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1. Hierarchische und räumliche Verteilung von Standorten
2. Agentenmodelle
3. Modell für Migration und Produktion
4. Computersimulationen
5. Schlußfolgerungen
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Central Place TheoryCentral Place Theory

Walter Christaller: Die zentralen Orte in Süddeutschland.
Eine ökonomisch-geographische Untersuchung über die Gesetzmäßigkeit der Verbreitung und
Entwicklung der Siedlungen mit städtischen Funktionen, Jena: Fischer, 1933
(Reprint: Darmstadt: Wissenschaftliche Buchgesellschaft, 1980)

English translation by C.W. Baskin:
Central Places in Southern Germany, London: Prentice Hall, 1966
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Are there common rules for the number, size and spatial
distribution of locations?

� hierarchical structure ?⇒ rank-size distribution

� spatial structure ?⇒ spatial distribution

Evolutionary perspective:

⇒ Dynamical principles which generate the hierarchical and
spatial distribution bottom up
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Pareto-Zipf Distribution:

nk(t) = n1(t) k−q(t)

nk(t): population of the settlement with rank k
n1(t): population of the largest city
q(t): Pareto coefficient

Conclusion:

� the distribution is remarkably stable over the years

� characteristic feature for many hierarchical organizations

� may result from various dynamical assumptions
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Spatial Distribution of LocationsSpatial Distribution of Locations

empirical evidence:

� characteristic distance of locations with the same rank

� coexistence of multiple locations ?

� in a critical distance

buttom-up approach:
economic actors
self-organization



Frank Schweitzer Räumliche Selbstorganisation in der Standortverteilung ARC, Seibersdorf, 19. Januar 2000 9

Complex SystemComplex System
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Complex SystemComplex System

“By complex system, it is meant a system comprised of a
(usually large) number of (usually strongly) interacting entities,
processes, or agents, the understanding of which requires the
development, or the use of, new scientific tools, nonlinear
models, out-of equilibrium descriptions and computer
simulations.”

Journal “Advances in Complex Systems”
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Frank Schweitzer Räumliche Selbstorganisation in der Standortverteilung ARC, Seibersdorf, 19. Januar 2000 10

Multi-Agent Systems (MAS)Multi-Agent Systems (MAS)

agent:
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Multi-Agent Systems (MAS)Multi-Agent Systems (MAS)

agent:

� subunit with “intermediate” complexity

⇒ may represent local processes, individuals, species,
agglomerates, components, ...

multi-agent system:

� large number / different types of agents

� interactions between agents:

? on different spatial and temporal scales
? local / direct interaction
? global / indirect interactions (coupling via resources)
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� “bottom-up approach”: no universal equations
⇒ self-organization, emergence of system properties

� external influences (boundary conditions, in/outflux)

⇒ coevolution, circular causality
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Complex AgentComplex Agent

� autonomous; knowledge based / behavior based rules

� performs complex actions: BDI, rational choices, ...

� specialization, learning, genetic evolution, ...
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1. Problem:
information flow

“rational agent” (economics):

? complete knowledge of all possible actions and their
outcomes (or known probability distribution over outcomes)

? common knowledge assumtion



Frank Schweitzer Räumliche Selbstorganisation in der Standortverteilung ARC, Seibersdorf, 19. Januar 2000 14

2. Problem:
combinatoric explosion of the state space:
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2. Problem:
combinatoric explosion of the state space:

1000 Agents with 10 rules⇒ 1013 possibilities

� Solution:
restrict interactions⇒ control of information flow
personally addressed interaction instead of “broadcasting”

� freedom: define rules and interactions⇒ pitfall
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Frank Schweitzer Räumliche Selbstorganisation in der Standortverteilung ARC, Seibersdorf, 19. Januar 2000 15

Minimalistic AgentMinimalistic Agent

� possible simplest set of rules⇒ “sufficient” complexity
(depends on the system considered)

� functional information:
simple algorithm, which is steadily repeated

� structural information:
external information (data) received by the agent
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Minimalistic AgentMinimalistic Agent

� possible simplest set of rules⇒ “sufficient” complexity
(depends on the system considered)

� functional information:
simple algorithm, which is steadily repeated

� structural information:
external information (data) received by the agent

� pragmatic information:⇒ effective information

? emerges from the processing of the data by the algorithm

? specific for each agent⇒ enables actions, decisions
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Characteristics:

� mobility (active walker, active Brownian particle)

� action: agent generates local structural information

� internal degrees of freedom:

→ choice between different algorithms

→ sensitivity to particular structural information

→ generation of different kind of information

� no deliberative actions, no specialization, no internal
memory

� cooperative interaction instead of autonomous action
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Model Equations for Migration and EmploymentModel Equations for Migration and Employment

� two-dimensional system, N economic agents
location: ri, internal state: θ ∈ {0, 1}, N0(t) + N1(t) = N

� θ = 0: employed agents, C0 (immobile)⇒ l(r, t)

θ = 1: unemployed agents, C1 (mobile)⇒ n(r, t)

� “hiring” and “firing”: C0

k−
−−−−→
←−−−−
k+

C1

� migration: overdamped Langevin equation:

dri

dt
= f (ri) +

√
2D ξi(t)

f (ri): guiding force, local influence
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� Density equations:

∂

∂t
l(r, t) = k+ n(r, t) − k− l(r, t)
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∂t
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f (r, t) n(r, t) + Dn
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� Density equations:

∂

∂t
l(r, t) = k+ n(r, t) − k− l(r, t)

∂

∂t
n(r, t) = − ∂

∂r
f (r, t) n(r, t) + Dn

∂2

∂r2
n(r, t)

− k+ n(r, t) + k− l(r, t)

� economic theory: determine f (r, t), k+, k−
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Frank Schweitzer Räumliche Selbstorganisation in der Standortverteilung ARC, Seibersdorf, 19. Januar 2000 19

Economic AssumptionsEconomic Assumptions

� assumption: growing economy
⇒ important to attract agents to increase output

(i) migrating agent responds to gradients of the local wage

f (r, t) =
∂

∂r
ω(r)

(ii) local economic situation:
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Economic AssumptionsEconomic Assumptions

� assumption: growing economy
⇒ important to attract agents to increase output

(i) migrating agent responds to gradients of the local wage

f (r, t) =
∂

∂r
ω(r)

(ii) local economic situation:
Cobb-Douglas production function

Y {l(r, t)} = A lβ(r, t)

prefactor A: represents level of productivity
β < 1: decreasing returns to scale
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� assumption: A(l) = Ac + Au

Ac = const. summarizes dependences on capital, ...
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� a2 < 0: saturation effects⇒ advantages of cooperative
effects compensated by disadvantages of crowding
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“hiring” and “firing” rates: ω?: minimum wage

hiring rate k+: firms hire workers as long as δY
δl

> ω?

(maximum profit condition)

k+ = k+{l(r, t)} = η exp

{

δY {l(r, t)}
δl

− ω?

}

firing rate k−: external and internal reasons
(i) workers are fired if δY

δl
< ω?

(ii) workers can quit their job for better opportunities

k− = k−{l(r, t)} = η exp

{

−
[

δY {l(r, t)}
δl

− ω?

]

+ c
∂ω(r)

∂r

}
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Total share xθ = Nθ/NTotal share xθ = Nθ/N
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Frank Schweitzer Räumliche Selbstorganisation in der Standortverteilung ARC, Seibersdorf, 19. Januar 2000 28

Results of Computer SimulationsResults of Computer Simulations

t = 0 : random initial distribution
t = 100.000 : distinct extended major economic regions

two time scales:

(i) t < 1.000 :

� significant higher share of employed agents (∼ 70 percent)
broadly distributed
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Results of Computer SimulationsResults of Computer Simulations

t = 0 : random initial distribution
t = 100.000 : distinct extended major economic regions

two time scales:

(i) t < 1.000 :

� significant higher share of employed agents (∼ 70 percent)
broadly distributed

� coexistence of numerous small economic centers
basis: cooperative effects, mutual stimulations
growth strategy not sufficient for output on larger scales
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(ii) t > 1.000 :

� some small centers overcome economic bottleneck
⇒ increase of marginal output

� increase of wage⇒ affects migration of unemployed agents
concentrate in the productive regions

� important for the further growth: agents to hire

� concentration of employed and unemployed agents in the
same regions

� competition: local attraction of labor force at the expense of
the former small economic centers

� new (larger) centers employ 60 percent of the agents
competition and large-scale production
⇒ stable centers, but increase of unemployment
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Final stage: distinct extended economic regions

(i) stable coexistence of the major economic regions
reason: critical distance

� each economic center has its own attraction/supply area
⇒ prediction of the central place theory

(ii) quasi-stationary non-equilibrium within the major
economic regions

� each economic region consists of some subregions
centers do not have same number of employed agents
⇒ still follow a stochastic eigendynamics
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Possible extension:

� more complex production function with different outputs

⇒ coexistence of small (innovative) firms and large scale
production
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ConclusionsConclusions

Minimalistic multi-agent system: two levels of description

Agent’s level:

� simplex - not complex⇒ “intermediate” complexity

� local response/changes of the environment

� internal degrees of freedom⇒ variety of responses

� parallel independent actions coupled by information flow
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System’s level:

� emergence of complexity

� adaption to changes in the environment

� failure tolerant (single agents, external pertubations)

⇒ Reason: Self-Organization
solutions result from the non-linear interaction
boundary conditions (semi-structured environment)
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Characteristics of the approach:

� non-deterministic
random events (fluctuations) play a considerable role

� non-finalistic
final (global) solutions cannot be predicted from local
interactions⇒ solutions emerge ⇒ path dependent

� bottom-up approach: create a solution⇒ self-organization
top-down approach: design a solution⇒ planning
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Self-OrganizationSelf-Organization

Self-organization is the process by which individual subunits
achieve, through their cooperative interactions, states
characterized by new, emergent properties transcending the
properties of their constitutive parts.

Biebricher, C. K.; Nicolis, G.; Schuster, P.: Self-Organization in the

Physico-Chemical and Life Sciences, EU Report 16546 (1995)



Frank Schweitzer Räumliche Selbstorganisation in der Standortverteilung ARC, Seibersdorf, 19. Januar 2000 36

Self-organization is defined as spontaneous formation,
evolution and differentiation of complex order structures
forming in non-linear dynamic systems by way of feedback
mechanisms involving the elements of the systems, when these
systems have passed a critical distance from the statical
equilibrium as a result of the influx of unspecific energy, matter
or information.

SFB 230 “Natural Constructions”, Stuttgart, 1984 - 1995


