Where are the best stops and routes for a bookmobile?
Case Study Workflow using ArcGIS Pro

This workflow provides the steps necessary to complete the spatial analysis presented in the hypothetical case
study “Where are the best stops and routes for a bookmobile?”

Case Study Section: Communities in need of books

® Add the demographic data to the census blocks
® Create the map of median household income
® Create the hot spot maps

Add the demographic data to the census blocks

Use Enrich Layer (on the Analysis tab) to add the necessary demographic variables to the census blocks. Learn
about Enrich Layer. After specifying the input and output features and the country (United States), use the
Data Collection and Variables dropdown menus to select the following variables:
e From the Key US Facts data collection select Median Household Income
e From the At Risk data collection select:
o ACS Households with Income Below Poverty Level
o Children (Age <14)
o Seniors (Age 65+)
¢ From the Language data collection select Pop 18-64: Spk Sp/Eng NW

This tool consumes credits.
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https://pro.arcgis.com/en/pro-app/tool-reference/analysis/enrich-layer.htm
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Here is the resulting attribute table for the Census Blocks layer.
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Create the map of median household income

To create the map of census blocks by median household income change the symbology of the Census_Blocks__
Enrich layer. Specify Graduated Colors for the symbology type, and Median Household Income as the Field.

Use the defaults of Natural Breaks (Jenks) with 5 classes. Change the color scheme if you wish. Learn about
symbolizing a layer.
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http://pro.arcgis.com/en/pro-app/help/mapping/symbols-and-styles/symbolize-feature-layers.htm
http://pro.arcgis.com/en/pro-app/help/mapping/symbols-and-styles/symbolize-feature-layers.htm

Create the hot spot maps

Use the Optimized Hot Spot Analysis tool (on the Analysis tab) to create the hot spot maps for each of the
variables in turn. Learn about Optimized Hot Spot Analysis. For households with income below the poverty

level, specify Census_Blocks_Enrich as the Input Features, name the Output Features Hot_Spot_Poverty_Level,
and specify the Analysis Field.
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Now run the Optimized Hot Spot Analysis tool for the three other variables, specifying a unique name and the
appropriate Analysis Field each time.

e Kids (Age < 14)
e Seniors (Age 65+)
e Adults (Age 18 — 64) Speaking Spanish, with limited English


https://pro.arcgis.com/en/pro-app/tool-reference/spatial-statistics/optimized-hot-spot-analysis.htm

Case Study Section: Finding the best stops

® Find the optimal senior facility stops
® Find the optimal retail center stops

Find the optimal senior facility stops

Finding the optimal senior facility stops involves several steps: creating the facilities layer, assigning a unique
identifier to the facilities, creating the demand locations layer, and running the Location-Allocation analysis.

Create the facilities layer

First create the facilities layer by combining the rest homes and the adult day care centers. Select the rest
homes in the Business Sites layer. Learn about selecting features using attributes.
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Ten features are selected. Now Merge the Business Sites layer and the Adult Day Care layer—only the selected

features in the Business Sites layer (the rest homes) will be included in the output layer (along with the two
adult day care centers).


https://pro.arcgis.com/en/pro-app/help/mapping/navigation/select-features-using-attributes.htm
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Here is the resulting attribute table for the merged layer.
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Assign a unique identifier to the facilities

First select the rest homes in the merged layer and calculate Name equal to the concatenated street address.
All the fields in the two input layers are carried through to the merged layer. Since the Adult Day Care layer

included a field called “Name” but the Business Sites layer didn’t, the rest homes have a value of Null for the
Name field. You'll replace this value with the address for the facility.



Use Select by Attributes with the BUSTYPE field to select the rest homes.
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Now calculate the Name field for the rest homes to be the street address. (Learn about calculating fields.)
Since the address is contained in several separate fields you’ll need to concatenate the fields to include the
street number (LOCCOD1), name (LOCNAM), and type (LOCTYP). Select the Concatenate Fields helper from
the list and replace the example fields with the appropriate values. Since the street number (LOCCOD1) is a
numeric field with a type of Double, you’ll need to include the “int” function convert it first to an Integer type
and the “str” function to then convert it to a Text type. The statement should look like this:

ConcatenateFields(str(int(!LOCCOD1!)), ILOCNAM!, ILOCTYP!)

o u

In the Code Block change the sep character from “-“ to “ “ (space). Otherwise, the address will have hyphens
between the street number, name, and type, instead of spaces.


https://pro.arcgis.com/en/pro-app/help/data/tables/fundamentals-of-field-calculations.htm
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sep =

#loins two or more fields into a single string value
idef ConcatenateFields(*args):

return sep.join([i for i in args if i])

Go ahead and run the Calculate Field tool.

Now, in the attribute table switch the selection to select the two adult day care centers.
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Click the New Field button in the table, and, at the bottom of the list, add the Facility_Name field to store the
existing names of the adult day care centers. Be sure to click Save on the Fields tab before closing the Fields
View. Learn more about adding and modifying fields.

. JCSu. . S _ -
7 ] NAME NAME  Tex 0] 56
[+] ] ADDR ADDR Text O 34
[+ ] Facility_Name ] 255

Calculate Facility_Name equal to Name (since only the adult day care centers are selected, the value will be

calculated for those two records alone).
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https://pro.arcgis.com/en/pro-app/help/data/management/create-modify-and-delete-fields.htm

Finally, With the two adult day care centers still selected, calculate Name equal to ADDR (the street address).
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Now all the stops have a street address in the Name field. Here is the resulting attribute table for the facilities
layer.
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Clear all the selections before continuing.



Create the demand locations layer

Location-Allocation requires that both the facilities and the demand locations (representing census blocks,
in this example) be point features. The facilities (Business Sites and Adult Day Care Centers) were existing
point features. However the enriched census blocks are polygons so you need to create a point layer from
them using the Feature to Point tool. Be sure to check the Inside box to ensure the points fall within their
corresponding census block boundaries.
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Location-Allocation looks for a field named Weight containing the demand values (the number of seniors, in
this example). Add the Weight field to the census block point layer....
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....and calculate it equal to the Seniors (Age 65+) field.
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In the table, the Weight values are now equal to the values in the Seniors (Age 65+) field.
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Run the Location-Allocation analysis

With the layers ready to go you can now run the Location-Allocation analysis to find the four optimal sites.
You first need to add an ArcGIS server connection to access the SolvelLocationAllocation tool. Click the
Connections dropdown on the Insert tab, and click New ArcGIS Server. Add the following Server URL in the
dialog box: http://logistics.arcgis.com/arcgis/services. Learn more about adding an ArcGIS server connection.


https://pro.arcgis.com/en/pro-app/help/projects/connect-to-a-gis-server.htm
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Now, in the Project pane, open the SolvelLocationAllocation tool (in the Servers folder).
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Specify the Facilities and Demand Points, and set the Measurement Units to Miles. Under Advanced Analysis
specify the Travel Direction as Demand to Facility. Specify the Location-Allocation Problem Settings as shown
below, and under Custom Travel Mode set the Impedance to Travel Distance. (Since you're specifying a
measurement cutoff in miles—one mile, to be exact—you need to make sure the Measurement Units are set
to miles and the Impedance is set to travel distance rather than travel time.) Use the defaults for the rest of the
settings. Learn more about SolveLocationAllocation.


http://desktop.arcgis.com/en/arcmap/10.3/tools/network-analyst-toolbox/solve-location-allocation.htm
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The tool finds the four optimal senior facility stops (you’ll get a warning that some of the census blocks have
a weight of 0—that is, no seniors living in them. Not a problem). In the output facilities layer, the FacilityType
field indicates the chosen facilities (a value of 3).
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Find the optimal retail center stops

The steps for finding the optimal retail center stops are similar, but you’ll do them in a slightly different order:
create the demand locations layer, create the facilities layer, and then run the Location-Allocation analysis.

Create the demand locations layer

You'll reuse the Census_Blocks_Enrich_Point layer as the demand locations, replacing the Weight value,
currently representing seniors, with the population of Spanish-speaking adults.
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In the demand locations layer attribute table, the values in the Weight field now equal the values in the ACS
Pop 18-64: Spk Sp/Eng NW field.
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Create the facilities layer

Select the malls and retail centers in the Places layer.
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30 features are selected.

In the Project pane, open the GenerateServiceAreas tool to create the 1-mile service areas around branch
libraries.
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Specify Break Values as 1 (mile) and set the Break Units to Miles. Under Advanced Analysis, set the Travel
Direction to Towards Facility. Under Custom Travel Mode, specify Travel Distance for the Impedance. Finally,
under Output, specify Merge by Break Value. This will create a single feature in the output layer. (The default
setting of Overlapping would create three separate features, one surrounding each library branch. While this
will suit your immediate purpose for Select Layer by Location, creating the layer with a single feature now
will simplify the analysis later in the workflow when summarizing the population within a mile of any library
branch.)
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Places layer).

Use select by location to exclude malls and retail centers within the 1-mile service areas. Specify Selection Type
as Remove from the current selection (since malls and retail centers are the currently selected features in the
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Merge the Places layer with the Library layer to create the facilities layer (only the selected features in the
Places layer—the malls and retail centers—will be included in the output).

\aegprocessing

» 0O X
© erge =
Parameters | Ervironments (7

Input Datasets \_-:}
Places -
Library -
Qutput Dataset
potential_bookmobile_stops_retail *
Field Map 5
Output Fields f:J Source Properties
MNAME Merge Rule |First i
ADDR Places




After the Merge is completed, clear the selected features in the Places layer.

Add the FacilityType field that will be used by Location-Allocation to distinguish the candidate facilities (the
bookmobile stops) from the competitor facilities (the library branches). Candidates are assigned a value of

0 and competitors a value of 2. (For the senior facilities, all the facilities were candidates—there were no
competitors. If FacilityType is not specified SolveLocationAllocation assumes all the facilities are candidates, so

it was not necessary to add the FacilityType field before running the tool. In that case, SolvelLocationAllocation
adds the field and indicates which facilities are chosen).
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....and calculate FacilityType = 2.
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Switch the selection to select the retail centers and malls, and calculate FacilityType = 0.
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Then clear the selection.
Run the Location-Allocation analysis

With the facility layer and the demand location layer ready to go you can now run the Location-Allocation
analysis to find the four optimal sites. This time you’ll specify the Maximize Market Share problem type.

On the Project pane, open the SolvelLocationAllocation tool (in the Servers folder). As before, specify the
Facilities and Demand Points, and set the Measurement Units to Miles. Under Advanced Analysis specify the
Travel Direction as Demand to Facility. Specify the Location-Allocation Problem Settings as shown below, and
under Custom Travel Mode set the Impedance to Travel Distance. Use the defaults for the rest of the settings.
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The tool finds the four stops that will serve the greatest number of adults speaking Spanish-only, assuming the
existing branches draw some potential bookmobile patrons.
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Case Study Section: Creating the routes and schedules

® Create the combined stops layer
® Create the routes and schedules
® Create the route maps and table

Create the combined stops layer

Before creating the two bookmobile routes, the stops need to be merged in a single layer. However, it will
be useful going forward to know which stops are senior facilities and which are retail centers. This will make
it easier to create the maps of routes and stops. To do this, add a new field named StopType to both output

facilities layers.

[+] N =[0I T AlWeighted_Milés Dooole
[ ] FacilityQlD FacilityOID Leng
[+ [] Total_Kilometers Total_Kilometers Double
[+ ] TotalWeighted_Kilometers TotalWeighted_Kilometers Double
Fi [0 |StopType | Text

T Ticare
Murmeric
Mumeric

Mumeric

Next, select the chosen stops in the senior facility layer (chosen stops have a FacilityType value of 3).

\aeoprocessing

G) Select Layer By Attribute

Parameters | Ervironments

Layer Mame or Table View
Output_Facilities

Selection type
Mew selection

Expression

=l
SaL

r O X

@

-
= FacilityType is Equal to 3

Add Clause

] Invert Where Clause




Now assign the value “Senior Facility” to the StopType field.

Geoprocessing =
© Calculate Field =
Parameters | Environments @
Input Table
Output_Facilities - &
Field Name
StopType s
(1) Expression
Fields ? Helpers
OBIECTID 2| .conjugate() =
Shape .denominator) I
Mame amag()
FacilityType .numerator()
Weight real()
Capacity .as5_integer_ratiol()
DemandCount Fromhex()
- i = - v
sert Value - * [ + - =
StopType =
“Senior Facility" =
Code Block

Do the same for the output facilities layer for the retail centers and malls. First, select the facilities with a
FacilityType = 3. Then assign the value “Retail Center” to the StopType Field.



There should be four selected features in each of the two facilities layers. Now merge the layers—only the
selected features will be included in the output layer.

Geoprocessing =
r 3

€ erge =
Parameters | Environments 2

Input Datasets '?]I
Output_Facilities i
Output_Facilities "'

Output Dataset
(O ptimal_Bookmobile_Stops *

(2

Field Map
Output Fields (+) Source Properties

:ll.r s B .Fir-t

Here is the attribute table for the merged layer, showing the eight stops.

2 s
FaclityType Weight Capecity DemandCownt DemandWieght StopType
|1 Point 163 3RD AVE 3 1 <M= L] EXA0NS  Sereor Facility
2 Posrt 553 F 5T 3 1 <Mull> 5] 300312 Servor Faciiby
3 Posit 1322 TOE1AS DR 3 1 < Ml LE] THSMWI  Serwesd Facdity
4 Poardt 1220 MOLAN AVEMLIE 3 1 186 - 4890 811978 Sevwdd Facdity
5 Poard  Wal-Mart Center 3 1 & Mgl 73 TIDATS2E] Retail Center
& Poirt  Chuls Vists Shopping Center 3 1 = Mugls a7 E06 921000  Retail Canber
7 Poird  Country Club Shopperg Center 3 1 = Mgl = 92 596 0TETEY  Retail Cenber
] Poirgt Country Clubs Square Shopping Center 3 1 <M= 104 THEIGIGE  Retail Canter



To create the map of stops by type, change the symbology for the Optimal Bookmobile Stops layer. Specify the
Symbology as Unique Values and the Value Field as StopType. If you want, change the format of the individual
point symbols by clicking them and specifying their properties.

Symbology

Unigue Values

Value field

Fieldl |StopType

Add field
Color scheme
Values El— + 4+ 4 Mo
Symbal Value Label
v | StopType 2 values
& Retail Center Retail Center
& Senior Facility Senior Facility

<all other values>

Create the routes and schedules

Use the SolveVehicleRoutingProblem tool to group the stops into routes and create the most efficient paths
between the stops. The tool requires four inputs—two layers (Orders and Depots) and two standalone tables
(Routes and Breaks). You use fields in the layer attribute tables and standalone tables to define the parameters
of the routes. Learn more about SolveVehicleRoutingProblem.


http://desktop.arcgis.com/en/arcmap/10.3/tools/network-analyst-toolbox/solve-vehicle-routing-problem.htm

Edit the orders layer

In this example the orders correspond to the bookmobile stops. You can add attributes to the orders, such

as the duration (ServiceTime) of each stop and the time window within which a stop should be visited. Add
the ServiceTime, TimeWindowsStartl1, and TimeWindowEnd1 fields to the Optimal_Bookmobile_Stops layer.
Specify the ServiceTime field as type Short, and the two time window fields as Date. (The field names must be
entered as shown, with no underscores or other variations. Otherwise, the SolveVehicleRoutingProblem tool
will not recognize them.)

J S:0pType Stop, e

J ServiceTime SennceTime

] TirmeWindowStartl TimeWindowStartl
J TimeWindowEndl TimeWindowEndl

Use Select By Attributes to select the senior facilities (or select them interactively in the table).

Field l Values Fields ancel

StopType * | |is Equal to * | | Senior Facility d Add

Now use Calculate Field to specify a Service Time of 90 minutes.

ServiceTime =

Chiy
s

Code Block

The senior facility stops are to be visited between 9:00 am and 3:00 pm. To specify the time window for these
stops you will need to specify a date as well as a start and end time (the route runs every other Monday, not
on a specific date—but SolveVehicleRoutingProblem expects a date). Pick an upcoming Monday. You'll use this
same date in all the required date/time fields. Use Calculate Field to enter the TimeWindowStart1 date and
time.

limeWmndowStartl =

3/14/2016 9:00 AM"

o= Block



Use Calculate Field again to specify the TimeWindowEnd1 value for the selected stops to be 3:00 pm on the
same date.

TimeWindowEndl =

"3/14/2@16 3:00 PH" -

Code Ph=ck

Switch the selected features in the table so the retail center stops are now selected, then calculate the fields
using the same steps as above. The ServiceTime for these stops is 60 minutes, TimeWindowStart1 is 3:00 pm,
and TimeWindowEnd1 is 8:00 pm. When you’re finished calculating the fields, clear the selection.

meters StopType ServiceTime TimeWindowStartl | TimeWindowEndl
32088 Senior Facility 90 3/14/2016 9:00:00 AM 3/14/2016 3:00:00 PM
07147 Senior Facility 90 3/14/2016 9:00:00 AM 3/14/2016 3:00:00 PM
" 68097  Senmior Facility 90 371472016 9:00:00 AM 3/14/2016 3:00:00 PM
1.52093 Senior Facility 90 3/14/2016 9:00:00 AM 3/14/2016 3:00:00 PM
SB965  Retail Center 60 3/14/2016 3:00:00 PM 3/14/2016 8:00:00 PM
738 Retail Center 60 3/14/2016 3:00:00 PM 3/14/2016 &:00:00 PM
559192 Retail Center 60 3/14/2006 3:00:00 PM 3/14/2016 8:00:00 PM
23811 Retail Center 60 3/14/2016 3:.00:00 PM 3/14/2016 8:00:00 PM

Create the depots layer

The bookmobile depot for the routes is the Civic Center library branch (this is where the routes will start and
end). To create the depot layer, select the Civic Center branch (in the Library layer) and export the selected
feature to a new feature class, named bookmobile_depot. No additional attributes are required for the depot.

MAME * | |is Equal to * || Civic Center Branch - Add

Create the routes table

The routes table contains most of the information required to create the routes. The table will contain
two rows, one for each route. The steps are to create the table, define the necessary fields, and enter the
appropriate values for each field.



To start, use Create Table to create the empty table.

HE00rOCessing

€ Create Table
Parameters | Ervironments
Table Location

Bookmobile.gdb

Table Narme

bookmebile_routes

Template Table Mame \_f

Here are the parameters for the routes along with the corresponding fields:
* The routes are named Bookmobile A and Bookmobile B (Name)

e The routes start and end at the Civic Center Branch library (StartDepotName and EndDepotName)

¢ Allow thirty minutes for loading and unloading at the depot (StartDepotServiceTime and
EndDepotServiceTime)

e The routes need to start between 9:30 am and 10:30 am (EarliestStartTime and LatestStartTime)

e Each route should include no more than four stops (MaxOrderCount)

¢ Include an additional twenty minutes between stops for heavy traffic, reshelving, cleanup and so on

(ArriveDepartDelay)

Add the fields as shown below (again, field names must be entered exactly as shown).

Current Layer bookmobile_routes (Layers)

4 [ Visible [J] Read Only = Field Name Alias Data Type |_| Highlight Mumber Format Domain Default
[¥] ¥ DBJECTID OBJECTID ] t 1T ] Numeric
| Mame Mame Text
[¥] O StartDepotMame StartDepotiame Text ]
7| [ EndDepotMame EndDepotMame Text
Fi O StartDepotServiceTime  StartDepotServiceTime Short O
Fi| ] EndDepotServiceTime  EndDepotServiceTime Short
7| EarliestStartTime EarliestStartTime Date
[¥] 1 LatestStartTime LatestStartTime Date []
| MaxOrderCount MaxOrderCount Short
[¥] n ArriveDepartDelay ArmveDepartDelay Short

Length

Enter the values for the first route by clicking the cells in the first row and typing the appropriate values (the

OBIJECTID value will be assigned automatically once you press Enter).

FEH bookmobile_routes X

Field: FEl Calculate | Selection: &% Switch

a OBECTID Name StartDepotName EndDepotName StartDepotServiceTime EndDepotServiceTime  EarliestStartTime LatestStartTime MaxOrderCount  ArriveDepartDelay

IJ. Bookmobile A Civic Center Branch Civic Center Branch 30 30 3/14/2016 2:30:00 AM 3/14/2016 10:30:00 AM

Click to add new row.



Click below the first row to add a new row and enter the appropriate values for the second route in the
corresponding cells.

i bookmaobile_routes X v

Field: [ Calculate | Selection: 7% Switch =
a OBJECTID Name StartDepotN. EndDepotN; StartDepotServiceTime  EndDepotServiceTime  EarliestStartTime LatestStartTime MaxOrderCount Arr'weDepartDe\ﬂ j
Il Bookmobile A Chvic Center Branch Civic Center Branch 30 30 3/14/2016 %:30:00 AM 3/14/2016 10:30:00 AM 4 20
2 Bookmobile B Civic Center Branch ~ Civic Center Branch 0 30 3/14/2016 9:30:00 AM 3/14/2016 10:30:00 AM 4 20

Create the breaks table

The breaks for both routes are contained in a single table. Here are the parameters and fields for the breaks
table:

* There is one break for Bookmobile A and one break for Bookmobile B (RouteName)
e Breaks are thirty minutes long (ServiceTime)
e The breaks need to occur between 12 pm and 2 pm (TimeWindowStart and TimeWindowEnd)

In addition, the Precedence field specifies the order of the breaks for each route (it is required, even if there is
only one break per route).

To create the breaks table, follow the same process as for the routes table: create the table and add the fields.
Name the table bookmobile_breaks (or something similar).

Current Layer bookmobile_breaks (Layers)

4 [¥]Visible [J] Read Only Field Name Alias Data Type ] Highlight MNumber Format Domain Default Length
J] [#] DBIECTI OBJECTID Object IC O Mumeric
[+ O RouteMame RouteMame Texdt O 255
¥ ] ServiceTime ServiceTime Short
[+ | TimeWindowStart  TimeWindowStart Date O
J] ] TimeWindowEnd  TimeWindowEnd Date
[+ O Precedence Precedence Short O

Then enter the values.

i#® bookmobile_breaks X

Field: 5 New [Tf Delete [ Calculate | Selection: s Switch
4 OBIECTID RouteMame I seriicelime  TimeWindowStart TimeWindeowtnd Precedence
|1 Bookmobile A 30 371472016 12:00:00 PM 3/14/2016 2:00:00 PM 1
2 Bookmobile B 30 3/14/2006 12:00:00 PM 3/14/2016 2:00:00 PM 1

Save all your edits if you haven’t already done so.




The RouteName field in the Breaks table references the Name field in the Routes table. Likewise, the

StartDepotName and EndDepotName fields in the Routes table reference the Name field in the Depots layer.
So before running the tool you will want to check to make sure that the text in these cross-referenced fields
matches.

LY
el e
, f o

AL e T VIR
X .

i@ Bookmobile Depot X

e
— il

= i 4
o 4 QRECTID Shape OBECTID L ADDRESS HARE
| £ 1 Pt
1

TYPE
365 F Street C 3

TimeWindowStert

WL L0000 PR
Beokmiobile B

With the layers and tables in place, you can run the SolveVehicleRoutingProblem tool (on the Project pane) to
assign stops to routes, place the stops in the most efficient order, and create the shortest paths between them.

Specify the input layers and tables. In the Advanced Analysis section set the Default Date to the same date you
specified in the time window fields, and set the Time Window Factor to High (to ensure the stops are visited
within the time windows you specified).



Geoprocessing » 0O X

G) SolveVehicleRoutingProblem =
Parameters | Ervironments @j

Orders )
Optimal_Bookmaobile_Stops |

Depots

 bookmobile_depot bl

Routes

e o =

Breaks
bookmobile_breaks -

Tirne Units

Minutes il |
Distance Units

Miles -
Travel Mode

Custom

v Advanced Analysis
Analysis Region

Default Date

3/14/2016 O
Time Window Factor

High \d
[#] Spatially Cluster Routes
Route Zones

feature, set

The tool assigns stops to routes and creates a table
(out_stops) containing the stops, depots, and breaks
with their arrive and depart times as well as a layer
(out_routes) containing the shortest path between
stops. (It also create an output layer called out_
directions and a table called out_unassigned_stops.
You can ignore these for this workflow. You can also
ignore any warning messages generated by the tool.)

Fiekd: [ Mew 577 Delete [T] Colculabe  Sebection: [ Switch =
| P PickupQuertities  DebveryQuantites  StopType  RoutsMsma Sequerce  FromPrevTravelTime  FromPrevDistsnce  SriveCurblipproach  DepertCurbipprosch  AnreeTime: DepartTime
IIBH.DA\'! 0 Bogkmobile: B z 2325160 GBeISTE ] 0 342006 104250 Al 314723006 121250 Fid
553 F 5T 0 Bookmhile B 4 248542668 1220817 o 0 304/H016 10747 PR 371472016 23747 PM
1332 TOELAS OR 0 Bockmobie A 2 Rkl XL o 0 3142008 10:41:43 AW 377473008 12:10:45 P
1780 NODLAN AVEHUE 0 Bockmabile & 4 H213902 104341 | 0 3477006 10603 PM 314720016 2:3603 PM
Wial-Bart Center 0 Bockmobile B 5 22200063 QTG0 0 0 14006 30000 PR 114720015 80000 PR
Chuila Vista Shappin.. 0 Bookmobile B L] 13.52850 1135755 0 0 34642332 P 371472016 5:13:32 PM
LCountry Club Shoppi.. 0 Bogkmobile & & 2207384 133476 ] 0 342006 42255 Ph 1147206 52258 PM
Country Club Square... 0 Bookmobile & 5 23951573 135548 L] 0 314/2006 30000 Ph  3/14/2006 80000 PM
Civee Cemtesr Branch 0000000 .00 1 Bookmbile & 1 o o L 0 314708 38052 AR 370473008 10:10:52 AM
Civie Cirtid Branch  0.000000 Q.000000 1 Beckmabils A T FANEC LE3B0ET L] 0 31477006 XATAZ PR 3/04/7006 B:17:42 PR
Civie Certer Branch 0000000 OO0 1 Bockmabile B 1 ] n 0 0 147006 94335 AN 371472006 12:19:35 AM
Civic Center Branch 0000000 QD000 1 Bookmobile B T 23M055T6 11030 0 0 31472006 50556 PM 1142016 G:l6:56 PR
Bresk 2 Bockmaobile A 3 ] ] ] 0 142006 120140 P 30472006 1 24083 Pid
Break 2 Bockmobile B | ] ] 0 0 314/3006 120250 P 3/04/2006 124250 Fid



Create the route maps and table

The list of output stops with their assigned routes is stored in the out_stops table. However, the actual stop
locations (features) are in the previously created orders layer (Optimal_Bookmobile_Stops). In order to create
maps showing which stops are on Route A and which are on Route B you need to assign the route name to the

stop features in the Optimal_Bookmobile_Stops layer.

First, add the RouteName field to the Optimal_Bookmobile_Stops attribute table.

LirmeWin, Wit drts
TimeWindowEndl

RouteMame

Now join the out_stops table to the Optimal_Bookmobile_Stops layer, using Name as the join field.

| I . X

._adth

TimeWindowEndl

B

Liat

255

Parameters @ Erv

4, Input Join Field
MNarne
Join Table
out_stops
Output Join Field
MNarne

FErTERTE

Layer Name or Table View

Optimal_Bookmobile_Stops

| Keep All Target Features

Aad Join

Calculate the new RouteName field equal to the joined RouteName field, then remove the join.

Insert Values i
Optimal_Bookmobile_Stops.RouteMName =
lout_stops.RouteNams! -
¥
Core Rlock
Here is how the resulting table looks.
88 Optenal Boolkmokele_ Sbops X
Fiold: [ Mew 57 Dalete BT Calculsbe  Selection: [ Stk
a DBIECTID | Shape  Mame FaolityType  Weight Cepacity DemandCount DemandWeight StopType ServiceTime  TimeWindowStartl  TenedindowEndl  RouteMame
|1 Poink 183 3RD ANE 3 <Hull= L 829100318 Senior Facil ity S 314006 000 AM 3142016 30000 PR Bookmobile B
- Posnt 353 F 5T 3 1 <Mull> 53 BH2003212 Semiod Facilimy S 304ALANG 90000 AN 2/T4I6 200:00 FM Bookmobile B
a Pesnt 1332 TOE1AS DR 2 Hudl= 2 THSSAY]  Semod Facility 1 31ASAE 90000 AN 214018 20000 PR Bookenobile A
4 Pear 1230 MOLAN AVEMNLE ) 1 1] Bs AD0BIIIZE  Samice Facility 0 3147005 0000 AN 27147006 20000 PM Bsakrmakils A&
5 Poirk  Wal-Mart Cenber 3 1 Hull= 3 23 Retad Cenier S 3147005 300400 PR 3140 00 PM Bookrnokile B
& Poirg  Chuls Vista Shopping Cemter 1 =Null» a7 Retail Cemter 61 LA0LG 30000 PR 314 H0 P Bookrmobile B
7 Poing  Country Club Shopping Canber 1 £ Mull= a2 1 Retadl Carter 6} 3472016 30000 PR 314 b0 PR Bookrmobile &
] Point  Country Club Square Shopping Center 1 < Mull= il ] Retail Center 6} 3147016 30000 P 14016 S:00:00 P Bookmobile 4




Now you can select the stops for Bookmobile A, export them to a new layer, and display them on a map.

Expres...n

(==
Sal

= RouteMame 15 Equal to Bookmobile A

| Add Clause W =

Invert Where Clause

To add the path between the stops to the map, select Bookmobile A in the out_routes layer and export the
selected lines.

MName i5 Equal to Bookmobile &

Add Clause v =

[ rwert Where Clause

Do the same to create the map of the stops and path for the Bookmobile B route. You can then change the
symbology of the stops, as you did earlier, to show which are senior facilities and which are retail centers.

To show the sequence of stops and breaks for each route, open the out_stops table, right-click the RouteName
field, and click Custom Sort. Sort first on RouteName (Ascending) followed by Sequence (Ascending).

Custom Sort *
Field Sort

RouteMame - || Ascending -

Sequence ~ || Ascending

(Mone) .

The table should look like this.

BB out_stops B

Field: [ New 27 Delete ] Colculate | Sebection (7 Switch
4 OBIECTID Meme PichapQuantiies Deelrweryjuant fies StopType  Rowtefleme = Sequence -
|5 Crwic Center Branch  (uD00000 0300003 1 Bookmobie & 1
El 1382 TOBLAL DR 3 Bookmokide A 2
12 Brieak 3
4 1280 NOLAM AVEMLE 2 Bo 4
i) Courtry Chab Sqaare 5
7 Courdry Chulb Shoppi 3 Bookmobide 4 [
10 Civic Center Branch  (uDO0000 000000 1 Bookmobis & 7
11 Cric Center Branch [elir e i) D00 1 Bookmotsle 8 1
1 133 IR0 AVE 0 Bookmobile B i
14 Braak 3
SS3FST 4
3 Woal-Mert Center 0 Bookmobie B 5
] Chula ¥ista Shoppin, @ Bookmobie B &

12 Crwic Cenber Branch  (u00M00 010500 1 Bookmobide B



Case Study Section: Garnering political support
® Find the number of people within a mile of a library branch and within a mile of a branch or
bookmobile stop
® Create the revised routes including the Veterans Home
® Add a second break to the route with five stops and create the updated routes and schedules

Find the number of people within a mile of a library branch and within a mile of a branch or
bookmobile stop

To calculate how many more patrons will be served by the bookmobile versus the library branches alone you’ll
use two 1-mile service areas—one for the branches alone and one for the combined branches and bookmobile
stops. You'll then summarize the number of people in each target population within the service areas.

You created the 1-mile service areas around branch libraries earlier. Use Summarize Within with that layer,
along with the enriched census blocks, to find out the number of seniors and Spanish-speaking adults within a
mile of a library.

JeQprocessing » OO0 X

Parameters | Ervironments

Input Polygons

Service_Areas - &
Input Summary Features

Census Blocks_Enrich - &
Qutput Feature Class

surmmarze_libraries +
[¥] Keep pobygons with no points
Summary Fields

Field }-‘3‘ Statistic
2015 Seniars (Age 65+) *| | Sum =
ACS Pop 18-64: Spk S5p/Eng NW || Sum =

(] Add shape sumrnary attributes

(Even though the summarized field is showing the number of people, it appears as a fractional value. That’s
because Summarize Within calculates the values based on the portion of each census block that falls within
the 1-mile service area polygon.)

Now merge the libraries and the Optimal Bookmobile Stops to create a single layer.



Parameters | Ervironments
Input Datacets 'v\_.'
Library

Optimal_Bookmobile_Stops

Qutput Dataset
ibraries_bookmobile_stops

Field Map

W,

Output Fields + Source

Properties

Use the layer of combined libraries and bookmobile stops to create 1-mile service areas. Use the same
parameters you used earlier when creating the service areas around library branches. Set the Break Values to
1, the Break Units to Miles, the Travel Direction to Towards Facility (in the Advanced Analysis section), and the

Impedance to Travel Distance (in the Custom Travel Mode section). In the Output section, under Polygons for
Multiple Facilities, specify Merge by Break Value.

~

Then run Summarize Within with these service areas to sum the population of seniors and Spanish-speaking
adults within a mile of a library branch or bookmobile stop, as shown above.

To create the map of service areas around libraries and bookmobile stops, change the color of the libraries
service area to dark blue and the color of the combined libraries and stops service area to light blue. On the
map, display the former on top of the latter so that the libraries service area is not obscured.



To create the chart comparing the number of people within a mile of a branch to the number within a mile of

a branch or bookmobile stop, first merge the two Summarize Within output layers so all the population values
are in a single table.

Parameters | Ervirornment
P
Input Datasets ()
SLUMMmanzIe II"'_.FEFIIEE

summarize_libraries_stops

Qutput Dataset
summarnze_libraries_stops_merge

Field Map

~
L
Murtput Felds (+) Cource

Properties
ArcGIS Pro has simple charting capabilities, but as of this writing does not yet support the kind of chart shown

in the case study. You’ll have to export the table to a dbf file and use Excel (or a similar program) to create a
single chart that includes both population categories.

Create the revised routes including the Veterans Home

Select the Veterans Home in the Places layer and merge the Places layer with the layer of existing orders
(Optimal_Bookmobile_Stops).

Parameters | Ervironments

Layer Mame or Table View
Places i3
Selection type

MNew selection

Expression

S4L

MAME is Equal to Veterans Home of California

| Add Clause

v H
1 Trwenet Where Clais s



http://pro.arcgis.com/en/pro-app/tool-reference/data-management/copy-rows.htm

Geoprocessing v O X
(€ erge =
Parameters | Ervironments (7
Input Datasets (v)
Optimal_Bookmobile_Stops =
Places =
Clutp ut Dataset
Optimal_Bookmobile_Stops_Revised +*
Field Map o]
bk Cial T .:'.-.:-\ S = i

Edit the merged orders to add the values for the Veterans Home. Make the StopType “Senior Facility” and
make the ServiceTime and time window values the same as for the senior facility stops. Leave the RouteName
field empty—SolveVehicleRoutingProblem will reassign all the stops to create the most efficient solution with
the additional stop included.

## Optimal_Bookmobile_Stops_Rewvised X

Field: 5 New [Z7 Delete FE Calculate | Selection: [ Swii

4 OBIECTID | Shape MName FacilityType s StopType ServiceTime = TimeWindowStartl TimeWindowEndl RouteMame
1 Point 183 3RD AVE 3 3 Senior Facility 90 3/14/2016 5:00:00 AM 3/14/2016 3:00:00 PM Bookmobile B
2 Point 553 FST 3 7 Senior Facility 90 3/14/2016 9:00:00 AM 3/14/2016 3:00:00 PM Bookmobile B
3 Point 1382 TOBIAS DR 3 o1  Senior Facility 90 3/14/2016 9:00-00 AM 3/14/2016 3:00:00 PM Bookmobile A
4 Point 1280 NOLAN AVENUE 3 93 Senior Facility 90 3/14/2016 5:00:00 AM 3/14/2016 3:00:00 PM Bookmobile A
5 Point  Wal-Mart Center 3 4 Retail Center 60 3/14/2016 3:00:00 PM 3/14/2016 8:00:00 PM Bookmobile B
6 Point  Chula Vista Square Shopping Center 3 138 Retail Center 60 3/14/2016 3:00:00 PM 3/14/2016 8:00:00 PM Bookmobile B
7 Point  Country Club Shopping Center 3 42 Retail Center 60 3/14/2016 3:00:00 PM 3/14/2016 8:00:00 PM Bookmobile A
B Point  Country Club Square Shopping Center 3 #1 Retail Center 60 3/14/2016 3:00:00 PM 3/14/2016 8:00:00 PM Bookmobile A
] Point  Veterans Home of California <Null> >  Senior Facility 90 3/14/2016 9:00:00 AM 3/14/2016 3:00:00 PM <Null>

Edit the bookmobile_routes table and increase the MaxOrderCount value to 5 for both routes (to
accommodate the additional stop, which will be assigned to one or the other stop).

cokmobile_routes X

Field: [ New [ET Delete [EI Calculate | Selection: [\ Switch

4 OBIECTID Mame StartDepotMame EndDepotMame StartDepotServiceTime  EndDepotServiceTime  Earliest3tartTime LatestStartTime MaxOrderCount  ArriveDepartDelay
1 Bookmobile A Civic Center Branch  Civic Center Branch 30 30 3/14/2016 9:30:00 AM 3/14/2016 10:30:00 AM 5 20
2 Bookmobile B Civic Center Branch  Civic Center Bramch 30 30 3/14/2016 %:30:00 AM 3/14/2016 10:30:00 AM H 20




Run SolveVehicleRoutingProblem to create the updated routes, using the same settings as before (except using
the updated orders layer—Optimal_Bookmobile_Stops_Revised).

JeQprocessing » 0 X
G SolveVehicleRoutingProblem =
Parameters | Ervironments 7
Orders
Optimal_Bookmobile_Stops Revised - &
Depots
bookmobile_depot = B
Routes
bookmobile_routes | ¥
Breaks
bookmobile_breaks -|
Tirne Units
Minutes =

Distance Units

Miles .
Travel Mode
Custom

~ Advanced Analysis

Analysis Region

Default Date

3/14/2016 =)
Time Window Factor

I-'lqh i
| Spatially Cluster Routes
Route Zones

fontyre cet -

Add a second break to the route with five stops and create the updated routes and schedules

First, check the newly created out_stops table to see which route contains the five stops (note that the route
assignments for stops may have changed once the additional Veterans Home stop was added).

Add a second break to the route that has the five stops by creating a new row in the bookmobile_breaks table.
Make the break 30 minutes long with a time window between 5:30 pm and 6:30 pm.



i bookmobile_breaks X

Field: 58 New [ZF Delete [T Calculate | Selection: [ Switch

4 QBECTID | RouteMName serviceTime  TimeWindowStart TimeWindowtnd Precedence
1 Bookmokbile A 20 3714720016 1.2:00:00 P 27142006 2:00:00 PM 1
2 Bookmobile B 30 3/14/2016 12:00:00 PM 3/14/2016 2:00:00 PM 1
3 Bookmobile B 30 3/14/2016 5:30:00 PM 3/14/2016 6:30:00 PM 1

When you run SolveVehicleRoutingProblem you can let the tool make the assignment (which is what you’ve
done up to this point) or you can specify which route stops are assigned to.

You want to make sure that the new break is assigned to the route that includes five stops. If you let the tool
assign the stops there’s the possibility that—with the inclusion of the new break—a stop could be reassigned
from the route it’s currently on to the other route, which would defeat the purpose of adding the second break
to the longer route.

So, you need to make sure that all the stops remain assigned to the same route they are currently assigned

to. You do this by including the RouteName field in the orders layer before running the tool (if you don’t
include it, SolveVehicleRoutingProblem automatically adds the RouteName field to the out_stops table to
contain the assigned route, as you’ve already seen). The RouteName field should already exist in the Optimal_
Bookmobile_Stops_Revised table (you added it earlier to help create the route maps).

An additional field, AssignmentRule, defines how the tool handles the assignment of stops to routes. A value of
2 specifies that stops should be assigned to the route specified in the RouteName field, but that the sequence

of stops can change.

When the AssignmentRule field is used, you also need to include the Sequence field in the orders layer (as with
RouteName, Sequence is automatically added to the out_stops layer if it doesn’t exist in the orders layer).

Add the AssignmentRule and Sequence fields to the table.

- : T b IOWE. . o ViVt
[l | RouteMame RouteMame Tex [ 255
[+ AssignmentRule AssignmentRule

[ ] Sequence Sequence



Even though the RouteName field already exists in the orders layer, the values may have changed since you last
calculated these values so you’ll need to update them. (Plus, the Veterans Home has not yet had a route name
assigned.) Join the newly created out_stops table to the Optimal_Bookmobile_Stops_Revised layer, using
Name as the join field.

.(_-.I A AA i

- Lo LW LW L

Parameters | Environments
Layer Mame or Table View
Optimal_Bookmobile_Stops Revised =

i, Input Join Field

Name ol
Join Table
out_stops0 - B

Qutput Join Field
Name .

J] Keep All Target Features

Calculate the RouteName field in the Optimal_Bookmobile_Stops_Revised layer equal to the RouteName field
in the out_stops table. Do the same for the Sequence field and then remove the join.

Insert Values
Optirnal_Bookmobile_Stops_Revised RouteMName =

lout_stops8.RoukteName ! -

Code Rlack

Insert Values . f + - =
Optimal_Bookmobile_Stops_Revised.Sequence =

lout_stops8.5equence! -

Cnde Rleck

Calculate AssignmentRule equal to 2.

AssignmentRule =

" arle B



Finally, run SolveVehicleRoutingProblem once again using the settings you used previously to create the final
bookmobile routes and schedule.

Field: [F Mew 57 Delete FE] Calculsbe  Sibection: [ switch

4 OBIECTID I Heme PickupQuartiies Deiveryusrities StopType  Rowtellame = Sequence « | Fry
10 Choic Cenber Branch 000000 (0000 1 Bookmobile & 1
1 183 IR0 AVE 0 Boockrmosbibe A F
14 Break 2 Bockrmsabils A 3
Fd 553 F5T 0 Bookmaobile & 4
3 Wal-Mart Center 0 Bookmaobile & 5
fi Chula Vits Shopping Center 0 Bookmohbile & &
11 Cinc Canber Branch QL0000 0000000 1 Bookmesbile s [
12 Ciwig Canbir Bemnch 0000000 0000000 1 Bockrmabils B |
9 Vieterans Home of California 0 Bockmaobile B 2
15 Break 2 Bookmobile B 3
4 1300 NOLAN AVEMUE 0 Bookmobile B 4
E] 1383 TOBIAS DR 0 Hookrmobile B 3
] Courtry Chub Squane Shopping Center 0 Bockmebile B [
15 Break 2 [Bockmobile B T
7 Courgry Chulo Shopping Center 0 Bookmobile B &
13 Ciwic Center Branch 000000 (D000 1 Bookmobile B -]



