














Figure 2: Upper half of the screen incursive, lower half recursive; a:3-l

Figure 2 shows that the incursive simulation leads to a transition, while the
representation of the recursive system in the lower half of the screen exhibits the
bifurcation as expected for the value of a:3.1, The incunive model converges to a

stable state (in this case, exhibited as white) because the Lim** laxl(l+ax)l : l.
In the next simulation (Table 3) we combine the two subdynamics of incursion and

recursion into one single screen. In this model the choice of the incursive or recursive
routines is randomly assigned in line 130, but the screen and the array values are no
longer split according to the value of the vertical coordinate.

Table 3: Incursion and recursion altemating randomly, but usiqg the rqrng-dab sgt -
t . . .
1 0 0  D o
1 1 0  x = I N T ( R N D * 3 2 0 )
1 2 0  y = I N T ( R N D * 2 0 0 )
130  rF  RND >  . 5  GOTO 140  E ISE  GOTO 150
1 - 4 0  s c r n ( x ,  y )  :  a  *  s c r n ( * ,  y l  /  ( 1  +  a *  s c r n ( x ,  y ) )  :  G O T O  1 6 0

1 5 0  s c r n ( x ,  y )  =  3  *  s c t n ( x ,  y )  *  ( 1  -  s c r n ( x ,  y ) )

1 6 0  P S E T  ( x ,  y ) ,  ( 1 0  *  s c r n ( * ,  Y ) )
170 LOOP V{tlILE INKEYS = "
] -80 END

When the incunive model operates within a rccursive system of which it is also a
part, the incursive routine tends to reduce the uncertainty produced by the recr[sive one,
since incursion drives towards a transition in the long run because of the noted limit.
The transition is visible on screen as a trend toward a dominant coloul, but this
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tansition is not achieved because the inctrsive routine is continuously disturbed by the
recursive one. The system therefore remains in transition.

Note that from an (historical) actor perspective the incursive transition operates as a
latent athactor. The longer-tenn prevalence of incursion over recursion, however,
demonstrates the importance of accounting for expectations in models of the evolution
of social systems when both subdynamics can be expected to play a role in the system.
The ernerging layers of social coordination, that is, the communication of meaning, can
be expected to provide additional stabilities because of the selective capacity of the
implied coding.

For example, instantaneous selections can be selected recursively for historical
stabilization over time. This occurs in processes like institutionalization. By using
incursion and therefore time as another degee of freedom, some historical stabilization
can be selected for meta-stabilization or globalization. This next-order level remains
pmding as selection pressure on the historical manifestation.

4 The Generation of an Observer

Can the result of the inæracting dynamics of a cornplex system that contains both
incursion and recursion also be decornposd into an observing and an observed sub-
system? In the model exhibiæd in Table 4 and Figrre 3, the two routines of 'obssrved'
and 'observing'are decomposed so that an observer is generated by using the incursive
toutine.' The upper half of the screen is reserved for exhibitrng the results of the
incunive observations of the lower half of the screen, while the lower half is based on
the recursive routines and therefore exhibits the historical dwelopment of the observed
system.

In order to generate an observable sructure at eacù mom€nt in time, a network
eftct was ad&d to tlæ obsened system (in lines llG'120 of Table 4). This network
€trçct spreads th€ wdate in the lowerJevel screen in the local (Von Neumann)
neigbborhd of the afrected cell. (The Von Neumam environrrent is defined as the
cells above, below, to the right and to the left of the effect) The network effect enables
us to rypreciate on the screen the development of both the observed system and the
relative qualrty of the obsenration depicted in the up'per half of the screen. Note that tre
n€ûwod( effect stnrctrres the system at each mommt in time and locally, whereas
incursion and recursion are defined over the time axis of the systm, that is, as an
operation at thesyst€m's level.

Henceforth, we use tb€ full range of 16 colours available in the BASIC palette in
orrder to provide more details on the screen. This is achieved by chmging the decimal

7 The zubsystem enærtaining the model of the systan in the prescnt state can be considered as an
observer ofthe system's history. Endogenous means here that this observq remains a result

ofthe networt in which the observer effect is generated (Maturan4 1978). One can consider this observer
as an incursive subroutine of the conplex system. Note tbat the rretaphor is still biological because this
observer is not positioned refexively in a (nexÈorder) comrnrmication among observers (Leydesdortr,
2000; Maturana & Varelg 1980). The observer remains completely embedded and follows the
development in the observd system.
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lmse of the above simulations to the basis of 16 (in lins 43 of Table  ). Whenever
necessary normalizations of the formulas for incursion and recursion are added by
dividing again by 16 (for exarnple, in lines 160 and 180).

Table 4: The generation of an observer bv usins incursion
1  CLS :  LOCATE 10 ,  10 :  'Pa rame te r  va l ue  f o r  t he  recu rs i on  (a ) ' ;  a
2 LOCATE 11,  L0:  'Parameter value for  the incurs ion (b)  

"  
b

3  I F a > 4 T H E N a = 4

1 0  S C R E E N  7 :  W I N D o w  ( 0 ,  0 ) - ( 3 2 0 ,  2 0 0 ) :  c L S
1 1  L r N E  ( 1 ,  1 0 0 ) - ( 3 2 0 ,  r 0 0 )
20 RANDOMIZE TIMER

30 ' SDYNAMIC
40 DrM scrn (32L,  20U AS TMTEGER
5 0  F O R x = 0 T O 3 2 0
6 0  F O R y = 0 T O 2 0 0
70  sc rn ( x ,  y )  =  INT (RND *  16 )  '  change  t o  16  co lou rs
8 0  P S E T  ( x ,  y ) ,  s c r n ( x ,  y )  '  ( s e e  n o t e  4 )
90 NEXT y

100 NEXT x

110  DO
L 2 O  Y = I M S ( R N D * 2 0 0 )
r 3 0  x = I N T ( R N D * 3 2 0 )
140 IF ( :ç = 0 OR y = O) GOTO 220 '  prevent ion of  network errors
r50 IF y > 100 coTo 160 ELSE GoTo 180
1 6 0  s c r n ( x ,  y )  =  b  *  s c r n ( x , y - 1 0 0 )  /  ( t  +  b  *  ( s c r n ( x , y - 1 0 0 )  /  L 6 l l
170 GOTO 210 '  painÈ upper scre€n
1 8 0  s c r n ( x ,  y )  =  3  * . ( s c r n ( x ,  y )  *  ( 1  -  ( s c r n ( x ,  y ) )  /  L 6 l l

' spread new value in the Von Neumann environment
1 9 0  s c r n ( x  +  1 ,  y )  =  s c r n ( x .  y ) :  s c r n ( x  -  1 ,  y )  =  s c ! n ( x ,  y )
2 0 0  s c r n ( x '  y  +  1 )  =  s c r n ( x ,  y ) :  s c r n ( x '  y  -  1 )  =  s c r n ( x ,  y )
2 L 0  P S E T  ( x ,  y ) ,  A B S ( s c r n ( x ,  y ) )
220 LOOP WHILE INxsY$ = '  '

230 END

Whereas the incursive and the recursive routines op€râtd on trc sarne initial
configurations as in the model provided in Table 3, the feedback rclati@ betwem ùe
two syst€ms changes continuously in this model. In this model, the two pararret€rs for
rocrrsion (a) and incursion (à) can also be varied indepe'ndently. A random attribution is
decisive (in line 150) for whèther the recursive or ttre incursiïe routine is entered.
However, the incursive routine (line 160) operatæ on the value of the corresponding
array element in the lower half of the screen by evaluæing scrn(a y-100). The result of
this evaluation is attributed to the upper half of the screen and to 6e corrcsponding
array value of scm(x, y). The effect is that an observer is generated as exhibited in
Figure 3 (a : 3.2 and b = 3.2).
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Fifiiè ï'ï"éilffi'à;A;eôuiii 
"*ittr difféient paraméier values produce observers

with potentially different positions and corresponding blind spots (a :3.2 and b = 3.2).

By changing the parameter of the incursion, one can change the window of
observation of an observer. High values for the incursion parameter (à) drive the
observing system into a more homogeneous state (because of the above noted limit
transition in the formula), while higher values of the recursive parameter (a) drive the
historically developing system towards more chaotic bifurcations.

5 Observing the Observers

The possibility of generating observers with the different qualities of their
respective observations raises the question of the possibility of interaction among the
observers, for example, when the observers observe each other's observations. Human
observers can additionally interact by using more sophisticated mechanisms like a
human language or symbolic media for the communication (Luhmann, 1982, 1997;
Parsons, 1963a;1963b). This further extension is the subject of a next study, but some
expectations can be anticipated by showing the results of a single simulation.

Figure 4 exhibits the results of two observers with different parameters ô and c
observing the recursive development in the lower left screen (with parameter a). The
two observers additionally observe each other's observations, and the lower right
quadrant is used for the exhibition of the results of interactive and aggregative
combinations of these observations.
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Figure 4: A non-linear combination of observations by two observers
in the lower right quadrant

The lower right quadrant shows a representation of the observed system in the lower
left quadrant that is richer in detail than either of the observations by the individual
observers in the two upper-half quadrants. It should be remembered that the two
incwsive observers operate at random frequencies with different parameters.
Consequently, an interaction among the observations contains a dynamic uncertainty
that may represent elements of the originally observed system which are lost in the
individual reflections, while the latter focus on the observable structure and thus reduce
the complexity. The aggregation or averaging of the different observations can be
expected to lead to uncertainty in the delineations at each moment in time; the
interaction of the reflections opens a phase space of possible reconstructions of the
observed svstem.

6 Conclusions

We have argued that the social system can be considered as an anticipatory system
in the strong sense of constructing its own future. It does so by reconstructing its past in
the present. Because this reconstruction is functional to the progressive development of
this system, the system can be expected to differentiate increasingly and a manifold of
meanings can be entertained. The ones which are again selected, are circulated as
information in a system that thus remains under continuous reconstruction.
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The exchange processes of meaning constitute a layer on top of the historical
exchanges of information. This double layered process was modeled using the
traditional (recursive) forrrulation of the logistic map for the historical process and the
anticipatory formulation for the evolutionary process that changes the historical process
in a distributed mode.

The appropriateness of the approach was derived fiom the sole assumption of
sociability in the social process. However, the agents should additionally be competent
to communicate in terms of exchanging both meaning and uncertainty. Human language
can perlraps be considered as the evolutionary achievement that enables us to entertain
these communicative competences in relation to each other, but without the need for a
hamronic resolution.
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