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PANSYSTEMS METHODOLOGY AND ITS APPLICATIONS: CYBERNETICS,
EPISTEMOLOGY, SHENGKEOLOGY AND SOCIOLOGY

Wu Xuemou
Wuhan Digital Engineering Inatitute
( P.O.Box 223, Wuchang,PRC )

Abstract: New Formulation of PM, PM Logic, Observo-
control Relativity, Panweight Fuzziness, Generalized Com-

position, Modelling, Decisions, Games, Social Shengke.

1. Introduction

Pansystems methodology (PM) is also called pansystems
theory or pansystems analysis,it is a kind of transfield
and methodology research on general thing-laws and general-~
ized systems (2F:two field) with the emphasis on relation,
relation-transformation, pansymmetry (general ized symmetry)
and sufficiently observocontrollable modelling (4E:4% res-
pects of emphasis).

PM was presented first in 1976 . There are about five re-
spects (5B) concerning the history background or promoting
causes for the presentation, research and developmwent of
PM: (1) transfield and methodoloygical generalization or sum-
mary of certain work of transtopical researches in mathema=
tics,physics, systems science and other branches, specially
including the so-called approximation-transforming theory
(ATT) tapped in China in 1950's. In the research of ATT
we got many hundreds of new mathematical propositions from
the viewpoint of pansystems, namely from the viewpoint of
4rg, (2) Exposition and scientification of certain pansys-
tems outlook hidden in Chinese traditional culture and ita
combination with modern science and technology. (3) The
maln stream of modern science: integration, co-developwent,

dialectical synthesis, interdisciplinnry-transdisciplinary-
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metadisciplinary tendency, combination of division and union
of discipline daevelopmant, (4) Information society, situati-
on of knowledpse explomion, and the demand of scientificati-
on, ayatematization, mathematization and computerization of
methodology. (5) Greant demand of new concepts, principles
and methods to treat large scale supercomplex dynamical sys-
tems with damaged information, fuzzy factors and shengke (
synergy-conflict) relntions,

An important part of PM is certain researches on the so-
called PM concepts (7C),specially including their logic and
mathematics: Generalized Systems (G), Transformations (r),
Panaymmetry (P), PM Relations (R), PM Frameworks (F), PM Ex-
tractions (E), PM Strengthening (S) (see below), Consequent-—
ly, sometimes an epitome description of PM can be expressed
in images as PM = 5B-4F:(2F / 7C...) or PM = 5427,

The meaning of the term pansystems in PM is generalized
and of technical terma., Generally speaking, it means a sort
of standpoint or inclination of researches, or a class of
PM concepts and methods daveloped in PM, sometimes it means
almso certain topic-community developed within PM frameworks.

From the presentation of PM onwards, we got diversified
development combined with many tens of topics, and comple-,
mented or generalized certain fundamental concepts, princi-
ples, methods or results of mathematics, natural sciences,
systems sciences, copgnitive scliences, biomedicine and social
sciences, and now a nationwide PM research network (PMAN),
including more than twenty network-nodes, is established in
China.

In this paper we are concerned with introduction of cer-
tain néw formulation of PM, special attention is devoted
to the research on MDG (Modelling-Decisions-Gamos) logic¢ and
related applications to cybernetics, epistemology, shengke-
ology and sociology, etc.

2. PM Concepts
PM concepts are quite universal and transdisciplinary,

and their definitions are somewhat recurrent (by using a
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Backus-Naur-like Form): (1) C::= GIT|P|R|F|E|S. (2) R::=
R,|R.| - ]RHICompositions of R. Where R, are 12 typical
generalized relatioms of G: Macromicroscopy (R&),Motion—
Rest (R,), Whole-Parts (R;), Body-shadow (R,), Causa-
lity (Rg), Observocontrol (R,),Shengke (Synergy~-Conflict,etc.
) (R,),Panorder (Generalized Order)(Ra),Series-Parallol
(R,),Simulation (Modelling)(R,,), Clustering~Discoupling
(R,),Differonce~Identity (R,,). (3) Gi:= (A,B). Where A
(called hardware ): certain given set, B (called soft-
ware) € St(A), and St(A)::= Panweighted Relations (PR)
of A|R of St(A) | PR of St(A). (4) T::=PR of G| G with
Parameters. (5) F::= Epitomes or Transformations of
C-Networks as Conceptual Referencial Systems in Des-
cription, Modelling, Analysis, Connection or Opera-~

tion of Things and G. (6) E::= Relatively Optimiza-
tional or Satisfactory Exposition, Selection, Extrac-
tion or Formation of Certain C in MDG and Operations.
(7) S:i= Use Certain C to Strengthen Thinking and Ope~-
rations, (8) P::= Relative, Approximate, Generalized
Symmetry | R or T of G with Parameters of Different Di-
mensions and Scopes | Relative [nvarience or Tolerance

of G]Complexity-simplicity Relations | R, [R, IR, .

3. Panlanguage and Set-like Pansystems

A sort of typical generalized system called panlan=-
guage is described in the form U= (A,B), B < P(A*¥X W),
where A¥= U At I,, {I,}] —certain given family of sets,
W—panweight set, P( )—power set operator, Examp;es:

(1) Panweighted Network (PN): B< A*X w. (2) Pan-
weighted Field (PF): B & P(A*X W) U AXW, X W; . (3)
Panweighted Field-Network (PFN): BC P(A¥X W, )U A*XW, X
WiUA* X W, . (&) simplified PFN: B: AUA?—— W .(5) PR:
BCA*XW . (6) n-ary PR: Bc A™XW. (7) Division-
Product PR: A=UA; , B& (T A, )XW, |

The PFN family is enough for ordinary practice, in=-
cluding applications to simplified social systems., Au-

towata, [/0 models, mathematical structures or knowleﬂ
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dge representation which the modern computers treat prac-
tically for both numerical and non-numerical computations
y all these are of simplified PFN family.

A mere extensive typical generalized system 1s the so
~called set-~like pansystem which possesses certain main
properties or behaviors like sets for R, specially for R,
and Ry, including necessary associativity and commutati-
vity, Naturally, it is necessary to introduce certain de=-
finitions or axioms of Ry, R4 and their composition for
these generalized systems. [t is proved that panlanguage
is of set-like pansystems, provided Ry, R4 and composi-

tion are difined in a certain natural form,

4, Composition and Panderivative

Let £ TT rF(i), &€ < 7T G(j), D(1m) = ¥(1) N G(m),
then we define the composition fo g or f og(ch(lm)) C H=
(TTFP(1)) X (TTG(J))(i= 1, j+ m) as the set {(x.‘ ,)3‘
i# 1, j¥w) | 3t ep(im), (x]x = t)€Fr, (yjl Y=
t) € g }. Clearly,f and g induce two mappings by this co-
this composition (continue to use the original symbols)
f: (M G(J)) — P(H), g: P(TT F(i)) — P(H).

If £ € P(C*), let £ ={(x,y) | (y,x) &€ £} and £¥=
fof, t™= ™.y P = Ff ULrPUL®yU.- (transitive
closure of f),

The concept panderivative is a unified generaliza-
tion of many ones such as derivative, differential, inte-
gral, various variations, gradient, difference,ratio,
sum, accumulation, various integral transformations,and
Taylor remainder expression, etc. It can be defined as
certain transformation of sowe G-classes or software
classes induced from given hardware transformation. A
typical panderivative of discrete type is defined as fo-
llows, Let f< C X D, K < st(c), meM(C,D,K) = (st(p)*
k)t P(CxD), then £'= fom ,K — St(D), is called (K,m)
panderivative of f. Let f(i) < C(i)xD(1i), them TTf(i)
< TT(c(i) XD(i)), define the 1~1 mapping by changing
product-order as h:TT(C(1i)XD(L1)) — (ITc(4)) x(TTD(1))
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» then we have h(TT f(i))c (71T c(£)) X(TT D(i)). Special-
ly, for £ CXD, we can define in a similar manner h(f{I)
< (ctx) X (DP+L), h(f®*) c c*XD”* , and their inductions:
f'= h(ft1):P(CtY) —= P(DtI), f'=h(£*):P(Cc*) — P(DY),
which are éalled panderivatiwves of panlanguage type or
panratios. An importain cace is for a€ P(C?), f?a):= aef’
== f"eaefeP(Dz).

If U= (A,B), V= (C,D) are two given generalized sy-
stems,g < AXC, méM(A,C,B), g’'=gom, then (g,g )iU —
(c,&(B)).

5. PM Logic, PM Clustering and Modelling

PM logic is a sort of research on combination of PM
and logic or cognition psychology, including metadisci-
plinary and logical studies of PM concepts., In them the
PM R, -logic (i = 5,6,7,8,10,12) are connected closely
with certian PM exploration to problems concerning MDG
and social systems.

Various branches of modern mathematics are based on
set theory whose fundamental predicate is the member-
ship, it can be considered as a special case of genera-
lized R3’ The main work of operations or axiomatic sys-
tem of set theory is to use membership to generate se-

veral R3 s R, . Consequently, modern mathematical stu-

ctures all cZn he considered to be generated from Rs
and R4, naturally including the generation of the ma-~
thematical structures for various PM concepts, special-
ly for various Rl . By introducing certain so-called
ordered combination of relations (denoted by % ) and
the fundamental R, and Ry: projections, embodiments,
canfinements, extensions, then we can axiomatically de-
fine various Ei . For example, bird's-eye view: .: = ex-
tensions % projections, microscopy :: = confinements x
embodiments, epitome ::= confinements »projections ,
extended embodiments (or panembodiments):: = extensions
+ embodiments, explicit simulations:: = projections »
embodiments, impilicit simulations:: — embodiments »pro-

jections, synergy simulations:: =— extensions wimplicit



149

simulations ¥ confinements, etc. These PM relations, trans-
formations or simulations (provided they are defined for
sets or hardware) can be extended to generalized systems
or software, and we have naturally the concepts such as
subsystems, extended systems, shadow systems, body sys-
tems, explicit models, implicit modela, synergy models,
bird'a-eye view models ( macromodels), microscopic models
(micromodels), epitomes for given generalized systems, for
example having the aid of the concepts of panlanguage, set
~like pansystems and panderivatives, etc. Furthermore, the
relations of explicit, implicit and synergy simulations
correspond to that of body-body, shadow-shadow and epitome
~epitome respectively., In a macrosense the simulation or
modelling can be dafined as certain transformation of ge-
neralized systems which conserves some properties, struc-
tures, relations or sofwares in a certain tolerant class,
consequently, the transformations or relations presented
can be considered sometimes as certain simulations. Ge-
nerally speaking, softwares can be considered as hardware
or other generalized systems, s0 the concepts of simula-
tions defined for general hardwares can be extended to
certain softwares. This leads the thcept of soft simu-~
lations which can be considered as a PM generalization of
the so-called functiom simulations in the sense of modern
cybernetics, and the corresponding concepts of primitive
simulations are called hard ones. A PM peneralization of
the ilmportant concept of black box can be described as a
certain bird's-eye view model of given generalized system
in which the system is reduced to hardware-software point,
The concepts of structure, function and their interrela-~
tions are very important and useful in methodologies and
varios disciplines, and a PM model of the concept of stru-
cture is naturally the software of system, and the con-
cept of functions corresponds to certain softwares of

some black box=-reducing macromodels. In PM modelling lc=-
gic, the concept of PM extractions of pansymmetries, spe-

cially by using the concept of panderivatives, is of an
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important and methodological one which is briefly called
PDEP principle. '

An important, fundamental and universal model of R‘2
is to use tolerance and tolerance~complement to simulate
the identity-seeking and difference-seeking respectively,
We use E [A) to denote the class of tolerant relations
in A, If a€Eg[A), we use A= U a;(da) to describe the
tolerant clustering with respect to a, where A; are cor-
responding tolerant classes. Define quotient system A/a=—
{4}, quotient simulation f == {(x,a, J| xea}cax(a/a),
The inversion of it is called product simulation, and the
composition of them is just the tolerance a. The quotient
simulation is of implicit one, and the composition of any
implicit simulation and its inversion is a tolerant re-
lation, If the tolerance is reduced to equivalence, then
the clustering courresponds to an exact partition, and the
quotient simulation to a projection or mapping. Converse~
ly, the composition of any projection and its inversion
is an equivalence. These interrelations of concepts pre-
sented can be extended to generalized systems and these
laws are called correspondence principle. By using these
laws we can define the so-called tolerance-multiplication
and tolerance-division, In PM there is a law called Ry,
pansymmetry theorem wlhich asserts that the tolerance 1is
c¢losed or conservative under following operations or
transformations: union (disjunction), intersection (con-
junction), inversion, commutative composition, transi-
tive closurae, direct product, tolerance-multiplication,
tolerance-division, confinement, embodiment, microscopy
y explicit simulation, implicit simulation, projection,
PM has already developed similar theorems for equiva-
lence, semiordered relation, invariant subsets, sudden-
ly variant subsets, associativity, commutativity, opti-
mality, connectedness, discoupling, complement,etc. Ge-
nerally speaking, the implicit simulation conserves
R, , identity-seeking, clustering, connectedness, in-~-

9
version and certain PM operators (certain transforma-



tions from generalized system, structures, software into
R, specially into Rg, Ry Rn)‘ and the embodiment goes a
step further to conserve equivalence, difference-seeking,
discoupling, complement, Furthermore, the direct product
conserves great majority of mathematical structures such
as topologicity, lattice, linearity, convexity, semigroup
» semiring, Boolean property, soft algebra, disjunction,
conjunction, complement, composition, and many R , etc.

We can extend the concept of composition to the ca-
se of PR as follows, Let f:TIF(i) —s W, g:T1G(j) — W
» D F(1)NG(m), B8, : WtD — W, 6,5 W —s W, 6=(0,,8,)
s then define fbg or f8g(cb) by using fﬁg(xi‘i=¢l;yj‘
J#Em) == g (f(x; |x = L)Bzg(% |ym::t)‘ t € D). The panwei-
ght can be considered as a shadow system of PR, and for
PR, specially for PFN, there are certain embodiment con-
servative structures (under certain natural conditions),
for example: distributivity, commutativity, associativi-
ty and the so-called panoptimality, This proposition ca-
lled the W4-laws conservation principle leads to certain
extension of the famous Bellman's principle in dynamic
programming,

In the definitions of related transformations, if
we replace the role of projection by quotient simulation
s the corresponding concepts obtained are named by add-
ing modifier "quotient" (sometimes perhaps drop this mo-
difier), for example we have the concepts such as quo-
tient macromodel, quotient epitome, implicit quotient
simulation, etc. We define panproduct :: = (direct pro-
duct | embodiment) * (epitome | quotient epitome | synergy
simulation), The concept of panproduct is an important
extension of ultraproduct which is a very useful tool
of theoretic modelling in the model theory of mathema-
tical logic. We discovered the establishment and deve-
lopment of various new generalized number-systems and
various mathematical structures is mainly based on the
concept of panproduct.

PM Discoupling Princile. This 1is the concept that
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the operators of equivalence~reducing and strongly conmec-
ted equivalence-reducing make the related relations black
box and unidirectional in the correspoding quotient sys-
tems respectively.

PM Simulation Principle., This is the concept that to
use certain PR, PR of PR, or panproduct to realize gen-
eralized quantization or to simulate various R, including
composite, fuzzy causality and observocontrol relations,

PM Simplification Principle. It means the methods of
simplification, reduction, dimension-decreasing by using
the concepts such as projection, epitome, quotient simu-
lation, quotient epitome, epitome of various models, com=-
position, bird's-eye view, PM discoupling principle, PM
simulation principle, etc. This principle is very useful
for the description, modelling, analysis, treatment and
operations of large scale supercomplex dynamical systems
(LSSDS), including the MDG of ecosystems, social shengke
, artificial intelligence, pattern recognition, manage-
ment, economy, politics, education and intelligence ex~
ploitation, etc.

Clustering Panweightedness (CW Principle). About
this there are several respects of meaning. First, to-
lerance clustering 1s usually reduced from certain pan-
weighted relations, systems or PFN according to PM sim-
plication. Secondly, the tolerance itself is usually pan-
welighted. Thirdly, under the perturbation, hybridization,
disjunction/conjunction-tolerance-reducing of other rela-
tions or actions, the tolerance with its panweight 1is
correspondingly changed.

Implicit Variables of Clustering Criterion (IVCC
Principle). This is the concept that the clustering cri-
terion contains usually certain implicit parameters, and
the clustering is changed correspondingly and implicitly,

R -Transforming Principle. Let f C AXC, al.,bj €
E.[A), ¢, €ELC), I(c)={ (x,x)|x€c . If £'(a,)C ¢c,,
then f realizes (a;,c, )-identical modelling; if f'(EI)C:

c then f realizes a modelling of (ai,cL)-difference—

h.’
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seeking, where & means the complement of a; 1if f’(a‘) -
C,, then f realizes a modelling which transforms a;,-iden~
tity-seeking into c -difference-seeking; if f'(a; ) Cys
then f is a modelling reforming a,-difference~seeking to
c, ~identity-seeking; if f’(ﬁi) c 1(c), f’(bj) < I(C), then
f is a modelling making a, -difference distinct and bj-
identity identical,

Duality Principle, This is the concept that the PM
operator defined as the tolerance-reducing of complement
of relation realizes certain dual transformations for RH’

connection-disconnection, R far-nearness, ete,

(PR
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