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ENVI RON MENTAL STABILITY

CARLOS A. LECUIZAMON*

RESUME

Le systeme de 1 ’environnement consideré 

c o m e  un systeme qui ne contient pas d'autres syst^- 

mes biologiques, a été representé par l'auteur (1975 b.) 

á travers développements relationnels qui ont eté for- 

malisé par la suite, avec la théorie des catégories.

Chaqué systeme de 1 ’environr.ement Ej, est 

obtenu al ' a i d e  de'un postulé générale qui établit 

que pour une période de temes quelconque d 'un systeme 

biologique donné, el existe E^ qui est le seul sys­

teme directement en rapport avec lui.

De cette fagon, la suite biologique ( i ) donne 

lieu a la suite de 1 'environnement (2) et toutes les 

deux se correpondent, pour des lapses infinitesimales 

avec 1 ’axe qui exprime la variable temps. Ceci donne 

lieu a une interpretation dynamique, dans le futur. 

de la stabilité qui est définie.

Chaqué matiere mise en jeu, avec son éner- 

gie extrinseque associée, est représentée par des ob- 

Jets de la catégorie E^ qui formalisent le systeme de 

1 environnement respectif. Les morphismes identiflent 

des comportements chimiques, mécaniques, théoriques,

(*)3iomatemática - Gerencia de Investigaciones - Comisión 
Nacional de Energía Atómica - Buenos Aire3 - Argentina; 
and Departamento de Matemática - Facultad de Ciencias 
Exactas y Naturales - Dniversidad de Buenos Aires'- 
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etc., parral ses domalne et codomalne respectlfs.

les différents aapects de stafcilité que 

l ’on définit sont cocspris sur la tase des structu­

res qul sont conservées constantes k travers les ca- 

tégories de 1 'enyironnement de la suite (2). Ces 

structures sont soua-catégories qul sont définies 

par le domalne et codomalne de fonctors. On exige 

que les fonctors soient lsomorphlques, ce que est 

une conséquence du criterium de constance dé;ja men- 

tionné.

La déflnition D.1 caractéri3e deux sous- 

catégories E^ (de E¿) et E°+1 (de E i+1 ) qul sont 

isomoi-phiques par le fonctor défini dañe (3). En 

plus, on exige que et E^+  ̂ soient déterminées 

par le máximum nombre d'objets communes a dans 

Ei+1, bien que, pour certains cas, le criterium 

d ’isomorphicité lmpose des morphisms vides entre 

des paires d'objets déterrainés (condition D.1b)

Le fonctor (3) rápété entre des c^tágcries 

de 1 'environnement successives permet de définir a 

travers D.2 la sous-catégorie nucléus E° qul est d¿- 

"<.n* “ comme sous-catégorie de E° et E^. La condi­

tion D.2a exige aussi une cardinalité máximum dans 

la collection d'objets de E^, bien que pour ceci 

peuvent etre necessalres des morphisnes vides entre 

détermináes paires d ’objets (condition D.2t>).

On définit aussi une sous-cs. égorie con- 

tribution-<í ^ (déf'nition D.5) qul est basiquement 

définie par le fonctor iaomorphique (4), dont le co- 

domaine es t exigí c o m e  sous-catégerie pleine

de la sous-catégorie nucléus • En plus,  ̂ est

soua-catégorie de qul a son tour, pour D.3, est 

sous-catégorie pleine de E^ et qul est déterminée 

par des objets de qul n'appartlennent pas a E°.



A cause de ceci, E* considere tous le objets qui 

entrent dans la respective catégorie de l'environ-
v

nement E^, de telle fajon queoX.^ considere que les 

objeta qui entrant dans E^ font aussi part de la ca­

tégorie nucléus E^+  ̂ du systeme de 1 ’environnement 

successive .

Sur la base de ces défir.itions, les nouveaux

concepts sont exposés. De cette fajon, le fonctor iso-

morphique (5) met en rapport'la sous-catégorie nucléus

E? „ d'un systeme E, . . avec la sous-catégorie 
l+J-1 oí lv >

isomorphique E j+ j qui e3t une sous-catégorie

de la sous-catégorie nucléus E J+ -j dans le systeme 

successif. Ainsi, la composition (6) de n fonctors 

lsomorphíques (5) établit que la stablllté S .̂ du sys­

teme de 1 ’envlronnement est n . quand la sous-ca­

tégorie nucléus E^ est le premier domaine de la com­

position. Dans d ’autres mots, une structure E^ qui 

est déjár au moins, entrée dans un systlme an-

terieur comme E^  ̂ par le fonctor (3)» est maintenue 

définie comme telle par sous-catégories E^ et Ec , a 

travers n systemes postérieurs á E¿.

A tr»Tere n compositions du V p e  (7) du 

fonctor (4) l ’on obtient que, puisque o£ ̂  est le do- 

maine initial de la composition et que représente 

des objets qui entrent dans E^ qui conservent aprSs 

la structure dans des sous-catégories nucléus succe-

ssives E°+ j 0  = 1»2..... n), alors en dit que la con-

trlbutlon J¡ ̂  du sygteme E^ ^ la stabilíté de la cho-í- 

ne de 1 'envlronnement est n .

Puisque l ’on peut définir p sous-catégories 

différentes dans E°+s ü travers p compositions 

du type (7), alors on définit que le degré de contrl-



bution dans le systeme de 1 'envlronnerr^nt

E1+s_££l_E.

One s£rie de theorerj.es postérieurs assez 

simples établissant la dynamique des objets qui en- 

trent et sortent a travers la chaíne de l'environne- 

ment, par rapport a 1 ’appartenance des sous-catégo- 

rles définies pour établir les concepta de stabilité. 

Les résultats établissent basiqueraent:,a) Les objets 

qui appartiennent S sous-catégories nucléus sont les 

seuls qui peuvent apparaítre dans la néoe sous-caté- 

gorie d'un syst§me suivant, et b) pas tous les objets 

qui entrent dans la chaíne de 1 'environnenent aident 

á la stabilité.

Le travail aussl présente une lntroduction 

dans laquelle on fait mentlon de l'utilité de cea 

concepta pour analyser des coicportements blologiaues 

sur la base de la stabilité de 1 'environnement que 

l'on définit.

Dans la dlscussion postlrieure, le travail 

fait ressortir l'existence d'aspscts temporels entre 

les trois nouveaui concepta de stablllté qui cnt été 

développés.



SUMMARY

The environmental systers considered as non- 

including other biologieal systems, vas represented by 

the author (1975 b) through relational criteria, later 

formalized with the theory of categories.

The obtainment of each environmental system 

E^, ls due to a general postúlate whleh establishes 

that for any period of time of a given biologieal r.ysten 

there existe E^ as its unique direotly related Sys­

tem.

By this way, the biologieal succession (1) 

gives place to the environmental succession (2) and both 

correspond for infinitesimal lapse3 with the axis that 

expresses the variable time, ln ouch a manner that a 

dynaraic interpretation may be p03sible in the future.

Each matter involved and íts assoc ated ex- 

trinsical energy are represented by objeets of the 

c&iegorv which formalices the respective environc.ental 

system. The morphisma identify chemical, electric, me- 

i» .láAii; cIjl. f theoretical and other behaviors between their 

respective domain and codomain.

The criteria of stability that are defined, 

are understood on the basis of the structures that re- 

main constant through the environmental categories of 

the suoce3sion (2). Ihese structures are eubeategories 

which are defined b¿ the domain and codomain of Xunc- 

tors. These functors are required as isomorphic, which 

comes from the criterion of ccn3tancy already me'ntioned.



The definitlon D.1 characterizes two su'o- 

categoriea E^ (of E^) and E^+1 (°í ^ 1+") which are 
. isomorphic íor the functor defined in (3). Besides,

E^ and E^+1 are requirei to be determined íor the 

máximum number of compon objects oí Ej_ in E^+^ , in 

spite of the fact that, for certain caaes, the iso­

morphic criterion for functors lmposes empty morshisms 

betweer. determined pairs of objects (cor.dition 2.1b).

The functor (3) vhen repeated araong succe-

ssive environmental categorles permita to define by

means of D.2, the subcategory nucleus which is
d c

defined as subcategory of E^ and E^. The cor.ditlon 

D.2a aiso requires máximum cardinality in the ccllec- 

tion of objects oí E^, although, for this, empty mor- 

phismB between determined pairs of objects may be 

necessary (condition D.213).

A subcategory contribution (deíinitíon 

D.5) is also defined, which is basically deflned by 

the Isomorphic functor (4), for which codomain óí ̂ ' 

lt is required as full subca+egory of the eubcate’o- 

rj nucleus E^+  ̂. Besides,  ̂ is Bubcategory of E^.

By aeans of D.3, E¿ is full subcategory of E^ and 

is determined by objects of E^ that do not belong 

to E^. Becauee of this later , E^ takes into account 

all the objects going into the respective environ­

mental category E^. Moreover if some of these cbject3 

also belong t o ^  ^ , then they wíll Dec ‘ií part of 

the category nucle'.-! of the successive environ-

iiental system El+1.

So, the criteria of stability are expcsed 

by means of these previous definitions. The isoo-or- 

phic functor (5) relates the subcategory nucleus



''O? . . of a svstem E, . „ , with the isomorphlc sub-
1+3-1 * 1+ 3-1

category E° ^+^~1  ̂ that la í;ubcategory of the sub- 

category nucieus in the successlve system. So,

the composition (6) of n isemorphic functors (5) 

establlsheo that the atabllity of the snvlronmpn- 

tal system E < is n . vhen the subcategory nucieus 

is the first dcmain of the composition.

Under n composition3 of the functor (4 ) 

in the mar.ner (7), it is obtained th=it the contrl- 

butlon ^ of the system to the stablllty of the 

finvironmrntal Chain la n .

As p different subcateirorieBÓ?^^ ^ y  be 

deflned in E°+a by p compositione of the type (7), 

then it is definid that the degree of contributlon

^ e  envlronmental ti.ysten P.

A serie of simple theoreos establisheB 

the d-vnamic of the objects throu^h the environmental 

Chain. The results basically establish that: a) The 

objects which bílong to subcategories nucieus are 

the unlque ones that may appear ln the aame aubca- 

tegory of a subsequent system. b) Not all the objects 

goíng into the environmental chain, contribute to 

the stablllty.

The paper ais o presente an lntroductlon 

about the usefulness of theae criteria for analy- 

üing biological behaviors on the basis of the ec- 

vironmental stablllty that is deflned.

In the discusslon, the paper emphaslses 

the existence of temporal aspects among the three 

fundamental developed criteria.



1 I.NTKCS’JCTICH:

It is a knovn fact that biolc.^ical and 

environmental. systems are clorely related, and 

that the full knowledsíí of the envirorjaent im- 

plies knowledge of the U f e  associated with it 

and vice-versa.

On thia ba3is, it vas sf neceasary to 

introduce an environmental theory from the more 

general viewpoint of Relational Eiclogy (L^gui- 

zamón, 1975 b) as it vas to develop it with re- 

ference to the conslderation3 mentioned above.

In adóition to this theory, other aspecto con­

cerned with the representation of biological 

Bystems vere developed elsevhere (Leguizamón, 

1975 a, 1976), and both environmental and bio- 

logical formalizations gave rise to a theory 

of transfers between these systems (Leguizamán, 

1977 a). Using a simple mathematical procedure, 

it vas ottained a nev bio-environmental «ystem 

K whích comprised all these GTStems. (Leguiza- 

món, 1977 b). This sy3tem enables us to repre- 

sent mf>.thematioally, the exioting interdependen- 

ce of systems. The analysis of this system K or 

of the biological and environmental systems se- 

parately, is important to understand the part 

played by each one of these intercependent sys- 

tens in different situationa, for ínctance, that 

of a living system vhich has retiined unchar.ged 

for a long time, or those given by oth( rs whose 

continuous structural change3 result in a high 

diversification of species. According to these 

generalities, the environment mi¿ht be inter- 

preted, in the first case, as more constant thar.



that in the second one, and consequently, lt would 

be usíiful to quantlfy that constancy in each case,

Kaking reference to the dafinition of ,in 

"er.vironmentally static biological bystera" (Leguiza- 

mín, 1975 b), which states that auch a syntem ĥ .3 

remained in the same environment throughout its li­

te, it immediately suggests a need to know about the 

constancy of the environnental atructure. This struc- 

ture seems to be permanently changing when a E ys te m  

M ia defined as environmentally static. The last 

assumption could be used for the study of the spon- 

taneity of the origin of life (Leguizamón, 1977 b) 

which is related to the length of time required for 

the organization of the environment prior to the 

apparition of life. The constancy of certain struc- 

tural parta in the environment before and after li­

fe was originated, may also be asaumed as having 

been determinative of the moment when this event 

took place.

The last consider.itions poirt to the im- 

portance cf infering biological consequences from 

—-j.lyai8 of the constancy or variability of the 

environment.

It can be readily understcod that the pre- 

eent work is not only concerned vith the biological 

aspects related to the environmental events, but al­

so wíth the developrnent of a new crite'ion of stabi- 

lity. This matheme.ical concept will ariae both from 

the environ-iental theory expounded and from the theo- 

ry of categories which waa uaed to repreeent the for- 

mer. (Leguizamón, 1975 b).



Therefore, an interactlon between blologl- 

cal and mathematical concepta ia requlres, though scire- 

timea involving repetixiono nr.d apparently trivial ccn- 

siderations, ya a mean of gaining a better lnsight of 

its possible future applicatlons withln either field.

The present definitlon of e t a M l i t y  ia under- 

Btood as a definitlon of constancy of structure through 

ti»e, or through succesolve ayatema atarting from the 

original 3ystem for which thia stabillty i3 áefined. 

Henee, considering íhe general poatulate propoaed in 

the above mentloned paper from which: "Por any period 

of timo of a given biological system K, there existe 

a unique ayatec directly related to M, euch that thiB 

system is ita aasociated environmental system E"; then, 

giren a chain of biological aystems such as:

• • • ^ "" ^ .. • ■ (1 )

which representa the teirporal successlon of structu- 

rea of a unique and general system M or the temporal 

successlon of individual syetema; it will be asaocia- 

ted wlth the folloving environmental cValn:

""* Ei * ®l-f1 11 .... (2)

ThUD, given the category E^, which represents 

the corresponding environmental system, the constancy 

of a certain part of its structure, will be given by 

lsomorphlc functors between subcategorles of the res­

pective categories involved.

Constancy of obyecta and morphisms through 

two or more categories ¡nust be conaldered not only from 

the mathenatical point of view, but also from that of 

the criteria adopted to define those objeets and 

morphisms.



Thus, lf oiijects and morphisnis in an envi- 

ror.mental category are natne.T.atically identical to 

objects and morphisrr.n of one or more consecutive en- 

vironmental categories, they ¡r.ust also be identical 

frcm the point of view of the physical reality for 

which objects and morphism3 /ere defined.

Thus, in a general descriptlon, each object 

of each environmental category E^; that representa 

an enviror.mer.tal aystem E¿ r.ot including biolo^ical 

systems into it,; represente either a simple set of 

the form (1^1), where a given material (theoreti­

cal) physical nature Ib recognized; (which is stric- 

tly equivalent to a given valué of incrinsic energy)

or a one point set of the form EÍ (1Ei), where the
• Y

eitrinsical (theoretical) energy H n k e d  to (1 i)

is represented. A simple cartesian product operation

between the two kind of objeotn defines the linkage

between the concepts of natter and energy.

Similarly, each morphiam of is the ?orma- 

lization of welí determined chemical, electrical, me- 

chanical, theoretical, or other actions taking place 

between the previous sets.

2.- DEPIHITIOS:

the definition of stability will be obtained 

by meana of isomorphic functors between subcategories 

of successiTe environmental categories.

Let us recall the defimtiona of =oae con­

cepts of category theory;

T.C.1. Given two categories 3  and , a functor S  

soch that:



is an isomorpfcic frora ¿5 to if it ls a bijection en 

objeets and'¡r.orphisirs.

T.C.2. A functor % :2> ------- >  is full, when, for

every pair of objeets B, B ’ of 3  , and for every mor-

phism g :<z>(B) -------- > to  (E1) of , there is a

morphism f : B ------- * B ' with g» 'Ko (f)

T.C.3. A subeategory 25 1 of the cate^ory £  Ib full, 

when the inclusión functor (injection mapping)

<5 : 3  ' -----------ó

la full

The diagram shown in Figure 1 will be basic 

for the comprehension of definitions and of general 

use in the next developrrento.

^full inclusión fu n c to rs

FlQ. J



Figure 1, vhich is only apparently complex, 

illustrate3 two ccnsecutives environmental systems 

Ej and E, ln vhich the saire subc.i tegories are de- 

fíned. Thur, an iaorcorphic functor nuch as _>í, , .1 p -i. + I
ie the natural, mathí n.atical means of tranefer fren 

E^ (as E^ ) to + ̂ (as ) of the máximum simila-

rity ln structure compatible with the two consecuti- 

ve systems. With reapect to the aysteir. E^, it is 

almost impossible that E^ would be the sane as E^.

Then the subeategory E° Í3 deflned, such that the co- 

llections of objeets and morphisms exist both ln the 

preceding system El_1 (by means of E|_1 ) and in the 

subsequent system El+1 (by means of E i+ 1 
ThuB, the constancy of structure of E°, at least 

along three ccnsecutive enviroiunental systems, affords 

a means of defining stability.

The functor defined as another
’ ' / (1) isomorphic functcr where the sufccategory <*=> wlll

be a full for the new, tasic structu^es E°+1 by means 

of which tbe stability of the next system is de­

fined.

As « y ?  has an isoraorphic structure £  

ln E^, and as it represents new enviromental units 

(objeets) and behaviers (morphisnis) entering systfim 

E a (category E*), then ií± can be used as a natural, 

mathematical tool to represent the contritution oí 

the system to the environmental chain stability. 

This is given by successive composItion3 of functors

^ i í l + 1  (i^ * 2.....n >*

Finally, and as a mean of describing the 

past stability of a given environmental structure 

such as Ei+1« is pcssi’ole to define a degree of 

contribution to stability of one system ( in "tíiis



case E, . ) from previous ones:, based on the number 
^  (i)

of subcategonef: do :  ̂.

d ^
D.1. The subcatejíories and Ej+  ̂ are called rir;;mln 

and codomajn subo-te.^arif-S of the i'esp«otive cattgo- ■ 

ries and Ei+1. when it la poasible to define an 

lBOmorphic functor:

•^i,i+1 : E i ------ * E I+1 (5)

such that:

a) The cardinallty of collections of obJectsÍG,}
f i d c í-

and j G i+ij of ®i and E i+1 rt'spectively, is na-

ximum with respect to every other cardinallty

of every other pair of subcategories deflned in

similar forra.

b) ?or any pair of objects G ^ t  , (and the 

respective objeets G J ^ , identified with

on E^+1 ): it nuet be that:

[Gi1 • “ [o?. g^ ] Ei

fand the same for:

[ ® Í l »  5 U 1  ] ECi+1 - G ¿ ]  )

íiut when the conditlon a) makes impossible to fulfill 

the foregoing, then:

l
although

[ <’ =í]

(and similarly for:

[6 i+1 • G í + i ] e ^ +1 ' 0 -lthouSh [G iJi » S ltl1 ] El+1 * ^



Criteria a) and b) reouire further comenta-

ries.The uaxlmal cardinalit.y ccr.dition estatliñh=é by
d p

a) may r.ot i"ipiy a full subcategory for E^ and E ' , . 

Thus, if it ia tfiven:

X . i+i < [5Í^ • cía] El> ¿ [G¿ V  Giti] £ i+1

then both raorphlom sets must be considered empty

(conditíon b) within eaoh respective isom^rphlc sub-
d c

categories Eĵ  and E1+1.

B.2. Subcategory E^ of is called nucleus aufcc^te- 

gory when it io a subcategory of both and E^ (do- 

aain and codomain subcategories of E^) ana it satis- 

flee the following:

a) the cardinality of the collectior. of obyecta 

[G° ]of E° Í3 reaxixum coropared with other cardi- 

nalities of every other subcategoriea deflr.ed in 

a similar way.

b) for any pair of objeote , G ^ z £ E° it must 

be perforrced that:

[gí1 * aii]s¡ - -[=?. <3 Ef

but, when the condition a) makes impossible to ful- 

fill the foregoing, then;

> 0 í4]e^ “ ^ although ¿ f

[«í1 • “t U   ̂*
It is important to see, from the prerious 

definition, that objectr (J° ̂  jjlf^of E° do not

ar.d/or



satisfy and 3° €. E^, simultaneoualy.

D.3. The full Eutcategory E* of E^ ls called the 

entering subcate.^ory wh^n it is forraed by a collec- 

tion of objects  ̂ , such that:

a) The objects G* are those objects of E^

fulfIlling G* <j£ E° .

As E^ may not be full of E^, the Bame le 

true for E^ with respect to E^.

D.4. The full subcategory E® of E^ is called the lca- 

vlng subcategory , when it is formed by a collection 

of objects , such that:

a) the objects are thoee objects of E°

such that G® ^  É° .

As E^ may not be full of E^, the same is 

true for E^ with respect to E^.

B.5. The subcategory of E* is called the contrl-

butlor subcategory of when an isoraorphic functor

*TV?(i) Ü> /(i) , s

< T W , í+1 !<Z^ i  --------- (4)

may be defined such that its codomain is a

fnll subcatpjo-'y of the nucleus subcaJ.'gcr_- -°+1 •

a) Similar to D.2. a) with respect to collection of 

objects l G i j  °f ^ i -

From the diagram of Figure 2, it is shown 

that may not be a full subcategory of E*.



Fio 2

Ab the isoraorphlc functor J*  ̂  ^  ̂ and 

^+1 imply fullness of these functors; the com- 

position of full functors through the pathway oí. 

may be broken when the functor I°+i *s onl7 a fa.lth- 
ful functor. In this case, the composition of full 

functors through the pathway , will be destroyed 

by the unlque form given when 1^ is only a faithful 

{unctor.



- 5 T A R U I T Y :

In order -to havt- the global sta'ility o.f 

ata environmertal gyatr-ir three specific concepts wi~. 1 

be formulated. They ar*:: the atability of a systeir 

the contribution of a system to the environmental 

chaln stabillty, and the degree of contribuí ion 

to stabillty in a system from previous ones.

As lt was previously raentioned, the sta- 

bility of an environmental system implies constan- 

cy of part of its structure along successive sys- 

tems. This constancy is mathematically expressed 

by merns of isomorphic functors placed on those 

parts of the structure (E° and ^ subcategories) 
which reoain similar along some successive environ­

mental systems.

positions nust be understood as a simple mathemati- 

cal concept, from which arises the temporal feasi- 

bility of the concept of stabillty. This can be 

dráwn from the existing relationship betwten the 

double chain of successive biological and environ­

mental systems, and the tiae axis.

important crlteriori of stabillty of an environmen­

tal system E it it is necessary to define the iso- 

norphic functor

Given this isomorphic functor, it is de- 

f ined that the atqbll lty of an environmental 

syntfcm has & v.3lue ti n) when:

?rom a related point of view, these com-

In order to define the first and rost



1 ) tne compositlon of n isomorphlc functors

„ o K i . i + 1 . t,o(l)Af Í+1.Í+?. r,o(i) 4 ( i+n-1. i + n. „o{i ) 
**1 --- ----* *-1+1 ---  i+2 *••• -------- ----* Ei+n

(6 )

can be made; so that each subcategory E° ^ J J = 1 ,2, 

...,n) is a subcategory of itr respective nucieus 

subcategories and

2) A180 if a new isomorchíc functor:

ÁJ (1)
A- 1+n

. -o(iJ _________ ,o(i)
i+n,i+n+1 ‘ i+n i+n+1

is defined (which may nct be the case), then the 

E i+n+1 subcategory is not a subcategory cf E°+n+1•

This definition shculd be considered in 

more detall.

As it was remarked earlier with reference 

to the diagram in Figure 1, the nucieus subcategory 

E° represents the maximun structure whose lr.itial 

conformatlon ha3 been deternined in the system E, -
J 1 • 1

(as part of the structure of El_1 ). M c í j o í c .,

E*[ also exista in the system Ei+1 (as part of the 

utructure of E°+1 ) by functor Thus, when

the original nucieus subcategory EJ can be trans- 

ferred fren the original system to other n nucieus 

subcategories of subrequent 3ystems, the former’a 

stabillty is determined by n.

Another critericn of stability evolves

immediately from the isoicorphic functor
~¡J> (i+j-1) . ú> ______

i+j-1,1+3 ' ^ i + j - 1  ^  i*J



Thus, it is stated thít the contribution Jl^ 

of thp syst.em to the gnYirorir.ental Chain stabillty 

is n (yí^“ n), when the compcsitícn of only n isonor- 

phic functors like

^ ( i )  ^ ( i )  y» ( O

&  K l’L+]&U) > ^ ‘̂ ' i ^ i)
« P L ^ i + 1  ^ i + 2  ^  i+n

(7)

can be made.

The above definitíon takes into consideration 

the number of times that the contribution subcategory 

of E^ is included as a full subcategory of subse- 

auent nucleus subeategories E°+ j (J“ As these

determine the stabllity of the successive systems,

and as the original contribution subcategory*^ is for­

malizad by rr.eans of new objects and morphismo entering 

E ^ t and by the Chain of enviror.nental systems subseauent 

to E^, the evidence for a second criterion of stability 

is therefore readily obtained.

Vith respect to the degree of contribution 

to stability in a system E i+g fren previcus ones, it 

can be stated that if for a given nucleub subcategory 

E i+s' ** «abeategories  ̂ (o¿ -i, ) ,k,... ) of E°+s

are defined, such that they are given by the composi­

tion of isomcrphic functors then the degree of con­

trlbutlon ^ i+8 in the system is p p).

In fact, the p contribution subeategories

 ̂ do nct have to carrersond to orig-.ial succtsoi- 
~ <P (o¿ )ve environmental sys .-ms, and moreover, each ce 2+s 

may not be a full subcategory of E°+St because the res­

pective  ̂ may not be full subeategories of E°+s 

( o i + s - 1  ).



This crlterion ^ i +g eoneerned with the

past of stability of the system for which it is de- 

fined. It comprlees the entire hiutury of a certaln 

part of the structure of the sy¡ite:n E1+e (E®+ 8 ) 

where the stability S^+¡J will be defined.

The significance of this crlterion must not 

be underestimated by considering it as merely derived 

from the other criteria. Thus, the relative age of 

eachís’ cardinality of their collection of

objects, and the constancy and nursber of morphisma 

from the previcus s t r u c t u r e s t o  E°+g» are enough 

evlder.ce about the usefulnesa of this concept. In 

fact, if the Chain of environmental systems ls regar- 

ded as due to the Chain of biological systems, the 

lat er performance is directly obtained from

4.- CN KORPHISKS AKD OBJZCTS I!.' At: Er/IRCXKENTAL CAT.--GO- 

RT.

Let us define the full subcategory X^ of 

so that its collection of objects £<*x j will be 

determlned by objecte GI 6 E^ with G x ^  E i »

Eí-
th respect to morphisms, k  musx be no- 

ted that cei-tain morphisme g v ma^ exist

such that g ^ EÍ, g ^  E^, g Xif

This is the case, when _ with

G 1 , G ? é. (or G 1 , G 2 € z \) but ( & r c ¿ E ¿ ) .

The same is true when the objects Gi, G,
d e

are not objeets of the same subcategory E ^ f E^ and 

X^; for instance G^6 E^ and O ,¿ fe X^.



írom another point of view, let us define 

as erdo-ob.iect.s cf an ofcject G"̂  & E^, the ofcjects 

€ Ej.j (j** and

,,.,n), so that theso la3t ctjocts &re ide^tically 

deflned as the object3 G^- .

The definitlon ylelds the following very 

simple theoreas:

T 1 ) Given a eucceeslon of environmental 

cateog orles

... ----- *  -------> Ei ----- > EU 1  — > •**

lf G *  € 1^; then endo-objects G g  ®1-1 all<1 

G ¿ 1 £  of G^ will not exist.

PROOF: It ls immedlate.

lf G ^ f l j  s & d f j .  E*[ and Gĵ  <f B®

and from the functors

^ I . U 1  ! Et ------- *  Eí+1

: Eí- 1 ---- * *t
and from the definitlon of E^ and E^, lt followa that

®i-i 4  Eí-i * 4  £i-i ^  ®í+i j- eí+i • f  ®i+i •

12) Given a succession cf environmental

categories

i í  Sj c e J

a) elther G^ 1 or Gj*, £ B¿_., and

6 A  *



b) either G ¿ ,  £ E°+1 or 3^  é  .

PHOC?: It is lrmedlate.

T3) Gl»on a succession of environmental

categories

_> Zl-1 * Ei > Ei+1

if G^  €. El «=*>

a) either G ^  é (from 12) or ¿  e J_.,

and G &  y 

Si°tl í  E1*1

PROOF: It is lnterestlng to prove that if G^ £  E®

= ?  G iíi ^  EU 1  •

As G ^ ^  eJ =^» G^ ^  then the posslble 

endo-ótject G ^  of G"^f will eatÍ3fy ^i+1 •

Soreover, in the same fashlon, from T1

<síi'i y  x i*i *

Then, as it is ala o true that G j ^  

then G i“¿1 j.  s f ,, ̂  E®+ 1 , ^  X 1+1 f it1 .

T4) Given a succession of environmental

categories

• •• ^  Ei—1 'V ''' &  y  •• •

if G 7  £  EJ and G

C £ l  4- £ i-1

G ít-1 t  E °+ 1 (from T 2 ) 

PROOF i It la imaediate.



These simple theorercs are useful to descri­

be the object's dynamics through any succesaion of en- 

vironmental categories. Thu£3, we c e -i repreaent (íigu- 

re 3) these result3 in a graph whcse r.odes are sutca- 

tegories, and whooe oriented edgea represent the ob- 

Jects Buccession through the environmental Chain.

Ent * entrance 

Sal* exit

Fig. 3

Proa this graph, it follows that;

- There aie no cycles.

- Kot every object entering an environmental 

chain contributes to stability.



- The exit node9 (or subcategoriee) are Ee 

and X.

- If an object contrlbutes to the stabl- 

lity of E it lts endo-object may con­

tribute to the environmental chaln stabl- 

llty.

5.- DISCUSSIONi

Structural changes of E or M resultlng 

of thelr interaetions, can be used as account for 

the consequences verified ln one system when the 

other ls modlfied. Therefore, the deflnitlon of en- 

Tirorunental atability arises naturally and consti- 

tutes a new mean of measuríng the behavlor of M 

(and of E iteelf).

As it was noted earller, the crlterlon 

of stability im-lles that a certaln part of the 

etructure of an original systeoi E^ remains cons- 

tant along successlve systems subaequent to It.

It muet be recognized, how the theory of catego- 

ry, by whlch the enviroruaent was repreoented, was 

found to be useful to rep.'eaent these certaln 

structural partg and the con3tancr referred abore, 

by meane of subcategoriee anáby a compositlon of 

n similar isomorphie functors, respectiTely. Ho- 

reover, the variation of time is naturally inclu- 

ded ln the crlterlon of stability becauae there 

exista a correspondance between the compositlon 

of n iscncrphlc ?unctor3 ( 

and the time a i s .

The preceding analysis shows how the glo­

bal stability of an environmental system is rela- 

ted to lts previous history and projected to lts



fu ture. The degree of contribviti.cn representa a

measure of the "past of stablllty" whlle the contrlbu- 

tlon {£ )) of a aystpm to the envlronaental chaln sta­
blllty lndlcates the íuture, in relatlon to the tartial 

data of stablllty for the subsequent aystemn for which 

deflned. The general data of atabllltv of each 

ayaten is giren by the concept that defines S A, 

by «eans of which the conBtancy of certain structural 

part of is recognlzed along a part of the envlron­

aental Chain.

The new mathenatical interpretation of the 

concept of stablllty requires a simple comment. It 

h u  been lntroduced as a u a n  of recognlzing a repe- 

titlon of baaic structurea occurring withln greater 

•tructures of systezs which follow a successlonal 

pattern.

As the mathematlcal concepta lnvolved in 

theae new criteria regard, it is to be hoped that new 

ones will be lntroduced prorlded they are cor. -xatent 
with the biological and envlronoental considerationa 

on which thls work haa been baced.

Thls paper ia part of the reaearch work 
on Blomathematlcs undertaken by the Comisión Nacional 

de Energía Atónica and Facultad de Ciencias Exactas 
y  Iaturales, Universidad de Buenos Airea.



- 1EGUIZAK0N, C.A. 1975 a. "Concept of Energy ln Blo- 

logical óyeteos". Buil.Math.Biol., 3J: 565-572.

- LBGÜIZAKGN, C.A. 1975 ti. "A Theory for Er.vlronmental 

Systems". Eull.Math.Blol., ¿7: 675-689

- LEGUIZAMCN, C.A. 1976. "Other Develcpments Regarding 

the Concept of Energy in Blologlcal Syateao". Bull. 

Kath.Biol., 2§: 547-563.

- LEGUIZAKON, C.A. 1977 a. "Transfers Between Blologi- 

cal and Environmental Systems". Bull.Xath.Biol., 3 9 : 

397-406.

- LEGUIZAKON, C.A. 1977 b. »Ihe Blo-enrironaental Sya- 

te« and the Reallzabillty of Pre-Biological Systems». 

Bnll.Kath'.Blol., ¿9: 407-413.



PLACE DES ETRES ORGANISES

SUR L'ECHELLE DE TEMPS

( 8 é m e  C o n g r é s  I n t e r n a t i o n a l  d e  B i o l o g i e  M a t h é m a t i q u e  

s e p t . 1 9 8 1 )  par Charles BOGDANSKI ,Professeur associ< 

de Biophysique á 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 author1 s sreries of 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 "c l a s s i c a l "  

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 " p h y s i c a l " . 

Having presented previosly essential size aspects of th'e 
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 valúes concerning Biotic Systems.


