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The title of our presentation is a toolbox for spatial analysis on a network
and its software.
Some of you who heard my presentation in the last GIScience meeting
might think this tile looks similar to the last title.
Actually it looks similar but not exactly the same.
The last time, the title was TOWARD a toolbox for spatial analysis on a
network.
Two years have passed since then, and our project has progressed, but we
have not yet completed this project.
Today I am going to present the latest outcome of this project.
This project has been conducted by Okunuki, Funamoto, Ishitomi and me.
Today, I, Okabe, will talk.
As is indicated by high- lightened letters, we emphasize spatial analysis on a
NETWORK.
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Why Spatial Analysis
on a Network?
Random?

NO!?
Let me first explain why we are so interested in spatial analysis on a
NETWORK.
Please take a look at this picture.
Having seen this distribution, probably nobody thinks these points are
randomly distributed.
BUT this is true!
Why?
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Why Spatial Analysis
on a Network?
Random?

YES!!
The reason is that I generated these points randomly on this network
according to the uniformly distribution, that is, the binomial point process.
So it is true that these points are randomly distributed on this network.
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Spatial phenomena
constrained by a network

This figure shows the actual distribution of convenience stores in Shibuya,
one of the sub-centers in Tokyo.
The network is a street network, which is the same as in the last picture.
When we analyze this distribution, network space seems to be more
appropriate than planar space.
Actually, shopping trips are constrained by a street network.
The consumer cannot fly to stores, but he/she has to go along streets.
The locations of convenience stores are also constrained by this street
network.
The entrance of every store faces a street.
Therefore, if we apply methods that assume a plane with Euclidean distance
to this distribution, we may reach false conclusions.
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Yamada and Thill (2002)
Traffic accident
analysis in Buffalo
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Let me show you an actual example.
Yamada and Thill analyzed traffic accidents in Buffalo using two types of
K-function methods.
One is the planar K-function method, that is, the K- function method
assuming a plane with Euclidean distance.
The other is the network K-function method, that is, the K-function method
assuming a network with the shortest-path distance.
They applied these two types of K- function methods to the same distribution,
the distribution of accidents in Buffalo.
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Yamada and Thill (2002)
Conclusion:
The planar K-function is not appropriate
for analyzing phenomena that are
constrained by transportation networks
because it over-detects clustering patterns.

Their conclusion is:
the planar K-function is not appropriate for analyzing phenomena that are
constrained by transportation networks, because it over-detects clustering
patterns.
These examples suggest there is a broad class of spatial phenomena that
should be analyzed in the context of network space with the sho rtest-path
distance.
Having noticed this importance, we have developed a toolbox for spatial
analysis on a network.

6

SANET: A Toolbox for
Spatial Analysis on a NETwork
* Pre-processing
* Network Voronoi diagram
Cell count method
Nearest distance method
Conditional nearest distance method
* K-function method
* Cross K-function method
Kriging method
・ Network Huff model
* Random points generation (Monte Carlo)
We call the toolbox SANET.
SA stands for spatial analysis and NET is as in “network”.
We are planning to include many tools in SANET, and at least these tools
will be included soon.
As a matter of fact, marked tools are ready to use.
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SANET components
Network-computation software
import files export files
Interface
A Viewer of GIS

SANET consists of three components:
1. the network-computation program,
2. an interface and
3. a viewer (GIS).
The network-computation program deals with computation used in SANET.
This program is self-contained, but we can connect this program with
outside programs through import and export files.
These files are numerical tables and so we cannot understand the contents
visually.
To overcome this difficulty, we have developed a user- friendly interface
between a viewer of GIS and the network-computation program.
Obviously the interface depends on a viewer.
We suppose ArcView8.
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Setting network data

Let us show you how SANET runs with ArcView8.
SANET starts by clicking this icon on a computer window.
The tool buttons are shown here in the ArcMap window.
First we set network data.
This network is, as I mentioned, the street network in Shibuya, Tokyo.

9

Network data: Polyline tables

As you know, ArcView manages network data in terms of Polyline tables
shown in this picture.
On the other hand, the network computation program manages netwo rk data
in terms of adjacent node tables
commonly used in computer algorithms.
Thus the first step is to convert Polyline tables into adjacent node tables.
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Data conversion
Tool 1

For this conversion, SANET has a tool.
We click Tool 1, and then SANET shows this sub-window, where we fill out
the name of an output file.
Then, …
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Network data:
adjacent node tables

SANET gives us the pointer table and the adjacent node table.
The pointer table shows, for example, node 0 is pointed to line 0.
So we go to line 0 of the adjacent node table.
Then this table shows that node 0 is adjacent to nodes 1, 3, and 49.
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Network data:
adjacent node tables

As you see in this picture, these adjacent relations are confirmed by this map.
With these adjacent node tables, the network computation program runs.
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Setting point data

Second we set point data.
Suppose that we want to examine the distribution of banks indicated by red
points, and the distribution of convenience stores indicated by blue points, in
Shibuya.
As you see in this map, the banks and convenience stores face streets, but
they are not exactly on the street network.
On the other hand, SANET assumes that points are exactly on the network.
So we have to assign these points to the network.
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Assigning points to
the nearest points on a network
Tool 2

For this assignment, SANET has a tool.
We click Tool 2, and then SANET shows this sub-window, where we fill out
the names of input and output files.
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Assigned points on a network

Then, as you see in this picture, SANET assigns points to the nearest points
on the network.
These points are regarded as entrances of these banks and convenience
stores.
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Assigned points on a network

This picture shows the details of the same result.
The red and blue points are assigned to the yellow points on the network.
Since these yellow points are inserted in the network, the netwo rk structure
changes.
SANET automatically manages this change.
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Network Voronoi Diagram
Tool 4

The fourth tool of SANET is for constructing the network Voronoi diagram.
The network Voronoi diagram is an extension of the ordinary Voronoi
diagram.
It is obtained from replacing a plane and Euclidean distance with a network
and the shortest-path distance.
As you know, this diagram is very useful for market area analysis.
To generate the network Voronoi diagram, we click Tool 4, and then
SANET shows this sub-window, where we fill out the names of input and
out files.
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Network Voronoi Diagram

Then, as you see in this picture, SANET gives us the network Voronoi
diagram for convenience stores in Shibuya.
In the context of Voronoi diagrams, convenience stores indicated by red
points are called generators.
The network Voronoi diagram consists of a set of sub-networks, and we call
these sub-networks the Voronoi sub-networks.
As you know, the network Voronoi diagram can be used in many
applications.
To deal with these applications, SANET gives us a few tables.
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Adjacent generators

This table indicates adjacent Voronoi sub-networks.
For instance, the Voronoi sub-network of generator 1199 are adjacent to the
Voronoi sub- networks of generators
1196, 1203, 1201, 1204, and 1200.
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Nearest generators

This table shows the nearest generator from a given node.
The table also shows the next node on the shortest-path to the nearest
generator.
For example, the nearest generator from node 1631 is generator 1199, and
the next node is node 996.
Using these tables, we can see which the Voronoi sub- network a given node
belongs to, and the shortest-path from a given node to the nearest generator.
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Cross K-function method

Tool 5 of SANET deals with the cross K-function method.
Suppose that we want to apply the cross K-function method to the
distribution of banks in relation to convenience stores in Shibuya.
First we set the location data of banks and the location data of convenience
stores.
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Cross K-function method
Tool 6

Next, we click Took 6, and then SANET shows this sub-window, where we
fill out the names of input and output files.
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Observed Cross K-function

Then, SANET gives us the table of the observed cross K-function curve, that
is, the cumulative number of banks with respect to the shortest-path distance
from each convenience store to all banks.
We visualize this table with EXCELL, as is seen in the left panel.
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Expected Cross K-function

At the same time, SANET gives us the table of the expected cross Kfunction curve.
Please note that we can exactly obtain the equation of the expected cross Kfunction.
This is an advantage of the network cross K-function compared with the
planar cross K-function.
SANET calculates the exact value using this equation.
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Observed Cross K-function vs
Expected Cross K-function

By comparing the observed cross K-function and the expected cross Kfunction, we can see the locational tendency of banks in relations to
convenience stores.
In Shibuya, we notice from this figure banks are located significantly farther
than 500 meters from convenience stores.
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K-function method
Tool 7

Tool 7 of SANET deals with the K- function method.
We click Tool 7, and then SANET shows this sub-window, where we fill out
the names of input and output files.
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Observed K-function

Then SANET gives the table of the observed K-function, that is, the
cumulative number of banks with respect to the shortest-path distance from
each bank to the rest of the banks.
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Average K-function

SANET also gives us the average K-function obtained from the Monte Carlo
simulation.
The yellow line shows the average, the blue line shows the maximum, and
the pink line shows the minimum for 1000 trials.
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Observed K-function vs
Average K-function

By comparing the observed K-function and the average K-function, we can
examine the locational tendency of banks.
In Shibuya, this result shows that banks tend to cluster.
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Random point generation
Tool 5

As I mentioned, the average K- function is obtained from Monte Carlo
simulations.
Besides the K- function method, we often meet difficulty in obtaining exact
expected values mathematically.
In such cases, we use Monte Carlo simulations.
For this purpose, SANET provides Tool 5, that generates random points on a
network.
We click Tool5, and then SANET shows this sub-window, where we fill out
the number of simulations, say 1000, and the names of input and output files.
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1000 random points

Then, as you see in this figure, SANET gives us random points on a
network .
This picture shows 1000 random points on the street network in Shibuya.
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Huff Model

SANET also deal with the Huff model.
Since I explained this model last time, I just show you this picture.
Colored points show the levels of choice probabilities.
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Key computational methods
1. Extended shortest-path tree
2. Network Voronoi diagram
3. Cumulative distribution function of links

Now let me mention about computational methods behind these tools.
The key methods are:
1. the extended shortest-path tree,
2. the network Voronoi diagram, and
3. the cumulative distribution function of links.
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The shortest-path
from a point to a given point

a store

a house

The extended shortest-path tree shows the shortest-path from any point on a
network to a given point, say, from an arbitrary house to a give n store.
The extended shortest-path tree is similar to the ordinary shortest-path tree,
but there is a slightly difference.
Suppose that we fix a root at this store.
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Shortest-path tree

root

The ordinary shortest-path tree with this root is given by this tree.
The computational method for constructing the shortest-path tree is just an
application of the well-known algorithm,
the Dijkstra method.
As you see in this picture, the shortest-path tree does not cover the whole
network.
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Collision points

Uncovered parts are indicated with the broken lines.
To assign the point on these lines, we first obtain collision points indicated
by the blue points.
The collision point means, for example, the distance from the red point to
the blue point through the green route, and the distance from the red point to
the blue point through the orange route are the same.
We cut the network at these collision points.
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Extended shortest-path tree

For this modified network, we again construct the ordinary shortest-path tree.
The result is what we call the extended shortest-path tree.
As I mentioned, the extended shortest-path tree is used to obtain the
shortest-path from any point on the network to a given point.
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Network Voronoi Diagram

The second key computational method is the network Voronoi diagram.
The network Voronoi diagram is easily obtained from the extended shortestpath tree.
We add one dummy point and join generators and this dummy node with
zero-distance links.
For this modified network, we construct the extended shortest-path tree.
Then the sub-tree that goes through a generator gives the Voronoi subnetwork of that generator.
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Cumulative distribution
function of links
Length of links within t

t
t

The third key computational method is the cumulative distributio n function
of links.
This function shows the cumulative length of links within the shortest-path
distance t.
For example, the value of this function at t indicates the total length of links
within t from the root indicated by the bold lines in the left panel.
This function is commonly used for testing uniform randomness.
Using these computational methods, SANET works.
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Computational time
CPU: Intel/Pentium4 2GHz
Links: 573
Tool 1 (data conversion): 30sec
Tool 2 (point assignment): 1.5 min for 38 points
Tool 4 (Voronoi diagram): 4 min for
17 generators
Tool 5(random points): 30 sec for 1000 points

Last, let us mention computational time.
Compared with spatial analysis on a plane with Euclidean distance, one of
the disadvantages is computational time.
In general, computational time on a network is longer than that on a plane.
We tested computational time of SANET.
We used a desk top computer with Intel/Pentium4.
The test network consisted of 573 links.
It took about 30 seconds for data conversion; about 1.5 minutes for
assigning 38 points on the network; about 4 minutes for generating Voronoi
diagrams of 17 generators; about 30 seconds for generating 1000 random
points.
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Computational time
Tool 6 (cross K-function):
45 sec for 17 convenience stores 38 banks
Tool 7(K-function):
6 min for 38 banks
with 1000 simulations

About 45 seconds for cross K-function of 17 convenience stores and 38
banks; about 6 minutes for K-function with 1000 Monte Carlo simulations.
We think this performance is fairly good.
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An advantage
Easy to treat a heterogeneous network
a heterogeneous network:
the probability of a point being placed on
a unit line segment varies from location
to location.

I mentioned one disadvantage of spatial analysis on a network, but there are
many advantages.
One of them is easy treatment of a heterogeneous network.
As you know, many methods for spatial analysis on a plane assumes a
homogeneous plane.
Obviously actual geographical space is heterogeneous, and hence this
assumption is hard to accept in practice.
To be explicit, a heterogeneous plane means the probability of a point being
placed in a unit area is different from location to location.
Similarly, a heterogeneous network means the probability of a point being
placed in a unit line segment is different from location to location.
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Uniform network
transformation
A heterogeneous network can be
transformed into a homogeneous network.
Okabe, A. (2002)
“Uniform network transformation for
spatial analysis on a heterogeneous
network”,
DP CSIS, University of Tokyo

Fortunately, in the case of network space, there exists a method that
transforms a heterogeneous network into a homogeneous network.
Since time is limited, I cannot discuss this transformation.
Please see this paper.
Using this uniform network transformation, we can easily carry out spatial
analysis on a heterogeneous network.
Let me finish my presentation with a few words.
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SANET will be open
to the public without charge
If you are interested in using SANET for
your studies, please contact

atsu@ua.t.u-tokyo.ac.jp

We are planning open SANET to the public without charge, and we would
like to improve SANET according to users comments.
At present, the manual is written in Japanese, but we are planning to publish
its English manual.
If you are interested in using SANET for your studies,
please contact me.
Thank you.
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Thank you
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