


implies a high complexity with many emerging new system properties. Therefore, the
decision-maker will never be in full control of the system. It will, at least to some
extent, take on a life of its own. It will express self-organisation and autopoiesis
(Mingers, 1995), i.e. the system can never be designed with full control as a technical
device on Boulding’s level two or three. The best we can hope for is to guide the system
in a generally positive direction according to the ideas of Soft System Methodology
(Checkland and Scholes, 1990). This is also in line with what has already been said
about the TC as being a system governed by both deterministic and normative laws.

Coming to TC as an autopoietic system, Ailan (1979) has pointed out that such
systems must be able to adjust or change themselves without external input. Further, our
TC is not the only system in the actual universe. It will be woven into a web of
recursive sub- and supra systems and it will have a set of co-systems on the same level
as itself. The time scales and transition rules between those systems may vary within
wide limits. Hence, it must be possible to study even those effects within SAP.

| 2.7 Space

The space hypothesis (Holmberg, 1998) states that within a TC, let it be a region, a
city, a nation, or the whole globe, current states or events at one point have a direct
influence on future states at locations further away within the same space. In other
words, there will be a global influence within the space or TC at hand. Lately the world
has become even more interdependent and interconnected and that more people depend
on more other people than ever before.

In an earlier work (Holmberg, 1998) I have implemented the space hypothesis in
computer form as a Spatio Temporal Fuzzy Model (STF). Here, a global neighbour-
hood will be applied and the state variable is a continuous or fuzzy one. This will give a
general transition function of the form expressed in equation 1.

Si i+ =f1(sl.],l e S y) (])

The global neighbourhood is stated in the right side of equation (1) because here all
cells of the actual space, from the first s, ; to the last s,,, , take part in the computing of
new values. Further, the state variable s is continuous in the interval [0.0..1.0].

In conclusion, STF has been easily implemented at the same time as it has been
robust and well behaving. Hence, it seems reasonable to adopt a similar scheme also in
SAP.

2.8 Time

As has already been stressed above, the essence of anticipation is acting and even
more, acting at the appropriate moment. This requires that the anticipating subject
creates an overview of its entire life span. It has to mix its immediate sense impressions
with abstract ideas and with memories of past events. Anticipation in this way becomes
in a way a “flattening of time” (Van de Vijver, 2000).
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Fig. 6: The System Time-Space divided into three time intervals.

In an earlier paper (Holmberg, 2000) I have handled this through a weighted
incursion procedure (WIP) with time divided into three intervals according to figure 6,
i.e. History (H), Actuality (A), and Potentiality (P). First the new state, s + 1), is
calculated individually for each interval. Finally, those three values are weighted
together. In this way, three different new states, sh, sa, and sp, are obtained by
calculation of historic data, actual data, and potential data respectively. The final result
is obtained by weighting the three values together according to equation 2.

The weights w, (history), w, (actuality), and w, (potentiality) mirrors the operator’s
attitude toward change and the passing of time according to Ackoff’s (1981) taxonomy.

S=Wy.sh+w,. sa+w,.sp 2)
with weights w;, + w, + w, = 1.0

Hence, a great w;, and with w, and w, close to 0 corresponds to a reactive attitude.
Next, with w, close to 1 and the other two close to 0 we have an inactive attitude toward
planning and change. At last, the preactive attitude is displayed with w, close to 1 and
wpand w, close to 0.

None of those attitudes are especially good, according to Ackoff (1981), but may
anyhow be feasible in certain situations. The recommended attitude, on the other hand,
is a balanced mix of roughly equally great values.

The values sh(t + 1) are calculated by fitting a curve to the system’s historical data
and to extrapolate that function one step into the future. This is analogue to a recursive
procedure and a fully deterministic system. However with w;, <1 the final weighted
value s(7 + 1) will be just partly deterministic.

The actuality component sa(? + 1) is calculated from the partly known system rules
or system interdependencies. One way of handling this situation is to use a modified
STF-approach (Holmberg, 1998). Hence, instead of using the states of other
geographical points the states of other system variables are used. In a way geographical

190




distances are exchanged with logical distances and the new value of a system variable
becomes a function of all the system variables according to equation 3.

si(t+ 1) =f(sl), s2(1),...sn(t))
sp(t+1)=(sc(t) +st)/2

For the sp(t + 1) value, at last, the current state (sc), the system target (s¢) and the
equifinality state (se) are used in different combinations. For example, with the simple
equation 4 the system will eventually converge toward its target or goal. This can be
supposed to be the case when the system’s resources are strong in comparison with the
resources of its environment and co-systems. However, if the expected remaining
lifetime of the system is short, it may be suitable to shift out st with the system’s
equifinality value (se). Hence, even if equation 4 may be too simple it shows the basic
idea that the system’s goal or target will have a great influence on its future states.

2.9 Energy

In TC all concrete processes are driven by energy. Odum (1994) has developed
energy models suitable for expressing those relationships. Hence, it may be concluded
that the amount of available energy puts a definite limit to what may be done within a
region. Further, in terms of the quality of life index this implies a trade off between
direct consumption of products and services and investments for the future in
production plants, infra structure, and know-how. In SAP that distribution of energy
may be handled according to the simplified equation 5.

Eor= Ec-ps + Ei—pro + Eisruc+ Eiin + Egs

&)

Eror Total energy available during a time period

Esp Energy used for consumption of goods and services
Eiro Investment in production plants and equipment
Eistruc Investment in infra-structure

Ein Investment in know-how

Egs Change in stored energy

2.10 Synthesis

This has been a fairly long discussion. Anyhow it has been necessary taking stock of
relevant and usable knowledge and earlier research findings.

The result of this compilation can be summarised in a set of requirements as
expressed in table 2.

That requirement set has in the next step to be used as an input to the forthcoming
first preliminary design of the Soft Anticipatory Platform (SAP).



TABLE 2: Requirements on the Soft Anticipatory Platform (SAP)

1. The TC has to be handled as a complex socio-technical system on level eight in
Bouldings’s system taxonomy.

2. SAP has to support a systemic modelling relationship with ongoing learning.

3. The Anticipatory Loop (AL) has to be focused on acting.

4.1t has to be a homeostatic system with embedded soft early warning based on
multi-modality.

5.SAP models a system governed with both deterministic and normative laws.

6. SAP models a system, which is self organising (Autopoietic) with partly
controllable and partly autonomous parts.

7.In SAP the TC is modelled and simulated with soft computing and a fuzzy logic
approach.

8.SAP applies finalistic anticipation with decision making under uncertainty.

9. Space is handled according to the space hypothesis and the spatio temporal fuzzy
model (STF).

10. SAP applies time handling with the weighted incursion procedure (WIP).

11. System processes are limited by available energy.

3 The SAP Test Area

In designing SAP, data from the Swedish Z region will be used as a reference frame
and as an example. The Z region is a huge and sparely populated rural area with just one
town and some minor communities. Water, used for electrical power production, and
forests, used for timber and pulp production, but also tourism constitute the main
economic activities. However, generally industry and economic life is weak and the
population is aging and declining.

According to figure 7, the region may on a very general scale be divided into five
main areas, mountain area, forest area, river area, town area, and surrounding
environment. This last area is not really part of the Z region but it is not possible to treat
Z as a closed system. Hence, the environment area serves as an “outside” system, i.e. an
aggregate of everything outside of Z region. In many respects the surrounding area is
stronger and better off than the Z-region

In its striving for a positive and sustainable development the county administration
has applied a Resource and Environment Policy Plan (REPP) with four main categories,

- (1) resources,

- (2) resource claims,

- (3) restrictions and regulations, and
- (4) decisions and positions taken.

However, there are many other decision makers besides the county administration.
The more powerful and influential ones, especially within forestry and hydro electrical
production, are to a high degree located outside of the region, i.e. the situation may from
a decision point of view be seen as a form of domestic colonialism.
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Fig. 7: Schematic map of the Z region with its surroundings (S), mountains (M), forests
(F), river (R), and town (T).

4  The SAP Design

The preliminary design of the SAP is in condensed form given by the following
points.

The states of the territorial concern (TC) under study is represented by normalized

fuzzy values, i.e. the state variables indicates to what degree the actual point or area

belongs to the set of acceptable or good values. In other words, a value close to 1.0

says that the variable is well within its limits and a value close to 0.0 that it is far

outside of those.

- During the whole simulation, state variables for a set of selected reference points
(RP) are kept in a global state vector (SV).

- With a geographical distribution formula (GDF) the state values for an arbitrary point
within the TC may be calculated.

- New states are calculated with a set of difference equations, each representing a
process within the TC.

- The code for each simulated process is encapsulated in an individual procedure or

method. The exact behaviour of those process procedures is controled by parameters.




Command interface Monitor process Visualisation interface

Simulation :
processes ‘ l l I Vis. Proc.
State vector

Fig. 8: General structure of SAP simulation program

The processing of new states is according to figure 8 controlled by a monitoring
procedure (MP). By small changes in that MP process procedures can easily be
added or withdrawn. The path through those may also be changed.

Each simulation step consists of four main phases according to figure 9. Phase 1
concerns decisions about creation or production of new values. This production
decision is mainly about distribution of production resources but also about the
geographical distribution of the production. In Phase 2 the results of the production
are calculated. Decisions concerning distribution of the production results on
different sectors and geographical areas are taken in phase 3. In Phase 4, at last,
different anticipatory quality indicators are calculated. Before the next simulation
step it is possible to go into an extra computer phase of reflection and learning. That
learning may lead to changes in the computer program and its underlying model.

Allocation of Production and Use of
production and ————Jpp creation of new ———p{ production
creation resources products and services results
Closed circuit Calculation of Calculation of
learning and . ¢——— migration 4— SQL
adaptation
Open circuit reflection, learning, Current and past states, restrictions,
adaptation, and remodelling goals, parameters, db

Fig. 9: Main working phases of SAP.
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- SAP is implemented on a PC in a RAD environment. This makes it possible for the
user to (re)model, simulate, anticipate, and reflect in a direct and interactive manner.

- In SAP relevance and simplicity are more important than realism and fitness to real
data.

- SAP is preliminary a learning tool.

- Each process in SAP has its own periodicity. Hence all processes are not activated
in each time step.

5 Conclusions

The work reported in this paper may be seen as the first step in a larger research
project. Hence, some work has been accomplished while other things remain to be done.
Anyhow, the project has already caused some new reflections.

5.1 Current Status of SAP

The necessary theoretical based is established and requirements are derived. At last,
a first preliminary design of the Soft Anticipatory Platform (SAP) has been formulated.
The next major step will hence be the implementation of SAP. With the SAP-tool up
and running on a computer the envisaged learning according to the simulating,
reflecting and acting model may start.

Such a learning loop may, for example, include testing of different development and
maintenance strategies. Examples of test questions include:

- What is the best trade off between consumption and investment in infrastructure and
know how?

- What is the best mix of investment in infrastructure, production equipment and
research and development (know how)?

- What is the trade off between concentrating the population and other resources to one
or a few places and to evenly distribute all resources over the whole surface?

5.2 Lessons and Reflections so far

Models and modelling approaches in urban and regional planning and design are
numerous. However, the solution presented here may anyhow express some new
features. Most important among those is the combination of two currently emerging
new research areas. Those are anticipatory spatial modelling and computing, and soft
computing applied on fuzzy decision support.

The potential of those approaches together with a great number of other relevant, but
so far unexplored, research findings have turned out to be very strong. Hence, the
objective of developing better means for handling complex and incomprehensible
problem in geographical space seems possible to attain.
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