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About the ArcGIS Network Analyst tutorial

The ArcGIS Network Analyst extension allows you to build a network dataset and perform analyses on a
network dataset. The best way to learn Network Analyst is to use it. In the exercises in this tutorial, you will do
the following:
» Use ArcCatalog to create and build a network dataset from feature classes stored within a
geodatabase.

» Define connectivity rules and network attributes for the network dataset.
» Perform various network analyses in ArcMap using the Network Analyst toolbar.
* Learn how to use the Network Analyst geoprocessing tools to create models that automate analyses.

To use this tutorial, you need to have ArcGIS installed with the Network Analyst extension and have the
tutorial data installed on a local or shared network drive on your system.

Ask your system administrator for the correct path to the tutorial data if you do not find it at the default
installation path (C:\ArcGIS\ArcTutor\Network Analyst\Tutorial).

« Exercise 1: Creating a network dataset

« Exercise 2: Creating a multimodal network dataset

» Exercise 3: Finding the best route using a network dataset

» Exercise 4: Finding the closest fire stations

» Exercise 5: Calculating service area and creating an OD cost matrix
» Exercise 6: Creating a model for route analysis

» Exercise 7: Servicing a set of orders with a fleet of vehicles

« Exercise 8: Finding best routes to service a set of paired orders

» Exercise 9: Choosing optimal store sites using location-allocation
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Exercise 1: Creating a network dataset

In this exercise, you will create a network dataset in a geodatabase using Complexity:
. . . . . . Beginner
San Francisco street and turn features. You will also include historical traffic Data Requirement:
data so you can solve time-dependent routes. RIEELR Tt Dt Seilfe
Data Path:

C:\ArcGIS\ArcTutor\Network
Analyst\Tutorial\Exercise01

Goal:
To create a network dataset from a
. streets feature class in a geodatabase
Steps: €

1. Start ArcCatalog by clicking Start > All Programs > ArcGIS
> ArcCatalog 10.

2. Enable the Network Analyst extension.
a. Click Customize > Extensions.
The Extensions dialog box opens.

b. Check Network Analyst.
c. Click Close.

3. On the Standard toolbar, click the Connect To Folder button .
The Connect to Folder dialog box opens.

4. Navigate to the folder with the ArcGIS Network Analyst tutorial data.
The default location for the tutorial data is C:\ArcGIS\ArcTutor\Network Analyst\Tutorial

5. Click OK.
A shortcut to the folder is added to the Catalog Tree under Folder Connections.

Catalog Tree %
&l Folder Conneciions
=] Clarcgis\ircTutoriNetwork_AnalystTutorial
+ Iyl Toolboxes
o 03 Database Servers
# [l Database Connedlions
¥ {3 GIS Servers

6. Inthe Catalog Tree, expand ...\ArcTutor\Network Analyst\Tutorial > Exercise01 >
SanFrancisco.gdb.

7. Click the Transportation feature dataset.
The feature classes the feature dataset contains are listed on the Contents tab of ArcCatalog.

8. Right-click the Transportation feature dataset and click New > Network Dataset.
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9.

10.
11.

Catalog Tree 7 x
= [ Folder Connactions
£ Charcgis\arcTutoriMetwork_AnalystTutorial
= £ Exercisell
3 SanFrancisco.gdb
5 9 Transportatio  C
I Copy Ctri+C
B Dau,‘Prohle:;J = P
5] signposts_
S streets_Daily] % Delete
% £ Exercise02 Rename F2
% i Paris. gdb 3
% (3 SanFranciscogds |~ Refresh
Q| Exercisedd mxd
Q| Exercizodd mxd - .
Q| Exerciseds mxd New ki [ ] Feature Class
@] Exercise0s.mxd Import v | 2% Relationship Class..
- ).W?mm Export v | Terain..
v Compress File Geodalabase. ,5' Metwork Dataset |
Uncompress File Geodatabase_. Kl Topology...
EA Parcel Fabric
Add Global IDs... & Geomalric Network...
P Properies...

The New Network Dataset wizard opens.

|- Note: To open the New Network Dataset wizard in a geodatabase, you
right-click the feature dataset that contains the source feature
classes (Streets, for example) and choose New > Network
Dataset. For a shapefile-based network dataset, you right-click the
Streets shapefile itself—not the workspace that contains the
shapefile—and choose New > Network Dataset.
The reason for the difference is that geodatabase networks allow
you to use multiple sources that are stored in the feature dataset
to create a multimodal network, while shapefile-based network
datasets are only capable of handling a single source feature
class.

Type streets ND for the name of the network dataset.

Hew Metwork Dataset - | ESa]

This wizard wil help you build a network dataset. A network dataset is buit from feature
clasass which act as network sources and have a cormectivity polcy and attributes:
associated with them

Erter & name for your network dataset
Streets_ND

Click Next.

Check the Streets feature class to use it as a source for the network dataset.
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12.
13.
14.

15.
16.

17.
18.
19.
20.

Click Next.
Click Yes to model turns in the network.

Check <Global Turns>, which enables you to add default turn penalties, and check
RestrictedTurns to select it as a turn feature source.

New Network Dataset - |fEal

Do you want to madel tums in this network ?

Na
@ Yes

Tum Seurces

¢ |ResftrictedTums

<Back || Mea> |

Cancel

Click Next.

Click Connectivity.
The Connectivity dialog box opens. Here you can set up the connectivity model for the
network.

For this Streets feature class, all streets connect to each other at endpoints.
Make sure that the connectivity policy of Streets is set to End Point.
Click OK to return to the New Network Dataset wizard.
Click Next.

This dataset has elevation fields, so make sure that the Using Elevation Fields option is
chosen.

Elevation settings in a network dataset further defines connectivity. To understand why,
assume two edges have coincident endpoints in X and Y space but have different elevations
(one endpoint is higher than the other). Furthermore, assume their connectivity policy is set to
Endpoint. If elevation is ignored, the edges connect. However, if elevation is considered, they
won't connect.

There are two ways to model elevations: using true elevation values from geometry or using
logical elevation values from elevation fields.

The Streets feature class has logical elevation values stored as integers in the F_ELEV and
T_ELEV fields. If two coincident endpoints have field elevation values of 1, for example, the
edges will connect. However, if one endpoint has a value of 1, and the other coincident
endpoint has a value of 0 (zero), the edges won't connect. ArcGIS Network Analyst recognizes
the field names in this dataset and automatically maps them, as shown in the graphic below.
(Only integer fields can serve as elevation fields.)

Copyright © 1995-2010 Esri. All rights reserved.
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Mew Metwerk Dataset |

How would you like to moded the elevation of your network features?
None

@ Using Bevation Fiekds

Source End Fleld
Streets From End F_ELEV
Streets To End T_ELEV

Click in the Field column to set elevation fields

< Back Net> | [ Cancel

21. Click Next.

You can configure historical traffic data with this page of the wizard. Traffic data enables you to
find the quickest routes based on time and day of the week. For example, the quickest route
from point A to point B at 8:30 a.m. on Wednesday (during rush hour) could be different than
the quickest route between the same points at 1:00 p.m. on Sunday. Even if the path of the
route is the same, the time it takes to reach the destination could vary.

Learn more about historical traffic data

The SanFrancisco geodatabase contains two tables that store historical traffic data:
DailyProfiles and Streets_DailyProfiles. The schemata of the tables were designed in such a
way that Network Analyst could recognize the role of each table and configure historical traffic
automatically.

Pew Metwork Dataset 7 [eESs]

Do you wark to use historical traffic data with this network dataset?

Na
@ Yes
Histoncal Trafic Tables:

Traflic Profiles Table

Table DailyProfilas
First Time Slice Figld TimeFactor_0400
Last Time Slice Field TimeFactor_2155
Minutes Per Time Slice 5

First Time Slice Start Time 4 AN

Streets - Tralfic Profiles Join Table

Table Streets_DailyProfiles

Base Travel Time Field FreeflowMinutes

Base Travel Time Units Minutes

Sunday ProfilelD Flela PROFILE_1

Monday ProfilelD Field PROFILE_2

Tuesday ProfilelD Field PROFILE_3

Wednesday ProfilelD Field PROFILE_4

Thursday ProfilelD Field PROFILE_S

Friday ProfilelD Figld PROFILE_G&

Saturday ProfilelD Fiald PROFILE_7

< Back Neat > Cancal

22. Click Next.
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The page for setting network attributes is displayed.

Hew Network Dataset P[]
Speciy the attrbutes for the network datasst
! @ Name Usage Units Data Type Add... |
@ H i ¢
perarchybultibet  Hierarchy Unknowm Integer W‘
Meters Cost Meters Double —
MMinutes Cost Minutes Double Remave Al |
@  Onewsy Restriction  Unknown  Boolean
RoadClass Descriptor  Unknown  Integer Rename
® TravelTime Cost Minutes Double
WeekdayFallbac... Cost Minutes Double
WeekendFallbac... Cost Minutes Doubl
eekendFallbac Lh inute: ouble Ranges...
Parameters.. |
« Back Neod = Cancal

Network attributes are properties of the network that control navigation. Common examples are
cost attributes that function as impedances over the network and restriction attributes that
prohibit traversal in both directions or one direction, like one-way roads.

ArcGIS Network Analyst analyzes the source feature class (or classes) and looks for common
fields like Meters, Minutes (FT_Minutes and TF_Minutes, one for each direction), and Oneway.
If it finds these fields, it automatically creates the corresponding network attributes and assigns
the respective fields to them. (This can be viewed by clicking Evaluators.)

Network Analyst automatically sets up eight attributes for this San Francisco data:
HierarchyMultiNet, Meters, Minutes, Oneway, RoadClass, TravelTime,
WeekdayFallbackTravelTime, and WeekendFallbackTravelTime. It also assigns evaluators to
the attributes.

23. Click the Meters row to select it, then click Evaluators to examine how the values of network
attributes are determined.
The Evaluators dialog box opens.

Evaluators 28 =5
Altribue Ieters -
Attribute Values
Source Values | Defaul Values
! Source Direction Element Type Value
Stroets From-To Edge Fiald METERS
Shrasls To-From Edge Fiald METERS
RestrictedTums Tum
0K | Cconeal
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24.

25.

26.

27.
28.

29.

30.
31.

The table on the Source Values tab lists the source feature classes. Linear source feature
classes, which become edge elements in the network dataset, are listed twice; once for the
from—to direction and once for the to—from direction. (The directions are in relation to the
digitized direction of the source line feature.) The Type column shows the type of evaluator
used to calculate the network attribute values. The Value column holds information the
evaluator needs to calculate attribute values.

From the Attribute drop-down list, click each type of attribute, one at a time, and inspect the
evaluator types and values for the source feature classes.

Click OK to return to the New Network Dataset wizard.

In the next steps, you will add a new attribute to restrict movement over the turn elements
created from the RestrictedTurns feature class.

Click Add.
The Add New Attribute dialog box opens.

Type RestrictedTurns in the Name field.
For Usage Type, choose Restriction.

Note that Use by Default is checked. This restriction will be used by default when a new
network analysis layer is created. If you want to ignore the restriction when performing an
analysis, you can disable it in the settings of the analysis.

Add New Attribute |
Name: RestrictedTurns oK |
Usage Type: |Restriction -| | Caned |
Units:

Data Type:
V| Use by Default

Click OK.
The new attribute, RestrictedTurns, is added to the list of attributes. The blue circle with the D
in the middle indicates the attribute is enabled by default in new analyses.

Click Evaluators to assign values by source to the new attribute.

Follow these substeps to set the type of evaluator for RestrictedTurns to Constant with a value
of Restricted.
a. Click the Attribute drop-down list and choose RestrictedTurns.

b. For the RestrictedTurns row, click under the Type column and choose Constant
from the drop-down list.

c. Click the Value column and choose Restricted.
The result should look like the following graphic:

Copyright © 1995-2010 Esri. All rights reserved.
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Evaluators o | sl

Aripute: RestrictedTums -
HAibute Values

Sourca Values | Default Values

! Source Direclion Element Type Value =
Strests From-To Edge _X-
Streels To-From Edge ILSI'
RestrictedTurns Tum Constant _—

Resfricted
Traversable |

“‘”‘*#.M#*Wrr‘r‘m’

The evaluators for the street sources are empty, so they will remain traversable when this
restriction is used.

32. Click OK to return to the New Network Dataset wizard.

33. Right-click the HierarchyMultiNet row and choose Use By Default.
The blue symbol is removed from the attribute. This means the hierarchy won't be used by
default when an analysis layer is created with this network dataset.

34. Click Next.

35. Click Yes to set up directions.

Mew Metwork Dataset ]

Do you want to establish driving dimctions settings for this network dataset?

No

@ Yes

You can use the default Directions seftings or you can chick the: Directions button
below to spacify the sattings. You can changea the dirsction sattings now. or you
ean change them afler the network datase! has bean created

< Back Neat > Cancal

36. Click Directions.
The Network Directions Properties dialog box opens.

Now you will specify the fields used to report directions for network analysis results.

37. On the General tab, make sure that the Name field for the Primary row automatically mapped
to NAME.
The NAME field contains the San Francisco street names, which are needed to help generate
driving directions.

The result should look like the following graphic:

Copyright © 1995-2010 Esri. All rights reserved. 10
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38.
39.

40.

41.

Metwork Directions Preperties =
General | Shiekds | Rosd Detsil
Directions Sattings
Display Length Units Miles =

Length Attribute Meters -
Time Attribute Minutes 1
Signpost Feature Class Signposts
Dinnnnet Chaste Takla Qinnnncte Chaste -
Sirest Name Fields
Source: Streets -

Rank Prefix Prefix Type Mame Suffix Type  Suffix Hwy Dir

Number of Alternate Names:

(ox J[ coed

.
=X

Click OK to return to the New Network Dataset wizard.

Click Next.
A summary of all the settings is displayed for your review.

Click Finish.
Mew Metwork Dataset

| =5

Summary:

Hame: Streets ND a
Type: Geodatabase-Based Network Dataset 3

Sources

Edge Sounces
Strests

Tuma:
<Gobal Tums>
Restricted Tums

Cornectivity
Group 1:

Edge Connectivity
Streets (End Point)

Elevation Mode!: Bevation Fields
Edge Blevation Fields: (From End, To End):
Sirests: (F_ELEV. T_ELEV)

Historical Traffic:
Speed Profile Table

|cm||rrmh_]|w|

MNew Network Dataset £l

Creatng new network dataser..

[ ] | Caneel

Click Yes.

The Build Network Dataset progress bar opens; it will disappear when the build process is

finished.

Copyright © 1995-2010 Esri. All rights reserved.

A progress bar opens showing you that Network Analyst is creating the network dataset.

Once the network is created, the system asks if you want to build it. The build process
determines which network elements are connected and populates the attributes of the network
dataset. You must build the network before you can perform any network analysis on it.
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Build Network Dataset
Buiding the netwerk dataset...

[ ) [ cancel

The new network dataset, Streets_ND, is added to ArcCatalog along with the system junctions
feature class, Streets ND_Junctions.

42. Preview the network dataset by clicking its name and clicking the Preview tab.

43. Close ArcCatalog.

Now you can add the network dataset to ArcMap and use it to create network analysis layers.

Copyright © 1995-2010 Esri. All rights reserved.
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Exercise 2: Creating a multimodal network dataset

Exercise 1 shows how to create a network for a single mode of Complexity:

. ) Beginner
transportation; however, travelers and commuters frequently use several Data Requirement:
modes of transportation, such as walking on sidewalks, driving on road (SIS T il i S

. . Data Path:
networks, and riding on trains. Goods also travel on many modes of C:\ArcGIS\ArcTutor\Network

transportation like trains, ships, trucks, and airplanes. In this exercise, you

Analyst\Tutorial\Exercise02
Goal:

create a multimodal network dataset from multiple feature classes within a Cietite @ mauiiTiiestl me e Giizss!

feature dataset.

Steps:

Copyright © 1995-2010 Esri

Start ArcCatalog by clicking Start > All Programs > ArcGIS > ArcCatalog 10.

Enable the Network Analyst extension.
a. Click Customize > Extensions.
The Extensions dialog box opens.

b. Check Network Analyst.
c. Click Close.

If you don't already have a connection to the Network Analyst Tutorial folder, you need to
create one by following the substeps below.
a. On the Standard toolbar, click the Connect To Folder button .
The Connect to Folder dialog box opens.

b. Navigate to the folder with the ArcGIS Network Analyst tutorial data.
The default location for the tutorial data is C:\ArcGIS\ArcTutor\Network
Analyst\Tutorial

c. Click OK.
A shortcut to the folder is added to the Catalog Tree under Folder Connections.

Catalog Tree 7%
(31 Folder Connadtions
@ =] Clarcais\ircTutonNetwork_nalystTutorial
= [l Toolboxas
o [ Database Servers
# [l Database Conneclions
& {3 GIS Servers

In the Catalog Tree, expand ..\ArcTutor\Network Analyst\Tutorial > Exercise02 >
Paris.gdb.

Click the Transportation feature dataset.
The feature classes it contains are listed on the Contents tab of ArcCatalog.

Right-click the Transportation feature dataset and click New > Network Dataset.

. All rights reserved.
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W

File Edit View Go Geoprocessing Customize Windows Help
pEa @ x HEERQED D R a8
Location: C:harcgs"Arc Tutor\Metwork_Analyst', Tutorial Exercse 02 Pans gdb'\ Transpart ation

+*
BREDSE j
# X | Conterts | Freview | Descrption| *
= 4 Folder Connections Name >
B & Clarcgis\ArcTutarih etwork_AnalystTutorial
@ £ Exercise0 [=5) Metro_Entrances
= B3 Exercised2 [ZMetra_Lines
= | Paris [z Metra_Stations
Bl 1ransponatiorny
® | Paris @ Copy Clrl+C
@ [ SanFrancisco Paste | -
Q Etam_sex *  Delete
_.m‘q Rename F2
o Rafrash
| MNew » | [ Feature Class...
Import » | &% Relationship Class..
Export » | E Termain..
Compress File Geodatabase,., |§ Metwork Dataset.
Uncompress File Geodatabase... HI Topology..
! EH Parcel Fabric...
Add Global IDs... &)  Geometric Network..
& Properties..

The New Network Dataset wizard opens.

Naming the network and selecting source feature classes

Steps:

1. Type ParisMultimodal ND as the name of your network dataset.

[ New Network Datoset ]

This wizard wil help you build a network dataset. A network dataset is buit from feature
classss which act as netwark sources and have a conmectivity pollcy and attributes
associated with them,

Enter 2 name for your network dataset
ParisMutimodal_ND

2. Click Next.
The wizard page for choosing the feature classes that participate in the network dataset is

displayed.

3. Click Select All to select all the feature classes to participate as sources in the network.

Copyright © 1995-2010 Esri. All rights reserved.
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Mew Metwork Dataset B | fESs]

Select the feature classes that wil participate in the network dataset

¥| 2= Matro_Linas Selec Al
V| == Streets
J| %= Transfer_Sfalions Clear Al |

¥ = Transfer_Street_Station
¥ Metro_Entrances
7] = Metro_Stations

< Back Neat > Cancal

4. Click Next.

5. Click Yes to model turns in the network.
Although there are not any turn feature classes for this network, selecting Yes allows the
network dataset to support global turns and gives you the option of adding turn features
anytime after the network is created.

Mew Metwork Dataset | ESs]

Do you wank to model tums in this network ?

No
@ Yes
Tum Sources

<Back | Net> | Cancal

6. Click Next.
The page for setting connectivity is displayed.

Connectivity in ArcGIS Network Analyst begins with the definition of connectivity groups. Each edge
source is assigned to exactly one connectivity group, and each junction source can be assigned to one or
more connectivity groups. A connectivity group can contain any number of sources. How network
elements connect depends on which connectivity groups the elements are in. For example, two edges
created from two distinct source feature classes can connect if they are in the same connectivity group. If
they are in separate connectivity groups, the edges won't connect unless they are joined by a junction that
participates in both connectivity groups.

Copyright © 1995-2010 Esri. All rights reserved. 15
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You will create connectivity groups in the following steps.

Steps:

1.

Click Connectivity to set up the connectivity model for the network.
The Connectivity dialog box opens.

Click the Group Columns up-arrow once to increase the number of connectivity groups to 2.

A column for the second connectivity group is created in the Connectivity Groups table.

Connectivity group 1 represents the metro system, and group 2 represents the street network.

Click the Streets row and check the check box under the column labeled 2 to move the
Streets source to connectivity group 2.

Click the Metro_Entrances row and check the check box under the column labeled 2 to
include the source feature class in groups 1 and 2.

Metro entrances are points of transfer between the streets and the walkways that lead to the
metro stations.

Each feature of Metro_Entrances is coincident with a vertex of the streets feature class.
However, the streets feature class has a policy of endpoint connectivity. Since the metro
entrances need to be connected to the streets at the coincident vertex, you must set
Metro_Entrances to override the default endpoint connectivity of the streets.

5. Change the Connectivity Policy of the Metro_Entrances row from Honor to Override.

Connectivity B |fEsa)
Connectivity Groups:
Source Connectivity Po.. 1 2
Metro_Lines End Point v
Slresls End Paint L
Transfer_Stations End Point C
Transfer_Street_Station End Point Ld
Metro_Entrances Cwvarride Cap i
o

Metro_Stations Haonar

Group Columns: 2| 0K Cancel

6. Click OK to return to the New Network Dataset wizard.

7. Click Next.

Elevation settings in a network dataset further defines connectivity. To understand why, assume

two edges have coincident endpoints in X and Y space but have different elevations (one
endpoint is higher than the other). Furthermore, assume their connectivity policy is set to

Endpoint. If elevation is ignored, the edges connect. However, if elevation is considered, they

won't connect.

There are two ways to model elevations: using true elevation values from geometry or using
logical elevation values from elevation fields.

8. No elevation data exists for this dataset; therefore, click None.

Copyright © 1995-2010 Esri. All rights reserved.
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Mew Metwork Dataset B | fESs]
How would you like to moded the elevation of your network features?

Using Bevation Fields

Source End Fleld =
Metro_Lines From End

Mefro_Lines ToEnd

Straets From End

Streets ToEnd =
Transfer_Stations From End

Transfer_Stations ToEnd

Transfer_Streel_Station From End

Transfer_Sireet_Station ToEnd

Metro_Entrances

Click: in'the Field column to set elevation fislds.

<Back || MNet> | [ Cancel

9. Click Next.
The wizard displays the attributes of the network dataset.

Mew Metwork Dataset - @
Specy the attrbutes for the network dataset
1 @ MName Usage Units Data Type | Add... J
LB HierarchyMavtr., Hierarchy  Unknown  Integer II
1y Fdeters Cost Meters Double
L@ Minutes Cost Minutes Double [ Remova M ]
@  Oneway Restriction  Unknown  Boolean )

RoadClass Descriptor  Unknown  Integer Rename

Farameters.. J

Evaluators...

<Back || MNets | [ Cancal

Removing an attribute

Network attributes are properties of the network that control navigation. Common examples are cost
attributes that function as impedances over the network and restriction attributes that prohibit traversal in
both directions or one direction, like one-way roads.

ArcGIS Network Analyst analyzes the source feature class (or classes) and looks for common fields like
Meters, Minutes (FT_Minutes and TF_Minutes, one for each direction), and Oneway. If it finds these fields, it
automatically creates the corresponding network attributes and assigns the respective fields to them. (This
can be viewed by clicking Evaluators.)

Network Analyst automatically configures five attributes for the Paris streets data: HierarchyNavStreets,
Meters, Minutes, Oneway, and Road Class.

Copyright © 1995-2010 Esri. All rights reserved.
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Although you could leave the hierarchy attribute on the network dataset, this short set of steps demonstrates
how to remove a network attribute by removing HierarchyNavStreets.
Steps:
1. Click HierarchyNavStreets.

2. Click Remove.
Now the network is left with four attributes.

One goal for this network dataset is to model both pedestrian times and drive times. When performing
analyses on the network, this allows you to choose between the two time costs. For example, you can
choose to answer a question like, What's the quickest route from point A to point B for a pedestrian who
can walk along streets and ride the metro? or What's the quickest route for someone who's driving a car?
To accomplish this, you must set up two time-cost attributes: PedestrianTime and DriveTime.

Steps:

The Minutes attribute that Network Analyst automatically detected in the source data represents
drive times, so you can change the name to something more appropriate.

1. Select the Minutes row, click Rename, type DriveTime, and press ENTER.

Meters Cost Meters Double |

|
. Bemaove
Y MO rveTime Cast Minutas Diauble =
@ Oneway Resfricion Unknown  Boolean | Remave Al
RoadClass Descriptor  Unknown  Integer '7

BV ol SN RPPP SNRA S S

Next, you will create the PedestrianTime attribute.

2. Click Add.
The Add New Attribute dialog box opens.

Type PedestrianTime in the Name text box.
Set the Usage Type to Cost.
Change Units to Minutes.

Set the Data Type to Double.

o g ~ w

Add New Attribute =N 50
Marme: PedestriarTime ok |
e Te: [ 3] Comes ]
Lirits: lr\-'lnu:eg vI

Data Type: |Du.b|= v|

Use by Default

7. Click OK.
The Add New Attribute dialog box closes, and PedestrianTime is added to the list of
attributes.

Copyright © 1995-2010 Esri. All rights reserved.
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The three cost attributes—Meters, DriveTime, and PedestrianTime—have yellow warning
symbols that alert you to potential problems with the evaluators, which specify how the values
of network attributes are calculated.

In the next three sections, you will configure the evaluators.

You will set up various evaluators in this section and the following sections. The Meters evaluator
calculates the distance cost for edges in the network.

Steps:

1. Select Meters and click Evaluators.

HNew Network Dataset Y| eEsa]
Speciy the attributes for the network dataset

! @ Mame Usage Units Data Type Add... |
5L,® Drvelime Caost Miniutes Double

P Bemaove |
) IMeters Cost Meters Double

©  Oneway Restriction  Unknown Boolean Bemaove Al

i, PedestrianTime  Ceost Minutes  Double -

RoadClass Descriptor  Unknown  Integer Rename J

Duplcate |

Earameters... |

« Back Neod = Cancal

The Evaluators dialog box opens. Here you can view and edit the evaluator type and its value
for each source in the network. You can see that junction and turn sources always have one
associated evaluator, but edge sources have two: one for each direction of travel (the from-to
and to-from directions).

ArcGIS Network Analyst inspects all source feature classes and tries to automatically assign
evaluators for the Meters attribute. In this case, it discovered that the Metro_Lines and Streets
sources had a field named Meters, so it set up evaluators to pull values from those fields. The
same length values are assigned to the from-to and to-from directions of the edge sources.

Network Analyst was unable to find fields for meters in the Transfer_Stations and
Transfer_Street_Station sources. Hence, a warning symbol is present to indicate there is a
potential problem.

2. While holding the SHIFT key, click the Transfer_Stations From-To row and click the
Transfer_Street_Station To-From row.
The four rows with the warning symbols are selected.

3. Right-click any of the selected rows and click Type > Field.
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Evalustors s
Atribute: Meatars -
Atribute Values:
Source Vaiues | Defaut Values |
!  Source Direction Element Type Value

Metro_Lines From-To Edge Field Meters
Metro_Lines To-From Edge Field Meters -
Strests From-To Edge Field METERS -
Streets To-From Edge Field METERS

i Transfer_Stations From-To

J_. Transfer_Stations To-From Edge Typs R Edae Trafllc
PH) Transfer_Street_Stat . From-To Edge - B
_i) Transfer_Street_Stal., To-From Edge Value 2 Constant
Metra_Entrances Juncti Delete DEL WAL
Metro_Stations JUnCtir— Glabal Tumn Dela
Field
Function

The warning symbols change to red error symbols, which indicate an incomplete assignment
of values for the field evaluator.

With the four rows still selected, right-click any one of them and click Value >
SHAPE_LENGTH.

[ Transfer_Stations
[*] Transfer_Stations
[*] Transter_Street_Stat.
[* ) Tranzfer_Street_Stal

From-To
To-From
From-To
To-From

Field
Field
Field

Value 4 SHAPE
Msuo_Enu.ances Junqon SHAPE_LENGTH
Metra_Stations Junction Delete DEL
' TRANSITTIM
pv 2 e P 4 MJ . ropert B

This assigns values from the SHAPE_LENGTH field in the selected source feature classes to
the Meters attribute for their associated network edge elements.

Click Apply.

The Meters network attribute is configured to get length values. For the network elements
created from Metro_Lines, Streets, Transfer_Stations, and Transfer_Street_Station sources,
the attribute values are respectively pulled from their Meters, METERS, Shape_Length, and
SHAPE_LENGTH fields.

Configuring the DriveTime and Oneway evaluators

Since automobiles only travel on streets, the evaluators for the various sources should be set up
accordingly.

Steps:
1.

From the Attribute drop-down list, choose DriveTime.

The DriveTime values for the Streets source have been populated automatically by Network
Analyst; however, the other edge sources display warning symbols because they don't have
values assigned. These sources need to be marked as restricted. Also, metro stations need to
be restricted so that new network analysis objects can be prevented from locating there.
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2. Make sure that all the rows with a warning symbol (Metro_Lines, Transfer_Stations, and
Transfer_Street_Station) are selected.
If they aren't selected, select them by clicking one row and holding the CTRL key while clicking
the other rows.

3. Hold the CTRL key and click Metro_Stations to add it to the selection.

4. Right-click any one of the selected rows and click Type > Constant.

Evaluators m@
Merute: | DriveTime -
Atribute Values:

Source Velues | Default Values

! Source Direction Element Type Value
LY Metro_Lines To-From Edge -
Strests From-To Edge Field FT_MIMUTES
Streats To-From Edge Fiald TF_MIMUTES
Y Transter_Stations Fram-To Edge

BN Transfer_Stations To-From Edge
fit\ Transfer_Street_Stat  From-To Edge

Type » dge Traffic

fif\ Transfer_Sirest_Stat . To-From Edge vale ¢ Constant I
Metro_Entrances Junction Delete DEL VB Script
Global Tum Detay
Fleld

1-_..' '—-—"“ Nl At “I‘v-' Function

The same rows remain selected, and their evaluator type changes to Constant.

5. Again, right-click one of the selected rows, but this time click Value > Properties.
The Constant Value input box appears.

6. Type -1 and press ENTER.

Constant Value
E]

The values for all the selected rows change to -1. Network Analyst treats any elements that
have a cost value of -1 as restricted. So whenever the DriveTime attribute is used as
impedance in network analyses, these sources are not traversable.

! Source Direction Element Type Value '
Metro_Lines From-To Edge Constant -1 'l
Metro_Lines To-From Edge Constant -1 ?
Streets From-To Edge Field FT_MINUTES
Streets To-From Edge Field TF_MIMUTES
Transter_Stations From-Ta Edge Constant -1 :
Transfer_Stations To-From Edge Constant -1 A
Transler_Street_Stal..  From-To Edge Constant -1 -
Transfer_Street_Stat To-From Edge Constant -1
Metro_Entrances Junclion {
Metro_Stafions Junction -1

P e, it i - \J

7. Click Apply.

The Oneway attribute is loosely associated with the DriveTime attribute because it models the
one-way traffic restrictions that drivers are required to follow. Later, when you perform an
analysis using DriveTime as the cost, you should enable the Oneway restriction so the resulting
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8.

10.

routes respect one-way streets. Alternatively, when modeling the movement of a pedestrian,
you shouldn't use the Oneway restriction, since pedestrians are free to walk in the direction they
choose.

From the Attribute drop-down list at the top of the Evaluators dialog box, choose Oneway.
The Attribute Values frame now displays the evaluators for the Oneway network attribute,
which has automatically been assigned values for the Streets source.

The sources related to the metro system don't need one-way restrictions.

Click either one of the Streets rows and click the Evaluator Properties button .
You can see the expression used to determine whether a street is one-way.

Click Cancel to return to the Evaluators dialog box.

Configuring the PedestrianTime evaluator

The PedestrianTime network attribute represents the time it takes a pedestrian to travel on the network. In
this set of steps, you will assign appropriate travel times for a pedestrian who can ride the metro system
or walk along streets.

Steps:

1.

4.

From the Attribute drop-down list at the top of the Evaluators dialog box, choose
PedestrianTime.

The rows for the following sources should already be selected: Metro_Lines,
Transfer_Stations, and Transfer_Street_Station.

Right-click one of the selected rows and click Type > Field.

Again, right-click one of the selected rows, but this time click Value > TRANSITTIM.
The TRANSITTIM fields store the time costs for a pedestrian to use the transit system. The
streets also need pedestrian time values, but you calculate them differently.

Evaluators ]
Arigute: PedestnanTime vJ
HAtriboute Values:
Source Vauss | Defaut U’duﬁl

! Source Direction Element Type Value o
Meira_Lines From-To Edga Field TransitTim x |
Metra_Lines To-From Edge Field TransitTim —
Streets From-To Edge Field FT_MINUTES
Streets To-From Edge Field TF_MINUTES

Transittim
Transittimn
Transittim
Transittim

Transfer_Stations
Transfer_Statlons

From-To
To-From
From-To
To-From

Edge
Edge
Edge
Edge
Junction
Junction

Transfer_Sirest_Stat .
Transfer_Sireel_Stat..
Metro_Entrances
Metro_Stations

Click the Streets From-To row to select it. Hold the CTRL key and click the Streets To-From
row to select both rows.
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5. Right-click one of the selected rows and click Value > Properties.
The Field Evaluators dialog box opens.

For the Streets source, the value of PedestrianTime is the walk time. Assuming a pedestrian
can walk at 3 km/hour, walk time in minutes would be [Meters] * 60 / 3000 where [Meters] is the
attribute containing the length of the edge in meters.

6. Double-click the field METERS to move it into the Value = text box and finish typing the
expression as [METERS] * 60 / 3000 in the Field Evaluators dialog box, as shown below.

7. Click Verify to ensure that the expression is correct and fix it if necessary.

Field Evalustors S
Fields Type Functions
CFCC *| & Number |Pbe() -
DISP_CODE i _ il
FT_MINUTES 3 Sa ER D)
FULL_NAME Date R () 5
E c Int()
UNC_CLASS Lag ()
METERS Snl)
NA_Herar: - Sar( ) i

Pre-Logic VB Script Code

W

o
k| DE
BE)

4

Value =
[METERS] " &0 / 3000

Ok

Jgg

8. Click OK to return to the Evaluators dialog box.

Evaluators 2| =5
Atriaute PedestrianTime -
Adtribute Values
Source Values | Defaul Values
! Source Direction Elemeant Type Value
Metro_Lines From-To Edge Field TransitTim
Melro_Lines To-From Edge Fiald TransitTim
Strests From-To Edge Field =g¥pression=
Streets To-From Edge Field <gxpression>
Transfer_Stations From-To Edge Field Transittion
Transter_Statlons To-From Edge Fiald Transittim
Transfer_Street_Stat.. From-To Edge Field Transittim )
Transfer_Sireet_Siat To-From Edge Field Transitfim
Metro_Entrances Junction
Metro_Stations Junction
[ ok ][ comea eply |

9. Click OK to return to the New Network Dataset wizard.
10. Click Next.
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When routes are calculated on your network dataset, you have the ability to produce driving directions to
accompany the results. A network dataset is required to have at least one edge source with a text
attribute (for street name information) and a distance attribute to show how far it will be before the next
relevant maneuver is required.

Steps:
1. Click Yes to set up directions.

2. Click Directions.
The Network Directions Properties dialog box opens.

Now you will specify the fields used to report directions for network analysis results.

3. On the General tab, click the Source drop-down list and choose Streets.

Metwerk Directinns Preperties LTSl
General | Shiekds | Road Detail

Directions Settings

Display Length Units Miles B
Length Attribute Meters -
Time Attripute DriveTime J

Signpost Featura Class
Timmpaet Cheaate Takls

Strest Name Felds

Source: Streets E
Metro_Lines §

Rank pe Suffix Huwey Dir
Transfer_Stations L !

Primary  Transfer_Street_Station

Mumber of Alternate Names: 0

[ ok [ Comcal

4. Inthe Street Name Fields list, click Primary to select it.

5. Click in the Name column and choose FULL NAME.

Street Name Flds

Source: Streets -
Rank Prefic  Prefoc Type Mame Suffc Type  Suffic FullMame Hwy .. Lang
Prirmary FULL_NAM ~ FULL_MA..
<MNones
CFCC
5 FUNC_CLASS -
Oneway [
DNumber of Alternate Names: 0

6. Click OK to return to the New Network Dataset wizard.

7. Click Next.
A summary of all the settings is displayed for your review.
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After setting up how you want the network dataset to function, you need to create and build it. The
creation process is quick and essentially creates a container for the logical network.

Steps:
1. Click Finish.
A progress bar opens showing you that Network Analyst is creating the network dataset.
MNew Metwork Dataset
Creating new network datasel..,
[ | Cancel
Once the network is created, the system asks if you want to build it. The build process
determines which network elements are connected and populates the attributes of the network
dataset. You must build the network before you can perform any network analysis on it.
2. Click Yes.
The Build Network Dataset progress bar opens; it will disappear when the build process is
finished.
Build Network Dataset

Buiding the netwerk dataset...

[ ) [ canca |

The new network dataset, ParisMultimodal_ND, is added to ArcCatalog along with the system
junctions feature class, ParisMultimodal_ND_Junctions.

3. Preview the network dataset by clicking its name and clicking the Preview tab.

4. Close ArcCatalog.
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Exercise 3: Finding the best route using a network
dataset

In this exercise, you will find the quickest route to visit a set of stops in a Complexity:

. Beginner
predetermined order. Data Requirement:

ArcGIS Tutorial Data Setup

Data Path:
C:\ArcGIS\ArcTutor\Network
Analyst\Tutorial

X Goal:
Steps. Find the quickest route (shortest path)
between stops.

1. If you have Exercise03.mxd open in ArcMap, skip to step 6.

2. Start ArcMap by clicking Start > All Programs > ArcGIS >
ArcMap 10.

3. On the ArcMap - Getting Started dialog box, click Existing Maps > Browse for more.
The Open ArcMap Document dialog box appears.

4. Browse to C:\ArcGIS\ArcTutor\Network Analyst\Tutorial.
This is the default installation location for the tutorial data.

5. Double-click Exercise03.mxd.
The map document opens in ArcMap.

6. Enable the Network Analyst extension.
a. Click Customize > Extensions.
The Extensions dialog box opens.

b. Check Network Analyst.
c. Click Close.
If the Network Analyst toolbar is not displayed, you need to add it.

7. Click Customize > Toolbars > Network Analyst.
The Network Analyst toolbar is added to ArcMap.

Network Analyst~ | B <2 o [ [@  Network Dataset |Streets_ND -

If the Network Analyst window is not displayed, you need to add it.

8. On the Network Analyst toolbar, click the Show/Hide Network Analyst Window button Eg.
The dockable Network Analyst window opens.

Metwork Analyst

You can dock or undock the Network Analyst window. In this exercise, it is docked below the
Table Of Contents window.
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Creating a route analysis layer

Steps:

1. Click Network Analyst on the Network Analyst toolbar and click New Route.

Natwork Analyst=||[EE| - 2 [ [ Network Dataset |Streets_ND

New Route

- i W

Mew Sendce Area

Mew Closest Facility

New 0D Cost Matrix

Mew Vehicle Routing Problem
Mew Location-Allacation

Options...

The route analysis layer is added to the Network Analyst window. The network analysis
classes (Stops, Routes, Point Barriers, Line Barriers, and Polygon Barriers) are empty.

Network Analyst

Route r

Stops (0}
Routes (0}

= Point Barriers (0)
Restriction (0)
Added Cost (0)

= Line Barriers {0}
Restriction (0)
Scaled Cost (0)

-| Polygon Barriers (0)
Restriction (0)
Scaled Cost (0)

B g

The analysis layer is also added to the Table Of Contents window.

Adding a sto

Table Of Contents
ECEEE =
= & Layers

=] Route
- Stops
@ Locsted
8 Uniocatad
. Errar
B Time Violation
M Point Barmiers
gError

Restriction

) added Cost
=M Routes
-=Routes
=B Ling Barriers
- REstriction
cmScaled Cost
=04 Polygon Barriers

EJRestriction

L Tscaled Cost

A pamend o

p

Next, you will add the stops to be visited by a route.

Steps:
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1. In the Network Analyst window, click Stops (0).
Stops is selected, which means it is the active network analysis class.

2. On the Network Analyst toolbar, click the Create Network Location Tool -f.
By clicking on the map with the Create Network Location Tool, you can add network analysis
objects to the active network analysis class.

3. Click anywhere on the street network to define a new stop location.

B P 1
AT

ArcGIS Network Analyst calculates the nearest network location and symbolizes the stop with
the Located symbol. The stop remains selected until another stop is placed or you clear the
selection.

The located stop also displays the number 1. All stops have a unique number, which
represents the order in which the stop will be visited by the route. Also notice that the Stops
class in the Network Analyst window now lists one stop.

Network Analyst L
Route - |E|
) T4516TH AVE

4. Add two more stops anywhere on or near the streets.

2]

)

\
o (LI tl e

The new stops are numbered 2 and 3.

The first stop is treated as the origin, and the last as the destination.

Network Analyst rx
Route - |E|
=

@ 745 16THAVE
@ 139.2ND AVE
€ 1652 MCALLISTER ST

The sequence of the stops can be changed by clicking a stop in the Network Analyst window
and dragging it to another position in the list.

If a stop is not located on the network, it appears with an unlocated symbol. (However, using
the default settings, you would need to place a stop more than 5 kilometers from the nearest
street segment for it to not locate.)
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You can move an unlocated stop closer to the network to locate it. If a stop is located on the
network but in the wrong location, you can move the stop to the correct position.

5. To move a stop, follow these substeps:
a. Click the Select/Move Network Locations Tool i on the Network Analyst toolbar.

b. Click a stop to select it.

c. Click the stop again and drag it to a new location.

?%1

Next, you will specify that your route will be calculated based on travel time (minutes), that U-turns are
allowed anywhere, and that one-way and turn restrictions must be followed.

Steps:
1. Click the Analysis Layer Properties button on the Network Analyst window.

Netwaork Analyst o x

Route 1 [E]

-
Lo

= 0

The Layer Properties dialog box opens.
2. Click the Analysis Settings tab.
3. Make sure that Impedance is set to TravelTime (Minutes).

This network dataset has historical traffic data associated with the TravelTime (Minutes)
attribute. If you choose to enter a start time by checking Use Start Time and filling out the three
fields below it, Network Analyst will find the quickest route based on that time of day and
historical traffic speeds. Alternatively, it will find the quickest route based on a function of street
lengths and speed limits.

4. Check Use Start Time, enter a specific time and date or day of the week.
a. For Time of Day, enter the time you want to leave the first stop.

b. Click either Day of Week or Specific Date.
If you choose Day of Week, specify any day between Sunday and Saturday;
optionally, choose Today to use your system's current day setting.

If you choose Specific Date, either type a date in the text box or click the down-arrow
to open a calendar that allows you to choose a date.

5. Leave Use Time Windows unchecked.
You can specify time windows for stops and have ArcGIS Network Analyst try to find a route
that honors those time ranges in which a stop should be visited.

6. Leave Reorder Stops To Find Optimal Route unchecked.
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By leaving this property unchecked, Network Analyst discovers the best route given the stop
sequence you specify. This is commonly known as the traveling salesman problem (TSP). If
checked, it finds the best route and best sequence to visit the stops.

7. Click the U-Turns at Junctions drop-down arrow and choose Allowed.
8. Click the Output Shape Type drop-down arrow and choose True Shape with Measures.
9. Make sure that the Use Hierarchy and Ignore Invalid Locations boxes are checked.

10. In the Restrictions frame, make sure that RestrictedTurns and Oneway are checked.

11. In the Directions frame, make sure that Distance Units is set to Miles, Use Time Attribute is
checked, and the time attribute is set to TravelTime (Minutes).

The Analysis Settings tab should look like the following graphic; however, your Use Start
Time properties may be different:

-layer Properties ¥ '@-
General | Layers | Source | Analysis Seftings | Accumulation | Netwodc Locations
Settings Restrictions
Impedance: TravelTime (Minutas) v | RestrictedTurns

| Oneway
| Use Start Time:

Time of Day: B:30 AM
@ Day of wesk: Taday -
Specific Date:

Use Time Windows
Reorder Stops To Find Optimal Route:

Directions

Distance Uinits:
U-Turns at Junctions: Alowed - Miles -

- | Use Tipe Attribute:
Output Shape Type: True Shape with Measures = =e e e

TravelTme (Minutes) -
W Uise Hierarchy

7 ignore Invalid Locatians Open Directions window automatically

oKk | [ cencal moly |

12. Click OK.

Steps:

1. Click the Solve button {# on the Network Analyst toolbar.
A route feature appears in the map display and in the Network Analyst window under the
Routes class.
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.r__.-—--'"q—

T L L e

If a warning message appears, a stop may be located on a restricted edge. Try moving one or
more stops using the Select/Move Network Locations Tool -, which is on the Network
Analyst toolbar.

2. Click the Directions Window button [ on the Network Analyst toolbar.
The Directions dialog box opens.

3. On the rightmost column of the Directions dialog box, click one of the links named Map.
An inset map of the maneuver is displayed.

 Directions (Route) (==
[-] Route: 745 16th ave - 1652 Mcallister 35 mi 8min Map *
1: Start at 745 16th ave Map
2 Go north on 16th Ave toward Cabrillo St <0.1mi < 1min Map
RE Turn right on Cabrillo St 0.2mi < 1min Map
4 Turn left on Park Presidio Blvd 0.7 mi 1min Map
5t Turn right on Califarnia St 0.3mi < 1min Hide
-
-
-—
-
&: at fork keep left on California St 0.2mi < 1min Map
z: Turn left on 2nd Ave <0.1mi <1min Map
B Arrive at 139 2nd ave, on the left Map
a: Depart 139 2nd ave
10: Go back south on 2nd Ave <0.1mi < 1min Map o
Opbona... | Pprt Prewview... | | Saveds. | [ [Eint I [ Close ]
4. Click Close.

In this section, you will add a barrier on the route to represent a roadblock, and you will find an alternate
route to your destination.

Steps:

1. Click Windows > Magnifier.
The Magnifier window opens.

2. Click the title bar of the Magnifier window and drag the window to reposition it over the route.
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Magnifier

[+]@

200°% -

3. Inthe Network Analyst window under Point Barriers (0), click Restriction (0) .
4. Click the Create Network Location Tool . on the Network Analyst toolbar.

5. In the Magnifier window, click anywhere on the route to place one or more barriers.

W Tip: To see where a barrier will be placed, hold down the 1 key before
clicking on the map with the Create Network Location Tool.

Magnifier

[+]@

200°% -

— o —

b

6. Click the Solve button i on the Network Analyst toolbar.
A new, alternative route is computed that avoids the barrier.

| Magnifier B
200% =[]

b

7. Close the Magnifier window.
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The route analysis layer is currently stored in memory, so if you exit ArcMap without saving, the analysis
is lost. However, if you save the map document, the analysis layer is saved with it. You can also export
data. One option is to export the entire analysis layer to an LYR file. The analysis properties and objects
are stored within the LYR file. Another option is to save the sublayers of the analysis as feature classes
using the Export Data command. The next set of steps show how to export the Routes sublayer to a
feature class.

Steps:
1. On the Network Analyst window, right-click Routes (1) and click Export Data.

MNetwork Analyst L

Route -

» | @)

Stops (3)

D 745 16th ave
© 139 2ndave
© 1552 Mcallister

- T45 16

=1 Point Barr|

Restriq

EB 333

Added

Line Barri

Restric selection »

Scaled i

Polygon By =
Restriqg

¥ Delete Al

Open Attribute Table

Export Data... [>

L' Zoom To Layer

I Directigns Window

Recalculate Location Fields — »

s PI'E'D{I"_ICS..

The Export Data dialog box opens.

2. In the Output feature class text box, type or browse to a location to save the results in, such
as C:\ArcGIS\ArcTutor\Network
Analyst\Tutorial\SanFrancisco.gdb\Exercise3 Route.

3. Click OK.
The route's feature is saved to the specified workspace.

4. Click No when prompted to add the exported data to the map as a layer.
5. If you don't plan to work on any other exercise, exit ArcMap. Click No to discard any changes.

6. If you plan to work on another exercise, follow the substeps below.
a. Click File > New.
The New Document dialog box opens.

b. Click OK.

c. Click No when prompted to save changes.
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Exercise 4: Finding the closest fire stations

In this exercise, you will find the four fire stations that can provide the Complexity:
. . . . Beginner
quickest response to a fire at a given address. You will also generate routes Data Requirement:
and driving directions for the firefighters to follow. RIEELR Tt Dt Seilfe
Data Path:

C:\ArcGIS\ArcTutor\Network
Analyst\Tutorial

Goal:
Create, set up, and solve a closest facility

Steps: analysis.
1. If you have Exercise04.mxd open in ArcMap, skip to step 6.
Start ArcMap by clicking Start > All Programs > ArcGIS > ArcMap 10.
On the ArcMap - Getting Started dialog box, click Existing Maps > Browse for more.

Browse to C:\ArcGIS\ArcTutor\Network Analyst\Tutorial.
This is the default installation location for the tutorial data.

A oD

5. Double-click Exercise04.mxd.
The map document opens in ArcMap.

6. Enable the Network Analyst extension.
a. Click Customize > Extensions.
The Extensions dialog box opens.

b. Check Network Analyst.
c. Click Close.
If the Network Analyst toolbar is not displayed, you need to add it.

7. Click Customize > Toolbars > Network Analyst.
The Network Analyst toolbar is added to ArcMap.

Network Analyst~ | Ef -B o fH [ Network Dataset |Streets_ND -|H?

If the Network Analyst window is not displayed, you need to add it.

8. On the Network Analyst toolbar, click the Show/Hide Network Analyst Window button Eg.
The dockable Network Analyst window opens.

MNetwork Analyst ]

You can dock or undock the Network Analyst window. In this exercise, it is docked below the
Table Of Contents window.
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Creating the closest facility analysis layer

Steps:
1. Click Network Analyst on the Network Analyst toolbar and click New Closest Facility.

| Network Analyst=| ] -7 1 i (3] Metwork Dataset Sirests_ND |5 B
New Route

New Sendce Area

New Closest Facility

New 0D Cost Matrix

New Vehicle Routing Prablem
New Location-Allocation

Oplions...

The closest facility analysis layer is added to the Network Analyst window. The network
analysis classes (Facilities, Incidents, Routes, Point Barriers, Line Barriers, and Polygon
Barriers) are empty.

Network Analyst
Closest Facility -

Facilities (0}
Incidents (0)
Routes (0)
= Point Barriers (0}
Restriction (0)
Added Cost (0)
| Line Barriers {0)
Restriction (0)
Scaled Cost (0)
| Polygon Barriars (0)
Restriction (0}
Scaled Cost (0)

The analysis layer is also added to the Table Of Contents window.

Table OFf Contents
ELEIE
= = Layers
=] Closast Facility
A Facilities
@ Error
@ Located
2(Z) Unlocated
& Incidents
W Error
Il Located
?Juniocated
=8 Point Barriers.
€ Emor
€3 Restriction
O Added Cost
- Roules
-—Floutes
-6 Line Bamiers
-—Restriction
cmScaled Cost
E-B Polygon Barriers
) Restriction

o EMNScaled Cos

Adding facilities

Next, you will load facilities from a point feature layer that represents fire stations.
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Steps:

1. In the Network Analyst window, right-click Facilities (0) and click Load Locations.

Network Analyst %
Closast Facility =)
thers (0
Incidents (0
% Routes (0)
- Point Barrie
Restrict
Added C
= Line Barrie X Delete All
Restrict Selection »
Scaled @ Open Attribute Table
= Polygon Bai
Restrict] = Export Data...
Scaled  ©y* Zoom To Layer
M Find Address...
Load Locations...
Recalculate Location Fields — »
f Properties...

The Load Locations dialog box opens.

2. Choose FireStations from the Load From drop-down list.

Load Locations ]
Load From: &4 FireStations |~

[ anly sheow peint layers

Only load selected rows

Sort Fiekd: [ -

Location Analysis Properfies

Property Field Default Vale
MHame MAME

CurbApproach Erther side of vehide
Attr_Mirutes
Attr_Meters
Attr_WeskdayFalback...
attr_weskendFalback. ..
Attr_Trane(Time

e Wi b

| »

n

ooooo

@ Lise Geometry
Search Tolerance: 5000 [Meters -

| Lise Network Location Fiekds

Property Field o
SourcelD
SourceQID
Posalong

B T e

oot o) Cam )

3. Click OK.
Forty-three fire stations are displayed in the map as facilities and listed in the Network
Analyst window.

Copyright © 1995-2010 Esri. All rights reserved.



Network Analyst Tutorial

Adding an incident
Next, you will add an incident by geocoding an address received from an emergency call.

Steps:
1. In the Network Analyst window, right-click Incidents (0) and choose Find Address.

The Find dialog box opens.
Make sure that SanFranciscolLocator is chosen in the Choose a locator drop-down list.

3. Inthe Street or Intersection text box, enter 1202 Twin Peaks Blvd.

% i 7
Chatse a locator: Slop
[ﬂﬁw - D -

- New Search

Street or Intersection: 1202 Twin Peaks Bhd

@

[(optons. | [ Show Standardization | [ Show all candidates

4. Click Find.
One location is found with that street address and is listed as a row in the table at the bottom

of the Find dialog box.
5. Right-click the row and choose Add as Network Analysis Object.

Copyright © 1995-2010 Esri. All rights reserved. 37



Network Analyst Tutorial

#7ind Ea--
—
Choose a locator: =
SanFrandscolocator - L
Strest or Intersection: 1202 Twin Peaks Bvd v | [[Mew Searcn |

[_Options... | | Show Standardization | [~ Show all candidates

Right-click a row to show comtest manu.

Score  Side LeftFrom LefiTo FightFom FRighiTo Prelir PreType Sireethar

m L 1228 1200 - B TN BE
4 Flash

« " #, Zoom To

" PanTo

(W Create Bookmark
@ Add Point

2 Add Labeled Point
5 Add Callout

[ Addto My Places
[ Manage My Places...

Move Metwork Analysis Objec

One object found

¥ Add as Stop to Find Route
1¥5) Add as Barrier to Find Route

This adds the located address as an incident, which you can see on the map and in the

Network Analyst window.

Netwaork Analyst B x
Closest Facllily -
% Facilities (43)

[l 1202 Twin Pesks Bid

Routes (0}
Dind .t N

6. Close the Find dialog box.

Setting up parameters for the analysis

Next, you will specify the parameters for your closest facility analysis.

Steps:
1. Click the Analysis Layer Properties button on the Network Analyst window.

Netwark Analyst 7 x

Closest Facility
e

The Layer Properties dialog box opens.
2. Click the Analysis Settings tab.
3. Make sure that Impedance is set to TravelTime (Minutes).

4. Enter 3 in the Default Cutoff Value text box.
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ArcGIS will search for fire stations that are within three minutes of the fire on Twin Peaks
Boulevard. Any fire stations outside the cutoff time are ignored.

5. Increase Facilities to Find to 4.
ArcGIS will search for a maximum of four fire stations from the fire site. However, the three-
minute cutoff still applies; therefore, if only three fire stations are within the three-minute cutoff,
then a fourth fire station will not be found.

6. Choose Facility to Incident for the Travel From direction.
The search results emanate out from the fire stations, which are loaded as facilities. This
mimics the fire engines traveling from the stations to the fire (incident).

7. Click the U-Turns at Junctions drop-down arrow and choose Allowed.
8. Click the Output Shape Type drop-down arrow and choose True Shape with Measures.
9. Uncheck Use Hierarchy.

10. Check Ignore Invalid Locations.

11. In the Restrictions frame, uncheck RestrictedTurns.
Fire engines don't need to obey this traffic rule in emergencies.

12. In the Directions frame, make sure that Distance Units is set to Miles, Use Time Attribute is
checked, and the time attribute is set to TravelTime (Minutes).

Your Analysis Settings tab should look like the following graphic:

e Layer Properties | =5

General | Layers | Soupe | Analysis Settings | Acoumulation | Network Locations

Settngs Restrictions

Impedance: TravelTime (Minutes) - RestrictedTurms

/| Oneway

Default Cutoff Value: 3

Fadlities Ta Find: 4

Iravel From:

Incident to Fadiity

Dwrechons
Distance Linits:

@ Faciity to Inddent

3 - .
U-Turns at Junctions: Algwed - Viles -
Output Shape Type: True Shape with Measures = 7| Use Time Attribute
TravelTime (Minutes) -
Use Hisrarchy -

o Ignore Inyalid Locatans Open Directions window automatically

oK | [ Canesl doly |

13. Click OK.

Steps:
1. Click the Solve button {2 on the Network Analyst toolbar.
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Routes appear in the map display and in the Route class in the Network Analyst window.

Note that you configured the analysis to find four facilities within a three-minute cutoff;
however, only three facilities are within the cutoff.

2. Click the Directions Window button [z on the Network Analyst toolbar.
The Directions dialog box opens.

Driving directions from each fire station are listed in the window.

o Directions (Closest Facility) | =5 SR
[-] Route: Station 39 - 1202 Twin Peaks Blvd 0.6 mi 1 min Map

1:  Start at Station 39 Map

2: Go northeast on Portola Dr toward Rex Ave 0.5 mi 1 min Map

3: At fork keep left on Twin Peaks Blvd 0.1mi < 1min Map

4:  Turn left on Panorama Dr <0.1mi < 1min Map

5:  Finish at 1202 Twin Peaks Blvd Map

Total time: 1 min
Total distance: 0.6 mi

[-] Route: Station 20 - 1202 Twin Peaks Blvd 0.6 mi 1 min Map
1:  Start at Station 20 Map
2: GO east on Olympia Way toward Dellbrook Ave 0.2mi < 1min Map
3:  Tumn right on Panorama Dr O4mi < 1min Map
4:  Finish at 1202 Twin Peaks Blvd Map

Total time: 1 min
Total distance: 0.6 mi

[-] Route: Station 24 - 1202 Twin Peaks Blvd 1.1 mi 2 min Map
1.  Start at Station 24 Map
2: Go west on Alvarado St toward Grand View Ave <0.1mi <1min Map
3:  Tum left on Grand View Ave 0.4 mi 1 min Map
4:  Tum right on Clipper St 0.1mi «<1min Map
5:  Continue on Diamond Heights Blvd <0.1mi <1min Map
6:  Tumn left on Portola Dr 0.3mi < 1min Map
Z:  Tummn right on Twin Peaks Blvd 0.1mi < 1min Map
8:  Tumn left on Panorama Or <0.1mi <1min Map
9:  Finish at 1202 Twin Peaks Blvd Map

Total time: 3 min
Total distance: 1.1 mi
Optons... | | Port Preview... | [ Swems. |[ gt |[ Qow |

3. If you don't plan to work on any other exercise, exit ArcMap. Click No to discard any changes.

4. If you plan to work on another exercise, follow the substeps below.
a. Click File > New.
The New Document dialog box opens.
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b. Click OK.

c. Click No when prompted to save changes.
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Exercise 5: Calculating service areas and creating an
OD cost matrix

In this exercise, you will create a series of polygons that represent the Complexity:
di that can b hed from a facility withi ified t of seanner

istance that can be reached from a facility within a specified amount o Data Requirement:
time. These polygons are known as service area polygons. You will calculate RIS LEiEl e S

. . . . . Data Path:
3-, 5-, and 10-minute service areas for six warehouses in Paris. C:\ArcGIS\ArcTutor\Network
Analyst\Tutorial
You will also find how many stores are within each of these service areas. Goal:
I . . Create service area polygons and create

You will identify one warehouse that should be relocated to better service an OD cost matrix.

the stores. Additionally, you will create an origin—destination cost matrix for
delivery of goods from the warehouses to all stores within a 10-minute drive
time. Such a matrix is used as an input for logistics, delivery, and routing analyses.

Steps:
1. If you have Exercise05.mxd open in ArcMap, skip to step 6.
Start ArcMap by clicking Start > All Programs > ArcGIS > ArcMap 10.
On the ArcMap - Getting Started dialog box, click Existing Maps > Browse for more.

Browse to C:\ArcGIS\ArcTutor\Network Analyst\Tutorial.
This is the default installation location for the tutorial data.

A oD

5. Double-click Exercise05.mxd.
The map document opens in ArcMap.

6. Enable the Network Analyst extension.
a. Click Customize > Extensions.
The Extensions dialog box opens.

b. Check Network Analyst.
c. Click Close.
If the Network Analyst toolbar is not displayed, you need to add it.

7. Click Customize > Toolbars > Network Analyst.
The Network Analyst toolbar is added to ArcMap.

Network Analyst~ | B «ff o, [ [ Network Dataset |Streets_ND ~ |02

If the Network Analyst window is not displayed, you need to add it.

8. On the Network Analyst toolbar, click the Show/Hide Network Analyst Window button Eg.
The dockable Network Analyst window opens.
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Network Analyst

| (8 )

You can dock or undock the Network Analyst window. In this exercise, it is docked below the
Table Of Contents window.

Creating the service area analysis layer

Steps:

1. Click Network Analyst on the Network Analyst toolbar and click New Service Area.

Network Analyst = || 5 | Network Dataset [Streets_ND it g
Mew Route |
New Sendice Area |

Mew Closest Facility
MNew OD Cost Matrix
New Vehicle Routing Problem

MNew Location-Allocation

Options..,

The service area analysis layer is added to the Network Analyst window. The network
analysis classes (Facilities, Polygons, Lines, Point Barriers, Line Barriers, and Polygon
Barriers) are empty.

Metwork Analyst =]
Service Area - (=

Facilities (0}
Polygons (0)
Lines {0}
| Point Barriers (0)
Restriction (0}
Added Cost (0)
- Line Barriers (0}
Restriction (0}
Scaled Cost (0)
- Polygon Barriers (0}
Restriction (0)
Scaled Cost ()

The analysis layer is also added to the Table Of Contents window.
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Table Of Contents B
e =
= &F Layers
| [/ Senvice drea
=M Facilities
@ Ermor
@ Located
2 Unlocated
- Point Barmiers
g Error
Resfriction
) aoaed cost
=6 Lines
- inas
=04 Line Barriers
= Restriction
cmScaled Cost
M Polygons
- Polygon Barmiers
EJRestriction
EMscaled Cost

Adding facilities

Next, you will add warehouses as facilities for which the service area polygons will be generated.

Steps:
1. On the Network Analyst window, right-click Facilities (0) and choose Load Locations.

Netwerk Analyst 2 x
Senvice Area -

Facilities (0

Polygons (0
Lines (0)

= Point Barrig
Restrict
Added C

= Line Barrie
Restrict] Selection 13
Scaled

= Polygon Ba
Restrict
Scaled

x

Delete All

Open Attribute Table
A3 Export Data...

Zoom To Layer

B

Find Address...
Leoad Locations..,

= o

Recalculate Location Fields  #

&

Properties...

The Load Locations dialog box opens.

2. Inthe Load From drop-down list, choose Warehouses.

Load Locations ]
Laad From: * Warehouses =l
S Senice Area
Only load sele & Faclities
& Point Barriers
Sort Fiekd: & o
-4 Stores
Location Analys]
&% Metro_Stations
Property & Meatro_Enfrances =
R g G ittt sl Lo
3. Click OK.
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The six facilities are displayed in the map.

4. Inthe Network Analyst window, click the plus (+) sign next to Facilities (6) to see a list of the
loaded facilities.

X

Network Analyst o
Sendce Area -

@ Warehouse #1
@ Warchouse £2
@ Warehouse #3
@ Warehouse #4
@ Warehouse #5
@ Warehouse #6
~alE) ON

> | @)

sap—— L

Next, you will specify that your service area will be calculated based on drive time (using minutes). Three
service area polygons will be calculated for each facility, one at 3 minutes, one at 5 minutes, and another
at 10 minutes. You will specify that the direction of travel will be from the facility—not toward the facility,
that no U-turns are allowed, and that one-way restrictions must be followed.

Steps:
1. Click the Analysis Layer Properties button on the Network Analyst window.

Netwark Analyst

nox
Senice Area '
WAt -

The Layer Properties dialog box opens.

Click the Analysis Settings tab.

Make sure that Impedance is set to use DriveTime (Minutes).

Type 3 5 10 in the Default Breaks text box.

Under Direction, click Away From Facility.

Choose Not Allowed from the U-Turns at Junctions drop-down list.

Leave Ignore Invalid Locations checked.

©® N o 0 M 0w N

Check Oneway in the Restrictions list.

The Analysis Settings tab should now look like this:
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10.
11.

12.

13.

14.

15.
16.
17.
18.

Steps:

2.

Layer Properties [l
Line Generation Accumulation | MNetwork Locations
(General Layers | Sourca Analysis Seftings Palygon Generation
Settings Restrictions
Impedance: DriveTime (Minutes) - V| Oneway
Default Breaks: 3510
Rirection:
) Away Fram Fadbty
Towards Faclity
U-Turms at Junctions: Mot Alowed -
' Ignore Inyalid Locations
oKk || Cencel doly |

Click the Polygon Generation tab.
Make sure that Generate Polygons is checked.

For Polygon Type, click Generalized.
Detailed polygons are more accurate but need more time to be generated.

Uncheck the Trim Polygon option.
This is a postprocess that trims the outside polygon to remove spikes but takes a little longer
to run.

Click Overlapping for the Multiple Facilities Options.
This results in individual polygons for each facility. A polygon from one facility might overlap
with a polygon from another, nearby facility.

Click Rings for the Overlap type.
This excludes areas of smaller breaks from the polygons of a bigger break.

Click Apply to save the settings.
Click the Line Generation tab.
Leave Generate Lines unchecked.

Click OK.

Click the Solve button {# on the Network Analyst toolbar.
The service area polygons appear on the map and on the Network Analyst window.

The polygons are transparent, which allow you to see the underlying streets. However, instead
of color coding the breaks from dark to light with increasing distance, you will change them to
go from light to dark.

In the Table Of Contents window, right-click the Polygons sublayer and choose Properties.
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3. Click the Symbology tab.

4. Click the Symbol field name and choose Flip Symbols. (Make sure you click—not right-

click—Symbol; otherwise, you get a different context menu.)

|G-1ud|5ouu|5d-dnn[|:_iq Symbology | Fiskds | Definition Guery | Labels | Jons & Relates | Time | HTML Popup |

F-elwu

Calegories
Unique values
Unigue values, many
Match to symbals in 3

Cuaniities

Charts

Muitiple Attributes

[Draw categories using unique values of one field. e—
Vahpe Field Coloe Ramp
Tobreak -

5. Click OK.

The outer and inner service area breaks switch colors, making it clearer what areas the

l

Vnhse
Flip S.,mnn 5
Pro pnmesfu Selected Symbal(s).
Properties for All Symbols_.
il m’—- e o ‘J

10-minute breaks cover.

Identifying stores that are outside all service areas

Steps:

1. In the Table Of Contents window, click and drag Stores to the top of the Layers list to

improve visibility.
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Table Of Contents ax
EEELEE

= & Layers -

= 2 B
=]

= B Semvice Area 3
- Facilities

. Error

1

2. Click Selection > Select By Location.

Selection '| Geoprocessing  Customi
Bly Select By Attributes
By Select By Location..

Interactive Selection Method  »
Selection Oplions...

3. Create the selection query on the Select By Location dialog box to select features from
stores that are completely within polygons, as shown below.

Select By Location [~ |[eE3a]

Select features from one or more target layers based on their location in
relation to the features in the source layer.

Selection pethod:
select features from 'I

Target layer(s):
M Stores "
o) > Sarvice Area
O Fadities
O Point Barriers
O Lines
[ Line Barriers
[ Polygons
[ Polygon Barriers
O warehouses
[0 Metro_Stations
O Metra_Entrances —

| anlly shaw selectable layers in this Ist

n

Saource [ayer:
f@ Polygons LI

Use selected features (D features selected)

Spatial selection method:
Target layer(s) features are within the Source layer feature -

"] Apply a search gistance

2o 00
Cw) [CE0Cen]lio=

4. Click OK.
The stores that are within the polygons are selected; however, you want to select the stores
that are outside the service area polygons.

5. In the Table Of Contents window, right-click Stores and click Selection > Switch Selection.
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Table Of Contents B x 7

B NS
= = Layers -
& Copy
e X Remove
- ;"":::I‘ BE Open Aftibute Table
T ® Er Joins and Relates »
@ Lo < Zoom To Layer
iy
Q) Ur]
@ Poinl e ble Scale Range N
(712
IRe Use Symbol Levels
? Ad Selection 3 | #8  Zoom To Selected Features
E ings
E—Lir Label Faalures M PanTo Selected Features
[ Line Edil Fealures » | B Clear Selected Features
=R T Switch Selection
S I
%o ComvertFeatures to Graphics... [M selectan
Network Analyst Corwen Symbology 10 Represantation... Make This The Only Selectable Layer
.Samce Area Data » Copy Records For Selected Features
= :mmﬁse &> Save As LayerFile_.
@ Warehouse &’ Create Layer Package.. Create Layer From Selected Features
@ Warehouse| &# Propertes.. E Open Tabla Shawing Seledaeatures

il Aimrmb e

The selection now shows the distribution of stores not contained in any service area polygons.
Use this selection to identify the area in which you will relocate a warehouse. The best area
appears to be in the center of the map.

6. On the Tools toolbar, click the Clear Selected Features button .

Relocating the least accessible warehouse

Look at the service area polygons of Warehouse #2. There are not any stores within the 3-, 5-, or
10-minute service areas around Warehouse #2; hence, you will relocate that warehouse to better service
the stores.

Steps:

1. On the Network Analyst window, select Warehouse #2 under Facilities (6).

Netwerk Analyst 2 x
EREITT - ©

= .
@ VWarshouse #1
@ Warehouse #2 5,
@ Warehouse #3

B i

2. Click the Select/Move Network Location Tool ;- on the Network Analyst toolbar.
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3. On the map display, drag Warehouse #2 to the center of the map as shown below.

Run the process to compute the service area
Steps:

1. Click the Solve button i on the Network Analyst toolbar.
The service area polygons appear on the map and the Network Analyst window.

Identifying the service area polygon that each store is within

Steps:
1. Inthe Table Of Contents window, right-click Stores and click Joins and Relates > Join.
Table Of Contents 7%
koo 8 =
= &F Layers ‘u
[ copy

Q »  Remove

= ¥ Senic B9 open atiribute Table
] Fa

| Joins andRelates v don. g '
" 4 L
@& ZoomToLayer Remove Join(s) »
Relate..

[ ] WWM Remaove Ralate(s}  »

The Join Data dialog box opens.

2. Choose Join data from another layer based on spatial location.

Join Dats s

Join lets you append additional data to this layer's atiribute table so you can,
for example, symbokze the layer's features using this data.

What do you want to join to this layer?

-
Join attributes from a table
Join data from another layer based on spatial location

e 'ma‘slo-’

3. Choose Polygons as the layer to join to this layer.
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4.

10.
11.

1. Choose the Layer to join to this layer, or load spatial data from digk:
[€ Poiygons =]
&> Service Area

L7

2 .
4 Fadiliies

@ Point Bamiers
& Lines
e &% Line Bamers
| oEmEm

4 4> Polygon Bamiers

- P s s st

Click the it falls inside button.

Each paint will be given al the attrbutes of the polygon that:
@ it fals inside.

1f a point fals inside more than one palygon (for example,
because the layer being joined contains averlapping palygons)
the attributes of the first polygon found will be joined.

& dosest toit.

A distance field is added showing how dose the polygon is (n
the units of the target layer). A polygon that the point fals
infs:de is treated a5 being dosest 1o the point (i.2, & distance
of 0).

DR NN SN o LBV S S

This adds the attributes of the polygon to all points that fall inside the polygon.

Specify an output shapefile or feature class to save the join results to and name it
StoresWithPoly.

3. The result of the join wil be saved nto a new layer,
Specify output shapefie or feature dass for this new kayer:

arcgis’ A Tutor Netwark:_Analyet' Tutodal Stores WithPoly shp =

About Joining Data [ o Cancel |

Click OK.
ArcGIS performs the join and adds the new layer to the map document.

In the Table Of Contents window, right-click the new StoresWithPoly feature layer and
choose Open Attribute Table.

Each row in the table displays the name of the store and polygon it falls under. You can use
this table to generate other useful categories, such as the number of stores within 0-to
3-minute service areas.

Close the attribute table.
You can optionally export your facilities (including the one you moved) as a feature class.

In the Network Analyst window, right-click Facilities (6) and choose Export Data.
The Export Data dialog box opens.

In the Export drop-down list, choose All features.

Choose an output location and type (shapefile or feature class).
You might choose to store a feature class in the Paris geodatabase:
C:\arcgis\ArcTutor\Network Analyst\Tutoriall\Paris.gdb\New Warehouses
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12.

13.

Optionally,

each store.

Export Data B |jsEss]
Export: _-M features =

Use the same coordinate system as:
@ this layer's source data

the data frame

Qutput feature dass:
=g \Are Tuter\Network _Analyst\ Tuboral\Pars odb\New_Warehouses ﬁ|

| =4 Cancel
Click OK.
A message appears asking if you want to add the exported data to the map.
Click No.

You won't need the data for the rest of this exercise.

you can create an origin—destination cost matrix for deliveries from the new warehouses to
The results of this matrix can be used to identify stores that will be serviced by each

warehouse within a 10-minute drive time. Also, you can find the total drive time from each warehouse to

its stores.
Steps:
1.

In the Table Of Contents window, uncheck the Service Area analysis layer and the
StoresWithPoly feature layer to improve readability of the map.

Click Network Analyst on the Network Analyst toolbar and click New OD Cost Matrix.

Natwork Analyst - | |EE| Network Dataset: [Streets_ND | % B
Mew Route

Mew Sendce Area

Mew Closest Facility

MNew OD Cost Matrix

Mew Vehicle Routing Prablem

Mew Location-Allocation

Oplions

The OD cost matrix analysis layer is added to the Network Analyst window. The network
analysis classes (Origins, Destinations, Lines, Point Barriers, Line Barriers, and Polygon
Barriers) are empty.
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Metwork Analyst
0D Cost Matrix - (=
Origins (0)
Destinations (0)
Lines (0)

Point Barriers (0)
Restriction (0)
Added Cost (0)

Line Barriers {0)
Restriction (0)
Scaled Cost (0)

- Polygon Barriers (0}
Restriction (0)
Scaled Cosi (0)

The analysis layer is also added to the Table Of Contents window.

Table Of Contents =]
18 S & 5
= &4 Layers
0D Cost Matrix
- Origins
@ Ermor
@ Located
?(0) Unlocated
- Destinations
Il Error
I Located
?[Junlocatea
04 Point Bariers
@) Ermor
OResui:ﬁcn
O Adaed Cost
-+ Lines
== ines
- Line Barriers
=R estriction
cmScaled Cost
[ Palygon Barriers
Resfriction

Scaled Cost
M{H L

You can use the facilities from the service area analysis (in the previous sections) as origins. If you have
not completed the section on service areas, you can use the Warehouses feature layer instead.
Steps:
1. In the Network Analyst window, right-click Origins (0) and choose Load Locations.

The Load Locations dialog box opens.

2. Click ServiceArealFacilities in the Load From drop-down list. (If you did not complete the
previous sections on service area analysis, you can choose Warehouses instead.)

3. Uncheck Only load selected rows.

4. Under Location Position, click Use Network Location Fields. (If you are loading
Warehouses, click Use Geometry.)
Using network location fields allows ArcGIS to use the already-located position of service area
facilities to locate them again as origins. This is much faster than using a spatial search to
locate them again.
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Load Locations. (8 |fel
- =
LoadFrom: | Facilities =l [a
| Only show point layers
Only load selected rows
Sort Fiekd: [ =
Location Analysis Properfies
Froperty Figld Default Vale
Hame MName
TangetDestinationCount
CurbApgroach CurbApproads Either sade of vehide
Cutoff_Drivetime
Cutoff_Meters

Cutoff_PedestrianTime

Location Pasition

Use Geometry

@) Use Network Location Fields

Property Field o
SourcelD SourcelD =
SourceQID SourceQTD
Posalong Posalong .
Firin 8o Cird= 8 i
[Capanes ] o) Coms
5. Click OK.
The six new origins are displayed on the map and listed in the Network Analyst window under
Origins.
Netwiork Analyst B x
0D Cost Matrix -
= Origins (6)

@ Warehouse #1

@ Warehouse #2

@ Warehouse #3

@ Warehouse #4

@ Warehouse #5

@ Warehouse #6
b

Adding destinations

Steps:
1. In the Network Analyst window, right-click Destinations (0) and choose Load Locations.
2. Choose Stores in the Load From drop-down list.

3. Under Location Analysis Properties, for the property name, choose NOM from the Field
drop-down list.
Since the French field name NOM is not configured in the NASolverConfiguration.xml file,
ArcGIS is unable to map the field name automatically.
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(losd Llocations . ==
Load From: IQ") Sloras ;I

[ onily shew point layers
[ only load selected rows

Soirt Fiekd: [ v]

Location Analysis Properties

@ Use Geometry
Search Tolerance: 5000 [Meters =

(21 Use Metwork Location Fiekls

Froperty
SourcelD
SourceQID
Posalong
oy S,
Advanced...

4. Click OK.
The Network Analyst window now lists 21 destinations.

_ ¥3I

0D Cost Matrix -

=/ Destinations (21) -
[l LES BOUTIQUES DU PALS
[l ~U PRINTEMPS HAUSSHA
[l GALERIES LAFAYETTE HA
[l “RCADES DU LIDO
[l GALERIE DU CLARIDGE
[ ELYSEE 25
[l GALERIE DES TROIS QUA
[l GALERIE SAINT DIDIER |
[l ESPACE EXPANSION FOR
[l GALERIE CARROUSEL DL
[l SAMARITAINE

,l_y*“"‘"%

These destinations are also displayed on the map.
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Next, you will specify that your OD cost matrix will be calculated based on drive time. You will set a default
cutoff value of 10 minutes and ensure that all destinations are found within the specified cutoff.
Additionally, you will specify that U-turns are allowed everywhere and the output Shape type should be a
straight line. Since all these trips are on roads, one-way restrictions must be followed. All invalid locations
(locations not found) will be ignored.

Steps:
1.

© © N o O

10.

Click the Analysis Layer Properties button on the Network Analyst window.

Netwaerk Analyst 3 x
0D Cost Matrix - |E_'
e ST

Click the Analysis Settings tab.
Make sure that the Impedance drop-down list is set to DriveTime (Minutes).

Type 10 in the Default Cutoff Value text box.
This will create origin—destination paths from each warehouse to all stores that can be reached
within 10 minutes.

Make sure that Destinations To Find is set to <All>.

Click the U-Turns at Junctions drop-down arrow and choose Allowed.
Make sure that Output Shape Type is set to Straight Line.

Make sure that Ignore Invalid Locations is checked.

Check Oneway in the Restrictions list.

Layer Properties =N
General | Layers | Source | Analysie Seftings | Accumulation | Metwork Locations
Settings Restrictons
Impedance: DriveTime (Minutes) - | Cnevay
Default Cutoff value: 10
Destinations To Find: <All>
L-Turmes at Junctions: Abawed -
Output Shape Type: Straight Line -
' Ignore Invalid Locations
oK | [ Concel ooy |
Click OK.

The parameter settings are saved.
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Steps:

1. Click the Solve button {# on the Network Analyst toolbar.
The OD lines appear on the map. There are 24 lines in this example. This number may be
different for you, depending on where you relocated Warehouse #2.

2. If the Service Area layer is not displayed, turn it on to show the OD Cost Matrix layer on top of
the service areas of the warehouses.

Based on the OD cost matrix, you can now identify the stores that would be served by each warehouse.

Steps:
1. In the Network Analyst window, right-click Lines (24) and choose Open Attribute Table.

Netwaork Analyst 3 x
0D Cost Matrix =
+ Drigins (6)
# Destinations (21)
[ 2
= Pgint Ban
Restri
Added
= Line Barry
Restris
scaled X Delete Al
Polygon B Selection ¥

Rastiy ] Open Attribute Table h

Scaleq
A2 Expont Data...

Zoom To Layer
Recalculate Location Fields  »

* Properties..

The Lines table opens.

The Lines table represents the origin—destination cost matrix from each warehouse to the stores
within a 10-minute drive time. The OriginID column contains IDs of warehouses. The
DestinationID column contains IDs of stores. The DestinationRank is a rank assigned to each
destination that is served by a store based on the total drive time. For example, in the table
below, for Warehouse #1, DestinationID 2 has a rank of 1, and DestinationID 3 has a rank of 2.
This is because it takes less time to go from Warehouse #1 to DestinationID 2. (This may be
different for you, as your analysis results are dependent on the source feature class of the
origins and destinations.)
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16 | Polylne | iWarehouse 84 - GAITE BSTE204
17 | Polyine | Warehouse #5 - 5. L BEAVGRENELLE

16 | Polyline | Warehouse #5 . GALERE COMMERCIALE PASSY PLAZA

19 | Polyine | Warehouse #6 - LES BOUTIOUES DU PALAK DES CONGRES |
20 | Polyine | Warehouse 6 - GALERE SAINT DIDER

21 | Powine | Warenouss 26 . ARCADES DU LDO

22 | Polyine | Warehouse #6 - GALERE DU CLARDGE

2478298 |
7 D4EDBS
AB684TT |

ITTITIITd

6 008853 |
B 645856

B THOE04

Table (=]
3 B B0
Lines =
Objecti| Shape | Name: | Originid | Destinationid | Destinationfank | Total_Drivetime |
n 1| Polyine | Warshouse #1 - AU PRINTENPS HAUSSHANN 1 H 1 8502172
2 [ Poline | Warehousa #1 . GALERES LAFAYETTE HAUSSHANN I | 3 2| BE180TT |
n 3| Pobine | Warchouse #2 - SAMARTANE 7| L il 2335788 |
4| Poline | Warshouse £2 - ESPACE EXPANSION FORUM DES HALLES ] 5 2 2ET1T4
n & [Polyine | Warehouse #2 . BAZAR DE LMOTEL.DE-VLLE 2] 12 3 3 £p2851 |
& | Polyine | Warenouse 82 - GALERE CARROUSEL DU LOUVRE F| 10 [ 4468903 |
n 7| Polyine | Warehouse #2 - LE MARCHE SANT GERMAIN 7| 14 | 7042571 |
n B | Polyine | Warehouse 82 - GALERE DES TROS QUARTERS ]| 7 A 7441952 |
n § [ Polyine | Warehouse #2 - GALERIES LAFAYETTE HAUSSUANN El| 3 7| 8 504564 |
| 10 | Polyine | Warehouss 82 - LE BON MARCHE 2| 15 [ B E2T45T
11 | Polyine | Warehouse 22 - AL PRINTENPS HAUSSHANN 2 F] L) 93Tel2%
2 [Polylne | Warehousa 82 - MANE-MONTPARNASSE 2 8 10 8974127
13 Poyine :ﬂ'm:‘wuu 21 PRNTENPS NATION | 3 . [ 1 4u2m:
14 | Polyine | Warehouse #4 . TALE 2 4 ] 1 5 628731
1% | Polyine .W.IMEIJII ®4 - CENTRE COMMERCLIAL MASSENA 13 4 | a2 7. € 300414 |
-
g
5
]
[
L]
&
[]
&

:

1

3

1

]

3

4

[]
E—)

n 3| Poline | Warehouse #6 - GALERE COMMERCIALE PASSY PLAZA | 8857523 |
* 24 | Folyline | Warehowse 86 - EL'Y'SEE 26 |

o 24 » » |[E|S | (0oul of 24 Selected)

Lines

The OD cost matrix displays the stores serviced by each warehouse along with the total drive
time for each route. Some stores are within a 10-minute accessibility zone of more than one
warehouse and can be served by any one of them. The OD cost matrix can also be used as an
input in logistics routing models that use origin—destination matrices to allocate goods and
services.

2. If you don't plan to work on any other exercise, exit ArcMap. Click No to discard any changes.

3. If you plan to work on another exercise, follow the substeps below.
a. Click File > New.
The New Document dialog box opens.

b. Click OK.

c. Click No when prompted to save changes.
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Exercise 6: Creating a model for route analysis

In this exercise, you will create a model for finding the fastest delivery route Complexity:
e
connecting 21 stores in Paris. eginner

Data Requirement:
ArcGIS Tutorial Data Setup

Data Path:
C:\ArcGIS\ArcTutor\Network
Analyst\Tutorial

Goal:

StepS: Create a geoprocessing model using
ModelBuilder and ArcGIS Network
1. If you have Exercise06.mxd open in ArcMap, skip to step 6. Analyst tools.
2. Start ArcMap by clicking Start > All Programs > ArcGIS >

ArcMap 10.
3. Onthe ArcMap - Getting Started dialog box, click Existing Maps > Browse for more.

4. Browse to C:\ArcGIS\ArcTutor\Network Analyst\Tutorial.
This is the default installation location for the tutorial data.

5. Double-click Exercise06.mxd.
The map document opens in ArcMap.

6. Enable the Network Analyst extension.
a. Click Customize > Extensions.
The Extensions dialog box opens.

b. Check Network Analyst.
c. Click Close.
If the Network Analyst toolbar is not displayed, you need to add it.

7. Click Customize > Toolbars > Network Analyst.
The Network Analyst toolbar is added to ArcMap.

Network Analyst~ | Ef -B o fH [ Network Dataset |Streets_ND -|H?

If the Network Analyst window is not displayed, you need to add it.

8. On the Network Analyst toolbar, click the Show/Hide Network Analyst Window button Eg.
The dockable Network Analyst window opens.

MNetwork Analyst ]

You can dock or undock the Network Analyst window. In this exercise, it is docked below the
Table Of Contents window.
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Creating the model

Steps:

1. Click the Catalog window button [ on the Standard toolbar.
The dockable Catalog window opens.

2. Inthe Catalog window, expand Toolboxes.

3. Right-click My Toolboxes and choose New > Toolbox.

Catalog B
S~ el @ E- 8 %
Location: Taobaxes'My Tooboxes -

# [l Home - Tutorial
@ [ Folder Connactions
& Toolboxes

4 [ Syster|
# [ Database| o Refrash
® O3 Database|™ pom .| i
5 G GIS Servelo—at » @ Toolbox |
Name Type

] 1. 3

4. Type NetworkModel and press ENTER to name the newly added toolbox.

5. Right-click the NetworkModel toolbox and click New > Model.

Catalog
ar e @Bl
Location: My Toolbowes\NetworkModel thy -

1 Egj Home - Tutarial
7 [ Folder Connections
= @ Toolboxes
= & My Toolboxes
Mod
2 & System Toolbaxt (31 CoPY
% [ Dalabase Servers
# EJ Database Connectit %  pajate
7 G GIS Severs

Rename

Name < Refresh
New 'l& Toolset
Add Fo3a Model.

| @3 Publish To ArcGIS Server... .

Save As k

ltem Description...

Properties...

¥

A new model appears in the toolbox, and the Model dialog box opens.

Catalog =
vl @ EEl o e
Locatian: shaxesPetworkModel, thi\Model =

% B Home - Tutarial

# & Folder Connections

- @ Toolboxes

B @l My Toolboxes
= @ NetworkModel

Ll /oc]
_ e o §
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2 Model ==
Modal Edit Inget View Windows Help
ES 08B x & RENIIENI RSP

Creating a route layer in the model

Next, you will create the route layer within the model. The workflow for using Network Analyst in a model
is the same as the workflow for using Network Analyst in ArcMap. First, you create a route layer and set
properties. Next, you add the network locations (stops) to be used as inputs. Last, you solve and display

the results.
Steps:

1. On the menu bar, click Geoprocessing > Search For Tools.
The dockable Search window opens with the Tools category selected.

Search @
&c|a -
all Maps Data Tools
I
System Toolboxes
@ 30 Analyst Tools

‘ Analysis Tools
Car

Find My Custom Toolboxes...

2. Click Network Analyst Tools in the list of toolboxes in the Search window.
A list of toolsets and tools related to the ArcGIS Network Analyst extension are listed.

3. Click Analysis in the Search window.
Only tools related to network analysis are displayed in the Search window.

Copyright © 1995-2010 Esri. All rights reserved.

61



Network Analyst Tutorial

Search B X
&2 -
Al Maps Data  Tools 3

boxes'.network analyst tools tbx\analysis" ﬂ

Saarch recumad 13 itams. Halp
& Analysis
Locats toolboxes) system toolboxes\ netw...

#, Make Route Laver
Makes 2 route network analysis layer and ...
toolboxes\ system toolboxes '\ networ...
*,, Add Locations
Adds network analysis objects to a sublaye...
toolboxes\system toolboxes\ networ...

#,, Directions

Generates direction infgr on from a net...

yo

em

‘metwor,. i

4. Drag the Make Route Layer link onto the Model dialog box.

2 Model o) @ ]
Model Edit Insert View Windows Help
CER YL EIRESE S - H R

Search L4
* o |Qr S RNEN ocal Search -
&l Msps Data  Tools

bos-ces'.ne'rwork analyst tools.th E

Saarch returmad 12 itams.

Halp

& Analysis

Locats toolboxes\system toolb. ..

™ toolboxes\system toolboxe...

#,, Add Locations
Adds network analysis objects t...
toolboxes'system toolboxe...

Y L

5. On the Model dialog box, double-click Make Route Layer.
The Make Route Layer dialog box opens so you can set its properties.

Click the Input analysis network drop-down arrow and choose ParisMultimodal_ND.
In the Impedance attribute drop-down list, click DriveTime.

Check the Reorder stops to find optimal route check box.

© ® N o

In the Preserve ordering of stops drop-down list, click PRESERVE_BOTH.

The tool dialog box should look like the one in the graphic below.
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. Make Route Layer =
Input anatysis netwark

[Parnishultimodal_ND =l (=
Custput layer name
Route

Impedance atribute
Drivetime -

V] Reorder stops to find optimal route: {optional)

Preserve orderng of stops (aptional)
PRESERVE_BOTH -

7] Use time windaws (optional)
Start Time (nptonal)

% Accumulators

¥ Hierarchy

¥ Qutput options

¥ Restrictions -

[ox J[ comel [[ mov |[shonriep>> |

10. Click OK.
The input analysis layer is now added to the model. The Make Route Layer tool turns yellow,
and the output turns green.

11. Click the Full View button .
The entire model is displayed.

Adding stops to the route layer

Next, you will add the stores as stops by using the Add Locations tool.
Steps:

1. Drag the Add Locations tool from the Search window onto the Model dialog box.

M 2
$5 Model Sl | ==h &
~» el
Modal Edit Insert View Windows Help e |IQ o | Ehocs Seacch] M

B8 4+ BB x 0 & MBI QN KNS v p | At D Tk I
hcaxes'\.network analyst tools.thx\analysis" il

»

Saarch retumed 13 ivems, Help
A & Analysis
iy
Make Route Locate toolboxes) system toolboxes\netw...
Layer
- - =
#, Make Route L aver
. Makes a route network analysis layer and ...
9 r toolboxes' system toolboxes'\networ...
1 Add h;n“ #, Add Locations
Adds network analysis objects to a sublaye...
toolboxes' system toolboxes\ networ...
—_— —

hs “, Directions
F m b Generates direction information from a net...
toolboxes\ system toolboxes\networ...

2. Select the Stores feature layer in the Table Of Contents window and drag it onto the model to
the left of Add Locations.
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Table Of Contents X e ook
L? e8 = Model Edit Insert View Windows Help
965 Lyes G ER e R < H UL AL

- o EE
)

-

=
Make Roue
—_— =
A
%
Add Loctions Aebre Laer

3. On the Model dialog box, click the Connect tool .

4. Click Stores and click Add Locations to connect them. Click Input locations on the context
menu that appears.

Model Edit Insert View Windows Help

CEIR R R A < S AL T R

®o=e

Roue
Layer
LY
Add Locations , Mot
Input locations |
—

work
Layer
Environments
Precondition G

4

4

5. Using the Connect tool , connect Route to Add Locations. Click Input network analysis
layer on the context menu that appears.

Model Edit Insert View Windows Help

ES @@ x 03 HEENEO RSV

b4

Make Route
Layer

J

% /-_’_\
- Add locat Input network analysis layer |
Emironments 3
Precondition
[

6. Click the Auto Layout button .
The model is arranged in a logical order.
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7. Click the Full View button .

Adding the Solve tool

Steps:

1. Drag the Solve tool from the Search window onto the Model dialog box.

Search 8 x
L |Q - | WL ocal Search -

a

Al Maps Data Tools

banes\ne’rwrk analyst tools tbx\analysis” ﬂ

Saarch recumad 13 itams. Halp

& Analysis

Locats toolboxes\system toolboxes\ netw...

#, Make Route Laver
Makes a route network analysis layer and ...
toolboxes\ system toolboxes '\ networ...
-, 4 0N,
Adds network analysis objects to a sublaye...
toolboxes\system toolk s\ networ...

*,, Directions
Generates direction information from a net...
toolboxes\ system toolboxes\networ...

L lcul 100
4 Calculate Locations o
Calculates the network location fields for t...
toolboxes\system toolk s\ networ...

*, Solve
Solves the network a
toolboxes\ system toolboxes

L ke Cl Faol

r problem...

¢
fa ‘ork gnalyas la...

2. Using the Connect tool , connect the output layer, Network Analyst Layer, to Solve. Click

Input network analysis layer on the context menu that appears.
The Solve tool turns yellow, the output layer turns green, and Solve succeeded turns cyan.

3. Click the Auto Layout button .
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4. Click the Full View button .

® _ =
o=a ®E

5. Click the Select tool .

6. Right-click the output layer of the Solve tool, which is labeled Network Analyst Layer (2), and
click Add To Display.

Open
Model Parameter

Add To Display

This tells the model to add the final output to the map display.

Running the model to find the best route

Steps:
1. Click the Save button [g to save the model.

2. Click the Run button .
A status window appears while ArcGIS performs the route analysis.

3. When completed, close the status window and close the Model dialog box so you can inspect
the results.
A message appears prompting you to save the model.

4. Click Yes.

A new route layer is added to the Table Of Contents window. The Network Analyst window
has all the stops and the resultant route. The map displays the stops that were loaded and the
resultant route.
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Configuring the model to save the results to disk

Steps:
1.

In the Catalog window, expand the NetworkModel toolbox, right-click Model, then choose
Edit.

To access the shortest path feature class for further analysis, you will need to copy features
from memory onto disk.

Type Select Data in the Search window text box and press ENTER.
Drag the Select Data tool from the search results and drop it in the Model window.

Using the Connect tool , connect the final output layer to Select Data. Click Input Data
Element on the context menu that appears.

Select Data

Input Data Elament

Emvironments ¥

Precondition

In the Model window, double-click Select Data.
The Select Data dialog box opens.

Choose Routes from the Child Data Element drop-down list.

Click OK.
The dialog box closes.

Type Copy Features in the Search window text box and press ENTER.
Drag the Copy Features tool from the search results onto the Model dialog box.

Using the Connect tool , connect the final output layer to Copy Features. Click Input
Features on the context menu that appears.
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e
-~ ~
Copy Fosa [ Odpd
| Input Features | /,:
Emvironments  »

Pracondition

11. On the Model dialog box, double-click Copy Features.
The Copy Features dialog box opens.

12. Enter an output location for saving the route as a feature class or shapefile.
For example, you might type C:\arcgis\ArcTutor\Network
Analyst\Tutorial\Paris.gdb\path.

13. Click OK.

Now running the model will solve the best route, select the route sublayer, and exportitto a
feature class. You can run the model by clicking the Run button .

Steps:
1. In the Catalog window, navigate to the NetworkModel toolbox, right-click Model, then choose
Delete.
Catalog x|
vy dy @ EE~| S5 Y
Locatan: shaoxes\MetworkModel thaModel +

i Gl Home - Tutorial
7 [ Folder Conneclions
& Toolboxes
=1 &l My Toolboxes
= @ NetworkModal tox
a Moder
4 (@ System Tool
{3 Database Serve Balch..,
3 q__) Database Conn Edfit..
+ Hij GIS Senvers

Open

Debug...

Name:  Mod [ Ccopy
x

Renama

ot Lo s,

A message appears prompting you to confirm deletion.

If you ran the model, you may also want to navigate to the location that you specified for the
output of the Copy Features tool and delete the feature class that was created.

2. Click Yes.

3. Exit ArcMap and do not save any changes to Exercise06.mxd.
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Exercise 7. Servicing a set of orders with a fleet of
vehicles

In this exercise, you will find the best routes for a fleet of vehicles, operated Complexity:

. . . . . . . Beginner
by a distribution company, to deliver goods from a distribution center to a set Data Requirement:
of 25 grocery stores. Each store has a specific quantity of demand for the RIS LEiEl e S

.. . . Data Path:
goods, and each truck has a limited capacity for carrying the goods. The C:\ArcGIS\ArcTutor\Network
. . . . . . . Analyst\Tutorial

main objective is to assign trucks in the fleet a subset of the stores to service o
and to sequence the deliveries in a way that minimizes the overall Sl e velilels feuilig [retlim enelyEs.

transportation costs.

This can be achieved by solving a vehicle routing problem (VRP). Once the delivery sequence is determined,
you will generate the turn-by-turn directions for the resulting routes, which can be electronically distributed or
printed and given to the drivers to make the deliveries.

Steps:
1. If you have Exercise07.mxd open in ArcMap, skip to step 6.
2. Start ArcMap by clicking Start > All Programs > ArcGIS > ArcMap 10.

3. On the ArcMap - Getting Started dialog box, click Existing Maps > Browse for more.
The Open ArcMap Document dialog box appears.

4. Browse to C:\ArcGIS\ArcTutor\Network Analyst\Tutorial.
This is the default installation location for the tutorial data.

5. Double-click Exercise07.mxd.
The map document opens in ArcMap.

6. Enable the Network Analyst extension.
a. Click Customize > Extensions.
The Extensions dialog box opens.

b. Check Network Analyst.
c. Click Close.
If the Network Analyst toolbar is not displayed, you need to add it.

7. Click Customize > Toolbars > Network Analyst.
The Network Analyst toolbar is added to ArcMap.

Network Analyst~| Eg - o (B @ Metwork Dataset |Streets_ND -

If the Network Analyst window is not displayed, you need to add it.

8. On the Network Analyst toolbar, click the Show/Hide Network Analyst Window button Eg.
The dockable Network Analyst window opens.
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You can dock or undock the Network Analyst window. In this exercise, it is docked below the
Table Of Contents window.

Fila ES View e @ Customize Windows Help
DgEas B x ™~ &b 15000 ~ EEPM =7
UL R o IH-HIE T L ZAERBDR

- LLEE

-122 384 37907 Deomal Degress

Creating the vehicle routing problem analysis layer

Steps:

1. Click Network Analyst on the Network Analyst toolbar and click New Vehicle Routing
Problem.

x
ERl -5 i, i (31| Metwork Dataset [Sreets_ND -|E® 5

MNew Route
Mew Senvice Area
Mew Closest Facility
Mew OD Cost Matrix
| MewVehicle Routing Problem
Mew Location-Allocation

Options...

The vehicle routing problem analysis layer is added to the Network Analyst window. The
network analysis classes (Orders, Depots, Routes, Depot Visits, Breaks, Route Zones, Route
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Seed Points, Route Renewals, Specialties, Order Pairs, Point Barriers, Line Barriers, and
Polygon Barriers) are empty.

Metwork Analyst &l
Vehide Routing Problem -

Orders (0)

Depots (0}

Routes (0)

Depot Visits (0)

Breaks (0)

Route Zones (0)

Route Seed Points (0)

Route Renewals (0)

Specialties (0)

Order Pairs (0)

Point Barriers (0)
Restriction (0)
Added Cost (0)

- Line Barriers (0}
Restriction (0)
Scaled Cost (0)

= Polygon Barriers (0)
Restriction (0)
Scaled Cost (D)

The analysis layer is also added to the Table Of Contents window.

Table Of Contents
-0 O &
= & Layers
Vehicle Routing Problem
-+ Orders
@ Locsted
24 Unlocated
. Error
W Time Violation
-+ Depot Visits
W Locsted
& Depots
. Efror
Il Located
?[@Uniccated
- Point Barmiers
© Ermor
€3 Restriction
) Added Cost
- Roule Seed Poinls
3 Route Seed Points
@ Routes
-—Floutes
-6 Line Barriers
= Restriction
cmScaled Cost
& Route Zones
[CJRoute Zones
-+ Polygon Barriers
EJRestriction

i TScaled Cost
""n—-u;..,..—n.—‘-.’ -

Adding orders

You will add the grocery store locations to the Orders network analysis class. You can think of orders as
orders to be filled, since each grocery store has requested goods to be delivered to it from the distribution
center. Members of the Orders class will eventually become stops along the vehicle's routes.
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The grocery store locations are already added as a feature layer, Stores, in the map document. The
attributes of Stores contain information about the total weight of goods (in pounds) required at each store,
the time window during which the delivery has to be made, and the service time (in minutes) incurred
while visiting a particular store. The service time is the time required to unload the goods.

Time range in which
the store accepts
deliveries

X

Total weight (in
Table pounds) of goods
oy to be delivered

Stores

Service time
(in minutes)

| osiecTio: | sHAPE* | WAME | Demand| ServiceTime | TimeStartt | TimeEndt |
Point | Store_1 | 1706 25 | 5:00:00 AM | S:00:00 PM

3
2 | Point Store_2 1533 | 23 | 5:00:00 AM SO000PM | |E
3 [ Point [Store3 | 1580 2490000 AM | SO000PM |
4 | Paint |'store_e | 1289 20 |S.0000AM | S0000PM |
5 | Point | Store_S5 | 1302 21 | 2:00:00 AN £:00:00 PM
& | Point |'Stores | 1775 26 | 0000 AM | |
7 [ Point [Swore_7 | 1014 17 | :00:00 AM
B[Poimt_ |Store @ | 1781 | 26 (90000 AN | S00: |
9 | Paint | Store_9 | 1815 27 | 2:00:00 AM 5:00:00 PM -
M4 1+ v |[E S| (0outof 25 Selected)

Slores

You will add these point features of stores as orders in the analysis layer.
Steps:

1. In the Network Analyst window, right-click Orders (0) and choose Load Locations.

MNetwork Analyst
Vehicle Roufing Probl: = [E|

Depots (0)

Routes [0)

Depot Visit)

Breaks (0)

Route Zong % pelete All
Route Seeq
Roule René
Speciatties (] Open Attribute Table
Order Pair{ 45 Eqgort Data...

Selection b

5 Point Barri \* Zoom To Layer
Restricl
ndded  §  Find Address...

= Line Barrig| Load Locations...
Restric| Recalculate Location Fields W
Scaled |

Polygon Ba 7 Froperties..

Restriction (0) T
Scaled Cost (0)

The Load Locations dialog box opens
2. Select Stores from the Load Locations drop-down list.

The Location Analysis Properties section on the Load Locations dialog box lets you specify
which attributes of the Stores feature class contain the values that ArcGIS Network Analyst will
use to help solve this vehicle routing problem.

3. Inthe Location Analysis Properties section, make sure that the Name property is
automatically matched to the NAME field, and the ServiceTime property is matched to the
ServiceTime field.
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Network Analyst tries to match location analysis properties automatically for a newly created
vehicle routing problem layer based on a configuration file (located in the ArcGIS installation
directory within [...]\NetworkAnalyst\NetworkConfiguration\NASolverConfiguration.xml).

4. Set the Field value of TimeWindowStart1 to TimeStart1.

Load Locations 7]
3 =
Load From: ¥ Stores | |EI
| Onily show point layers
Sort Fiekd: -
Location Analysis Properties
Property Figld Diefault Value
Mame NAME L
Description 1
ServiceTime ServiceTime
TimewindowStart L rJ
TimeWindowEnd 1
TimeWindowStart2 OBIECTID
TimeWindowEnd2 NAME
(TIPS Demansd e
ServiceTime
Location Position TimeEnd1
@ Use Geometry
Search Tolerance: 5000 |fl'tt|:rs -

Use Network Location Fieks

Eroperty Fiekd =

SourcelD =
SourceQI0
Paosilang
| Iy
Advanced. .. [ oK Canced

5. Set the Field value of TimeWindowEnd1 to TimeEnd1.
6. Setthe Field value of DeliveryQuantities to Demand.

7. Type 0 under Default Value for the MaxViolationTime1 property.
Setting this property to zero specifies that the time window should not be violated.
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Load Locations o | s3]

=
Load From: % stores 3 GI
' Only show peint layers

Sort Fiekd: -

Location Analysis Properfies
Property Fisld Default Vake
MHame MAME
Description
SErvicETime ServiceTime
TimeWindowStart 1 TimeStartl
TimeWindowEnd 1 TimeEnd1
TimeWindowstart2
TimeWindowEnd2
ManViokationTime 1 1]
MaxViolationTime2
DelveryQuantibes Desnand
PickupQuantities
Revenus
SpecialtyNames
AssignmentRule Owerride
RouteMame
Sequence

CurbApproach Either sde of vehide

Location Position

@ Use Geometry
Search Tolerance: 5000 Meters -

Use Metwork Location Fields

Property Fiekd

SourcelD =
SourceQID

Posalong

Ficd oo

Advanced. .. ( oK | Caneed

8. Click OK.
Twenty-five stores are listed in the Network Analyst window under Orders and are displayed
as orders on the map.

The goods are delivered from a single distribution center whose location is shown in the
DistributionCenter feature layer in ArcMap. The distribution center operates between 8:00 a.m. and 5:00
p-m. You will add this point feature to the Depots network analysis class.

Steps:

1. In the Network Analyst window, right-click Depots (0) and choose Load Locations.
The Load Locations dialog box opens.

2. Select DistributionCenter from the Load Locations drop-down list.

3. Inthe Location Analysis Properties section, make sure that the Name property is
automatically matched to the NAME field.

4. Type 8 AM under Default Value for the TimeWindowStart1 property.
5. Type 5 pPM under Default Value for the TimeWindowEnd1 property.
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Load Locations o | s3]

Load From: ¥ DistributionCenter Ed |a
| Only show point layers

Sort Fiekd: -

Location Analysis Properfies
Property Field Default Vake
MHame MAME
Description
TimewWindowStart 1 B:00:00 AM
TimeWindowEnd1 5:00:00 BM
TimeWindowStart2
TimeWindowEnd2
CurbApproach Either side of vehide

6. Click OK.
One distribution center is listed in the Network Analyst window under Depots and displayed

as a depot on the map.

The distribution center has three trucks, each with a maximum capacity to carry 15,000 pounds of goods.
You will add three routes (one for each vehicle) and set the properties for the routes based on the center's
operational procedures.
Steps:
1. In the Network Analyst window, right-click Routes (0) and choose Add Item.

MNetwork Analyst ]|
vehicia Routing Probier + (B
[ @ Orders (25) =

+ Depots (1)
Depot Vig
Breaks (0
Route Zof
Route Seq

Load completed | x  Delete All

Selection ¥
E  Open Attribute Table
1 Export Data...

+

Zoom To Layer

Load Locations...

Ex Add Rem h

Recalculate Location Fields  »

" Properties...

A new route, Item 1, is added under the Routes class in the Network Analyst window, and
the Properties window for the route opens.

2. Inthe Properties window, specify the attributes for the route as shown in the table below. The
description column of the table explains the use of particular values. Leave default values for
attributes not in the table.

Attribute Value Description
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Name

StartDepotName

EndDepotName

StartDepotServiceTime

EarliestStartTime

LatestStartTime

Capacities

CostPerUnitTime

CostPerUnitDistance

MaxOrderCount

MaxTotalTime

MaxTotalTravelTime

MaxTotalDistance

Copyright © 1995-2010 Esri. All rights reserved.

Truck 1

San
Francisco

San
Francisco

60
8 AM

8 AM
15000

0.20

10

360

120

80

Name of the vehicle.

The truck starts at the distribution center.

The truck returns to the distribution center at the end
of the route.

Time (in this case, minutes) required to fully load the
truck with goods.

The truck can start operation as soon as the
distribution center opens at 8:00 a.m.

The truck must start operation as soon as possible.

The truck can carry a maximum of 15,000 pounds of
goods.

The truck driver is paid 12 dollars per hour, so the
wage is: $12.00/60 minutes = $0.20 per minute.

The average dollar amount spent per mile on fuel
consumption, truck depreciation, and maintenance.

The maximum number of stores that can be serviced
by a truck.

Due to workday constraints, drivers can't have a work
shift of more than six hours (360 minutes).

To satisfy the workday constraints and still be able to
serve a reasonable number of stores—while taking
into account the service time needed at a store—the
truck should not spend more than two hours (120
minutes) driving on the streets.

To balance daily fuel and maintenance costs among
the fleet, any one truck should not travel more than 80
miles on its route.
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ESF' Properties ==
Attrbute Value
OhgectlD 1
Name: Truck_1
Description <ull=
StartDepothiame San Frandsco
ErdDepothlame San Frandsco
StartDepotServiceTime 60
EndDepotServiceTme <Null>
EarliestStar{Time 8:00:00 AM
LatestStartTime: §:00:00 AM
ArriveDepartDelay <l
Capaotes 15000
FixedCost <Null>
CostPerLinitTime 0.2
CostPerUnitDistance 1.5
DwertimeStariTime <Ml
CostPerUinitOvertime <hull>
MaxOrderCount 0
MaxTotalTime 360
MaxTotalTravelTime 120
MaxTotzlDistance a0
SpedialtyMames <ull>
Assignmentfiule Induds
ViolatedConstraints MUl
OrderCount ul
TotalCost il
RegularTmeCost il
OvertimeCost T
DistanceCost ul
TotalTme il
TotalOrderServiceTime ull =
TotalBreakServiceTime chaul>
TotalTravelTime T
TotalDistance il
StartTime ul
EnclTime il
TotalWaitTime il
TotalviolationTime jull
RenewalCount <Hul
TotalRenewalServiceTime  <hull=

[ oc ][ cone

3. Click OK.
A new route, Truck_1, is added to the routes class in the Network Analyst window.

Since the three trucks at the distribution center are the same, you can make two copies of the
first truck you entered and rename them.

4. Right-click the Truck_1 route object in the Network Analyst window and choose Copy.

Metwork Analyst
Vehicle Routing Froblem
il Orders (25) A
= Depots (1)
=f Routes (1) 5
- Truck_1
Cut
Depot sty &
Breaks (0) | 21 COPY »
Route Zone|
Route Seed X Delets
Route Rensa
E Zoom To Seleciad Features
Specialties. &
M PanTo Selected Features
[ Clear Selected Features
@ Directions Window
[ Properies. .

5. Right-click the Route (1) class in the Network Analyst window and choose Paste.
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Metwork Analyst
Vehicle Routing Problam v

i Orders (25)
& Depots (1)

& v (1

-—Truck| ¥ Cut
Depot Vi{ (3 Copy
Breaks | = Paste
Route 7o ®  Delete DS"
Route 5¢
Route Rd 2 Delete All
|__Soecialti  Selection v
B Open Attribute Table
%3  Export Data...

| ﬂm

@42 ZoomTo Layer
Load Locations...
= Add ltem
E Directions Window
Recalculate Location Fields  »

" Properties...

The Routes class contains two identical route objects.

6. Repeat the last step to create a third route object.

MNetwork Analyst
Vehicle Routing Problam r

i Orders (25)
& Depots (1)
=l Routes (3)
- Truck_1
- Truck_1
- Truck_1
Depot Visits (0)
Breaks (0)
Route Zones (0}
Route Seed Points (01 id

n

7. Double-click the second Truck_1 object in the list.
The Properties window opens.

8. Click the Name property and type Truck 2.

9. Press ENTER twice.
The route is given a unique name, and the window closes.

10. Use the same procedure to change the name of the last route to Truck_ 3.

Metwork Analyst
Vehicle Routing Problam r

i Orders (25)
& Depots (1)
=l Routes (3)
- Truck_1
- Truck_2
- Truck_3
Depot Visits (0)
Breaks (0)
Route Zones (0}
Route Seed Points (01 id

mn
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Steps:

10.

11.
12.
13.

Copyright © 1995-2010 Esri.

Click the Analysis Layer Properties button on the Network Analyst window.

Metwork Analyst =
Vehicle Routing Problem
b a—— =

The Layer Properties dialog box opens.
Click the Analysis Settings tab.

Make sure that the Time Attribute drop-down list is set to TravelTime (Minutes).
The VRP solver will use this attribute to calculate time-based costs between orders and the
depot.

Click the Distance Attribute drop-down list and choose Meters.

This attribute is used to determine travel distances between orders and the depot for constraint

purposes and creating directions; however, the VRP solver's objective is to minimize time
costs.

Set the Default Date to Day of Week. Choose Monday in the Day of Week drop-down list.

Make sure that Capacity Count is set to 1.

This setting indicates that the goods being delivered have only one measurement. In this case,
that measurement is weight (pounds). If the capacities were specified in terms of two
measurements, such as weight and volume, then the capacity count would be set to 2.

Make sure that Minutes is selected for Time Field Units.

This specifies that all time-based attributes, such as ServiceTime and MaxViolationTime1 for
Orders and MaxTotalTime, MaxTotalTravelTime, and CostPerUnitTime for Route, are in
minutes.

Make sure that Distance Field Units is set to Miles.
This specifies that all distance-based attributes, such as MaxTotalDistance and
CostPerUnitDistance for Routes, are in miles.

Since it is difficult for these delivery trucks to make U-turns, set U-Turns at Junctions to Not
Allowed.

Select Straight Line in the Output Shape Type drop-down list.

You could select either the True Shape with Measures or True Shape option if you wanted
the routes to follow the streets. Note that this option only affects the display of the routes, not
the results determined by the VRP solver.

Make sure that Use Hierarchy is checked.
In the Restrictions frame, make sure that RestrictedTurns and Oneway are checked.

Leave the options that are in the Directions frame set to their default values.

All rights reserved.
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| General | Layers | Soupe | Analyzs Settings | Advanced Settgs | Network Locations |
Settings Restrictans
Time Attribute: TravelTime (Minutes) - [¥] RestrictedTums
S [¥] oneway
Distance Attribute: Meters (Meters) -
Default Date:
T —
) specific Date: 9/15/2009
Capadity Count: 1
Tame: Field Units: Mirites - Cwections
Distancg Units:
[estance Field Units: Mies - Miles .
L-Turns at unctions: Mot Algiwed - [¥] Use Time Attribute
Output Shape Type: Straight Line - e e -
| use Hierarchy [7] Open Directions window automatically
Lok ][ Coedl || oo |
14. Click OK.

Run the process to determine the best route assignment and order sequence

Steps:

1. Click the Solve button i on the Network Analyst toolbar.
The VRP solver calculates the three routes required to service the orders and draws lines
connecting the orders. Each route begins and ends at the distribution center and serves a set
of orders along the way.

If you receive any error messages, make sure that the value of the Capacities attribute for the
routes is set to 15000 instead of 15,000 and each route has a unique name.

Determine turn-by-turn directions for the routes

Steps:
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1. Right-click Routes (3) in the Network Analyst window and click Selection > Clear Selected
Features.

2. Click the Directions Window button 5 on the Network Analyst toolbar.
The Directions dialog box opens.

3. Optionally, you can export the Vehicle Routing Problem layer as a layer file (<filename>.lyr) by
right-clicking Vehicle Routing Problem in the Table Of Contents window and choosing Save
As Layer File. This saves the analysis on disk so that you can add it to a different map
document and reuse it later.

4. If you want to continue on to the following advanced sections of this tutorial exercise, close the
Directions window. Otherwise, exit ArcMap and do not save any changes to Exercise 07.mxd.

The vehicle routing problem solution obtained earlier worked well for the company. After a few weeks,
however, the driver assigned to Truck_2 went on vacation. So now the distribution company has to service
the same stores but with just two trucks. To accommodate the extra workload, the company decided to pay
overtime to the other two drivers and provide them with one paid break during the day. The distribution
company also acquired two additional satellite distribution centers. These centers can be used by the trucks
to renew their truckload while making their deliveries instead of returning to the main distribution center for
renewal. You will modify the solution obtained from the previous step to accommodate these changes.

Properties._.

Steps:
1. In the Network Analyst window, right-click the Truck_2 object in the Routes class and click
Delete.
Metwork Analyst
Vehicle Routing Problem = (&
i Orders (25) -
- Depots (1)
[l San Francisco
:
wm Truck_1
o TR
- Truck_3 % Cul
7 Depot Visitg 21 Coey
Breaks (0) | [ Paste
Route Zone| %  Delete b
Route Seed =
Route Renel B Z00m To Selectad Features
Ealve complated M PanTo Selected Features
@ Clear Selecled Features
[A Directions Wingow

The two satellite distribution centers that the company acquired are at 800 Brush Street and 100 Old
County Road, and they can act as renewal locations for the trucks. The trucks can refill their cargo by
visiting these renewal locations and thus save time by not returning to the starting depots. You will add the
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renewal locations to the Depots network analysis class by geocoding their addresses. The routes that can
renew at a renewal location and the service time for the renewal are specified in the Route Renewals

network analysis class.

Steps:
1.

9.

10.

In the Network Analyst window, right-click Depots (1) and choose Find Address.

The Find dialog box opens.

Choose SanFranciscoLocator from the Choose an address locator drop-down list.

In the Street or Intersection box, type 800 Brush St.

- S8~
Locations | Bod
Chooee a locator:
SanFrandscolocator =
Street or Intersaction: | 200 Brush St - New Search

|_Options... | | Shew Standardizaton Shaw all candidates [ canca

Click Find.
The SanFranciscolocator, which is an address locator that was already added to the

Exercise07.mxd, finds the address and shows the result at the bottom of the Find dialog box.
Right-click the result on the Find dialog box and choose Add as Network Analysis Object.
The located address is added as a depot in the Network Analyst window and the map
display.

In the Street or Intersection box of the Find dialog box, type 100 01d County Rd.

Click Find.

Right-click the new result at the bottom of the Find dialog box and choose Add as Network

Analysis Object.
A third depot is added to the Depots network analysis class.

Network Analyst
vehicle Routing Problem =[]
7 Orders (25)
Depols (3)
[l San Francisco
. 800 Brush 5t

I 100 Oid County Rd
7 Routes (2)

Close the Find dialog box.

Since both trucks are allowed to renew their loads at the 800 Brush Street and 100 Old County
Road locations, you will associate each truck with the two renewal locations. The VRP solver
will figure out the best renewal location for the trucks.

In the Network Analyst window, right-click Route Renewals (0) and click Add Item.
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Metwork Analyst
Vehicle Routing Problem - @

7 Orders (25)

Depots (3)

[l San Francisco

. 800 Brush St

Il 100 Oid County Rd
7 Rowtes (2)
Depot Visits (§)
Breaks (0)
Route Zones (0)
Route Seed Points (0}
Route Renewals (0
Specialties (0)
Order Pairs (0)
‘Dcuv iRt

(]

X Delete All

E oOpen

Export

Load Locations
o Additem [

P Properties...

A new route renewal object, Iltem1, is added under the Route Renewals class in the Network
Analyst window, and the Properties window for Item1 opens.

11. In the Properties window, specify the attributes for the route renewal as shown below.

Attribute Value Description
DepotName 800 Brush St The truck can use this depot location for renewal.
RouteName Truck_1 Name of the vehicle.
ServiceTime 30 Time in minutes required to load the truck.
5 Properties E=

Attribute Vihaz
ObjectD

Depotiame 800 Brush 5t
RouteMame Trude_1

ServiceTime 30
Sequences  <Null>
o || canca
12. Click OK.

A new route renewal object, 800 Brush St, is listed within the Truck_1 item in the Network
Analyst window.

13. Follow the last three steps to add three more route renewal objects such that each truck
(Truck_1 and Truck_3) can reload at both the renewal locations (800 Brush St, 100 Old
County Rd).

The Network Analyst window should now have two route renewal objects listed within the
Truck_1 and Truck_3 items, respectively.
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Metwork Analyst
Vehicle Routing Problem =

@y

Breaks (0)
Roite Zones (0)
Route Seed Points (0}
Route Renewals (4)
=Unassigned= (0)
= Truck_1(2)
800 Brush St
100 Old County Rd
Truck_3 {2)
800 Brush St
100 Old County Rd
Specialties (0)
Order Pairs (0) 2

- FPOBRIE Y e

To accommodate the extra workload, the company wants to remove the maximum time, maximum travel
time, and maximum distance constraints for the routes. Since the drivers have to work longer than before,
they are provided with overtime pay at the rate of $18 per hour after completing six hours of work. In this
step, you will make these changes to the routes.

Steps:
1. In the Network Analyst window, under the Routes network analysis class, double-click

Truck_1.
The Properties window opens.

2. Make changes to the attributes of Truck_1 so they match the values in the table below.

Attribute Value Description

OvertimeStartTime 360 The driver is paid overtime if he or she works for more than
six hours (360 minutes).

CostPerUnitOvertime = 0.3 The truck driver is paid $18 per hour for the overtime. So the
wage in dollars per minute is: $18.00/60 minutes = $0.30 per
minute.

MaxOrderCount 20 Since the driver is paid overtime, he or she is expected to

service more stores.

MaxTotalTime <Null> There are no restrictions on the total duration of the work shift
for the driver.

MaxTotalTravelTime | <Null> | There are no restrictions on the time spent driving on the
streets.

MaxTotalDistance <Null> | There are no restrictions on the total distance traveled by a
truck.
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B! Properties
Attribute Valus 5
OhgectlD 1
Name: Trudk_1
Description <Null =
StartDepothiame %an Frandsco
ErciDepothams San Franciseo

StartDepotServiceTime &0
EndDepotServiceTime <Nudll>

EarliestStar Time E:00:00 AM
LatestStar fTime 8:00:00 AM
ArrrveDepartDelay <Ml >
Capactes 15000
FixedCost <Ml
CostPerUntTime 0.2
CostPerUnitDistance 15
OwertimeStarTime 360
CostPerUnitOvertme 0.2
MaxOrderCount 2
MaxTotalTime <Null>
MaxTotalTravelTime <Null
MaxTotalDistance <Ml
Spedatyhames <hidl>

AssigrmentRule Indude
ViolatedConstraints <Ml

q m

Co ] e

3. Click OK.
4. Repeat the last three steps for Truck_3.

Since the drivers have to work longer, they will require one half hour break during their work shift. In this
step, you will specify the breaks for each route.

Steps:

1. In the Network Analyst window, right-click Breaks (0) and choose Add Item.
The Properties window opens.

2. Specify the attribute values for the new break as shown in the table below.

Attribute Value Description
TimeWindowStart  12:30 The break has to start sometime after 12:30 p.m.
PM

TimeWindowEnd 1:30 PM @ The break has to start sometime before 1:30 p.m.

RouteName Truck 1 The name of the route to which this break applies.
ServiceTime 30 The break duration in minutes.
MaxViolationTime = 0 The break has to start between 12:30 p.m. and 1:30 p.m. The

zero value indicates that the break can't start after 1:30 p.m.
(that is, the break time-window is rigid).

IsPaid True It is a paid break, so the cost is included in the total cost of the
route.
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) Properties

Attribute
DOhjectlD
Time'WindowStart
TimeWindowEnd

RouteName
Frecedence
Sequence
SenviceTime
MaxViolationTime
IsPaid

MaxTravelTmeBatweanbreaks
MaxCumul'WorkTime

Waug =

12:30:00PM |
1:30:00PM |7
ahiull

pull >

Truck_1

1

<Null =

30

0

Trug

mlm P

Co ] ema]

3. Click OK.

4. Repeat the last three steps, entering Truck_3 for the RouteName property.
The Network Analyst window now has two objects listed under the Breaks class: Truck_1
and Truck_3.

Metwork Analyst

Vehicle Routing Problem -

| @@

7 Orders (25)
i Depots (3)
# Routes (2)
il Depot Visits (6)
<Unassigned> (0}
Truck_1 (1)
12:30:00 PM - 1:30:00 PM
= Truck_3 (1)
12:30:00 PM - 1:30:00 PM
Route Tones (0)
Route Seed Points (00 -

Steps:

1. Click the Solve button § on the Network Analyst toolbar.
The VRP solver calculates the two routes that can be used to service the orders and draws
straight lines connecting the orders. Each route begins and ends at the distribution center,
serves a set of orders along the way, visits a renewal location to load the truck again,
continues to service the remaining orders, and finally returns to the distribution center.
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This solution meets all the constraints specified by the distribution company. However, after
giving the route itinerary to the two drivers, the company discovered that the driver of Truck 1
prefers driving in the downtown area and the driver of Truck_3 prefers driving in the East Bay
area. The company would like to determine a new solution in which the routes service the
orders that are in the areas their drivers prefer. In the next steps, you will add route seed
points to incorporate these driver preferences.

Adding route seed points

In this step, you will add route seed points for Truck_1 and Truck 3 by geocoding addresses. Note that
the route seed points can also be imported from an existing point feature class or can be created
interactively by using the Create Network Location tool ..

Steps:

1. In the Network Analyst window, right-click Route Seed Points (0) and choose Find
Address.
The Find dialog box opens.

2. In the Street or Intersection combo box, type 278 Dorantes Ave.

(B

o |

Choose a locator: —

[‘_‘-I'ﬁul:u:d.m‘hr = E =

Street o Intersaction: | 278 Dorantes Ave - New Search

[ Optons... | [ Show Stendadizaton | [ Show all candidates

3. Click Find.

The SanFranciscoLocator finds the address and shows the result at the bottom of the dialog
box.

4. Right-click the result and choose Add as Network Analysis Object.
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The location of the address is added as a route seed point. It is shown in the Network Analyst
window and the map display.

5. Close the Find dialog box.

6. Inthe Network Analyst window, double click the new route seed point, 278 Dorantes Ave.
The Properties dialog box opens.

7. Specify the attribute values for the route seed point as shown in the table below.
Attribute Value Description
RouteName Truck 1 @ The name of the route to which this seed point applies.

SeedPointType Static This makes it more likely that the orders near the specified seed
point will be assigned to Truck_1.

ES' Properties o]

Attribute Viahse
DObjectD

RouteMame Truck_1
SeedPointType  Static

oK Cancel

8. Repeat steps 1-5 in this section to add another route seed point at 1888 Peralta St.

9. Repeat steps 6 and 7 to change the RouteName attribute of the second seed point to

Truck 3.
Metwork Analyst
vehicle Routing Problem = ()
7 Orders (25) -
§ Depots (3)
7 Routes (2)
7 Depot Visits (6)

+ Breaks (2)
Route Zones (0)
Roiite Sead Points (2)
3 Truck_1
3 Truek_3

+ Route Renewals (4)

jne&ln:ie oln

Steps:

1. Click the Solve button i on the Network Analyst toolbar.
The VRP solver calculates the two routes that can be used to service the orders and draws
straight lines connecting the orders. The route for Truck 1 includes orders in the downtown

region only.

2. Exit ArcMap without saving any changes.
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Exercise 8: Finding best routes to service paired orders

In this exercise, your goal is to find the best routes for a fleet of vans to Complexity:
. . Beginner

transport people who would otherwise not have access to transportation Data Requirement:

from their homes to different hospitals for medical appointments. You will AR R
. . . . . . . Data Path:

accomplish this by solving a vehicle routing problem (VRP) analysis using C:\ArcGIS\ArcTutor\Network
. . Analyst\Tutorial

order pairs, which relate and sequence two orders (stops) so that the vans ——

will pick up riders and take them to their proper destinations. Using other Solve ;gfgz';m““"g Pl el
features of the VRP analysis layer, you'll also make sure that additional

requirements are met. For instance, you will enter a max transit time for

order pairs so that riders don't spend too much time in transit. You'll use time windows on orders so that riders
are not late for their appointments. Some riders require wheelchairs; you'll use specialties to match those
riders with vans that have wheelchair lifts. Once the routes are determined, you will generate turn-by-turn
directions of the resulting routes, which can be electronically distributed or printed and given to the drivers.

Steps:
1. If you have Exercise08.mxd open in ArcMap, skip to step 6.
2. Start ArcMap by clicking Start > All Programs > ArcGIS > ArcMap 10.

3. Onthe ArcMap - Getting Started dialog box, click Existing Maps > Browse for more.
The Open ArcMap Document dialog box appears.

4. Browse to C:\ArcGIS\ArcTutor\Network Analyst\Tutorial.
This is the default installation location for the tutorial data.

5. Double-click Exercise08.mxd.
The map document opens in ArcMap.

6. Enable the Network Analyst extension.
a. Click Customize > Extensions.
The Extensions dialog box opens.

b. Check Network Analyst.
c. Click Close.
If the Network Analyst toolbar is not displayed, you need to add it.

7. Click Customize > Toolbars > Network Analyst.
The Network Analyst toolbar is added to ArcMap.

Network Analyst~ | B off o [ [@  Network Dataset |Streets_ND ~ |08 N

If the Network Analyst window is not displayed, you need to add it.

8. On the Network Analyst toolbar, click the Show/Hide Network Analyst Window button Eg.
The dockable Network Analyst window opens.
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Network Analyst

You can dock or undock the Network Analyst window. In this exercise, it is docked below the
Table Of Contents window.

Creating the vehicle routing problem analysis layer

Steps:
1.

Copyright © 1995-2010 Esri.

Click Network Analyst on the Network Analyst toolbar and click New Vehicle Routing
Problem.

Network Analyst -| 5 | Metwork Dataset: [ Streets_nD - B B
New Route

Mew Sernvice Area

Mew Clasest Fadility

Mew OD Cost Matrix

Mew Vehicle Routing Problem
Mew Location-Allocation

Options_..

The vehicle routing problem analysis layer is added to the Network Analyst window. The
network analysis classes (Orders, Depots, Routes, Depot Visits, Breaks, Route Zones, Route
Seed Points, Route Renewals, Specialties, Order Pairs, Point Barriers, Line Barriers, and
Polygon Barriers) are empty.

Metwork Analyst B
Vehidle Routing Problem =

Orders (0)

Depots (0}

Routes (0)

Depot Visits (0)

Breaks (0)

Route Zones (0)

Route Seed Points (0)

Route Renewals (0)

Specialties (0)

Order Pairs (0)

Point Barriers (0)
Restriction (0}
Added Cost (0)

- Line Barriers (0)
Restriction (0}
Scaled Cost (0)

= Polygon Barriers (0)
Restriction (0)
Scaled Cost (0)

The analysis layer is also added to the Table Of Contents window.
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Table Of Contents
| a L ¥ & | =

= Layers
= Vehicle Routing Problem
b Orders
@ Locsted
i Uniocatad
. Efror
W Time Vigiation
- Depot Visits
W Locsted
& Depots
. Error
I Located
?[@ Unlocated
- Point Barriers
) Error
0 Resfriction
) Added Cost
-+ Roule Seed Poinls
¥ Route Seed Points
& Routes
=Foutes
=B Line Barriers
= Resiriction
cmSraled Cost
- FRoute Zones
[CRoute Zones
=B Polygon Barriers
B Restriction

[£7Scaled Cost
rw-’ »l

Adding specialties

The logistics company has three vans. One of the vans that operates in the downtown area is equipped to
provide access for wheelchairs. You will add Wheelchair as a specialty so that the orders that require this
specialty can be assigned to the route that has a wheelchair lift.

Steps:
1. In the Network Analyst window, right-click Specialties (0) and click Add Item.

Netwark Analyst B x
Vehicle Routing Problem -
Orders (0) -
Depots (0)
Routes (0)
Depot Visits (0)
Breaks (0)
Route Zones (0) E
Route Seed Points (0)
Route Renewals (0)
Order Pairs (1]
Point Barriers
. 4 Reaticter
x Delete All
B oOpen
Export..
Load Locations...
z-: Add tem
" Properties..

A new specialty, Item 1, is added under the Specialties class in the Network Analyst window.
The Properties window for the new specialty opens.
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2. Inthe Properties window, enter Wheelchair as the value of Name.

5 Properties
Attribute  Vahee
ObjectiD
Name: | Wheelchair

Description <hull>

oK | Cancel |

3. Click OK.

A spreadsheet is provided with the tutorial data. It contains information about each patient, including their
name and home address; the name and the address of the hospital they must be taken to; the time
window within which the patient has to be picked up; and so on. The following table describes the fields in
the spreadsheet:

Attribute Description
OrderName1 The name of the patient needing transportation
PatientAddress The location where the patient will be picked up
OrderName2 A unique name for the destination

HospitalAddress | The location where the patient has the appointment

PickFrom The earliest time the patient may be picked up from PatientAddress
PickTo The latest time the patient may be picked up from PatientAddress
TotalPassengers | The total number of passengers to be picked up

MaxTransitTime The maximum time the patient can spend in the van

SpecialtyNames Specifies the special needs that are required by the passenger, for example, a wheelchair

In this case, the passengers and hospital visits are related to each other since each passenger has to visit
a predetermined hospital. You can model this situation with order pairs—by loading both patient and
hospital locations into the Orders network analysis class and relating them with new order pair objects.

In the following steps, you will geocode the patient and hospital addresses and load the resulting points as
orders.

Steps:
1. Click File > Add Data > Geocoding > Geocode Addresses.
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Q) Exercisel® mud

File | Edit View Bookmarks Insert Selecion Geopf.
3 Mew Ciri+sM o 1-150,000
B2 Open Ciri+0 k@
E save Ciri+S
Save As..
Save A Copy.
Add Data b+ || AddData
3 Page and Print Setup He Add Data From ArcGIS Online
o8 Print Preview.. £+  Add XY Data
& PBrint |
= Gaocogding » Q‘B Geocode Addresses... L‘\}
Create Map Package #:  Add Route Events Review/Remalch Addresses  »
5 . *m""ﬂj

iy  Add Query Layar Address Locator Manager_..

The Choose an Address Locator to use dialog box opens.

2. Click SanFranciscolLocator.
The SanFranciscolLocator is included with Exercise08.mxd.

3. Click OK.
The Geocode Addresses: SanFranciscolLocator dialog box opens.

4. Click the browse button next to the Address table drop-down list.
The Choose a table containing addresses dialog box opens.

5. Click the Look in drop-down list and choose Home - Tutorial.
The table that you will add is stored in an Excel spreadsheet that is included in the ArcGIS
Network Analyst tutorial data.

6. Double-click OrderPairs.xls.

7. Double-click Patients$.
The Patients worksheet is added to the Address table drop-down list.

8. In the Street or Intersection drop-down list, choose PatientAddress.

9. Click the browse button next to the Output shapefile or feature class text box.
The Saving Data dialog box opens at the home location for Exercise08.mxd.

10. Click the Look in drop-down list and choose Home - Tutorial.

11. Click the Save as type drop-down list and choose File and Personal Geodatabase feature
classes.
The list of files and workspaces is updated.

12. Double-click SanFrancisco.gdb.

13. Delete the name in the Name text box and type Patients.
Patients will be the name of the output feature class.

14. Click Save.
The Output shapefile or feature class text box on the Geocode Addresses:
SanFranciscoLocator dialog box is updated to show the new output path.

Copyright © 1995-2010 Esri. All rights reserved. 93



Network Analyst Tutorial

15.

16.

17.

Address table:
Patientss

Address Input Fields
Street or Intersection: | pagentAddress -]

Qutput

@ Create static snapshot of table inside new feature dass

Qutput shapefile or feature dass:

£\ Ao S e Tutor Metwork Analyst\ Tutonal\San Francsco gdb' P | |55

Config Keyword: |DEH|.I.|.TS =

Advanced Geometry Ophons...

[ | [[x ][ cma |

Geocode Addresses: SanFranciscolocator [0 ESa]

|

Click OK.

The Geocoding Addresses dialog box opens and indicates that all 15 addresses were

matched.

Click Close.

The geocoded addresses are added to the map document as a point feature layer,

Geocoding Result: Patients.

Repeat steps 1-16 to load the patients' destination hospitals, but make the following changes:
a. Instep 8, set Street or Intersection to HospitalAddress.

b. Instep 13, type DestinationHospitals in the Name text box.

Geocode Addresses: SanFranciscolocator 7]
Address table:
Patients§ - &

Address Input Fields
Street or Intersection: | yoiealsddress

Cutput
@ Create static snapshot of table inside new feature dass

Qutput shapefile or feature dass:

C\AreGIS e Tuter Metwork Amatyst Tutonal\ San Francsco gdb'C | 25|

Config Keyward: |DEFA.I.I.TS

-

Advanced Geometry Options...

Geocoding Ophons...

(o | [ ][ coea |

The Table of Contents window should now have two feature layers, Geocoding
Results: DestinationHospitals and Geocoding Results: Patients.
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18. In the Table Of Contents window, uncheck the two geocoding results layers so that they are
not visible in the map display.

In the next steps, you will load these layers into the Orders network analysis class.

19. In the Network Analyst window, right-click Orders (0) and choose Load Locations.
The Load Locations dialog box opens.

20. Choose Geocoding Results: Patients from the Load From drop-down list.

The Location Analysis Properties section on the Load Locations dialog box lets you specify

which attributes of the Geocoding Results: Patients layer contain the values that Network
Analyst will reference in this vehicle routing problem.

21. Configure the properties that are listed in the Location Analysis Properties section so that
they copy field values from the Geocoding Results: Patients layer in the way specified by the
substeps below. (The next graphic highlights these changes.)

a.

b.
c
d.
e.
f.

Map the Name property to the OrderName1 field.

Map the Description property to the PatientAddress field.

Map the TimeWindowStart1 property to the PickFrom field.

Map the TimeWindowEnd1 property to the PickTo field.

Map the PickupQuantities property to the TotalPassengers field.

Make sure that the SpecialtyNames property is automatically matched to the
SpecialtyNames field.

22. Type 2 under Default Value for the ServiceTime property.
All patient address locations that are loaded will have a ServiceTime value of 2 to account for
the average time (in minutes) that is taken for passengers to board the van.

23. Type 0 under Default Value for the MaxViolationTime1 property.
By setting all the MaxViolationTime1 properties to zero, the VRP solver will only search for
routes that visit the orders within their time windows.
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24.

25.

26.
27.

Load Locations o | s3]

3 - =
Load From: ¥ Geocoding Result Patients | Gl
' Only show peint layers

Sart Fiekd: -

Location Analysis Properfies

Property Field Default Vake
Mame OrderName 1

Description PatientAddress

SErvicETImE 2
TimeWindowStart 1 PidFrom

Time\WindowEnd 1 PickTo

TimeWindowStart2

TimeWindowEnd2

MaxWiokationTime 1 1]
MaxWiolatonTime2

DebveryQuantites

FickupQuantities TotaPassengers

Revenus

SpeciatyMames Spesdaltybiames

Assignmentfule Owerride
Routehlame

Sequence

CurbApproach Either sde of vehide

Location Pasition
@ Use Geometry

Search Tolerance: 5000 Meters -
Uise Metwork Location Fields

Property Fiekd
SaurcelD =
SourceQID

Fosilong
Cirdn

Advanced. ., [ oK ] Cancel

Click OK.
Fifteen orders are loaded. You can see them in the map display and in the Network Analyst
window.

In the next steps, you will load the destination hospitals as orders too.

In the Network Analyst window, right-click Orders (15) and choose Load Locations.
The Load Locations dialog box opens.

Choose Geocoding Results: DestinationHospitals from the Load From drop-down list.

Configure the properties that are listed in the Location Analysis Properties section so that
they copy field values from the Geocoding Results: DestinationHospitals layer in the way
specified by the substeps below. (The next graphic highlights these changes.)
a. Map the Name property to the OrderName2 field.
Note that the value for the Name attribute has to be unique in the Orders network
analysis class. In this case, there are many patients who need to visit the same
hospital. So if the hospital addresses were used to derive the value of the Name
attribute for Orders, then the VRP solver would return error messages as there would
be duplicate Name values.

b. Map the Description property to the HospitalAddress field.
c. Map the DeliveryQuantities property to the TotalPassengers field.

Copyright © 1995-2010 Esri. All rights reserved.

96



Network Analyst Tutorial

28.

29.

d. Make sure that the SpecialtyNames property is automatically matched to the
SpecialtyNames field.

Type 2 under Default Value for the ServiceTime property.

Load Locations © | (o]

Load From: <= Geocoding Result DestinationHospilals =| GI
+ Only shew point layers

Sort Field: -

Location Analysis Properfies

Property Figld Default Vake
Mame OrdarMams2

Description HospitalAddress

ServiceTime 2
TimeWindowStartl

TimeWindowEnd 1

TimewindowStart2

TimeWindowEnd2

MaxVialztonTims 1

MaxViolationTime2

Deliver yQuantibes TotaPassengers

FidwupQuantbties

Revenue

SpecialtyNames SpedaltyMames

AssignmentRule Owerride
RouteMame

Sequence

CurbApproach Either side of vehide

I R N PN

Click OK.
Thirty orders are listed in the Network Analyst window under the Orders network analysis
class and are displayed as orders on the map in the Vehicle Routing Problem layer.

The passengers have to be taken to a predetermined hospital. By adding objects to the Order Pairs
network analysis class, you can add the information that specifies which hospital the patients have to be
taken to and the maximum time the patients can sit in the van during a one-way trip.

Steps:
1.

Copyright © 1995-2010 Esri

In the Network Analyst window, right-click Order Pairs (0) and choose Load Locations.
The Load Locations dialog box opens.

Click the browse button next to the Load From drop-down list.

Click the Look in drop-down list and choose Home - Tutorial.
The table that you will add is stored in an Excel spreadsheet that is included in the Network
Analyst tutorial data.

Double-click OrderPairs.xls.

Double-click Patients$.
The Patients table is added to the Load From drop-down list on the Load Locations dialog
box.

Configure the properties that are listed in the Location Analysis Properties section so that
they pull field values from the Patients$ table in the way specified by the substeps below.
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a. Map the FirstOrderName property to the OrderName1 field.
b. Map the SecondOrderName property to the OrderName2 field.

c. Make sure that the MaxTransitTime property is automatically matched to the
MaxTransitTime field.

7. Click OK.
Fifteen order pairs are listed in the Network Analyst window under the Order Pairs network
analysis class.

Metwork Analyst
Vehicle ROU[II"II;I Problem A\ @
Order Pairs (15) -

Mark (Home }-Mark (Doctor)

Tom (Home)-Tom (Doctor)

Bab (Home -Bab (Doctor)

Tony (Home-Tony (Doctor)

Julle (Homa)-Julie (Doctor)

Josh (Home)-Jash (Dactor)

Tim (Home)-Tim (Doctor)

Mary (Homa)-Mary (Doctor) |-

Ryan (Home}HRyan (Doctor)

Manty (Home j-Manty (Doctar)

Ben (Home -Ben (Doctor)

Mancy (Home -Mancy (Docior)

Adam (Home}-Adam (Doctor)

Bill (Home}-Bill (Dodor)

Susan (Home}-Susan (Doctor)

Point Barriers (0) -

4 m ]

The logistics company operates vans from three depots whose locations are shown in the CentralDepots
feature layer in ArcMap. You will now add these point features to the Depots network analysis class.

Steps:

1. In the Network Analyst window, right-click Depots (0) and choose Load Locations.
The Load Locations dialog box opens.

2. Select CentralDepots from the Load From drop-down list.

3. Inthe Location Analysis Properties section, make sure that the Name property is
automatically matched to the Name field.

Load Locations o

Load From: F¥= CenfralDepots il |E‘
+ | Only show point Layers

Sort Fiekd: -

Location Analysis Properties

Property Field Default Vake
Name MName

Description

TimeWindowStart 1

TimeWindowEnd 1

TimeWindowStart2

dﬁ)f&rww“f‘.ﬂ'
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4. Click OK.
Three depots are listed in the Network Analyst window under the Depots network analysis

class and are displayed on the map in the Vehicle Routing Problem layer.

The logistics company has three vans, each with a maximum capacity of six passengers. The vans start
and return to the depots after completing all the trips. One of the vans that operates within the downtown
area has a lift to provide easy access for wheelchairs.

You will add three routes (one for each van) and set the property for the downtown van to include
Wheelchair as a specialty.

Steps:
1. In the Network Analyst window, right-click Routes (0) and choose Add Iltem.

Metwork Analyst ]
Vehide Routing Problen ~ (B

i Orders (30) -
+ Depots (3)
[Routes (0}
Depot Visi
Breaks (0
Route Zon
Route See
Route Ren -
Specialtie
7 Order Pail Selection v
Point Barr D
Load completed 1

Delete Al

Open Attribute Table

Export Data...

4" Zoom To Layer

Load Locations...

~= Add ltem b

Recalculate Location Fields  »

" Properties..

A new route, Item1, is added under the Routes network analysis class, and the route's
Properties window opens.

2. Inthe Properties window, specify the attributes for the route as shown in the table below,
leaving the default values for the other attributes. The Description column in the table explains
the use of particular values.

Attribute Value Description
Name Downtown Name of the route.
StartDepotName = Downtown Depot The van starts at the depot in the
downtown area.
EndDepotName = Downtown Depot The van returns to the depot in the
downtown area at the end of the route.
Capacities 6 The van can carry a maximum of six
passengers at a time.
SpecialtyNames = Wheelchair (Check The van is equipped to provide access for
Wheelchair to set it as the wheelchairs.
value.)
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5 Properties [5e]
Attribute Value -
ObjectD 1
Name: Downtown
Description <>
StartDepatilame Dawrtawen Depot
EndDepothame Downitown Depot
StartDepotServiceTime  <hull> =
EndDepotServiceTime <iull>
EarliestStar fTime 8:00:00 AM
LatestStartTime 10:00:00 AM
ArriveDepariDelay <>
Capaotes L]

FixedCost <Ml
CostPerUnitTime 1
CostPerUnitDistance <Null>
OwertimeStarTime <Ml
CostPerUnitCvertme <Mull>
MaxOrderCount 30
MaxTotalTime <Null>
MaxTotalTravelTime <Null>
MaxTotalDistance <Ml
Spedaltyhlames Wheelchair
AssigrmentRule Inchude
nlahad nnetrainte - ~

oK Cancel
3. Click OK.

A new route, Downtown, is listed in the Network Analyst window.

4. Repeat steps 1-3 to add two more routes representing the vans that operate in the North Bay
and East Bay areas. Use the following tables for these new routes instead of the properties
listed in step 2.

Attribute Value

Name North Bay
StartDepotName North Bay Depot
EndDepotName North Bay Depot
Capacities 6

Attribute Value

Name East Bay
StartDepotName East Bay Depot
EndDepotName East Bay Depot
Capacities 6

Note that these vans are not equipped to allow access for wheelchairs.

The Network Analyst window displays three route objects listed within the Routes network
analysis class.

MNetwork Analyst =]
Vehicle Routing Problen
[ Depots (3) N

=Y Routes (3)

- Downtown
- MNorth Bay
= East Bay

™
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Adding route zones

The three vans used by the company are only licensed to service orders in a predetermined area. You will
add route zones and associate them with the vans/routes.

Steps:

1.
2.
3.

In the Network Analyst window, select Route Zones (0).
Click the Create Network Location Tool . on the Network Analyst toolbar.

On the map display, digitize a polygon that roughly covers the downtown area as shown
below.

Click to add vertices; double-click to complete the polygon.

-

A new route zone, Graphic Pick 1, is added to the route zones class in the Network Analyst
window.

In the Network Analyst window, double-click the new route zone object, Graphic Pick 1.
The route zone's Properties window opens.

Set the properties of the route zone as shown in the table below.

Attribute Value Description
RouteName Downtown = The name of the route that this route zone is associated with.
IsHardZone @ True The van can't service orders that are outside the route zone.

Setting this value to True ensures that the van is only assigned
orders that are within the route zone.
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6. Repeat steps 1-6 to add two more route zones: one for the North Bay and one for the East
Bay.
The map and the Network Analyst window should contain three route zone objects.

.
NN S R bt
i L\\\“\_--\\\\“\\‘.ﬁ?‘ =

AP REs
o

<
2

Vehicla Routing Problem
i Depots (3) -

# Routes (3)
Depot Visits (0) L

Breaks (0)
5
2 Downltawn
[ Easi Bay
03 North Bay
Route Seed Points (0)
Route Renewals (0)
i1 Specialties (1) -

Setting up the properties for analysis

Next you will specify the properties for your vehicle routing problem analysis.

Steps:
1. Click the Analysis Layer Properties button on the Network Analyst window.

Vehicle Routing Problem é: I
pie——— it

The Layer Properties dialog box opens.

2. Click the Analysis Settings tab.
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3. Make sure that the Time Attribute drop-down list is set to TravelTime (Minutes).
The VRP solver will use this attribute to calculate time-based costs between orders and
depots.

4. Make sure that nothing is selected in the Distance Attribute drop-down list.
Since you are not using any distance-based cost parameters, such as CostPerUnitDistance or
MaxTotalDistance, setting the distance attribute is not required.

5. Set the Default Date to Day of Week. In the Day of Week drop-down list, choose Monday.

6. Since the van capacity is measured only by the total number of passengers that can be
accommodated, make sure that Capacity Count is set to 1.
If the capacity had been measured by the total number of passengers and the maximum
number of wheelchairs that can be accommodated in the van, the capacity count would be 2.

7. Leave the default options for the other properties.

Layer Properties R =5
General | Layers | Source | Analysis Seftings | Advanced Settings | Metwork Locations
Setbngs Restrictons
Time Atfribute: TravelTime [Minutes) A | RestrictedTums
J| Oneway

Distance Attribute: -
Default Date:

@ Day of Wieek: |Monday -

Specific Date:
Eapadity Count: 1
Time Field Units: Minutes - Drectons
Distance Units:
Distance Field Uinrts: Miles - Miles -
LI-Turres at Junctions: Algwed - | Use Time Attribute
Output Shape Type: True Shape with Measures
¥ Use Hierarchy Open Directions window automatically
ok || ceca ooy |
8. Click OK.

Steps:

1. Click the Solve button {# on the Network Analyst toolbar.
The VRP solver calculates the routes for each van. Each route begins at a depot, picks up one
or more people if the time they spend on the van is less than the MaxTransitTime specified in
the order pair, drops them at their hospital locations, continues to pick up and drop off other
people, and returns to the depot at the end. The routes only service orders in their assigned
route zones.
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Determine turn-by-turn directions for the routes

Steps:

1. Click the Directions Window button 7 on the Network Analyst toolbar.
The Directions dialog box opens.

2. You can optionally export the vehicle routing problem as a layer file (<filename>.lyr) on disk so
that you can load it in a different map document.

3. Exit ArcMap without saving any changes.
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Exercise 9. Choosing optimal store locations using
location-allocation

In this exercise, you will choose the store locations that would generate the Complexity:

. . . . . . . Beginner
most business for a retail chain. The main objective is to locate stores close Data Requirement:
to population centers, which provide demand for the stores. This objective is RIS LEiEl e S

. Data Path:
based on the premise that people tend to shop more at nearby stores than at C:\ArcGIS\ArcTutor\Network
. . . . Analyst\Tutorial

those that are farther away. You will perform the location-allocation analysis o
using three different problem types: maximize attendance, maximize market Clieess s ezl uEhg) @ i

allocation analysis.

share, and target market share. The differences among these problem types
will become apparent as you work through the exercise.

Steps:
1. If you have Exercise09.mxd open in ArcMap, skip to step 6.
Start ArcMap by clicking Start > All Programs > ArcGIS > ArcMap 10.
On the ArcMap - Getting Started dialog box, click Existing Maps > Browse for more.

A DN

Browse to C:\ArcGIS\ArcTutor\Network Analyst\Tutorial.
This is the default installation location for the tutorial data.

5. Double-click Exercise09.mxd.
The map document opens in ArcMap.

6. Enable the Network Analyst extension.
a. Click Customize > Extensions.
The Extensions dialog box opens.

b. Check Network Analyst.
c. Click Close.
If the Network Analyst toolbar is not displayed, you need to add it.

7. Click Customize > Toolbars > Network Analyst.
The Network Analyst toolbar is added to ArcMap.

Network Analyst~ | B -Jf o [ [@  Network Dataset |Streets_ND -|H?

If the Network Analyst window is not displayed, you need to add it.

8. On the Network Analyst toolbar, click the Show/Hide Network Analyst Window button Eg.
The dockable Network Analyst window opens.
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You can dock or undock the Network Analyst window. In this exercise, it is docked below the
Table Of Contents window.

Deaa B x 2~ d 1w o EEPD 0
KANQ Ul ++ E-T 4 D LZAEE TR rewonsam 5

Hotmcen st wx

« A

133 3 37 8 Decmal Degrees

Creating the location-allocation analysis layer

Steps:
1. Click Network Analyst on the Network Analyst toolbar and click New Location-Allocation.

1 (3 Metwork Dataset [Streets_ND - |if &
Mew Closest Facility
New 0D Cost Matrix
Mew Vehicle Routing Problem
| New Location-sllocation

Options...

The location-allocation analysis layer is added to the Network Analyst window. The network
analysis classes (Facilities, Demand Points, Lines, Point Barriers, Line Barriers, and Polygon
Barriers) are empty.
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Metwork Analyst =
Location-Allacation - (=

Facilities (0}
Demand Points (0}
Lines (0)

Point Barriers (0)
Restriction (0}
Added Cost (0)

Line Barriers {0)
Restriction (0)
Scaled Cost (0)

- Polygon Barriers (0}
Restriction (0)
Scaled Cosi (0)

The analysis layer is also added to the Table Of Contents window.

Table Of Contents ]
r.inl a P ] J
= & Layers
(4 Location-Allocation
b Facilities
I Error
O candidate
B Chosen
[B] Required
Competitor
‘?[Unlocated Candidate
?[C]Unlocated Chasen
?|:| Unlocated Regquired
?[C]Unlocated Competitor
& Demand Poinls
& Emor
# Located
28 Unlocated
=~ Point Barriers
&) Error
€3 Restriction
) Added Cost
-+ Lines
= Lines
@ Line Barriers
== Restriction
cmScaled Cost
- Paolygon Barriers
) Restriction
LT|scaled Cost

e e S

Adding candidate facilities

You will add the candidate store locations to the network analysis class Facilities. These are the potential
places where you can open a store. The solution from the location-allocation process will include a subset

of these stores.

The candidate store locations are already added as a layer (CandidateStores) in the map document. The
names of the stores are contained in the layer's attribute table. You will load the point features from
CandidateStores into the Facilities class of the location-allocation layer.

Steps:

1. In the Network Analyst window, right-click Facilities (0) and choose Load Locations.
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Network Analyst

Location-Allocation

Demand Py
Lines (0]
= Point Barmi
Restric|
Added {
Line Barrig X
Restric
Scaled B
Polygon Ba
Restric| =
Scaled | |

I x

- @

Delete All

Selection b
Open Attribute Table

Export Data...

Zoom To Layer

Find Address...

Load Locations... [} |
Recalculate Location Fields  #»

Properties..

The Load Locations dialog box opens.

2. Select CandidateStores from the Load Locations drop-down list.

Load Locations

7 s

Load From: % CandidateStores
| Only show point layers

Sort Feld:

Property
Hame
FadlityType
Weight
Curbappraach

Lacation Position

@ Lise Geometry
Search Toleranoe:

Property
SourcelD
SourceOID
Posalong

Ficd e e

Advanced...

Location Analysis Properiies

Field Default Vale
NAME

Candicate

1

Either side of vehide

5000 Meters -

Use Network Location Fiekds

= [

The Location Analysis Properties section of the Load Locations dialog box lets you specify
which attributes of the CandidateStores feature class contain the values that Network Analyst

will use to solve this location-allocation problem.

3. Inthe Location Analysis Properties section, make sure the Name property is automatically

mapped to the NAME field.

Network Analyst tries to match location analysis properties automatically for a newly created
location-allocation layer based on a configuration file (usually located in C:\Program
Files\ArcGIS\Desktop10.0\NetworkAnalyst\NetworkConfigurations\NASolverConfiguration.xml).

4. Click OK.
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Sixteen candidate stores are loaded into the Facilities network analysis class. The new
facilities are listed in the Network Analyst window and displayed on the map.
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Adding Demand Points

The stores need to be located to best service the existing populations. A point layer of census tract
centroids is already added to ArcMap. Now you will load these centroids into the demand points network
analysis class.

Steps:
1. In the Network Analyst window, right-click Demand Points (0) and choose Load Locations.
2. Select TractCentroids from the Load Locations drop-down list.

3. Inthe Location Analysis Properties section, make sure the Name property is automatically
mapped to the NAME field.

4. Click the Field column for the Weight property and choose POP2000.
Each demand point will be weighted by the population from the 2000 census.

5. Click OK.
The 208 census tract centroids are loaded into the Demand Points class. The new demand
points are listed in the Network Analyst window and displayed on the map.
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Setting up the properties of the location-allocation analysis

Steps:
1.

Click the Analysis Layer Properties button on the Network Analyst window.

Network Analyst x
Location-Allocation -

A Wl

The Layer Properties dialog box opens.
Click the Analysis Settings tab.
Make sure that Impedance is set to TravelTime (Minutes).

Set Travel From to Demand to Facility.

The default option, Facility to Demand, is a good choice for the classic minimize impedance
and maximize coverage problem types. However, for maximize attendance, maximize market
share, and target market share, the demand tends to travel to the facilities, thus Demand to
Facility is often a good choice for them.

Click the U-Turns at Junctions drop-down arrow and choose Allowed.

Set Output Shape Type to Straight Line.
Although the output will be displayed with straight lines, the travel costs are still measured
along the network.

Make sure that the Use Hierarchy and Ignore Invalid Locations boxes are checked.

In the Restrictions frame, make sure that RestrictedTurns and Oneway are checked.

Your Analysis Settings tab should look like the following graphic:
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Layer Properties |

General | Layers | Souce | Analysie Settings | Advanced Setings | Accumulation | Network Locations

Settngs Restrichons
Impedance: TravelTime (Minutes) - | RestrictedTurns
Travel From: 71 Oneway

@ Demand to Fadlity

Eadiity to Demand

U-Turns at Junciions: Alowed -
Output Shape Type: Straight Line -
| Use Hierarchy

o Ignore Inyalid Locations

oK | [ Cencal Boly |

9. Click the Advanced Settings tab.

10. Click the Problem Type drop-down list and choose Maximize Attendance.
These problem types are often referred to as models. Maximize attendance is a good problem
type for choosing retail store locations, since it assumes that all stores are equally attractive
and people are more likely to shop at nearby stores.

. Layer Properties
General | Layers | Source | Analysis Setiings | Advanced Settngs | ]
Advanced Settings [

Probéem Type: Maximize Attendance E

Minimize Impedance

- . Mandmize Coverage

Fadlities To Choose: PMinimize Faclities

Manirmize

Impedance Cutoff: Maximize Market Share
Target Market Share

Impedance

o -
Transformation ==

11. Increase Facilities To Choose to 3.
ArcGIS will try to choose 3 facilities out of the 16 to optimally serve the 208 demand points.

12. Increase Impedance Cutoff to 5.
This setting implies that people are not willing to travel more than five minutes to shop at these
stores. The units for this value are determined by the units of the impedance attribute.
Therefore, since TravelTime uses minutes, this value is also in minutes.

13. Make sure that Impedance Transformation is set to Linear. ArcGIS will use a linear decay in
calculating people's propensity to visit a store. That is, with a five-minute impedance cutoff and
a linear impedance transformation, the probability of visiting a store decays at 1/5, or 20
percent; therefore, a store one minute away from a demand point has an 80 percent probability
of a visit compared to a store four minutes away, which only has a 20 percent probability.

14. Click OK.
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Run the process to determine the best store locations

Steps:

1. Click the Solve button i on the Network Analyst toolbar.
Once the solve process is completed, lines in the map display connect chosen stores to their
associated demand points. The lines also appear in the Lines class in the Network Analyst
window.

Now you will inspect the results in more detail.

2. Inthe Table Of Contents, right-click the Facilities sublayer and choose Open Attribute

Table.
Table Of Contents B x
[oo8
= £F Layers a
Location-Allacation |
@
W Error
. E Cand| x
3 ] oOpen Atiribute Table
Joins and Relates »
e
ndpogeiedarer b L o

Examine the attributes of the Facilities table. Three of the features have their FacilityType field
values set to Chosen instead of the default status, Candidate.

The DemandCount column lists the number of demand points assigned to each of the chosen
facilities. Note that out of the 208 demand points, only 113 were allocated to the chosen
facilities because some of the points were farther than the five-minute cutoff.

The DemandWeight column lists the demand that is allocated to each facility. In this case, the
value represents the number of people that are likely to shop at the store.

3. Close the Facilities table.

4. Inthe Table Of Contents, right-click the Demand Points sublayer and choose Open
Attribute Table.
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Examine the attributes of the Demand Points table. The Facility ID column has a value of <Null>
if the demand point was outside the five-minute cutoff, but if a numeric value is present, it
represents the ID of the chosen facility the demand point was allocated to.

The Weight column contains the population count that was loaded from the census tract feature
class. The AllocatedWeight column contains the amount of demand that was apportioned to the
associated facility. The amount of weight allocated is based on the linear distance decay and
the five-minute cutoff parameters you set in the Layer Properties dialog box.

In the Table Of Contents, right-click the Lines sublayer and choose Open Attribute Table.

This table contains one record for each demand point allocated to a facility. It also lists the
shortest path impedance between the two locations and the weight captured by the facility.

In the previous section, you generated results for where to locate three new stores. In this section, you will
use location-allocation to solve a store-expansion scenario, in which you will start with an existing store
and optimally locate two additional stores.

Steps:

1.

In the Network Analyst window, right-click Facilities (16) and choose Load Locations.
The Load Locations dialog box opens.

Select ExistingStore from the Load From drop-down list.

In the Location Analysis Properties section, make sure that the Name property is
automatically matched to the NAME field.

In the Default Value column for Facility Type, change Candidate to Required.
This ensures that when the store is loaded as a facility, it will have a status of Required.
Required facilities must always be part of the solution.
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Load Locations [ 7 |l

Load From: [ ExistingStore R E]
[ Only show point layers

Only load selected rows
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Location Analysis Properties

Property Field Default Vaks
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FacltyType [Requred -]
WWeight Candidate
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Competitor
Chosen
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5. Click OK.

Setting up the properties of the analysis (maximize attendance with required facility)

You will use the same properties from the previous solution to solve this problem.
Steps:
1. Click the Analysis Layer Properties button on the Network Analyst window.

Network Analyst 1 x
Location-Allocation - @ |I
T— i e P

The Layer Properties dialog box opens.

2. Make sure that the problem type is set to Maximize Attendance, the facilities to find is 3, the
impedance cutoff is 5, and the impedance transformation is Linear.

3. Click OK.

Run the process to determine the best store locations (maximize attendance with
required facility)

Steps:

1. Click the Solve button i on the Network Analyst toolbar.
When the solve process is complete, lines connect chosen stores to demand points. Note that
the original solution changed, and the ExistingStore location is now part of the solution. The
other two chosen facility locations are now at different places.
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-

Adding competing facilities

Location-al
market sha

location can locate new stores to maximize market share in light of competing stores. The
re is computed using a Huff, or gravity, model. A Huff model assumes that demand points have

a probability of visiting stores based on some properties of the store as well as the distance away from

that store.
Steps:
1.
2.
3.

In the Network Analyst window, right-click Facilities (17) and choose Load Locations.
Choose CompetitorStores in the Load From drop-down list.

In the Location Analysis Properties section, make sure that the Name property is
automatically matched to the NAME field.

4. In the Default Value column for Facility Type, change Candidate to Competitor.
Load Locations =
Load From: [ CompetitorStores =]
[ 0nly show pont layers
Only load selected rows
Sort Fiekd: [ -|
Location Analysis Properties
Property Field Default Vaks
Mame MNAME
FacityType I&E .|
Weight Candidate
Curbapgroach Re
gﬂ%ﬂ_ﬁ
5. Click OK.
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You will change the properties of the location-allocation analysis layer so that it solves using the maximize

market share problem type.
Steps:
1. Click the Analysis Layer Properties button on the Network Analyst window.

Network Analyst & x
Location-Allocation i

P—— aeh ek

The Layer Properties dialog box opens.
2. Click the Advanced Settings tab.

3. Click the Problem Type drop-down list and choose Maximize Market Share.

Layer Properties
Ganeral | Layars | Source |.-ha‘m55ﬁtrga Advanced Seitings | Acct
Advanced Settings Prof

Problem Type: Maximize Market Share B

Mrimize Impedance
Maximize Coverage
Minimize Fadltes
Maximize Attendance
Madmize Market

Fadlites Ta Chooss:

Impedance Cutoff:
Target Market Share

Impedange,

4. Click the Impedance Transformation drop-down list and choose Power.
ArcGIS will use a power distance decay in determining people's propensity to visit a store.
Notice that Impedance Parameter becomes available for you to edit.

5. Change the Impedance Parameter value to 2.
An impedance parameter of 2 on a power impedance transformation means the probability of
visiting a store decays with the square of the distance between a demand point and a facility
location. Usually, an accurate value of the impedance parameter is computed from other
analyses, such as those provided by using ArcGIS Business Analyst.

The Advanced Settings tab should look like the following graphic:
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Steps:

Layer Properties |
General | Layers | Source | Analysis Settings | Advanced Settnge | Agcumuilation | Network Locations
Advanced Settings Problem Type Description

Probiem Type: Maximize Market Share -

Eadlities Ta Chooss: 3

Impedance Cutaff: 5

Impedance
Transformation:

Maximize Mardoet Shame
Impedance
Parameter: This option satves the competitive fadiity
location problem. It chooses fadlites to
maximize market share in the presence of
competitive fadlities, Gravity model
concepts are used to determing the
proportion of demand alocated to each
fadlity. The set of fadkties that mawmizes
the: total allocated demand is chosen,

Target Market Share (%)

ok | [ cewa soly |

Click OK.

Click Network Analyst on the Network Analyst toolbar and click Options.
The Network Analyst Options dialog box opens.

Click the General tab.

Click All Messages.
By choosing All Messages with a market share problem, the market share you capture will be
reported in a dialog box once the solve process is completed.

Click OK.

Click the Solve button § on the Network Analyst toolbar.
When the solve process is completed, a message indicates how much of the market share you
captured.

Close the message box.

Lines in the map connect demand points to chosen and competitor stores. Notice the chosen
stores have changed to maximize the amount of demand given the presence of the three
competitors.

The lines overlap more than in the previous solutions, since each demand point in the maximize
market share problem can interact with all the facilities that are within the impedance cutoff.

In the Table Of Contents, right click the Facilities sublayer and choose Open Attribute
Table.

Three facilities have a FacilityType value of Competitor, one has a value of Required, and two
have a value of Chosen, which indicates the solver chose them as the best facilities to open.
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The DemandCount column lists the number of demand points assigned to each of the facilities.
Note that some demand points were not assigned, since they were outside the five-minute
cutoff.

The DemandWeight column lists the sum of the demand weight assigned to each of the chosen
facilities. The weight assigned to your stores versus that assigned to the competitor stores can
be used to figure out the market share that was reported after the solve process finished.

In the last section, the three stores chosen accounted for 33.79 percent of the market share. Say,
however, you want to capture 70 percent of the market share. You need to know the minimum number of
stores that would be needed, and where they should be located, to accomplish that goal. The target
market share problem type can help you find the answer.

Steps:
1.

Click the Analysis Layer Properties button on the Network Analyst window.

Network Analyst & x
Location-Allocation \@l
P— ek P
The Layer Properties dialog box opens.

Click the Advanced Settings tab.

Click the Problem Type drop-down list and choose Target Market Share.
Notice that when you change the problem type to Target Market Share, the Target Market
Share (%) property becomes available for you to edit.

Change Target Market Share (%) to 70.
The Advanced Settings tab should look like the following graphic:
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Steps:

o &

Layer Properties |
General | Layers | Source | Analysis Settings | Advanced Settnge | Agcumuilation | Network Locations
Advanced Settings Problem Type Description

Probiam Type: Target Market Share *
Fadlities To Choose:

Impedanice Cutoff: 5

Impedance
Transformation:
Impedance Targ
Parameter: This option satves the competitive fadiity
location problem. It chooses fadlites to
reach a specified target market share in
the presance of competitive fadiites.
Gravity model concepts are used to
determine the praportion of demand
allocated to each fadlity. The minimum
rumber of faciities needed to reach the
spedfied target market share is dwsen.

Target Market Share (%) ]

oKk | [ ceca ooy |

Click OK.

Click the Solve button §# on the Network Analyst toolbar.

When the solve process is complete, a message indicates how much of the market share you
captured and the total number of facilities required to capture that share. The percentage is
more than the 70 percent you had indicated, because opening any fewer facilities would result
in a market share below your target of 70 percent.

Close the message box.
Once again, lines connect the solution facilities to demand points in the map display.

In the Table Of Contents, right-click the Facilities sublayer and choose Open Attribute
Table.

In addition to the three competitor facilities and the one required facility, nine facilities now have
a FacilityType value of Chosen. This means nine additional stores are needed to achieve the 70
percent market share.

If you don't plan to work on any other exercise, exit ArcMap. Click No to discard any changes.

If you plan to work on another exercise, follow the substeps below.
a. Click File > New.
The New Document dialog box opens.

b. Click OK.

c. Click No when prompted to save changes.
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