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ArcGIS Network Analyst Tutorial

IN THIS TUTORIAL

Exercise 1: Creating a shapefile-
based network dataset

Exercise 2: Creating a geodatabase
network dataset

Exercise 3: Creating a multimodal
network dataset

Exercise 4: Finding the best route
using a network dataset

Exercise 5: Finding the closest fire
stations

Exercise 6: Calculating service
area and creating an OD Cost
Matrix

Exercise 7: Creating a model for
route analysis

Exercise 8: Servicing a set of
orders with a fleet of vehicles

Exercise 9: Finding best routes to
service a set of paired orders

ESRI® 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:

* Use ArcCatalog™ to create and build a network dataset from a streets
shapefile.

* 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.

e Perform various network analyses in ArcMap™ using the Network
Analyst toolbar.

e Learn how to use the Network Analyst tools in ArcToolbox™ to create
geoprocessing models that perform network analysis.

In order to use this tutorial, you need to have the Network Analyst extension
and ArcGIS installed 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) as specified in the tutorial.



Exercise 1: Creating a shapefile-based network dataset

In this Exercise you will create a simple shapefile-based
network dataset from a single line feature class.

Creating a network dataset

1. Start ArcCatalog™ by either double-clicking a shortcut
installed on your desktop or using the programs list in
your Start menu.

2. Navigate to the C:\arcgis\ArcTutor\Network_Analyst
folder in the Catalog Tree. (This is the default install
location for this data.)

3. Click the Exercisel folder to show its contents.

x| Conterts | Previen | Metadata |
{1 OnlineHelp o
=+{1 Tutorials
-3 Indesign
= Networkanalyst
)
i B-{] Exercise2
(1] Exercise3
© @] Exercis=4
. @] Exercses
(1] Exercises
] Exercise?

Name | Type
Hlstreets Shapefile

4. If the Network Analyst Extension is not enabled, on the
Tools menu, click Extensions, and in the Extensions
dialog box, click Network Analyst and close the
Extensions dialog box.

5. Right-click the Streets shapefile and choose New
Network Dataset. This shapefile contains street data for
downtown San Francisco.

] Streete hn Shanafie
B2 Copy Chl+C
K Delete
Rename F2
Create Layer...
Export »

Properties...

6. The name of the network dataset is set to Streets_ND
by default. Click Next to continue.

Hew Network Dataset ! 3 _o_].)ij

Thiz wizard will help pou builld a netwark dataset. A netwark dataset is built fram feature
claszes which act az network sources and have a connectivity policy and attributes
associated with them.

Enter a name for your network, dataset:
]Straets_ND|

I Mext > | Cancel I

Network Connectivity defines how features that
participate in a network connect to each other. The
default connectivity for a network dataset places all
sources in one connectivity group and assigns all edge
sources endpoint connectivity. In a shapefile based
network there is only one edge source, hence there is no
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need for multiple connectivity groups. Also, we wish to
model streets with endpoint connectivity. (To see how
this is modeled, click the Connectivity button.)

. To accept the default connectivity, click Next to
continue.

New Network Dataset

The defoult connectivity setings for network datasets esiablish connectivity onby at
coincident endipaints of bne features during the build process

Hyou want 1 use difansnt connactivity semings, click the Connactvity button balow
*You can change fie conanctivity SeRAGS now, oryouU can change hiam aforthe
natwork dstsset has baan croated

Gonnactivity.

¢Back || Me» Cancal

Earlier versions of ArcView® GIS and ARC/INFO™
support optional elevation fields to establish connectivity.
Each feature in a shapefile or a coverage would be
assigned two Z-elevation values, one for each endpoint.
If the endpoints of line features have the same Z-
elevation value, connectivity is established. If the values
are different, they do not connect (e.g., in the case of
bridges or tunnels).

The elevation field contains logical elevation values for
establishing connectivity only and does not provide
height information for the feature. ArcGIS® Network
Analyst can use Z-elevation values to further modify the
connectivity settings established in the previous step.
ArcGIS Network Analyst automatically searches and
maps the relevant fields.
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8. Click Next to accept the default elevation fields settings.

If ArcGIS Network Analyst finds elevation fields data in
your shapefile, it automatically chooses the Yes radio
button and assigns the appropriate fields.

New Network Dataset i x|
Do you need to modify the connectivity with elevation field data?
 No
* Yes
Source | End |_Field
Streets From End F_ZLEV
Streets To End T_ZLEV

Click inthe Field column to set elevation fields.

< Back Nea = Cancel I

ArcGIS Network Analyst supports turns in a shapefile
based network. Turn information (such as turning
restrictions and delays) enhance the quality of network
analysis. Earlier versions of ARC/INFO and ArcView
GIS used turn tables. These turn tables can be converted
into turn features and used in the network dataset. You
will use turn features in Exercise 2.

In addition, by default, Global Turns are selected. Global
Turns are rules that can be set, such as all left turns
have a delay of 15 seconds. Such a rule gives
preference to right turning movements. The advantage
of Global Turns is that you do not need to create
individual turn features for rules that apply to every turn
in the network.



9. Click Yes to model turns in the network.

10. Click Next to continue.

11.

New Hetwork Dataset 3 2x]
Do you wart to model tums in this network?
T No

Tum Sources:

< Back Net> | Cancel

Network attributes are properties of the network that
are used to control navigation. Common examples are
costs that function as impedances over the network.
Restrictions like one-way traversal are also examples of
network attributes.

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

Since the attributes are automatically defined and
assigned values, click Next to continue.

New Network Dataset 2| x|
Specity the aftributes for the network dataset Add
! @] Mame Usage Units Data Type
Meters Cost [Vieters Double Remove
& Minutes Cost Minutes Double
@ Oneway Restriction  Urknown Boolean Remaove All
RoadClass Descriptor  Urknown Integer
Rename
Duplicate
Parameters
Ewaluators.
<Back Hext> Cancel |

To use driving directions in a network analysis, they
should be set in the network dataset.

12. Select Yes to establish driving directions settings for this

network dataset.

The Network Analyst automatically finds and maps the
field in the streets source that will be used to report
street names. Additionally Length and Time fields are
automatically mapped as well.

13. Click Next to continue.

New Network Dataset i

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

=1

x|

All directions settings can be changed now or after the netwark has been created.
Click the "Directions..." button to change the default directions settings

Directions...

< Back Neat > Cancel |
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14. A summary of all the settings that have been chosen is
displayed in the following window for your review.

Click Finish to create the new shapefile based network
dataset.

Summary:

Mame: Strests_MND -
IType: Shapefilz-Based Network Dataset

|Sources:
Edge Sources
Streets

(Connectivity:
Group 1:
Edge Connectivity:
Streets (End Poirt)

Elevation Fields:
Edge Blevation Fields: (From End, To End):
Streets: (F_ZLEV, T_ZLEV)

Tums: LI

< Back

New Network Dataset L |

Creating new network. dataset. .
Cancel I

[ ]

Once created, the system prompts for the network to be
built.

15. Click Yes to build the network.

New Network Dataset ) |

The new network dataset has been created. Would you like to build it now?
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The network dataset has been built when the progress
bar disappears.

Build Network Dataset |

Builditg the netwark. datazet. .
Cancel I

[ |

The shapefile based network, Streets_ND, is added to
ArcCatalog along with the system junctions shapefile
Streets_ND_Junctions.

16. Select Streets_ND and click on the Preview tab to see
the built network dataset.

%\ Conterts Preview | Metadata |

=@
£+ Tuterialt
B streets
&
- Streets ND_
-] Tutorial2
- Tutorial3
(- Tutoriak
-] Tutorials
-] Tutorials
Database Connections
23] Add OLE DB Connection
%3] Add spatizl Database G
Address Locators
B Create New Address Lov
GIS Servers
22 Add ArclS Server

25 Add ArcIMS Server

22 Add WM Server

Geography Network Ser,

Search Results -
3

17. Close ArcCatalog.



Exercise 2: Creating a geodatabase network dataset

In this Exercise you will create a geodatabase network S G | oo |P'““|“°““[|“E
dataset using the streets feature class and a turn feature G;Lo?élem T — oo e O
class for Paris. el :
Ll Exeércse3 Deete
_ 20 e .
Creating a network dataset sQEwas SR
0 Represenibations -
1. Start ArcCatalog by either double-clicking a shortcut oy o
installed on your desktop or using the programs list in A :
3 Tracking_Analyst _ O Peature Class...
your Start menu. 3 Tutorkd_Pocs pert i
1 ] ;f.l'rluulu and Settngs Export b & Taran..
If the Network Analyst Extension is not enabled, on the P e [ ———————
Tools menu, click Extensions, and in the Extensions e & Propertes.. Bl 1epoboy..

. . etpub = Pobygon Feature Cliss From Lines...
dialog box, click Network Analyst then close the P b e
Extensions dialog box. )

) ) 7. Type “ParisNet” as a name for your network dataset.
2. Navigate to the C:\arcgis\ArcTutor\Network_Analyst
folder in the Catalog Tree. (This is the default install ,
Hew Netwark Dataset Fd [

location for this data.)
This wizard will help you build a network dataset. A network dstaset is buitt from feature
classes which act as network sources and have a connectivity policy and attributes

3. Double-click the Exercise2 folder to expand it. eenaa

4. Click the plus sign on Paris.gdb. This will expand the Enter s name for your network dataset
connection tree to show you the contents of the freetel
geodatabase.

5. Click the RoadNetwork feature dataset. The contents
will be listed in the Contents tab.

6. Right-click the RoadNetwork feature dataset, click New,
then click Network Dataset. This will open the New
Network Dataset Wizard.

Cancel I

8. Click Next.
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9. Check the Streets feature class to use it as a source for
the network dataset.

21

MNetwork datasets are comprised of network sources. Each source comespondsto &
feature class that has been added to the network dataset, edas sources to line feature
classes and junction sources to point feature classes.

ES‘TEEB [}S Select Al |
Clear All |

< Back et > Cancel

10. Click Next.

11. Click Connectivity to set up the connectivity model for
the network.
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New Network Dataset

The default connectivity settings for network datasets establish connectivity only
at coincident endpoints of line features during the build process.

All connectivity settings can be changed now or after the network has been
created. Click the ‘Connectivity..." button to change the default connectivity
seftings

Connectivity...
I

2=

Connectivity Groups:
Source | Caonnectivity Policy I 1 I
Streets End Point vl
Giroup Columns, 1 ﬂ Subtypes. I\_l oK I Cancel

The Streets feature class has three subtypes that we
wish to use to set up the connectivity: Highways, Major

Roads, and Local Streets.




12. Click the Subtypes button to bring up the Connectivity
Settings: Subtypes dialog box. Check the Box next to
Streets (3) to use the three subtypes of Streets.

The connechivity settings for each element in an edge or junction feature source can
either be the same or vary by subtype.

Select the sources that should have distinct connectivity settings for each subtype.
Use Subtypes J Subtype Mames ]
[ strests (3) Highways, Major Roads, Local Streets

Cancel

13. Click OK to return to the Connectivity dialog box. There
are now three rows, one for each subtype.

Connectivity Groups:
Source ! Connectivity Policy l 1 l
Streets : Highways End Point [l
Streets : Major Roads End Point [
Streets : Local Streets End Point vl

oK Cancel

Group Columns: 1 j

14. For this network, Highways and Major Roads connect
to each other at end points. Local Streets connect at
any vertex of geometric coincidence. Change the
connectivity policy of Streets: Local Streets to Any

Vertex.

Source

Streets ; Highways
Streets | Major Roads
Streets ; Local Streets

!Cu:unnecﬁvity Palicy ! 1 !

End Point ||
End Paint [w]
|End Point x| ™

15. Click OK to close the Connectivity Group dialog box.

16. Click Next.

17. Check No since here is no elevation field data for this

dataset.

Elevation fields have been used since the earlier
versions of ARC/INFO and ArcView GIS to model
connectivity. ArcGIS Network Analyst supports this
connectivity model. Each feature in a shapefile or a
coverage would be assigned two Z-elevation values, one
for each endpoint. If the endpoints of line features have
the same Z-elevation value, connectivity is established.
If the values are different, they do not connect (e.g., in
the case of bridges or tunnels). The elevation field
contains logical elevation values for establishing
connectivity only and does not provide height
information for the feature.

18. Click Next.
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19. Check Yes for modeling turns in the network. Check the ArcGIS Network Analyst inspects all sources and tries
box by ParisTurns to select the turn feature source. to automatically assign values for these three attributes.
22. Click Evaluators to examine how the values of network
Hew Hetmork Datasct 2= attributes are determined by source. Select each
Do you want to modsl tums in this network? attribute from the pull-down menu and inspect the type
o of evaluator and value assigned to it.
& Yes %
MIPericTons sbots: fuees =)
-m.m.em Iy
Onewar
Source VAUEs [ Default Values
* [ source [ Direction [ Element [ Type [ value |
= = 2 o il
ParisTurns Tum ;Mj
< Back Next > Cancel
20. Click Next.
21. There are four attributes that are added by default:
. oK. | Cancel Apply
Road Class, Oneway, Minutes, and Meters. :
[evs Network Dataser 2| x| 23. Click OK to return to the New Network Dataset
Wizard.
Specify the attributes for the network detaset Add..
' Usage Units Diata Type 4|
Meters & Bemaove
Cost Minutes Double
-] ki I emove
oo el |
Rename
Duplicate
Fanges..
Parameters.
Ewvaluators
<Back [ Mea> | cencel |

ARcGIS NETWORK ANALYST TUTORIAL



Jrvaliarors x|

24. You will add a new attribute that will restrict movement
over the turn elements created from ParisTurns. Click e -
Add to bring up the Add New Attribute dialog box. Type Souce Vs | Dtk e |
“TurnRestriction” for the attribute and select Restriction Bl T — e ' |
as the Usage type. Note that the Use by Default option sutas R =
c

is checked. This restriction will be used by default when
a new network analysis layer is created. If checked
here, it can be disabled during analysis.

2|
oK | Cancel Apply
MName: ITurnResmdmn 0K, | l |
4] Type: ction Cancel . .
e - G| 28. Change the Value for ParisTurns to Restricted. The
Uit - .
= [urkacer [ evaluators for other sources are set automatically to
DefaType:  [Boolean [ Traversable under Default Values.
v Use by Default
[Baluators 2
. . ) ) . Attibute: [TurmRestriction e
25. Click OK. A new attribute called TurnRestriction is sl
added to the list. e [
t [ Source [Drecton | Eement | Type [value [
Streets From-To Edge i'
Streets To-From Edge
ParisTurns Tumn Constant estrict = il
Specify the attributes far the network dataset: Es,:t 5] ‘-“]
Mraversah\e
8 |@| MName | Usage | Units | Data Type |
[Meters Cost feters DaLble
B Minutes Cost MinLites Double
@ Oneway Restricion  Unknown Boolean
RoadClass Descriptor — Unknown Integer
b TUrrRestricton Festricion  Unknown  Boolean

oK I Cancel Apply

26. Click Evaluators to assign values by source. 29. g.iCk C?K to refurn fo the New Network Dataset
izard.
27. Set the Type of Evaluator for ParisTurns to Constant by
clicking in the Type column for the ParisTurns row and
selecting Constant from the drop-down box.

30. Click Next to continue.
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31. Click Yes to set up directions. Click Directions to open
the Network Directions properties page. Here, you will
set up the fields used to report directions after network
analysis.

32. In the General tab, click under the Name column for the
Primary row and select FULL_NAME from the drop-
down list. In the Paris streets data, this field contains the
street names that will be used to generate directions.

21

General | Srields | Boundary |

- Direction Attribut

Display Length Lnits Miles
Length Attribute Meters
Time Attribute Minutes

Road Class attribute

- Street Name Field:

Source: [Steets -
Rark | Prefix | PrefixType | Mame | suffix Type | suffix

Frimary FULL_NAME~.
CFCC

FULL_NAME

FUNC_CLASS|g)
Oneway
<Mone>

Humbe of lemste Names: |0 =

33. Click OK to return to the New Network Dataset
Wizard.

34. Click Next to see a summary of the settings defined.

ARcGIS NETWORK ANALYST TUTORIAL

21

Summary:

Sources:
Edge Sources:
Streets

—jTl

Connectivity:
Group 1:
Edge Connectivity:
Streets : Highways (End Point)
Streets : Local Streets (Ary Vertex)
Streets - Major Roads (End Point)

Tums:
<Global Tumsz
ParsTums

Attributes:

|

< Back I Finish I

Cancel |

35. Click Finish to create the new network dataset.

36. Click Yes to build the network dataset.

Build Network Dataset |

Building the netwark. datazet...

( J L\\ Cancel l

Once the network dataset is built, you should see a new
network dataset called ParisNet along with the system

junctions feature class ParisNet_Junctions. Preview the
network dataset by selecting it and clicking on Preview.

37. Close ArcCatalog.
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Exercise 3: Creating a multimodal network dataset

In this Exercise you will create a multimodal network
dataset from multiple feature classes within a feature
dataset in a geodatabase.

Creating a network dataset

L.

Start ArcCatalog by either double-clicking a shortcut
installed on your desktop or using the programs list in
your Start menu.

If the Network Analyst Extension is not enabled, on the
Tools menu, click Extensions, and in the Extensions
dialog, click Network Analyst and then close the
Extension dialog.

Navigate to the
C:\arcgis\ArcTutor\Network_Analyst\Exercise3 folder in
the Catalog Tree. (This is the default install location for
this data.)

3. Double-click the Exercise3 folder to expand it.

Click the plus sign on Paris.gdb. This will expand the
connection tree to show you the contents of the
geodatabase.

. Click the Multimodal_Network feature dataset. The

contents will be listed in the Contents tab.

Right-click the Multimodal_Network feature dataset,
click New, then click Network Dataset. This will open
the New Network Dataset Wizard.

12

2 Metro_Statons % pejete

Streets

Transfer_Statior:

Transfer_Street_ ' Refresh
~(1 Exercised

Rename

(0 StreetMap Pe—
(3 Survey_Andyst 5
{3 Tracking_analyst Export
0 Tutorial_Docs
Books

Documents and Settings [ Froperties

s o —— Polygon Feature Class From Lines.

Reglster As Versioned
(1 Exercises g b
{1 Exerciset. Enable Archiving
+(0 Exercise] Disable Archiving
{1 Representations
Amalyze.
{1 Schematics \C—
S spatd 01 esure gss.

Upgradk Spatial Refererice.

x| Cantents | Preview| Metodata |
3 Netwrork _Analyst -]
Name | Type |
(1 Exercisel
1 Exercise2 EMetro_Entrances File Geodatabase Featre Class
21 Exercise3 EMetro_Lines File Geodatabase Feafre Class
[EMetro_stations File Geodatabase Featre Class
= 3 Paris.gdb Estreets File Geodlatabase Featlre Class
- Muttimodal_Network C—' : csc | P Geodatabase Feature Class
& Metro_Entrances = SOPY + File Geodatabase Featlire Class
Memo Lines B paste iy

Fz

» & Relatiorship Class.

) &

Bl Topology.

35 anew network dataset

<, Geometric Network...

7. Type “ParisMultiNet” as a name for your network

dataset.

x|

This wizard will help you build & network datasst.

A network dataset is built from feature

classes which act as network sources and have a connectivity policy and attributes

associated with them.

Enter a name far your network dataset:

ParisMultiMet|

et > Cancel

8. Click Next.
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9. Click Select All to select all the feature classes to
participate as sources in the network.

Mew Network Dataset b 2lx|
Metwork datasets are comprised of network sources. Each source comesponds to a
Feature class that has been added to the network dataset. edge sources to line feature
classes and junction sources to point feature classes.

L‘._"j Metro_Lines Select All
= streets
Transfer_Stations Clear Al
Transfer_Street_Station
Metro_Entrances
[ metra_stations
< Back Next > Cancel

10. Click Next.

11. Click Connectivity to set up the connectivity model for
the network.

New Network Dataset

The default connectivity setiings for network datassts establish connectivity only at
coincident endpoints of line features during the kuild process.

Ifyou want to use different connec
“You can change the connectivity:  Connectivity Groups:

network dataset has been creater
Source | Connectivity Policy | 1 |
v

Metro_Lines End Paint.

Connectivity Streets End Point
Transfer_Stations End Paint
Transfer_Street_Station  End Point
Metro_Entrances Honar vl
Metro_Stations Honar vl

oK I Cancel

Group Columns: Fﬂ Subtypes |

ARcGIS NETWORK ANALYST TUTORIAL

12.

13.

Click the Group Column up-arrow once, to increase the
number of connectivity groups to 2. Connectivity group
1 represents the metro system and connectivity group 2
represents the street network.

Group Columns; I 2] :ﬁ

Check the boxes under the Connectivity Group numbers
to assign each source to the group they belong to. Click
under the column labeled 2 for the Streets row to move
Streets to connectivity group 2, as shown in the graphic
below. Click under the column labeled 2 for the
Metro_Entrances row to assign Metro_Entrances to
both groups 1 and 2. They are the points of transfers
between the two networks.

Connectivity Graups:

Source 1 Connectivity Policy i 1 i 7 i
Metro_Lines End Paint M O
Streets End Point O ™
Transfer_Stations End Paint M O
Transfer_Street_Station End Paint M O
Metro_Entrances Honor v

Metro_Stations

14. Click under the Connectivity Policy column for

Metro_Entrances and select Override from the
drop-down list.

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 are to be connected to the streets
at the coincident vertex, you have set the
Metro_Entrances to override the default endpoint
connectivity of the streets.
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15.
16.
17.

18.
19.

14

Metro_Entrances
Metro_Stations

[overide =] ¥

Click OK to close the Connectivity Group dialog box.
Click Next.

There is no elevation field data for this dataset,
therefore be sure No is selected.

Elevation fields have been used since the earlier

versions of ARC/INFO and ArcView GIS to model
connectivity. ArcGIS Network Analyst supports this
connectivity model. Each feature in a shapefile or a

coverage would be assigned two Z-elevation values, one

for each endpoints. If the endpoints of line features
have the same Z-elevation value, connectivity is
established. If the values are different, they do not
connect (e.g., in the case of bridges or tunnels). The
elevation field contains logical elevation values for
establishing connectivity only and does not provide
height information for the feature.

Do you need to modify the connectivity with elevation field data?

Click Next.

Select Yes for modeling turns in the network. Although
you have no turn feature classes for this network,
selecting yes allows the network dataset to support
global turns. Turn information can be added to an
existing network dataset, if it supports turns. If you
choose no here, you will not be able to add turns to this
network on a later date.

Do you want to model tums in this networkc?

 No

20. Click Next.

21. There are four attributes that are added by default:
RoadClass, Oneway, Minutes, and Meters.

New Network Dataset A
Specify the attributes for the network dataset Add
g ‘ol Mame | Usage ‘ Units ‘ Data Type |
A Meters Cost Meters DoLble Bemove
EOXCE inLtes Co Minutes
© Oneway Resfriction  Unknown Boolean Femove All
RoadClass Descriptor  Unknown Integer

Since this is a multimodal network you will add different
time attributes based on mode. For automobiles, you will
have an attribute called Drivetime and for pedestrians,
you shall have a Pedestrian_Time attribute.

The attribute Minutes is added by the Network Analyst
by default. We can rename this attribute to be called
Drivetime.

22. Select the Minutes row, click Rename, then type

« : : 29
Drivetime”.
New Network Dataset 2l x|
Specify the atributes for the network dataset Add
4 \®| MName | Usage ‘ Units ‘ Data Type |
A Meters Cost Meters Double Remove
A Cost inUtes DoLble
© Qneway Restriction  Unknown Boclean Remove All
RoadClass Descriptor - Unknown Integer

The Meters and Drivetime attributes have a yellow
warning symbol that represents a potential problem with
the evaluators.
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23.

24.

Select Meters and click Evaluators to inspect values for
the Meters attribute for each source in the network.

st [P

Atrbute Ve

Bk

Seusem Vahoms | Oiadl Vinkant |

! | sarce

Hetr_Lnas From-Ta [ . Haters
Metro_Lres ]
stests From-Ta Ldge Ptk
Streats Te-Fram Edoe Fiald Metirs
A Transfer_Sessons From-To Edoe [k
I, Transter_Statens Terom Edge
) Transfer_Sxest Smbn  FromTo L
J, Tranafer_Sweet Smbon  Tesrom Lage

oh | Caes | ew |

ArcGIS Network Analyst inspects all sources and tries
to automatically assign values for the Meters attribute.
The Metro_Lines source and the Streets source have a
field called Meters; therefore, this field is automatically
assigned to the sources.

For each edge source in the network, attributes need to
be assigned for each direction of travel. Since the length
does not depend on direction of travel, the same values
are assigned for both directions of a source. Network
Analyst attempts to assign values for each cost attribute
for each edge source that participates in the network. In
this case, Network Analyst was unable to find values for
Transfer_Stations and Transfer_Street_Station sources.
Hence a warning symbol is present to indicate that there
is a problem.

Select all four rows with the yellow warning symbol
(two sources in both directions), right-click, choose
Type, and click Field. The yellow warning sign changes

ARcGIS NETWORK ANALYST TUTORIAL

to ared exclamation mark indicating an incomplete
assignment of values.

Source Velues | Dotaut Valus |

[+] Source | Drection | Elerment [ vk [
Metro_Lnes From-To Edge Meters ﬂ
Metro_Lines ToFrom Edge Meters

From-To -' ﬂ
T
arcfer_Street Sta
Metro_Fritrances 1 ¥ Delete DEL
Meve.Stats Amcton ——
= Furction

25. The four rows, now with the red exclamation mark,
should still be selected. Right-click the selected rows,
choose Value, and click SHAPE_LENGTH. This will
assign values for the Meters attribute for the selected
sources from the their SHAPE_LENGTH field.

26. Click Apply.

27. From the Attributes drop-down box, select Oneway. The

attribute Oneway has been assigned values
automatically by the ArcGIS Network Analyst for the
Streets source. Since all other sources are related to
the metro system, they have no oneway restrictions.

28. From the Attributes drop-down box, select Drivetime.

15



29.

30.

16

The values for the Streets source are populated
automatically by Network Analyst. Other edge sources
have no values assigned and have the warning symbol.

The attribute Drivetime will be used to model the travel
time using automobiles. Since automobiles travel on
streets only (and not on Metro_Lines or transfers
between stations), a valid value of Drivetime can exist
only for streets (which has been automatically set up).

Select all the other edge sources that belong to the
metro system (Metro_Lines, Transfer_Station, and
Transfer_Street_Station). You can use the CTRL key
and select each of them. Click on the column heading
named Type and select Constant.

The same rows should still be selected. Hit the F12 key
on the keyboard to bring up the Constant Value Input
box. (Alternately, you can also right-click the selected
rows, point to Value and select Properties to bring up
the same input box.) Type -1 and press Enter.

By assigning a constant of -1, the system will treat the
sources as restricted when the attribute Drivetime is
used as an impedance.

Source Values | Defaul Values |

1 [ source | Direction | Element. Type | value [
Metro_Lines FromTa Edge Constant o
Metra_Lines ToFrom Edge Canstant *
Streets From-To Edae Field FT_Minutes

Streets To-From Edge Field TF_Minutes
Transfer_Stations From-To Edge Constant -1
Transfer_Stations To-From Edge Constant -1
Transfer_Street Station  From-To Edge Constant -1
Transfer_Street_Station  To-From Edge Constant -1
Meto_Entrances Junction -
Metro_Stations Junction

31. Click OK to return to the New Network Dataset
Wizard.

32. Click Add to add a new attribute.

33.1n the Add New Attribute dialog box, type
“Pedestrian_Time” for the Name. Set the Usage Type
as Cost, the Units as Minutes, and the Data Type as
Double.

20x

Hame: |Pedestrian:ﬂme 0K |
Usags Type: ICDst LI Cancel

Lnits:

Data Type IDoubIe LI

[ Use by Default

34. Click OK.
35. Select Pedestrian_Time and click Evaluators.

The Pedestrian_Time attribute in the network represents
the time a pedestrian takes on the network. In this case
it has two components because a pedestrian can utilize
the metro system in addition to walking on the street
network. In the Evaluators dialog, the following six
sources should already be selected. Metro_Lines (in
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each direction), Transfer_Stations (in each direction)
and Transfer_Street_Station (in each direction). If not,
you can use the CTRL key and select each of them.

38. To set up the Pedestrian_Time for Streets, click the
row for Streets in the From-To direction. Hold the
CTRL key and click the row for Streets in the To-From

direction, to select both rows for the Streets source.
2=l

Amkin Vakime Streets From-To Edge FT_MINUTES

Source Vakisi | Defouk Values |

39. Right-click on the selected sources, point to Value, and
click Properties to bring up the Field Evaluators dialog

box.
[+ [ Source Diraction Element [Type [vake
! Metro_Limes From-To Edge Fasd <nd>

To-From

! Trarafer_Statons From-To
! Trarshe _Statiors To-From
b Trarsher _Street_Staton From-To
! Trarsfer_Street_Staton ToFrom
Metro_Entyances
Metro_Statiors

FT_MINUTES
TF_MINUTES

On the street network a pedestrian can walk. Hence for

the Streets source, the value of Pedestrian_Time is the

walk time for a pedestrian. Assuming that a pedestrian

walks at 3 km/h, walk time in minutes will then be

37. The same rows should still be selected. Right-click, [Meters] * 60 / 3000 where [Meters] is the attribute
choose Value, and click TRANSITTIM. containing length of the edge in meters.

40. Double-click on the METERS field to move it into the
“Value =" location and finish typing the expression as
[METERS] * 60 /3000 in the Field Evaluators Dialog as
shown below. Click Verify to verify that the expression
is correct and fix, if necessary.

isMultiNet_Junctions Junction
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Fields Tupe Functions
CFEC 21 Number
DISP_CODE
FT_MINUTES  Shing
FULL_NAME
FUNC_CLASS C Date
Hierarchy
METERS
Mé&_Hierarc _'J

Pre-Lagic VB Script Code

4 ]
El
Save
Value =
I[METERS]*BD#EDDEI [%

41. Click OK to close the dialog box and return to the
Evaluators dialog box.

42. Click OK to save the attribute assignment.
43. Click Next.

44. Click Yes to set up directions. Click Directions to open
the Directions Properties Page.

45. On the General tab, click the Source drop-down arrow
and click Streets.

Fartwork Directions Properties x|

Goanonnl | Stiokds | Boundery |

Miters
CriveTime

Rioad Class Atrtute RoadCles

Sigrpost Feature Clns

| Sigrpost Streets Tabs

i
i

&

§

Y I— L1

Stroet Name Fsics

Sourcn:  [Metra_Lines k2|

Hasmber of ARomas Names: [

18

46. Click on Primary in the Street Name Fields list.

47. Click under the Name field and click FULL_NAME
from the drop-down list.

Source: [Strests ik
Rank | Prefix | PrefixType | Mame | suffixType | suffix
Primary FULL_MAME =
CFCC
[FULL NAME R
FUNC_CLASS
Oneway
<Mone >
48. Click OK.

49. Click Next to see a summary of the settings defined.

Mo Network Dataset

Summan:

Type Dasasat

Mama: FarisMultibiat ﬂ

Sources:

Edge Sourcas:
Matro,_Lines
Straats
Transtar_Swsians
Transter_Swest_Station

Junction Sourcas:
Matro_Entrancas
Matro_Siasians

Connactity:
Gi 1

Taup
Edge Connactvity
Matro_Lins (End Poinf)

=

<gock [ Ensn | Concel |

50. Click Finish to create the new network dataset.

New Network Dataset i #

Creating new network, dataget,.,

I ] Cance| I
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51. Click Yes to build the network dataset.

Build Network Dataset 2]
Building the network, dataset...

[ ] [: Cahicel I

Once the network dataset is built, you should see a new
network dataset called ParisMultiNet along with the
system junctions feature class ParisMultiNet_Junctions.

Preview the network dataset by selecting it and clicking
on Preview.

-
0 Networkanalyst S

2 Tutorialt
@ Tutorialz
(32 Tutorial3
£ paris

= 2 Muitmodal Network

] Meto_Entrances

Metro_Lines

tork
Paris_Multmodal_Network_Ju
Strests

Transfer_stations
Transfer_street_Station

(23 Tutorial4

(1 Layers

-3 Network
& Tutorial4

(22 Tutorials

115 Netnorkanalysis
&) Tutorials

=1 Tutorisls
1-£5 NetnorkModeiing

&) Tutorials

{2 PoF

tabace Comections

dress Locators

5 Servers

Add ArcGIS Server

ek AT S

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

In this Exercise you will find the best route for the given
order of stops based on travel time.

Preparing your display

L.

If you have Exercise4.mxd open in ArcMap, skip steps 2
to 5.

Start ArcMap by either double-clicking a shortcut
installed on your desktop or using the programs list in
your Start menu. Choose Ok to start ArcMap with a
new empty map.

3. Click File on the Main menu and click Open.

In the Open dialog box, navigate to
C:\arcgis\ArcTutor\Network_Analyst\Exercise4. (This is
the default install location for this data.)

5. Double-click Exercise4.mxd.

If the Network Analyst Extension is not enabled, on the
Tools menu, click Extensions, and in the Extensions
dialog, click Network Analyst and then close the dialog.

. If the Network Analyst toolbar is not already present, on

the Main menu, click View, point to Toolbars, and click
Network Analyst.

A
Network Analyst + .'al = |Netwnrk Dalaset'!s|,55|s_nd ..d i Y

If the Network Analyst Window is not already open,

click the Network Analyst Window button B on the
Network Analyst toolbar.

20

This is a dockable window which you can dock within
the ArcMap window or leave undocked. In this Exercise
the window is docked below the Table of Contents.

|

Creating the Route analysis layer

1. On the Network Analyst toolbar, click the Network
Analyst drop-down menu, and click New Route.

|Networl i
New Service gea

New Closest Faciity
New OD Cost Matrix

I Options...

The Network Analyst Window now contains empty lists
of Stops, Routes, and Barriers categories.

]Ru:uute 1_]
- Stops (D)

Routes (0)

Barriers (0)
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Additionally, the table of contents contains a new Route

Analysis Layer.

@ Located

?  Unlocated
® cror

B Time viclation
=B Barriers

€3 Error
€3 Locatzd

?  Unlocated

=0 Routes
-—routes

Adding a stop

Next, you will add the stops between which you will be
creating the best route.

1. Click Stops(0) on the Network Analyst Window.
2. On the Network Analyst Toolbar, click the Create

Network Location tool -5 .

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

The program then calculates the nearest network
location and symbolizes the stop with the located

symbol. The stop will remain selected until another stop

is placed or until it is unselected.

_o—"'-'_'-'-'_»-'-

L

R

ARcGIS NETWORK ANALYST TUTORIAL

The located stop also displays the number 1. The number
represents the order in which the stops will be visited by
the calculated route.

You will also notice that the Stops category on the
Network Analyst Window now lists 1 stop. Expand the
Stops category to see the Graphic Pick 1 listed there.

iRoute Lj

“WGraphic Pick 1
Routes (0)
Barriers (0)

. Add two more stops on the map. The stops are

numbered 2 and 3. The order of stops can be changed
on the Network Analyst Window.

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

1R0ute LJ

= Stops (3)

Graphic Pick 1
Graphic Pick 2
Graphic Pick 3

Routes (0)
Barriers (D)
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If a stop is not located on the network, it will appear with an
unlocated symbol.

An unlocated stop can be located on the network by moving
it closer to any edge that belongs to the network. On the
Network Analyst Toolbar, click Select/Move Network

Location tool . .

Using the Select/Move Network Location tool [, click and
drag the unlocated stop closer to an edge on the network.

22

Setting up the parameters for the analysis

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

1. Click the Analysis Layer Properties button next to Route
layer on the Network Analyst Window to bring up the
Layer Properties dialog box for Route.

iRnute ___'_;
[ # Stops (3)

Routes (0)

Barriers (0)

2. In the Layer Properties dialog box, click the Analysis
Settings tab. Make sure the impedance selected is
Minutes (Minutes).

3. Do not use time windows. (Leave the box unchecked.)
Time windows are used when certain stops can only be
visited at certain times.

4. Do not reorder stops. (Leave the box unchecked.) This
preserves the order of stops as decided by you, when
you created the stops.

5. Choose Everywhere from the Allow U-turns drop-down
box.

6. Choose True Shape from the Output Shape Type drop-
down box.

7. Check the box labeled Ignore Invalid Locations. This will
let you find the best route using located stops. Stops that
were not located on the network will be ignored.

ARcGIS NETWORK ANALYST TUTORIAL



8. Check Oneway in the Restrictions list. 2. Click the plus (+) sign next to Routes on the Network
Analyst Window to show the Route.

General Group| Source Anaysis Setings | Accumlsion | Network Locations | [ep]

3. Right-click the new route called ‘Graphic Pick 1 -

Impedance [Minutes (Minutes) ~ [Honewsy : : ) : : : . .
. Gr.a[.)hlc Ple.3 and click Directions Window to display
driving directions.
E
AllowUTums [Everhers 7] o‘s«:/:‘ium . 5 Routes (1) m\
pres T | S emiGraphic Pick 1- GraphicPick 7,
~ | <] Barriers (0) . =

¥ lgnors el Locaions
™ OgenDirscions window suomatially

7 Delete

| I

gl Directions Window

. . . . - = I
9. Find the Directions section. e R

— i

10. Make sure the Distance Units are set to Miles, the Use
Time Attribute box is checked and the time attribute is 4. The Directions Window can also be displayed with turn-
set to Minutes. by-turn maps that can be shown by clicking on the Map

11. Click OK. link.

Run the process to compute the best route -lojx

[-] Route: Graphic Pick 1 - Graphic Pick 3 6.2 mi 11 min |
1: Start at Graphic Pick 1 Map
3 s 2: Go East on Turk St toward Nido Ave 04m  <imin Map
1. Click the Solve button @ on the Network Analyst 5 Tanraon v cotm  limn
e 4 Tum left on Golden Gate Ave 06 mi Tmin Hide

toolbar.

The route polyline appears in the map and in the Route
category of the Network Analyst Window.

5 Tum right on Laguna st oim  <imin dap

& Tum left on Fuiton St <oim  <imin dap

i Arive at Graphic Pick 2, on the right uap

& Depart Graphic Fick 2

5 Continue East on Fuiton St oim  <imin Ma
10: Turn right on Gough St O4m  <imin dap

11: Road name changes, continue on Ramp <oim  <imin dap

121 Bear right on Market St 24mi 4min vap

13: Road name changes, continue on Portola Dr 16mi amin Map |
options.. | PintPreview. | sevess. | Print | coss |

5. Close the Directions Window.
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Adding a barrier

In this section, you will add a barrier on the route, that
represents a road block and will find an alternate route to
the destination, avoiding the road block.

L.

In the Window menu, click Magnifier to bring up the
Magnifier window.

. Click on the title bar of the Magnifier window and drag

to reposition the Magnifier window.

. Move the Magnifier window over the route, to a point

where you want to add a barrier. The Magnifier window
shows a part of the map where you can add a barrier at
a zoom of 400 percent.

On the Network Analyst Window, click Barriers (0).

5. On the Network Analyst Toolbar, click the Create

Network Location tool -& .

In the Magnifier window, click anywhere on the route, to
place a barrier.

24

7. Click the Solve button j# on the Network Analyst
toolbar. A new alternative route is computed, avoiding
the barrier.

8. Close the Magnifier Window.
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Saving the best route

1. Right-click Routes (1) on the Network Analyst Window

and click Export Data.

[roue E|
[+ Stops (2)

amiGraphicl & “4

=] Barriers (.

Graphic| »

] Open Attribute Table

@ Zoom To Layer

Selection

2 Delete Al

& Directions Window

Properties...

[

2. Type in a location and shapefile name to save the results,
such as C:\Data\Exercise4_Route.shp, in the Output
shapefile or feature class field.

3. Click OK. The best route generated is saved to the

specified shapefile.

4. Click NO when prompted to add the exported data to the

map as a layer.

5. If you do not plan to work on any other Exercise, close
ArcMap. Click No to discard all changes.

! \ Save changes to Tutorial4.mxd?
-

X

Yes l Mo Cancel ]

ARcGIS NETWORK ANALYST TUTORIAL

6. If you do plan to work on other Exercise, then do a File
New in ArcMap and Click No to discard all changes to

the current map document.
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Exercise 5: Finding the closest fire stations

In this Exercise you will find the closest four fire stations
that can respond to a fire at a given address. You will also
generate the fastest route from each of these fire stations
provided to each driver of the fire engine.

Preparing your display

1. If you have Exercise5.mxd open in ArcMap, skip
steps 2 to 5.

2. Start ArcMap by either double-clicking a shortcut
installed on your desktop or using the programs list in
your Start menu. Choose Ok to start ArcMap with a
new empty map.

3. Click File on the Main menu and click Open.

4. In the Open dialog box, navigate to
Ciarcgis\ArcTutor\Network_Analyst\Exercise5\ExerciseS.mxd.
(This is the default install location for this data.)

5. Double-click Exercise5.mxd.

6. If the Network Analyst Extension is not enabled, on the
Tools menu, click Extensions, and in the Extensions
dialog box, click Network Analyst and close the
Extensions dialog box.

7. If the Network Analyst toolbar is not already present, on
the Main menu, click View, point to Toolbars, and click
Network Analyst.

E
Network Analyst ¥ a e BT Netwok Dataset:isneetg_nd ‘j Y
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8. If the Network Analyst Window is not already open,
click the Network Analyst Window button E&# on the
Network Analyst toolbar.

This is a dockable window which you can dock within
the ArcMap window or leave undocked. In this

Exercise, the window is docked below the Table of
Contents.

—

Creating the Closest Facility analysis layer

1. On the Network Analyst toolbar, click the Network
Analyst drop-down menu and click New Closest Facility.

| Wetwork Dataset [srects nd -] R Eh
— Stal iR

Network Analyst
Netwark Analyst * [|ER | A L B A
E f

2 1x

I New OD Cost Matrix S

. Options...
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The Network Analyst Window now contains an empty
list of Facilities, Incidents, Routes, and Barriers
categories.

=
|closest Fadiity 4|
Incidents (0)
Routes (0)
Barriers (0)

Additionally, the Table of Contents contains a new
Closest Facility analysis (group) layer.

Facilities

@ Error

@ Located
2O Unlocated
= Inddents

M Error

B Located
?[unlocated
=¥ Barriers

€3 Error
€3 Located

?  Unlocated

Routes
—Futes

Adding facilities

Next you will add facilities from a point shapefile for which
a layer file has been created.

1. Right-click Facilities (0) in the Network Analyst window
and click Load Locations.

ARcGIS NETWORK ANALYST TUTORIAL

2. Select Fire_Station from the Load From drop-down list.

Keep the default settings.

Facilities (01 1

Open Attribute Table

<& Zoom To Layer

Selection »

S

. Click OK.

Forty fire stations are listed in the Network Analysis
window and are displayed as facilities on the map.

Zawrh Iciewce feom ==y =]




Adding an incident

Next, you will find a street address (1202 Twin Peaks Blvd)
and add it as an incident for Closest Facility Analysis.

1. Click Incidents(0) on the Network Analyst Window to
select it as the feature layer to which you will add the
street address as a network location.

~Im

iC\nsEst Facility

[+ Facilities (40}

Routes (0)
Barriers (0)

2. Select Find from the Edit menu to bring up the Find
dialog box.

E ise5.mxd - ArcMap - Arclnfo

BB past= Cirl+v

Pastz Special...
X Delete

B Copy Map To Clipboard

3. In the Addresses tab, Select “SanFranStreets” from the
Choose an address locator drop-down list.

20
Features | Places Addresses | Fioute Locaions |

Choose an address Iocator Stop |

L‘ EI New Search
9

[SanFranstieets

Show Standardization

[~ Showall candidates
cancel |

v,
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4. Type “1202 Twin Peaks Bl
Street or Intersection.

Features | Places Addresses | Route Lacations |

Choose an address locator

vd” in the text box labeled

2] %]

sop |

[SanFranstreets

Iew Search

Streetor Intersection’ [1202 Twin Peaks Blvd

L«
Ll |w

@

Options.. | Shaw

on | [ Showallc

Cancel |

i

5. Click Find. One location is found with that street address
and is listed as a row in the table in the Find dialog box.

Features | Places Adciesses | Raute Lacatians |

Choose an address locator:

x|

gop |

[sanFransieets

Street o Intersection: [EIl

Show Standardization | [~ Show all candidates

L‘ EI New Search

@

concel |

Right-click & row 0 show cantextmenu

Score | Side | Leftfrom | LefiTa | RightFrom | RightTa_| PreDir | PreType | StrestName

1w R0 0 1200 1202 TWIN PEAKS

< ]
Cne object found Y
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6. Right-click the row and click Add as Network Location.

This adds the located address as an incident on the
Network Analyst Window and on the map.

Features | Places Addresses | Route Locations |

Choose an address locator

2| x]

[SanFranStrests

= E Mew Search

Streetor Intersection: (]

&

Cancsl

Show Standavdization | [~ Show all candidates |

Right-click arowto shaw canext menu

Score | Side | LefiFrom | LefiTo | RightFrom | RightTo | PreDir | PreType | StieetName
wmo R0 0 1200 [
@ zoom To
& Pan To
£l Create Bookmark
= Add Point
2 Add Labeled Point
+ B9 4dd Calout
J 5 Add to My Places
4 Manage My Places.

il

Gne object found

352 Find Mearby Places.

@ Add as Stop to Strestiviap Route
@ Add as Barrier to Streetivap Rolte

5 x|

]Closest Facility L]

[+ Facilities (40)
1202 Twin Peaks Blvd
Routes (0)
Barriers (0)

7. Close the Find dialog box.

ARcGIS NETWORK ANALYST TUTORIAL

Setting up the parameters for the analysis

Next, you will specify the parameters for your Closest

Facility analysis.

1. Click the Closest Facility Properties Button next to
Closest Facility on the Network Analyst Window to bring
up the Layer Properties dialog box.

Closest Fadility - .

# Facilities {40)

-
1202 Twin Peaks Blvd
Routes (0]
Barriers (0)

2. In the Layer Properties dialog box, click the Analysis
Settings tab.

3. Click the Impedance drop-down arrow and click Minutes
(Minutes).

4. Set the Default Cutoff value to 3. ArcGIS will search for
fire stations that are within three minutes of the fire.
Any fire station outside of three minutes drive time will
be ignored.

5. Increase the Facilities to Find from 1 to 4. ArcGIS will
attempt to search for four fire stations from the fire site,
within the three minute cutoff. If there are only three
fire stations within the three minute cutoff, then the
fourth fire station will not be found.

6. Under Travel From, select Facility (fire station) to
Incident (fire).

7. Select Everywhere from the Allow U-Turns drop-down
box.
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8. Select True Shape from the Output Shape Type drop-
down box.

9. Check the box labeled Ignore Invalid Locations. This will
let you find the best route using located stops. Stops that
were not located on the network will be ignored.

10. Check Oneway in the Restrictions list.
11. Click OK to save the settings.

Lo proverties 2l
Ganernd| Gooup | Souwce Anslyss Satings | Actumuinecn | Network Locssoss |
Seangy Fasrason

Elcrewsr

Impedasce [Marures daras:

Bl
—
; 4

[Ty -

T Oges Dvchony wndow suomacaly

|
o ] oot | & |

Run the process to identify the closest facility
1. Click the Solve button & on the Network Analyst
toolbar.

The routes appear in the Map and in the Route Category
on the Network Analyst Window.

Note that only two fire stations were found to be closest
to the fire within the three-minute cutoff. You can
optionally increase the cutoff value to 4 minutes and see
how many fire stations are found.

2. Click the Directions Window button 2 in the Network
Analyst Toolbar to generate directions for routes from
each fire station.

=
[=] Route: Station 12 - 1202 Twin Peaks Blvd 1.2 mile(s) 2 minute(s) —J
1 Depart Station 12

2 Go South on Stanyan St 0.4 mile(s) < 1 minute Map

3:  Turn left on Clarendon Ave 0.2 mile(s) < 1 minute Map

4:  Turn right on Twin Peaks Blvd 0.7 mile(s) 1 minute(s) Map

5:  Arrive at 1202 Twin Peaks Blvd Map

[=] Route: Station 24 - 1202 Twin Peaks Blvd 1.3 mile(s) 2 minute(s)
1 Depart Station 24

2 Go North on Hoffman Ave < 0.1 mile(s) < 1 minute Map

3:  Turn right on Grand View Ave 0.2 mile(s) < 1 minute Map

4:  Turn left on Romain St < 0.1 mile(s) < 1 minute Map

5:  Turn right on Market St 0.3 mile(s) < 1 minute Map

6 Make sharp right on Glendale St < 0.1 mile(s) < 1 minute Map

7 Turn right on Corbett Ave < 0.1 mile(s) < 1 minute Map

8 Turn left on Graystone Ter < 0.1 mile(s) < 1 minute Map

9:  Turn left on Copper Aly < 0.1 mileis) < 1 minute Map

10: Turn left on Burnett Ave N 0.2 mile(s) < 1 minute Map

11: Make sharp left on Twin Peaks Blvd 0.5 mile(s) 1 minute(s) Map

12: Arrive at 1202 Twin Peaks Blvd Map
L]
Optians.. Print Preview... Saveds. | it | Do |

If you do not plan to work on any other exercise, close
ArcMap.

3. Click No to discard all changes.

Arcap x|
' ‘_q Save changes to Tutoriald, mxd?
L3

Yes I Mo [: I Cancel
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Exercise 6: Calculating service area and creating a OD Cost Matrix

In this exercise you will create a series of polygons
representing the distance that can be reached from a
facility within a specified amount of time. These polygons
are known as service area polygons. You will calculate 3-,
5-, and 10-minute service area polygons for six warehouses
in Paris. You will also find out how many stores lie within
each of these service areas. You have to identify one
warehouse that should be relocated to better service the
stores. Additionally, you will create an Origin-Destination
Cost Matrix for delivery of goods from the warehouses to
all the stores within a 10-minute drive time. Such a matrix is
used as an input for logistics, delivery, and routing analyses.

Preparing your display
1. If Exercise6.mxd is open in ArcMap, skip steps 2 to 5.

2. Start ArcMap by double-clicking a shortcut installed on
your desktop or using the programs list in your Start
menu. Click Ok to start ArcMap with a new empty map.

3. Click File on the Main menu and click Open.

4. In the Open dialog box, navigate to

Ciarcgis\ArcTutor\Network _Analyst\Exercise6\Exercise6.mxd.
(This is the default install location for this data.)

5. Double-click Exercise6.mxd.

6. If the Network Analyst Extension is not enabled, on the
Tools menu, click Extensions, and in the Extensions
dialog box, click Network Analyst and close the
Extensions dialog box.

ARcGIS NETWORK ANALYST TUTORIAL

7. If the Network Analyst toolbar is not already present, on
the Main menu, click View, point to Toolbars, and click
Network Analyst.

Network Analyst E|
Network Analyst ¥ ||ER | <& LB | Metwark Dalasel:]gl[ge[g_nd _V_J Y A

8. If the Network Analyst Window is not already open,
click the Show/Hide Network Analyst Window button [&
on the Network Analyst toolbar.

This is a dockable window which you can dock within
the ArcMap window or leave undocked. In this Exercise
the window is docked below the Table of Contents.

[ =
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Creating the Service Area analysis layer

L.

On the Network Analyst toolbar, click the Network

Analyst drop-down menu and click New Service Area.

E

‘Netwurk.ﬂ\na\yst i ‘E = ! Metwork, [ ataset: iF‘arisNet j B2 A

New Route

New Closest Facility !

New OD Cost Matrix

Options...

The Network Analyst Window now contains an empty
list of Facilities, Barriers, Lines, and Polygons
categories.

Adding facilities

Next, you will add warehouses as facilities for which the

service area polygons will be generated.

1. Right-click Facilities (0) on the Network Analy

st

Window and select Load Locations. Select Warehouses

in the Load From drop-down list and click OK.

Load Locations

21

Load From: 10 Warehouses

3 =

< Service AreahBarriers
< Stores
< |ncident - Tour Eiffel

1~ Location Anal

= e 3] r‘%
<= Metra SysterMetra_Statio

| Property

< Metra SpstermMetra_Entrances

==l

IService Area

Barriers (0)
Polygons (0)
Lines (0)

Additionally, the table of contents contains a new
Service Area analysis layer.

B £# Layers
=M Facilities
. Error
@ Located %

?(C) Urlocated
=0 Barriers

o Error
?’:} Located

?  Unlocated

=P Lines
| - e
Palygons
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Click the plus (+) sign next to Facilities (6) in the
Network Analyst Window to show the list of six
facilities. The facilities are also visible on the map.

lSer'\:ice Area =

(OWarehouse #1

(Dwarehouse #2

(@Warehouse #3

(DrWarehouse 24

(DyWarehouse #5 %
(DWarehouse #6

—

Setting up the parameters for the analysis

Next, you will specify that your service area will be
calculated based on Drivetime (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
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facility—not towards the facility—that no U-turns are
allowed, and that one-way restrictions must be followed.

1. In the Network Analyst Window, click the Service Area
Properties Button &l to bring up the Layer Properties
dialog box.

2. Click the Analysis Settings tab.

3. Click the Impedance drop-down list and select Drivetime
(Minutes).

4. Type “3 5 10” in the Default breaks text box. (Enter this
as 3 5 10; the three numbers are separated by a space,
without the quotes.)

5. Under Direction, click Away from facility.
6. Click Nowhere from the Allow U-turns drop-down list.

7. Check Oneway in the Restrictions list to honor one-way
restrictions.

8. Check the Ignore Invalid Locations checkbox.

x|

Gonored | Geoup | Saurce Analysis Setings | Falg I | eswark Locations |

Satings Rastnctions

Impedance [Donmtene Minutes) =| [F Oneway
Dinfeslt Brmaks s

Divection:
i@ Awery From Fadility
1~ Tewneds Faciiy
Allgw L Tums: [Mowhare -

¥ Ignar Inniid Locaticas

[ ] cona gty
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9. Click the Polygon Generation tab.
10. Make sure that Generate Polygons is checked.

11. Click Generalized for Polygon Type. This results in
faster analysis. Detailed polygons are much more
accurate, but need more time to be generated.

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

13. Click Overlapping Multiple Facilities Options. This
results in individual polygons per facility that may or
may not overlap.

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

15. Click Apply to save the settings.

20

Gonerel | Geoup | Saurce | Analysis Settngs Polya iom |1 Neawark Loceioes |
[+ Genrae Eobgans

Pebyaon Type Mulipls Fsciliies Dpbans

i Gonerized & Cherdapping o>

= Cristt polygans for oach aciity. Thest palgoes

" Detaded ity everiap.

[ [Tem Pghgens] | M Overlopming T

Allacate pobegans b the closss skt
[ B | [z —

Merge by
Jtin palygons of mubiple faciliies heving
arne brosk values

& Bings
Do notinclude the area of he smaller broaks.
C1e8i8 Do RabGENS BEIN b
beosks
 Disks :
e The ot ingir

Ewok

[ ] cona gty

16. Click the Line Generation tab.
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17. Leave the box labeled Generate Lines unchecked.

Layer Properties 2%
General | Group | Source | Analysis Setings | Polygon Generation Line Generation | Accumulation | Network Locations |
I~ Generate Linegt
[~ Generate Weasures
I™ Splitlines AtBreaks
I~ Include MNetwork Source Fields

Overlap Op

@ Overlapping

Includle e separate line feature for each faciliywitin break
impedance units ofthe fine

€ Mot Gverapping

Inclucle each line &t most once and assaciate ftwith its
clnsest (astimpedance) faciiy,

Identifying stores that do not lie within any
[ ok | concel Apply polygon
18. Click OK to save your settings. 1. In the table of contents select and move the Stores

feature layer to the top to improve visibility.
Run the process to compute the Service Area

1. Click the Solve button i on the Network Analyst = -
'[OOlbaI'. = Stores

gy
n
-
B
"

|»

The service area polygons appear on the map and on the

Service Area

Facilities
Network Analyst Window. g Error
Located
There is a transparency set by default for the Polygons T e

= Barriers
layer. This shows the underlying layers and gives an idea

0 Error
of the area under the polygons with respect to the street © Located
netWOI‘k. ? Unlocated

2. Choose Select by Location from the Selection menu.

e

|Selection Tools Window Help

Select By Attributes...

|6
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3. Create the selection query in the Select by Location to
select features from Stores that are completely within
Polygons, as shown below.

Select By Location 2lx

Lets you select features from one or more layers based on where they are
located i relation t the features in another layer.
1 want to:

[setect features from

L

the following layer (s):
Stores
= € Service Area
O Facilities
O Barriers
O Lines
O Polygons
O mncident - Tour Eiffel
O wWarshouses
= & Meto System
O Metro_Stations
O Metro_Entrances
O Transfier_StrestStation

I

O Transfer_Station ﬂ
[~ Only show selectable layers in this list
that:
[are completely witin ]|

C (0 features selected)
[ 4pply a buffer o the features in Palygons
o | [ &
Help ‘ 0K ‘ Apply Close

4. Click Apply. This will select all stores that lie within
service area polygons.

5. Click Close.

You want to select stores that are not within the service
area polygons, which is the inverse of the current
selection. To get the selection of stores that are not
within the service area polygons, you can switch the
selection.

6. Right-click Stores in the Table of Contents, point to
Selection and choose Switch Selection.
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=l
Copy
= Remove

Open Attribute Table

! Joins and Relates 3
|-
2 <&, Zoom To Layer

Visible Scale Range »

| Use Symbol Levels

»  Label Features & pan To Selected Features
@ e [ Clear Selected Features
| “F ConvertFeatures to Graphics... & itch Selection
S T = —'® selectal

7. The selection now shows the distribution of stores not
contained in any service area polygon. You use this
selection to identify the area to which you will relocate a
warehouse. This area appears to be in the center of the
map.
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8. Right-click Stores in the Table of Contents, point to
Selection and click Clear Selected Features.

=* Layers -
mll
a Copy

b Remove

= ¢ ser
=M E] Open Attribute Table

Joins and Relates »

| 1 <@ Zoom ToLayer
-

Visible Scale Rangs »
Use Symbal Levels
4 goom To Seleced Featres [

9 Label Features @ Pan To Selected Features
c— = L BB uitch Salartion

Relocating the least accessible warehouse

1. Look at the service area polygons of Warehouse #2.
There are no stores that lie within the 3-, 5- or 10-minute
service areas of Warehouse #2. Hence, you will relocate
Warehouse #2 to better service the stores.

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

~E

iService Area

{_Warehouse #1

{iWarehouse #2 %

(Dwarehouse #3

3. Use the Select/Move Network Location Tool . to
move Warehouse #2 to the center of the map, as shown
in the figure below.
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Run the process to compute the Service Area

1. Click the Solve button i on the Network Analyst
toolbar.

The service area polygons appear on the map and on the
Network Analyst Window.
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Identifying the service area polygon that each
store lies within

1. In the table of contents, right-click Stores feature layer,
point to Joins and Relates and select Join.

w o B R
Copy

X Remove

Servi
; r\: 5| Open Attribute Table

7% @ Zoom To Layer Remove Jo!(s) »

t E Wisible Scale Range » Relate. ..

c Use Symbal Levels Remove Relateis)

Selecti i
Selection [ 3 i /aJS

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

x

Join lets wou append additional data to this laver's attribute table so vou can,
for example, symbolize the layer's features using this data.

‘wihat do pou want to join to thiz layer?

Join data from another layer baged on spatial location Li
Join attributes from a table

Jain data fram anaother laver

3. Select Polygons as the layer to join to this layer.

1. Choose the layer to join to thiz layer, or load spatial data from disk:

=] =
Barriers -
z Lines
Incident - Tour Eiffel and
Warehouses
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4. Select the first radio button labeled “it falls inside” to add

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

Each paoint will be given all the attributes of the polygon that:
it falls inside.
If & paint falls inside mare than one polpgon [for example, because

the layer being joined containg overlapping polvgons] the
attributes of the first polygon found will be joined.

s closest to it.

A diztance field iz added showing how close the polpgon is (it the
unitz of the target layer]. & polygon that the point falls inside is
treated as being clogest to the point (i.e. a distance of 0].

. Specify the output shapefile to save the result of the join

as StoreswithPoly.shp.

3. The rezult of the join will be zaved into a new layer.
Specify output shapefile or feature class for thiz new layer:.

]cgis\ArcT utorMetwork_AnalysthE xercize5\StoreswithPaly. sh;[: B?']

About Jaining Data ak, | Cancel ‘

. Click OK to perform the join.
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7. Right-click the newly added StoreswithPoly feature layer
and select Open Attribute Table. Each row 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 0-3 minute service area of
warehouses.

IR

LEE:

Recot a| 4] 0 b|M] Shew [ Al Selecied | Reveeds 5o of 2 Selecied| Ogten *

8. Close the attribute table.

You can optionally export your facilities (including the
one you moved to a new location) as a feature class.

9. Right-click Facilities (6) on the Network Analyst
Window and click Export Data.

10. In the Export drop-down list, click All features.

11. Type “C:\arcgis\ArcTutor\Network_Analyst\Exercise6
\NetworkAnalysis.gdb\AnalysisObjects\New_Warehouses”
as the output feature class. You can choose another
location and name for the output if you do not want to
write to the input database.
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Export: i.i'-ll features :J

Use the same coordinate system as:
(!
&t
¥ the feature dataset you export the data into

{onily applies i you export to & feature dataset in a geodatabase)
Qutput shapefile or feature class:

!t"-.Exert:iseE‘-.NetworkAnah'sis.gdb"-Anah'sisObjects‘-.Nev\'_‘."a'arehouses @1

oK l Cancel

12. Click OK.

13. Choose No when prompted to add the feature class to
the map. You will not be using this feature class for the
remaining exercise.

Optionally, you can create an Origin—Destination cost
matrix for deliveries from the new warehouses to each
store. The results of this matrix can be used to identify
the stores that will be serviced by each warehouse
within a 10-minute drive time. Also, you would like to
find the total drive time from each warehouse to its
stores.
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Creating the OD Cost Matrix analysis layer

1. In the table of contents, uncheck Service Area analysis

layer and StoreswithPoly to improve readability of the
map.

. On the Network Analyst toolbar, click the Network
Analyst drop-down menu and click New OD Cost
Matrix.

Metwork Analyst

.
|Network anzlyst = (BB B I @ T Netwok Dataset [Parisat -] BB

New Route

Mew Service Area
Mew Closest Facility
MNew OD Cost Matrix

Options...

The Network Analyst Window now contains an empty
list of Origins, Destinations, Lines, and Barriers
categories.

|oDCostiatrix ~|

Destinations (0)
Lines {0}
Barriers (0]

Additionally, the table of contents contains a new OD
Cost Matrix analysis layer.
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= Crigins

. Error

O Located
2 Urlocated
=+ Destinations

Error
Located
7] Junlocated

= Barriers
0 Error

Located

7 Unlocated

= Lines
- e

Adding origins

You can use the facilities from Service Area Analysis (in
the previous section) as origins. If you have not completed
the section on Service Area Analysis, you can alternately
use the Warehouses feature layer.

1. Right-click Origins (0) on the Network Analyst Window
and click Load Locations.

2. Select ServiceArea\Facilities in the Load From drop-
down list. (If you did not complete the previous section
on service area analysis, you can use Warehouses
instead. Note that your results will not resemble the
results in this exercise.)

3. Uncheck the Only load selected rows checkbox.
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4. Click Use Network Location Fields radio button under
Location Position. Using network location fields will
allow ArcGIS to use the located position of Service Area
facilities to locate the origins again. This is much faster
than using search tolerance to locate them again. (If you
are loading Warehouses, you will need to click the use
Geometry radio button and set the Search Tolerance to
50 meters.)

aix
Load From: =

W Only show point layers
I~ Only load selected rows

Sort Field: | =]

Location Analysis Properties

Default Value
Either side of vehide

Property | Field_
CurbApproach CurbApproach
Cutoff Drivetme

Cutoff_Meters

Cutoff Pedestrian_tme

Name Name
TargetDestinationCount

Location Position —

1 Use Geometry

@ Use Network Location Fields
Property Field
PosAlong PosAlong
SideOfEdge sideOfEdge
SourcelD SourcelD
SourceQID SourceQID
Advanced Cancel

5. Click OK.

The Network Analyst Window now shows six origins
under the Origins list and on the map.

|oD Cost Matrix |

Warehouse 1
@ Warehouse =2
@ Warehouse =3
Warehouse =4
Warehouse 5
@ Warehouse =5
Destinations (0}
Lines (0}
Barriers (0)
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Adding destinations
Next you will add the stores as destinations.

1. Right-click Destinations (0) on the Network Analyst
Window and click Load Locations.

<&

oD cost Matrix

Open Attribute Table

<# Zoom To Layer

Selection 3

Load Locations. ..

2. Choose Stores in the Load From drop-down list.

3. Under Location Analysis Properties, for the property
Name, select the field “NOM” from the drop-down list.
Since the field name is in French, ArcGIS Network
Analyst was unable to map the field name automatically.

x
LosdFiom | Stores | Ej
I~ Gelected Featues O
Sort Field: [ =]

- Location Analysis Properties -

Prapeih | _Field |_DefaultVae i
Either side of vehicle

Cubpproach
Name WM ~

OBJECTID_1
PO

MNOM R

1 Location it
& Use Geomelry

Search Tolerance: |50.000000 heters e

" Use Network Location Fislds

Property. | Field
Postlong

SideOfEdge

SaurcelD

SourceID

Cancel
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4. Click OK.

The Network Analyst Window now lists 21 destinations
under the Destinations list.

[B)-ES BOUTIQUES DU PALAIS DES |
AU PRINTEMPS HAUSSMANN
[lGALERIES LAFAYETTE HAUSSMAI
[BlARCADES DU LIDO
[BlGALERIE DU CLARIDGE
[ELYSEE 25
[BiGALERIE DES TROIS QUARTIERS
[IlGALERIE SAINT DIDIER
[ SPACE EXPANSION FORUM DES
[IIGALERIE CARROUSEL DU LOUVRI
[ AMARITAINE
[ #zAR. DE LHOTEL -DE-VILLE
[IGALERIE COMMERCIALE PASSY F_|
[B)-E MARCHE SAINT GERMAIN
[BE BOM MARCHE
[P RINTEMPS NATION

.C.I. BEAUGRENELLE

| IR ATHE-MONTPAR MAR?F —|L|
4 3

These destinations are also displayed on the map.
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Setting up the parameters for the analysis

Next, you will specify that your OD Cost Matrix will be
calculated based on time (Drivetime).You will set a default
cutoff value of 10 minutes and will ensure that all
destinations are found within the specified cut off.
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.

1. Click the ODCostMatrix Properties Button 2] next to
ODCostMatrix on the Network Analyst Window.

@arehouse #1 ‘
@B e sl s =T

2. Click the Analysis Settings tab.
3. Click the Impedance drop-down list and click Drivetime
(Minutes).

4. Type “10” in the Default Cutoff Value drop-down list.
This will create origin—destination paths from each
warehouse to all stores that can be reached within 10
minutes.

5. Select <All> from the Destinations to Find drop-down
list.

6. Select Everywhere from the Allow U-turns drop-down
list.

7. Select Straight Line from the Output Shape Type drop-
down list.
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8. Check Oneway in the Restrictions list.

9. Check Ignore Invalid Locations.

10. Click OK to save the parameters.

2l
General | Layers | Source Analysi Settings | Accumuistion | Network Locations |

Settings Restrictions

Impedance: [Divetime (Minutes) =l [ Oneway
10 -

Defautt Cutoff Value =

Destinations To Find: <Al =

Alow U-Tums Everynhers 2

Output Shape Type: Straight Lne 2

= |

¥ lgnore Inyaiid Lacations

Cancel Aoply

Run the process to create the OD Cost Matrix

L.

Click the Solve button #f on the Network Analyst
toolbar.

The OD lines appear on the map. The number of lines in
this tutorial are 24. These may be different for you,
depending on where you relocated Warehouse #2.

Turn on the Service Area Layer, and display the Lines on
top of the service areas of the warehouses.
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Allocating stores to warehouses

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

1. Right-click on Lines (24) on the Network Analyst

Window and click on Open Attribute Table to open the
OD cost matrix.

[oD cast Matrix =1

[# Origins (6)
[+ Destinations (21)

|l Open Attribute Table k

<@ Zoom ToLayer

2. The Attributes of Lines represents the origin destination

cost matrix from each warehouse to stores within a 10
minute drive time in Paris. 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 23 has a rank
of 1 and DestinationID 24 has a rank of 2. This is
because it takes less time to go from Warehouse #1 to
DestinationID 23. (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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of ODP: =lojx|

Objectid_| _shape Hame OriginiD | Destination] Des tinationRank TomLDnvelwm#

253 Fayine. 7 -AU PRICTENPS HAUSSHANT T ] T TR

1~ GALERES LAFAYETTE HAUSSHA T 2 2 Bete0rT]

AU PRITEWPS HAUSSHANN g % g 5308875

AZAR DE LHOTELDE-VLLE 5 B 3 364713,

~ESPACE EXPANSION FORUL DES FALLES 5 S 2 2siesi

2 - GALERE CARROUSEL DU LOUVRE 5 El s st

y ~ GALERE DES TROIS QUARTERS. 5 % 5 756306,

~GALERIES LAFAYETTE HAUSSHATT 5 = 0 B

~LE BON WARCHE 5 B 7 Eud

~LE WARCHE SANT GERWAN 5 B c B5628%

5 E 0 s.e7a3%e|

~SAWARITANE 5 B T 2283387

~PRINTEIPS NATION 2 a7 T 4 442050

- CENTRE COMNERCIAL WASSENA 13 3 2 2 630041¢]

3 ® B Bs7204,

3 a T Sz

3 £l B, 7046088

3 e T 242629

5 = B BesEss)

z 5 s7E01

# - GALERE COMMERCIALE PASSY PLAZA s El s 8857523

5 - GALERE DU CLARDGE 5 = s s.79%94)

5 - GALERE SAINT DDER 5 El E G 00683

21[Poline | Varehouse # - LES BOUTIAUES DU PALAIS DES CONGRES < 2 1 888477
Fiecord 14 4] 7 || Show[&l Selected | Records (0outof 24 Selected) Options +| £

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.

3. Exit ArcMap and do not save any changes to the
Exercise6.mxd.
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Exercise 7: Creating a model for route analysis

In this Exercise you will create a model for finding the
fastest delivery route connecting 21 stores in Paris.

Preparing your display

1. If you have Exercise7.mxd open in ArcMap, skip steps 2
to 7.

2. Start ArcMap by either double-clicking a shortcut
installed on your desktop or using the programs list in
your Start menu.

If the Network Analyst Extension is not enabled, on the
Tools menu, click Extensions, and in the Extensions
dialog box, click Network Analyst and close the
Extensions dialog box.

3. Click File on the Main menu and click Open.

4. In the Open dialog box, navigate to
C:\arcgis\ArcTutor\Network_Analyst\Exercise7. (This is
the default install location for this data.)

5. Double-click Exercise7.mxd.

6. If the Network Analyst toolbar is not already present, on
the Main menu, click View, point to Toolbars, and click
Network Analyst.

2

Network Analyst v a‘ i ) | Metwork Dataset:}sneetg_nd j HO A

7. If the Network Analyst Window is not already open,
click the Network Analyst Window button [& on the
Network Analyst toolbar.
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This is a dockable window which you can dock within
the ArcMap window or leave undocked. In this exercise,
the window is docked below the table of contents.

. In the table of contents, check the check box by the

Stores layer to show it on the map.

. In the table of contents, uncheck the check box by the

Metro System group layer to hide it on the map.
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Creating the Model
1. On the Standard toolbar, click the Show/Hide

ArcToolbox Window Button [g to show the ArcToolbox

window.

x

] & Data Management Tools _:J
a Geocoding Tools

& Linear Referencing Tools

a Metwork Analyst Tools

PE % Analysis

i i P Add Field to Analysis Lay
#° Add Locations

A Caloulate Location Fields
;" Directions

}" Make Closest Facility Lay
#* Make OD Cost Matrix Lan
7 Maks Route Layer

}’ Make Service Area Layer
; g Solve

PoE % Metwork Dataset

[+ Turn Feature Class

4

[+ Spatial StaﬁsticJ}ﬁols =i
4| | »
Favortes I Index I Search I

2. Right-click ArcToolbox in the ArcToolbox window and

select New Toolbox.

|55 ArcToolbox

3 - T
ot Add Toolbox...

Environments...
Hide Locked Tools

Save Settings

Load Settings

3
% 3
& Turn Feature Class {
) Spatial Statistics Tools
L~
Pea

Favorites m Search

3. Type “NetworkModel” to name the newly added
toolbox.
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. Right-click on NetworkModel toolbox, select New and

then Model. A new model appears in the NetworkModel

toolbox and in the map window.

=i Network Model
2 BB Copy

G- B paste

L‘— X Remove

. —

Favorite:

Rename

Add 3

1=

%0‘

ookt |

Help
Edit Documentation...

Properties...

x
-8 Geocoding Tools -
1+-4§§ Linear Referencing Tools
-4 Network Analyst Tools
E1 Analysis
- Add Field to Analysis Lay
P Add Locations
A Caloulate Location Fislds
- Directions
P Make Closest Faclity Lay
#* Make OD Cost Matrix La:
¥ Make Route Layer
i
- }‘ Make Service Area Layer
A Solve
8y Metwork Dataset
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Creating the 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.

1. Select the Make Route Layer tool in the Analysis Toolset
of the Network Analyst Tools toolbox and drag it into the
model.

Network Analyst Tools

Analysis

}’ Add Field to Analysis Lay
g Add Locations

- Calculate Location Fields
- Directions

}’ Make Closest Facility Lay
g Make OD Cost Matrix La

¥ Make Service Areatiayer
-2 Solve

% Metwork Dataset

] % Turn Feature Class

Network Model

P wm Model

=lolx|

Model Edit View Window Help

o 3| & =r | nke @olsl= x]2] 6]

& Network
Make Route
- Layer Analyst
v

5" .

« i'ﬂ
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. Double-click the Make Route Layer Tool in the model, to

set its properties.

. Click the ParisNet as the Input Analysis Network in the

drop-down list.

. In the Impedance attribute drop-down list, click

Drivetime.

5. Check the Reorder stops to find optimal route checkbox.

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

* Make: Route Layer I x|
Inpist Bnalysis natwoek ml
[Parichier x
Dutput ksyer neme
[Foute
[Drrvetione =]

[¥ Fnoedar staps o find apimeal rowe

Pregene ondaring of (optional)
[FrESERVE_BOTM =

™ Use tme wndows

Sran Time {opignal)
* 1 Accumulators

¥ 2 Rastrictions

# 3 Hierarchy

* 4 Dutput options

‘ |+~

3 Cancal spaly | Shawhels |

. Click OK to continue. The Input analysis network is now

added to the model. The Make Route Layer tool
becomes yellow in color and the output layer becomes
green. Click the Full Extent button £ to view the entire
model.
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Adding stops in the model 3. Select the Add Connection Tool «*| and connect Stores to

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

Locations tool.

Makei:?oule
Layer

1. Select the Add Locations tool in the Analysis toolset of
the Network Analysis toolbox and drag it into the model.

Loerodel -loix|
Model Edt View Window Fep
B 8| »|=(@ & m=oEs I@d Network
= Locations Analyst
= .

4. Using the Add Connection tool &*], connect the output
layer called Route to the Add Locations tool. The Add
Locations tool becomes yellow in color.

Click the AutoLayout button 22| to arrange the model.
Click the Full Extent button B to view the entire model.

Al ()

2. Select the Stores feature layer in the table of contents
and drag it into the model to the left of the Add
Locations tool.

-1 £# Layers
= & wWarehouses

EI[}\

# O Metro System
£l M Streets

Make}:?nule R
e oute
i’ Network
dd
. Locations
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Adding the solve function and finding the best
route

1. Select the Solve tool in the Analysis toolset in the
Network Analyst toolbox and drag it into the model.

=& Mullidimension Tools _AJ
=& MNetwork Analyst Tools
=& Analysis
- Add Field to Analysis Layer
- #* Add Locations
A Caleulate Locations
- #* Directions
- Make Closest Faclity Layer
A Make QD Cost Matrix Layer
@ Make Rourte Layer
i & Make Service Area Layer
- #* Make Vehicle Routing Problem |
ool e
A Update Analysis Layer Atirbute

= & Network Dataset
;l_l
=
»
Solve

Kl

= & Turn FeatLre Class
Locations Analyst

i

Analyst

2. Using the Add Connection tool £*/, connect the output
layer called Network Analyst Layer to the Solve tool.
The Solve tool becomes yellow in color and the output
layer becomes green. Click the AutoLayout button 22| to
arrange the model. Also click the Full Extent button £ to
view the entire model.
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3. Using the Select tool * right-click on the output layer of
the Solve tool (Network Analyst Layer) and click Add
To Display. This will add the final output to the map.

. .
& Neneark
HE T L Open..

- Mode| Parameter

Create Label
View Messages...

S cut

BzCopy

¥ Delete
Rename...

4. Click on the Save button H| to save the model.

5. From the Model menu, choose Run Entire Model to
perform the analysis.

[ Model Edit View Window Help

Run

1
m 14
Validate Entire Model

Save

6. Close the model to inspect the results. Click Yes, when
prompted to save the model.

ARcGIS NETWORK ANALYST TUTORIAL



A new Route layer is added to the map, the Network
Analysis window has all the stops and the resultant
route. The route is also displayed on the map.

7. In the ArcToolbox window, expand the NetworkModel
toolbox, right-click Model, and click Edit.

8. To access the shortest path feature class for further
analysis, link the output of the model to a Select Data
tool found in the Data Management\General toolbox.
Double-click the Select Data tool to set its properties.
Once the form comes up, change the Child Data
Element to Routes.

9. Link the output of the Select Data tool to a
CopyFeatures tool from Data Management\Features
toolbox. Double-Click on the Copy Features tool and
type C:\arcgis\ArcTutor\Network_Analyst\Exercise7
\path.shp and close the form. Now running the entire
model will solve the path, select the route sublayer and
export it out as a shapefile.
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10.Right-click the Model in the NetworkModel toolbox and

select Delete. Click Yes to verify the deletion.

-
=g Network Model

o [ =
= QOpen...

Favorites ! | Edit...

h Copy

me

[+ Stops ( Rename
= Ronfes

11. Exit ArcMap and do not save any changes to the

Exercise7.mxd.
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Exercise 8: Servicing a set of orders with a fleet of vehicles

In this exercise you will find the best routes for a fleet of
vehicles, which is operated by a distribution company, to
deliver goods from a main distribution center to a set of 25
grocery stores. Each store has a specific quantity of
demand for the goods and each truck has a limited capacity
for carrying the goods. The main objective is to assign
trucks in the fleet a subset of the stores to service and to
sequence the deliveries in a way that minimizes the overall
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 printed and given to the drivers to make the
deliveries.

Preparing your display
1. If you have Exercise8.mxd open in ArcMap, skip steps
2to5.

2. Start ArcMap by double-clicking a shortcut installed on
your desktop or using the programs list in your Start
menu. Choose OK to start ArcMap with a new, empty
map.

3. Click File on the Main menu and click Open.
4. In the Open dialog box, navigate to

Ciarcgis\ArcTutor\Network_Analyst\Exercise8\Exercise8.mxd.

(This is the default install location for this data.)
5. Double-click Exercise8.mxd.

6. If the Network Analyst extension is not enabled, on the
Tools menu, click Extensions, and in the Extensions
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dialog box, click Network Analyst and close the
Extensions dialog.

. If the Network Analyst toolbar is not already present, on

the Main menu, click View, point to Toolbars, and click
Network Analyst.

Network Analyst
Metwark Analyst ~ E
"

Show/Hide Network Analyst Window

Metwork Dataset: [strests_nd ~| 28

. If the Network Analyst Window is not already open,

click the Network Analyst Window button & on the
Network Analyst toolbar. The Network Analyst Window
is a window that you can dock within ArcMap or leave
undocked. In this exercise, the window is shown docked
below the Table of Contents but you can place it
wherever you like.

D Frorciied mad - Archlap - Arclnd SN X |

Bie £t Yew Bookmata [t Selecion ook o et

Network Analyst %
Window docked below |
the Table of Contents |
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Creating the Vehicle Routing Problem analysis
layer

1. On the Network Analyst toolbar, click the Network
Analyst drop-down menu and click New Vehicle Routing
Problem.

Hetwork dnalyst * ||[B Network Dataset: [strests_nd S

New Route
M Service Ares
News Closesk Faclty

create a new vehicle routing
problem analysis layer

Miew OO Cost Matrix
Hevs Yehice Routing Problem

The Network Analyst Window now contains an empty
list of Orders, Depots, Routes, Depot Visits, Breaks,
Route Zones, Route Seed Points, Route Renewals,
Specialties, Order Pairs, and Barriers network analysis
classes.

'

|ehicle Routing Probliem
Drders (0)
Depots (O0)
Routes {0}
Depot Visits (0)
Breaks (0}
Route Zones (0)
Route Seed Points (0)
Route Renewals (0)
Specialties (0)
Drder Pairs (D)
Barriers (0)

The Table of Contents contains a new Vehicle Routing
Problem analysis (group) layer.
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3

- £F Layers.
- [ Vahicks Routing Problem
- B Orders

Located

7 Uniocated

® Eror
W Time vickation
— = Depot Vists
Located
= B Depots
W Error
Located
7| Juriscated
= B4 Bamers

O erer

Located

T Unlocated

- Route Seed Points
= Route Seed Points

- B4 Routes
=Routes
=B Route Zones
Route Zones
+ M stores
& TR Pucreibe b ankae

Display | Souce I Seiechon_-

Adding Orders

You will add the grocery store locations to the network
analysis class called Orders. These are like “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
vehicles’ routes.

The grocery store locations are already added as a layer
named 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 park the vehicle and
unload the goods.
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Total weight (in ice til i
pounds) Df'gomgs to Serl\:ll:l:ul;:lgl;}a tin SFart and end
be deli q || times for the
ﬁ \ delivery
i —
T Attributes of Stores ‘ -JoJEd
| OBJECTID | SHAPE *| NAME | ‘Demand |Servicellime | TimeStart1| TimeEnd1| ~
L3 1!F\:|n! Store_1 1708 25 90000 AM | S0000 FM
N 2 Point |Store_2 1533 23 /90000 AM_ S.00.00 M
N 3|Point  |Store_3 1560 24 S00.00 AM_ 5:00.00 M
H 4 Poirt  |Store_4 1269 2090000 AM 50000 PM
| | S |Poirt Store S 1302 21 90000 AM  SO000 FM
- 6 |Poirt Store 6 1775 26 90000 AM  SO000 FM
N 7 |Point  |Store 7 1014 17 9.00.00 AM_ S.00.00 PM
N 8 Poid  Store_8 1761 26 /900,00 AM _ 5:00.00 P
N 9 Poirt  Store 3 1815 27 90000 AM 50000 FM
| | 10 Poirt Store_10 1703 26 90000 AM  SO000 FM
- 11 Point Store_1 1045 18 90000 AM  S0000 FM
N 12 Point |Store_12 1414 22/ 900:00 AM | S.00:00 M
N 13 PoirtStore_13 1863 27 900,00 AM5:00.00 P
H 14 Poirk  Store_14 1791 26 90000 AM 50000 FM
| | 15 Poirt Store 15 1373 21 90000 AM  SO000 FM =
[ Record: ﬂﬂ 1 lm show: [ @1 selected Records (0 j

You will add these stores point features as orders.

1. Right-click Orders (0) in the Network Analyst Window
and click Load Locations.

|Wehicle Routing Probhem i
Drders (0]
Depots (0
Routes (0
Depot Yisi
Breaks (0
Route For
Route See 3 Delete Al
Route Rer
Specialtie  SSection ki
Order Pair T Open Attribute Table
Bartiers (|
Export Data...

<@ Zoom ToLayer
Load Locations. .

& Eind Address...
&' Properties...
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2. Select Stores in the Load From drop-down list.

3. The Location Analysis Properties section on the Load

Locations dialog box lets you specify which attributes of
the Stores features class contain the values that
Network Analyst will use to solve this vehicle routing
problem. In the Location Analysis Properties section,
make sure the Name property is automatically matched
to the NAME field, and the ServiceTime property is
matched to the ServiceTime field. Network Analyst tries
to match location analysis properties automatically for a
newly created vehicle routing problem layer based on a
configuration file (usually located in C:\Program
Files\ArcGIS\NetworkAnalyst\NetworkConfiguration\
NASolverConfiguration.xml)

. Click in the field column beside the TimeWindowStart1

property and select TimeStart] field from the drop-down
list. Similarly, set the TimeWindowEnd1 property to be
derived from TimeEnd1 field and set DeliveryQuantities
to read from the Demand field.

Load Locations

Load From: K) Stores
[™ Only show paint layers
-

Sart Field: [ -

Location Analysts Propertes

[ Property Field | DeFault Vahse
Mame NAME
| Description Set the
| ServiceTime ServicaTme 'rlmewind DWSta rtl
| Tirewindowstart | %
aalast | property to be derived
| Tmewindowstartz — from TimeStart1 field
| TimewindowEnd2 HAME
taxiiolationTime 1 Damand
| MaxWiolstionTime2 ServiceTme
e i Faubioe

TirmeEnd]

Legation Pasiion
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5. Type O (zero) under Default Value for the Adding Depots
MaxViolationTimel property. Setting this property to 0
specifies that the time window should not be violated.
Leave default settings for the other properties.

The goods are delivered from a single distribution center
whose location is shown in the DistributionCenter layer in
ArcMap. The distribution center operates between 8 a.m.

T x| and 5 p.m. You will add this point feature to the Depots
toirn: [ s ] = network analysis class.
" 1. Right-click Depots (0) in the Network Analyst Window
G - and click Load Locations.
Location Analysis Properties.
ey - 2. Select DistributionCenter in the Load From drop-down
?xﬁ 3. In the Location Analysis Properties section, make sure
Sohetains  oannd the Name property is automatically matched to the
T Y ————— : NAME field.
6. Click OK 4. Type “8 AM” under Default Value for the

TimeWindowStart1 property and “S PM” under default
value for the TimeWindowEnd1 property. Leave the
default settings for the other properties.

Now 25 stores 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. ToiTonations %]
Load From: il-@ DistributionCenter .'Ji =
5
B

Specify the open
and close times for
the distribution

i

Curbdpproach Either side of vehicle

5. Click Ok
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One distribution center is listed in the Network Analyst 2. In the Properties window, specify the attributes for the

Window under the Depots network analysis class and is route as shown in the table below. Leave default values
displayed as Depot on the map in the Vehicle Routing for other attributes. The description column in the table
Problem layer. explains the use of particular values.

Adding Routes

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.

1. Right-click Routes (0) in the Network Analyst Window
and click Add Item.

E
Wehicle Routing Problem x|

= Orders {(25)
< Depots (1)
Routes (0]
Depot Yisil
Breaks (0]
Route Zon
Route See
Route Ren
Specialties ) Delste A1
Drder Pair -
Batriers (C Selection Y
T ©Gpen Attribute Table

Load completed Expoet Data,.
B, Zoom ToLayes
Load Locations...

- Add Item

%' Propesties...

A new route named Item1 is added under the Routes

class in the Network Analyst Window and the Properties
window for the newly created route opens.

54 ARcGIS NETWORK ANALYST TUTORIAL



Attribute Value Description

Name Truck 1 Name of the vehicle.

StartDepotName San Francisco The truck starts at the distribution center.

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

StartDepotServiceTime 60 Time (in this case, minutes) required to fully load the truck with
goods.

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

LatestStartTime 8AM The truck has to start operation as soon as possible.

Capacities 15000 The truck can carry a maximum of 15,000 pounds of goods.

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

CostPerUnitDistance 15 Average dollar amount spent per mile on fuel consumption, truck
depreciation, and maintenance.

MaxOrderCount 10 The maximum number of stores that can be serviced by a truck.

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

MaxTotalTravel Time 120 In order 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.

MaxTotalDistance 80 In order 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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Properties

[ Atritute [Vake [~

| ObjectiD 1

| Mame Thack_1

| Description <Muil»

| StariD epothlame San Francisco

| EndDepatt ame San Francisco

| StanDepatServiceTime B0

| EndDepolSeniceTone  <Mul>

| EarbestSta Time 200000 AM

| LatestStaitTime 20000 &AM

| Capacties 15000

| FreadCest <Nl

| CostPeriniTime 02

| CostPerUntlistance 1.5

| OvebreStan T me: <Nuil»

| CostPellrtOvedtime  <Mull»

| MaxDrderCourt 10

| MaxTotalTene 30

| MaxTotalTiavelTme 120

|MaxTotaDistance 20

| Specialybl ames <Ml

| AssigrmeriFule Inchude

| ViolatedConstraints 1}

| OrderCount

| TotaCost

| ReguiarT imeCost

| DvertneCozt |

| DistanceCost N B
ok || conce |

For the Capacities attribute make sure the value 15000 is
not entered as 15,000.

3. Click OK. A new route called Truck_1 is listed in the
Network Analyst Window.

4. 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. Right-click the existing
Truck_1 route object, select copy and then select paste
twice so you have three routes listed under the Routes
network analysis class in the Network Analyst Window.
Double-click each of the two new routes to open their
properties windows and modify their Name attributes to
Truck_2 and Truck_3.
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|vetucle Routing Problem =l |vetucle Routing Problem =[]
[+ orders (25) o [+ orders (25) )
| = Depots (1) = Depﬂs{l}_
Routes(1 , - ettty
iU Q emTruich_1 T
Depot visi 13 Copy Depot Visits (0)
Breaks (0! Breaks (0) B Copy g
Route Zon Route Zones (0)
Route See X Delste Route Seed Points @ pase
Route Rer G 7o0m To Selected Features Route Renewals (| 70 02kt
Specialtie: Specialties (0) @8 Zoom To Selected Festures
Order Pair @ Pan Jo Selected Features Order Pairs (0)
Barriers (I [ Clear Selected Features Barriers (0) @ Pan To Selected Features
r [ Clear Selected Features
& Diections Window
& Directions Window
&' Properties...
L' Properties...
=
[veticle Routing Problem ~|[=]
|+ Orders (25)
| + Depots (1) T 5
Routes (3)] Copy Truck_1 route and paste it twice
w-Truck,_ to create three routes with identical
a=Truck_2 attributes. Change the names of the
—=Truck_3 new routes to Truck_2 and Truck_3
Depol Yisits (0)
Breaks (0)
Route Zones (0)

Route Seed Points (0}
Route Renewals (0)
specialties (0)

Order Pairs {0)
Barriers (0)

Setting up the properties for analysis

Next you will specify the properties for your vehicle routing
problem analysis.

1. Click the Vehicle Routing Problem Properties button next
to the drop-down list in the Network Analyst Window to
bring up the Layer Properties dialog box.

X
Wehiche Rouwting Problem - | @

+ Orders (25)
+ Depots (1)
+ Routes (3}
4] = Wisits (0)

Vehicle Routing
Problem Properties
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2. In the Layer Properties dialog box click the Analysis
Settings tab.

3. Click the Time Attribute drop-down list and click
Minutes. This network attribute will be used by the VRP
solver to calculate time-based impedance between
orders and the depot.

4. Click the Distance Attribute drop-down list and click
Meters. This network attribute is used only to specify
travel distances between orders and the depot; the VRP
solver minimizes time.

5. Leave the default date as the current date.

6. Since the goods are measured in pounds, make sure that
the Capacity Count is set to 1. This says that the goods
being delivered have only one measurement: weight. If
the capacities were specified in terms of two
measurements, such as weight and volume, then the
Capacity Count would be set to 2.

7. Make sure Minutes is selected for Time Field Units. This
specifies that all time-based attributes, such as
ServiceTime, MaxViolationTimel for Orders and
MaxTotalTime, MaxTotal Travel Time, CostPerUnitTime
for Routes, are in minutes.

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

9. Since it is difficult to make U-Turns with delivery trucks,
select Only At Dead Ends from the Allow U-Turns drop-
down list.

10. Select Straight Line in the Output Shape Type drop-
down list. Optionally, you can select True Shape or True

ARcGIS NETWORK ANALYST TUTORIAL

Shape (No Measure) option if you want the route
shapes to follow the streets; this option only affects the
display of the routes, not the results determined by the
VRP solver.

11. Check Oneway in the Restrictions list.

12. Leave the options under the Directions group to their
default values.

13. Click OK to apply and save the settings.

Layer Properties T '@’}J
General | Lapers Swte Advanced Settngs | Network Locations
Settings Restrictions
Time Attribute: Mirwtes (Minubes) - [ orsway

[preters (Meters) o

Destance Attribute:
Default Date: [ 42172008

Capacity Count: 1

Tinwe Fiele Liits: Minutes | | -owactins
Distance Field Units: ‘.‘.‘.\!es 2 Det o

[ies -

Adow U-Turns: [ority &t Dead Ends -

¥ Use Time Attribute

Oukput Shape Type: .jreght Line x J

I~ Open Directions window sutomatically
cows | e

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

1. Click the Solve button # 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.
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If there are error messages, make sure that the value of the
Capacities attribute for the routes is specified as 15000
instead of 15,000 and each route has a unique name.

Three routes calculated
by the vehicle routing

problem solver

Determine turn-by-turn directions for the routes

1. Right-click the Routes (3) in the Network Analyst
Window and click Selection and Clear Selected
Features.

2. Click the Directions Window button ¢ on the Network
Analyst toolbar to generate directions for all the routes.
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A Directions (Vehicle Routing Problem) g@
(-] Route: Truck 1 SSZmi e 2
min
1: Start at San Francisco 1hr Hide

Time Window: 9/4/2007 8:00 AM - 9/4/2007
5:00 PM
Service Time: 1 hr

i

A

<0.1mi <1lmin Map ¥

|[ oo ]

2: Go southwest on Ferry Slip toward

Oplions. | Pint Preview,._ | Saveds. | Fiint

3. You can optionally export the Vehicle Routing Problem
layer as a layer file (<filename>.lyr) on disk so that you
can load it in a different map document.

4. If you wish to continue working with the advanced
tutorial scenario, close the directions window.
Otherwise, exit ArcMap and do not save any changes to
Exercise8.mxd.

Make changes to the existing solution to solve a
different scenario

The vehicle routing problem solution obtained earlier
worked well for the company. But after a few weeks, the
driver assigned to Truck_2 quit the job. 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 truck load while making their
deliveries instead of returning back to the main distribution
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center for renewal. You will modify the solution obtained
from the previous step to accommodate these changes.

Deleting an existing route from a solution

In this step, you will delete the Truck_2 route.

1. Inthe Network Analyst Window, right-click the Truck_2
object in the Routes network analysis class and click
Delete.

x| ™

Wehacle Routing Problem =] L)
+ Orders (25) #
+ Depots (1} I
- Routes (3) o

mTruck_1 =

ik 2

amTruck 3 b O
+ Depot visil B2 copy

Breaks (0]
Route Zon

Route See 2 Delete

Route Ren
Spccioic] @8 Zoom To Selected Features

Order Pair #8.oan To Sedected Eaabures

Adding route renewals

The two satellite distribution centers that the company
acquired are at 800 Brush St and 100 Old County Rd 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 depot for
renewal. The renewal locations are added as depots. You
will add the 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.

1. In the Network Analyst Window, select Depots(1).
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. On the Tools toolbar, click the Find button # |.
3. In the Find dialog box, select the Addresses tab.

. Select SanFranStreets from the Choose an address

locator drop-down list.

St and click Find.

M Find B
Feuures | Flaces [Aoderies Rt Locstions Find

‘Choose an address bcaton:
SanfranStreets Rl

Shieel o Intersection: [B00 Brush St =]

Show sl candsdste:

Show Standardization |

The SanFranStreets address locator finds the address
and shows the result at the bottom of the Find dialog
box.

6. Right-click the row, click Add as Network Location.

x

Veficle Routing Problem =

|+ Orders (25) I Show Standaidzaiion | [ Show all candidstes

s o

+ Routes (2) Depots (1) is

+ Depot visits (6)" selected in the Right:chick 2 10w to show context menu
Breaks (0 Network [[Seeee | 5ice | LeiiFiom | LeitTo | RighiFiom | RighiTo | PieD | PreType | Steetilar
Route Zones (0) Analyst s 08 . BRUSH
Route Seed Painl Window » Elash
Route Renewals @ ZoomTo
Specialties (0) < s"h: 4 >
" PanTo

Order Pairs (0}

Barriers (0) On2 1| () Craste Bookmark

. In the Street or Intersection combo box, type “800 Brush

® Add Point

2, Add Labeled Point
59 Add Callout

8 Add to My Places
£} Manage My Places. .

Right-click the
address and dlick
Add as Network
Location

3% Fird Nearby Places....
B, Add as Network Location

@ Rdd as Stop to StrestMap Route
@ Add as Barrier to StreetMap Route
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This will add the located address as a depot object in the
Depots network analysis class. rereerr
The depot location is also shown in the map display. - '.,'E;E,,Z}f;? s
an Francisco
7. In the Street or Intersection combo box, type “100 Old Bodcuvn i
County Rd” and click Find. Lirmsia E::mm
N . . . Breaks (0)
8. Right-click the row and click Add as Network Location Route Zones () = Ackiltem
. . Route Seed Points arting ..
and close the Find dialog box. N o et
pecialties
The Depots network analysis class now has three Fomohipigy
depots.
A new route renewal object named Item1 is added under
e - the Route Renewals class in the Network Analyst Window
"+ Orders (25) ~ & and the Properties window for Item1 opens.
= Depots (3)| . . . .
[Wen francisco 10. In the Properties window, specify the attributes for the
(00 Brush .
i 0id County Rd route renewal as shown in the table below.
= Routes (2)
<+ Depot Wisits (B)
Heanks (0) Attribute Value Description
Since each truck can possibly renew at both locations, you RouteName Truck_1 Name of the vehicle
will associate each truck with the two renewal locations. DepotName 800 Brush St The truck can use this
The VRP solver will figure out the best renewal location for depot location for renewal
each truck. ServiceTime 30 Time in minutes required to
9. In the Network Analyst Window, right-click Route renew the truck
Renewals (0) and click Add Item.
Properties ] I
' [ Attiibute | Vialue |
DbjectiD
RouteMame Tiuck_1
[epothlame 8O0 Brush St
Servcel a0
[ Sequences chub>
oL e |
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11.

12.

Click OK. A new route renewal object called 800 Brush
St is listed within the Truck_1 item in the Network
Analyst Window.

4+ D, ..oriSItS u,
Breaks (0)
Route Zones (0)
Route Seed Points (0)
- Route Renewals (1)
= Truck_11{1)
00 Brush 5t
<Unassigned > (0)
Specialties (0)
ey Pairs (00
-

Follow steps 9—11 and add three more route renewal
objects such that each truck (Truck_1 and Truck_3) can
renew 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 item, respectively.

i'.-'-hl.-'.c Rauting Prablem =
Breaks (0} s
Route Zones (0)

Roube Seed Points (0)
- Route Renewals (1)

= Truck_1 {2}

800 Brush St

100 Cid County Rd
- Truck 3 (2)]

800 Brush St

100 Cid Counky Rd

“lnassigned > (0)

Specialties (0)
Order Pairs (0)
Barriers (0) L
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Modifying routes to include overtime

In order to accommodate the extra workload, the company
has decided not to have any maximum time, maximum
travel time, or 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.

1. In the Network Analyst Window, under the Routes
network analysis class, double-click the Truck_1 object
to open the Properties window for Truck_1.

2. In the Properties window, make changes to the attributes
of the route so they reflect the values in the table below.

61



Attribute

Value

Description

OvertimeStartTime

CostPerUnitOvertime

MaxOrderCount

MaxTotalTime

MaxTotalTravel Time

MaxTotalDistance

360

03

20

<Null>

<Null>

<Null>

The driver is paid overtime if
he/she works for more than 6
hours (360 minutes).

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

Since the driver is paid
overtime, he/she is expected
to service more stores.

There are no restrictions on
the total duration of the work
shift for the driver.

There are no restrictions on
the time spent driving on the
streets.

There are no restrictions on
the total distance traveled by
atruck.
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Properties

| Altnbute

| ObjectiD

| Name

| Descnplion

| StantDlepothlarme

| EredDepoiM ame

| StanDiepatSeraceT ime

| EndDepotServicaTime

| EarbestStantTime

| LatestStaT ime

| Capacies

| FeosdConst

| CostPellraTirme

| CostPeliraDistance

| DveitmeStan Time

| CostPerllntDvertime

| MaxOrderCount

| MasTotalTime

| MaxTotalTiavelTme

| MaxT ctallustance
Specialtyh ames

|

3. Click OK.

Value

Tk _1
<MNully

San Franceco
San Flancico
[=41]

cMullx
S:00:00 AM
0000 AM
15000

Null»

0.2

15

360

0.3

il

< Null»

£ Nl

£ Mudl»

< Mudl»

w

*

o ] coxo |

4. Repeat steps 1-3 above for Truck_3.

Adding breaks

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.

1. In the Network Analyst Window, right-click the Breaks
(0) and click Add Item.

2. In the Properties window, specify the attributes for the
break as shown in the table below and click OK. Leave
the default values for the other attributes.
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Description

The name of the route to which
this break applies.

The break duration in minutes.

The break time has to start
sometime after 12:30 PM.

The break has to start sometime
before 1:30 PM.

The break time has to start
between 12:30 PM and 1:30 PM.
The value of zero for this
property indicates that the break
can’t start after 1:30 PM (that is,
the break time-window is hard).

It is a paid break. So the cost is
included in the total cost of the
route.

Attribute Value
RouteName Truck 1
ServiceTime 30
TimeWindowStart 12:30 PM
TimeWindowEnd 1:30PM
MaxViolationTime 0
IsPaid True
Properties
| Altrbuhe e *
| ObjectiD 1
| RouteName Tiuck_1
| SericeTime an
| TmewindowStar  12.30.00 PH
| TimeWirwdowE nd 1:20:00 PM
| MasviolationT ime 1]
15Pa0d Tiue
Sequence &Nl w
| caes

3. Repeat steps 1-2 above for Truck_3.

The Network Analyst Window should now have two
breaks objects listed under the Breaks class.
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v weasfEluy .0 p
Routes (2)
Depot Visits (6)

+

+

Truck_3
Route Zones (0)
Route Seed Points (0)
+ Route Renewals (4)
Specialties (0)
Order Pairs {0)
Barriers (1

Determine the solution

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 renew the truck load, continues to
service the remaining orders, and finally returns to the
distribution center.
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the route renewal
location

This solution meets all of 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 route for Truck_1 services the orders that are
downtown and the route for Truck_3 services the orders
within the East Bay area. In the next steps you will add
route seed points to incorporate these driver preferences.
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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. | -&

1. In the Network Analyst Window, select Route Seed
Points (0).

2. On the Tools toolbar, click the Find button s |.
3. In the Find dialog box, select the Addresses tab.

4. Select SanFranStreets from the Choose an address
locator drop-down list.

5. In the Street or Intersection combo box, type “278
Dorantes Ave” and click Find.

The SanFranStreets address locator finds the address
and shows the result at the bottom of the Find dialog
box.

6. Right-click the row, click Add as Network Location, and
close the Find dialog box.
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> | # Find

[vericle Routing problem |
Felures | Ph;nﬁmﬁclucmmsl

+ Orders (25)
+ Depots (3)

«hoose an address locator:
SanfranSireets

+ Routes (2)
+ Depot Visits (&)
+ Breaks (2)
Route Zones (0}
Route Seed Points (0)
+ Route Renewals (4)
Specialties (0)
Order Pairs (0)
arriers (0)

Shieel o Intes 278 Dotantes Ave

Select the SanFranStreeets
address locator

Select Route Seed
Points (D) in the
Network Analyst

Window

Right-click 2 1o 10 show canlest menu

[ Seore | side [ LettFiom | LenTo | RightFiom | RightTo | PreDis | PreType | Stiestias

| 10 o3 e 298 DORANT
Tools LY &) Zoom To
Qe I<] 4™ panto 2
am o Qne o [l Create Bookmark
LY & AddPont
2, Add Labeled Poirt
- T Add Callout

Right-click the located

On the Tools
toolbar click the
Find button

address and click Add as
Network Location

4 Add to My Places
£ Manage My Places..

357 Find Nearby Places...
o -B Add as Network Location
=

<&y Add as Stop to StrestMap Route
<@ Add as Barrier to StreetMap Route

This will add the located address as a route seed point
object in the Route Seed Points network analysis class. The
route seed point location is also shown in the map display.

7.

In the Network Analyst Window, double-click the newly
added route seed point object (labeled as 278 Dorantes
Ave) to open the Properties window for this object.

In the Properties window, specify the attributes for the
route seed point as shown in the table below.
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Attribute Value Description

RouteName Truck_1 The name of the route to which this
seed point applies.

SeedPointType Static  The will cause the orders that are
clustered around the specified seed
point to be most likely assigned to
Truck 1.

Properties L I
| Attiibute | alue |
| ObjectD
| FioiiteM ame Tiuck_1

| SeadPoirdType  Slalic

Cancel

9. Click OK.

10. Repeat steps 1-6 above to add another route seed point

11.

at the address 1888 Peralta St.

Repeat steps 7-9 above to change the RouteName
attribute to Truck_3 for this route seed point.

The Route Seed Points network analysis class now has
two route seed points.

i\'e'icl.e Routing Problemn
Orders (25)
Depots (3)
Routes (2)
Depot Visits (6)
Breaks (2)
Route Zones (0}

ORCRCRCE

Route Rencwals {4)
Specialties (0)
Drder Pairs (0)
Barriers (0)
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Determine the solution

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, services a set of orders along the
way, visits a renewal location to reload the truck,
continues to service remaining orders, and finally returns
to the distribution center. The route for Truck_1 includes
orders in the downtown region only.

2. You can optionally export the vehicle routing problem
layer as layer file (<filename>.lyr) on disk so that you
can load it in a different map document.

3. Exit ArcMap and click No to discard all changes.
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Exercise 9: Finding best routes to service a set of paired orders

In this exercise you will find the best routes for a fleet of
vans, which are operated by a logistics company, to
transport people from their homes to hospitals. The
dispatcher at the company has received a list of people who
need to visit their doctors and require transportation
services provided by the logistics company. The people
can’t spend more than a specified time on the van during
transit due to their health conditions. They have to be
picked up within time windows that are assigned according
to their appointments at the hospitals. Some people require
wheelchairs. The main objective is to assign people-hospital
pairs to the vans in the fleet and to sequence the
assignments in a way that minimizes the total travel time.

This can be achieved by solving a vehicle routing problem
(VRP) that uses order pairs. Once the routes are
determined, you will generate turn-by-turn directions for the
resulting routes which can be printed and given to the
drivers.

Preparing your display
1. If you have Exercise9.mxd open in ArcMap, skip
steps 2 to 5.

2. Start ArcMap by either double-clicking a shortcut
installed on your desktop or using the programs list in
your Start menu. Choose OK to start ArcMap with a
new, empty map.

3. Click File on the Main menu and click Open.

4. In the Open dialog box, navigate to
Ciarcgis\ArcTutor\Network_Analyst\Exercise9\Exercise9.mxd.
(This is the default install location for this data.)
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5. Double-click Exercise9.mxd.

6. If the Network Analyst extension is not enabled, on the
Tools menu, click Extensions, and in the Extensions
dialog box, click Network Analyst, then close the
Extensions dialog box.

7. If the Network Analyst toolbar is not already present, on
the Main menu, click View, point to Toolbars, and click
Network Analyst.

Network Analyst

Metwork Analyst v TR Netwoek Dataset: [streets_nd - ? A

8. If the Network Analyst Window is not already open,

click the Network Analyst Window button E on the
Network Analyst toolbar. The Network Analyst Window
is a window that you can dock within ArcMap or leave
undocked. In this exercise, the window is shown docked
below the Table of Contents, but you can place it
wherever you like.

67



li Exercised.mxd - ArcMap - Arcinfo
Ele Edt Yew Bookmarks Insert Selecton Tooks Window Help

DEEe e IWI#&OEH?'
Metwork Analyst @B -5 0 ; Network Dataset: |streets_nd - §
®
= £ Layers
= © coraoepas (=]
b H~

Network Analyst Window
docked below the Table of

pawng~ Kk 0@ O~ A~ = [0 Al St =] BZu A-&- 2. o~

1628965.52 650419 Meters

Creating the Vehicle Routing Problem analysis
layer

1. On the Network Analyst toolbar, click the Network
Analyst drop-down menu and click New Vehicle Routing
Problem.

NetworkAnglyst = |[TR | -5 15 5 7 | Network Dataset: [streetsnd x| i

Create a new vehicle routing
problem analysis layer.

The Network Analyst Window now contains an empty
list of Orders, Depots, Routes, Depot Visits, Breaks,
Route Zones, Route Seed Points, Route Renewals,
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Specialties, Order Pairs, and Barriers network analysis

classes.

[ verecle Routing Protlem =l

Orders (0)

Depots (0)

Routes {0)

Depot Visits (0)
Breaks (0}

Route Zones (0
Route Seed Foints (0)
Route Renewals (0)
Specialties (0)
Order Pairs (D)
Barriers (0)

The Table of Contents contains a new Vehicle Routing
Problem analysis (group) layer.

1

E I.wm
= E Orde(s
@ Locaed

20 Unlocated

.E,rm

B Time violation
=B Depot Vists

| R

=B Depots
Error
Locsted

= E-Bamus
0 Error
0 Located

P07 Unlocated

=B Route Seed Points
3 Route Seed Ponts

- M Routes

=B Route Zones

EReute Zones
= B CerwraDepots
-

Display | Sowce | Selection
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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 the wheelchair as a
specialty so that the orders that require this specialty can be
assigned to the routes that support the specialty.

1. Right-click Specialties (0) in the Network Analyst
Window and click Add Item.

A new speciality named Item1 is added under the
Specialties class in the Network Analyst Window and
Properties window for the new specialty opens.

2. In the Properties window, change the value of the Name
attribute to Wheelchair and click OK.

Properties
_ﬁ.lhrb..l‘l_- | Walue !
| DbjectiD
| Harre Whealchar

| Dascnption  <Hul:

Adding Orders

The people and the hospital addresses are stored in a
spreadsheet that is provided to the dispatcher. The
spreadsheet contains information about each patient,
including their name and home address; the name and the
address of the hospital they must be delivered to; the time
window within which the patient has to be picked up; the
total number of passengers, including the patient, that are
riding together; the maximum time that the patients can

ARcGIS NETWORK ANALYST TUTORIAL

spend in transit; the special requirements of the passengers
such as a wheelchair ramp.

The name of the

The total number of
passengers
to be picked up.

The allowed time
‘window for picking up
a patient at home.

The maximum time
the patient can spend
in the van.

G H K ]

patient
requesting Thi:‘;cet“r
transportation. visited.

A 8 [ E F
0 pi PickFrom PickTo T gers MaxTransitTime Specialty |

Mark (Home) 2080 Allston Way Mark (Doctor) 11:00 AM 11:30 AM 1 k]

Tom (Home) 5550 Brann St Tom {Doctor) 11:00 AM 1130 AM 2 20

Bob (Home) 0 Holyrood Mnr  Bob (Doctor) 900 AM 9:30 AM 2 =

Tony (Home) 370 NottHaven O Tony (Doctr) 3490 Balboa St 900 AM 930 AM 25 Wheelchair
Julie (Home) =0 lgnacio Ave ) 1021 Potrero Ave  11:00 AM 11:30 AM 2

Josh (Home) 136 C Jr 10 Eliot Ct 9:30 AM 10:30 AM %

Tin (Home) 3490 Balboa St 11:30 AM 12:30 PM 35 Wheslchair
Mary (Home) 3430 Balboa St 900 AM 930 AM 30

Ryan (Home) 1021 Potrera Ave 11:00 AM 11:30 AM 20

Monty (Home) 10 Eliot Ct 9:30 AM 10:30 AM 35

11:00 AM 11:30 AM X

Ben (Home)
Nancy (Home)
Adam (Home)
Bill {Home)
Susan (Home)

900 AM 1000 AM
11:00 AM 11:30 AM
11:00 AM 12:00 PM
11:00 AM 12:00 PM

i

Adam (Doctor)
Bill (Docter)
Susan (Doctor)

s

25 Wheelchair

“

In this case, the passengers and hospital visits are related to
each other since each passenger has to visit a prespecified
hospital. you can model this situation as order pairs by
loading both patient and hospital locations as Orders and
then relating them with Order Pairs.

In this step, you will geocode the patient and hospital
addresses and load them as orders.

1. Click Geocoding and Geocode Addresses from the Tools
menu.
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Tocks Window Help
s & Edver Toobsr
Graphs L
Reparts L] ;
Geocodng ¥ B Geocods Addresses,..
v Add XY Data... Review/Rematch Addresses b
5 hdd Route Everts,.. M. Addvess Locatoe Manager... |
| i ArcCatalog
£ My Baces...

Cpfine Sarvices L3

Matros 3
Customize. ..

Extensons. ..

Styles L4
Options. ..

2. In the Choose an Address Locator to use dialog box,
make sure SanFranStreets is selected and click OK.

3. In the Geocode Addresses dialog box, for the Address
Table, click the browse button and navigate to
C:\arcgis\ArcTutor\Network_Analyst\Exercise9 folder
(this is the default install location for the tutorial data).
Double-click OrderPairs.xls, select Patients$ table, and
click Add.

=]

| o] s8] [ miss|

| Choose a table containing addresses

Lock in I i

] Patienks$|

Hame Pstients$ Add

Showof type: [0 - Cancel
70

. In the Geocode Addresses dialog box, select

PatientAddress from the Street or Intersection drop-
down list.

. In the Geocode Addresses dialog box, for Output

shapefile or feature class, click the browse button.
Change Save as type to File and Personal Geodatabase
feature class, and navigate to SFO_VRP.gdb file
geodatabase within the Exercise9 folder.

. In the Saving Data dialog box, type “Patients” in the

Name text box and click Save.

. In the Geocode Addresses dialog box, click OK.

| Geocode Addresses: SanFranStreets ’ @
Address table:
!Patuef15$ ﬂl 3"!
Address Input Fields

Street or ion; I_Patitr‘-tt.dd!ess - I

Output
% Creste static snapshot of table nside new feature class

e oo frabire class:
[C\AucIS VarcT utorHelwork_Analyat Evercize3\5F0_VAP gao'¥ | (27

Configkeyword:  [DEFALLTS |

Advanced Geometry Optaons. .. |

Geacoding Optons. ..

T ==

. In the Geocoding Addresses dialog box, make sure the

Matched label shows 15 (100%) and click Close.

Fifteen addresses are geocoded from the OrderPairs
spreadsheet and the output feature class is added to the
Table of Contents in ArcMap.
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| Geocoding Addresses. .. '

| rstehed:

= Tied: 0 (0%
B Unmatched: 0 (0%)

15 (100%,) |

Completed
Average speed: 1,200,000 records hour

Fematch Clase I

9. Repeat steps 1-8 above using the Hosptial Address field
in the OrderPairs spreadsheet to geocode hospital
addresses as a point feature class called Hospitals.

| Geocode Addresses: SanFranStreets 7 _'

IPatuerxs$ | I & |
Address Input Fields
Street or Intersection: | lyo o ainddress j

Output
(%" Create static snagshot of Lablle inside new feature class

Qutput shapefile or feature class:

Configkeyword:  [DEFALLTS ~|

Advanced Geometry Options... |

Geocoding Options. ..

Help

The ArcMap Table of Contents should now have two
feature layers called Geocoding Results: Hospitals and
Geocoding Results: Patients.
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£ Layers The
= Geocnding Result: Hospitals || e Hospitals
" and Patients

.
s Resul: Pat
| Eeoccdnq wesult; Patients feature class

= [2] Wehicle Routing Protiem) obtained by

= @ CertsaDegots geocoding
[ ] their

+ @ Highways addresses

+ [ Major Strests

+ [ streets

+ 4 Parks

+ [ Lakes

+ & Shore Line

+ [ strests_nd

Display | Souce | Selection |

10. In the Table of Contents, uncheck the check boxes next
to the Geocoding Results: Hospitals and Geocoding
Results: Patients layers so that they are not visible on
the ArcMap display.

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

11. In the Network Analyst Window, right-click Orders (0)
and click Load Locations.

12. Select Geocoding Results: Patients in 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 use to solve this vehicle routing
problem.

13. In the Location Analysis Properties section, click in the
field column beside the Name property and select
OrderNamel. Similarly, set the Description property to
be derived from the PatientAddress field, the
TimeWindowStart1 property to be derived from
PickFrom field, the TimeWindowEnd1 property to be
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derived from PickTo field, and the PickupQuantities to
be derived from TotalPassengers field.

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

15. Type 2 under Default Value for the Service Time
property and O under Default Value for the
MaxViolationTime1 property. Leave the default settings
for the other properties.

16. Click OK.
[Toad tocations B =]
Load From: I%} Geocodng Result: Patierts - I f

Oty show pomt layers

Sort Fiekd: x|

Location Analysis Properties

Property Field Default vake A_vera_ge time
Mame Orderbiame] (in minutes)
Description PatientAddress required for the
ServieTime 2
passengers to

TimewndowStart | PickFroem

TimewrdawEndl PickTa board the van.
TimeWindovStart2

TimeWndowEndz Setting this to
MazviclabionTimel o .
MarviclationTime2 2E80 specrfles
DeldveryQuantities that the time
PichupCuantities TotaPassengers window can't
Revenue . ) be violated.
SpecialtyNames SpedaltyNames

AssignmentRe Orverride

RouteNane

Sequence

CurbApproach Erher side of vehice ol
Location Position

(" Use Geometry

Search Tolerance: 5000 Meters oty

™ U= Noetwork Location Fields
Froperty Field
SourcelD
SourceQID

PosAlong
SideOfEdge

advanced... |

Now fifteen orders are listed in the Network Analyst
Window under the orders network analysis class and are

72

displayed as orders on the map in the Vehicle Routing
Problem layer.

In the next steps, you will load hospital locations as orders.

17. In the Network Analyst Window, right-click Orders (15)
and click Load Locations.

18. Select Geocoding Results: Hospitals in the Load from
drop-down list.

19. In the Location Analysis Properties section, click in the
field column beside the Name property and select
OrderName?2. Similarly, set the Description property to
be derived from the HospitalAddress field and
DeliveryQuantities to be derived from the
TotalPassengers 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 which need to visit the same hospital. So if
the hospital addresses are used to derive the value of the
Name attribute for Orders, then the VRP solver will return
error messages as there will be duplicate values for the
Name attribute.

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

21. Type 2 under Default Value for the Service Time
property. Leave default settings for the other properties.

22. Click OK.
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i
i
:
H

TmetindowStart | The PickupQuantities
for the first order in
TeeWindowEnd? the pair must match
MaxiolstionTime1 the DeliveryQuantities

MaxhialationTime2 — for the second order. | T
DeliveryCasantites TotalPassengers

Rule Override

* | Curbippenach Either side of vehicle ™ | ( ]

Lacation Positian
= Use Geometry
Search Tolerance: [s000 |Mete($ ﬂ

" Use Network Location Fislds

Soeon Adding Order Pairs

The passengers have to be taken to a prespecified 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.

Now, 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. 1. Right-click Order Pairs (0) in the Network Analyst

Window and click Load Locations.

2. In the Load Locations dialog box, click the Browse
button and navigate to Exercise9 folder.

3. Double-click OrderPairs.xls, select Patients$ table, and
click Add.
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| Load Locations '
Look s [ oo Il slislis] [ miss|
|| Patients$|

Hame: Patients$ I Add ﬂ

Show of ot [0 fiers bsted - Cancel J

4. In the Load Locations dialog box, make sure the
FirstOrderName property is automatically matched to
the OrderNamel field, the SecondOrderName property
is automatically matched to the OrderName?2 field, and
the MaxTransitTime property is automatically matched
to the MaxTransitTime field.

Load Locations LE‘J
Load From: Patierksd = I ﬂ
I Oy show tables

Sort Field:

Location Anafysis Properties

Property Field Diefauit Value
FraOrderhame Crdertiame ]
SecondOrderhlame Ordertlame2
Max Trarsit Time Max Transk Time
5. Click OK

Fifteen order pairs are listed in the Network Analyst
Window under the Order Pairs network analysis class.
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;\'ehcle Routing Problem |

"~ Order Pairs (15)

3| 51

Mark (Home) - Mark (Dactor)
Tieen (Horme) - Tom (Dactor)
Bob {Home) - Bob (Doctor)
Toniy (Home) - Tony (Doctor)
Jufie (Home) - Jubie (Doctor)
Jushi (Home) - Jush (Dector)
Tirn {Home) - Tien (Doctor)

Mary (Home) - Mary (Doctor)
Reyvan (Home) - Byan (Doctor)
Maonty (Home) - Monky (Dockor)
Ben (Home) - Ben (Doctor)
Nancy (Home) - Nancy (Dochor)
Adam (Home) - Adam (Doctor)
Bl (Home) - Bl (Doctor)

Susan (Home) - Susan (Doctor)

Barriers (0)

Adding Depots

The logistics company operates vans from three depots

whose locations are shown in the CentralDepots layer in
ArcMap. You will add these point features to the Depots
network analysis class.

L.

Right-click Depots (0) in the Network Analyst Window
and click Load Locations.

In the Load Locations dialog box, select CentralDepots
from the Load From drop-down list.

In the Location Analysis Properties section, make sure
the Name property is automatically matched to the
Name field.

Click OK.
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Load Locations s _

Load From: K% centralbepots = I &
how paant Layers

Sart Field: [ ~|

Location Analysis Properties

Property. Field Default Yahse

Mame MNane

Descrigtion

TimeWindowStart1

TireWindowEnd1

TimeWindowStart2

TimeWindowEndz

Curbiappraach Ether sde of vehicks

Three depots are listed in the Network Analyst Window
under the Depots network analysis class and are displayed
as Depots on the map in the Vehicle Routing Problem layer.

Adding Routes

The logistics company has three vans, each with a
maximum capacity to carry 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
ramp 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 the wheelchair as
a specialty.

1. Right-click Routes (0) in the Network Analyst Window
and click Add Item.
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=

[vericle Routing Problen =]
| = Orders (30)
= Depols (3)
Depot Yisil
Breaks (D)
Route 2on
Route See
Route Ren
Specialties $ Delote 41
Order Pair

Barriers ( Selection r

: T Open Attribute Table
Load complated

Export Data, .
< Zoom To Layer

Load Locations.. .

- Add Item

5 Properties...

A new route named Item1 is added under the Routes
class in the Network Analyst Window and the Properties
window for the new route opens.

. In the Properties window, specify the attributes for the

route as shown in the table below. Leave the default
values for the other attributes. The description column
in the table explains the use of particular values.
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Attribute

Value

Description

Name

StartDepotName

EndDepotName

Capacities

SpecialtyNames

Downtown

Downtown Depot

Downtown Depot

Wheelchair

Name of the route

The van starts at the depot
in thedowntown area.
Make sure this value
matches the value for the
Name attribute in the
Depots network analysis
class.

The van returns to the
depot in the downtown area
at the end of the route.
Make sure this value
matches the value of the
Name attribute in the
Depots network analysis
class.

The van can carry a
maximum of six passengers
at one time.

The van is equipped to
provide access for
wheelchairs.

3. Click OK. A new route called Downtown is listed in the
Network Analyst Window.
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Properties

| Adeibate

ObjectD

| Name

Description

StantD epoth arne
ErndDepatM ame
SraiDlepatSariceT me
ErdDepol’ enviceTme

| EarbestStanTime

| LatestStartTime

| Capacias:

| FroadCost

| CostPerlraTime
CostPerlriDistance
Ovetbmas tart Time

| CoatPeillratOvedtines
MaxDrdaiCourt
MaxTotalTme

| MaxTotalTravelTme
MaxTotalDistance

| SpecialyNames
AzsigrimertRule
ViolatedConsh aints
OrderCourt

| TotalCost
RegularTimeCost
Dveitinalos

| DistanceCast

[ value

Dowmtown

<Muly

Dowmbown Depot
Diowmtivian Depot

<Ml
<Ml

B0000 AM
10:00:00 AM
B

<Hul>
1
Ml
<Mulx
<Ml
k1]
<Ml
<Ml
<Hulx

‘Wheelchar
Inchude

[

w

4. Repeat steps 1-3 to add two more routes representing
the vans that operate in the North Bay and East Bay
areas. These vans are not equipped to allow access for
wheelchairs. The following tables list the properties
required to be set for these new routes.

Attribute Value

Name North Bay
StartDepotName North Bay Depot
EndDepotName North Bay Depot
Capacities 6
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2. On the Network Analyst toolbar, click the Create

Attribute Value Network Location % tool.

Name East Bay . On the ArcMap display, digitize a polygon that roughly
StartDepotName East Bay Depot covers the downtown area. Double-click on the screen
EndDepotName East Bay Depot to complete the polygon.

Capacities 6

NetworkAnalyst = | - P @ 3 NetworkDatscar: [strests nd = BB

2
#Click Create Network
Location Tool

The Network Analyst Window should now have three
route objects listed within the Routes network analysis

£4 | Digitize a polygon that covers

the downtown area

class.
[Veticle Routing Preblem -
] [ onders(3n)
« Depots (3)
[ veticle Rauting Problem - S
+ Orders (30) Breaks (0)
= Depots (3) Route Seed Pointl (0)
= ! “““ tes ( EE ““ RouteRenewals (
+ Specialties {
ek T £ :‘:d:r“:dri (]l’s)
o £ By Barriers (0)
m— ot By In the Network
Depot Wisits (0) Analyst Window,
Breaks (0) Salact Route Zones (0)
Route Zones (0) .
Route Seed Points (0)
Route Renewals {0)
specialties (1)
Order Pairs (15 . . .
. Hﬂ'm’.':';]‘ ) A new route zone named Graphic Pick 1 is added under

the Route Zones class in the Network Analyst Window.

4. In the Network Analyst Window, double-click the new
route zone object (named Graphic Pick 1) to open its
Properties window.

Adding Route Zones

The three vans used by the company can operate only in a
prespecified area. This means that the vans can’t service 5. In the Properties window specify the attributes for the
the orders that are outside the areas assigned to the vans. route zone as shown in the table below:

You will add route zones and associate them with the routes
to model this scenario.

1. In the Network Analyst Window, Select Route
Zones (0).
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Attribute Value

Description

RouteName Downtown

IsHardZone True

Name of the route to which
this route zone belongs.

The van can’t service orders
that are outside the route
zone. Setting this value to
true ensures that the van is
assigned only those orders

that are within the route zone.

6. Click OK.

IHadEone T

i

7. Repeat steps 1-6 to add two more route zones that
cover North Bay area and East Bay area.
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The Network Analyst Window should now have three
route zone objects listed within the Route Zones network
analysis class.

=

[vetice Routing Protiem =]
+ Orders (30)
+ Depots (3)
+ Routes (3)

Depat Visits (0)

Breaks (0)

Dpowrtonn

Cpiarth By

st Bay

Route Seed Paints (0)

Route Renewals (0)
+ Specialties (1)
+ Order Pairs (15)

Barriers (0)
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Setting up the properties for analysis

Next you will specify the properties for your vehicle routing
problem analysis.

1. Click the Vehicle Routing Problem Properties button next
to the drop-down list in the Network Analyst Window to
bring up the Layer Properties dialog box.

x

q@]

|wehicle Routing Problem

+ Orders (30)
+ Depots (3)
+ Routes (3)
A vy

Vehicle Routing Problem
Properties button

2. In the Layer Properties dialog box click the Analysis
Settings tab.

3. Click the Time Attribute drop-down list and click
Minutes. This network attribute will be used by the VRP
solver to calculate time-based impedance between the
orders and the depot.

4. Make sure nothing is selected in the Distance Attribute
drop-down list. Since we are not using any distance-
based cost parameters, such as CostPerUnitDistance
and MaxTotalDistance, the Distance Attribute is not
required.

5. Leave the default date as the current date.

6. Since the van capacity is measured only by the total
number of passengers that can be accommodated, make
sure that the Capacity Count is set to 1. If the capacity
were measured by the total number of passengers
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and the maximum number of wheelchairs that can be
accommodated in the van, the capacity count would
be 2.

7. Make sure Minutes is selected for Time Field Units. This
specifies that all time-based attributes, such as
ServiceTime and MaxViolationTimel for Orders,
CostPerUnitTime for Routes, and MaxTransitTime for
Order Pairs are in minutes.

8. Leave the default options for all other properties.

9. Click OK to apply and save the settings.

Layer Properties ? @
Generd | Lapers | Source Advanced Selings | Network Locabions
Sattings Riesstrictions
Time Attribute: Minukes (Minubes) - EC"QW&F
Distance Attribute: [ -
Default Date: 4f21§2005
Capaity Count: [v
Tiene Field Liiks: T
Distance Field Unis: [vts (| et :
| Ml =|

Ao L-Turns: Everywhisrs -

~ Lze Tine Attribute
[Tre shape - =l

Cutput Shape Type:

| [ Open Directions window sutomatically

oc 1| cmes |t
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Run the process to determine the solution

1. Click the Solve button # on the Network Analyst
toolbar.

The VRP solver calculates the routes for each van. Each
route begins at the depot, picks up one or more people if the
time they spend on the van is less than the MaxTransitTime
specified, 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

1. Click the Directions Window button & on the Network
Analyst toolbar to generate directions for all the routes.

7 Directions (Vehicls Routing Problem) nE=]
16: Tumn left on Gellert Blvd 06mi  1min Map [~
17: Arnive at Mary (Home), on the nght 2min Hide

Time Window: B8/23/2007 9:00 AM -
8/23/2007 9:30 AM
Sarvice Time: 2 min

[IIIILIIIIHE

18! Depart Mary (Home)

19: Go back northwest on Gellert Blvd 04mi <1mn Map

20: Tum left on Victoria St 01mi <1min Map =

e S TRy A et waae
Opions . | Piint Previen.. Saveds, | P | ke |

2. You can optionally export the vehicle routing problem
layer as a layer file (<filename>.lyr) on disk so that you
can load it in a different map document.

3. Exit ArcMap and click No to discard all changes.
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