.x11.nb | 63

¥ Rovoscaaaaas.

N fpank

N LR TRE,

X4

kbt
P R¥wE.

+¥¥ Yo

#.
L.

Fe oo
L
*%kde
i

Wgxs?

AL
Fod 8
co0s:
~
-

oot

P KU KEAO

e deye i JERE ‘
AP Aot s




64 | PPSVB.x11.nb

Q44**4«&h??”

T
Hite zmx i
Kﬁwgw i

Mwmxw i
%Kmn wm

FRE4L

)
HITHx
oot &
.Qﬁwmti

rr*.:.?&.ah .

O

D AX !

aotas
****ﬁzm“

.&-—%0.0tcoaoaooto.o

ok

{ {00 .

VAP I Idrw

&n



PPSVB.x11.nb | 65

R
o

* i
m Hwaaaavw»»maw

mwmwm&h&«%ww

{0y

Qo .

LY
A

»

0 15, U

o
H
BAR »

oo
S

s

v..mmm:
Frrrrryyey

EIITANNE

o

Y IR
XX*.*.*‘Y&.XX?

ERNWF AW X

I
NP MR



66 | PPSVB.x11.nb

LR R-K-X-X-K-K-K- I

m..xx**&ﬁ.u.
W Khedss

S T
.w.wﬁﬁ
vm;um..wm.*%*

YEtEFrdbrrso.
FFAAEEF

o
wwﬁ

##***o

¥O¥*

O 0o
030,

oooooooooooooooo

i taass
W“Wivrrrrvvv

E,Y .mx,

?i‘-e*

**##**



PPSVB.x11.nb | 67

" . . v,u!r##.r

FRANLY
Rt
IR, LU
T4
ﬁg%ﬁ*jg;
e R ¥
VWULLLLNNNN
B v seeniees

6 kF3

e \Wgﬁ iy

.
.
.
.
0
.
0
°

oo0

090

oo0

690

090

oo0

690

090

000

600

000

cr kel W
L3t K¥n

0000 00000000 0000000000 00000000
0000000000000 00000000e

RRURRPTITIPPO- oo



68 | PPSVB.x11.nb

2222008 tﬁﬁﬁédﬁﬁﬁtm

pthededeted ot L ge

88
L2

o
|9
O
®]
gauens

e
ﬁ&ﬂ?&VVVV&&&&

AR TGO

mmm
i

PEk o

pgt- S

PRl sh bRk on]
@***&&&&a

AEROP L.
%k
LA

.ﬁm@.»\#?

gt

A



PPSVB.x11.nb | 69

FRRRP
BAX gk
PR @
FE 44K
TS
] Mﬂ»@@
I %ﬁﬁiw
B
BT R AR




70 | PPSVB.x11.nb

(s W ¥
BEAVEIH
ey 1

33333332328333333333333332233882288333333
' o 2 o 3 e o L A A X {24

s
SAKF LI

datrainy
o SN ﬁﬁtvﬁ.
I F X Lk

LR eTe: o

M\.«u




PPSVB.x11.nb | 71

® 900606006080 bRtk M@%Mvo%mwvo%
] *v F

wv”%ﬂw.ﬁv.hv . ,»...,M.aé***%*" Fan 48009
@) ' #*.ﬂn* *, .Q.Q.QO*

».Wum WM; ¥y o
5 Q Um...wn”%ox‘*n a®r
WHM nv m...w. Ke Ox

VW*O Hv.o
AW..M.Q £ W H%n.."n*w RO«
ssoasossssoans] : P Ry S I H IS
wrepsesn:  (O{ IOl WM#%xﬁ*r i
et Le % 8 S AR AR
Y se RYederEKin i

wﬂ: v&. of o #ﬂ .;W\ * xet  TdB Pisi
Koz 3 S5 i
x‘.mﬁ. Lo wW\O” .%ﬂ* xs QO ‘%Wmmm
vwﬂ Ledo T Os ..wn %ol ¥ED aee,

vty be e Ly ERERTRREETRARE dadnddad 1]
009000000 0xxxx Siibamnunananhel . HI
& AOBBSRRS RSN E0GE i i

P oni il

3 i

QOO
QOO
QO

vevvYvYYYYYYYYYY

o i
Ei Y Jm % ol

O#'ﬂ-’
poah:
i 3
8 K




309

#‘b“aggo
Fraas
eyt 8

@ 000
GO8u8009

000‘000000
@ @ ROR

T
FETER

& 45 3
*%OOOO

pOReR:
et
st wopples
Whte WML



T IOV

o wmw
o Nx o F A

Freeeet
X *wm.;w@m Hv.&.#*o“
OF Wi IEQt %
M h. ]
.Q L]

hu#r»»

Ty *
Lhg st e g e




74 | PPSVB.x11.nb

x.*coataaaacoo.:

3034 4Kk ROk
I«t&:z:x“ LR S S ETEE WX rhHLE

IRITTTAY YN FrEREY Yok sk B E

Q
m:a ﬂf,

N AP PY

Guoe NETEEERAT  Fvkossdl
T It L

ST e

KK &%.wnx.u



PPSVB.x11.nb | 75

AAYYAAT
Hyf:r.f

et

$oossaassasaa

Ak SRR B R K
.x.».x.?..m.a&*

WA i
%ﬁ%%
Sttt

0000000000000000

KA KpRSed

» ® »>
POIDII+Entan
2

@
@
@
+

b3

%

354 ok 3008 3 3 K40 8
P ARYE EIEITIR IS

%@*




76 | PPSVB.x11.nb

...................... t WY rrITY—

Butterflyoids?
Transition graph for ruleMNP[{1, 7, 12, 13, 10, 14, 15}], Tuples[{0,1,2},9]
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