50

PANSYSTEMS METHODOLOGY AND NONLINEAR ANALYSIS:
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Pansystems methodology (PM) is also called pansystems
theory or pansystems research, it is a kind of transfield in-
vestigation and applications of things mechanism or generali-
zed systems with the emphasis of relations, relation transfo-
rmations and pansymmetry, in particular, its key points are
the mathematical studies on the so-called pansystems relations
(or PM relations) and their intertransformations, including
twelve important, universal and fundamental things relations
and their simulations to various things mechanisms. Typical PM
relations are concerned, for example, with macromicroscopy,
motion-rest, whole-parts, body-shadow, causality, observocon-
trol, shengke (synergy-conflict), panorder, series-parallel,
simulation, clustering-discoupling, difference-identity, etc.
Pansystems methodology embodies partially certain new interpe-
rmeation, unification and generalization of mathematics-physi-
cs science, systems science, cognition science and social asci-
ence, including certain combinations of Chinese traditional
philosophy theory and modern sciences, and possesses reinterd-
isciplinary and retransdisciplinary nature for many metadisci-
plines, interdisciplines and transdisciplines., PM was presen-
ted first in 1976 in China, and now more than 10 research gr-
oups were established. The related contents investegated incl-
ude more than 30 topics and many new concrete results are obt-
ained. PM gets many hundreds of new theorems or mathematical
propositions, and complements or develops many tens of affir-

med researches, including some fundamental results in analysis
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mathematics, topology, discrete mathematics, mathematical log-
ic, operations research, cybernetics, universal algebra and
group theory, etc., so we can from some new viewpoints extend
studies on nonlinear problems which connect closely with some
new exploration of bifurcation, catastrophe, chaos and stabil-
ity.

The mathematics in PM is like discrete one which does not
need specialized analytic, topological and linear structures,
the related functions, relations, operators, equations and
even if fundamental universe or basic space all are nonlinear,
consequently, PM is rather distinct from traditional nénlinear
analysis,

PM establishes many mathematical models for pansystems
relations and investigates their properties and transforming
relations, their substance is nonlinear. The transformations
which reform things, knowledge, information and structures
into PM relations all are called PM operators. By using PM
operators we can complement, extend or develop many important
studies concerned, for example, with group representation,
algorithm of maximum network~flow, clustering, division into
district, hierarchy principle, black-box principle, grey-box
principle, discoupling principle, implicit function theorem,
fixed point theorem, homomorphism theorem, Dilworth-type the-
orem, cognitive processes, data-pressing, Arrow's impossibil-~
ity theorem, Debreu's price equilibrium theorem, observocont-
rollability, independence-~completeness-consistence of axioma-
"tic systems, ecological law, phenological law, large scale sy-
stems, bifurcation, catastrophe, chaos and stability, etc. In
what followas we only concern with the PM operator analysis
which is closely connected with this paper.

Let E(IG), ELG) be the classes of tolerance and equival-
ence relations on the given set G respectively. If § € ESLG))
define Q;=MQI{D|DCQ,D’C8}, and denote G =UG;(d3), G, <
Q(ds),h-:{(x.cn)lIEC;i},G/B-':{G;}, Clearly, §,CGX(G/8) and

we have
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Theorem 1, G= UC};, and (x,y)ey equivalent to Ji(x, ye
Q). foody =5, 75, ={(Gq, G l6nG+¢) € E,[G/s) se
ELG) makes U G, distinct, and f,. G— 5,(®)=G/s ,@xy)e 3
to be equivalent to Jij(i#] K X€G, ,Y€G; ), and x°5 = beX = Yob
=3ey= G, .

Theorem 2, Es—class is closed or conservative for con-
Junction, disjunction, inverse relation, commutative composit-
ion, confinement, eqimorphism, epiembodiment, epibinary relat-
ion, transitive closure, And so E -class for conjunction, inv-
erse relation, commutative composition, confinement, epiembod-
iment and transitive closure.

Let J€ P(G') define PM operators £,(§)= 3U3"UI, £,(9)=
£,09097), €:(9) =£&(5°n37) | Eis(d)= €,(Gx 9) , 6;(9)y = [§;

t ..
1, i j=1.2,3, where I =1(G)={x, x)|xeG} , and
index t means transitive closure., Let T GXH £ we define its
panratio as f . P(Gg')— P(H") with the details:f?ﬂﬁ=f4°3°f.

In what follows, we use L[G), 4.LG), 4{,[G),ULG) to represent
the classes of semiordered, complete ordered, reflexive-trans-
itive and unidirectional relations on G respectively. We have

Theorem 3. £.(3) €E[G), 8;(9) ¢ ELG) , §,(9) = 1(G/s)
for §=18,(9) , $(3) € ULG/s) for s =559 Ir 9€L;0G), 5= ¢,(9),
then f,(9)€L[G/s) If $€LLG), G=UG,(d&(%) = UGL(dE(9)),
then G, are of maximal chains of § ﬁlWG:G L.[G,) , and G;
are of maximal antichains of § |

Consequently, §,(3) realizes a black-box for J and $;(§)
makes 9 a unidirectional grey-box. These concepts mentioned
are simply called 6(1,3)—discoupling principle, Furthermore,
Eﬂﬁ) makes some properties to be changed to corresponding
opposites for difference-identity and clustering-discoupling
relations (CD-transforming principle). Usually, practical pro-
blems are described by panweigted relations which can be redu-
ced to some binary relations, and so to Es or E classes by
using PM operators defined above. Based on these reductions,
we can establish many intertransformations among some concepts

concerning pansystems relations. This law described is called
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PM correspondence principle, By using these PM principles, we
can obtain a class of mathematical propositions (called BC:IS
~theorems ) concerning bifurcation, catastrophe, chaos, stabil-
ity, uniqueness, single valuedness, multivaluedness, qualitat-
ive or quantitive change, sudden or gradual change,

Let TCTI T, be parameter set, F ={ x(t)|teT} be given
system set or structure set, ¢.F — P(G?) 6 © =0(t) = Pxtt))c
G*, 0™ be the n-th self-composition of 8, Dc G(ds) , §€
E,Lq) RLD). reflexive relation class on D
following BC'S-theorem.

+» We can prove

Theorem 4, If D does not be reduced to a single point,
E8)Y s | then DN(DeBUGDI* P . If E(B)C 8, then DN D-§
NoDF¢ I1f £,(6)c 8  then there exist positive integers m, n
such that dDNDed™NEMeDE ¢  rfr §C&(0),80I=4¢ , then DN
(DepUB'DY=¢ If 3®)CS, then D-BUQR:Dc D  If 0S8, 0°07'€ RID), then
9+D=D_ If 3($)C8,0%0 ER[D) | then D<§ =D .

Let ¢=(F,G,Q, ¥, 1,8) ,8=(¢,0,t,D, 8, F,
G v, N.Q— {§} , then p describes some multiparameter
nature of various behaviors of BC’S,

If 3<G*, DG ,D'N9g=9 ,£ then D is called panchaos or
interior stability for § . If for all Y€ G-D x2JnD£ ¢ , then

D is called panattractor or exterior stability for g . If D

2

is both panchaos and panattractor for 3 » then D 1is called
strange panattractor or core for 4 . These definitions lead to
following BC!*S-theorems.,

Theorem 5. If D is a panchaos for § , then D*C &,(3),
Dc(G-D3)N0(G—-9¢D), DN(DeJuU 9geD) =P , DegU 4§D C G-D,
D& (§yeDnNDeg, ().

Theorem 6. If D is a strange panattractor, then D ¢
G (4t7(%)) and vice versa for 9 being symmetry and 3()1(G)=¢ i

Theorem 7. If G is finite, 9¢(3*)*NIG) = ¢ then
there exists a strange ﬁanattractor D for 9, DcG(dE(9)),

Theorem 8. If C(x) 1is the characteristic function of D,

and C(x)=1-max{Ccy)|Yyex>3} , then D is a strange panattra-
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ctor for ¢ , and DC:G(&&#Q)), The inverse proposition holds
for §=9"' gnuG)=2?.

Theorem 9. If DcG(ds), Jos, 8 €EELG), and D is a pa-
nchaos for ﬂt, then D is also a strange attractor for g, and
p*c £,(9%), D (G=D°4*)N(G-§%D), DN (Deg*ugSeD) = ¢ Dog*U
g*eDc G=D, DC £,(§8)eDNDE7(9),

Theorem 10. B(9)=G/&(@HNnlu{G/s |8 € ELG) , JC
8 ] is a subset of the intersection of strange attractor
set for ¢ and strange panattractor set for ﬁt.

Theorem 11, The BC?S nature described by Degc D oOr Do
nbD = ¢ is conservative for confinement, embodiment and PM mic-
roscopy.

Theorem 12, Let € GXxH be bicovering, G=U G ( 48‘(¥
i-‘)), then for i# ) , we have G;°f NGt =<P_

Theorem 13. Let ‘S'CGXH,GCGZ, p=0" s€EJ[LH), 3C
£ (F8)) . = UHR(dy, go= FOlFeRX R then

(f‘: S'H;—"H;
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