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ENVIRONMENTAL STABILITY

CARLOS A. LEQUIZAMON-=

RESUME

Le eystéme de l'environnement consideré
comme un systéme qui ne contient pas d'autres systé-
mes blologiques, a été représenté par 1l'auteur (1975 b)
a4 travers développements relationnels qui ont eté for-
malisé par la suite, avec la théorie des catégories.

Chaque systéme de l'environnement Ei' est
obtenu & 1'aide de'un postulé générale qui &tablit
que pour une période de temps quelconque d'un systéme
biologique Mi donné, el existe Ei qui est le seul sys-
téme directement en rapport avee lui.

De cette fagon, la suite biologique (1) donne
lieu 2 la suite de l'environnement (2) et toutes les
deux se correpondent, pour des lapses infinitesimales
avec l'aze qui exprime la variable temps. Ceci donne
lieu a une interpretation dynamique, dans le futur.
de la stabilité qui est définie.

Chague matiére mise en jeu, avec son éner-
gle extrinséque associée, est représentfe nar des ob-
Jets de la catégorie E; qui formalisent le systeme de
1 =nvironnement respectif. I.es morphismes identifient
des comportements chimiques, mécaniques, théoriques,

(QBiomatemética - Gere:icia de Investigaciones - Comisidn
Nacional de Energfa Atémica - Buenos Aires - Argentina;
and Dep~artamento de Matemdtica - Facultad de Ciencias
Exactas y Naturales - Universidad de Buenos Aires -
Argentina,
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etc., parmi ses domaine et codomaine respectifs.

Les différents aspects de stabilité que
1'on définit sont compris sur la Lase des structu-
res qul sont conservées constantes W travers les ca-
tégories de l'environnement de la suite (2). Ces
structures sont sous-catégories qui sont définies
par le domaine et codomaine de fonctors., On exige
que les fonctors soient isomorphiques, ce que est
une conségquence du criterium de constance dé3h men-
tionné.

La définition D.1 caractérise deux sous-
catégories Ei (de Ei) et Ei¢1 (de 31’1) qui sont
isomorphiques par le fonctor défini dans (3). En
plus, on exige que Ei et Ei+1 soient déterminées
par le maximum nomtre d'objets communes a E; dans
E1+1, bien que, pour certains cas, le criterium
d'isomorphicité impose des morphisms vides entre
des paires d‘'objets déterminés (conditibn D.1b)

Le fonctor (3) répété entre des cutégcries
de 1l'environnement successives permet de définir 3
travers D.2 la sous-catégorie nucléus E: qui est dé-
®inte nomme sous-caitégorie de Ei et Ei.‘La condi-~
tion D.2a exige aussi une cardinalité maximum dans
la collection d'objets de Ei. bien que pour ceci
peuvent €tre necessaires des morphismes vides entre
détermindes paires d'objets {condition D.2b).

On définit aussi une sous-cz égorie con-
tribution < 3 (déf niticn D.5) qul est basiguement
définle par le fonctor igsomorphique (4), dont le co-
domaine 55113 e3t exigé comme souc-catégorie pleine
de la sous-catégorie nucléus Ei+1. En plus, Z { est
sous-catégorie de Ei qul a son tour, pour D.3, est
sous-catégorie pleine de Ei et qui est déterminée
par des objets de Ei qui n'appartiennent pas a Ei.
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A cause de ceci, Ei considére tous le objets qui
entrent dans la respective catégorie de 1l'environ-
nement Ei' de telle fagon queézi considere que les
obJets qui entrant dans By font aussi part de la ca-
tégorie nucléus Ei+1 du systéme de l'envirconnement

successive E1,1'

Sur la bYase de ces défiritions, les nouveaux
concepts sont exposés, De cette fagon, le fonctor iso-
morphique (5) met en rapport’ la sous-catégorie nucléus

d'un systéme Ei+J—1 avec la sous-catégorie

EO
1+J-1 o(ioj 1)

isomorphigue E
de la sous-catégorie nucléus E1 dans le systéme
successif. Ainsi, la composition (6) de n fonctors
isomorphigues (5) établit que la stabilité S, du sys-
teme de 1'environnement E; est n, quand la sous-ca-

qui eat une sous-catégorie

tégorie nucléus Ei est le premier domaine de la com-
position., Dans d'autres mots, une structure Eg qui

est 4£43. au moina, entrée dans un systéme Ej_q an-
térieur comme E1 .q par le fonctor (3), est maintenue

définie comme telle par sous-catégories E et E€ , &
travers n systémes postérieurs 3 Ej.

A travers n compositions du type (7) du
fonctor {4) 1l'on obtient que, puisque 321 est le do-
maine initial de la composition et quei1 représente
des objets qul entrent dans Ej qui conservent apras
la structure dans des sous-catégories nucléus succe-
ssives E§+ (j= 1,2,+..y n), alors on dit que la con-
tridution ?7-1 du eystéme By ¥ la stabilité de 1a chal-
ne de l'environnement est n,

Puisque 1'on peut définir p sous-catégories
é?gfg différentes dans E§+s 3 travers p compositions
du type (7), alors on définit que le degré de contri-
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bution §%+q dans le systéme de l'environnemant
£y -3t p.
Une série de theorémes postérieurs assez

simples établissent la dynamique des objets qui en-
trent et sortent i travers la chalne de 1'environne-

ment, par rapport & 1l'appartenance des sous-catégo-
ries définies pour €établir les concepts de stabilité,
Les résultats établissent basiquement: a) Les objets
qui appartiennent A sous-catégories nucléus sont les
seuls qui peuvent apparaftre dans la m@me sous-caté-
gorie d'un systéme suivant, et b) pas tous les objets
qui entrent dans la chalne de l'environnement aident
a la stabilité.

Le travail aussi présente une introduction
dans laquelle on fait mention de 1'utilité de ces
concepts pour analyser cdes corportements blologiques
sur la base de la stabilité de l'environnement que
lton définit.

Dans la discussion postérieure, le travail
fait ressortir 1'existence d'aspscts temporels entre
les trois nouveaux concepts de stabilitf qui cnt été
développés,
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SUMMARY

The environmental syster considered as non-
including other biological systems, was represented by
the author (1975 b) through relational criteria, later
formalized with the theory of categories.

The obtainment of each environmental system
Ei' 1s due to a general postulate which establishes
that for any period of time of a given bilological system
My there exists E, as its unique directly related avs-
tem.

By this way, the biological succession (1)
gives place to the envircnmental succession (2) and both
correspond for infinitesimal lavses with the axis that
expresses the variable time, in such a manner that a
dynamic interpretation may be possible 1in the future.

Fach matter involved and its assoc¢ ‘ated ex-
trinsical energy are represented by objects of the E1
category which formalizes the Tespective environmantal
system. The morphizms identify chemical, electric, me-
¢lLanicas, theoretical and other behaviora between their
respective domz2in and codomain,

The criteria of stability that are defined,
are understood on the basis of the strucliures that re-
main constant through the environmental ~ategories of
the suzceasion {(Z). These struciures are subcategories
which are defined b; the domain and¢ codomain of func-
tors, These functors are required as isomorphic, which
comes from the criterion of ccnstancy already mentioned.
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The definition D.1 characterizes two sub-
categories Eg (of Ei) and Ei+1 (of EL+1) which are
. isomorphic for the functor defined in (3). Besides,
Eg and E;+1 are required to be determined for the
maximum number of common objects of E; in E1f1,'in
spite of the fact that, for certain cazes, the iso-
morphic criterion for functors imposes empty morchisme
between determined pairs of objects (condition T.1h),

The functor (3) when repeated among succe-
ssive environmental categories permitas to define by
means of D.2, the subcategory nucleus Ei' which is
defined as subcategory of E1 and Ei’ The condition
D.2a also requires maximum cardinality in the ccllec-~
tion of objects of Eg, although, for this, empty mor-
phisms between determined pairs of objects may bte
necessary (condition D.2b).

A subcategory contribution &; (definition
D.5) 48 also defined, which is basically deflned b
the isomorphic functor (4), for which codomain1i( %
it is required as full subcategory of the suocatevo—
ry nucleus Ei+1. Besides, éﬁi 18 subcategory of Ei.
¥y means of D.3, Ei is full subcategory of Ei and
is determined by objects of Ei that do not belong
to Ei. Because of this later, Ei takes into account
all the objects going into the respective envircen-
mental category E;. Moreover 1f some of these cbtjects
also belong tod i» then theyr will bec "re part of
the category nucle'.? 32*1 of the successive environ-
mental system E1+1‘

So, the criteria of s+*ability are exyposed
by means of these previous definitions, The isomor-
phic functor (5) relates the subcategory nucleus
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32’3_1 of a system E1+j-1' with the isomorphic sudb-
category E?ii+3'1) that is subcategory of the sub-~
category nucleus Ei* in the successive system. So,
the composition (6) of n iscmorphic functors (5)
establishes that the stability S, of the environmen-
tal system E¢ is n, when the subcategory nucleus

Eg is the first dcmain of the composition.

Under n compositions of ths functor (4)
in the marner (7), it is obtained that the contri-
bution 4, of the system B; to the stabtlity of the
environmental chain is n.

As p different subcategorieeéfgfg may be
defined in E2+s by p compositions of the type (7),
then it is defined that the dezree of contribution
'E;&*s in the environmental systenm Bivs is p.

A serie of simple theorems establishes
the dvnamic of the objects through the environmental
chain. The results basically establish that: a) The
objects which belong to subcategories nucleus are -

the unique ones that may appear in the same subca-
tegory of a subsequent system., b) Not all the objects
going into tre environmental chain, contribute to

the stability.

The paper alsc presents an introduction
about the usefulness of these criteria for analy-
7zing blological behaviors on the basis of the en-
vironmental stability that is defined.

In the discussion, the paper emphasises
the existence of temporal aspects among the three
fundamental develored criteria.

,
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1.~ INTRLDUCTICHN:
It is a known fact that biolcgical ard
environmental systems are clorely related, and
that the full knowledgze of the envirorment im-
plies knowledge of the life associated with it
and vice-versa,

On this basis, it was = necessary to
introduce an environmental theory from the more
general viewpoint of Relational Biclogy (Lergui-
zamén, 1975 b) as it was to develop it with re-
ference to the ccnsiderations mentioned above.
In addition to this theory, other aspectsa con-
cerned with the representation of blologzical
systems were developed elsewhere (leguizamén,
1975 a, 1976), and both environmental and bio-
logical formalizations gave rise to a theory
of transfers between these systems (Leguizamén,
1977 a). Using a simple mathematical procedure,
it was ottained a new bio-environmental =avetem
K which comprised all these systems. (Leguiza-
mén, 1977 b). This system enables us to repre-
sent mathematically, the existing interdependen-
ce of systems., The analysis of this system K or
of the biological and environmental systeme se-
parately, is important to understand the part
played by each one of these intercependent sys-
tens in different situations, for inctance, thot
of a living system which has remazined unchanged
for a long time, or those givenm by oiners whose
continuous structural changes result in a high
diversification of species. According to these
generalities, the environment zisht be inter-
preted, in the first case, as more constant than
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that in the second one, and consejquently, 1t would
be usaeful to quantify that constancy in each case,

Making reference to the definition of an
nenvironmentally static biological system™ (Leguiza-
mén, 1975 b), which states that such a system has
remained in the same environment thrcughout its 1li-
fe, it immediately suggesis a need to know about the
constancy of the environmental structure. This struc-
ture seems to be permanently changing when a system
M is defined as environmentally static. The last
assumption could be used for the study of the spon-
taneity of the origin of life (Leguizamén, 1977 b)
which is related to the lengih of time required for
the organization of the environment prior to the
apparition of 1life. The constancy of certaln siruc-
tural parts in the environment before and after li=-
fe was originated, may also be assumed as having
been determinative of the moment when this event
took place,

The last considerations point to the im-
portance cf infering biological conseguences from
Wil w..o2ys8iB of the constancy or variadility of the
environment.

It can be readily understcod that the pre-
sent work is not only concerned with the biological
aspects related to the environmental events, bdbut al=-
so with the develcprment of a new crite-ion of stahi-
1ity. This mathemsz .ical concept will ariae both from
the environmental theory expounded and from the theo-
ry of categories which waa used to represent the for-
mer. (Leguizamén, 1975 b).
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Therefore, an interaction between biologi-
cal and matheratical concepts .18 requires, thcough scre-
times involving repetitions and apparently trivial cun-
siderations, 28 a mean of gaining a better insight of
its posslible futuze aprlications within either field.

The present definition of stability is under-
atood as a definition cf constancy of structure through
time, or through successive systems starting from the
original system for which this stability is defined.
Hence, considering the general postulate proposed in
the above mentioned paper from which: "For any period
of time of a given biological system M, there exists
a unique systex directly related to M, such that this
system is ity associated environmental system E"; then,
gilven a chain of biological systems such as:

N N > My, > veer (1)

which represasnts the terporal successlon of structu-

res of a unigue and general aystem M or the temporal

succession of individual systems; it will be associa-
ted with the following envircnmental ctain:

eessEy g > Eg > By, > eee (2)

Thns, given the category Ey, which represents
the corresponding environmental system, the constancy
of a certain part of its structure, will be given by .
isomorphic functors between sutcategories of the res-
pective categories invoived,

Constancy of objects and morphisms through
two or more categories must be considered not only from
the mathematical point of view, but also from that of
the criteria adopted to define thnse objects and
morphisms,
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Thus, if ovjects and morphisms in an envi-
rormental catezory are matnematically ldentical to
objects and morphiama of cne or more consecutive en-
vironmental categories, they must also be identical
frcm the point of view of the physical reality for
which objects end morphisms -rere defined.

Thus, in a general description, each object
of each environmerntal category E ; that represents
anr envirormertal aystem E; rot including biclomical
systems into it; represents either a simple set of
the form Y, (1Yi), where a given material (theoreti-
cal) pnysical nature is recognized; {(which 1is stric=-
tly equivalent to a given value of intrinsic energy)
or a one point set of the form Ey (1E{), where the
extrinsical (theoretical) energy linked to ¥, (1Y1)
is represented. A simple cartesian product oreration
between the two kini of objects defines the linkage
between the concepts of matter and energy.

Similarly, each morphism of E; is the forma-
lization of well determined chemical, electrical, me-
chanical, theoretical, or other actions taking place
between the previous sets,

DEPINITION:

The definition of stability will be obtained
by means of isomorrhic functors between subcategories
of successive environmental categories.

iet us recall the definivions of some con=-
cepts of category theory;

T C 1. Given two categories B and '6 s & functor 3
such that:
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vL:B G

i1s an isomorphkic from ,B to é if it 1s a bijection ¢cn
objects and morphisms,

'?.C.2. A functor & :3 ——» & 1is full, when, for
every pair of objects B, B' of Z , and for every mor-
phism g 1% (B) ——memmen (B') of & , there is a
morphism £ : B ————> B! with g= & (f)

T.C.3. A subcategory B ' of the category G is full,
when the inclusion functor (injection mapping)

$:3 — 50
1s full

The diagram shown in Figure 1 will be basic
for the comprehension of definitions and of general
use in the next developments,

~iivA

I: inctusion functors

jai.full inclusion functors
Fia. 1
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Figure 1, which is only apparently complex,
1llustrates two ccnsecutives environmental systems
E; and E1+1' in which tre same suhcatogoriei\?re de~
fined, Thus, an isomornhic functor such as “k1,1+1
i8 the natural, mathenatical means of transfer from
Ey (zs E?) to Ey, 4 (as 52*1) of the maximum simila-
rity in structure ccmpatible with the two consecuti-
ve systems. With respect to the system Ei’ it is
almost impossible that E; would be the same as Ei.
Then the subcategory Ez is defined, such that the co-
llections of objects and morphisms exist both 1n the
preceding system E1_1 (by means of Ei_1) and in the
subsequent system E; , (by means of 35*1).
Thus, the constancy of structure of Eg, at least
along three ccnsecutive environmental systems, affords

a means of defining stability.

The functor 3%2§12’1 is defined as another
isomorphic functocr where tﬁe subcategory.dggiz will
be a full for the new, tasic structures E:*1 by means
of which the stabllity of the next aystem Ei+1 ig de-

fined.

As §i2 has an isomorphic structure éﬁi
in Ey, and as it represents new envirormental units
(objects) and behavicrs (morphisms) entering system
E; (category Ei), thenég; can be used as & natural,
mathematical tool to represent the contritution of
the system Ej to the environmental chain stabilityv.
This is given by successive compositions of functors

i '
§'2+1 (121,24004yn).

Finally, and as a mean of describing the
past stability of a given environmental structure
such as Ei+1’ it is pcssible tc define a degree of
contritution %o stability of one system ( in this
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case E1+1) from previogs ones, based on the number
i;

of subcategories ivde

D.1. The subcateuories Ei and Ei*1 are called drmnain

and codomain subziterories of the regspective catego-
ries Ei and Ei+1' when 1t {8 possible to define an
iscmorphic functor:

(199 R a c
Ky 44 ¢ Ef —>El, (3)
such that:

a) The cardinality of collections of objects {Gii
1 c
and {Gin_{ of By and E{, 4 respectively, is ma-
ximum with respect to every other cardinality
of every other palr of subcategories defined in
similar form.

b) For any pair of objects Gf‘i , Gi'(z £ Ei (and the
respective objects GI,, G4 fdentified with
’K{ 141 On E, ) it cust be that:

R .

ol o J dy o ]
1 2 - 2
[Gi » 647 Jg§ [Gi v G gy
(and the same for:
oly ol2 ] o,
[¢] G c 4 o,
[ 1417 Tie1 Efpq = [6141’ Gyv

but when the condition a) makes impossible to fulfill
the foregoing, then:

4 “<2
[“1 'Gi] Ei.ﬂ

ol
[Gi‘l G?] Ey AP

£

)
Egi1

although

(and similarly for:

[ o oy of
GJ‘.G 2],c = f although [G G "] £ 3
L i+1 1+1 Ef,1 1417 Y141 Eiﬂ
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Criteria a) and b) recuire further comenta-
riesThe maximal cardinality ccndition esta lishad by
a) may rnot imply a full subcategory for Ei and HE’..

Thus, if it is given:

o
ayi,in ([Gi ’ Gi ]E )£ [141' °1+1] Eq,q

then both morphism sets must be considered empty
(condition b) within each respective isomerphic sube

d c
categories Eg and E191'

D,2. Subcategory E? of By is called nucleus aukcate-
gory when it iz a subcategory of both Ei and Ei (do-~
main and codomain subcategories of Ei) ancé it satis-
fies the following:

a) the cardinaliiy of the collectior of obiects
{Gg of Eg i3 maxizum compared with other cardi-
nalities of every other subecategories defined in
a similar way.

b) for any pair of objects 6!, 12 & E] it sust
be performed that:

ol ol o, ol ol
4 oy - ! ‘] [ {}
[Gi » Gy ng [Gi » Gy dgd =150 v Fidgf

but, when the condition a) makes impossible to ful-
£111 the foregoing, then;

oy oy 4 olz
[Gi . 6} ]Bi = # although [Gi’ . 8y ]Ed £ p
and/or
<Ly 2
Lot ct]sg 40

It is important to see, from the previous
1]
definition, that objecte r‘{# SLG?} of E{ do not
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o! . ~0! (>}
satisfy G1 € Ey and Sy € Ei' gimultaneously,
D.3. The f11l subcategory E% of Ei 1s called the
entering subcate;ory when 1t is formed by a collec-
tion of objects {Ql , such that:

a) The objects Gi é.[ & are those objects of Ei

fulfilling Gi 4 ES .

d
As Ei

true for E1 with respect to Ei’

may not be full of E;, the same is

D.4. The full subcategory Ei of Ei 1s called the lea-
ving subcatesgory , when it is formed by a collection
of objectsi?i § s, 8such that:

a) the objects Gj_e { 15 are those objects of Li
such that G§ ¢ .

As Ei may not be full of Ei' the same is
true for E{ with respect to E.

D.5. The subcategory déi of Ei is called the contri-
butler subcategory of Ei when an isomorphic functor

(1) (1)
i,1+1 & ——+‘£ (4)

may be defined such that its codomain ¢g§f) is a
full subcatezor™y of the nucleus subeca’:g:sr, T _101.

a) Similar {v D.2. a) with respect to collection of
objects {'G‘;} of Loy

Prom the diagram of Figure 2, 1t 1s shown

that &, may not be a full suhcategory of El.
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£y e
g .
E! E..

l: ’//:f// QZP

—_—

o;, %-{:31 {\/“)

Fig. 2

' lwd
As the isomorphic functor g and
10 (1) 1,441
°<gi 141 imply fullness of these functors; the com-
r
position of full functors through the pathway o
may be broken when the functior 1901 is only a falth-
ful functor, In this case, the composition of full
functors through the pathway,a , will be destroyed
by the unique fcrm given when It is only a faithful

{unctor.
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2.~ STABILITY:
In order to have the global statility of

an environmerial sy3tem three specifiec concepts witl
be formulated. They ara: the 3tability of a system
the contribution of a system to the environmental
chain stability, and the degree of contribution

to stability in a system from previous ones.

As it was previously mentioned, the sta-
bility of an environmental system implies constan-
cy of part of its structure along successive sys-
tems. This constancy is mathematically exrressed
by menrns of isumorphic functors placed on those
parts of the structure (Eg and &51 subcategories)
which remain similar along some successive environ-
mental systems,

From a related point of view, these com-
positions must be understood as a simple mathemati-
cal concept, from which arises the temporal feagi-
bility of the concept of stability. This can be
drawn from the existing relatiocnship between the
Zoutle chain of successive biological and environ-
mentzal systems, and the %tine axis.

In order to define the first and rost
important criterion of stability of an environmen-
tal zystem Egs it is necessary to define the iso-
morphic functor

(1) o o(1+3-1)
143-1,143 3 Bpeger T Eiy (s)
A0(1+3-1) . o
where bi§j {s a subcategory of EI+J‘

Given this isomorohic functor, it is de-
fined that the stahility Si of an environmental

system E; hac a value n (31' n) when:
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1) the composition of n isomorphic runctors

§f1).¢~1 o(i)x/nﬂ 1+?

1)
£° 4(1+n 1,1+n o(l)
i 1¢1

c(1)
— e ..__.__l__,)
\LJ.’Z | E

(6)

can be made; so that each subcategory Ei(l)(J=1 25000
veepn) 18 a subcateﬂory of itc respective nucleus
subéategories Elfj and

2) Also if a new isomorrhic functor:

(1) . po() 5 -0(1)

* f+n,ien+s1  ° Ei»n “i+nel
is defined (which may nct be the case), then the
[ [
Ei¢n¢1 subcategory is not a subcategory cf E1+n+1'

-

This definition shculd be considered in
more detail. )

As 1t was remarked earlier with reference
to the diagram in Figure 1, the nucleus subcategory
Eg represents the maximum structure whose iritial
conformation has been determined in the system Ei 1
(as part of the structure of E ui 1) MCi2uica,

Ei also exists in the system E; , (as part of the

structure of Ei 1) by functor :}71'1*1. Thus, when
the original nucleus subcategory Ei can be trans-

ferred from the original system to other n nucleus
subcategories of subcequent systems, the former's

stadbility is determined by n.

Another critericn of stability evolves
immediately from the isomorphic functor

(1+3=1) . 14351
1¢§31.1*1 P00, 31 42( +j )
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Thus, it is stated that the contribution)%;
of the E, system to the environrental chain stability
is n (ﬂ i n), when the compcsiticn of only n isomor-

phic functors like

' (1) (1) (1)
% 3{1,1+l%(1)%i+1,j.¢%%(1) N ﬂi+n—1,i+n\§f’(1)
i 714 -

i+2 Toree ” i4n
(7)
can be made.

The above definition takes into consideration
the number of times that the contribution subcategory
Aéi of Ey is included as a full subcategory of subse-
quent nucleus subcategories E§+j (J= 1,2,...). A8 these
determine the gtability S‘le of the successive systems,
and as the original contribution subcategoryé%i is fore
malized by means of new cbjects and morphisms entering
El' and by the chain of environmental systems subsequent
to Eso the evidence for a second criterion of statility
is therefore readily obtained.

With respect to the degree of contribution
{0 srability in a system Ei’s frcm previcus ones, it
can be stated that if for a given nucleus subcategory

- 4

E{,g* ¥ nubcategorie90¢9§§s) (o =1,34Kyees) oOf E?+s
are defined, such that they are given by the composi~
tion of isomcrphic functors » then the degree of con-
tribution 91+e in the B, . system is p (gus' p).

In fact, the p contribution subcategories

§§§fﬁ) do nct have to correspond 4o orig.aasl guccesci-

ve environmental sys :ms, and moreover, each Efi)
may not be a full subcategory of Eg»s' because the res-

o(eC) )
pective E1+s may not be full subcategories of Ei+s

(ol # 1+s-1).
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4.~

This criterion /i g 1 econcerried with the
past of stability of the s'stea for which it is de-
fined. It compriges the entire histcery of a certain
part of the structure of the uyaten Ei,s (E§+s)
where the stability Si+s will be defined.

The significance of this criterion must not
be underestimated by considering it as merely derived
from the other criteria. Thus, the relative age of
each&é (Qé), the cardinality of their collection of
objects, and the constancy and number of morphisms
from the previcus structuresébx to Ei g* Are enough
evidence about the usefulrness of this concept. In
fact, if the chaln of environmental systems 1is regar-
ded as due to the chain of biological systers, the
later performance is directly obtained from ;?;45.

ON MORFHISMS AND OBJECTS IN AY ENVIRONMENTAL CAT:50-
RY.

Let us define the full subcategory X; of
E;, 80 that its collection of objects Gx} will be
determined by objects G € E, with G_ eli_ Ei ,

o, ¢ Ei.

ted that certain morphismse g.ﬂ[?1,30 » Day exist
i §

|
such that g ? Eg, g % Ei. g f O

wWith respect to morphisms, i¢ must be no-

This is the case, when gé{G‘,.Gn]r with
d
Gqs G,€ E} (or Gyy &, € Z5) but n’axi (dr ce £°).

The same is true when the objects G,, G,
are not objects of the aawe subcategory ug, Ei and
Xy for instance Gié Ei and G 3, & Xi' .
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From another point of view, let us define
as endo-obiects cf un objact(f4 [ Ei’ the ot jects
J € E;_ -3 (j= 1524+0.,m) and 01+k’ € Ey,, (kr,2,
...,n), so that these laat chjzets are identieally
defined as the objectis G1 .

The definition yields the following very
simple theorems:

71) Given a euccession of environmental
cateogories

ces > By, > Ey > By g —> °°°

if G € xi. then endo-objects G1 1€ Ei 1 and
1‘1 € By,q 0f G1 will not exist.

PROCP: It 1s immediate.
1efex, oy €8] ando, 4 K
and from the functors
%;:1.101 : Eg ? E§+1
7}‘\/191.1 : By —>
and from the definiticn of Eg and Ei, 1t follows that
Lol ¢ Ei-v# Egq wnd Gf+14 a1 'f Eisee

T2) Given a succession cf environmental
categories

> E; 4 > E, > By, ——>"°"
it °1 G E}

a) either 6%, ¢ EBf , or 6%, ¢ El_ , =2nd

6 e Dy
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ol o . ok .
b) either Gyyq € E(,q or G5 € E{ 4 -

PROCP: It is8 irmediate.

T3) Given a succession of environmental
categories
oo > 21_1 —— E‘1 — Ein — a0

oL e
if Gy € Ej =
a) etther 6, ¢ B | (from 2) or 6, ¢ E}_,
ol
and oty f o8y

ol
) G54 f Ejeq
PROCF: It is interesting to prove that if G§ & Ef =
ol
= 3% ¢ Bypqe
As Gf¢ Bg = G'f 4 Si. then the possible
endo-odject Gty of Gf, will ratisfy u;ﬁﬁ E{,q+

Moreover, in the same fashion, from T1
ol
Gi+1 # xiﬂ °

Then, as it is also true that Gi‘f”é E
% d c of
then &3y # "31‘.1'?5 RIE RIRE T AT

T4) Given a succession of environmental

d
i+

categories

see \) 31_1 - Ei — 21#1 -—>-¢-
i 2 7
1163 € B and ot €4, =

ol ;
8) 602y ¢ 14
o
v) 6&, € Ef,, (from 12) '
PRCOF: It 1s immediate.
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These simple theorems are useful to deseri-
be the object's dynamice through any succession of en-
vironmental categories. Thus, we c:.. represent (figu-
re 3) these results in a grath whcse nodes are sutca-
tegories, and whose oriented edges represent the ob-
jects succession through the environmental chain.

Sar, X
. N
E. P ‘EI o En
Ch &f ;3 t
Ee . ____F., eE'&fﬁ/
Enf- entrance
Sal: exi.t
Fig. 3

From this graph, it follows that;

- There are no cycles.
- Not every objJect entering an environmental
chain contributes to stability.
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- The exit nodes (or subcategoriee) are E°®
and X.

- If an object C?’contributes to the stabi-
lity of E;, 1ts endo-object GI£1 may con=-
tribute to the environmental chain stabi-
lity.

5.- DISCUSSION:

Structural changes of E or M resulting
of their interactions, c2n be used as account for
the consequences verified in one system when the
other is modified. Therefore, the definition of en-
vironmental stability arises naturally and consti=
tutes a new mean of measuring the behavior of M
(and of E itself),

As it was noted earlier, the criterion
of stability im-lies that a certain part of the
etructure of an original system By rg-ains cons-
tant along successive systems subsequent to 1t.

It must be recognized, how the theory of catego-~
ry, by which the environment was represented, was
found to be useful to rep-esent these certain
Btructural parte and the constancy referred above,
by meane of subcategories anmlby a composition of
n similar isomorphie functors, respectively. Mo~
reover, the variation of time is naturally inclu-
ded in the criterion of stability because there
exists a correspondance between the composition
of n iscncrphic functors (fgii) T Jf?(i) Je
»1e] 1,143
and the time ax s.

The preceding analysis shows how the glo-
bal stability of an environmental system is rela-
ted to its previous history and projected to its
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future. The degree of contributicn AﬁZ represents a
measure of the "past of stahility"® w_}'ljile the contribu-
tion (/@) of a system to the environmental chain sta-
biliti>indicates the future, in relation to the partial
data of stability for the subsequent systems for which
,Aiis defined. The general data of stability of each
system Ei is given by the concept that defines Sie

by means of which the constancy of certain structural
part of Ey i1s recognized along a part of the environ-
mental chain,

The new mathematical interpretation of the
concept of stability requires a simgple comhent. It
has been introduced as a mz2an of recognizing a repe-~
tition of basic structures occurring within greater
structures of systems which follow a successional
pattern,

As the mathematical concepts involved in
these new criteria regard, it is to be hoped that new
ones will be introduced provided they are co:n .istent
vifh the bioclogical and eavironmental considerations
on which this work has been baced.

This paper is part of the research work
on Biomathematics undertaken by the Comicién Nacional
de Energfa Atdémica and Pacultad de Ciencias Exactas
y Baturales, Universidad de Buenos Alires.
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PLACE DES ETRES ORGANISES

SUR L'ECHELLE DE TEMPS

(8éme Congrés International de Biologie Mathématique
sept.1981) par Charles BOGDANSKI ,Professeur associt

de Biophysique & L'université René Descarte (Paris).

SUMMARY
PLACE OF THE LIVING BENGS ON THE SCALE OF TIME

This text constitues a new element in a pre-
sent author's geriesof articles in the Revue de BIO-
MATHEMATIQUE concerning the dimensional formal treat-
ment of Living Beings,considered as one of the types
family of the natural self-regulatory systems.

This type remains marginal for the so-called "classical"
Physics,due to the fact that the complexity - from the
viewpoints of architecture,struture and shape - of the
representatives of the Biotic type,lends itself poorly-
to formal treatment as it is usually practiced with res-
pect to inanimate systems,the systems called "physical”,
Having presented previosly essential size aspects of the
dimensional treatment of Living Beings,the present au-
thor is starting now with an initiation to the time as-
pects and particulary to the interdependence aspect of
some values concerning Biotic Systems,
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