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Computer Experimentson Formation of
Settlement Systems. An Exploration Based on
| ncreasing Returns

Yu Ju-Lingand Lai Shih-Kung

Abstract

The paper studies why urban systems can be characterized by a power law, and at-
tempts to prove, through computer experiments, if increasing- returns are the underlying
mechanisms giving rise to power laws. The so-called "power law" is referred to as the
relationship between the scale and frequency of objects. That is, the number of objects
whose sizes exceed Sis proportional to S2 The lager the scale, the lower the frequency;
while the smaller the scale, the higher the frequency, and then the system forms an organi-
zation automatically. The phenomenon has also been observed in urban systems, the Rank-
size rule that Zipf presented in 1949 proving that the power law could also be applied to
urban systems. It is specified in the sciences of complexity that many complex systemsin
natural and social sciences have the characteristics of self-organization, and the power law
isone of the evidences that systems exhibit the characteristics of self-organization.

Previous related work does not have a complete explanation about how the power law
forms. Viewing the city as a complex system, the research tries to investigate the reasons
why the power law emerges from the increasing-returns concept in complexity theory, and
designs computer programs to observe the relationship between increasing-returns and the
power law. The results of the computer experiments show that there exists close relation-
ship between the urban systems that are formed under the increasing-returns assumption
and the emergent power law phenomenon. We argue that increasing-returns would be one
of the underlying mechanisms through which the power law relationship emerges.

Keywords: Settlement Systems, Increasing Returns, Power Law
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50 34 0.8893 | -1.4378 6.35 6.45 1.0473
100 84 0.9257 | -1.2087 9.08 11.21 1.2337
200 105 0.8645 | -0.9360 15.72 18.21 1.1582
500 138 0.8718 | -0.7632 25.82 29.85 1.1560

1000 164 0.8589 | -0.6432 38.42 39.03 1.0158
2000 262 0.8251 | -0.4650 74.04 78.67 1.0626
5000 348 0.8254 | -0.4702 90.91 89.06 0.9797
1 12 0.9937 | -2.1485 125 0.78 0.6254
2 164 0.9569 | -1.2622 1.69 4.99 2.9554
3 174 0.9953 | -1.0732 212 712 3.3550
5 286 0.9841 | -0.9645 2.80 13.39 4.7873
7 720 0.9677 | -0.8921 3.53 30.52 8.6546

10 651 0.9488 | -0.7890 4.69 36.33 7.7492

20 1235 0.9607 | -0.7202 7.34 74.82 | 10.1908

10 31 0.9546 | -1.6155 3.17 3.86 1.2789

20 88 0.9598 | -1.1812 4.65 8.84 1.9001

40 172 0.9710 | -0.9920 7.32 16.96 2.3170

50 238 0.9724 | -0.8781 9.85 25.13 2.5516

70 448 0.9863 | -0.8400 11.82 39.61 3.3520
100 812 0.9280 | -0.7814 1591 72.86 4.5789
500 994 0.9801 | -0.4781 55.53 190.39 3.4287
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500 2000

300 29 0.9010 -0.9515

500 45 0.9113 -0.9331

700 57 0.9139 -0.8838

500 1000 73 0.8919 -0.8287
1200 83 0.8847 -0.8125

1500 105 0.8751 0.7949

2000 138 0.8718 -0.7632

300 4 0.9916 -2.4704

500 5 0.9518 -2.4039

700 9 0.9789 -2.0510

5 1000 29 0.9962 -1.5166
1200 46 0.9932 -1.3912

1500 105 0.9940 -1.4216

2000 286 0.9841 -0.9645

300 10 0.9744 -1.5426

500 20 0.9640 -1.5069

700 43 0.9673 -1.3670

40 1000 37 0.9766 -1.2079
1200 87 0.9759 -1.1270

1500 111 0.9732 -1.0777

2000 172 0.9710 -0.9920
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1000 2000 2
500| 1000 10 40 70
100 13 24 2 3 14
500 45 63 11 20 66
1000 73 115 29 80 73 186
1500 105 137 105 319 111 295
2000 138 164 286 651 172 448
1.89 1.43 9.86 8.14 2.36 2.41
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