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The Organization of Spatial Networks by the Velocity of Network Flows
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ABSTRACT

The nature of a network implies movement among vertices, and can be regarded as flows. Based on the flow concept which
network follows the hydraulic fluid principle, we develop a spatial network model using Bernoulli equation. Then we explore the
organization of spatial network and growth by the velocity of network flows. Results show that flow velocity determines network
connections or influence of a vertex up to a point, and that the overall network structure is the result of pull force (pressure) and
flow velocity. We demonstrate how one vertex can monopolize connections within a network.
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Fig, 1 The network changes by time step. The network
rewires when pressure of vertex and/or velocity of
flow is/are changed
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Fig. 2 Results of the simulated Bernoulli spatial network model as velocity of flow changes: (a) v=0.1, (b) v=0.2, (0) v
=0.5, and (d) v=1.0. Initial connections are set to 1 uniformly and generated time step is 10. When the velocity
of flow is increased, the network structure become globalize and exhibits topological features
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Fig. 3 Simulation results, (a) the maximum in—degree according to velocity of flow and generate time steps and (b) the

degree distribution by velocity at time step 10
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Fig, 4 The Korean commuting network (a) in 2000 and (b) in 2005
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Fig. 5 Degree distribution of commuting time (a) and commuting velocity (b) over time. The average commuting time is
66.00 minutes in 2000 and 67.55 minutes in 2005, The average commuting velocity is 36.10 (km/hr)in 2000 and
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Table 2 Comparison the number of in—-commuters

Rank 2000 2005
Region In-commuters Region In—commuters

1 Gwannam-gu Seoul 11,686 Gwannam-gu Seoul 11,667

2 Jung-gu Seoul 6,486 Jung-gu Seoul 6,750

3 Yengdeungpo—-gu Seoul 6,218 Seocho-gu Seoul 6,162

4 Jongno—-gu Seoul 5,435 Yengdeungpo—-gu Seoul 5,625

5 Seocho-gu Seoul 5,031 Jongno-gu Seoul 5,345

6 Dongdaemun-gu Seoul 5,021 Songpa-gu Seoul 4,545

7 Songpa-gu Seoul 4,134 Yongin-si Gyeonggi 4,263

8 Seodaemun-gu Seoul 3,364 Ansan-si Gyeonggi 3,794

9 Ansan-si Gyeonggi 3,303 Hwaseong-si Gyeonggi 3,732

10 Yongin-si Gyeonggi 3,297 Dongdaemun-gu Seoul 3,716

11 Busanjin—gu Busan 3,269 Suwon-si Gwongsun-gu Gyeonggi 3,627

12 Seongbuk-gu Seoul 3,258 Nowon-gu Souel 3,607

13 Mapo-gu Seoul 3,133 Guro-gu Seoul 3,471

14 Yongsan-gu Seoul 3,115 Seongbuk-gu Seoul 3,408

15 Guro-gu Seoul 3,095 Cheonan-si Gyenoggi 3,324

16 Gwangseo—gu Seoul 3,028 Bundan-gu Seongnam-si Gyeonggi 3,315

17 Nowon-gu Seoul 2,950 Seodaenum-gu Seoul 3,286

18 Changwon-si Gyeongnam 2,798 Mapo-gu Seoul 3,263

19 Gwanak-gu Seoul 2,794 Namdong-gu Incheon 3,244

20 Cheonan-si Chungnam 2,756 Dalseo—gu Daegu 3,065
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