
Chapter 9
Subdynamics in Knowledge-Based
Systems

Using a set of six equations, I propose tomodel “interactions,” the “organization ofmeaning,”
and “self-organization” as three coordination mechanisms among expectations; three further
equations can be derived to operationalize “double contingency,” “identity,” and “reflection.”
One can expect that the subdynamics update one another in co-evolutions as feedbacks and
feed-forwards. Interfaces among two (sub)dynamics can be expected to operate with time
differences (�t). Interactions among horizontal and vertical time differences can generate
hyper-incursivity in interhuman communications. Hyper-incursion enables us to reconstruct
expectations. The social system is probably the only system which can be expected to carry
“strong” anticipation while being reproduced as expectations. A system of expectations is
not alive, is not constrained by a life-cycle, and does not need to “exist” otherwise than as
expectations. The dynamics against the arrow of time are “cultural”: they rest on codes as
the pillars of discursive knowledge driven upward into horizons of meaning.

In addition to his many discoveries about mental illnesses, Freud carved out the
epistemological boundaries of the psychological domainwith biology on the one side
and sociology on the other. Using the metaphor of Ego sitting as a rider on a horse
(Freud 1933), Ego is not to be considered as an energy system but as a “cybernetic”
(Parsons 1958, p. 88, note 16). In relation to sociology, Freud commented (at a
workshop in Vienna in 1926) “that he felt like the skipper of a barge who had
always hugged the coast, who had now learned that others, more adventurous, had
set out for the open sea.” He wished them well, but he could no longer participate
in their endeavor (Waelder 1958, at pp. 243f.). Parsons (1968), however, argued that
Freud himself—approximately at the same time as Durkheim (e.g., 1894, 1912)—
had discovered the social as the proper subject of sociology. He summarized Freud’s
demarcation of sociology from psychology, as follows:

Relatively early, Freud gained the insight that the expression of instinctual need was regu-
lated by the society’s moral standards—often, but in no simple sense always, in conflict
with instinctual needs—and that these standards were introjected into the personality itself,
becoming components of its structure. The final form of this conception crystallized about
the famous idea of the superego. Later this basic mode of conceptualization was extended to
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the social environment, conceived of as an environment much in the Cartesian-Durkheimian
sense. The famous “reality principle” came to focus on “object relations,” which for Freud
meant relations to other persons, especially the parents, considered as agents of socialization.
But these human objects were not only “adapted to” in the sense true for physical objects;
they were also introjected—or, as we now usually say, internalized—to form part of the
personality structure, particularly of the ego, in Freud’s sense. (p. 432).

Why had Freud himself become reluctant to investigate the social at the above-
individual level. Parsons (1952) formulated a begin of an answer to this question, as
follows:

The inescapable conclusion is that not only moral standards, but all the components of the
common culture are internalized as part of the personality structure.Moral standards, indeed,
cannot in this respect be dissociated from the content of the orientation patterns which they
regulate; as I have pointed out, the content of both cathectic-attitudes and cognitive-status
definitions have cultural, hence normative significance. This content is cultural and learned.
(p. 23)

Parsons saw a possibility to relate Freud’s concept of internalization to central
tenets of American pragmatism. “Society,” as Cooley (1902) argued, exists inside
the individual in the form of language and thoughts. Action is then based on reflexive
selections among options. On this basis, Parsons (1951, p. 94) formulated the concept
of double contingency as the cornerstone of social order.

“Double contingency” means that each of us (Ego) expects another human being
(Alter) to entertain expectations aswe entertain them ourselves (Elmer 1995; Vander-
straeten 2002). A second contingency among expectations comes on top of the first
contingency of empirical processes in the physical and biological domains. In this
model, both consciousness and communication develop in substantive and reflexive
layers in parallel. The communicative structures are double-layered: they are both
actions and pervade actions to various extents. However, the relations between the
two contingencies are asymmetrical. The first contingency (res extensa) is internal-
ized in the second (res cogitans); the second leaves traces (e.g., cultural artefacts at
the social level and memory traces at the individual level) in the first.

9.1 “Double Contingency” and Inter-human Interactions

“Double contingency”can elegantly be specified in terms of the theory of anticipatory
systems (using Eq. 8.8 in Chap. 8; cf. Dubois 2000, 2003) as follows:

xt = axt+1(1 − xt+1); 0 ≥ x > 1 (9.1)

In words: Ego (x) operates in the present (as xt) on the basis of an expectation
of her own next state (xt+1) and the anticipated next state of Alter (1 − x) t+1. Note
that the expectation of Alter (1 − x)t+1 is here defined in terms of Ego’s own expec-
tations about non-Ego; that is, (1 − x). The expectations constructed in one’s mind
about oneself and Alter precede possible communication between Ego’s and Alter’s
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expectations about each other. Alter is processed in terms of awareness (Husserl,
1931) without necessarily implying externalization into a communication (Nonaka
& Takeuchi, 1995).

Not incidentally, Husserl added the word “Cartesian” to the title of his Cartesian
Meditations.InDescartes’ philosophy,Alter of the contingentEgo is aTranscendency
(“God”). Ego knows herself to be fallible and uncertain, but Alter is Perfect and
Infallible from this perspective. In the (Christian) cosmology, God “is” beyond any
doubt because absence would be incomplete. Descartes himself thus constructed an
ontological proof of God’s existence.

More than 150 years later, Kant (1787: B620–B630) refuted Descartes’ inference.
He concluded that one can remain agnostic about the existence of God. However,
one cannot remain indifferent about the secularized Other. The relation to contingent
others is discussed by Kant (1788) in the Critiqueof Practical Reason which follows
upon the Critique of Pure Reason. Unlike Ego’s relation to God, its relations with
others are empirical.

How can relations in the second contingency be analyzed? The specification of
relations among expectations generates empty boxes to be potentially filled by obser-
vations—in other words, redundancy. Hesitant about the possibility to study these
empty boxes empirically, Ulanowicz (2014) proposed calling them “apophatic”: a
biologist has no instrument to measure or theorize empty boxes which do not “exist.”
Can one, alternatively, perhaps specify what they are not (Bateson 1934), and thus
specify ranges of possible expectations?

Double contingency provides a micro-foundation of the social. The expecta-
tion of Alter precedes the interaction, but cannot be reduced to individual action.
Parsons (1968) concluded that society therefore can be considered as a category
sui generis (Parsons, 1968). Luhmann (1977, at p. 70) added to Parsons’ defini-
tion that “double contingency” can also be considered as the auto-catalyst of social
processes between reflexive individuals. Furthermore, Luhmann added that reflexive
relations are possible not only among human beings, but also among the codes of the
communications (1995, pp. 105f.; cf. Künzler 1989; Strydom 1999). In another, but
similar formulation, Giddens (1979) denoted a “double hermeneutics” between the
analyst’s and the participant’s level of action and accounting. (The participant and
the analyst can be the same person embedded in different exchanges and discourses.)
Each perspective may lead to new horizons.

In such a complex dynamic, the algorithmic approach—using simulations—can
be helpful (Hanneman 1988). Simulations require less ambiguous and more parsi-
monious definitions. The time subscripts allow us to follow the developments when
the referent is changing with the description. Simulations can serve the analysis
by pointing to the unexpected or unintended consequences of interactions among
subroutines (Hedström 2005).
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9.2 Simulations of the Second Contingency

In this chapter, I elaborate on interaction, organization, and the self-organization
of meaning using the set of incursive and hyper-incursive equations developed in
Chap. 8. Two further equations will be derived which can be used to operationalize
“reflection” and “identity,” respectively. As in the case of “double contingency,”
these two hyper-incursive mechanisms can be expected to operate “genotypically”;
that is, as evolutionary dynamics without reference to a specific and historical state.

1. Eq. 9.1 (above) provided us with a model for double contingency. Double contin-
gency in mutual expectations precedes interaction. The term (1− xt+1) in Eq. 9.1
models a selection of Ego’s expectations of Alter as non-Ego.

2. Interactions imply a historical instantiation. However, one can expect each Alter
(y) to entertain as another Ego an analogous selection term (1 − yt+1). The
selection terms can operate upon each other and thus lead to the quadratic Eq. 9.2:

xt = b(1 − xt+1)(1 − yt+1) (9.2)

Equation 9.2 does not contain any reference to a previous state of the system
itself (xt-1). In this model, only expectations are operating selectively upon each
other. Unlike double contingency, however, this equation models the interactions
between Ego’s and Alter’s expectations.

3. Eq. 9.2 can be extended to more complex configurations by adding a third
selection environment. One can add this third (or each next) term as either a
hyper-incursive or incursive routine, and thus obtain the following two equations:

xt = c(1 − xt+1)(1 − xt+1)(1 − xt+1) (9.3)

xt = d(1 − xt+1)(1 − xt+1)(1 − xt ) (9.4)

Equation 9.3 is a cubic equation which models a “triple contingency” of expec-
tations. The third contingency closes the triad operationally. As argued in Chap. 5,
triadic closure is the basis of the system’smorphogenesis. All higher-order configura-
tions (quadruplets, etc.) can be decomposed into triads. Equation 9.3 is thus consti-
tutive of the social system of supra-individual expectations. As shown above, the
interactions among three selection mechanisms can generate redundancies.

In a paper entitled “Triple Contingency: The theoretical problem of the public in
communication societies,” Strydom (1999) argued that “the increasing differentiation
and organization of communication processes eventuated in the recognition of the
epistemic authority of the public, which in turn compels us to conceptualize a new
level of contingency.Afirst step is thus taken to capture the role of the public as a code
in communication societies. The code mediates and shapes a “triple contingency.”
According to Strydom, this differentiation of “public” versus “private” as codes
in the communication generated modernity. Note that the public is not considered
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as a sphere (Habermas 1974) or an audience (Latour 1988), but as a code in the
communication.

One can derive that Eq. 9.3 has one real and two complex roots. Since a system
cannot continue its operations with the complex solutions, Eq. 9.3 would evolve
increasingly into a single value (“eigenvalue”) for each value of the parameterC. The
parameter C can thus be considered as a representation of the code of the commu-
nication. Horizontal differentiation of this code can then be captured by writing
lower-case c1, c2, c3, …, cn, etc. I elaborate this below.

Note that if only a single fixed code-valueC would operate, the routinewould self-
organize “closure” into this value ofC. In a differentiated system of communications,
however, a number of values for the codes (c1, c2, c3, …. cn) can be expected to
disturb tendencies to such operational closure. As argued above in Chap. 5, three
(or more) contingencies operating selectively upon one another can shape a fractal
manifold containing trade-offs between tendencies to self-organizing closure and
organizational interruptions (Ivanova & Leydesdorff, 2015).

4. Eq. 9.4 differs from Eq. 9.3 in terms of the time subscript in the right-most factor.
Equation 9.4 can be used to model a specific organization of meanings as an
instantiation in the present. The reference to the present in the third factor makes
this model historical, whereas the self-organizing system modeled in Eq. 9.3
operates hyper-incursively, in terms of interactions among expectations about
possible future states. An instantiation, however, requires (provisional) integra-
tion and organization at specific moments of time. In Eq. 9.4, the interaction
among expectations is instantiated as a specific configuration at time t = t.

In summary, Eqs. 9.3 and 9.4 model algorithmically the trade-off between the
evolutionary and historical perspectives in Triple-Helix relations as discussed in
terms of redundancy and information generation in Chap. 5 above.

5. Two more hyper-incursive equations follow as possible members of this family
of equations. Analogously to Eq. 9.1, one can formulate as follows:

xt = axt (1 − xt+1) (9.5)

xt = axt+1(1 − xt ) (9.6)

Equation 9.5 evolves into: x = (a − 1)/a (see Eq. 8.11c on p. 157 for the derivation
of this equation as a steady state). It follows that x is a constant for all values of
a. I submit, as an interpretation, that this evolution towards a constant value of the
system (x) through anticipation can be considered as the self-reference of an expected
“identity.”

In the second contingency, identity is based not on the history of previous states,
but on entertaining the expectation of continuity of the “self.” The identity in the
network “me” can be distinguished from the “I” (Mead, 1934, at pp. 26f.). Like
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individuals, organizations can be expected to develop a symbolic identity in the
second contingency.

Equation 9.6 can be developed as follows:

xt = axt+1(1 − xt ) (9.6a)

axt+1 = xt/(1 − xt ) (9.6b)

xt+1 = (1/a)[xt/(1 − xt )] (9.6c)

This model can be simulated (Fig. 9.1): when xt > [a/(1+ a)], a pulse is generated
which first overshoots the value of one (in a virtual domain of possible expectations),
but then generates a negative value. This negative value leads to a mirror image
of a representation at a specific moment in time, and can thus be considered as a
reflection.Reflections enable us to bounce a communication between communication
(sub)systems via consciousness (Luhmann, 1988, 1991).
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Fig. 9.1 Simulation of Eq. 9.6: the value of x at t = 1 is drawn randomly (a = 4). (For a = 4, the
pulse is generated for values of xt > 0.8.)
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Dubois (personal communication, 16 July 2008)1 noted that Eq. 9.6 can be derived
as the time inverse of the incursive (Pearl-Verhulst) equation [xt = axt−1 (1− xt)]. In
Leydesdorff andDubois (2004),we showed that the sole assumption of social related-
ness as a variable among groups of agents provides a sufficient basis for deriving the
logistic map as a first-order approximation of the social system. Secondly, I derived
the anticipatory formulation of this equation for anticipation in both the interaction
term and in the aggregation among subgroups. I will not repeat this argument, but
instead follow a more intuitively accessible reasoning based on the perturbed recur-
sion model in order first to derive a generalization of the family of logistic equations
under discussion here.

9.3 Perturbed Recursions and Incursions

Andersen (2002, at pp. 170 ff.) discussed the logistic equation as a special case of
his so-called perturbed recursion model. The model can be depicted as follows:

In Fig. 9.2, F is a recursive function that transforms state St−1 into a new state St ,
using a set of parameters P = p1, …, pn modelling disturbances. In formula format:

St = F(St−1, P) (9.7)

Baecker (2002, at pp. 86 ff.) noted that the function F can be considered as the
operator of the communication system (S) in Luhmann’s model; he used the word
“eigen-function” for this recursive loop (cf. von Foerster, 1960). However, more than
a single such eigenfunction (i.e., code) can be expected in a differentiated system.
Each code structures variation differently. In other words, the recursive selections
can be expected to codify different meanings along the main axes of the network.

1Dubois added to this communication the following derivation as evidence:

xt+1 = axt (1 − xt+1) (n9.6a)

is equal to the following equation for dt = 1:

xt+dt = axt (1 − xt+dt ) (n9.6b)

The time reverse of this equation is obtained for dt → –dt, with the negative discrete time –dt:

xt−dt = axt (1 − xt−dt ) (n9.6c)

or, with –dt = –1:

xt−1 = axt (1 − xt−1) (n9.6d)

So with a time translation of t → t + 1 for the whole equation, one obtains:

xt = axt+1(1 − xt ) (9.6)
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Fig. 9.2 The perturbed recursion model (Adapted fromAndersen, 2002, at p. 170 and Leydesdorff,
2001, p. 102.)

Following Baecker (2002), one can add a subscript c (of coding) to the operation and
use the E of environment as the source of disturbances; one can then rewrite Eq. 9.7
as follows:

St = Fc(St−1, E) (9.8)

When differentiation prevails, the environment E of each subsystem is composed
of the other subsystems, with a remaining term ε as representation of the residual
(that is, as yet undifferentiated) environment. Using the lower-case f and s for the
subsystems, one can then rewrite Eq. 9.8 as follows:

si,t = fi
(
si,t−1, s j,t−1, sk,t−1, sl,t−1, . . . , ε

)
(9.9)

The windowing of the subsystems upon each other is based on horizontal differ-
entiations. Each subsystem (i) codes (using f i) its own previous development and the
development which it finds in its (selection of) relevant environments. However,
meaning can be provided to this development by the other (selecting) subsys-
tems from the perspective of hindsight. This adds a vertical differentiation between
historical recursion and reflexive incursion, as follows:

si,t = fi
(
si,t−1, s j,t , sk,t , sl,t , . . . , ε

)
(9.10)

The vertical differentiation between recursion and incursion is based on the
dynamics of meaning and codification; the horizontal one is based on functional
differentiation. The state of a specific subsystem (si,t) can now be dependent both
on the previous state of this subsystem (si,t-1), and on the previous and the current
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states of the other subsystems. Systems and subsystems continue to operate histori-
cally (Eq. 9.9) and to provide meanings to one another (Eq. 9.10). In discrete time,
however, the recursive and incursive operations are not ex ante synchronized and
can therefore be expected to differ with a �t at each interface. One can expect the
routines to update one another.

At all these interfaces one can thus expect asynchronicities. Using these asyn-
chronicities from the backward perspective of incursion, meanings can be propelled
both horizontally and vertically. The incursions can be formalized in a manner analo-
gous to that of the incursive formulation of the logistic equation provided in Eq. 9.5,
but multiplied by references to the selection requirements of other subsystems j. In
formula format:

xi,t = axi,t−1

n∏

j=1

(1 − x j,t ) · ε (9.11)

In Eq. 9.11, n represents the theoretically expected number of subsystems. While
this number was analytically restricted in Parsons’s structural-functionalism—using
his so-called four-function paradigm—this number can vary in Luhmann’s (1997)
theory with the historical development of the media of communication and their
symbolic generalization into codes (Distin, 2010; cf. Merton, 1938, 1948). As
noted, Simon (1973) conjectured that there may be an alphabet of possible codes
in interhuman communications.

On the basis of this general model one can consider, for example, the incur-
sive and recursive version of the Triple-Helix model as special cases. Incursively,
three relevant selection environments operate on the development of the resulting
arrangements, as follows:

xit = ax j,t−1
(
1 − x j,t

)(
1 − xk,t

)(
1 − xl,t

) · ε (9.12)

In other words, the evolutionary TH model is incursive; the institutional one
focuses on historical recursions, such as trajectories and historical transitions
following the arrow of time.

9.4 Transversal and Longitudinal Propagation of Meanings

Because the differentiation can lead to asynchronicities and therefore �T-values
specific for each interface, some models can be expected to advance more rapidly
than others. For example, the market can be expected to operate faster than a research
process; the difference in speed may lead to delays at each interface. Interface
management in a knowledge-based corporation is meant to align time horizons:
“whichtechnology can be introduced on the market at which moment in the future?”
The models are synchronized at t = t by decisions about future options and historical
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constraints at interfaces. This synchronization is based on an expected time difference
at interface.

While vertical differentiation—in terms of interactions, organization, and self-
organization—was already available in pre-modern societies (High Cultures, as in
the Middle Ages), updates over time provide modern societies with another, that is,
secondmechanism for organizing reflexive communications in an anticipatorymode.
The horizontal differentiation is subordinate to the vertical in pre-modern societies;
in modern societies, however, the horizontal differentiation is coded, and this coding
provides another degree of freedom. The acceleration by organization in a High
Culture is replaced by one based on trade-offs between stabilizing organization and
globalizing self-organization in the communications.

Each interface—both in the horizontal and vertical dimensions—can contain a
time difference �t. The two incursive terms in the corresponding equations can also
operate upon each other. This may lead to hyper-incursion. Hyperincursion at the
regime level cannot be historically manifest, but the feedback of hyperincursion on
the incursion can leave a footprint. The hyper-incursive regime and the historical
trajectory co-evolve in terms of providing (potentially different—local and global)
meanings to the events.

Each incursive equation contains a reference to the historical dynamics and
another to the evolutionary one. Interactions between vertical and horizontals incur-
sions cangenerate a quadratic incursionor, in otherwords, next-order hyper-incursion
(Fig. 9.3). Since a hyper-incursive system operates against the arrow of time, one can
expect this routine to generate redundancy instead of information, since the arrow
of time is inverted.

Incursions contain both a reference to the current and the previous state. When
historical incursions interact recursively, a variation (entropy) is generated. However,

Incursion 1
referential to t = t

Incursion 1
referential to t = t + 1

Incursion 2
referential to t = t + 1

Incursion 2
referential to t = t 

Selection 3:
Hyper-incursion with two references to t = t + 1

Fig. 9.3 Hyper-incursivity at the interface emerging at t = t + 1 between two incursive routines.
Source Laydesdorff (2009, p. 21)
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when two different incursions are interfaced incursively, hyper-incursion can be
expected. Each incursion generates both information andmeaning, and thus becomes
organized both historically (with reference to t = t) and reflexively (with reference
to t = (t + �t)). However, a hyper-incursive equation cannot be organized and
materialized at t = t because it only contains references to future states [at t = (t
+ �t)]. The resulting hyper-incursion builds on the interactions between references
to present or future states in two (or more) underlying incursions. Since this hyper-
incursion no longer contains a reference to historical time, an incursive subdynamic
is additionally needed for making the (interactions among) expectations historically
relevant (Eq. 9.4).

Luhmann (2000) hypothesized that self-organization among the differently coded
fluxes of communication can be brought under organizational control by decisions.
This formulation may sound action-based, but this inference would be too fast.
The third contingency can be provided by another code operating incursively; for
example, by taking decisions.

9.5 Decisions and Decision Rules

In Chap. 8, the hyper-incursive formulation of the logistic equation (Eq. 8.8) was
elaborated into:

xt+1 = 1/2 ± 1/2
√
[1 − (4/a)xt ] (9.13)

Depending on the plus or the minus sign in the equation, two future states are
generated at each time step. Since this formula is iterative, the number of future
states doubles with each next time step. After N time steps, 2N future states would
be possible. For N = 10, the number of options is more than one thousand.

Dubois (2003, at p. 115) proposed a decision function u(t) for making a choice
between one of two options:

u(t) = 2 d(t) − 1 (9.14)

It follows that u = + 1 for the decision d = 1 (true), and u = –1 for the decision
d = 0 (false). In a social system, however, more choices than these two extremes
may be possible. Social systems operate in a distributed mode with a probability
distribution of preferences. In distributed systems, decisions can be organized and
codified into decision rules (Bertsekas & Tsitsiklis, 1989). Luhmann (2000) argued
that organizations can be considered as the results of codifications in the dynamics of
decision-making. The stabilization of decisions in rules, for example, can generate
an institutional layer of the social system in which decision-making can develop
routines and thus follow trajectories.

Note that the decisions (at the individual level) or decision rules (at the organi-
zational level) do not determine the hyper-incursive dynamics of the self-organizing
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regime, but only guide these dynamics historically as instantiations along trajecto-
ries. Autopoiesis controls its own operation (Varela, 1979); decisions do not have to
be taken at each step. The distribution of decisions and non-decisions changes the
historical conditions by inducing reorganization. Without this historical opportunity
to anchor the routines, the interfacing of expectations would remain in an elusive
realm of expectations operating on expectations.

9.6 Inter-human Coordination in the Second Contingency

I distinguished three coordination mechanisms above: interaction, organization, and
self-organization. I will now discuss these three equations in more detail.

9.6.1 Interactions

As noted, anticipatory interaction can be modeled based on the mutual selections of
Ego’s and Alter’s expectations of each other, leading to Eq. 9.2 (above):

xt = b(1 − xt+1)(1 − xt+1) (9.2)

Equation 9.2 does not include a term referring to previous states; only expectations
are operating selectively upon each other. Unlike “double contingency,” interaction
is a social dynamic and no longer an individual (mental) one. (I use “b” instead of
“a” for the parameter in order to highlight this difference.)

Equation 9.2. can be elaborated as follows:

xt = b(1 − xt+1)(1 − xt+1) (9.2)

xt/b = 1 − 2xt+1 + x2
t+1 (9.2a)

x2
t+1 − 2xt+1 + (1 − xt/b) = 0 (9.2b)

xt+1 = 1 ± √
xt/b (9.2c)

This interaction system can be simulated as the following oscillation (Fig. 9.4):
The interactions oscillate in Fig. 9.3 around the value of one. The system reaches

its largest fluctuations (between zero and two) for b = 2.2 On each side, the interaction

2The system vanishes for b < 2 because the term under the root can then become larger than one,
and therefore xt+1 < 0 in case of the (possibly) random choice of the minus sign in Eq. 9.2c.
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Fig. 9.4 Simulation of hyper-incursive interactions

can be continued for a number of iterations before the alternate resumes its opera-
tion. I modeled this here (in Excel) by using a random number to choose the plus or
minus sign in the evaluation of Eq. 9.2c. The (potentially random) variation warrants
the continuation of the interaction. In other words, these hyper-incursive interactions
serve to generate variation in the cogitatum, such as, among other things, the commu-
nication of newness supporting and inducing the morphogenesis of organization and
self-organization (Achterberg & Vriens, 2009).

9.6.2 Organization versus Self-organization

Whereas two selection environments are needed for interactions, one can add either
a hyper-incursive or an incursive subroutine to Eq. 9.2 (above) for modelling
organization and self-organization. At each addition, one obtains two possible
equations:

xt = c(1 − xt+1)(1 − xt+1)(1 − xt+1) (9.3)

xt = d(1 − xt+1)(1 − xt+1)(1 − xt ) (9.4)

As noted, Eq. 9.4 differs from Eq. 9.3 in the time subscript of x in the third factor.
The reference to the present in this third factor bends the system back to its present
state and thus makes this model historical, whereas the self-organizing system of
Eq. 9.3 operates hyper-incursively. In the case of Eq. 9.4, however, the interaction
among expectations can be instantiated by a specific historical organization at t = t.



188 9 Subdynamics in Knowledge-Based Systems

The roots of Eq. 9.4 can be derived (analogously to Eq. 9.2) as follows:

xt = d(1 − xt+1)(1 − xt+1)(1 − xt ) (9.4)

x2
t+1 − 2xt+1 + 1 − xt/[d(1 − xt )] = 0 (9.4a)

xt+1 = 1 ± √
xt/d(1 − xt ) (9.4b)

Simulation of this system shows that the organization of communications vanishes
after a variable number of steps for all values of the parameter d (Fig. 9.5).

Figure 9.5 shows this development using Excel for the simulations. However,
Excel depicts the historical end of the organization of communications as zeros,
while these zeros may be based on values of x > 1 which lead to a negative value of
the denominator of the term under the root in Eq. 9.6b. In this case, the root of this
equation is complex and can no longer be evaluated. In other words, the organization
does not disappear in the sense of “dying,” but its historical development can be
insufficiently complex to instantiate self-organization among the fluxes of commu-
nication. Note that the self-organizing dynamic does not have to be instantiated at
each step.
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Fig. 9.5 Organization of interactions for different values of the parameter d
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9.6.3 Self-organization

Equation 9.3 can be developed as follows:

xt = b(1 − xt+1)(1 − xt+1)(1 − xt+1) (9.3)

xt

b
= (1 − xt+1)

3 (9.3a)

( xt

b

)1/3 = (1 − xt+1) (9.3b)

xt+1 = 1 −
( xt

b

)1/3
(9.3c)

Equation 9.3 has three roots of which two are complex (Mike Burke, personal
communication, 10 October 2008). The real solution of Eq. 9.3c can be denoted as:

xt+1 = 1 − 3

√
xt

b
(9.18a)

and the two complex roots are:

xt+1 = 1 − 3

√
xt

c

(
−1 ± i

√
3

2

)

(9.18b)

Since the further operation cannot evaluate the complex solutions in a next time-
step, the system in this case can be expected to continue with the real solution. This
leads to a single and stable solution for each value of b. At the level of subsystems,
these relative constants can be considered as the codes of the communication.

9.7 Discussion and Conclusions

In this chapter, I have related Dubois’ incursive and hyper-incursive equations
modeling anticipatory systems (Dubois, 1998, 2000, 2003) to Luhmann’s (1995
[1984]) social systems theory. I used both theories heuristically; the construction of a
relation between Luhmann’s theory and Dubois’ computations required a translation
of the one theory into the other, and therefore minor changes.

Luhmann (1984, p. 605; 1995, pp. 446f.) noted that “[s]elf-referential, autopoietic
reproduction would not be possible without an anticipatory recursivity.” However,
he did not specify the anticipatory mechanisms. In his final and summarizing book,
Luhmann (1997) returned to this issue and provided two references to Rosen’s (1984)
book entitled Anticipatory Systems. However, these references were framed in a
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biological context ([1997, pp. 206 and 820] 2012, Vol. 1, p. 123 and Vol. 2, p. 137).
Luhmann added (at p. 821) that in the domain of meaningful processing of informa-
tion one cannot avoid a reference to the present when defining the relation between
past and future. This time-dimension with the present at its origin is elaborated
as a degree of freedom in the theory and computation of anticipatory systems. In
other contexts, Luhmann (e.g., 1990a, b, p. 98, n.10) developed a semantics for the
discussion of “time.”

Relevant for this study is furthermore his distinction between social differentia-
tion and systems differentiation (Luhmann, 1997)which accords to a high degreewith
Simon’s (1973) distinction of horizontal versus vertical differentiation. Social differ-
entiation is possible in the communication because communications can be coded
in a variety of ways in language, and codes of communication can be generalized
symbolically (Distin, 2010).

The different subsystems operate in parallel, but not necessarily synchronously.
As Luhmann (1984, at p. 128) formulated: “Social differentiation serves as an uncou-
pling mechanism. It divides the time-orientations in the different systems and there-
fore accepts that things can be urgent in one system, while another system can take
its time” (italics added, L.). Systems differentiation, however, organizes the social
system at different levels. This differentiation of micro-level interactions, meso-level
organization, and macro-level self-organization in the processing of meaning could
be elaborated in this chapter in terms of six equations.

Furthermore, the model of recursive perturbations could be used to consider the
various formulations of the logistic map as a family of equations. The spanning
of the time dimension enabled me to reformulate some “paradoxes” in Luhmann’s
social-systems theory as questions amenable to empirical research about trade-offs:
is positive entropy or redundancy (negative entropy) generated by self-organization
prevailing? The duality of structure in social systems (Giddens, 1979, 1984) could
thus be considered as a consequence of the difference between the forward and
backward arrows represented as time-subscripts of Eqs. 9.3 and 9.4 (above),
respectively.

Unlike interaction and self-organization, the organization of meaning is histori-
cally constrained; specific organizational forms can be replaced with other organiza-
tions in relation to (i) the ongoing interactions—generating variation from below—
and (ii) the hyper-incursive self-organization of the communication into codes at
a relatively global level (Eq. 9.4). Luhmann (1995, at p. 600n.[1984. at p. 551n.])
expressed the relationship among the three coordination mechanisms of expectations
as follows:

[…] in all social relations, under all circumstances a difference between society and inter-
action is unavoidable, but not all societies are acquainted with organized social systems. We
therefore exclude organizations, but only from treatment on the level of a general theory of
social systems. On the next level, that is, of concretizing the theory, one would perhaps need
to distinguish between societal systems, organizational systems, and interaction systems and
develop separate theories for each type because these three separate ways of forming systems
(i.e., dealing with doubling contingency) cannot be reduced to one another.
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Organization structures communication at specific moments of time by using
incursion and thus remains rooted in history. As against double contingency as the
micro-foundamental operation at the level of the mind participating in communica-
tion, organizations can entertain different expectations synchronously because orga-
nizations are interfacing expectations (in the first two terms of Eq. 9.4) and looping
into the present state xt (in the third term of Eq. 9.4). From this perspective, the
individual cogitans might be considered as a minimal form of organization among
expectations. Agents can take decisions on the basis of trade-offs between differently
coded considerations.

Organization in the communication of meaning is historical and can therefore
be expected to develop along a trajectory for a number of time-steps. However,
without further variation as input from below or codification from above, any specific
organization of communications can be expected to erode in due time because the
construction remains a superstructure on an underlying information flow generating
uncertainty (Schattschneider, 1975). The organization of communication provided us
with a basis for measurement. Meaning is historically instantiated in organizations;
the imprint of self-organization at the organizational level can bemeasured as mutual
redundancy (Chaps. 4–6 above). The suggested calculus of redundancywould enable
us to test theoretical expectations empirically—and thus to obtain counter-intuitive
results—whereas the calculus of anticipations in terms of incursions and hyper-
incursions can be elaborated in terms of simulations which may enrich the intuitive
understanding.
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