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Sketch of Memristic Cellular
Automata

A concept of time-oriented morphic cellular automata

Rudolf Kaehr Dr.phil®
Copyright ThinkArt Lab ISSN 2041-4358

Abstract

The concept of morphic cellular automata with time-orientation is proposed as a
further explication of memristive interactions.

===SHORT VERSION ==

1. Metaphor towards memristive CAs

1.1. Motivation

Conflict-free endomorphisms

A mapping of elements on a grid of cells is well established if the mapping is restricted to some
obvious rules. There should be only one element per cell. And the cells are well defined as identical
places in a topologogy of a grid. Also the mapping should be restricted to one cell only, and not
involving neighbor cells of the target constellation too. Each neighbor cell of a cell becomes in a next
pplication a cell and therefore gets its occupation by one element. Such a mapping of all cells by
elements is called a configuration. Configurations appears in time-steps. For each time-step there is a
single configuration of cells and their elements. Time-steps are evolving along a numeric time line.
Configurations of time-steps are disjunct.

This concept is well realized by 1-dimensional cellular automata, i.e. 1 D CAs.

This is a perfect working concept and nothing has to be changed or added.

The desire of normal CAs is to produce complexity on the base of simplicity is realized in the
framework of elementaristic order and a presumed homogeneous concept of a universe in which such

complexity happens.

The mechanism of transition from time t=0 to t=1 is depicted classically with the following diagram:
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Conflict with polysemy

Nevertheless, it might turn out to be quite annoying. And it could be of more fun to introduce a
different concept.

Say, why should the transition function based on the local rules deliver one and only one result to the
configuration?

What happens if we allow, say 2 elements?

Obviously they will produce a conflictive situation. There is no place for 2 elements per local rule and
single cell because all neighbors of the cell are treated equally the same, they get occupied by one
and only one element.

A compromise could resolve the conflict: only the identical elements are allowed to be re-occupied by
an element. Hence a kind of an invisible overlapping could do the job. But this would not only restrict
the mappings to the very same elements and produce the very same configuration, it is also quite
superfluous.

Hence, there is still the desire to map different elements onto the same cell.

Fusion, glue and blend

Gensric Space

http://www.thinkartlab.com/CCR/rudys-chinese-challenge.html

The basic obstacle towards a construction of visibly overlapping mappings are not the cells, neither
the mapping procedure but the concept of identity of the involved elements (states, symbols).

Hence, we have to get rid of this inherited obstacle. But to get rid of the identity of the elements,
symbols or states, mappings and systems would necessarily destroy the whole approach of cellular
automata as such, and everything else too.

Diagrams
A simple diagram may depicture the difference between overlapping monomorphies and
non-overlapping blocked elements.

The block diagram shows how blocks are treated by the transition function f. Blocking is reorganizing
the blocks of elements without getting in trouble by any overlapping of elements at all.
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Block rules without conflicts
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1.2. Explication of memristive rules
1.2.1. Mechanism of morphic elementary CA rules

file:///Volumes/ KAEHR/HD-KAE-Texte/KAE-TEXTS/Publi...

The diagram for the morphic rules for dyads, i.e. 2-element monomorphies, shows how the transition
mapping for monomorphies is producing an overlapping at the target configuration. Focused on the
elements of the monomorphies there is a conflicting situation between the monomorphy of the
mapping, [ab] and the monomorphy of the target constellation, [ba]. Because monomorphies are
defined as patterns (morphograms) and not by their elements as such, a fusion between mapping and
target monomorphy is applied which resolving the conflict without changing the structure of the
pattern. Hence, the applied monomorphy of the rule, [aba] --> [ab], is properly mapped onto the
target constellation, [ab], without changing its monomorphic definition as a dyad. Hence, [b] --> [ab]

=MORPH [ba] --> [bab]

Morphic rules are offering a right- and a left-oriented mapping of monomorphies onto the target

constellations.

l f . localrule

a E] b :tritonormalform(tnf]
2_

Morphic rule [abbl — [ab]; 2 - blending

blending

X X a|b xx localresult| =

I conflict

XX X alb ' target

X X b|a X X

XXX

I fusion

albx

new configuration :

ll
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Symbolic rule (abb) —s (b); mapping Kenomic rule [abb] - [a]; 1 - blending

a @ b | : identityform a E] b [ :tritonormalform (tnf)

l f : localrule l f ¢ localrule 1 - blending
X E] x localresult x[a]x localresult| = | x EI X

Ino conflict I conflict Ifusion
X E] x: target XIE x: target X EI X

ﬂ : new configuration new configuration : ﬂ

Morphograms

Now, we want to keep the mechanism of CAs. But not the conflict producing elements (data structure,
states, symbols).

A good compromise could be to accept not the signs of a CA alphabet but the patterns of
sign-configurations only. Hence, the objects of such an alphabet-less machine would be patterns
abstracted from sign-configurations and the rules of the CA mechanism would be defined by patterns
only.

This approach seems to offer a good chance to overlap other patterns without getting into conflict
with the elements of the representation of the pattern. Again, the elements don’t count. What is in
the game are the patterns, called morphograms. Nevertheless, to write and realize patterns we have
to use signs for elements as forms of presentation of morphograms.

This concept of togetherness of elements demands to abandon the identity of signs in favor of
morphograms.

Having introduced morphograms, morphic local rules are easily defined and overlapping configurations
are becoming natural situations of morphic CA transitions.

As one of many consequences, our morphicCA gets some temporal orientation not only by the way an
application of the morphic local rules happens but much more directly as a consequence of the
asymmetric structure of the configurations of the local rules themselves.

Kenomic CAs

Morphic rules are build on the base of monomorphies of morphograms. Monomorphies are parts of
morphograms as sings are elements of sign sequences. Monomorphies are build up and realized
realized by kenograms. Kenograms are elementary parts of a morphic patterns. This motivates the
definition of kenomic CAs. KenoCAs are realized by kenomic endomorphisms, and are therefore still
keeping the properties of non-overlaping in CAs alive.
http://memristors.memristics.com/CA-Compositions
/Memristive%20Cellular%20Automata%20Compositions.html

Normal CAs

Despite the dynamical character of the behavior of classical CAs they nevertheless might be
considered as “frozen” kenomic CAs involving a reduction of the rule set and the mechanisms of
building complexions of composed kenomic CAs.

Memristivity
What could be the purpose of the construction of time-oriented morphic CAs?
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According to the studies into the memristivity of memristor-based crossbar systems, time- and history-
dependence and the overlapping, fusion or blending, i.e. chiastic interplay of computation and
memory functions are crucial for a new paradigm of nanotechnological computing.

Novelty

Morphograms, invented 1962 by the cybernetician and philosopher Gotthard Gunther, and the theory
of the interactivity of morphograms, morphogrammatics, are still a quite intriguing project to realize.
Morphic CAs are implementing time-dependence by their elementary rules directly into the
automatism even before any information processing has to be involved.

To opt for a ‘machine’-interpretation of morphograms might be even more surprising. In fact,
morphograms had always been reflected in the context of operational, machine- and program-related
constructions. But a direct application of morphogrammatics in the very context of cellular automata
constructions is indeed a brand new adventure.

1.2.2. Procedure of morphic elementary CA rules

Morphic NextGen procedure Example

rule set = {'I, 7,8, 4}, start string
rule set, startstring

l [bcb]: string atpos(Nr., ()
string pos = (Nr., () ltnf
lmf [aba]
tnf(string) e l N\, NextGen ([aa], [abD
A l N\, NextGen [abaaa”ababb”abacc]
I\lextGen(tnf(string)) [abaab][abaac] [ababa]
N l /€ rule —set? [ababc][abaca][abacb”abacd]
(jes; no) N l v [ababa]erule—set?
lapply rule (jes; no)
rule — result
b7 l N, fusion — orientation lapply: [ababa] = fuleg
left center right rule — result = [ba]
N l // fusion - grid —neighbor e l N, fusion — orientation
constellation — result left center right

N l / grid — neighbor = [bc]

constellation — result = [baHbc] = [abc]

The NextGen rule, or procedure, is not simply realized with an application of a local rule, the result of
such an application has to be embedded and aligned with the states of the cells of the target
configuration. Because of the non-atomic but morphic structure of the result there is a space conflict
for the integration of the morphic result. Hence, a fusion of the rule result and the neighbor state of
the configuration has to be established. This is naturally realized with the fusion-rules of
monomorphies of morphogrammatics.
http://memristors.memristics.com/MorphoProgramming/Morphogrammatic%20Programming.html

5of 16 12/06/2011 11:46


file:///Volumes/KAEHR/HD-KAE-Texte/KAE-TEXTS/Publi
http://memristors.memristics.com/MorphoProgramming/Morphogrammatic%20Programming.html

Sketch of Memristic Cellular Automata-new.nb file:///Volumes/ KAEHR/HD-KAE-Texte/KAE-TEXTS/Publi...

1.3. Neighborhood rules for morphic CAs
1.3.1. Mechanism of morphic CA rules

As a first step to the realization of monomorphic transitions a new neigborhood relationship has to be
introduced.

Not only the transition rules, discrete or monomorphic, are defined with neighbors but the placement
of their results has to be kenomically adjusted to the results in the grid of constellations of the
application of previous rules.

Hence, at first their are two kinds of neighborhood relations to distinguish: the neighborhood cells of
the primary generic rules and the neighborhood relations of the results of the rules for a new result of
a configuration.

This is achieved with the rule scheme for monomorphic successors (NextGen, results) with at least
dyadic successors (monomorphies) in contrast to the singular atomic successors of classical
m-neighborhood rules and the monadic successors for kenomic CA rules.

The main rule is still composed by the set of local rules fulfilling the combinatorics with length 4 for 2
elements and 5 for 3 elements. Hence, the combination of rules for 1D kenoCA shall be applied for 1D
morphCA.

Discrete: ¢312 — c4 = Overlapping: c312 - c45

c3 ¢l ¢2 c3 cl c2?
-

R1 R7 R8 R4

Nr.\Nl 1 2 3 4 5 6 7¢ 8 rule = [[morph]; {1, 25085 4}]
1 OoOoo | m m] rules : 7, 8, 4
2 Ooo MmO ] 7,8,4:coinc(6r3,6r4):=
3 OO o m o [ | 4,7,8,4:confl(7r4,7r7): mEC

3! O OO MmO -] resolution (7r4,7r7): = us

Coincidence and kenomic adjustment
[o m o] = [aba]

1;4,5,6;r8: (abay — (ab): 5, 6

1;5,6,7; rd: (baa) — (ab): 6,7 : coinc(brs, 6rq)
2;4,5,6;r8: (baby — (ab): 5, 6

2;5,6,7;r4: (baa) — (bb): 6,7 : coinCc (6 vz, 6 ra)
2;6,7,8:r7: (bba)y — (ab): 7, 8: confl(7 x4, 7x7) : @a#b

rg (5, 6, 7yconflict r4 (6, 7, 8) results into monomaorphic addition :

2;6,7,8:r7: (bb); (bba)y — (ab): (bb)"(ab) = (bbba) = (bba): 6, 7, 8.
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[oE] = w[w of

m]>(m m|"[0 m|=|m m O

centre = [a]
. transition rule » result : [aa]
right =[b] | ——m8 — :
left - a constellation: [ba]
= [a] new constellation : [aa] "~ [ba] = [aab]
Correct notation
[ I B " E O EOm OO
R1 R7 R8 R4
- m 0O - Om - Om - m
Nr/l 1 23 4 5 6 7 8 9 mnle=1{17 8 4}]
| oooo®moooo,1,1,7841,1,1
2 oM omEoERE®EOoONR]LLL7S8411,1
3 oM omEOoO®BDOMBDGDOSZS8 8888888
4 O M ONONODOMNDO . 8,478, 88
5 HE EONEONODOBNDGO stop
H B B H B O H ON B O 0O HON
R1 R7 R12 R13 R10
- B 0O - O n - B 0O - B n - Oom
Nr/l 1 23 456 78 9 rule = {1,7,8, 4}]
1 O0OOOMSMOO0 D00 12,13,1,1 : [ca]*cb] = [cab]
2 OoODoo®Somom 1210 12,12 [eba]r[eb]= [ecbab][cbab]*[ cb] = [cbabe]
3 O0ODOoODOoOSEOSNON m]
4 DooDooooaoao o
5 DoooOoDooaoao stop
2; 4,5, 6: R12: [aba] - [cb]

2; 5,6,7: R13: [abb] - [ca] : [cb]*[ca] = [cba]; [ab]"[bc] = [abc]
2; 6,7,8: R1: [aaa] - [ab]: [cba]”[ab] = [cbab]

2;7,8,9: R1: [aaa] -[ab]: [cbab]"[ab] = [cbaba]

2;8,9,10: R12: [aba]-[cb]: [cbab]"[cb] = [cbabc]

R1.2... R7IID RB.D. R4.DD
- 0 n - O m - Oom - n n
Nr/l 1 2 3 4 5 6 7 8 9 mule = {1, 7,8, 4} : right
| ODOOoOO M®OODO0O0OaODo 157-5,8-5,4-51
2 — — EmEm o0 E N - - 7545 75,8-545 7>
3 — X "m0 NN X - 1,1,7,847 4>
4 — m Em B O NENEX X 4178471 4>
5 HE B E ECONNX X stop
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Nr/l1 1 2 3 4 5 6 7 8 9 nle= {17 8, 4}, centre: left 777
1 OO0OOOM®MOOoaoao 7.8 4 -
2 - — - "o EE - - 1,7,8, 8,4,1
3 - — X moEE - - 1,1,7, 88,17
4 — x x moOEEBE - 1,1,7,8,8 4,1, 1,7
5 X X x 0o E EHE X stop

The new value is determined by the applied local rule and the existing value of the constellation in the
grid: if the left-value y and the new value x at y is different then value x changes to y, and z is
building with y the new monomorphy.

The center-application is left- and/or right-oriented.
1.3.2. Left-right-asymmetry of the applications of local rules

The classical simultaneity of the application of rules, which is a 1-1-mapping has to be modified
because of the asymmetry of the beginnings, center-, right- and left-applications.

For classical CAs we obviously have a non-oriented structure: “Notice that the order in which we
calculated the rows of squares did not matter, we could have done them right-to-left, or in an
arbitrary order, instead of left-to-right.” (F.L. Thaulaw, 2010)

Hence, the beginning of the application and its direction is a determining property of the automaton.
This formal property might be instrumentalized to introduce a kind of an observer-dependence of the
construction. The understanding of the developed configurations are depending on the direction of its
construction and re-construction, i.e. interpretation. Time- and history-dependence might be a reason
too. Kenomic and symbolic CA rules are producing disjunct results. Morphic CAs are producing
overlapping results.

Therefore symbolic and kenomic CAs are non-directed, while morphic CAs are time-oriented measured
by the overlapping function. There is a difference in approaches which are introducing, say
time-dependence secondary with the help of arbitrary techniques and an approach which is
implementing time-dependence at the very beginning of the construction.

J

Nr/l1 1 23 4 5 6 7 8 9 ule = {1,7,8, 4}]
1 oOoEMomEE®EOoONO 7884178 8:lefttonght; 1;,1-9
2 I H X M E EH Xx EH X -
3 X ®m X x x H x A nm 88,4178 8 4: nghttoleft, 1, 9-1

The results for left-, right- and centre-directions of the application of the sub-rules of the general rule
are different.

Therefore, the axiom of simultaneity for classical CA has to be deconstructed towards an asymmetric
double strategy.

Because there is a bijection between the chain of rule names and the new configuration, the chain of
rule names gives the answer of the internal structure of the new configuration, i.e. the combination of
rule application and fusion. The chain of local rules defines the global rule of the application. Hence
the intricate combinations and fusions of the new configuration are reflected by the rule chain and
can therefore be reconstructed from the global constellation with the application of the chain of the
local rules.

The right  configuration (2; 1-9) is  characterized by the rule chain (
7,8,8,4,1,7,8, 8: lefttorightof1; 1-9).

The left configuration (3; 9-1) is characterized by the rule chain (8, 8, 4, 1, 7, 8, 8, 4: right to left of
1; 1-9).

The classical arrangement for CAs “There'’s one cell at each node of the lattice.” (Thaulaw) holds in

some sense for morphCAs too. But because of the overlapping of the morphograms the states might
also be considered as double defined and derived from different rules albeit resulting in coincidence.
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Thus, the states in morphCAs are functionally doubled, polysemical and ambiguous but as results they
might be considered by an external interpretation as mono-semical.

RuleChain(g g 4,1,7,8,8 4:right)l0 m o m m m o m ol)=[x m x x x m x m u]

RuleChain(7 8 8, 4,1,7,8,8: left)lc m o m m m o m ol)=[x m x m m m x m x]

1 - DmorphCA

RuleChain yignt ([CD # RuleChain,eft([cD = e|eft(IcD # € right ([CD

Classical CA
For classical 1 D CAs(0,1) the rule application is neutral to the distinction of right- and
left-orientation. This corresponds with the principle of simulataneity of the rule application for CAs.

1-DCA

RuleChain,eft(c) = RuleChainﬁght(c) = e(c)

1.3.3. Left-right-asymmetry of local rules

Orientation implemented by the asymmetry of local rules

A further concretization of the implementation of orientedness might be achieved with the
introduction of the difference of right- and left-oriented local cellular automata rules. Instead of the
restricted orientation achieved by different applicative orientations of the local rules, the new
approach is based on the structural asymmetry of the local rules which are defining directly a left- or
right-orientation for their application.

The two schemes:

right: (c3,c1,c2) --> (c4,c5) and left local rules: (c3,c1,c2) --> (c4,c6)

are inviting to study a new class of elementary cellular automata.

Those automata are time-oriented by the definition of their asymmetric rules, and not just by the
external application of symmetric elementary local rules.

right local rules: (c3,c1,c2) --> [c4c5]:

H BB o B O " On m 0O 0O
R1 R7 R8 R4
- 0 n - Om - Om - n n

left local rules: (c3,c1,c2) --> [c4c6]:

H BB H B O " On
R1 R7 R8 R4
" m - m O - " 0O - " E -

|
O
O

morpho-neutral local rules (c3,c1,c2) --> [c6c4c5]:
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" RN E E O EOm m OO
R1 R7 R8 R4
" NN OO0 m m OO O m m
Examples
left local
Nr./lL 1 2 3 45 6 7 8 9 rule={1,7, 8,4}, leftlocal
| O0O0OOM®MOOO O 7, 8,4,
2 ob--m X X oaoao 8,4,1,1
3 o-XmmEmENEODOODO 7,4,1,1,4
4 X A EmEEEENEBNDIDO o
right local
Nr./L 1 2 3 45 6 7 8 9 rule=1{1,7, 8,4}, rightlocal
| O0OOOMOOOO 1,7,8,4
2 CDoOomEEX HEEOO 4,4,7,8,4,7
3 omMEE X EBEXO 7,4,1,7,8,4,4,4
4 X mEE X EEEBHN o
keno-neutral local rules (c3,c1,c2) --> [c4]:
E RN E EO EOm m OO
R1 R7 R8 R4
- m - - o - - o - - m -
Nr./jlL 1 2 3 45 6 7 8 9 rule=1{1,7, 8,4}, keno - rules
| O0OO0OOM®OO0O O 1;7,8,4
2 pDoo X X moaoan 4. 4,7,8,4,7
3 ocomE X X EBOO 7,4,1,7,8,4,4,4
4 o x m X m X X maO o
5 WX X X X ®m X X n stop
1 - DmorphCA

[e1]=uelez] = ewnles)] # v (c2]

2. Formalism of CA

2.1. Formal definition of CA after Kari
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Cellular Automaton CA
CA = finite items {d: dimension, § = stateset, N =neighborhood, f = local rule}

CA = (d, 5, N, f)

configuration: c:Z%— S, d=dimension
localrule: f: 5" — S, wherenis the size of the neigborhood.

State : f(a1 L« £ . a,,) is the new state of acell whose n neigbors were atstaesaq, az ,...,

Neighborhood
LetN = (7’1, 72, S5 ?n)be avector of n distinct elements of Z 9.

The the neigbors of acell at alocation X e ZYarethencellsatlocations X + x i, fori=1

The cells change their states synchronously at discrete time steps.
The next state of each cell depends on the current states of the neighboringcells according to ¢
Allcells use the same rule, and the rule is applied to allcells at the same time.

global transition function

Configuration c becomes in one time step the configuration ewhere for al’x e 2 d.

9(7) = f(c(?+ 71), c(? + ?2), T c(_x) + 7,,))

We say thate = G(c), andcall G : Szd —_— S:*"d global transition function of the CAe

Examples for neighborhoods
{-1, 0, 1} : 1 —D CA neighborhood,

{(0, 0), (11,0), (0, i-'l)} : Von Neumann neighborhood,
{—1, 0, 1}x{—1, 0, 'I} . Mooreneighborhood.
(Kari, IntroCA, p.42)

Kari gives a very useful intro to CAs. The full mathematical theory is to collect at the same address.
http://users.utu.fi/jkari/ca/CAintro.pdf

2.2. Preliminary formal definitions for morphic CAs
2.2.1. Sketch of basic definitions for morphCA

Some preliminary formalizations are sketched to precise the approach to morphic CAs with tin

morphCA = [(d, S morphs- 8, (p]

d = dimension,

S = collection of monomaorphies

N = neighborhood,

f =localrule

w = orientation of the local application f

p = fusion of local and global constellations
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Sketch of Memristic Cellular Automata-new.nb
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N : neighborhood
XeN: right neighborhood
N eN: left neighborhood

1 - D neighborhood
N = {-1, 0, 1}:

classic: N — {0}

MOorph ess : N — (—1, 0)
MOrph yigps : N — (0, 1)
¢ : configuration

— —
cright(x+ X1)

—
Cleft (X 1 +ﬂ

e : transition

S: finite set of states (monomo rphies)
X e Stirling2(z, d), class of trito — normal forms

C (7) : current tnf — state

f :localrule (local transition map 6)
f morph (01, az ., a,,) — (01, az ., a,,), with a; € Monomorphies

ftnr: SN2 (S, n ) — SnZ(S, l), n = neighborhood, (= length of result.

file:///Volumes/KAEHR/HD-KAE-Texte/KAE-TEXTS/Publi...
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@ : fusion

(p(c(?+ (?,-1, 752),), c(?+(7,~1, 7’;2)})), for1=1i,j=n

Vil emorph(?) =

s [C((XH Xf'z)’(xhxfz‘))) _’C(XH"”(X’Z-‘ XfZ). ’
4 o emcur;:uh(_x)) =

fio [c((x,~1x,~2'),(xj1xj2')) —>c(x,-1,<p (xiz,sz);],

oo e(7753): (57773))) <[ (0 (i) )

w : orientation
The application of the fusion operation of the local rules are oriented by a left or a right oriente

right: (7+ (7’“, 7’,-2)), fori=1,2, ...,n:
right — neighbors of x, and monomorphy(?”, 7’,—2) = (m)

—

left: (‘x_+ ( X jqs ‘x_,z)), FORI= 2 woni 1
left — neighbors of x , and monomorphy(‘x_,- - <x_,~2) = (m)

_
right : C(Gi 1 Diigs a}'z)

C[‘P[(ai1 biz), (b.f2’ aj.])]] _ l left : C(G,‘,]bijz; aj2

centre: left/ right

morphCA:

o (Snz (s, 2z d)—) Snz(s, z, d)) —»5n2 (s, z, d)/lesion
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Example for fusion

e . )

=

C[v(p '(GH big)! (bjz» ai1)

file:///Volumes/ KAEHR/HD-KAE-Texte/KAE-TEXTS/Publi...

(a1 0o (o2

_—
Qi 4 b, G;‘z)'

For[ab] = c, current state, [ba] =f, rule result

co((s0} o) = <o (5} 2]

newcurrent state: [aba] .

= c([abaD

A global mapping on configurations is obtained by uniform and synchronous application of §:

vee st VZ elZ®: A(c)?;: Pl

C—

—> 4 s
z+n1‘

Gy C

—
Z+np

2.2.2. Classification of 1D morphic CA rule types

"The local dynamics, represented by the transition function of a cell, denoted by &, is a function
which receives as inputs the state of a cell and its ‘neighbors’, and computes by the local rules the

next state of the cell.” (Varum Bhatia)

Hence, the local dynamics of a 1-D CA, semiotic, indicational, kenomic and morphic can be defined by

the following equations.

Depending on the kind of CA, the types of local rules are differenciated into 3 classes: the classical
type of 1 D CAs, the kenomic rule type and the morphic rule types with left - and right-oriented rule
types with tupels and one left-right-oriented rule type with a tripel generation.

Classification of local dynamics

X ; € Elements

O class (X i-1r X iy xi+l) =X"'i,

[x i] € Kenograms :

4],

O kenom (X i-1r X ig X i+l)

[xyz] € Monomorphies :

S morph (X i-1r X is X i+1)

|

[X i1 ¥ iz] cas ¢ right
[X i2 X il] cd6 * left

[X i1 ¥42 X 13] c645

2.2.3. Mediative compositions of CAs

14 of 16
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Special distinctions of 1 — D CA for mediation of different 1 — D CAs :
Binary function: (l, g, r) — f(l, g, r), { = left, g= center, r=right:
CAjs, 1=14:2,:3%

dom(l,-, Ji, r,-) =

cod ((,-, d;, r,-) =r;

Mediation i

P [CA1, cA?) - [cNu CAZ) 11 CA? :

cod (CA1) = dom [vCAz)

cod (CAQ) = cod (CA3)

dom (CA1) o dom[CAg).

cal) = [CA‘ 11 CAZ) 11 CA3 ;

rOcad) = (r1(ea)u ro{cat)) u ofen)-

Compostion of CAyandCA;: o: CA4,CA; — CA4 o CA,.

3
Bifunctoriality of u[CA,[), o, I_I], =12

Bifunctoriality of compositions of mediated CAs

A, - A
CA] cAZ -
- Al A
(eonca))) ( cn oy
120 U420 120
2253
(ca3o0z0cag) )| = |1 ca2 )| cal
I4,2.3 1,23 o4.2.3
| (CA? 00.0.3 C/.\%) ooy S

2.3. System of 2-morphic right CA rules
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- Om - om||-0O0Om8|{|-O0O8||-—- = m||-O0Om
Null

mEEO EOE||EmEOO||mO®@||mOmM

— N — A E||-mE|(|[-mE||-m =

— B 0O — B 0O —:-l ‘0 — B 0O — B 0
H RO HON m OO0 HOMN
— N — 0 n — 0 n — nn
H B O m O m OO HOm HOMN
— i Bu — B N — B N - 3. = — B n
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