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1. About SANET
1.1 Functions and Versions
SANET Standalone statistically analyzes spatial patterns of events that occur
on/alongside networks.
Current version of SANET Standalone Version 1.0 is a licensed program.
The effective license period for SANET Standalone Version 1.0 is one year.
SANET is developed by the SANET Team (Leader: Atsu Okabe).
SANET Version 3.1 is for ESRI ArcGIS Ver.9.1 & 9.2 with Windows XP.
SANET Version 4.0 is for ESRI ArcGIS Ver.9.3 with Windows Vista and Windows XP.
SANET Version 4.1 is for ESRI ArcGIS Ver.10 with Windows 7, Vista and Windows XP.

1.2 Copyright

The program is copyrighted by PASCO and is intended for the use of students,
academic researchers, non-profit researchers and educators.

SANET can be distributed freely on educational and research purposes, but cannot
be re-sold.

1.3 Use conditions
SANET Team distributes the program only to those who agree on the following
conditions
¢+ The user will use SANET for nonprofit purposes only.
¢+ The authors will not bear responsibility for any trouble that the user may
meet in the use of SANET.
+  When the user uses SANET, he/she will report to the authors his/her
name, affiliation, address and e-mail address.
¢+ When the user publishes any results obtained by using SANET, he/she will
explicitly state in the paper that he/she used SANET. Also, he/she will send
a reprint of the paper to the authors.
¢+ The authors appreciate the reports of users which help us discover and
isolate bugs within SANET.

1.4 Citation in publication
SANET must be cited correctly in any papers or publication that use results
obtained from SANET. Also it should be acknowledged the use of SANET, Spatial
Analysis along Networks developed by the SANET Team (leader: Atsu Okabe),
Tokyo, Japan. In addition, in case any correspondence exists between specific
members, his/her name is most preferably being cited.



1.5 Contact
SANET team contact information is as follows.
Request for distribution of SANET Program and sending papers should contact to

Atsu Okabe [atsu@csis.u-tokyo.ac.jp]
Technical questions relating to the SANET software and manual should contact to

Atsu Okabe [atsu@csis.u-tokyo.ac.jp]

1.6 1/O file types
The current Version is SANET Standalone 1.0.
The SANET program inputs spatial data (e.g. accident incidence spots data, retail store

location data) with ESRI Shapefile.
The SANET program computes various spatial factors and gives results in forms of

Shapefile, CSV file or R file for chart the result.



2. How to resister and run SANET Standalone
2.1 Hardware and Software requirements
Concerning the interface either ESRI ArcMap or QGIS Desktop is required to
visualize the results obtained from running the SANET Standalone.
GNU R is also preferably installed for the better performance of the results.

2.2 Unzipping SANET Standalone executable file
Firstly, download the SANET Standalone executable file (zip).
Secondly, unzip the file and put it in your preferable place.
Thirdly, double click setup.exe. Since the setup wizard appears in Japanese, please
refer to pp.77-78 for an illustration.

2.3 Placing license key to run SANET Standalone
Once you launched the SANET Standalone, below window will appear. On the
bottom you will find the resister button.

B SAMET 4.1 Standalone L o ] £
Voronoi diagram | Gilobal auto nearest neighbor distance method |
Delaunay diagram | Global crozz nearest reighbor distance method |

Local cross nearest neighbor distance: method |

Kernel density estimation

Interpolation Global auto K function method

Point clustering method | Global crosz K function method

Random points generatar Local crozs K function method |
Woronoi crozs K function method |
Shortest-path distances between points in a point zet |
Shortest-path distance between A points to B points | Settine |
Metmark: characteriztice: polylines, pointz and links | | [ - Register > I
This license expires on- 2016:03:30. EwIT |
! 4

Click the button and the license register window appears.

Fegister the license key sent from

SAMNET team in the box below

Example  AB1234-5678-9012-3456-7890

SET Bl |
&

Place the license number which the SANET team have sent to you after receiving
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your registration form.

To obtain the license number, download a registration form, fill up the form and
email it to the SANET contact person (see the section 1.5 above). Having qualified
as an eligible user, the license key will be sent to you via email.

o

Fegister the license key sent from

SANET team in the box below

Example  AB1234-5675-9012-3456-7330

SET Tl |
A

Input your license key to your SANET License Register.

Click the SET button and you will find all SANET tools in your window.

B SAMET 4.1 Standalone I -0l x|
“Yoronoi disgram | Global auto nearest neighbor distance method |
Delaunay diagram | Global crozs nearest neiehbor distance method |

Local cross nearest neighbor distance method |

Kernel density estimation

Interpolation Global auto K function method

Paint clustering method Global srogs K function method

Random points eenerator Local cross K function method

Yoronoi cross K function method

Shortest-path distances between points in a point set |

Shortest-path distance between A& points to B points | Sietting |

Metwark characteristics: polvlines. pointz and links | | Regizter I

@SE expires on 2016:03:30. ETT |

Enjoy SANET until your license expires.



3. What is SANET?

In the real world, there are many and various kinds of network events. Those events may
be classified into two types: the events occurring exactly on networks, termed on-network
events and those occurring alongside networks, termed alongside-networks (Figure 1.1).

network (constrained) events

on-network events alongside-network events

SANET

] ; ﬂﬂ Store

—

Source: Figure 1.1 in Okabe and Sugihara (2012). Network (constrained) events
consisting of on-network events and alongside-network events.

Typical examples of on-network events are: traffic accidents (shown in Figure 1.2), road-
kills of animals, street crimes, beaver lodges in watercourses, leakages in gas pipe lines
and river contamination. Alongside-network events include advertisement agencies (Figure
1.3), fast-food shops, convenience stores, fashionable boutiques and other kinds of
facilities locating alongside streets in urbanized areas. Almost all facilities in urbanized

areas are regarded as alongside-network events because their entrances are adjacent to
streets.

Tokyo Bay

Source: Figure 1.2 in Okabe and Sugihara (2012). Sites of traffic accidents around Chiba
station, Japan (private roads are not shown).
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Source: Figure 1.3 in Okabe and Sugihara (2012). The distribution of advertisement
agency sites (the black points) alongside streets (the gray line segments) in Shibuya ward,

one of the sub-central districts in Tokyo.

Traditionally, network events are analyzed with spatial methods assuming Euclidean
distance on a plane, referred to as planar spatial analysis. However, this assumption is
difficult to accept in practice when analyzing network events, in particular, in urbanized
areas, because Euclidean distances and their corresponding shortest-path distances are
significantly different. As a matter of fact, an empirical examination shows that the
difference is more than 20% when Euclidean distances are less than 400 meters.

Alternatively, network spatial analysis assumes the shortest-path distance on networks.
This analysis potentially enables more practical investigation of network events than planar
spatial analysis, but it requires heavy geometrical and topological computations. This
difficulty hindered its development. To overcome this difficulty, SANET, a GIS toolbox has
been developed. Using this toolbox, application-oriented GIS scientists, who are not
always skilled in programming, can now easily perform network spatial analysis with
detailed data (not spatially aggregated data, but such as objects in Figures 1.2 and 1.3).

Network spatial analysis is not only practical but also theoretically sound because it can
avoid misleading statistical inference when network events are examined. A clear example
is provided in Figure 1.4. Having observed the distribution of points in panel (a), nobody
would consider that points are randomly distributed. This is true when a plane is assumed
but this becomes false when a network is assumed. In fact, the points in panel (b) are
randomly generated according to the uniform distribution over the network (the
configuration of points in panel (a) and that in panel (b) is the same). This shows that

8



planar spatial analysis is likely to lead to false conclusions when applied to network
events.

(a) (b)
Source: Figure 1.4 in Okabe and Sugihara (2012). Point distributions: (a) nonrandomly
distributed points on a bounded plane, (b) randomly distributed points on a network (note
that the point distributions in (a) and (b) are the same).

As is noticed from the above discussion, tools in SANET are practically as well as
theoretically useful for examining network events.



4. Analytical Tools

SANET Toolbox includes the following tools: The following sections show how to operate
these tools using the sample data downloadable from the SANET website. Note that each
section is self-contained; therefore, the user can directly go to any section you want to
read.

4.1 Tool 01: Voronoi diagrams
This tool generates the ordinary Voronoi diagram and the additively weighted
Voronoi diagram for a given generator set of points placed on a given network. Details
of this diagram are described in Chapter 4 of Okabe and Sugihara (2012).

Click the “Voronoi diagram” in the SANET menu.

i
| Global auto nearest neighbor distance method |
| Delaunay diagram | Global crozs nearest neighbor distance method I
Local cross nearest neighbor distance: method |

Kernel density estimation

Interpalation Global aute K function methad

Point clustering method Global cross K function method

Random points generator Local cross K function method

‘Worohoi crozs K function methad

Shortest-path distances between pointz in & point set |

Shortest-path distance between A points to B points | Setting |
Metwork characteriztics: polylines, pointz and links | | Register I
This license expires on 201 6:03:30. ESIT |

! Y

Then the following window appears.

JT=IE

— Metwark,
Layer |O:¥sanet_sample_data¥-:rgr-:-adsh|:- | |
Weight field [length =~

—Paintz
Laver |C:¥sanet_sampIe_data¥st0reptsshp £ |
Additive Weight Field |FLOOR =]

—Output files
Palylines |O:¥Sanet_sample_data¥0utput¥8P.NET‘\.-‘oronongt 23
Points |O:¥sanet_sample_data¥nut|:-ut¥8P.NETU-:r-:-n-:iPnt £

OK I Cancel |
status

10



Click & to choose a file of network (e.g. orgroad.shp: street network in the

sample data set).

Click = to choose a set of points that generates Voronoi diagrams (e.g.

store_pts.shp: 3 shop locations in the sample data set).

If you use the ordinary Voronoi diagram, leave the ‘Additively Weighted Field” blank.
If you use the additively weighted Voronoi diagram, choose ¥ to set the field of the
file of the generation point set where weights are given.

Click 3 to store the resulting output files, and

Click “OK”.
If the following window does not appear, the network is completely connected.
Proceed to the next step marked by *** below.

Warnine x|

! h The network is disconnected. Do you want to continue the process?

[ ve ) [..No. ] [ Conces ]

If this window appears, the given network is not completely connected. In that case,
see p.55 to find out your next step to proceed.

*k%x

When the network is completely connected or if you click “Yes” in the warning
window, the program begins to run. Having no trouble such as memory overflows,
you may obtain the following files as the output.

|| SAMETVoranoiPnt dbf 2015408405 12:00 DEF 27l 8 KB
|| SAMETWoronaiPrt zhp 2015409405 12:00 SHF 27 )l 2 KB
|| SAMNETWVoronaiPrt shx 201570905 12:00 SHx vl 1KE
|| SANEToronoiSet dbf 2015/08/05 1200 DEF 2711 14 KB
|| SAMNETWVoronoiSet shp 2015/0905 12:00 SHP 27 Il i KE
|| SAMNETVoronoiSet shx 2015/0905 12:00 SHx 2w )l 1 KB

The attribute table of the output is as follows.

SANETVoronoiSet
FID| Shepe |  SetiD | FromX | FromY | FromZ|

| ToY |ToZ| FromPatiD | ToPatiD | Lencth | Weight |

> 0000000021 98AAD | =12234 015089 | -34280135156 0| -12018714671 | -94279981244 | 0 |0000000021 JE4D0 | 000O0000I SEQFT | 24697508 | 24697508 | 7]
|| T |Polyine 2M_|000000002198A97 | -12346520667 | -34279740399 | 0| -12070802603 | -9430722961 | 00000000021 IE4C5 |0000000021 IEAAF | 36678043 | 36678043 7
| % Polyine 2M__|000000002198ASE | -12370802803 | -34307 22961 | 0 -12371636283 | -94346125346 | 00000000021 JE4AF |0000000021SE4AG | 38304665 | 38 904665 | 1|
| 3Polyine 2M__|000000002198A85 | ~T2371 636283 | -94346125346 | 0 12339780471 | -94346148412| 00000000021 SE4AS 0000000021 SE302 | 31 855821 | 31 855821 | |
[ | @[Polyine 2M__|000000002198ATS | ~12541 561239 | -34260272725 | 0| -12513648485 | -94247667783 | 00000000021 SE4BA |0000000021 IE4SE | 30618665 | 30618665 i
[ | SPolyine 2M__|000000002138A10 | ~12513648485 | -94247 687783 | 0| -12476765545 | -94231 369232 | 00000000021 9E4SE 0000000021 9E478 | 36242613 | 38242613 | T
| 6[Polyine 2M _|000000002138A07 | -12476.785545 | -34231 369232 | 0] -12419503497 | -94228 917951 | 00000000021 9E476 | 0000000021 SEZEC | 59360521 | 53360521 | T
[ | 7[Polyine 2 |000000002198SFE | -12380086187 | -34226489118 | 0 -12364764656 | -34218407556 | 00000000021 SE460 0000000021 9E462 | 17512459 | 17512458 | 7|
| & [Polyine 2M 0000000021 989F5 | ~12364764656 | -34218 407556 | 0| -12327302503 | -94219331954 | 00000000021 SE62 0000000021 SEAST | 37473556 | 37479556 | 7]
|| 9]Polyine 2M_[000000002TS8IEC | -12327 302503 | -94219331954] O 12311666106 | -94244151963 | 00000000021 SE457 0000000021 SE44C | 29334787 | 29334787 | |
| 10Polyine 2M 0000000021 989E3 | ~12311 666106 | -34244151963 | 0| -12094018089 | -94260195756 | 00000000021 SE44C 0000000021 SEADO | 40131836 | 40131836 | 2]
|17 [Polyine 2M 0000000021 989DA | =12094018089 | -342801 95156 | 0| -12095229043 | -34346180671 | 00000000021 SE4DO | 0000000021 SE439 | 65396626 | 65996626 | 7]

12 [Polyline 2M  |000000002198901 | =12295229049 | =34346180671 | 0 -12296832889 | -94433572699 | 00000000021 9E493 0000000021 SE441 | 87406743 | 67406743 | 2

11



Shape: polylines

SgtlID: link ID (a polyline ID).

FromX, FromY, From Z: from the node (x, y, z).

ToX,ToY, ToZ: to the node (x, y, z).}.

Length: the length of a link.

AcslID: the Voronoi subnetwork ID to which a link belongs.
To visualize the result, please see section 5.1 / section 5.3.

Reference
Okabe, A. and K. Sugihara (2012) Spatial Analysis along Networks: Statistical and
Computational Methods, Chichester: John Wiley, a volume in the Wiley series of
Statistics in Practice.

4.2 Tool 02: Delaunay diagram

Originally, a Delaunay triangulation (a diagram on a plane) is defined as the reciprocal
figure of the corresponding Voronoi diagram on a plane. Stated explicitly, generate line
segment between the generators whose Voronoi polygons share the same Voronoi
edge. The resulting line segments form a triangular network, termed the Delaunay
triangulation of the given Voronoi diagram. Delaunay diagrams on a network are similar
to Delaunay triangulations on a plane in spirit. Given a Voronoi diagram on a network,
generate the shortest-path between two generators whose Voronoi sub-networks are
adjacent. The resulting shortest-paths form a Delaunay diagram on a network.

Click the “Delaunay diagram” in the SANET menu.

~Ifi
oronoi diagram | Global auto nearest neighbor distance method |
| Delaunay diseram | Global cross nearest neighbor distance method |
Local crozs nearest neighbor distance method |
Kernel denzity estimation

Interpalation Global auto K function method

Point clustering method Global cross K function method

Randaom points generator Local cross K function method

Woronoi crozs K fuhction method

Shartest-path distances between paoints in a point set |

Shortest-path distance between 4 pointz to B points | Setting |
Metmark characteriztics: polvlines, pointz and links | | Register I
This license expires on 2016:08:30. EWIT |

|

Then the following window appears.

12



fociauney dimsram i
o Metwark,
| Layer |O:¥sanet_sample_data’-\éorgroadshp | |
—FPaints
Laver |O:¥sanet_sampIe_data¥stnre - ptzshp
—Qutput files
B ljlines |O:¥sanet_sampIe_data¥SHNETDelaunaySgt | |
Points |O:¥Sanet_sample_data¥SP|NETDelaunayPt | |
oK | Cancel |
‘ status

Click 3 to choose a file of network (e.g. orgroad.shp: street network in the sample

data set).

Click & to choose a set of points that generates Delaunay diagrams (e.g.

store_pts.shp: 3 shop locations in the sample data set. Ignore Weight field.).

Click = to store the resulting output files, and click “OK”.

If the following window does not appear, the network is completely connected.
Proceed to the next step marked by *** below.

Warnine. _e X
I . The netwark is dizconnected. Do wou want to continue the procezs?
Yes ‘ No J |  Cancel

If this window appears, the given network is not completely connected. In that case,
see p.55 to find out your next step to proceed.

*k%x

When the network is completely connected or if you click “Yes” in the warning
window, the program begins to run. Having no trouble such as memory overflows,

|| SAMETDelaunay Pt dbf 2015709406 17:30 DBF 274l 1 KB
|| BAMETDelaunay Pt shp 2015709406 17:30 SHP 274 ) 1 KB
|| SAMNETDelaunay Ptshs 2015709406 17:30 SHX 27 )l 1 KB
|| BAMNETDelaunayiset dbt 2015709406 17:30 DBF 271l 8 KB
|| SAMETDelaunaySet zhp 2015509506 17:30 SHP 254 )1 1KB
|| SAMETDelaunaySet shs 2015709406 17:30 SHX 271 )l 1 KB

13



you may obtain the following files as the output.
To visualize the result, please refer section 5.1 / section 5.3.
4.3 Tool 03: Kernel density estimation
For a given set of points on a given network, this tool estimates the density of points
on the network. For details, see Chapter 9 and Section 12.2.5 in Okabe and Sugihara

(2012).

Click “Kernel density estimation”. Then the following window appears.

=10l x|
Woronoi diagram | Global auto nearest neiehbor distance method I
Delaunay diagram | Gilobal cross nearest neighbor distance method I
Local cross nearest neiehbor distance method I

Kernel density estimation

Interpalation Global auto K function method

Paint clustering method | Gilobal crogs K function method

Random points eenerator Local cross K function method

Woronoi cross K function method

Shortest-path diztances between points in a point set |

Shortest-path distance between & points to B points | Setting |

Metwark characteristics: polylines, points and links | | Fegister I

This license expires on 2016:08:30. EuIT |

ornel density estimation = S=E

— Metwark,
Layer |O:¥sanet_sample_data¥orgroadshp = |
Weight field  [leneth ~]
—kernel points
Laver |O:¥sanet_sample_datal\érsdptsshp b |
—kernel
Kernel type IEquaI zplit continuous at nodes LI
Band width | 1]
Cell width | 10
—Dutput files
Polylines |O:¥sanet_sampIe_data¥output¥8P.NETKDenSitySgt = |
| Points |O:¥sanet_sampIe_data¥output¥SP|NETKDenSityPt = |

0] % I Cancel |

statusz

14



Choose = the file of a network (e.g., orgroad.shp: street network in the sample

data set.).

Choose = the file of a set of points (e.g., rsd_pts.shp: location of points in the

sample data set.).

Choose ¥ one of the two estimation methods: “equal split continuous at nodes” or
“equal split discontinuous at nodes”.

Fill in a band width and a cell width. 50 and 10 are put respectively in this example.
Note that if you use a large band width and a small cell width, computation time
becomes long. Try to use a fairly small band width and a large cell size satisfying
that the former is larger than the latter. If the computation time is within your time
allowance, change those values. Our experience says [band size] = 10*[cell size].
We also note that you are supposed to use the same grid coordinates system as that
of the network.

Choose = to store the resulting output files, and

Click “OK".

If the following window does not appear, the network is completely connected.
Proceed to the next step marked by *** below.

l The network iz disconnected. Do wou want to continue the process?

| Yes No Cancel

If this window appears, the given network is not completely connected. In that case,
see p.55 to find out your next step to proceed.

When the network is completely connected or if you click “Yes” in the warning
window, the program begins to run. If you do not have any trouble such as memory
overflows, you may obtain the following files as the output.

15



|| SANETKDensity Pt dbf 201509506 21:50 DEF 274l a8 KB

|| SAMNETKDensityPtshp 2015709406 21:50 SHFP 271l KB
|| SANETKDensityPteh 2015709406 21:50 SH¥ 294 )L 2KB
|| SAMNETKDensityset dbf 2015709406 21:50 DEF 2wl KB
|| SANETKDensity5et shp 2015709406 21:50 SHFP 271 )L 28 KB
|| SANETKDenzitySetshx 2015/09/06 21:50 SH 271l 2 KB

To visualize the result, please see section 5.1 / section 5.3.

Reference
Okabe, A. and K. Sugihara (2012) Spatial Analysis Along Networks: Statistical and
Computational Methods, Chichester: John Wiley, a volume in the Wiley series of
Statistics in Practice.

4.4 Tool 04: Interpolation
For a given set of known attributes values at sample points on a given network, this
tool interpolates unknown attribute values at arbitrary points on the network using the

inverse distance weighting method. Stated explicitly, the tool predicts the value z, at

p, asthe weighted average of the known attribute z; values at the points p, of a

neighborhood A (p,) of p,,i.e.

Zy = Zwi Z;

pi€Px(po)
)

where the weight w, is given by:

ds(po,p,)*"
2 en As(po- 2"

i

where « is a positive predetermined parameter.
For details, see Chapter 9 and Section 12.2.5 in Okabe and Sugihara (2012).

Click “Interpolation”. Then the following window appears.

16



FE SAMET 4.1 Standalone I - 1o =|

oronoi diagram | Global auto nearest neighbor distance method |

i
Delaunay diseram | Gilobal erozs nearest neighbor distance method |
Local crozs nearest neighbor distance method |

Kernel density estimation |

! Interpolation |I Gilobal auto K function method |
Point clustering method | Global cross K function method |
Randam points generator | Local cross K function method |

Woronoi crozs K fuhction method

Shartest-path distances between paoints in a point set |

Shortest-path distance between 4 pointz to B points | Setting |

Metmark characteriztics: polvlines, pointz and links | | Register I

This license expires on 2016:08:30. EWIT |
4

=k

—MNetwark
Layer |O:¥sanet_sa mple_dats¥oreroad shp |
—Obzerved Points
Lawer |O:¥sanet_samp le_dat=¥r=d_ptz shp ‘A |
Obzerved value field IEIevation LI

—Interpolation

Interpolation Tvpe |Inverse distance weighted me:l

Band width I

Cell width | 10

Value of ramda | [

Mumber of zample points I 10

—Dutput files
Polylines |O:¥sanet_sample_data¥output¥8HNEﬂnterpoIateSgt | |
Faints |C¥zanet_sample_data¥output¥S ANETnterpolatePt| = |
(0]4 l Cancel |
status

Choose = the file of a network (e.g., orgroad.shp: street network in the sample

data set.).

Choose = the file a set of points at which their attribute values are known (e.g.,

location points in the sample data set.).
Choose V¥ the field in which weights are given.
Choose V¥ “Inverse distance weighting method”.

17



Fill in
+ cell width (This determines the resolution of the resulting figure; default is 10,
but might require much memory; you may start a larger value, say 10).
¢+ value of «, say 0.5.

¢+ number of points in the neighborhood A, (p,), say 10.

Choose = to store the resulting output files, and

Click “OK” .
If the following window does not appear, the network is completely connected.
Proceed to the next step marked by *** below.

l The network iz disconnected. Do wou want to continue the process?

‘ Yes No ‘ Cancel

If this window appears, the given network is not completely connected. In that case,
see p.55 to find out your next step to proceed.

When the network is completely connected or if you click “Yes” in the warning
window, the program begins to run. If you do not have any trouble such as memory
overflows, you may obtain the following six files as the output.

|| SAMNETIhterpolateSet dbf 2015/09506 2304 DEF 2wl 91 KB
|| SANETIhterpolateSet zhp 2016409506 2304 SHFP 274 )L ab KB
|| SANETIhterpolateSet zhx: 201509506 2304 SHx 271l iKB
|| SANETEDensity Ptdbt 2015500406 2304 DEF 274l 14 KB
|| SAMNETEDensityPtshp 2016409506 2304 SHFP 2w L KB
|| SANETEDensityPtat 2016409506 2304 SHX 274 L 1 KB

To visualize the result, please see section 5.1 / section 5.3.

Reference
Okabe, A. and K. Sugihara (2012) Spatial Analysis Along Networks: Statistical and
Computational Methods, Chichester: John Wiley, a volume in the Wiley series of
Statistics in Practice.
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4.5 Tool 05: Point clustering method
This tool clusters points in a given point set on a given network by the closest-pair
clustering method. For details, see Sections 8.1.2.1 and 12.2.4 in Okabe and
Sugihara (2012).

Click the “Point clustering method” in the SANET menu.

1=
Yoronoi diagram | Global auto nearest neighbor distance method |
| Delaunay diaeram | Global cross nearest neighbor distance method |
Local crazs nearest neighbor distance method |
Ketnel density estimation |

Voronoi crozs K function method

! Interpolation | Global auto K function method |
| Paint clustering method || Global crosz K function method |
Random points generator | Local crogs K function method |

Shortest-path distances between points in & point =et |

Shortest-path distance between A points to B points | Settine. |
Metwark characteristics: palvlines, paintz and links | | Register I
This license expires on 2016:03:30. EMIT |

! 7

Then the following window appears.

Pnint clustering method | ;Iglﬂ
[ MNetwork

Layer |C¥zanet_sample data¥oreroad shp = |

Weight field  |[leneth |
1
! —Faints

Lawer |0:¥sanet_sample_data¥rsd | ptzshp | |

—Output file
it |0:¥sanet_sa mple_data¥output¥S AMNETC luztering R
File name
6] % | Cancel |

|
i status

Choose = the file name of a network (e.g., orgroad.shp: street network in the

sample data set).

Choose = the file name of a set of points (e.g., location points in the sample data

set.).
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Choose & to store the resulting output files, and
Click “OK” .

If the following window does not appear, the network is completely connected.
Proceed to the next step marked by *** below.

I The network iz digconnected. Do vou want to continue the process?

Yes No | Cancel

If this window appears, the given network is not completely connected. In that case,
see p.55 to find out your next step to proceed.

When the network is completely connected or if you click “Yes” in the warning
window, the program begins to run. If you do not have any trouble such as memory
overflows, you may obtain the following “SANET Clustering.R” file as the output.

|| SAMETClustering.R 2/15/2012 9:23 PM R File TKE

To visualize the result, please see section 5.2.

Reference

Okabe, A. and K. Sugihara (2012) Spatial Analysis Along Networks: Statistical and
Computational Methods, Chichester: John Wiley, a volume in the Wiley series of
Statistics in Practice.

4.6 Tool 06: Random points generator
This tool generates random points on a given network according to the uniform
distribution over the network. The resulting points are a realization of the complete

spatial randomness (CSR) often used for a null-hypothesis. For details, see Sections
2.4.2 3.4.5and 12.1.4 in Okabe and Sugihara (2012).

Click the “Random points generator” in the SANET menu.
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B SAMET 4.1 Standalone =0l ]

“oronoi diagram | Global auto nearest neighbor distance method |

Delaunay diagram | Gilobal cross nearest neighbor distance method |

Local crozs nearest neighbor distance method |

Kernel density estimation

Interpalation Global auto K function method

Paint clustering method Global crosz K function method

Randam points esnerator I Laocal crozs K function method

“oronoi crozs K function methad

Shartest-path distances between paints in a point zet |

Shortest-path distance betwesn & points to B points | Settine |
Metwork characteristics: polylines, pointz and links | | Reeister I
This licenze exp’ires on-2016:08:30. ESTT |

! 4

Then the following window appears.

=

—Metwiork

Layer |O:¥Sanet_sample_data¥0rgraadshp = |
Mumber of random points | s000
—Cutput file

File hame [C¥zanet sample_data¥output¥SANE TRandamPoint | |

=tatus

Choose & the file name of a network (e.g., orgroad.shp: street network in the

sample data set).

Fill in a number of random points, say 200.

Choose ‘A to store the resulting output files, and

Click “OK”.

If the following window does not appear, the network is completely connected.
Proceed to the next step marked by *** below.

x

i I.'\\- The network iz dizconnected. Do wou want to continue the process?

[ ve (oMo | o Conce
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If this window appears, the given network is not completely connected. In that case,
see p.55 to find out your next step to proceed.

When the network is completely connected or if you click “Yes” in the warning
window, the program begins to run. If you do not have any trouble such as memory
overflows, you obtain the following files in the output file.

__| SANETRandomPaoint dbf 20150914 18:01 DEF =
__| SANETRandomPoint zhp 201609514 180 aHP =
__| SANETRandomPoint zhx 201609514 1801 aHA =

To visualize the result, please see section 5.1 / section 5.3.

Reference
Okabe, A. and K. Sugihara (2012) Spatial Analysis Along Networks: Statistical and
Computational Methods, Chichester: JonWiley, a volume in the Wiley series of
Statistics in Practice.

4.7 Tool 07: Shortest-path distances between points in a point set

This tool computes the shortest-path distances between any pair of points in a given
set of points placed on a given network. For details, see Section 12.1.3 in Okabe and
Sugihara (2012).

B SANET 4.1 Standalone L o ]
YWoronoi diaeram | Global auto nearest neighbor distance method

Delaunay diagram | Global cross nearest neighbor distance method |

Lozal cross nearest neighbor distance method

Kerrel denzity eztimation

Interpolation Global auto K functioh method

Faint clustering method

Fandom points generator Local crozs K function method

|
Global crosz K function method |
|
|

“oronoi crozs K function method

Shortest-path distances between points in & point zet |

Shortest-path distance between & points to B points | Settine |
Metwark characteristics: palvlines, pointz and links | | Registar I
This licenze expires on-2016:03:30. EXIT |

&

Click the “Shortest-path distances between points in a point set” in the SANET menu.
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Then the following window appears.

Shortest—path distances between points in a point set _IDlil
— Metwork
Layer |G¥sanet_sample_data¥oreroad shp 3 |
Weight field  [leneth =l
—Foints
Lawer |O:¥Sanet_sample_data¥st0repts:shp |
—Output file
File name |O:¥Sanet_sample_data¥output¥5HNETBQBJ::S\-' |
9] 8 | Cancel |
ztatus

Choose & the file name of a network (e.g., orgroad.shp: street network in the

sample data set).

Choose aQ the file name of a set of points (e.g., store_pts.shp: store location

points in the sample data set)

Choose = to store the resulting output file, and

Click “OK”.
If the following window does not appear, the network is completely connected.
Proceed to the next step marked by *** below.

X

I\\ The network iz dizconnected. Do wou want to continue the process?

[ ve J[ M [ Conce

If this window appears, the given network is not completely connected. In that case,
see p.55 to find out your next step to proceed.

*k%

When the network is completely connected or if you click “Yes” in the warning
window, the program begins to run. If you do not have any trouble such as memory
overflows, you obtain the following file.

|# SAMETEB2B csv 201550914 21:46 CEV vl 1 KB
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The contents of the file are as follows.

1 2 3

1 |FromPntID ToPntID  Distance
2 0 1 #3012
3 0 2 3422287
4 1 0 33012
5 1 2 3423645
6 2 0 3422287
7 2 1 3423645
5 |AVERAGE 332535

The first column indicates “from the i-th point of the point set”.

The second column indicates “to the j-th point of the point set”.

The last column indicates the shortest-path distance between those points. For
instance, the shortest-path distance from the 0" point to the first point is 313.0112
and so forth.

AVERAGE of the last row shows the average of all the distances.

Reference
Okabe, A. and K. Sugihara (2012) Spatial Analysis Along Networks: Statistical and
Computational Methods, Chichester: John Wiley, a volume in the Wiley series of
Statistics in Practice.

4.8 Tool 08: Shortest path distances from type A points to type B points

This tool computes the shortest-path distance from each point in a given set of type A
points to each point in a given set of type B points, where those points are on a given
network. For details, see Section 12.1.3 in Okabe and Sugihara (2012).

Click the “Shortest-path distances between type A points and type B points” in the
SANET menu. Then the following window appears.

B SANET 4.1 Standalone i B ] S|
Woronoi diagram | Global auto nearest neighbor diztance method |

Delaunay diagram | Global crozs nearest neighbor distance method |

Local cross nearest neighbor distance method |

Kernel denzity estimation

Interpolation Global auto K function method

Paint clustering method Global crozs K function method

Random points generator Local cross K function method

Moronoi cross K function method

Shortest-path diztances between points in a point zet |

Setting |

| Register I

This licensze expires on 2016:03:30. BT |
|
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Shortest—path distances from type A points to type _-B-.fpuih.ig;

—Metwork

i
Laver |O:¥Sanet_sa mple_data¥oreroad shp | |

Wieight field  |leneth =]
—Type & points
Laver |O:¥Sanet_sample_data¥rsdptsshp |
labet 1 |O:¥Sanet_sample_data¥storeptsshp =y
—Dutput files
Paiplines IO:¥Sanet_SampIe_data¥nutput¥SP.NETBENBJ:SV &3
[8]4 | Cancel |
status

Choose & the file name of a network (e.g., orgroad.shp: street network in the

sample data set).

Choose = the file name of a set of type A points (e.g., rsd_pts.shp: location points

in the sample data set).

Choose = the file name of a set of type B points (e.g., store_pts.shp: store location

points in the sample data set).

Choose & to store the resulting output file, and click “OK”.

If the following window does not appear, the network is completely connected. Proceed
to the next step marked by *** below.

X

I The network iz disconnected. Do you want to continue the process?

No J [ Cancel

If this window appears, the given network is not completely connected. In that case,
see p.55 to find out your next step to proceed.

*k%*

When the network is completely connected or if you click “Yes” in the warning window,
the program begins to run. If you do not have any trouble such as memory overflows,
you obtain the following file.
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| SANETE2ME cev 201509714 21:54 CEV 2wl i kB

The contests are as follows.

1 2 3

1 |Tvr:eA _ITw:eEl Distance

2 o 0 753664
3 | o 1 2366448
4 | o 2 32211
3 1 0 1071152
6 1 1 283.7188
7 | 1 2 275656
8 | 2 0 5413666
9 2 1 3671478
10 2 2 2880921
11 | 4 0 108085
12 | 4 1 2846242
12 2 ol a4 7913

The first column indicates “from the i-th point of the type A point set.

The second column indicates “to the j-th point of the type B point set.

The last column indicates the shortest-path distance between those points. For
instance, the shortest-path distance from the 0 point of the type A to the 0 point of
the Type B is 76.3664.

Reference
Okabe, A. and K. Sugihara (2012) Spatial Analysis Along Networks: Statistical and
Computational Methods, Chichester: John Wiley, a volume in the Wiley series of
Statistics in Practice.

4.9 Tool 09: Network Characteristics: polylines, points and links
This tool shows the characteristics of polylines, points and links forming a given

network.
¥ SANET 4.1 Standalone -10| x|
Voronoi diagram | Global auto nearest neighbor distance method |
Delaunay diagram | Global cross nearest neighbor distance method |

Local cross nearest neighbor distance method |

Kernel density estimation

Interpolation Global auto K function method

|
|

| Point clustering method | Global cross K function method
I

Random points generator Local cross K function method

Voronoi cross K function method

Shortest-path distances between points in a point set |

Shortest-path distance between A points to B points Setting |
Network characteristics: polylines, points and links | [ Register |
This license expires on 2016:08:30. EXIT I

| /
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Click the “Network characteristics: polylines, points and links” in the SANET menu.
Then the following window appears.

Metwork characteristics: polvlines, ponts and links o =] |

— Metworl
Layer |G:¥Sanet_sample_data¥nrgrnadshp = |
Weight field  |IEneth =l

—Cutput files
Polvlines |G:¥Sanet_sample_data¥nutput¥8ﬂNETNetwork'ﬁgtcsv |
Paintz |Gi¥zanet sample_data¥output¥SAMETNetwark Ptosy |
Links: |Gi¥zanet sample_data¥output¥SAMETNetwork Link csv |

o] 4 I Gancel |

status |

Choose = the file name of a network (e.g., orgroad.shp: street network in the sample

data set).

Choose = to store the resulting output files, and click “OK”.

If the following window does not appear, the network is completely connected. Proceed
to the next step marked by *** below.

Warning e x|
I The network iz disconnected. Do you want to continue the process?
[ 1 [

If this window appears, the given network is not completely connected. In that case, see
p.55 to find out your next step to proceed.

*k%*

When the network is completely connected or if you click “Yes” in the warning window,
the program begins to run. If you do not have any trouble such as memory overflows,
you obtain the following three files.

| SANETMetwark Link csv 2015508514 2204 CEV 2wl 5 KB
|5 SAMETMetwork Ptosy 2016709514 2204 CEV Pl 1KE
|5 SAMNETMetworkSet cay 2016409514 2204 CEV Pl 2KBE
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+ SANETNetworkLink.csv

L3 M=

Rt I = VR ¥, B9

[=2]

9
10
11

17

1

PRtlD

CO0000002044 FABD
Q00000002044 FABD
Q00000002044 FABD
Q00000002044 FADD
QO0000002044 FADC
Q00000002044 F5 A
DO000000Z2044F5 A
00000002044 F 7 FO
00000002044 F7FD
00000002044 F740

ST T T T A A T AT

SgtlD

COO00000Z00ES 300
00000000200EGE00
0O000000Z0DES4FD
0O00000020DET3 00
QO000000200ES 340
CO000000z00ES 340
00000000Z00ET2 B0
0O000000200ES2B0D
0O00000020DEF220
QO00000020DEF220

T T T T T T T T T o o o oy

3

Adjace ntPntID

000000002 044 FADD
DO000000Z 044 F270
DO000000Z 044 F740
000000002 044 FABRO
DO0QQ0002 044 FE AQ
000000002 044 FADD
DO00Q000Z 044 F7 FO
DO00Q0002 044 FB AQ
000000002044 F740
000000002044 F7 FO

fom T T T T T T T T e I B N g o T |

This table shows that:
SgtID: line segment ID;
PntID and AdjacentPntID are end nodes of a line segment;
FromToFIg:
From: from PntID to AdjacentPntID;
from AdjacentPntID to PntID.
¢+  SANETNetworkPnt.csv

To:

[RR S R )

= N b

[V Ry ]

10
11

17

1

PntID

Q00000002044 FABD
Q0000002044 FADO
QO0000002044 F5AD
QO0000002044 F7FD
o0000002044 F740
QOO000002044 FI50
QOO000002044 FEI0
Q00000002044 FE30
000000002044 F450
Q00000002044 F30D0

alalalala’alalalelal I malslal

2 3
i i

-12284.01808 -9428015514
—12346 52067 —94279.7404

—123708028 -54307 22561
-12371 653628 —943461 2555
—1228522005  -9434518067
—12541 56124 | 9426027273
-1251364848 -9424765773
-12478.785565  —94231 86GRZ3
-1238008615 -94226.885812
-12364.76468 —9421540754

—4 AT TR = Ad N 204 DR

FramToFlz
Frorm
To
Fram
To
Frorm
To
Fram
To
Frorm
To

T~

200 DD DD D 00D

This table shows that the (X, y, z) coordinates of a point specified by Pntld.
+  SANETNetworkSgt.csv

Sgtlh

W M

CRE. T

8
9
10
11

17

QO00000020DEF 300
CO000000200EF 340
Co000000200EF2B0
DO000000020DEFZ20
D000000020DESBS0
QO00000020DESADO
Q00000002 00ESA4D
Co0o0000200ESS B0
DO00000020DEGRZ0
DO00000020DESES0

o T T S 00Ty

2 3 -

FID Length Wizight
0 52 504547 52 504547
0 36678043 36675043
0 358 804665 358 804665
0 76407254 76407254
1 3061 8665 30618665
1 30242613 30242613
1 98830 988300
1 17512458 17512455
1 37 475556 37475556
1 29334787 25334787
1

A 24 098

A1 240925

This table shows that the length of a link specified by SgtlID.
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Reference
Okabe, A. and K. Sugihara (2012) Spatial Analysis along Networks: Statistical and
Computational Methods, Chichester: John Wiley, a volume in the Wiley series of
Statistics in Practice.

4.10 Tool 10: Global auto nearest neighbor distance method

This tool tests the complete spatial randomness (CSR) hypothesis in terms of the
shortest-path distance from every point in a given set of points placed on a given
bounded network to its next nearest point in the set. Note that in the literature, the global
auto nearest neighbor distance method is simply referred to as the nearest neighborhood
distance method. The CSR hypothesis means that points are independently and
identically distributed according to the uniform distribution over the network, or points
follow the homogeneous binomial point process on the bounded network. A general
description about the nearest neighbor distance method is provided in Chapter 5 in
Okabe and Sugihara (2012); specifically, the global auto nearest neighbor distance
method is shown in Section 5.1.2 and its application in Section 12.2.2.1.

Click the “Global auto nearest neighbor distance method” in the SANET menu.

8 SANET 4.1 Standalone =101 x|
Voronoi diagram | Global auto nearest neighbor distance method ||
Delaunay diagram | Global cross nearest neighbor distance method |

Local cross nearest neighbor distance method I

Kernel density estimation

Interpolation Global auto K function method

|
I

Point clustering method | Global cross K function method
I

Random points generator

I
I
Local cross K function method I
I

Voronoi cross K function method

Shortest-path distances between points in a point set |

Shortest-path distance between A points to B points I Setting I
Network characteristics: polylines, points and liks | | Register |
This license expires on 2016:03:30. EXIT I

! 4

Then the following window appears.
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Grobal auto nearest neigh

=101

— Metwork
Layer |O:¥Sanet_sample_data¥orgroadshp & |
eight field  [leneth =]
—Paintz
Layer |O:¥sanet_sa mple_data¥red ptzzhp e |
—Simulation
Mumber of iteration I 1000
Bin width I 10
Statistical sienificance level[¥] I 5
—Output files
Obszerved valus |O:¥3anet_sa mple_data¥output¥S ANETMNDObzervedValue cav |
Expected value |O:¥Sanet_sa mple_datz¥output¥S ANETHNDExpectedValue cev =
Graphics |O:¥Sanet_samp le_data¥output¥s AMETHMNDExpectedyalue F. =
[T Output loes
[0]4 | Cancel |
status

Choose = the file name of a network (e.g., orgroad.shp: street network in the

sample data set).

Choose = the file name of a set of points (e.g., rsd_pts.shp: location points in the

sample data set).
Fill in:

¢+ anumber of iterations for Monte Carlo simulation (a default values is 1000),
+ a bin width (a continuous distance is divided by the equal bin width; a default
value is 10; in this case, the resulting intervals are 0-10, 10-20, 20-30,.....),

¢+ one-sided statistical significance level (the default value is 5%).
Choose = to store the resulting output files. If you want to have intermediate data,
check “Output logs”, which may require much memory. Click “OK”.
If the following window does not appear, the network is completely connected. Proceed
to the next step marked by *** below.

The network iz disconnected. Do wou want to continue the process?

No J [ Cancel

|
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If this window appears, the given network is not completely connected. In that case,
see p.55 to find out your next step to proceed.

When the network is completely connected or if you click “Yes” in the warning window,
the program begins to run. If you do not have any trouble such as memory overflows,
you obtain the following three files.

|#| SAMETNNDExpectedValus cav 2015409415 10:50 CEV 2P Il 1 KB
|| SANETNMDE:xpectedValue R 20150915 10:50 R Zvf )b 2KB
|#| SANETHNDObservedValue cay 2015409415 10:50 CEV Pl 1 KB

The contents of the resulting files are as follows.
+ SANETNNDODbservedValue.csv

i | 2 3

1 |FromPrtID ToPntlD Distance

2 0 5 15528511
3 1 3 0504277
4 2 8 5505155
5 3 1 0504277
6 4 7 16369132
7 5 0 15528511
a8 5] 28 15825072
3 7 1 1254570
10 8 2 5505155
11 5 3 34552302
31 34 o d1.5U4595
42 40 44 21362772
43 41 26 64.644104
2 42 45 36.088645
45 43 45 39115285
46 44 40 21.382772
47 45 42 36.088645
43 46 42 44857939
49 47 34 44755411

30 |AVERAGE 23.7M 32

The first column indicates “from the i-th point”.

The second column indicates “to its nearest neighbor point”. Note that the same ID
points mean different points are placed at the same location.

The last row “AVERAGE” indicates the average nearest neighbor distance. Note that
the same FromPtld implies that those points are placed at the same location.

¢+  SANETNNDExpectedValue.csv
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1

2 |Lower 13.419824
3 |Upper 18667587
4 |ALL AVERAGE 16523155
5 WARIAMNCE 232809281

The first column indicates the i-th iteration of Monte Carlo simulation.

The second column indicates “from the j-th point” in a given point set.

Third column indicates “to its nearest neighbor point”.

The last column indicates the shortest-path distance between them.

The last row of the last (1000) iteration (AVERAGE) indicates the average of the nearest
neighbor distance for the j-th iteration.

At the end of this file, “Lower” indicates the lower critical value for the one-sided
significance level is 5 %, while “Upper” indicates the upper critical value for the one-
sided significance level is 5 %

“‘ALL AVERAGE” indicates the average nearest neighbor distances for 1000 iterations.

The Clark-Evans index is given by AVERAGE in the table of
SANETObservedValue.csv divided by ALL AVERAGE in the table of
SANETExpectedValue.csv. In the above example, the value of the index is
23.70/16.52=1.43.

¢+  SANETNNDExpectedValue.R.
To visualize SANETNNDExpectedValue.R, please see section 5.2.

Reference
Okabe, A. and K. Sugihara (2012) Spatial Analysis Along Networks: Statistical and
Computational Methods, Chichester: John Wiley, a volume in the Wiley series of
Statistics in Practice.

4.11 Tool 11: Global cross nearest neighbor distance method

This tool tests the complete spatial randomness (CSR) hypothesis in terms of the
shortest-path distance from each point in a given set of type B points to its nearest point
in a given set of type A points. In the literature, the global cross nearest neighbor distance
method is sometimes referred to as the conditional nearest neighborhood distance
method. In general, it is assumed that type B points are temporal, while type A points are
stable over time; for instance, the former points are restaurants and the latter points are
railway stations. This method tests the effect of railway stations on the distribution of
restaurants in comparison with the CSR hypothesis. The CSR hypothesis means that
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points are independently and identically distributed according to the uniform distribution
over the network, or points follow the homogeneous binomial point process on the
bounded network. A general description about the nearest neighbor distance method is
provided in Chapter 5 in Okabe and Sugihara (2012); specifically, the global cross
nearest neighbor distance method is shown in Section 5.2.2 and its application in Section
12.2.2.2.

Click the “Global cross nearest neighbor distance method” in the SANET menu.

[ SANET 4.1 Standalone =-10] x|
Voronoi diagram I Global auto nearest neighbor distance method I
Delaunay diagram | Global cross nearest neighbor distance method I

Local cross nearest neighbor distance method I

Kernel density estimation

Interpolation Global auto K function method

| Point clustering method Global cross K function method

Random points generator Local cross K function method

Voronoi cross K function method

Shortest-path distances between points in a point set I

Shortest-path distance between A points to B points I Setting ‘

Network characteristics: polylines. points and links | | Register |
This license expires on 2016:03:30. EXIT I
' 4

Then the following window appears.

Global cross nearest neighbor distance method il _.ngﬂ
—Metwork
Layer |C:¥sanet_sampIe_data¥orgroadshp El
Weight fizld  [leneth =]
—FPaintz

Type A points IC:¥Sanet_$ampIe_data¥st0reptsshp

el

Type B pointz IC:¥Sanet_$ampIe_data¥rsdptsshp

—Simulation
Mumber of iteration I—WUU
Bin width [ 1
Statistical significance level[¥] |—5
—Dutput files
Obser_ved valus |O:¥Sanet_sa mple_data¥output¥s ANETONMDObzervedValue cey A
Exzpected walue |G:¥sanet_sa mple_data¥output¥S AMETCMMDExpectedWfalue cav |
Graph ics IO:¥Sanet_Sample_data¥output¥8HNETONNDGraphiCS R =
[ Output loes
QK Cancel

status
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Choose = the file name of a network (e.g., orgroad.shp: street network in the sample data

set).

Choose = the file of type A points (e.g., store_pts.shp: store location points in the sample

data set); and the file of type B points (e.g., rsd_pts.shp: location points in the sample data set).
Fill in:

¢+ anumber of iterations for Monte Carlo simulation (a default values is 1000),

+ abin width (a continuous distance is divided by the equal bin width; a default value

is 10; in this case, the resulting intervals are 0-10, 10-20, 20-30,.....),

+ a statistical significance level (the default value is 5%; one-sided).
Choose ‘A to store the output resulting files, and click OK.
If the following window does not appear, the network is completely connected. Proceed
to the next step marked by *** below.

l The network iz dizconnected. Do wou want to continue the process?

| Yes No | Cancel

If this window appears, the given network is not completely connected. In that case, see
p.55 to find out your next step to proceed.

*k%x

When the network is completely connected or if you click “Yes” in the warning window,
the program begins to run. If the memory is enough, the following three files are obtained
as the output.

|%| SANETCGMNDExpected\alue cav 201540915 11:50 GEV 2w ) 25 KB
|| SANETGHNDGraphics. R 20150915 11:50 R 771 b KB
|#| SANETCHMDObzervedYalue cav 201540915 11:50 CEV e 1 KB

The contents of the resulting files are as follows.
+  SANETCNNDObservedValue.csv
1 p. 3
TweB Twpe s Distance
76.3664
1071152
54 1 3666

10801595
7820031

M s E T4

(VIRE= 'TE S TR OO % N O R
= 0 M= O
EINL I Y
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46 44 2 1872045
47 45 2.1151871
48 46 2 743575
49 47 2 17524685

50 |AWVERAGE 1155153
51 WARIANCE 4801 486

The first column indicates “from the i-th point in the type B point set”.

The second column indicates “to its nearest neighbor point in the type A point set”.

The third column indicates the shortest-path distance between those points.

The last row “AVERAGE” indicates the average nearest neighbor distance from all type
B points to their nearest type A points.

+ SANETCNNDEXxpectedValue.csv

1 2
1 |AVERAGE D 108.2403
2 AVERAGE 1128085
3 AVERAGE 2 187.033
4 | AVERAGE 3 123.5681
3 | AVERAGE 4 11281584
6 AVERAGE S 188177
7 AVERAGE G 133.708
Q MIEDMNTE T 1/ A1 09
906 |AVERAGE 985 121.885

997 | AVERAGE 996 1711544
993 | AVERAGE 997 173.2064
990 | AVERAGE 998 145.0828
1000 |AVERAGE 999 1481178
1001

1002 |Lower 1041329
1002 |Upper 187.033
1004 |ALL AVERAGE 1356321
1005 (ALL WARIAMCE =~ 6458519

The first column indicates the i-th iteration of Monte Carlo simulation.

The second column indicates “from the j-th point of type B”.

Third column indicates “to its nearest neighbor point of type A”.

The last column indicates the shortest-path distance between those points. The last
row of the i-th iteration, AVERAGE, indicates the average distance of from each type B
point to its nearest type A point.

At the bottom, ALL AVERAGE indicates the average of AVERAGEs, and ALL
VARIANCE indicates the variance of AVERAGEs.

“Lower” and “Upper” indicate the lower and upper critical values for a given
significance level, say, 5 % (one-sided).
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These numbers indicate: the lower critical value is 104.1329, the upper critical value is
187.033(the significance level is 5 %) and the average of the average nearest
neighbor distances for 1000 iterations is 135.6321.

The Clark-Evans index is given by AVERAGE in the table of
SANETCNNDODbservedValue.csv (119.5153 in this case) divided by the last ALL
AVERAGE in the table of SANETECNNDEXxpectedValue.csv (135.6321 in this case);
consequently, 0.88.

If the observed AVERAGE is outside the range “Lower” and “Upper”, the CSR
hypothesis is rejected with, say 95% confidence level.

+ SANETCNNDExpectedValue.R
To visualize SANETCNNDExpectedValue.R, please see section 5.2.

Reference
Okabe, A. and K. Sugihara (2012) Spatial Analysis along Networks: Statistical and
Computational Methods, Chichester: John Wiley, a volume in the Wiley series of
Statistics in Practice.

4.12 Tool 12: Local cross nearest neighbor distance method

Given two sets of points: the set of type A points, denoted by A and the set of type B
points by B, consider a subset, B/, of set B satisfying that the nearest point from every
point in Bi is a specific point in set A, e.g., the i-th point in set A. This tool tests the
complete spatial randomness (CSR) hypothesis in terms of the shortest-path distances
from points in subset Bi to the /-th point in set A. In general, it is assumed that type B
points are temporal, while type A points are stable over time; for instance, the former
points are restaurants and the latter points are railway stations. This method tests the
effect of railway stations on the distribution of restaurants in comparison with the CSR
hypothesis. The CSR hypothesis means that points are independently and identically
distributed according to the uniform distribution over the network, or points follow the
homogeneous binomial point process on the bounded network. A general description
about the nearest neighbor distance method is provided in Chapter 5 in Okabe and
Sugihara (2012); specifically, the local cross nearest neighbor distance method is shown
in Section 5.2.1.

Click the “Local cross nearest neighbor distance method” in the SANET menu.
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[ SANET 4.1 Standalone =10 x|

Voronoi diagram | Global auto nearest neighbor distance method |
1
Delaunay diagram | Global cross nearest neighbor distance method |
Local cross nearest neighbor distance method II

Kernel density estimation

Interpolation Global auto K function method

| Point clustering method Global cross K function method

Random points generator Local cross K function method

Voronoi cross K function method

Shortest-path distances between points in a point set I

Shortest-path distance between A points to B points I Setting |

Network characteristics: polylines, points and liks | | Register |
This license expires on 2016:03:30. EXIT
! [ = ]

Then the following window appears.

Local cross nearest neighbor distance method 8 =] x|

—Metmark:
Layer |0:¥sanet_sample_data¥u:urgroadsh|:u | |
Weight fisld  |leneth -]
— FPoints
Type A paints |C¥zanet_sample_data¥stare ptsshp |
Type B points |G:¥Sanet_sample_datal\érsdptsshp a
—Simulation
Mumber of iteration I 1000
Bin width [ 0
Statiztical zignificance level[®] I i
—Output files
Dbserved valis |O:¥Sanet_sampIe_data¥0ut|:nut¥8ﬂNETLDcaIGNNDOhservedValuessv ‘3
Expected value |O:¥Sanet_sampIe_data¥nut|:uut¥5ﬂNETLu:u:aIGNNDExpectedVaIue::sv |
™ Qutput loes

QK | Cancel |

status

Choose 3 the file name of a network (e.g., orgroad.shp: street network in the

sample data set).
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Choose = the file name of a set of type A points (e.g., store_pts.shp: store location

points in the sample data set).

Choose = the file name of a set of type B points (sd_pts.shp: location points in the

sample data set).

Choose = to store the resulting output file, and click “OK”.

If the following window does not appear, the network is completely connected. Proceed
to the next step marked by *** below.

l The network iz dizconnected. Do wou want to continue the process?

[ Yes No Cancel

If this window appears, the given network is not completely connected. In that case,
see p.55 to find out your next step to proceed.

When the network is completely connected or if you click “Yes” in the warning window,
the program begins to run. If you do not have any trouble such as memory overflows,
you obtain the following six files, three for the observed values and three for the
expected values.

|#| SAMETLocalCMMDExpectedValue savlesy 2015709415 16:12 CEV R 22 KB
|#| SAMETLocalsMMDExpectedalue cavloey 2015709415 16:12 CEY 2w M 22 KB
|#| SAMETLocalGMNDExpectedValue sav2osy 2015709415 1612 SV e 22 KB
|#| SAMETLacalCMNDObzervedValue cavllosy 2015409415 16:12 CEV e 1 KB
|#| SAMETLocalCMMNDObservedYalue cey losy 2015709415 16:12 CEY 2w M 1 KB
|#| SAMETLocalsMMDObservedValue cawlosy 2015709415 16:12 CEY 2w M 1 KB

The contents of the resulting files are as follows.
¢+ SANETLocalCNNDObservedValue0.csv >> table below left
¢+ SANETLocalCNNDObservedValue1.csv >> table below middle
¢+ SANETLocalCNNDObservedValue2.csv >> table below right
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U WY NN R

10
11
12
13
14
15
16
17
18
19

[T T, T S TE AT R

(0]

1

TypeA Typeb

oD O DD D DD 00D D DD OO D

2 3

Distance
0 763664
1 GB20326
2 5413666
3 6154551
4 6110168
5 918553
6 1345838
7 OGE0ATIOH
8 64041846
9 1473065
20 2085262
21| 230424
28 1463678
3o 8]
3 27 AE748
32 1EBGE0GE
39 HSEE4G45

AWERAGE 8550448

Rt IR = IR DR R R R S

=]

10
11
12
13
14
i
16
17
18
19

1 2

Tvpeh TypeB

AWERAGE

RO RO U PR U PRI RIS S S PRI PR PR PO PRI U I Iy

10
11

12
13
15
16
17
18
19
22
25
24
25
26
27
29
41

1146747

3

Distance
2744702
254 5852
205.3936
1700136
1401207
5513684
96 84807
5515432
873042
202.0433
10382585
605299
2027377
7834046
0
0
1445846

S I S B

=l noUA

[=2]

10
11
12
13

15
16

1
Twipes

vl

TvpeB
14
33
34
kiis)
36
37
a8
40
42
43
44
45
46
47

[ T e T e T Y Y T R e T I e R S T L R e

AVERAGE 1281272

¢+ SANETLocalCNNDExpectedValue0O.csv >> table below left
¢+ SANETLocalCNNDExpectedValue1.csv >> table below middle

¢+ SANETLocalCNNDExpectedValue2.csv >> table below right

1

AVERAGE
AVERAGE
AYERAGE
AVERAGE
AVERAGE
AVERAGE
AVERAGE
AYERAGE
AWVERAGE

ISR o L ] e

Reference
Okabe, A. and K. Sugihara (2012) Spatial Analysis along Networks: Statistical and
Computational Methods, Chichester: John Wiley, a volume in the Wiley series of
Statistics in Practice.

4.13 Tool 13: Global auto K function method

-

85 559445
1173244
1105255
81 47645
107 5086
748042
1142087
122 4852
87 7E113

E N T e L] =]

00 [~ B W (AT e

1

AVERAGE
AVERAGE
AVERAGE
AVERAGE
AVERAGE
AVERAGE
AVERAGE
AVERAGE
AVERAGE

IR L e L ]

~

1207671

117305
1255176

121775
11253296
1444047
1602M5
1264718
12278946

409 0FAA

s h LA G LI R

[wa]

1

ANVERAGE
ANERAGE
ANVERAGE
ANERAGE
ANERAGE
ANERAGE
ANERAGE
ANERAGE
ANERAGE

RN e Y W

3

Distance

2350007
2350007
55859832
105.0488
1524574
G018162
1711144
2085674
1182154
80177
187 2044
1066349
T4.3575
17582685

~

1432383
123818
108.2423
1135618
1287714
1179835
1121732
96 39701
1104518

141 R MR

This tool tests the complete spatial randomness (CSR) hypothesis in terms of the
number of points in a given point set satisfying that the shortest-path distance from every
point to another point is less than a parametric shortest-path distance. The CSR
hypothesis means that points are independently and identically distributed according to
the uniform distribution over the network, or points follow the homogeneous binomial
point process on the bounded network.
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To state it explicitly, for a set of n points placed on a network, let n(t| p:) be the number

of points that are within shortest-path distance ? from point ”7 and # bethe density
of points on the network. Then the K function is given

12,1 p)

yo) n

K@) =
In the literature, the global auto K function method is simply referred to as the K function
method. A general review of the K function method is illustrated in Chapter 5 in Okabe
and Sugihara (2012); specifically, the global auto K function method is described in
Section 6.1.2, and its application in Section 12.2.3.1.

Click the “Global Auto K function Method” in the SANET menu.

[ SANET 4.1 Standalone =10 x|
Voronoi diagram I Global auto nearest neighbor distance method

I
Delaunay diagram I Global cross nearest neighbor distance method I
I

Local cross nearest neighbor distance method

Kernel density estimation

Interpolation Global auto K function method

| Point clustering method

Random points generator Local cross K function method

Global cross K function method I
I
Voronoi cross K function method |

Shortest-path distances between points in a point set I

Shortest-path distance between A points to B points | Setting I
Network characteristics: polylines. points and links | | Register |
This license expires on 2016:03:30. EXIT
; —Q

Then the following window appears.
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Global auto K function method i =0 =]

—Metwark
Layer |G¥zanet_sample_data¥areroadshp £ |
Weight field  |leneth |
—Paints
Laver |G:¥sanet_sample_data¥rsdptsshp | |
—Simulation
Humber of iteration | 1000
Bin width I 10
Statistical significance levell%] I 5
—Output files
Cbeerved valus IO:¥Sanet_SampIe_data¥0utput¥8P.NETKFunc:Observed\.-’alueJ::S\-' =
Expected value |O:¥Sanet_sample_data¥uutput¥5F'uNETKFuncExpectedValuezsv |
Graphics |O:¥Sanet_sample_data¥output¥5P.NETKFuncExpectedValue.R |
I Cutput logs

s | Cance| |

status

Choose ' the file name of a network (e.g., orgroad.shp: street network in the sample

data set)

Choose 3 the file name of a set of points (e.g., rsd_pts.shp: location points in the

sample data set).
Fill in:
¢+ anumber of iterations for Monte Carlo simulation (a default values is 1000),
¢+ a unit interval (a continuous distance is divided by the equal unit interval; a
default value is 10) ,
+ a statistical significance level (the default value is 5%).
Choose = to store the output files.
If you want to obtain intermediate files, check “Output log”. Please note that the output
file requires much memory.
Click “OK”.

If the following window does not appear, the network is completely connected. Proceed
to the next step marked by *** below.
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x|

I _ The network iz dizconnected. Do vou want to continue the process?

Yes | No J ( Cancel

If this window appears, the given network is not completely connected. In that case, see
p.55 to find out your next step to proceed.

When the network is completely connected or if you click “Yes” in the warning window,
the program begins to run. If you do not have any trouble such as memory overflows,
you obtain the following three files.

The contents of the resulting files are as follows.
+ SANETObservedValue.csv

[4A B c
1 |FromPntifToPntiD  Distance
2 0 1 1177.096
3 0 2 3615.931
4 0 3 2201724
5 0 4 1864.719
6 0 5 723.519
7 0 6 1214.798
8 0 7 1393.547
9 0 8 4468.943
10 0 9 1975.764
11 n 9 1975 TRd

10295 101 91 1461.274

10296 101 92 1823.392

10297 101 93 1718.576

10298 101 94  1928.28

10299 101 95 1858.233

10300 101 96  2205.37

10301 101 98 2110.368

10302 101 99 1658.132

10303 101 100 1649.353

10304 AVERAGE 2809.0384

The first column indicates “from the i-th point”.

The second column indicates “to the j-th point ” ( i# f).

The third column indicates the shortest-path distance between those points.
The last row “AVERAGE?” indicates the average of shortest-path distances between any
pair of points.
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¢+ SANETExpectedValue.csv
This file has two tables.
The first one is as shown below.

A B C
100 150

w
(=]

8
8
8
10
10
10

10
12

[E- R TR T T T C T T Y
slojo|lalo|alo (oo
R R R R S~

=
=]

The first row indicates that the unit interval is 50 and the resulting intervals are 50, 100,

150, and so on.

Each column indicates the numbers of points within the distance given by the unit
interval xj for 1000 Monte Carlo iterations, and those numbers are ordered from the
smallest to the largest. For instance, 101 points are independently and identically
generated according to the uniform distribution over the street network for 1000 times;
then the points whose nearest neighbor points within 150 are 4, 8, 8, , .

The second table is as shown below. Note that the file size of this example may be too

D

200
16
24
24
26
26
26
26

26
2R

250
a0
a0

SREERS

a6
AR

E

300
60
68
68
70
70
70
70

72
7

G

350

54

96
100
100
102
102
102

102
n7

large to fit for Excel. Access may be a better choice.

1002 Simulatiol FromPntlD ToPntlD Distance

1003
1004
1005
1006
1007
1008
1009
1010
111

11254
11295
11296
11297
11298
11299
11300
11301
11302
11303
11304
11305
11306
11307

112NQ

20 0 0 0 00909

L e == = N = TN = N = = I = N = I = [ =

2 0O 0 0 0 0 O o O

101
101
101
101
101
101
101
101
101
101
101

= I == R == == |
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S0
91
92
93
94
95
96
597
98
99
100

WM

3153.692
2269.076
3404.187
2270.249
2871.893
1864.141
3512.234
1063.375
1715 RA7

A4S, 830
3847.5335
1201.482
209.2189
3733.501
4919.234
2757.466
190.2816
2622.348
1466.652
3256.543
685.3707

2009.95

1359.592
an? 1745

400
122
122
128
136
136
136
136

138
140

450
164
168
174
176
178
178
180

180
127

501
201
22,
22
22
22
221
221
22i

=l



The first column indicates the i-th iteration of Monte Carlo simulation.

The second column indicates “from the j-th point” in the point set.

Third column indicates “to the k-th point in the point set.

For instance, the above table shows part of the output of the 0-th iteration, where the
shortest-path distances are from the 0-th point to the k-th point (k =1, 2, ...., 100).

At the end of this file, AVERAGE appears, e.g., AVERAGE 2824.017907. This implies

n(n

that the average of the -1 shortest-path distances between any pair of points in

the point set.

¢+ SANETGraphics.R
To visualize SANETGraphics.R, please see section 5.2.

Reference
Okabe, A. and K. Sugihara (2012) Spatial Analysis Along Networks: Statistical and
Computational Methods, Chichester: John Wiley, a volume in the Wiley series of
Statistics in Practice.

4.14 Tool 14: Global cross K function method

Given two sets of points, a set of type A points and that of type B points, placed on a
given network, this tool tests the complete spatial randomness (CSR) hypothesis. The
CSR hypothesis means that points are independently and identically distributed
according to the uniform distribution over the network, or points follow the homogeneous
binomial point process on the bounded network, implying that the configuration of type
A points does not affect the distribution of type B points.

To state this test explicitly, consider a set of n, type A points and that of n, type B
points, and let n(z| p, ) be the number of type B points that are within shortest-path

distance ¢ from the i-th type A point P, »and py be the density of type A points on

the network. Then the local cross K function is given by

1 D ] pa)
Kt py)=—=""——"—.
N

Ps

In the literature, the global cross K function method is simply referred to as the cross K
function method. A general review of the cross K function method is illustrated in Chapter
6 in Okabe and Sugihara (2012); specifically, the global cross K function method is
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described in Section 6.2.2, and its application in Section 12.2.3.2..

Click the “Global Cross K function Method” in the SANET menu.

[ SANET 4.1 Standalone =10I x|
Voronoi diagram | Global auto nearest neighbor distance method I
! Delaunay diagram | Global cross nearest neighbor distance method I
Local cross nearest neighbor distance method I

Kernel density estimation

Interpolation Global auto K function method |

| Point clustering method

Global cross K function method ||

Random points generator Local cross K function method I

Voronoi cross K function method |

Shortest-path distances between points in a point set |

Shortest-path distance between A points to B points | Setting |

Network characteristics: polylines, points and links | | Register |
This license expires on 2016:03:30. EXIT |
' Y

Then the following window appears.

Global cross K function method 18 ~|of x|

— Metivork
Layer |O:¥Sanet_sample_data¥nrgrnadshp | |
Weight field IIength LI
—Paoints
Tvpe A points |O:¥Sanet_sample_data¥stareptsshp =
Type B palints |O:¥Sanet_sample_data¥rsdptsshp £
—Simulation
Mumber of iteration | 1000
Ein width [ 10
Statiztical zignificance leveal[%] | 5
—Oﬁtput fileg
Obzerved value |O:¥Sanet_sample_data¥autput¥5F'uNETOKFuncOhservedValuessv =
Expected valus IO:¥Sanet_sample_data¥output¥5F'.NETOKFuncExpectedVaIue;:sv |
Graphics lO:¥Sanet_sample_data¥autput¥5F'uNETOKFuncExpectedVaIue.R |
[ Dutput logs
ok | caneel |

status
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Choose = the file name of a network (e.g., orgroad.shp: street network in the sample

data set).

Choose .

The file of type A points (e.g., store_pts.shp: store location points in the sample data

set; type A points are supposed to be structural points)

The file of type B points (e.g., rsd_pts.shp: location points in the sample data set; type

B points are supposed to be temporal points).

Fill in:

¢+ the number of iterations for Monte Carlo simulation (a default values is 1000),

¢+ aunit interval (a continuous distance is divided by the equal unit interval; a default
value is 10; in this case, the resulting intervals are 10, 20, 30,.....),

+ a statistical significance level (the default value is 5%; one-sided).

Choose = the out file where the resulting files are stored

If you want to obtain intermediate files, check “Output log”. Please note that the output
file requires much memory.
Click “OK”.

If the following window does not appear, the network is completely connected. Proceed
to the next step marked by *** below.

l The network iz disconnected. Do wou want to continue the process?

| Yes ' No ' Cancel

If this window appears, the given network is not completely connected. In that case, see
p.55 to find out your next step to proceed.

*k%*

When the network is completely connected or if you click “Yes” in the warning window,
the program begins to run. If you do not have any trouble such as memory overflows,
you obtain the following three files.
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| SAMETCKFuncExpectediialue cav 2015/08,/15 22:35 eV e )l 149 KB
| SANETCKFuncGraphics R 20150815 22:35 R 2w b KB
|#| SANETCKFuncObzervedValue cav 2015709515 2235 GEV 2P 3 KB

+ SANETCKFuncObservedValue.csv

| 1 2 3
Typh TyeB Distance
0 763664
1 1071162
2 5413666
3

L5 R o R e

1058.01 85

Einatatatur]

Do O DO

™ 5 - =Y

41 187.3803
42 1182154
43 T80 TY
44 1872045
45 1151801
46 743575
145 Pl 47 1752685
146 |AVERAGE 251 3185

[ T I T ST e T e

The first column indicates “from the i-th point of type B”.

The second column indicates “to the j-th point of type A”.

The third column indicates the shortest-path distance between those points.
The last row “AVERAGE” indicates the average shortest-path distance.

¢+  SANETCKFuncExpectedValue.csv

1 2 3 4 5 6 7 8 9 10
1| 10.| 20 30 40 50 60 70 g0 a0 100
2 8] 8] 8] 8] 1 2 3 3 g 11
3 8] 8] 8] 1 1 2 3 7 9 11
4 8] 8] 8] 1 1 2 5 7 9 11
5 8] 8] 8] 1 2 3 5 7 9 11
6 8] 8] 8] 1 2 3 5 2 10 11
¥ 8] 8] 8] 1 2 3 5 g 10 12
8 8] 8] 1 1 2 4 G g 10 12
9 0 0 1 1 2 4 G g 10 18
10 8] 8] 1 1 2 4 G g 10 134
11 8] 8] 1 1 2 4 G g 10 1%
2 8] 8] 1 2 3 4 5] g 10 13

o
ul

A l

The first row indicates that the unit interval is 10 and the resulting intervals are 10, 20,
30 and so on.

Each column indicates the numbers of points within the distance given by the unit
intervalxj for 1000 Monte Carlo iterations, and those numbers are ordered from the
smallest to the largest.

¢+  SANETCKFuncGraphics.R
To visualize SANETCKFuncGraphics.R, please see section 5.2.
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Reference
Okabe, A. and K. Sugihara (2012) Spatial Analysis Along Networks: Statistical and
Computational Methods, Chichester: John Wiley, a volume in the Wiley series of
Statistics in Practice.

4.15 Tool 15: Local cross K function method

Given two sets of points, a set of type A points and that of type B points, placed on a
given network, this tool tests the complete spatial randomness (CSR) hypothesis. The
CSR hypothesis means that points are independently and identically distributed
according to the uniform distribution over the network, or points follow the homogeneous
binomial point process on the bounded network, implying that the configuration of type
A points does not affect the distribution of type B points.

To state this test explicitly, consider a set of n, type A points and that of n, type B
points, and let n(z| p, ) be the number of type B points that are within shortest-path

distance ¢ from the i-th type A point P, » and py be the density of type A points on

the network. Then the local cross K function is given by

1
K] pA,) =—n(t] Pa, )-

B
A general review of the cross K function method is illustrated in Chapter 6 in Okabe and
Sugihara (2012); specifically, the local cross K function method is described in Section
6.2.1, and its application in Section 12.2.3.4 (note that type A and type B are reversed
in their book).
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[ SANET 4.1 Standalone =0

Voronoi diagram | Global auto nearest neighbor distance method

Delaunay diagram | Global cross nearest neighbor distance method |

Local cross nearest neighbor distance method

Kernel density estimation

Iterpolation Global auto K function method |

Global cross K function method |

Local cross K function method I

Voronoi cross K function method

| Point clustering method

Random points generator

Shortest-path distances between points in a point set l

Shortest-path distance between A points to B points | Setting |
Network characteristics: polylines, points and liks | | Register |
This license expires on 2016:03:30. EXIT I

! 4

Click the ‘Local cross K function method’ in the SANET menu.
Then the following window appears.

Local cross K function method ] _|EI|1.|

—hetwark.

Laver |O:¥sanet_sample_data¥orgroad.shp o | |
Wieight field  |leneth =1
—Paints
Tvpe & poirts |O:¥Sanet_sample_data¥st0reptsshp =
Type B points |O:¥Sanet_sample_data¥rsdjtsshp 3
—Simulation
Mumber of iteration I 1000
Bin midth I 10
Statistical significance level[¥] I 5
—Output files
Observed value |C¥zanet_sample_data¥output¥S AMETLocalGK FuncObservedValue ey |
Expected value |O:¥sanet_sample_data¥output¥5F'.NETLoc:aIOKFuncExpectedVa lue szy |
Graph-ics |O:¥Sanet_sample_data¥0utput¥8HNETLDcaIOKFuncGraph ics|R =

[T Output loes

(o] 8 I Gancel |

status

Choose = the file name of a network (e.g., orgroad.shp: street network in the sample

data set).
Choose 3. the file of type A point set (e.g., store_pts.shp: location points in the
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sample data set), the file of type B point set (e.g., rsd_pts.shp: store location points in

the sample data set). Recall that the local cross K function deals with the number of type

B points within a parametric shortest-path distance from the i-th point in the type A point

set.

Fill in:

¢+ anumber of iterations for Monte Carlo simulation (a default values is 1000),

¢+ aunit interval (a continuous distance is divided by the equal unit interval; a default
value is 10; in this case, the resulting intervals are 10, 20, 30,.....; in the example,
10 was used),

+ a statistical significance level (the default value is 5%; one-sided).

Choose A to store the resulting output files, and
Click “OK”.

If the following window does not appear, the network is completely connected. Proceed
to the next step marked by *** below.

l The network iz disconnected. Do wou want to continue the process?

| Yes No Cancel

If this window appears, the given network is not completely connected. In that case, see
p.55 to find out your next step to proceed.
When the network is completely connected or if you click “Yes” in the warning window,
the program begins to run. Note that for 2 type A points and 47 type B points on the street
network in the sample data set. Also note that this computation requires much output
space, and so your computer memory might be overflowed. When you use the local cross
K function, you are interested in particular type A points, and so you are supposed to use
a small number of type A points. To shorten computational time, you may choose a long
unit interval, say 100 (the default is 10).
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If the memory is enough, the following files are obtained in the output file. The number of
files is the number of A points multiplied by three. In the example, the number is nine
(three multiplied by three).

|#| SAMETLacalCKFuncExpectedValue cavloay 2015/09/15 2212 SV R ) 124 KB
|#| SAMETLacalCKFuncExpectedValue sav 1 oav 2015409415 2212 CEV e 109 KB
|#] SANETLocalCKFuncExpectediialue cew 2 cay 2015/09,15 22:12 CEY 2w M 128 KB
|| SANETLocalGk FuncGraphics Ry 2015409415 2212 R 774 h KB
| | SAMETLacalCKFuncGraphics Ry 2015/09/15 2212 R 271 B KB
|| SANETLocalCKFuncGraphics R2r 2015409415 2212 RI7A b KB
|#] SANETLocalCkFuncObzervedvalue cavl cev 2016/09,15 22:12 CEY 2w M 1 KB
|#| SAMETLacalCKFuncObservedValue cav 1 cav 2015/09/15 2212 SV R M 1 KB
|#| SAMNETLacalCKFuncObservedValue cav2 cavy 2015409415 2212 CEV e 1 KB

¢+ SANETLocalCKFuncObservedValue.csv

A B C
1| ID ToPntlD Distance
2 ] 0 2992.523
3 ] 1 1154.274
4 0 2 2381.217
5 ] 3 2420.4%4
& ] 3 2420494
7 ] 4 1829.308
g 0 5 3219.903
a n &/ 12an A0A
b T w —Hu DL LAY
43 o 41 3367.795
44 ] 42 3382.072
45 0 43 2103.076
a6 ] 44 2091.224
47 0 45 652.6292
48 0 46 3482.345

43 AVERAGE 1821.108

The first column indicates the i-th point in the type A point set.

The second column indicates the j-th point in the type B point set.

The last column indicates the shortest-path distance between those points.
The last row indicates the average distance fom the i-th A point to evey B point.

¢+ SANETLocalCKFuncExpectedValue.csv

This file has two tables.
The first table is shown below.
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A B C D
SimulatioiTypeA  TypeB  Distance
1] 0 1443.21
1 2875.671
2 2785.1
3 3325.874
4 1031.78
5 1633.424

& 279 @7

1
2
3
4
3
i]
7
@

= T =T =R == == |
oo o o o o o

QU SUU.EDUS
41 1495.888
42 2163.716
2172.226
257.8137
841.3883
1862.649

Q0L e e
[=E=N=N ===
&6 k&

0

AVERAGE 19388.712
1 n N IR0 522

S (d ||| | A

4430 g9 u 41| 3bd.4000
47956 999 0 42 2629.683
47997 999 0 43 1764.055
47993 999 0 44 4320.192
47999 999 0 45 1343.431
48000 999 0 46 2469.002

48001 AVERAGE 2171.234
48002 ALL AVER! 2264.785

The first column indicates the i-th iteration of Monte Carlo simulation.

The second column indicates “from the j-th point of type A”.

Third column indicates “to the k-th point of type B”.

The last column indicates the shortest-path distance between those points.

The last row “AVERAGE” of each simulation indicates the average of those shortest-
path distances (e.g., the 9th row is the average for the first (denoted by 0) simulation.
The last row of the last simulation (e.g., 999) indicates the average of the averages of
all simulations.

The second table is shown below.

43004 100 200 300 400 500 600 700 800 900 1000 1100
48005 o 0 0 o 0 0 o 0 0 1 11
43006 o 0 0 o 0 0 o 0 0 1 T
43007 1] 0 0 1] 0 0 1] 0 i 1 1 |
43008 1] 0 0 1] 0 0 1] 0 ¥ 1 2
48009 o 0 0 o 0 0 o 0 i1 1 2
43010 0 0 0 0 0 0 0 0 i 1 2
43011 1] 0 0 1] 0 0 1] 1 1 1 2

The row indicates intervals (with a chosen unit interval). For instance, 100, 200, 300,
and so on.

The column indicates the numbers of type B points within the unit interval for 1000
iterations, and those numbers are ordered from the smallest to the largest. For instance,
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in the 900 column, the numbers of the type A points within 900 are: 0, 0, 1, 1, ... (a
number of these numbers is 1000) for 1000 iterations.

¢+  SANETLocalCKFuncGraphics.R
To visualize SANETLocalCKFuncGraphics.R, please see section 5.2.

Reference
Okabe, A. and K. Sugihara (2012) Spatial Analysis along Networks: Statistical and
Computational Methods, Chichester: John Wiley, a volume in the Wiley series of
Statistics in Practice.

4.16 Tool 16: Voronoi cross K function method

Given two sets of points placed a network: a set of type A points (its numberis n,; a
network Voronoi network is generated by A points; an example a network Voronoi
diagram is shown in Figure 1 in Section 6.1) and that of type B points (its numberis n,),

this tool tests the complete spatial randomness (CSR) hypothesis in terms of the number
of type B points that are within a parametric shortest-path distance t from their nearest
type A points. To state it a little more explicitly, consider the shortest-path distance from
every type B point to its nearest type A point. Note that if a type B point is placed in the
Voronoi subnetwork of the i-th type A point, the nearest type A point from the type B point

is the i-th type A point. The number of the resulting shortest-path distances is n,. Next

consider a function, K(t), that indicates the number of type B points satisfying that the
associated shortest-path distances are less than t. The tool tests the CSR hypothesis
with K(t).

Click the “Voronoi Cross K function Method” in the SANET menu.
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f# SANET 4.1 Standalone j -10( x|

Voronoi diagram | Global auto nearest neighbor distance method |

Delaunay diagram I Global cross nearest neighbor distance method I

Local cross nearest neighbor distance method I

Kernel density estimation

! Interpolation

Global auto K function method |

Point clustering method Global cross K function method |

Local cross K function method |

| Voronoi cross K function method I

Shortest-path distances between points in a point set I
Shortest-path distance between A points to B points I Setting l

Random points generator

Network characteristics: polylines. points and links | | Register |

This license expires on 2016:03:30. EXIT l
| 4

Then the following window appears.

Voronoi cross K function method i _IElliI

—Metwork
Layer IO:‘-\&'Sanet_Sample_data¥0rgroadShp = |
Weight field  [leneth =]
— Points
Tupe & poirts |S¥sanet_sample_data¥store_ptsshp |
Type B points |O:¥Sanet_sample_data¥rsdptssh|:u a
—Simulation

MNumber of iteration I 1non
Bin width [ i
Statiztical sienificance level[¥] I i

—Cutput files
Observed vallie |O:¥sanet_sam|:|Ie_data¥out|:uut¥8HNETUOKFuncObservedValueJ::SV =
Expected value |O:¥sanet_sam|:|Ie_data¥nut|:uut¥5HNE'I"-.-'OKFuncExpected\.-‘aluessv |
Graphics IO:¥Sanet_SampIe_data¥0utput¥5.°|NEWOKFuncGraphics.R |
[ Output loes -
18 | Gancel |

statuz

Choose = the file name of a network (e.g., orgroad.shp: street network in the

sample data set).

Choose 4. the file of type A point set (e.g., store_pts.shp: location points in the

sample data set), and the file of type B point set (e.g., rsd_pts.shp: store location
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points in the sample data set).

Fill in:
¢+ anumber of iterations for Monte Carlo simulation (a default values is 1000),
¢+ a unit interval (a continuous distance is divided by the equal unit interval; a
default value is 10; in this case, the resulting intervals are 10, 20, 30,.....),
+ a statistical significance level (the default value is 5%).
Choose 3 to store the resulting output files, and
Click “OK”.
If the following window does not appear, the network is completely connected.
Proceed to the next step marked by *** below.

l The network iz digconnected. Do vou want to continue the process?

[ Yes No Cancel

If this window appears, the given network is not completely connected. In that case,
see p.55 to find out your next step to proceed.

When the network is completely connected or if you click “Yes” in the warning window,
the program begins to run. If you do not have any trouble such as memory overflows,
you obtain the following three files.

|| SANETWCKFuncExpectedifalue cev 20150915 22:20 CEW 2 )L 79 KB
|| SAMETWCKFuncGraphics R 2015/09/15 2220 R 274 ikE
|#| SANETVCKFuncObzervedalue cav 2015709415 2220 CEVY FeA Ul 1 KB

¢+  SANETVCKFuncObservedValue.csv
1 2 3

FromPrtID TaPrtlD  Distance

0 0 763664
1 1071152
2 5413666
3 10301585
4 TE.2003
o9 8553
6 1345535

[ B ==l ', I §

DD D D D DD
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I 0 L I R

&
43 i 40 2085674
44 2 421 1192154
45 i 43 TEONTT
46 i 44 1872045
47 i 45 1151871
48 P 46 T45575
49 i 47 1752685

30 |AVERAGE 11895153

The first column indicates “from the i-th point of type A”.
The second column indicates “to the j-th point of type B”.

The third column indicates the shortest-path distance between those points.
The last row “AVERAGE” indicates the average distance.

wJ

3 4 5 6 7 8 9 10

I

o)

(Y= RN = (R TN SR B =y
=
P D O o D DO D DO .D
=]
PO D OO D DD oD O O
e ot B o L [ Y [ Lo I [ ) ]
R e e i e e B e e o)
I o T o T e R S R S I e T b R e i
R N N R A o T o Y T T S ST S
I R R R R0 R IRL) R o o
3000 00 Q0 Q0 Q0 o e - O
—_ -
[ Rhe]

' P P
[ =]

¢+ SANETVCKFuncExpectedValue.csv

The row indicates bin lengths. For instance, 10 means the bin length is 0-10; 20
means the bin length is 10-20; and so on. While the column indicates the numbers of
points in the i-th bin for 1000 iterations, and those numbers are ordered from the
smallest to the largest.

¢+ SANETVCKFuncGraphics.R
To visualize SANETVCKFuncGraphics.R, please see section 5.2.

Reference
Okabe, A. and K. Sugihara (2012) Spatial Analysis Along Networks: Statistical and
Computational Methods, Chichester: John Wiley, a volume in the Wiley series of
Statistics in Practice.
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4.17 When SANET claims “The network is disconnected”
As you run SANET, you may occasionally come up with the below window;

Warnine x|

l h The network is disconnected. Do you want to continue the process?

E No }[ Cancel ]

If this window appears, the given network is not completely connected.

If you say “Cancel”, the SANET do nothing.

If you say “Yes”, the SANET chooses the largest connected network included in the
give network.

If you say “No”, the SANET gives you following six file.

|| WARNING dbf 2015409418 17:26 DEF 27l 14 KB
|| WARMNIMNG shp 201509518 17:26 SHP 77 )l 5 KB
|| WA RMIMNG sh 2015409418 17:26 SHx ZvA )l 1KE
|| WARMNING_PWT dbf 2015409518 17:26 DEF 274 )l TKE
|| WARNING_PNT zhp 2015409518 17:26 SHP 27 )l 2KB
|| WARNING_PNT zhx 20150918 17:26 SH 27 ) 1 KB

When you add this Shapefile on ArcGIS, for example, you will be provided with the
below warning map which indicates disconnected parts by color.

File Edit ‘“iew Bookmarks Iheert Geoprocessing  Cusztomize  Windowz  Help
WECERY IRy i EHE
Table Of Canterts
88|

= = Layers
= WARMNIMNG
— <all other values>
AczlD
=

— |

— )

—

The attribute table shows disconnected links by numbers on the AcsID column.
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ITEEE

= — 2 T —

FID Shape SegtiD FromX From FromZ ToX ToY ToZ FromPntiD ToPntlD Length Weicht m

| 36 |Polyline ZM 000000001 FDIECO -12344 541 758 —34133 005203 0] -12371318321 —34245 142563 0 [D00000001 FODE41 (000000001 FDDSST 5591075 [x] 3
| 37 |Polyline ZM 000000001 FOIECS -12371 316321 —34243 1 42563 0] -12331304476 —34321 545535 0 |000000001 FOLE57 000000001 FDDE6D 53506125 [x] 3
38 [Polyline ZM 000000001 FOIED? —12331 304476 —943721 548595 0] 12335516243 —94391 342854 0 |D00000001 FLOEG0 | 000000001 FDDE 78 BAR2TTTI [x] 3

28 |Polyline ZM 000000001 FD2EDE -12336516248 —84391 249864 0] 12413434064 | -34232044816 0 |D00000001 FOL&72 | 000000001 FODE82 77820867 [x] 3

40 [Polyline Zh 000000001 FDIEE4 -12413 434064 | -34397 044816 O] -19413434054 | -54433 778240 0 |[000000001 FOD&:3 (000000001 FDDS3E 4773343 a 3

| 34 |Polyline ZM 000000001 FOIEAE -12510304833 —34215 854302 0] -12436265594 | -34263373309 0 |000000001 FDDE20 | 000000001 FDDE 36 45 730023 [z] 2
35 |Polyline ZM 000000001 FOIEET -12436.265594 | —-34203 373353 0] -12500477365 -34323570173 0 |000000001 FDDE36 000000001 FDDE40 TO32246 [x] 2

32 |Polyline ZM 000000001 FDIEIC —12396 586961 —94703 318944 0] 12407818356 —94248 142563 0 |D00000001 FOLE15 | 000000001 FDDYES 45 627544 [x] 1

22 |Polyline ZM 000000001 FO2EAS 12407 212366 —842481 49662 0] -123302638201 -84257 262072 0 (000000001 FOO7ES  |000000001 FODE2E 19773896 [x] 1

0 [Polyine ZM 0000000021 06CES -1229401 2089 —342201 961566 0 -12346 520667 -94279.740299 0 |D000000021 OGEZT | 0000000021 ORE2C F2R04547 B2 504547 o

1 |[Palyiine ZM 0000000021 06 GED —-12346 520667 —94279 740333 o -12370802803 —94307 22361 000000000271 06EZC | DODO000071 DBE42 36ATE043 36 RTE043 o

2 |Folyline ZM 0000000021 06 CO7T -12370502503 -34307 22361 0] -12371 /30283 —34346.1 25346 0 |0000000021 0GE42 | 0000000071 O6E4D 38 304665 38304665 o

% [ Brhdine 7hi FOOANRNNAT AR —i5RTI RARGRT | —Gd3dR 1 9FAdR Al —199ak 99404 | —adrds 1 20671 A ANANAONNE AREAD  AOOONO00S 1 ARER S T ATTIRA | TR dnTahd i

If you think that the disconnected parts should be connected, click “Setting” in the
SANET menu. Then the following window appears.

Setting a tolerance value =10l x|

Wertex tolerance nooont

= Eanee |

Y

The “Vertex tolerance” means that if the distance between two nodes (vertexes) is less
than 0.001(the unit depends on the scale of the map you are using, default is 0.00001),
then two vertices are regarded as the same. You change the tolerance distance and try
again. If your network is still disconnected, you are supposed to connect disconnected
parts using tools in ArcGIS or QGIS.
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5 Visualize the SANET sample results on ArcGIS, R and QGIS
5.1 Visualize on ArcGIS and ArcScene
Launch ArcMap and add the Shapefile which the SANET yielded. Open the layer
properties window and set “Value Field” and add values at the symbology tab to make
the layer look properly. The below is an example of setting “Symbology”.

Laver Properties

"Gereral I Source I Selection I Display Symbology | Fieldz I Definition Gluery I Lat

Show:
Pran categories using unique values of one field.
Features
Categories —walue Field Color Ramp —
[ _iriique values IA.CSID ;I .
Unique walues, many fi - -
Mat_cp to symbols in a Symbal I Walue I Label
g:anttltles - <all other walues: <all other walue sk
arts
Multiple Attributes <hieadines AcslD
o -9 -39
8 -1
$# 0 u}
i E | |
8 ?
Add Al Walues I Add Walues.. Femane Remaon

® Tool 01:Voronoi diagram

Fil=  Edit ‘iew Bookmarks Inheert Selection Geoprocessine  Customize  Windows  Help
DBE& BB x| (D g [PPA] =l ]l

@lk'l R gm0 @ FE NS S @ E—-
ants
EEEE "

= =# Layers
= SAMETYoronaiPrt
& <all other values>
ezl Y &
-89
& -1

g0
B 1 C?
8!

= store_ptz

= SAMETYoronoiSet
— <all other values>
ficsID
— [
1

—_—1

= O oreroad
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® Tool 02:Delaunay diagram

File Edit Miew Bookmarks
Npda AR X (9D

Ingert

Selection  Geoproceszing Customize  Windows  Help

HxEEEE0RE

QA@ 25 e W T k(@ FE 2 MNSSE B

El = Lavers
=] SANETDelaunay Pt
*
= store_pts

= SAMETDelaunaySet
— <all other walues>
Delaunay

—
—
—

® Tool 03: Kernel density estimation

File Edit Wiew Bookmarks

NP EGS BB X2 b
Q@ iiem E-En Q7B =MD TR

@ &

rtt

EERECIE

Inzert

Selection  Geoprocessine  Customize  Windows Help

HiL B E S fe g

Bl =f Layers
=] SAMETEDens ity Pt
Z\al
0000000 - 004888
0504889 - 1192823
1192824 - 1747385
17473086 - 2403172
2403178 - 3E73474
= SANETEDengitySet
frerage
0137196 - 0810371
0810372 - 1308499
1308500 - 1817137
— 1817138 - 2406305
— 2495306 - JE61864

* @ o 9 O

&

B R A+ S+ T4 R N S, S P S S 9

oo o O QD

Lo o S e ¢ Qo OO P o

60



Above figure is classified as below;

.Generall Source | Selection | Digplay = Symbology | Fields | Definition Gluery | Lab‘els-l Joins & Relates I Tim

Shou
Features -
Categories i~ Fields
Quan tities Value:
B Giradustec

.. Graduated symbals

IPraw quantities using color to show values.

Maormalization: Inone

|2val

i Proportion sl symbals
Charts

Calar Ramp: | |

Multiple Attributes

Symbol | Ranes. S|

how:

Impart. I

Time

Pu- quantities using color to show values.

Clas_si-ﬁc:at'iqn
= Matural Breaks (Jenks)
Layer Properties

Joins & Relates |
General | Sowce | Selection | Display ~ Symboley | Fields | Definition Query | Labels

o 0000000 - 050453 Ft:hus e —
& 0504889 -119282 g:;‘:”":: S [—3 R s
@ 1192824174738 Orediahed ool osrese Te—
@ 1747386 -240317 Gradusted symbols | ormekzation: fnone T I"’ j' M
& 2403173 - 367347 Proportionsl symbols
anur o B T
Multiple Attributes Symbol | Rence Lebel |
[~ Show class ranges using fea 0137196 -081037 0137196 -081037
0810372 -1 308499 0810372 -1 308498
1308500 - 1 817137 1308500 -1 817137
1817138 - 2495305 1817138 - 2495305
2495306 - 3661863 2495306 - 3661863
[~ Show class renges using festure values Advanced «

Launch ArcScene, and you can present the figure in 3D.

Add the SHAPEFILE;SANETKDensitySgt.shp using ¥ button.

File Edit “iew Bockmarks Selection Geoprocessine  Customize  Windows  F

R ES kX

“ ﬁ@mlﬁm}“ﬁg
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! {Den t

= Bl Copy
X BRemaowe
— PRefresh

Scale 30 Swmbols:

E Open Attribute Table

Joinz and Relates 3
-’J.'/ Zoom To Laver

Selection 3

Edit Features '--

g Corvert Features to Graphics..

Data »

Save Az Laver File..

Create Laver Package. .

[or Properties. |

Go to layer properties to set the extrusion information.
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+ Base Heights : Set the elevation value such as 2.0 to exaggerate a bit.

Layer Properties x|

Time I Extrusion I Rendering I HTHL Papup
General I Source I Selection I Dizplay I.Symbolngy I Fields | Definition Query I Joinzs & Relats Basze Heights

i~ Elevation from surfaces
& No elevation values from a surface

£ Flating onia custom surface:

I = =
Raster Resalubion,.

-~ Elevation from features
" Mo feature-based heights

1+ Use elevation values in the layer's features

Factor to convert layer elevation values to scens units: |U_|5tom A II 2

—
 Use a constant value or Expression:

= =1 =
= |
~Layer offset E
Add a constant elevation offset in scene units: ID -
5 = A
E =

TTT

About setting base heights

ok | xevbi | @R

¢+ Extrusion:

Layer Properties x|

" General I Source I Selectio I=play vipology | Fields I Definition Cuersy I Joinz & Relates Baze Heights I
Time | Rendering I HTML Popup

~ Extrude featuresin layer. Extrusion turns points into vertical lines, lines into
walls, and polygons into blocks.

Extrusion value or expression:

using it as a value that features are extruded to

I~

-~

About using extrusion as 30 symbology

ok | el | A |

Finally, you get the below 3D presentation of Kernel Density
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4 35 — ArcScene 1

File Edit ‘“Wiew Bookmarks Selection Geoprocesszing Customize  Windows
£ P ST [ g
OpEasl s @8

Help

x| oo DEREED L E~oa £

=10l x|

EER:

=i Goene lavers
=l SHMETED
s
4
® Tool 04: Interpolation
File Edit Wiew Bookmarks Theert  Selection  Geoprocessine  Gustomize  Windows  Help
LECERY IRy [Pl T Tl
QOO e T R @SB RS D Lebelier i i B o
Table Of Contefts
3G 8| .
= = Layers o 1
= B SANETIterpolatePt o ek
Zval o T LA
o 0000000 - 1248533 " d @ J 2 &
o 1248524 - 2797513 4] o o
@y > & o o d
@ 2797514 - BOGRERL &g ol e &
@ hOGEERE - 105809822
1 1 1 1 [l o
» 10589523 - 20000000 3¢ oo o g e % of
= SAMNETInterpolateSet o Qo0 d
fverage o FUP & d !
0000000 - 158721 ; ; o o 0
1987272 - 2869050 o o z J o i
2883851 - 5120933 2 J s
— 5120334 - 10468028 . 2 . oo o0
_ o o
— 10468029 - 151455563 OO o o o‘
= rzd_pts o o o o5
Elewation k&l o 3= o 01
o | & ooo® | o
1
o 5 o 2 ghl.g 2 4 .
e 16 B o e
e 20 @ o0 d
o B S 1
&

ArcScene will give you the 3D presentation of Interpolation in the same manner as
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you did with Tool 03 ; Kernel Density Estimation.
o

File Edit Wiew Bookmarks Selection Cieoptocezsing  Customize  Windows  Help
Ex 0 DERER0RE e a b
- ,IZ' n¥. e

=Y

[]e 8

— Scene lavers
= SAMNETIhterpolateset

[« [+]

[l featurez selected

Here, the elevation value is set to 1.5.

® Tool06:Random points generator

File Edit ‘iew Bookmarks Insert Selection Geoprocessing Customize  Windows  Help

@S HBR X (90D 2 [FEAR=R e iR
ACHCY R« TR AR SR W RSl W el Rl i Labeling~ iz & &

able Of Contents
3S8
= =f Layers

= SBMHETRandomPaint

*
= orgroad
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5.2 Visualize the results on R
Launch R program, and click “Files”.

Then the following window appears.
| File Edit Wiew Misc Packazes Winde

Source B code..

Hew zcript

Open script...
Dizplay filelz)..

Load Workzpace..

2 2015-08-14) -
Save Workspace.. ke )

= - P15 The R Foum
Load History... § —wed-mingw32
Save Histor'y...
ire and comes

% to redistribu
Print... or: *licence|
Save to File..

. Btive projegt, 1
2 br=(} "' for mom
'citation({})' on how to cite R

Click “Source R code”, select the resulting output file, and open it.

® Tool 05: Point clustering method

SANETClustering.R
Selecting the SANET yielded R file, the following dendrogram is obtained.
|F R Graphics: Device 2 (ACTIVE) T = 1of =]

Cluster Dendrogram

60

50
|

40

Height
30
1

20

10

as.dist(data)
hclust (%, "single")
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® Tool 10: Global auto nearest neighbor distance method
SANETNNDExpectedValue.R
Selecting the SANET vyielded R file, the following graph is obtained.

| R Graphics: Device 2 (ACTIVE) | o [=] |

Observed and expected nearest neighbor curves

30 40

Cumulative number of Points
20

— Obs

— Exp(Mean)
Exp(Upper5.0%)

— Exp(Lower5.0%)

10

Distance

The curves are: the observed curve; the upper and lower envelop curves for the
one-sided significance level 5%; and the expected curve under the CSR
hypothesis. If the observed curve is in between the upper and lower envelop curves,
we cannot reject the CSR hypothesis with 0.95 confidence level.

® Tool 11: Global cross nearest neighbor distance method

SANETCNNDExpectedValue.R
Selecting the SANET vyielded R file, the following graph is obtained.
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| R Graphics: Device 2 (AGTIVE)

=1olx

Observed and expected conditional nearest neighbor curves

40

Cumulative number of Points

Obs
— Exp{Mean)

- Exp{Upper5.0%)
—  Exp(Lower5.0%)

10

Distance

The curves are: the observed curve; the upper and lower envelop curves for
significance level 5%; and the expected curve under the CSR hypothesis. If the
observed curve is in between the upper and lower envelop curves, we cannot
reject the CSR hypothesis with 0.95 confidence level.

® Tool 13: Global auto K function method

SANETKFuncGraphics.R
Selecting the SANET vyielded R file, the following graph is obtained.
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| R Graphics: Device 2 (ACTIVE) . =10l x|

Observed and expected K function curves

40

20

Cumulative number of Points

Obs

Exp(Mean)
Exp(Upper5.0%)
Exp(Lower5.0%)

10

Distance

The blue curve indicates the observed curve;

the red curve indicates the mean value under the CRS hypothesis;

the green and pink curves are, respectively, the upper and lower envelop curves
under the CSR hypothesis.

® Tool 14: Global cross K function method

SANETCKFuncGraphics.R
Selecting the SANET vyielded R file, the following graph is obtained.
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| R Graphics: Device 2 (ACTIVE) =10l |

Observed and expected cross K function curves
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The blue curve indicates the observed curve;

The red curve indicates the mean value under the CRS hypothesis;

The green and pink curves are, respectively, the upper and lower envelop curves
under the CSR hypothesis.

® Tool 15: Local cross K function method

SANETLocalCKFuncGraphics.R
Selecting the SANET vyielded R file, the following graph is obtained.
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-’ R Graphics: Device 2 (ACTIVE) .r_lgj.’_q
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|? R Graphics: Device 2 (ACTIVE) =lolx|

Observed and expected cross K function curves
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The blue curve indicates the observed curve;

the red curve indicates the mean value under the CRS hypothesis;

the green and pink curves are, respectively, the upper and lower envelop curves
under the CSR hypothesis.

® Tool 16: Voronoi cross K function method

SANETVCKFuncGraphics.R
Selecting the SANET vyielded R file, the following graph is obtained.
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I~ R Graphics: Device 2 (ACTIVE) . =10l x|

Observed and expected Voronoi cross K function curves
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The blue curve indicates the observed curve;

the red curve indicates the mean value under the CRS hypothesis;

the green and pink curves are, respectively, the upper and lower envelop curves
under the CSR hypothesis.
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5.3 Visualize the results on QGIS

How to view SANET results on QGIS is shown here using SANETVoronoi Shapefile

as an example.

If you have already downloaded and installed QGIS on your PC, just launch QGIS

desktop and add the Shapefile which the SANET yielded.
To add SANETVoronoiSgt file is as follows.

+ Select the file in the directory window and right click your mouse button. Then
you will find “Add Layer” in you pull-down menu to select.

M Project  Edit  Wiew Lawver Settines  Fluging  Vector Ragter Database  Web  Processing  Help
SR E (L™ © M HBDO R
N 2 DR (OB 2 L >~ > 4
J7 |_' 0 @R P = N Ak [Eg] g s abs P
W o S L /% MM == = R B
Erowser @@
—ti——
'g - B zanet_output EI
[ © L SANETYoranoiPrt shp 1
Qﬁ P SANETWoron B L
C Ee L SANET MY Eng Add Selcted L
ﬁ: B SANET VA1 Datd et Lot
L Llsers Properties
R Layers @[Z|
() o o= T & O

-

Q
|

+ After selecting the coordinate reference system of your Shapefile, you will get

below image.

Project Edit  Wiew Layer Settinez  Pluging Vector Raster Databaze Web  Proceszine  Help

— == D O elolelel = . BT
O BLRR A0SLL, s HPLRALAR & G-I
y 5 Bl O\ e == o - i - ; - :
v :;( | ¥ o B /2 =2 e (B =g = nl_!_:‘ = abe lesw )
[ .BI'OWSEI' g@
Vs cev=e P Y
'D - B sanet output = __,/"// /'\\\
| o 2 SANETWoronoiPnt shp e ,// A
QD . 7 SANETYoronoiSetshp |:| ( ¥ A
B ) SANETV4_! English A l
ﬁi B || SANET V41 Data [Z{ ‘ o
Lom |leare L7 // ra
» Loprs 8% | | ‘
- N o
Q &= THAFO o
o %
% " % — SANETVoronoiSet ‘ A ‘
% ___‘\\\ ‘
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¢+ In order to view the SANET results of voronoi diagram, open the "Properties’

window.

@ | SANETVA_I Enelish o [ sy
: - ;
o e SANET M1 Data H /’ rd
il | lzmre Fet! e
Layers @[z] ‘ /’/
s
. r/
lm ", T _'; _'T Il /"
~
- el e
i Zoom to Layer el = L
- |
Show in overview p. 4
[l Remove b e
L] Duplicate L
Sh Set Layer Scale Visibility
e Set Layer CRS
Set Project CRS from Layer
Styles r
S EE| Open Attribute Table
o Toggle Editing
Criterion Save As..
Lereth Save As Layer Definition File...
) Filter...
i show Feature Count
| Rename l
FE

¢+ In your Layer Properties window, select “Categorized”.

-

11": Layer Properties - SANETVoronoiSgt | Style

Sk

| o Single Symbol v

zed

[Init

o raduated
Fule-bazed
Paoint dizplacement
Inverted polyeons
Heatmap

Calar

.”Millimeter

Transparency 0% D:

E — Line
bijses Simple line

Actions

ar ._| )} ir'| =

¢+ As for Column, choose AcsID as

Svmbalz in group

Bridleway  Canal

below
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-

_— =

A Layer Properties - SANETVoronoiSgt | Style - . . -

o Categorized v

Calumn - | &

ToZ =)

Symbal | FromPrtID ramp | Ran
| TaPrtID L

IE. Leneth

Taval
| Average
| Delaunay

Actiong

¥ Jaoinz

¢+ Press “Classify” button and press OK in the property window as below.

lon 3 b al
/| Layer Properties - SANETVoronoiSgt | Style ‘ . - o
N General :thtegorized v
Column | AcsID =
€3 Labels Symbol — Chanee.. Color ramp  Random colors v Invert
Symbol Value Legend
B Fields x 0 0
/ x — 1 1
< Rendering x ) 9
x —

. Display
@ Actions
dr
¥ Joins

|n Diagrams

q Metadata

Add Delete Delete all Advanced ~

W Layer rendering

Layer transparency §; (=
Layer blending mode Normal v Feature blending mode Normal v
Draw effects E]
Style ~ OK Cancel Apply Help

75



¢+ Then, you will view the voronoi diagram of the SANET output.
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4 About Handling SANET Setup Wizard

1. Unzip the SANET _standalone10_32.zip / SANET _standalone10_64.zip

2. Double click the executable SANET file.
3. Welcome to SANET Setup Wizard

9 SANET_win2 =l B8] wWelcome to SANET Setup Wizard

COEunn| . EEE CR T DR RS LUER S C DRSSO TL i E, C sl
igg;_ﬁvﬁj R THERCL), BT RE IR T 28 FIFRORFINUETOTS

o

SANET WIN32 Bxb 7o DF—FAEDTE 4/|—-

AL AR =5 —13 SANET WINS2 EA A — LT DB ERFIFETLE Y. <€4—

% This Setup Wizard guides

—— you the necessary steps
to install SANET

This product is protected by law
and international treaties on
copyright. Duplicate all or part of

4

~_ this product without prior
permission, and to distribute
copies without permission, please

EmlEE I note that it is a violation of
: : copyright.
Cancel NEXT

4. Select a folder to install SANET

i
#) SANET_WIN32 E=

AAR—I ZHILE—OER < —

AR —S—| 3RO Do A — o SANET WING2 FA Ak —ILLE .

O A = A A = I F S LA U 2L T e BT A — 1T
k=LA SR FELAFE AT [SRIFES AL TOIE

T A — ()

Select a folder to install SANET

If you use a folder besides this

——

default one, put the address below

SAMNET WINS2 BRI —H -, FEIFATOD - -R A - LLET:

lO:¥Program Files [x860%PASCO¥SAMET WINY ZRE(R) . * |
SRR | || T~ Browse

For all users (E)

For only this user (M)
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AVA—LOTERE <— o

2 Confirm installation

SAMET WING2 A2 2 b — )L DR T E L .

LR TR bR T, § T —— | Prepared to install SANET_WIN32

-\
Please click NEXT to start the installation

Back

Cavan | [ <mm]] Casws «—| NEXT
7. Installing SANET
SANET WIN32 &1 /A —)LLTLWET
SAMET WING2 FALAR—ILLTLET. @— InstaIIing SANET

EESEA). —
[

—— Please wait

_— Cancel

Feoel m

8. Completed installation

AVAF—LBETLEL ., <+ — Completing installation on your
@ computer

SANET WINGZ [FIELSA A —Ilb3hnE L.
RTTEIOL, BASIEI 9L TR, SANET_WIN32 has been successfully installed

Click CLOSE to finish theWizard

Windows Update . MET Framework (DEELGEIRNEDE SEREZL TS0 L

CLOSE

[(#vven | [ <m30 | —
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6 Manuals

6.1 Procedure for generating ‘buffer sub-networks’ of a generator point set using
QGIS with GRASS

The ‘buffer subnetworks’ of a generator point set on a network means: for a given network
(the gray and red line segments in Figure 1) and a given generator point set (the orange
circles in Figure 1), the shortest path distance from any points on ‘buffer subnetworks’ (red
line segments in Figure 1) to the nearest point in the generator point set is less than or equal
to a given shortest path distance x (x=200m in Figure 1). An example is illustrated in Figure
1.

)
N
R
S\

Figure 1: Buffer subnetworks (the red line segments; the orange circles are generator

points)
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1) Open QGIS 3.x with GRASS 7.x (x represents any number of the version of the
software).

Q

. QGIS 3.10

&% Grass GIs 7.8
0SGeo4W Shell
.:m»‘ QGIS Desktop 3.10.1
%) QGIS Desktop 3.10.1 with GRASS 7...
£%)  Qt Designer with QGIS 3.10.1 cust...
SAGA GIS (2.3.2)

Setup

B s

Figure 2

2) Click “New Project” icon (Ctrl+N for short-cut).

(Q Untitled Project - QGIS

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help
5 = o D P e —
NEam e LpL AR 3 &0 & # T Em-e M-

New Project F =
" @ = LI

Browser EE)
P g )
Favorites
» " spatial Bookmarks
» [&) Home
» Dex
» Dox
» CIE¥
» F¥
@ GeoPackage
/2 Spatialite
@ PostGis
P mssaL
@ Oracle
3 ps2
@ WMS/WMTS
& XYZ Tiles
@ wcs
& WFs
© ows
& ArcGisMapServer
& ArcGisFeatureServer
3% GeoNode

Layers L)
« & %Y s

Figure 3

Then the window in Figure 4 appears.
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3) Click “Open Data Source Manager” (Ctrl+L).

(@ Untitled Project - QGIS
‘ Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help
DeERRE OerLpAP L iR i BENR ~Ki-a8-& #* 2T
APV 42 # ¢ i o ® 2

B®

i Favorites

['"] Spatial Bookmarks
(6] Home

Dc

O o¥

OEex

(%

e GeoPackage

/ Spatialite

@ Postals

P mssaL

@ Oracle

B os2

@ WMS/WMTS

@ XYZ Tiles

@& wcs

&) WFs

@ ows

& ArcGisMapServer
& ArcGisFeatureServer
* GeoNode

Layers e®
vRB®YE-RBADL

Figure 4

Then the window in Figure 5 appears.

@ Browser Browser

RY®*O

. ¢ Vector

Favorites
Raster » 1% spatial Bookmarks
- » [&) Home
W% Mesh » [c¥
Delimited Text » Do
a » DJEx
;“k GeoPackage » IR
P @ GeoPackage
74 Spatialite / Spatialite
 PostgresaL ; ::Ss;glf
» MssaL @ Oracle
2 oB2
Oracle
. @ wMs/WMTS
082, pB2 » & XYZ Tiles
@ wcs
f# Virtual Layer &) WFS
) @ ows
MT:!
Q WHELWMTS & ArcGisMapServer
'Ei WCS & ArcGisFeatureServer
* GeoNode

» WFS

‘5;: ArcGIS Map Server

&)y ArCGIS Feature Server

& GeoNode

Figure 5
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4) Select “Vector” in Figure 5.
Then the window in Figure 6 appears.

Q Data Source Manager | Vector X
Source Type

® File Directory Database Protocol: HTTP(S), cloud, etc

Encoding UTF-8 .2

Source ‘
4 Delimited Text

2 Vector Dataset(s)
&7 GeoPackage

/" SpatiaLite
. PostgreSQL
H MSSQL
4 Oracle

052, DB2

m Virtual Layer

&2 wms/wwrs

£ wes

» WFS

{f‘_ ArcGIS Map Server

&) ArCGIS Feature Server
4 GeoNode '

Figure 6

Close Add Help

5) Click “Browse” icon, = in Figure 6.

Choose a shp file of network.

“Add” a shp file of a set of points that generates buffers.

Click “Add”.

If you see the files on the map canvas, click “Close” in Figure 6.

The map in Figure 7 is a sample of the screenshot after adding the files.
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Q “Untitied Project - QGIS.

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing
BN Qe eLHpPl e | MUK

BEeV. /2w @

- o x
Help.
B &: H-B - LOE#T=-9T

/ =4 x= ® -0
i

i2vto

Convirte| 15755191 R Sea 112500

Figure 7

| @ e 102 o 007 2| Ve @ @

6) Select “Processing” > “Toolbox” indicated by the arrow in Figure 7.
Then, Processing Toolbox window in Figure 8 appears.

Enter v.net.iso in the search box and double click the tool name appeared in the
result of search as in Figure 8.

Processing Toolbox @®
*% "v / P A

L wv.net.iso Cil

» (Y Recently used
v & GRASS
¥ Vector (v.*)
v.net.iso

Figure 8

7) Select a network data to “input vector line layer” (in Figure 9) and

a set of generator points data to “centers point layer” (in Figure 9).
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Set the value of “threshold for connecting centers to the network”

and "costs for isolines” (in Figure 9).

The costs for isolines means the list of buffer distances that you want to create;
noted that you should use a comma to separate values (e.g., 100, 200, 300).
After entering those parameters, click “Run” (the arrow in Figure 9).

(@ vnetiso X

» ¥
Parameters | Log v.net.iso

Input vector line layer (arcs) =

network by cost

Road_Pedestrian [EPSG:2451] v |89 3
Selected features only
Centers mint layer (nodes)
SportsClub [EPSG2451] v |86 9
Selected features only
Threshold for connecting centers to the network (in map unit)
50.000000

Ll

Costs for isolines
100, 200
P Advanced parameters
Network_Iso
to temporary file]

v Open output file after running algorithm

0%

Cancel

<

Run as Batch Process™* Run Close Help

Figure 9

8) Completed the task, click “Close” (in Figure 9) to close the v.net.iso window.

9) Right click the output temporary file (the orange arrow in Figure 10), and
click “Property” (the green arrow in Figure 10).
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Browser @®
Q2T ®O
7 Favorites
» % spatial Bookmarks
» [&] Home }3 Zoom to Layer
’ g C¥ Zoom to Selection
» D:¥
» [J EX 2 Show in Overview
» [ F¥ Show Feature Count
e GeoPackage Copy Layer
/ Spatialite Rename Layer
@ postals
’ MSSQL [3 Duplicate Layer
@ Oracle ["L Remove Layer...
@ ps2 = Open Attribute Table
€ WMS/WMTS -
» @ XVZ Tiles ¢/ Toggle Editing
& wcs Filter...
) WFs Change Data Source...
© ows i
& ArcGisMapS Set Layer Scale Visibility...
& ArcGisFeatu Set CRS » N
3% GeoNode & Make Permanent...
Export 4 -
Layers Styles N

o & s
» & . Properties...
Network 56 i

v Road_Pedestrian
v @ SportsClub
Figure 10

10) Select “Symbology” tab (the orange arrow in Figure 11), and choose “Categorized”
from the box on the top (the green arrow in Figure 11).

() Layer Properties - Road_Pedestrian (77411 | Symbnch X

Q H = N mvmbn s 2 |

No symbols
E Single symbol

‘t\\ Source
- ‘ Sirmbolony = Graduated

B Rule-based
m

= labels =1 GRASS edit

P .
fg Information

> o
Diagrams

Figure 11

11) Set “cat” in Value (Figure 12).
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Click “Classify” (the orange arrow in Figure 12).
Set the rules for symbols (e.g., color and width) as you like.
Click “OK” (the green arrow in Figure 12).

Note that “cat = 1” represents line segments form the buffer subnetwork in which
the shortest path distance from the nearest generator point is less than 100 m; “cat
= 2" is between 100 m and 200 m; “cat =3” is more than 200 m.

:— Categorized | |

@ Information Value 123 cat v (€
A8 Source Symba] ‘v
& Symbology Golor ramp | NN .~
€3 Labels Symbol ¥ Value Legend
— vi— all other values
4 Diagrams v — 1 1
N7 3D View j § ;
B rietos
Attributes Form
Joins
L Auxiliary
€ Storage
c@ Actions
, Display
¢'/ Rendering
Variables
‘~ Metadata
E Dependencies
Legend
QGIS Server
“ Digitizing
Classify %5 = Delete All Advanced ¥
» Layer Rendering ‘
Style ~ OK Cancel Apply Help
Figure 12

You obtain the map in Figure 13, showing multi-distance buffer subnetwork.
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Figure 13

12) If you want to save the temporary file as a permanent shape file, right click the
output temporary file (the orange arrow in Figure 14), and
click “Make Permanent” (the green arrow in Figure 14).
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Browser i3]

OeETH®HO
%7 Favorites — =
» " Spatial Bookn| #~ Z00m to Layer
b [ Project Home Zoom to Selection
v [a] Home % Show in Overview
v Bex Show Feature Count
v [ Cubetown Bkl
» [ Intel Copy Layer
v [ newlocati Rename Layer
y [
W] OSGeoAW ] Duplicate Layer
[ PerfLogs

[ PostgresQ E.L Remove Layer...

»
»
» [ Program F Move to Top
b

[ =
L Program Bl o Attribute Table
r [ Python27 i
» [ Users ¢/ Toggle Editing
» 7 il Filter...
» [ Windows Change Data Source...
b newlocati
v [JEY Set Layer Scale Visibility...
» OOF Set CRS »
» Oe: & Make Permanent..,
Layers Export »
_d & e &~ Styles »
» V| © SportsClut  pooo e
Network 138 -
v|—1
v 2
v 3

« S
/| — Road_Pedestrian %

Figure 14

13) Click “Browse” icon, ' in Figure 15.

Specify the destination to save and click “OK”.
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(52 save Scratch Layer X

Format ESRI Shapefile v ar
File rame ke Desktop¥Lating¥VoronaiCrossK¥date¥Netwark Buffershe € |

Layer name

Encoding LUTF-8 v

v Layer Options

RESIZE |NO -
SHPT -

P Custom Options

QK. Cancel Help

Figure 15

6.2 Procedure for counting the number of points on ‘buffer sub-networks’ of a
generator point set
Note that from the resulting n(x;,1|P,;), the number of points on the line segments between x; and

Xi+1 IS obtained.

To state the above computation precisely, let N(x;, x;+,1) denote the ‘buffer-ring sub-networks’ of a
network N in which the shortest path distance from any points on N(x;, x;,;) to the nearest
generator point (Type A) is between x; and x;,,, where x; < x;44, xj41 —x; =c for i =0,1,2, ...
Note that ¢ is a parameter determined by a user. In an illustrative example here, ¢ = 10m. Visually,
N(0,x;,1) is obtained from the ‘buffer sub-networks’ in Figure 1 in Section 6.1, where x;,, = 200.
Therefore, ‘buffer-ring sub-networks’ N(x;, x;,1) is obtained from N(0,x;.1)¥ N(0,x;), i.e., the

compliment of N(0,x;) with respectto N(0,x;,1).
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To state the above computation precisely, given a set of generator points on a given network N,
let N(x; x;4+1) denote the sub-network of N in which the shortest path distance from any points
in N(x;,x;41) to the nearest generator point in given generator points is between x; and x;,4,
where x; < x;41 xi41 —x; =c¢ for i =0,1,2,... Note that ¢ is a parameter determined by a user.

In an illustrative example here, ¢ = 10m.

Let L(x; x;+1) be the total length of line segments constituting the sub-network N(x;, x;,,), and L

is the total length of line segments constituting the whole network N.

In terms of the above notations, this manual describes the procedure for computing L(x;, x;41).
Let ; be link j of a given network, and d(dl;") refers to the shortest path distance between the
start node of link j and the nearest generating point from link j; d(alj+) is the shortest path
distance between the end node of link j and the nearest generating point.

Step 1

Run the “Voronoi diagram” tool of SANET. In more detail, see Section 4.1 Tool 01: Voronoi

diagrams in User Guide/Manual for SANET Standalone.

Step 2
Copy “SANETVoronoiPnt.dbf” and “SANETVoronoiSgt.dbf’ on one folder.

Step 3

Open these files in Excel.

* You may follow the four steps described below, or you may use an alternative method as you
like.

3-1) Open Excel.

3-2) Select File, “Open” (the orange arrow in Figure 1).
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3-3) Click “Browse” and select the folder in which you saved the files (the green arrow in

Figure 1).

3-4) In the “Files of Type” drop down box, select: “All Files” (the blue arrow in Figure 1),
and then choose “SANETVoronoiPnt.dbf” and “SANETVoronoiSgt.dbf’, and click “Open”.

£ Open X I
« v 1 < Lating > Normalization > ForManual > dbftoexcel v O bftoexce P
- ™ @
$a7
' SANETVoronoiPnt.dbf 2019/12/22 1¢ BF 774
SANETVoronoiSgt.dbf 19/12/22 16:44
N
@ Recent
OneDrive - University of lllinois...
. watarum2@illinois.edu
Q Sites - University of Illinois - Ur...
watarum2@illinois.edu [x ]
L3 ThisPC @, ‘
"HPIBCE File name: | "SANETVoronoiSgt.dbf” "SANETVoronoiPnt.dbf” v | All Files (**) v
[ Browse Joots e Cancel

Figure 1

Step 4
Copy these two sheets on a new book (for instance, Book1). Figure2 is a sample of the screenshot

after step 4).

Booki - Excel Morioka, Wataru . e o X

Insert  Pagelayout Formulas Data Review View Developer Help Q@ Tell me whatyou want to do 2 Share

o ¢ o oo e
ut e ol ] = 2 AutoSum - A
A % Calibri vin v A A - WapText Number v [ E‘l 7] = == W 2y
= Copy ~ el » [¥] Fill -
e Bzu-|H-|a-A- Merge & Center = | G - 9 » | 53 jg | Conditonal fomatas Cell | insert Delete Fomat | | Sort & Find &
- ormat Painter Formatting ~ Table - Styles - - - & Clear~ Filter - Select -

Clipboard = Font = Alignment & Number 3 Styles cells Ediing Sensitty s
Al - Je SgtiD .

A ° € . e “ . ) x ) " N o ° al|Tss
B E— Fromt Fromz oK Tor T FromPrulo Taplo Longeh aig i Fromial ol erage Setauny
2 [OOGOOOEIIEES 41486 86751065 36615.0500314861 00000000000 11465 3461403511 00000000000 s03sseves803 40.358skess03 s 2000000000 o 00000000000 0.0
f “nterrgasTecseos  3sers oeuearrr 00000000000 E 1521531 ssssssast 331185058351 s 00000000000 00000000000 00000000000 0.0
4+ Tooooo00001920¢ 11813.894645184 36614.6315022335 00000000000 6 a7os7soe1 6708775041 2 00000000000 00000000000 00000000000 0.0
s E 00000000000 113216018135 11321018135 1 00000000000 00000000000 00000000000 0.0
s 353z esszeaas 00000000000 79'séz0a22969 Tosezoizases 1 00000000000 00000000000 00000000000 0.0
7 00000000000 -10856.0314202280 -36441.9884286851 2234842125 223484521525 1 0000000000 00000000000 20000000000 0.0
5 [ooooooooo1s22r 10896.0314302280 36441 984286891 00000000000 10856.2377914398 36441.6019602061 oss1nzaie omaiiznies 1 00000000000 00000000000 00000000000 0.0
9 fooooo000019225 -10830,5124085793 36532.6593683175 00000000000 193308379770 193308379770 19 00000000000 00000000000 00000000000 0.0
w0 00000000000 19 6558108120 19 65510812 1 00000000000 00000000000 00000000000 0.0
" esaz esseaa 00000000000 55 2007408213 55 2007408213 1 00000000000 00000000000 00000000000 0.0
» “zmaonzon 3 00000000000 -11329.2886309060 36358.2603365450 771210074 7741210974 s 0000000000 00000000000 20000000000 0.0
n n S 0.0000000000 160774011940 160774011540 s 00000000000 00000000000 00000000000 0.0
u Stz aoissaon 3 00000000000 -11337.150600521 13 see1629956 13 ses1629956 s 00000000000 00000000000 00000000000 0.0
i F 00000000000 < 3063119057 5 3043119057 s 00000000000 00000000000 00000000000 0.0
16 |oco0o0002se2s1 -11337.2078332001 36357 3266765833 00000000000 -11354.1546981517 26 4886507852 26.4aseso7as2 s 00000000000 00000000000 00000000000 0.0
" 00000000000 107280650389 10738065038 s 0000000000 00000000000 20000000000 0.0
i < 00000000000 11364 3230118354 s 0154358777 o1ssse777 s 00000000000 00000000000 00000000000 0.0
i 00000000000 120653018408 12 0653018408 s 00000000000 00000000000 00000000000 0.0
£ 00000000000 11378 2419157155 _36315,3885247965 s s3sznnesrs s s3szaies77 s 00000000000 00000000000 00000000000 0.0
n 00000000000 -10771.7368425205 0000000000 2160097532 s 2169987532 5 00000000000 00000000000 00000000000.0.0 2

| SANETVoronoiPnt | SANETVoronoisgt | (@) « >
BB 0isplay Settings m-—4 + 60%

Figure 2
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Step 5

In the cell Q2 (column Q and row 2) of “SANETVoronoiSgt” sheet, enter the formula to compute

distance from the generator to “FromPnt” of the segment:
=VLOOKUP(H2,SANETVoronoiPnt!$A:$J,8, FALSE)

Hit the enter.

=VLOOKUP(H2,SANETVoronoiPnt!$A:$),8, FALSE)

M

‘Fromval

o O O o

Step 6

'ToVaI

N ‘ 0 P
Average Delaunay
0.0000000000 0.0000000000 0_0
0.0000000000 0.0000000000 0_0
0.0000000000 0.0000000000 0_0
0.0000000000 0.0000000000 0_0
Figure 3

Q

I 1763.122.I

Copy the formula to the other segments by left-clicking and dragging the small dot at the lower

right corner of Q2 down column Q to the end row of the data.

0000000029063F1
000000002906378
00000000290643E
0000000029064E3
0000000029064F9
000000002906567
0000000029063E6
0000000029065A9
00000000290630A
000000002906475

Step 7

00000000250A634
0000000028F27F0
0000000028D8FF3
0000000028EC195
0000000028EBDCD
00000000250BA2F
0000000028F2BA2
0000000028DA12B
0000000028F2C68
000000002622896

5.432680686
4.821205672
16.88641222
2.888190439
7.808978939
21.81211395
15.04838392
0.914670145
24.47211596
37.18872051

5.432680686 0.000000000000000 0 0 000
4.821205672 0.000000000000000 0 0 000
16.88641222 0.000000000000000 0 0 000
2.888190439 0.000000000000000 0 0 000
7.808978939 0.000000000000000 0 0 000
21.81211395 0.000000000000000 0 0 000
15.04838392 0.000000000000000 0 0 000
0.914670145 0.000000000000000 0 0 000
24.47211596 0.000000000000000 0 0 00_0
37.18872051 0.000000000000000 0 0 000

Figure 4

2468.596
434.5112
500.996
1246.478
1391.997
1941.034
1549.718
621.6643
1554.055
| 1984.2251

In cell R2 of SANETVoronoiSgt, enter the formula to compute distance from the generator to

“ToPnt” of the segment:

=VLOOKUP(12,SANETVoronoiPnt!$A:$J,8, FALSE)
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Hit the enter.

=VLOOKUP(I2,SANETVoronoiPnt!$A:$J,8, FALSE)

L M N (o] P Q R _
FromVal Toval Average Delaunay
0 0.0000000000 0.0000000000 0.0000000000 0_0 1763.122| 1803.508-|
0 0.0000000000 0.0000000000 0.0000000000 0_0 1761.781
0 0.0000000000 0.0000000000 0.0000000000 0_0 1861.173
0 0.0000000000 0.0000000000 0.0000000000 0_0 2309.699
n n nnnnnnnnnn n nannnnnnnn n nnnnnnnnnn N N 22nQ RQQ
Figure 5
Step 8

Copy the formula to the other segments by left-clicking and dragging the small dot at the lower

right corner of R2 down column R to the end row of the data.

0000000029063F1
000000002906378
00000000290643E
0000000029064E3
0000000029064F9
000000002906567
0000000029063E6
0000000029065A9
00000000290630A
000000002906475

Step 9

00000000250A634
0000000028F27F0
0000000028D8FF3
0000000028EC195
0000000028EBDCD
00000000250BA2F
0000000028F2BA2
0000000028DA12B
0000000028F2C68
000000002622896

5.432680686
4.821205672
16.88641222
2.888190439
7.808978939
21.81211395
15.04838392
0.914670145
24.47211596
37.18872051

5.432680686 0.000000000000000
4.821205672 0.000000000000000
16.88641222 0.000000000000000
2.888190439 0.000000000000000
7.808978939 0.000000000000000
21.81211395 0.000000000000000
15.04838392 0.000000000000000
0.914670145 0.000000000000000
24.47211596 0.000000000000000
37.18872051 0.000000000000000

CIOI0I0OI0|IC|IOC|C|0C|O

Figure 6

CIOICICICIC|CIOC|C|O

Copy the values of columns Q and R, and paste them to a new sheet.
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000
000
000
000
000
000
000
000
000
000

2468.596
434.5112

500.996
1246.478
1391.997
1941.034
1549.718
621.6643 620.7496
1554.055 1529.583

1984.225| 1947.036]

2463.164
429.69
484.1096
1243.589
1384.188
1919.222
1534.67



o] K S A = e P
- 1 1
% CU! 2 CX) Cut
1763.122 1 i a C
B 3 | B Copy
1761.781 ? fopy o 4 iy Paste Options:
aste tions: o, Nl on e, e, e
s 3 af = [s4rY Tn
= T PasteSnasial N
2309.699 2 2 , . *MValues W)
2389.241 2 Paste Special... gﬁ Q Smarcroukup
2421.589 2 Insert 10: Insert Copied Cells
2309.699 2 pejete n N
- | Clear Contents
3(2;::; ; Clear Contents 13| -
2 14 -
2062.702 2 Eormat Cells... 15| Filter ’
2062.702| 2  Column Width.. | 1o Sert ’
2062702 2 :} %3 Insert Comment
2076.568 2 19 5] Eormat Cells...
Unhide =
2062.702 - 20 Pick From Drop-down List...
2089.19 2099.928 | J—— ETVoronoisgt | Sheet3 |
Figure 7

Step 10
Delete Cell A1 and B1 (blank spaces). Note that choosing “Shift cells up” as the option and then
clicking “OK”.

y A B cC | D | E ‘
1 | 1 4 A B | c |
2 | 1763.122 1803 Delete ? X | 1| 1763.122] 1803.508]
31761781 179 .. | 21761781 17945 [
4 | 1861.173 1867. 3 | 1861.173 1867.644
5 | 2309.699 2298. Of."..‘f'..ff!'f..'f? 4| 2309.699 2298.378
6 | 2309.699 2389, @ Shiftcelsup © 5| 2309.699 2389.241
7 | 2389.241 2421 O Entire row | 6| 2389.241 2421.589
s | 2421.589 2455.| ) Entire column 7 | 2421.589 2455.145
9 | 2309.699 2326. 8 | 2309.699 2326.081
10| 2323132 207 O] o 9 | 2323.132 2274.915
11| 2309.699 2376.295' ' ' 10 | 2309.699 2376.295
Figure 8
Step 11

Hit Alt + F11 to open Excel VBA editor.

94



Step 12
Add a new module in VBA editor by clicking on VBAProject (Book1), right click, Insert > Module.

ﬁ Microsoft Visual Basic for Applications - Book1.xIsx

" File Edit View Insert Format Debug Run Tools Add-Ins Win
‘M Ed| ¥ 22 B A9 &> n & &Y

- 7;.
v

g atpvbaen.xls (AT PVBAE!

#-&% Solver (SOLVER.XLAM)

g BAPro i R

E& VBAProj = Vew Code
B-[E3 Microg =5 ey, Object

El&x;d,; Toggle Folders
VBAProject Properties...

| Insert > UserForm
Import File... | [E Module

xport File.. #3z  Class Module

emove

Im

rel

Print...

Dockable

<
Properties Vwﬂ = Hide

Figure 9

1[<] &

Step 13

Copy the following scripts and paste it into the window of Module1. The code sorts out the data.
Column D will have d(dl;™): the shortest path distance between the start node of link j and the

nearest generating point from link j; and column E will have d(alj+): the shortest path distance

between the end node of link j and the nearest generating point.
Sub Transformation()
MaxRow = Rows.Count

Fori=1 To MaxRow
If Cells(i, 1) > Cells(i, 2) Then
Origin = Cells(i, 2)

Destination = Cells(i, 1)
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Else
Origin = Cells(i, 1)

Destination = Cells(i, 2)
End If

Cells(i, 4).Value = Origin

Cells(i, 5).Value = Destination

Next i

End Sub

: v id
Project - VBAProject _)Sl

@ 5 [a]
/]

% & atpvbaen.xis (ATPVBAE!
# & Solver (SOLVER XLAM)

B2 @A AR 9

ﬁ Microsoft Visual Basic for Applications - Book1.xIsx

File Edit View Insert Format Debug Run Tools Add-Ins Window Help

“lry n @a R EF Y

® Ln19 Col1

ook1.xlsx - Module1 (Code

|(General)

=& VBAProject (Bookl xlsx
§ [ (23 Microsoft Excel Objcte
. -5 Modules

‘a Module1
8% Module2
= &% VBAProject (FUNCRES
Cj Microsoft Excel Objects
=5 Modules

.43} RibbanX_Code

<

>
Properties - Module1 &
Module1 Module -~

Alphatetic |Categorized |
(Name) Module1

Sub Transformation()

MaxRow = Rows.Count

For i = 1 To MaxRow

If Cells(i, 1) > Cells(i, 2) Then
Origin = Cells(i, 2)
Destination = Cells(i, 1)

Else
Origin = Cells(i, 1)
Destination = Cells(i, 2)

End If

Cells(i, 4).Yalue
Cells(i, 5).Value

Next i

End Sub

Origin
Destination

Figure 10
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Step 14
Run the module by clicking “Run Sub” icon (see Figure 11). Figure 12 is an output example. You

would see that each value of Column D must be smaller than each one next to it (Column E).

Debug Run Tools Add-Ins
P ln @ W & F

= {Run Sub/UserForm (F5)~—
@ Book1.xIsx - Module1 (Code)

Figure 11
4 A | B C D | E |
1 [ 1763.122 1803.508] .I 1763.122 1803.508
2 1761781  1794.9 1761.781  1794.9
3 | 1861.173 1867.644 1861.173 1867.644
4 | 2309.699 2298.378 2298.378 2309.699
5 | 2309.699 2389.241 2309.699 2389.241
6 | 2389.241 2421.589 2389.241 2421.589
7 | 2421.589 2455.145 2421.589 2455.145
8 | 2309.699 2326.081 2309.699 2326.081
9 | 2323.132 2274.915 2274.915 2323.132
10 | 2309.699 2376.295 2309.699 2376.295
11 | 2062.702 2065.501 2062.702 2065.501
12 | 2062.702 2046.624 2046.624 2062.702
13 | 2062.702 2076.568 2062.702 2076.568
14 | 2076.568 2081.872 2076.568 2081.872
15 | 2062.702 2089.19 2062.702 2089.19
16 2089.19 2099.928 2089.19 2099.928
17 | 2099.928 2104.948 2099.928 2104.948
18 | 2104.948 2117.013 2104.948 2117.013
19 | 2117.013 2121.852 2117.013 2121.852
20 | 2216.175 2263.809 2216.175 2263.809
21 2060.326 2043.344 2043.344 2060.326
22 | 2060.326 2075.116 2060.326 2075.116
93‘ 2075.116 2075.754 2075.116 2075.754
Figure 12
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Step 15
Create another module in the VBA editor (Module2), and copy the following scripts and paste it into
the window. This code is for calculating L(x;, x;,,): the total length of line segments constituting

the sub-network N(x;,x;;1). Note that this code assumes that the bin width ¢ = 10m.

Sub Classification()

MaxRow = Rows.Count

MaxVal = WorksheetFunction.Max(Range(Cells(1, 5), Cells(MaxRow, 5)))

MaxBin = MaxVal ¥ 10 + 1

For j =0 To MaxBin

Fori=1 To MaxRow

If Cells(i, 4) <=j* 10 And Cells(i, 5) > (j + 1) * 10 Then
Cells(j + 1, 10) = Cells(j + 1, 10) + 10

Elself Cells(i, 4) <=j * 10 And Cells(i, 5) >=j * 10 And Cells(i, 5) <= (j + 1) * 10 Then
Cells(j + 1, 10) = Cells(j + 1, 10) + (Cells(i, 5) - j * 10)

Elself Cells(i, 4) > j * 10 And Cells(i, 4) <= (j + 1) * 10 And Cells(i, 5) > (j + 1) * 10 Then
Cells(j + 1, 10) = Cells(j + 1, 10) + ((j + 1) * 10 - Cells(i, 4))

Elself Cells(i, 4) > j * 10 And Cells(i, 4) <= (j + 1) * 10 And Cells(i, 5) <= (j + 1) * 10 Then
Cells(j + 1, 10) = Cells(j + 1, 10) + (Cells(i, 5) - Cells(i, 4))
End If
Next i
Next j

For k =1 To MaxBin
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Cells (k,9) =k*10
Next k

End Sub

Step 16

Run the module by clicking “Run Sub” icon. Note that this macro takes a lot of time (about several

hours depending on data size) to complete the calculation. Figure 13 is an example of outputs.

10 20

20| 27.11232
30 30
40 33.07666
50 43.23238
60 40
70 40
80 47.87207
90 50

100 57.16533
110 68.42125
120 60
130 69.38196
140 69.39657
150 79.7912
160 93.37199
170 104.5682
180 119.093
190 149.2525
200 180.9578

Figure 13

Let Py = {pp1,--, Psn} be type B points and n(x;.1|Ps;) be the number of type B points included

in the sub-network within distance x;,; from Py;.
In terms of the above notations, this manual describes the procedure for computing n(xi+1|PAj).

Note that this computation uses the output of the Voronoi cross K function tool in SANET software

package.
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1) Run the “Voronoi cross K function method” tool of SANET. See the Section 4.16 in the
SANET manual.

2) Copy “SANETVCKFuncObservedValue.csv” to another folder.

3) Open these files in Excel.

* You may follow the steps below, or you may use an alternative method as you like.

a) Open Excel.

b) Select File, “Open” (the orange arrow in Figure 1).

C) Click “Browse” and select the folder in which you saved the files (the green arrow in

Figure 1).

d) In the “Files of Type” drop down box, select: “All Files” (the blue arrow in Figure 1), and
then choose “SANETVCKFuncObservedValue.csv”, and click “Open”.

£l Open X
« v 1 « VoronoiCrossK_20200115 > formanual2 v O formanual2DE = r
%2 FLLWIALT- = M @
a” 0O & ExOs #E H4Z
S @ SANETVCKFuncObservedValue.csv 2020/01/22 12:32 Microsoft Excel Co... 3KB
|
Open
L}
('—) Recent .
OneDrive - University of lllinois...
@ 2@illinois.edu i
.
Q Sites - University of lllinois - Ur... =
watarum2@illinois.edu s
E@ This PC ‘v ‘
B Place
= File name: | SANETVCKFuncObservedValue.csv V‘ Al Files (*.*) v
[ Browse Tools ¥ Cancel
Figure 1
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4) In cell E2, enter x; :the minimum value (meters) of bin ¢ (e.g., 10). Next, in cell E3, enter

X, :adouble value of E2 (e.g., 20).

File Home Insert Pagelayout Formulas [EBEI€]

g = [ Connections

ESE| LK L

Get External New Refresh Stocl
Data ~ Query ~ L® All ~

Get & Transform Connections

E3 - S 20

A B © D E

FromPntID ToPntID  Distance Bin

56 115.7015 10
57 68.0288 20]
58 264.9263

59 220.5857

61 38.21956

63 357.9806

71 191.2671

91 291.4261

98 236.9432

o

1
2
3
4
5
6
7
8
9

O OO0 OO0 o0 oo

=

0

Figure 2

5) Highlight cells E2:E3. When we drag the fill handle to the below (by left-clicking and
dragging the small dot at the lower right corner: AutoFill function), Excel will fill in the next

cells with values having same intervals (e.g., 30, 40, 50, and so on... as shown in Figure 3).
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File Home Insert Pagelayout Formulas [MBEI€] Revie

r—] 1 Connections
R RS = piinig
Get External New Refresh Stocks €
Data~ | Query- [® | All~
Get & Transform Connections Data -
E2 = Je 10
A B | € D E F
1 |FromPntIDToPntID Distance Bin
2 0 56 115.7015 10
3 0 57 68.0288 20
4 0 58 264.9263 30
5 0 59 220.5857 40
6 0 61 38.21956 50
7 0 63 357.9806 60
8 0 71 191.2671 70
9 0 91 291.4261 80
10 0 98 236.9432 90
1 1 6 522.0215 100
12 1 12 783.6051 110
13 il 34 296.2464 120
14 1 37 234.9807 130
15 1 45 48.32994 140
16 1 76 377.0864 150
17 1 84 572.3393 160
18 1 85  626.08 170
19 1 103 384.5763 180
20 1 106 465.475 190
21 a 111 0 200
22 1 116 515.4564 =
23 ! 121 421.7374
Figure 3

6) In cell F2, enter the formula that counts n(x;41|P4;): the number of point-like facilities

located within a specific range from generating points
=COUNTIFS($C$2:$C$131,"<"&E2)
*Note that “131” (the number of type B points) in the formula change appropriately.

Hit the enter.
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SANETVCKFuncObserve)

Pagelayout Formulas Data Review View Developer Help

Clipboard 1= Font Alignment Number
SUM - X « fr | =COUNTIFS(SCS2:5C$131,"<="&E2)
A B © D E F G H [
1 |FromPntiCToPntiD Distance Bin
2] 0 56| 115.7015 1 10]=COUNTIFS(SC52:5C5131,"<="&E2)|
3| 0 57| 68.0288 20
4 0 58| 264.9263 30
5 | 0 59| 220.5857 40
6 0 61| 38.21956 50
7] 0 63| 357.9806 60
8 0 71| 191.2671 70
9 0 91| 291.4261 80
0] 0 98| 236.9432 90
1 1 6| 522.0215 100
12| 1 12| 783.6051 110
13 1 34| 296.2464 120
14| 1 37| 234.9807 130
15 1 45| 48.32094 140
16 1 76| 377.0864 150
17 1 84| 572.3393 160
18 1 85| 626.08 170
19| 1 103| 384.5763 180
20 1 106 465.475 190
21| 1 111 0 200
22 1 116| 515.4564

Figure 4

7) Copy the formula to the rest of bins by using AutoFilll function.

SA

Insert  Page Layout Formulas Data  Review View

< X o 3 N
Calibri vin v A A o

0 By ~

Paste BIU-H-d-A-|=== =

Clipboard = Font ~ Alignment =

F2 > Je =COUNTIFS($CS$2:5C$131,"<="&E2)
A B | (€ | D | E F G

1 |FromPntIDToPntID Distance Bin

2 0 56 115.7015 10 u |

& 0 57 68.0288 20 1

4 0 58 264.9263 30 al

5 0 59 220.5857 40 3

6 0 61 38.21956 50 4

7 0 63 357.9806 60 5

8 0 71 191.2671 70 7

9 0 91 291.4261 80| 8

10 0 98 236.9432 90 10

ki 1 6 522.0215 100| 11

12 1 12 783.6051 110| 12

13 ;] 34 296.2464 120 17

14 1 37 234.9807 130 19

15 1 45 48.32994 140 21

16 1 76 377.0864 150 22

17 ) 84 572.3393 160 24

18 1 85  626.08 170 25

19 1 103 384.5763 180 30

20 1 106 465.475 190 30

21 1 111 0 200 35

22 | 1 116 515.4564 =

23 1 121 421.7374

24 1 122 608.3879

25 1 132 124.2167

Figure 5
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8) If you want to obtain the number of points on the line segments between x; and x+1, enter

the following formula in cell G2.

=COUNTIFS($C$2:$C$131,"<"&E2, $C$2:$C$131,">="&E2-10)

Hit the enter and copy the formula to the rest of bins by using AutoFilll function.

A B C D E E G H ] K L
1 |FromPntID ToPntlD  Distance Bin
2 | 0 56| 115.7015 | 10| 1[=COUNTIFS(3C52:5C5131,"<"&E2, $C52:5C5131,">="&E2-10)
£ 0 57| 68.0288 20 1 0
4 0 58| 264.9263 30 1 0
= 0 59| 220.5857 40 3 2
6 0 61| 38.21956 50 4 1
7 0 63| 357.9806 60 5 1
8 0 71] 191.2671 70 7 2
o 0 91] 291.4261 80 8 1
10 0 98| 236.9432 90 10 2
11 1 6| 522.0215 100 11 1
12 1 12| 783.6051 110 12 1
13 1 34| 296.2464 120 17 5
14 1 37| 234.9807 130 19 2
15 1 45| 48.32994 140 21 2
16 1 76| 377.0864 150 22 1
17 1 84| 572.3393 160 24 2
18 1 85 626.08 170 25 1
19 1 103| 384.5763 180 30 5
20 1 106| 465.475 190 30 0
21 1 111 0 200 35 5.
” 1 1181 B18 ACEA

Figure 6

6.3 Procedure for computing the total length of “buffer-ring sub-networks” of a
generator point set
To state the above computation precisely, let N(x;, x;+,1) denote the ‘buffer-ring sub-networks’ of a

network N in which the shortest path distance from any points on N(x;, x;,,) to the nearest
generator point (Type A point) is between x; and x;,,, where x; < x;,1, Xj41 —x; =c¢ for i =
0,1,2,... Notethat c is a parameter determined by a user. In an illustrative example here, ¢ = 10m.
Visually, N(0,x;,,) is obtained from the ‘buffer sub-networks’ in Figure 1 in Section 6.1, where
X;41 = 200 . Therefore, the ‘buffer-ring sub-networks’ N(x; x;,,;) is obtained from

N(0,x;41)¥ N(O,x;), i.e., the compliment of N(0,x;) with respectto N(0,x;,1).

Let L(x;,x;41) be the total length of line segments constituting the buffer-ring sub-networks

N(x;,x;+1), and L is the total length of line segments constituting the whole network N.
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In terms of the above notations, this manual describes the procedure for computing L(x;, x;41).

Let ; be link j of a given network, and d(dl;") refers to the shortest path distance between the
start node of link j and the nearest generating point from link j; d(alj+) is the shortest path distance

between the end node of link j and the nearest generating point.
Step 1
Run the “Voronoi diagram” tool of SANET. In more detail, see Section 4.1 Tool 01: Voronoi

diagrams in User Guide/Manual for SANET Standalone.

Step 2
Copy “SANETVoronoiPnt.dbf” and “SANETVoronoiSgt.dbf’ on one folder.

Step 3

Open these files in Excel.

* You may follow the four steps described below, or you may use an alternative method as you
like.

3-1) Open Excel.
3-2) Select File, “Open” (the orange arrow in Figure 1).

3-3) Click “Browse” and select the folder in which you saved the files (the green arrow in

Figure 1).

3-4) In the “Files of Type” drop down box, select: “All Files” (the blue arrow in Figure 1),
and then choose “SANETVoronoiPnt.dbf” and “SANETVoronoiSgt.dbf”, and click “Open”.
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£l Open X
« v « Lating > Normalization > ForManual > dbftoexcel v O toexce yd
BE-  FHLLIANT- - @
A O am
*
M SANETVoronoiPnt.dbf ), )BF A 4
SANETVoronoiSgt.dbf )19, 2 ) KB
@ HE: »
[ New @ Recent
27 gees OneDrive - University of Illinoi
neDrive - University of lllinois...
a watarum2@illinois.edu
* Sites - University of lllinois - Ur...
watarum2@illinois.edu [x ]
{7 ThisPC @, ‘
“Place File name: | "SANETVoronoiSgt.dbf” "SANETVoronoiPnt.dbf” vl All Files (* v
£ Browse Tools ~ Cancel

Figure 1

Step 4
Copy these two sheets on a new book (for instance, Book1). Figure2 is a sample of the screenshot

after step 4).

Booki - Excel Morioka, Wateru [l B (B

Page Layout

Formulas  Data

Review  View

Developer

Help

Q@ Tell me what you want to do

9 Share

o ¥ o o e |3
ut S ol ] AutoSum - A
% Calibri vt v A A 2> Wrap Text Number v [ ? i [Ey | €m :gx w ZY
By Copy - Z ) ===z L BlFi-
e Brb-|E-|B-A- Merge & Center = | (- % » | %3 & | Conditional Formatas Cell | lnsent Delete Fomat | ' Sort& Find &
- -ormat Painter Formatting ~ Table - Styles~ - - - & Clear Filter - Select ~
Clipboard = Font ~ Alignment ® Number [ Styles Editing Sensitty
Al - SgtiD
A . e e u s ® a | &
i [ Tromx Fromt Fromz Fromprid  ToPrdd W Tovat Averaze Delsunay
2 [OOOOO0ODTIETES.  -L14GESETSIONS  -366150500314861 0000000000 11465, 3461603511 00000000000 403586469503 a0.3586469603 s 5000000000 00050000000 0000000000 0.0
3 [o000000001520¢ 11477 S357T608606 36815 0614377723 00000000000 -11455,5567353586 36587 3515245312 0.0000000000 0000000028E12€ 000000002SE 125 33 1185558351 53 1185988351 s 00000000000 00000000000 00000000000 0.0
. E 00000000000 0000000000 e 70875081 ar08775081 1 00000000000 00000000000 00000000000 0.0
5T 6532 sssaceat 00000000000 -10832.7885624334 365432.7456010768 00000000000 0000000001920¢ 0000000015207 113210018135 113210018135 1 00000000000 00000000000 00000000000 0.0
s 22 csozeaar 0.0000000000 00000000000 7954204225 755020022909 1 00000000000 00000000000 00000000000 0.0
7 00000000000 -10856,0314302280 -36441.9884286891 00000000000 0000000019724 0000000001522 3234882125 323484521525 1 00000000000 00000000000 00000000000 0.0
5 [oo0oo000019220 -10896.0314302280 36441 3884286851 00000000000 -108%6.2377914398 -36441.5019602061 0.0000000000 0000000001928 0000000029012 oaze1128163 oazs1128163 1 00000000000 00000000000 00000000000 0.0
9 0000000019228 -10830,5124085793 36532 6593683175 00000000000 00000000000 19 3308379770 193308379770 1 00000000000 00000000000 00000000000 0.0
i Seserassmiissas 00000000000 00000000000 19 655610812 19 6sse10812 1 0000000000 00000000000 20000000000 0.0
" 3esaz esozeaar 0.0000000000 0000000000 s5.2007 s5.2007408213 1 00000000000 00000000000 00000000000 0.0
i E a0 00000000000 11329.2886309060 -36358.2603369450 00000000000 0000000001922€ 0000000019231 771210974 7 sna1210978 s 00000000000 00000000000 00000000000 0.0
13 |ocooooooasease -11337.1078332081 36357.3266766833 00000000000 o 160774011940 160774011940 s 00000000000 00000000000 0000000000 0.0
i n 32081 00000000000 11 o 13 8661629956 13 ses1629955 s 00000000000 00000000000 00000000000 0.0
i “1337.150600521. 00000000000 00000000000 a1 s042115057 s 00000000000 00000000000 00000000000 0.0
i “zara0nsza0 00000000000 -11354.1546581517 00000000000 26 asass0rasz 26 asass0rss2 s 00000000000 00000000000 00000000000 0.0
] 0.0000000000 00000000000 o1 107280650385 10738065038 s 00000000000 00000000000 00000000000 0.0
i) 00000000000 11364 3230118354 00000000000 s 0154358777 5194358777 s 00000000000 00000000000 00000000000 0.0
i 00000000000 00000000000 12065301 12 0653018408 s 00000000000 00000000000 00000000000 0.0
) 00000000000 11378 2619157155 _36315.3885247965 00000000000 0000000028£242 0000000028E265 s sasamserr s s3s2216877 s 00000000000 00000000000 00000000000 0.0
2 s0734.4321899707 00000000000 -10771.72644 00000000000 ss2s6s097532 s2n6ssmr532 S 00000000000 00000000000 00000000000 0.0
| SANETVoronoiPnt | SANETVoronoisgt | (@) <« >
] BB 0isplay Settings i) m-—4 + 60%

Step 5

In the cell Q2 (column Q and row 2) of “SANETVoronoiSgt” sheet, enter the formula to compute

distance from the generator to “FromPnt” of the segment:
=VLOOKUP(H2,SANETVoronoiPnt!$A:$J,8, FALSE)

Hit the enter.
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=VLOOKUP(H2,SANETVoronoiPnt!$SA:$J,8, FALSE)

M

AFromVal

o O O o

Step 6

'ToVaI

Average

Figure 3

(o)

P

ADeIaunay

0.0000000000 0_O
0.0000000000 0_O
0.0000000000 0_O0
0.0000000000 0_O

Q

| 1763.122-I

Copy the formula to the other segments by left-clicking and dragging the small dot at the lower

right corner of Q2 down column Q to the end row of the data.

0000000029063F1
000000002906378
00000000290643E
0000000029064E3
0000000029064F9
000000002906567
0000000029063E6
0000000029065A9
00000000290630A
000000002906475

Step 7

00000000250A634
0000000028F27F0
0000000028D8FF3
0000000028EC195
0000000028EBDCD
00000000250BA2F
0000000028F2BA2
0000000028DA12B
0000000028F2C68
000000002622896

5.432680686
4.821205672
16.88641222
2.888190439
7.808978939
21.81211395
15.04838392
0.914670145
24.47211596
37.18872051

5.432680686 0.000000000000000
4.821205672 0.000000000000000
16.88641222 0.000000000000000
2.888190439 0.000000000000000
7.808978939 0.000000000000000
21.81211395 0.000000000000000
15.04838392 0.000000000000000
0.914670145 0.000000000000000
24.47211596 0.000000000000000
37.18872051 0.000000000000000

Figure 4

o|lo[0(ojOo|O|0|0 |0 |
oclojo(0/Oo|Oo|O|O|O|OC

000
000
000
000
000
000
000
000
000
000

2468.596
434.5112

500.996
1246.478
1391.997
1941.034
1549.718
621.6643
1554.055

I 19844225!

In cell R2 of SANETVoronoiSgt, enter the formula to compute distance from the generator to

“ToPnt” of the segment:

=VLOOKUP(I2,SANETVoronoiPnt!$A:$J,8, FALSE)

Hit the enter.
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=VLOOKUP(12,SANETVoronoiPnt!SA:$J,8, FALSE)

L | M | N | (0] | P | @ PR
FromVal ToVval Average Delaunay
0 0.0000000000 0.0000000000 0.0000000000 0_0 1763.122] 1803.5081
0 0.0000000000 0.0000000000 0.0000000000 0_0 1761.781
0 0.0000000000 0.0000000000 0.0000000000 0_0 1861.173
0 0.0000000000 0.0000000000 0.0000000000 0_0 2309.699
n n nnnnnnnnnn n nnnnnnnnnn n nnnnnnnnnn N N 22nQ RQQ
Figure 5
Step 8

Copy the formula to the other segments by left-clicking and dragging the small dot at the lower

right corner of R2 down column R to the end row of the data.

0000000029063F1
000000002906378
00000000290643E
0000000029064E3
0000000029064F9
000000002906567
0000000029063E6
0000000029065A9
00000000290630A
000000002906475

Step 9

00000000250A634
0000000028F27F0
0000000028D8FF3
0000000028EC195
0000000028EBDCD
00000000250BA2F
0000000028F2BA2
0000000028DA12B
0000000028F2C68
000000002622896

5.432680686
4.821205672
16.88641222
2.888190439
7.808978939
21.81211395
15.04838392
0.914670145
24.47211596
37.18872051

5.432680686 0.000000000000000
4.821205672 0.000000000000000
16.88641222 0.000000000000000
2.888190439 0.000000000000000
7.808978939 0.000000000000000
21.81211395 0.000000000000000
15.04838392 0.000000000000000
0.914670145 0.000000000000000
24.47211596 0.000000000000000
37.18872051 0.000000000000000

OO0 I0OI0C|I0CIC|OI0|O

Figure 6

CIOICICIC|IOIC|IO|O0|O

Copy the values of columns Q and R, and paste them to a new sheet.
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000
000
000
000
000
000
000
000
000
000

2468.596
434.5112

500.996
1246.478
1391.997
1941.034
1549.718
621.6643 620.7496
1554.055 1529.583

1984.225| 1947.036_[

2463.164
429.69
484.1096
1243.589
1384.188
1919.222
1534.67



o] K S A = e P
- 1 1
% CU! 2 CX) Cut
1763.122 1 i a C
B 3 | B Copy
1761.781 ? fopy o 4 iy Paste Options:
aste tions: o, Nl on e, e, e
s 3 af = [s4rY Tn
= T PasteSnasial N
2309.699 2 2 , . *MValues W)
2389.241 2 Paste Special... gﬁ Q Smarcroukup
2421.589 2 Insert 10: Insert Copied Cells
2309.699 2 pejete n N
- | Clear Contents
3(2;::; ; Clear Contents 13| -
2 14 -
2062.702 2 Eormat Cells... 15| Filter ’
2062.702| 2  Column Width.. | 1o Sert ’
2062702 2 :} %3 Insert Comment
2076.568 2 19 5] Eormat Cells...
Unhide =
2062.702 - 20 Pick From Drop-down List...
2089.19 2099.928 | J—— ETVoronoisgt | Sheet3 |
Figure 7

Step 10
Delete Cell A1 and B1 (blank spaces). Note that choosing “Shift cells up” as the option and then
clicking “OK”.

y A B cC | D | E ‘
1 | 1 4 A B | c |
2 | 1763.122 1803 Delete ? X | 1| 1763.122] 1803.508]
31761781 179 .. | 21761781 17945 [
4 | 1861.173 1867. 3 | 1861.173 1867.644
5 | 2309.699 2298. Of."..‘f'..ff!'f..'f? 4| 2309.699 2298.378
6 | 2309.699 2389, @ Shiftcelsup © 5| 2309.699 2389.241
7 | 2389.241 2421 O Entire row | 6| 2389.241 2421.589
s | 2421.589 2455.| ) Entire column 7 | 2421.589 2455.145
9 | 2309.699 2326. 8 | 2309.699 2326.081
10| 2323132 207 O] o 9 | 2323.132 2274.915
11| 2309.699 2376.295' ' ' 10 | 2309.699 2376.295
Figure 8
Step 11

Hit Alt + F11 to open Excel VBA editor.
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Step 12
Add a new module in VBA editor by clicking on VBAProject (Book1), right click, Insert > Module.

ﬁ Microsoft Visual Basic for Applications - Book1.xIsx

" File Edit View Insert Format Debug Run Tools Add-Ins Win
‘M Ed| ¥ 22 B A9 &> n & &Y

- 7;.
v

g atpvbaen.xls (AT PVBAE!

#-&% Solver (SOLVER.XLAM)

g BAPro i R

E& VBAProj = Vew Code
B-[E3 Microg =5 ey, Object

El&x;d,; Toggle Folders
VBAProject Properties...

| Insert > UserForm
Import File... | [E Module

xport File.. #3z  Class Module

emove

Im

rel

Print...

Dockable

<
Properties Vwﬂ = Hide

Figure 9

1[<] &

Step 13

Copy the following scripts and paste it into the window of Module1. The code sorts out the data.
Column D will have d(dl;™): the shortest path distance between the start node of link j and the

nearest generating point from link j; and column E will have d(alj+): the shortest path distance

between the end node of link j and the nearest generating point.
Sub Transformation()
MaxRow = Rows.Count

Fori=1 To MaxRow
If Cells(i, 1) > Cells(i, 2) Then
Origin = Cells(i, 2)

Destination = Cells(i, 1)
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Else
Origin = Cells(i, 1)

Destination = Cells(i, 2)
End If

Cells(i, 4).Value = Origin

Cells(i, 5).Value = Destination

Next i

End Sub

: v id
Project - VBAProject _)Sl

@ 5 [a]
/]

% & atpvbaen.xis (ATPVBAE!
# & Solver (SOLVER XLAM)

B2 @A AR 9

ﬁ Microsoft Visual Basic for Applications - Book1.xIsx

File Edit View Insert Format Debug Run Tools Add-Ins Window Help

“lry n @a R EF Y

® Ln19 Col1

ook1.xlsx - Module1 (Code

|(General)

=& VBAProject (Bookl xlsx
§ [ (23 Microsoft Excel Objcte
. -5 Modules

‘a Module1
8% Module2
= &% VBAProject (FUNCRES
Cj Microsoft Excel Objects
=5 Modules

.43} RibbanX_Code

<

>
Properties - Module1 &
Module1 Module -~

Alphatetic |Categorized |
(Name) Module1

Sub Transformation()

MaxRow = Rows.Count

For i = 1 To MaxRow

If Cells(i, 1) > Cells(i, 2) Then
Origin = Cells(i, 2)
Destination = Cells(i, 1)

Else
Origin = Cells(i, 1)
Destination = Cells(i, 2)

End If

Cells(i, 4).Yalue
Cells(i, 5).Value

Next i

End Sub

Origin
Destination

Figure 10
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Step 14
Run the module by clicking “Run Sub” icon (see Figure 11). Figure 12 is an output example. You

would see that each value of Column D must be smaller than each one next to it (Column E).

Debug Run Tools Add-Ins
P ln @ W & F

= {Run Sub/UserForm (F5)~—
@ Book1.xIsx - Module1 (Code)

Figure 11
4 A | B C D | E |
1 [ 1763.122 1803.508] .I 1763.122 1803.508
2 1761781  1794.9 1761.781  1794.9
3 | 1861.173 1867.644 1861.173 1867.644
4 | 2309.699 2298.378 2298.378 2309.699
5 | 2309.699 2389.241 2309.699 2389.241
6 | 2389.241 2421.589 2389.241 2421.589
7 | 2421.589 2455.145 2421.589 2455.145
8 | 2309.699 2326.081 2309.699 2326.081
9 | 2323.132 2274.915 2274.915 2323.132
10 | 2309.699 2376.295 2309.699 2376.295
11 | 2062.702 2065.501 2062.702 2065.501
12 | 2062.702 2046.624 2046.624 2062.702
13 | 2062.702 2076.568 2062.702 2076.568
14 | 2076.568 2081.872 2076.568 2081.872
15 | 2062.702 2089.19 2062.702 2089.19
16 2089.19 2099.928 2089.19 2099.928
17 | 2099.928 2104.948 2099.928 2104.948
18 | 2104.948 2117.013 2104.948 2117.013
19 | 2117.013 2121.852 2117.013 2121.852
20 | 2216.175 2263.809 2216.175 2263.809
21 2060.326 2043.344 2043.344 2060.326
22 | 2060.326 2075.116 2060.326 2075.116
93‘ 2075.116 2075.754 2075.116 2075.754
Figure 12
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Step 15
Create another module in the VBA editor (Module2), and copy the following scripts and paste it into
the window. This code is for calculating L(x;, x;,,): the total length of line segments constituting

the sub-network N(x;,x;;1). Note that this code assumes that the bin width ¢ = 10m.

Sub Classification()

MaxRow = Rows.Count

MaxVal = WorksheetFunction.Max(Range(Cells(1, 5), Cells(MaxRow, 5)))

MaxBin = MaxVal ¥ 10 + 1

For j =0 To MaxBin

Fori=1 To MaxRow

If Cells(i, 4) <=j* 10 And Cells(i, 5) > (j + 1) * 10 Then
Cells(j + 1, 10) = Cells(j + 1, 10) + 10

Elself Cells(i, 4) <=j * 10 And Cells(i, 5) >=j * 10 And Cells(i, 5) <= (j + 1) * 10 Then
Cells(j + 1, 10) = Cells(j + 1, 10) + (Cells(i, 5) - j * 10)

Elself Cells(i, 4) > j * 10 And Cells(i, 4) <= (j + 1) * 10 And Cells(i, 5) > (j + 1) * 10 Then
Cells(j + 1, 10) = Cells(j + 1, 10) + ((j + 1) * 10 - Cells(i, 4))

Elself Cells(i, 4) > j * 10 And Cells(i, 4) <= (j + 1) * 10 And Cells(i, 5) <= (j + 1) * 10 Then
Cells(j + 1, 10) = Cells(j + 1, 10) + (Cells(i, 5) - Cells(i, 4))
End If
Next i
Next j

For k =1 To MaxBin
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Cells (k,9) =k*10
Next k

End Sub

Step 16

Run the module by clicking “Run Sub” icon. Note that this macro takes a lot of time (about several

hours depending on data size) to complete the calculation. Figure 13 is an example of outputs.

10 20

20| 27.11232
30 30
40 33.07666
50 43.23238
60 40
70 40
80 47.87207
90 50

100 57.16533
110 68.42125
120 60
130 69.38196
140 69.39657
150 79.7912
160 93.37199
170 104.5682
180 119.093
190 149.2525
200 180.9578

Figure 13

6.4 Exact statistical test for Voronoi cross K function method on networks
using outputs of the tools in SANET software package
This manual instructs a procedure for achieving the exact statistical test of global Voronoi cross K

function method. The global Voronoi cross K function method is explained in detail in Section 6.2.3
in Chatper 6 of Okabe and Sugihara (2012).
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To begin with, let us introduced a few notations. We consider a network N, on which two types of
points are placed, i.e., Type A points (generator points of the network Voronoi) and Type B points

(activity points).

Note that the notations conform to the SANET software. Okabe and Sugihara (2012) treated the

terms in the opposite (i.e., Type A: activity points, Type B: generator points).

Let N(x; x;,1)denote the sub-network of N in which the shortest path distance from any points on
N(x;,x;+1) tothe nearest point in Type B points is between x; and x;,,, where x; < x;.q, Xj41 —
x; =c for i =0,1,2,.. Note that c is a parameter determined by a user. In an illustrative example

in Figure 1, ¢ =10 m.

Let L(x;, x;+1) be the total length of line segments constituting the sub-network N(x;, x;.1), and L

is the total length of line segments constituting the whole network N.

Let m(x;, x;11) be the number of type B points on the sub-network N(x;, x;;1)-

Suppose that Type B points are distributed on N according to the complete spatial randomness,
CSR. Then the probability that a Type B point is located on N(x;,x;,1) is given by p; =

L(xi,xi+1)/L, and m(x;,x;41) follows the binomial distribution with parameter L(x;,x;+1)/L.

The data of L(x;, x;,,) are obtained from running the Voronoi diagram tool in SANET. This task is
explained by the manual “A procedure for computing the length of line segments of a network
satisfying that the shortest path distance from a point on the line segments of a network to its nearest

generator point among given generator points placed on the network is between x; and x;,{".

Step 1
Compute the total length L of network N by summing L(x;, x;,,) for i =0,1,2,.... You may use

AutoSum function as shown in Figure 1.
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[ | [ J [ K | L
Bin Length Probability
10| 343.4549
20| 395.2408
30| 463.1867
40| 500.218
50| 590.0724

840} 138.9082
8501 143.2698
860; 130.7604
870} 74.9661
8801 33.43163
890) 25.54627

900 20
910 20
920y 17.0496
930 10
940 10
950 10
960 3765532
=SUM(12:197)

SUM(number1, [number?2], ..)

Figure 1

Step 2

To compute, first, type in the equation in cell K2 (Figure2) and drag as shown in Figure3.

‘ I | ) K L
Bin Length Probability
10| 343.4549|=SUM($)$2:12)/$)598
20 395.2408
Figure 2
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Bin
10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200

Step 3

J

343.4549
395.2408
463.1867
500.218
590.0724
658.2757
714.2047
789.9798
873.915
1073.829
1254.99
1286.821
1342.8
1456.309
1540.961
1629.962
1706.882
1740.582
1835.952
1829.098

¥ N N ¥ ¥ ¥ ¥ Y¥' 9 ' T Y Y N ' §©¥ ¥ 9 1 v

Figure 3

K

Length  Probability

0.003739
0.008041
0.013083
0.018529
0.024952
0.032118
0.039892
0.048492
0.058005
0.069695
0.083356
0.097364
0.111981
0.127834
0.144609
0.162352
0.180933

0.19988
0.219866
0.239777

Create a new sheet and set the framework shown in Figure 4.
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N21 - J

A B C D E F G H [ ) K L

1 |Counts\Bin 10 20 30 40 50 60 70 80 90 100 11(
2 0

3 1

4 2

5 3

6 4

7 5

8 6

9 7

10 8

11 9

12 10

13 11

14 12

15 13

16 14

17 15

18 16

19 17

20 18

21 19

22 20

23 21

24 22

25 23

26 24

27 25

Figure 4

Step 4

In cell B2, type in the following formula to calculate the probabilities of the binomial distribution

for i = 10,20, ...

=BINOM.DIST($A2, 131, Sheet1!$K$2, FALSE)

*Note that “131” (the number of type A points) and “Sheet1” (the sheet name storing the
probabilities of each bin width) in the formula change appropriately. In this case, the resulting value

in cell B2 of Figure 5 represents the probability to locate no type A points within 10m from their

nearest type B points under CSR hypothesis.
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B2 - J =BINOM.DIST(SA2, 131, Sheet1!1SKS2, FALSE)

A B ¢ D E F G H [ J K L
1 |Counts\Bin 10 20 30 40 50 60 70 80 90 100 11
2 | o 0.612201]
3 1
4 2
5 3
6 4
7 5
Figure 5
Step5

Copy the formula to the rest of rows (Column B) by using AutoFilll function. And, in cell C2, type in

the following formula to calculate the probability.

=BINOM.DIST($A2, 131, Sheet1!$K$3, FALSE)

* Change the value from $2 in the formula described at Step 4 to $3 (colored in Red).

C2 - Jr =BINOM.DIST(SA2, 131, Sheet1!SKS$3, FALSE)
A B @ D E F G H | J K L
1 |Counts\Bin 10 20 30 40 50 60 70 80 90 100 1
2 0 0.612201 0.347267
3 1 0.300967
4 2 0.073415
5 3 0.011847
6 4 0.001423
7 5 0.000136
8 6 1.07E-05
9 7 7.16E-07
10 8 4.17E-08
11 9 2.14E-09
12 10 9.78E-11
13| 11 4.04E-12
14 12 1.52E-13
15 13 5.21E-15
16 14 1.65E-16
17 15 4.82E-18
18 16 1.31E-19
19 17 3.33E-21
20 18 7.91E-23
21 19 1.77E-24
22 20 3.71E-26
Figure 6
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Repeat Step 5 until all bins and counts are filled.

* The value colored in Red in Step 5 should be added one by one every time changing the column.

Figure 7 shows the sample output.

A B B D E F G H | J K | L
Counts\Bin 10 20 30 40 50 60 70 80 90 100 110
0.612201 0.347267 0.178132 0.086292 0.03651 0.013891 0.00483 0.001486 0.000398 7.76155E-05 1.11761E-05
0.300967 0.368778 0.309351 0.213407 0.122393 0.060387 0.026287 0.009921 0.003214 0.000761716 0.000133136
0.073415 0.194316 0.266566 0.26187 0.203587 0.130251 0.070996 0.032865 0.012864 0.003709195 0.000786948
0.011847 0.067734 0.151954 0.212579 0.224025 0.185854 0.126844 0.072021 0.034062 0.011948721 0.003077167
0.001423 0.017571 0.064462 0.128421 0.183453 0.197353 0.168652 0.117453 0.067117 0.02864473 0.008954422
0.000136 0.003618 0.021706 0.061579 0.119245 0.166342 0.17799 0.152039 0.104975 0.054506937 0.020682722
1.07E-05 0.000616 0.006043 0.024413 0.064082 0.115916 0.155305 0.162717 0.135744 0.085752029 0.039496939
7.16E-07 8.92E-05 0.00143 0.00823 0.029284 0.068688 0.115231 0.148082 0.149263 0.11471751 0.064137474
4.17E-08 1.12E-05 0.000294 0.002408 0.011616 0.035329 0.074211 0.116974 0.142463 0.133209361 0.090402407
2.14E-09 1.24E-06 5.33E-05 0.000621 0.004062 0.016022 0.042141 0.081472 0.11989 0.136386278 0.112351543
9.78E-11 1.23E-07 8.61E-06 0.000143 0.001268 0.006486 0.021362 0.050656 0.090066 0.124653318 0.12464513
4.04E-12 1.09E-08 1.26E-06 2.97E-05 0.000357 0.002368 0.009763 0.028397 0.061006 0.102723512 0.124682196
1.52E-13 8.87E-10 1.67E-07 5.61E-06 9.14E-05 0.000786 0.004057 0.014472 0.037565 0.076956125 0.113381157
5.21E-15 6.58E-11 2.02E-08 9.69E-07 2.14E-05 0.000239 0.001543 0.006751 0.021174 0.052774015 0.094380209
1.65E-16 4.5E-12 2.26E-09 1.54E-07 4.62E-06 6.67E-05 0.00054 0.0029 0.01099 0.033323257 0.072338809
4.82E-18 2.84E-13 2.33E-10 2.27E-08 9.21E-07 1.73E-05 0.000175 0.001153 0.005278 0.019472216 0.051310045
1.31E-19 1.67E-14 2.24E-11 3.11E-09 1.71E-07 4.16E-06 5.28E-05 0.000426 0.002356 0.010576128 0.033828041
3.33E-21 9.17E-16 2.01E-12 3.97E-10 2.96E-08 9.33E-07 1.48E-05 0.000147 0.000982 0.005359805 0.020809527
7.91E-23 4.71E-17 1.69E-13 4.75E-11 4.8E-09 1.96E-07 3.9E-06 4.74E-05 0.000383 0.002543049 0.011984806
1.77E-24 2.27E-18 1.33E-14 5.33E-12 7.3E-10 3.87E-08 9.64E-07 1.44E-05 0.00014 0.00113306 0.00648175
3.71E-26 1.03E-19 9.89E-16 5.63E-13 1.05E-10 7.19E-09 2.24E-07 4.1E-06 4.83E-05 0.000475351 0.003300781

W o ~N R W N =R O

[ o o G e ST Sl el S
N 2 oW oo~ ! kWM
R R R R
O WL~ s WN RO

Figure 7

Step 6
In order to visualize the magnitude of probabilities, you may want to use "data bars" with
conditional formatting. Select the cells which you would like apply the rules. On the home tab, click

“Conditional Formatting”. Point to Data Bars, and then click “More rules” (Figure 8).
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Fi Home Inser Page Layo Formulas  Data Review  View veloper  Help Q Tell me what you want to do
ot Calibri v VA A - | 25 WapText General v [F D D = EBX g
By copy - % =" H B
Paste i o BOn U B A = 5= Merge&Cemer < .o 5 =@ Condi Qnal Formatas Cell Insert Delete Format
- Formatting~ Table~ Styles- | - - -
Clipboard [ Font [ Alignment [ Number m Cells
F‘ Highlight Cells Rules *
B2 - fr | =BINOM.DIST($A, 131, Sheet1ISKS2, FALSE)
Top/Bottom Rules "
A B c D E F G H ! J K | A
1 | Counts\Bin 10 20 30 40 50 50 70 80 90 100 Ii ey g Gradient Fil L
2 o[ 0.612201] 0.347267 0.178132 0.086292 0.03651 0.013891 0.00483 0.001486 0.000398 7.76155E-05 1.117 '
3 1| 0.300967 0.368778 0.309351 0.213407 0.122393 0.060387 0.026287 0.009921 0.003214 0.000761716 0.000
4 2| 0.073415 0.194316 0.266566 0.26187 0.203587 0.130251 0.070996 0.032865 0.012864 0.003709195 0.000 [::I Colgr Scales ' E
5 3| 0.011847 0.067734 0.151954 0.212579 0.224025 0.185854 0.126844 0.072021 0.034062 0.011948721 0.003 i
6 4| 0.001423 0.017571 0.064462 0.128421 0.183453 0.197353 0.168652 0.117453 0.067117 0.02864473 0.008! leon Sets
7 5| 0.000136 0.003618 0.021706 0.061579 0.119245 0.166342 0.17799 0.152039 0.104975 0.054506937 0.020I
g 5| 107E-05 0.000616 0.006043 0.024413 0.054082 0.115916 0.155305 0.162717 0.135734 0.085752029 0.038 | DeRUc. (
9 7| 7.166-07 8.92E-05 0.00143 0.00823 0.020284 0.068688 0.115231 0.148082 0.149263 0.11471751 0.064 |-+ Clear Rules ’ It
10 8| 4.176-08 1.12€-05 0.000294 0.002408 0.011616 0.035329 0.074211 0.116974 0.142463 0.133209361 0.090: [] Manage Rules ek
11 9| 2.14E-09 1.24E-06 5.33E-05 0.000621 0.004062 0.016022 0.042141 0.081472 0.11989 0.136386278 0.112351543] 0.069468954  D.033378521  U.UL22US/5Y!
12 10| 9.78E-11 1.236-07 8.61E-06 0.000143 0.001268 0.006486 0.021362 0.050656 0.090066 0.124653318 0.12464513 0.091419011 0.051351217 002182596 (
13 11| 4.04E-12 1.09E-08 1.26E-06 2.97E-05 0.000357 0.002368 0.009763 0.028397 0.061006 0.102723512 0.124682196 0.108471373 0.071230705 0.035189634 (
14 12| 1.52E-13 8.87E-10 1.67E-07 S5.61E-06 9.14E-05 0.000786 0.004057 0.014472 0.037565 0.076956125 0.113381157 0.117004096 0.089823724 0.051577878 (
15 13| 5.21E-15 6.58F-11 2.02E-08 9.69E-07 2.14E-05 0.000239 0.001543 0.006751 0.021174 0.052774015 0.094380209 0.115528891 0.103685609 0.069201547
16 14| 1.656-16 4.56-12 2.26E-09 1.54E-07 4.626-06 6.67E-05 0.00054 0.0029 0.01099 0.033323257 0.072338809 0.105034146 0.110203725 0.085490625 (

Figure 8

As Figure 9 shows, select “Number” from type drop down from Maximum and enter 1 in the value.
Click “OK”.

New Formatting Rule ? X

Select a Rule Type:

= Format all cells based on their values

= Format only cells that contain

= Format only top or bottom ranked values

= Format only values that are above or below average
= Format only unigue or duplicate values

= Use a formula to determine which cells to format

Edit the Rule Description:

Format all cells based on their values:

Format Style: | pata Bar | [ show Bar only
Miniraum Maximurn

Type: | Automatic [«]| | Number [~]

Value: | (Autamatic) | + |1 +

Bar Appearance:

Eill Colaor Border Color

| solid Fill ~| I~ |Nosorder |~ N~
MNegative Value and Axis... Bar Direction; |Context |

o [T
Cancel

Figure 9
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You obtain the bar charts with values in Figure 10, showing probabilities of a result of the Network

Voronoi Cross K function method.

A | B & p | E | F | 6 | H I K _ L
1 Counts\Bin 10 20 30 40 50 60 70 80 90 100 110
2 o J0l612201 8847267 9.178132 J0.086292 | 0.03651|0.013891 0.00483 0.001486 0.000398 7.76155E-05 1.11761E-05
3] 1 000967 fiB6s778 MlE09351 J.213407 0.122393 | 0.060387 | 0.026287 | 0.009921 0.003214 0.000761716 0.000133136
4| 2 lo.073415 Ji8.194316 fil266566 b.26187 [8.203587 . 130251 | 0.070996 | 0.032865 | 0.012864 0.003709195 0.000786948
5 3| 0.011847 |0.067734 B0.151954 [8.212579 18.224025 8. 185854 b.126844 l0.072021 | 0.034062 | 0.011948721 0.003077167
6 4 0.001423| 0.017571 l0.064462 fb.128421 [8.183453 J8.197353 1.168652 0.117453 |0.067117 | 0.02864473 | 0.008954422
7 5 0.000136 0.003618 | 0.021706 0.061579 10.119245 [B.166342 W0.17799 0.152039 Jlo.104975 0.054506937 | 0.020682722
8 6 1.07E-05 0.000616 0.006043 |0.024413 [0.064082 0.115916 [9.155305 [©.162717 [b.135744 J0.085752029 | 0.039496939
9 7 7.16E-07 8.92E-05 0.00143| 0.00823|0.029284 |0.068688 [D.115231 [lb.148082 [b.149263 [}l 0.11471751 JJ0.064137474
10 8 4.17E-08 1.12E-05 0.000294 0.002408 | 0.011616 | 0.035329 J0.074211 fo.116974 [b.142463 [8.133209361 J0.090402407
11 9 2.14E-09 1.24E-06 5.33E-05 0.000621 0.004062|0.016022 | 0.042141 [lo.081472 || 0.11989 §9.1363856278 [lb.112351543
12 10 9.78E-11 1.23E-07 8.61E-06 0.000143 0.001268 0.006486 | 0.021362 |0.050656 flo.090066 Mb.124653318 M 0.12464513
13 11 4.04E-12 1.09E-08 1.26E-06 2.97E-05 0.000357 0.002368 0.009763 | 0.028397 |0.061006 b.102723512 §0.124682196
14 12 1.52E-13 8.87E-10 1.676-07 5.61E-06 9.14E-05 0.000786 0.004057|0.014472 | 0.037565 J0.076956125 [lb.113381157
15) 13 5.21E-15 6.58E-11 2.02E-08 0.69E-07 2.14E-05 0.000238 0.001543 | 0.006751 | 0.021174 J0.052774015 [b.094380209
16 14 1.65E-16 4.5E-12 2.26E-09 1.54E-07 4.62E-06 6.67E-05 0.00054  0.0029 0.01099 | 0.033323257 [J0.072338809
17 15 4.82E-18 2.84E-13 2.33E-10 2.27E-08 9.21E-07 1.73E-05 0.000175 0.001153 0.005278 | 0.019472216 [ 0.051310045
18 16 1.31E-19 1.67E-14 2.24E-11 3.11E-09 1.71E-07 4.16E-06 5.28E-05 0.000426 0.002356 | 0.010576128 | 0.033828041
19 17 3.33E-21 0.17E-16 2.01E-12 3.97E-10 2.96E-08 9.33E-07 1.48E-05 0.000147 0.000982| 0.005359805 | 0.020809527
20 18 7.91E-23 4.71E-17 1.69E-13 4.75E-11 4.86-09 1.96E-07 3.9E-06 4.74E-05 0.000383 0.002543049 | 0.011984806
21| 19 1.776-24 2.27E-18 1.336-14 5.336-12 7.36-10 3.87E-08 0.64E-07 1.44E-05 0.00014 0.00113306| 0.00648175

Figure 10
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