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1.0 Model Overview

This User Guide addresses the structure and usage of the Northern Virginia Transportation Model
(TransAction Model) Version 1.0. The model is maintained by the Northern Virginia

Transportation Autho rity (NVTA). The TransAction Model supports system planning analyses at
aregional level in Northern Virginia. To support the NVTA TransAction Update, the consulting
team developed a modeling strategy that would balance tradeoffs between functionality and
efficiency, ensure consistency with the TransAction performance measures and consider the ability
to build in -house modeling capabilities to improve upon the existing model system.

The modeling system framework is shown in Figure 2.12, while Figure 2.12 shows the
TransAction Model structure and its major components. Some of the key enhancements in this
modeling strategy include :

1 Integration of the COG/TPB model with a DTALIite tool, which is an open -source, queuebased
mesoscopic simulation package that provides a simpler, user-friendly, and more economical
solution to conducting mesoscopic modeling at a large regional scale

1 New capability to model emerging travel behavior of transportation network company (TNC)
travel

1 New capability to conduct scenario analysis of travel via connected and automated vehicles
(CAVs)

1 Updating representation of travel behavior (trip rates and mode choices) reflecting the latest
Regional Travel Survey (RTS 2017/8)

1 Better representation and simulation of traffic congestion through dynamic traffic assignment
(DTA)

1 A robust scenario managemernt system with flexibility for users and customized features

1 A Modeling Dashboard that facilitates comparisons between scenarios and allows model users
to quickly visualize information, with a variety of portable summary reports with a wealth of
information about each scenario

1 Enhanced postprocessing utilities that will empower users with analytical capabilities to gain
insights from the model results, with specialized module for easy use, such as select link
analysis.

The macroscopic model calibration and validation were conducted using the latest observed datato

make the macroscopic model better replicate observed data for the base year and produce more
reasonable results in the study area, i.e., the Northern Virginia region. The focus is on the model

components that have been refined, especially trip productions, mode choice, and traffic

assignments. The DTALite model calibration and validation leveraged the RITIS speed data to

identify the locations and extents of congestion at a high level of spatial and temporal detail, with a
focus on key corridors in Northern Virginia.

Cambridge Systematics, Inc. 1-1
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In addition to the travel demand model , the TransAction evaluation included some off -model tools
and procedures, as well as qualitative evaluation for some of the performance measures. These
include a GIS-based process to quantify the accessibility by bicycle (the number of jobs accessible
by bike within 30 minutes) used in the calculation of the C1 and C2 measures.

Additional detail on the methodology used for calculation of the TransAction measures is
documented in the Task 1.5 Technical Memorandum: Performance Measures Methodology

Figure2.11 TransAction Model Structure

Land Use

MWCOG/TPB Cube Version 2.4

v

NVTA Cube i DTA Motorized
Person Trips

and Network
Application Manager
Scenario Management

Non-Motorized Skims and
Trips Trip Tables
Dashboard Summary Trip Distribution
Reporting ﬁ DTALite Static
Utilities Enhanced Mode Traffic

Online Documentation Choice Model . Assianment
DTALite Interface Traffic Dynamic Traffic Performance
Assignment - Assignment I Measures

Demand Metrics Summary Report
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Figure2.12 Travel Demand Forecasting Process
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2.0Hardware and Software

Requirements and Installation

This section describes the hardware and software requirements and recommendations for running
the TransAction Model and provides examples of the hardware used for model development and
application .

2.1 HARDWARE

The TransAction Model has the hardware specifications that are needed for efficient execution,
including the following :

1

Processor/Central processing unit (CPU): Intel or AMD with 64 -bit architecture. The faster the
chip speed, the shorter the model run time. A faster chip/CPU is always preferred . A chip
speed of around 3 GHz is recommended. An Intel CPU (2.1-2.5 GHz) was used for model runs.

Installed memory (RAM): The upper limit for a 64-bit system depends on the edition of
Windows system, vary ing from 128 GB on Windows 10 Home to 2 TB on Windows 10 Prq
Enterprise, and Education. 8 GB or more of RAM is recommended for running the
TransAction Model . Theworkstations that we used for model runs have 64-384GB RAM.

Storage space: A hard drive with 2 TB or more space is recommended for theTransAction
Model. The hard drive space needed depends on the complexity of a model scenario.Each
model scenario/year typically takesmore than 50 GB spacebut could take more than 1 TB with
temporary files for a very complex scenario. The model wasrun on workstations with 2 TB or
more free space.

Number of cores: The TransAction Model uses Cube Cluster to run modules in parallel, the
maximum threads is 16. I is recommended to run the model on a computer with 16 or more
cores. The model can also be run on a computer with 2 or 4 cores. The computeswe used for
model runs had 24-40 cores.

2.2 SOFTWARE

The following define the software requirements for the TransAction Model:

1

Operating system : Microsoft Windows (64 -bit version), e.g., Windows 10, Windows Server
2008, or Windows Server 2012.

Citilabs Cube software : The TransAction Model is implemented with Bentley SystemsCube
software. The Cube software must be installed in order to run the model, for more information
on Cube software, please visit https://www.bentley.com/software/cube/ . The model has
been tested under Cube verson 6.4.5. The Cube modeling suite includes:

Cambridge Systematics, Inc. 2-1
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0 The system interface: Cube Base. Cube Base is the scenario management, model
development, and data editing user interface.

6 Demand modeling: Cube Voyager is a modeling system with its own control and scriptin g
language for transportation applications.

0 Cube Base and Cube Voyager are required for running the TransAction Model.

9 Process distributing : Cube Voyager helps reduce model run-times by allocating calculation
processes over multiple processors and machines

1 DTALite: The latest software release can be downloaded athe DTALite Github website. The
basic control and interfaces of NeXTA are describedint hi' s user ds glhd de docume
software package includes two software applications: NEXTA as GUI and data hub , DTALIite
as DTA simulation engine, which are discussed in detail in Chapter 8.

9 Python: Version 3.8 or higheris needed to run scripts that will be discussed in Chapter 8. A
user needs to install the following libraries: pandas, numpy, csv, time, shutil, sys, and os, under
the dos command line, e.g.,pip install pandas . If a user runs into some model run errors, he or
she might want t o ¢ ons, iadiehrisan apentsauicd packageforanacond a
managing python environments. A user can download the windows insta ller from here:
https://www.anaconda.com/products/distribution . A user canrun a Python script from
either 6Anaconda Prompté or 6Anaconda Powershell Prompt. 6

2.3 INSTALLATION PROCESS

This section describes the steps to install the model.The model user needs to
1 Ensure that the required software is present on the system
9 Choose a location on the computer to unzip the model files (provided asa zip file). The

intermedi ate and final model results will be generated within the mode | folder, so select a
location that has sufficient storage as recommended eatrlier.

Do not instald/l t he model to a directory that inclu
Cube to represent variables and will prevent Cube from following the file path. Note that folders

under the oOUsersoé6 directory, such as My Document s,
do not install the model to a dir€cabergcrhatsbegte

as a tab character.

The catalogfile is the NVTA .cat file within the NVTA Model folder. Once the catalog is open in
Cube, the user will see the application groups. Accept all updates to the model directory.

2.4 FOLDER STRUCTURE

The unzip model folder will show the following folder s:

2-2 Cambridge Systematics, Inc.


https://github.com/xzhou99/dtalite_software_release
https://docs.google.com/file/d/0B7B_ItZxmow6alhKQm9XRzVwVk0/edit
https://www.anaconda.com/products/distribution

_____________________________________________________________________________________________________________|
Northern Virginia Transportation Moded User Guide

1 Scenarios: This is the scenario directory. The Scenario directory will contain the scenario
folders. For example, for scenario Base2017the user should see Base2017 folder. Each scenario
folder (in this case Base2017) should have a 0 mputs 6 folder for all the inputs of the scenario
and 0 Q@tputs 6 folder. All the model outputs are written to the 0 @tputs 6 folder.

9 Scripts: Cube application manager groups (*.APP) and script files (*.S)

o0 The Cube script files are organized into subdirectories according to the application
group.

o The Cube script file names are set by the application group names and the program
type. For example, a Matrix progr am in the Main Screen application can have afile
name: HKHWYO0O0A.S

1 Software: It contains a list of external software as executable files that are used to generate
summaries within the model.

1 Support: It contains files and scripts that are applicable for all scenarios.

Cambridge Systematics, Inc. 2-3
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3.0 Scenario Manager

The Scenario Manager is where the full model is typically run. The base catalog file of the
TransAction Model contains two scenariosin the base directory. Thesescenariosare shown in
Figure 3.11.

3.1 MODEL SCENARIOS

Figure3.11 TransAction Mod&lcenarios

Scenario n

El- Scenarios
Base2017
Base 2045

Within the Scenario Manager,t her e ar e oOParent 0, oditektoriesd Foetheod
TransAction Model structure shown above, the Parent directory serves as the base for all the
scenarios, with Base€2017 and Base2045cenarios relating as Children to the Base and relating as
Siblings to each other.

When creating new scenarios, either Children or Siblings can be added to the scenario manager. A
Child will be created as a subfolder to the Parentthat it is created from, whereas a Sibling will be
created in a folder at the same level as the selected scenario. During the initial setup, both

Children and Siblings will be populated with the same data set as a Parent.

The TransAction Model is setup in such a way that th e Base scenario is only a plackolder for all
scenarios (in this caseBase2017 and Base2045)The Base scenario is not designed to be the aagl
scenario to be run.

Figure 3.1.2 provides a screenshot of the openedBase2017scenario within the Scenario Manager.

Cambridge Systematics, Inc. 31
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Figure3.12 Scenario Managéinitial Screen

(@ welcome to Cube 6.4 x | @ Scenario - Base2017 (Application Main Sc... X

Model Year [2017

Cube Cluster Process ID [ream2017

maxprocs [24

TAZ/Station Dimensions 7999

Highway Node Size 160000

Max. No. of user defined Add/Del links [1000

First External Zone 3676
Occupancy Factor for 3+ ‘3,5

ZONESIZE [3722

Lastizn 3675
TNC_WT_CBD 3
TNC_WT_Urban 3
TNC_WT_SubUrban [s
TNC_WT_SU_Fringe 3
TNC_WT_Rural [12

Percent of trips in the short-walk area (in %) ‘1

Percent of the trips in the long walk area (in %) [015

[~ MC_Calibration

Percentage of CAV Share o

Percentage of PCAVs return ‘0, 1

Maximum Assignment Iteration [100

I~ Select_Link

Sel_Link_AB [L=35286-35288
Subarea Network ‘E: \Lprojects\NVTA_Model\04262023\Scenarios\Base 20 17\Inputs\SubArea_NTWK_LDNO24.net
¥ FullModeRun

[ FinallterationRun

¥ Run Dashboard Summary

Rpath [c:\Program Fies\R R +.0.5\bin\Rscript. exe

Save | Close ‘ Run ‘

The Scenario Manager consists of the Model Operation, Scenario Year,TNC wait times, and model
run controls. These inputs are used in each of the submodel components.Each input on the
Scenario Manager initial screen is described in the subsections below.

Catalog Key: Model Year @ Scenario year

This integer edit box control is used to enter the scenario model year to be run in the model. The
values here need to be consistent with a yea of scenario to be run.

Catalog Key: Cube Cluster Process ID

This edit box control is used to enter the process id for the Cube clustersin the model. Any string
as a combination of characters and numbers can be used hereThis value does not require any
changes during the normal model operation .

Catalog Key: maxprocs 8 Maximum number of threads for cluster

This edit box control allows the user to set an integer value for the number of processors that are
used in running most of the MATRIX an d HIGHWAY programs within the TransAction Model .
The more processors used, the faster the model runslf your server has 24 cores, set this to 20. Use
fewer cores than the maximum available on your system. You can check the total cores available
on your system in task manager as shown in the Figure 3.13.

3-2 Cambridge Systematics, Inc.
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Figure3.13 System cores

17 Task Manager
File Options View

Processes Performance  App history Startup Users Details Services

CPU
7% 2.35 GHz C PU

% Utilization

Memory
317256 GB (12%)

LU

Disk 0 (C:)
HDD

0%

] |]‘ Ethernet
l 3 Ethernet 2
UL 5: 216 R: 32.0 Kbps

60 seconds

| GPUO
NVIDIA Quadre P2...
-l‘ 1% Utilization  Speed
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Catalog Key: TAZ/Station Dimensions

This edit box specifies the dimensions of TAZ/ Stations. This value is used to ensure that the
matrix files and zone counts remain consistent. This value does not require any changes during
the normal model operation .

Catalog Key: Highway Node Size

This edit box specifies the first highway node number in the highway network. This value does not
require any changes during the normal model operation .

Catalog Key: Max No. of user defined add/del links

This value is used to ensure that the matrix files and zone counts remain consistent. This value
does not require any changes during the normal model operation .

Catalog Key: First External Zone

This edit box specifies the first external zone number. This value is used to ensure that the matrix
files and zone counts remain consistent. This value does not require any changes during the
normal model operation .

Catalog Key: Occupancy Factor for 3+

This edit box specifies the occupancy factor for 3+ vehicle trips. The default value is set to 3.5. This
value does not require any changes during the normal model operation .

Catalog Key: ZONESIZE
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This edit box control allows the user to set the total number of TAZs. This value is used to ensure
that the matrix files and zone counts remain consistent. This value does not require any changes
during the normal model operation.

Catalog Key: LastlZn : Last internal zone number

This edit box control allows the user to set the last internal zone number in the model. This value is
used to ensure that the matrix files and zone counts remain consistent. This value does not
require any changes during the normal model operation.

Catalog Key: TNC_WT_CBD : TNC wait time in CBD

This edit control box allows the user to specify the wait time of TNC mode in a CBD area. This
value is used in the mode choice model. This value does not require any changes during the
normal model operation. The default value is set to 3 minutes.

Catalog Key: TNC_WT_Urban : TNC wait time in urban areas

This edit control box allows the user to specify the wait time of TNC mode in urban areas This
value is used in the mode choice model. This value does not require any changes during the
normal model operation. The default value is set to 3 minutes.

Catalog Key: TNC_WT_SubUrban : TNC wait time in sub -urban areas

This edit control box allows the user to specify the wait time of TNC mode in sub-urban areas This
value is used in the mode choice model. This value does not require any changes during the
normal model operation. The default value is set to 4 minutes.

Catalog Key: TNC_WT_SU_Fringe : TNC wait time in sub -urban fringe areas

This edit control box allows the user to specify the wait time of TNC mode in sub-urban fringe
areas This value is used in the mode choice model. This value does not require any changes
during the normal model operation. The default value is set to 6 minutes.

Catalog Key: TNC_WT_Rural : TNC wait time in rural areas

This edit control box allows the user to specify the wait time of TNC mode in rural areas This
value is used in the mode choice model. This value does not require any changes during the
normal model operation. The default value is set to 12 minutes.

Catalog Key: Percent of trips in the short -walk areas (in %)

This edit control box specifies the default value for percent of trips in the short -walk areas. This
key is utilized in the mode choice model. The default value is 1. This value does not require any
changes during the normal model operation.

Catalog Key: Percent of trips in the long walk areas (in %)
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This edit box specifies the default value for percent of trips in the long walk areas. This value is
utilized in t he mode choice model. The default value is 0.25.This value does not require any
changes during the normal model operation.

Catalog Key: MC_Calibration : mode choice calibration

This check box controls automatic calibration in mode choice for new target mod e shares. The box
should always be kept unchecked for model runs. This value does not require any changes during
the normal model operation.

Catalog Key: Percentage of CAV Share

This edit box control allows the user to set the CAV market penetration rate . The values can range
from O to 1.

Catalog Key: Select Link

This check box allows the user to run the select link analysis for the links mentioned in
Sel_Link_AB catalog key.

Catalog Key: Sel_Link_AB

This character edit box control allows users to input the node numbers that define the links that are
to have a select link analysis performed. The syntax must follow that asdefined in the Cube
documentation, for example L=665410-666990 orN=107,203208.

Catalog Key: Subarea Network

This character edit box has the path the subareanetwork. The model user can edit the path to point
to a specific location.

Catalog Key: FullModelRun

The edit check boxallows the use run full model run. The check box should be checked if the user
wants to run the model for all five iterations.

Catalog Key: FinallterationRun

The check box if selected, allows the use to run final iteration run. The model folder should
contain outputs from previous iterations to run the model successfully.

Catalog Key: Run Dashboard Summary
The edit check box if selected, creates the summary of the model run.
Catalog Key: Rpath

This character edit specifies the path to RScriptexe ontheus er 6s | ocal system.
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4.0Application Manager

4.1 MAIN SCREEN

The Application Manager provides a graphic layout of the operation of the model (see Figure
4.11). The model is run for five iterations: pp, i1, i2, i3, and i 4. The following sections describe each
of the modeling steps and explains the model operation process.

Figure4.11 Main Screen
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The initial Pilot program in the Application Manager opens the Cube clusters based on thevalue in
the maxprocs catalog key.

4.2 SET CPI

The set CPI application group creates highway and transit deflators based on the model year,
generates friction factors matrices for each purpose (homebased work, home based slopping,
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home based other, non-home-basedwork, non -home based other) and creates a station file with 1D
and its corresponding names.

Figure4.21 Set CPI
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The pilot step declares global variables that are used in this application group. The matrix routine
Step 2 creates the highway and transit deflation factors based on the model year. Step 3 create&-
factors, friction factors , and time penalties for trip purposes & home based work, home based
shopping, home based other, non-home based work, and non-home based other. Step 4 creates the
station names file from the stations input file.

4.3 BUILD NETWORK

The build network application group builds the highway network with the necessary attributes.
(seeFigure 4.31).
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Figure4.31 Build Network
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The matrix program from 1 to 4 creates TAZ file with X,Y coordinates, land use file with necessary
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Develop Speed Class and Area Type
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attributes, and crosswalk between TAZ and highway link ids. The network program s5 and 6
prepare the highway network with additional attributes such as area type, tolls, etc.

4.4 HIGHWAY SKIMS

In the highway skims application , the model creates skims for am and off-peak time period. In

Figure 4.41, the highway Step 2 creates the highway skim files for am time period for SOV (single

occupancy vehicle), HOV2 (high occupancy vehicle with two participants), HOV3+ (high
occupancy vehicle with 3+ participants), and trucks. Matrix Step 3 further adjusts the AM time
period skims (time, distance and toll values) for mode choice model. The highway Step4 creates
the highway skim files for MD time period for SOV (single occupancy vehicle), HOV2 (high
occupancy vehicle with two participants), HOV3+ (high occupancy vehicle with 3+ participants)
and trucks. Step 5 further adjusts the MD time period skims (time, distance and toll values) for

mode choice model. Step 6 extracts A node , B node, distance, functional class type of the link and

TAZ information of walk access links from the highway network. Some attributes of the network

are further modified based on the link ids. Step s 8 and 9 reskim the modified network from Step 7
to create the skim files. Step 10 combines the skim cores from previous steps into two skim files for

AM and MD time period s. Step 11 removes pump prime speeds on the network. The pilot
program creates a copy of the output files from highway skims application manager with the

iteration number (6ppd

generated in each specific iteration.

in this case) as suffix.

Cambridge Systematics, Inc.
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Figure4.41 Highway skims
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The outer transit skim application manager group generates transit skims for commuter rail,
Metrorail only, bus only , and combination of bus-Metrorail for each iteration of the feedback loop.
This outer group generates the necessary access and egredisk files that are used in the inner
transit skim application . Figure 4.5.1 and Figure 4.5.2 shows the schematic layout of the outer and
inner transit skims application manager, respectively.

In Figure 4.5.1, the matrix program Step 2 uses the station file to generates AM and offpeak time
period PNR to station transfer links for Metrorail , commuter rail, bus, light rail and BRT. The

programs from Step 3 to Step 13 are executed only for the initial (0pump pri meod)
They create walk access transit links. Steps 14 and 15 create transit access links for all transit
modes.
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Figure4.51 Transit Skims
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The inner transit skim application program uses multistep parallel processing to generate the
transit skims in parallel for each transit mode as shown in Figure 4.52. Step 1 to Step 25 generate
transit skims for two time period (peak and off -peak) by sub-modes: commuter rail, M etrorail
only, bus only, and combination of bus-Metrorail . These transit skims are further segmented by
three access modes: walk, park and rice (PNR) and kiss and ride (KNR). Step 26 to Step 29
generate transit accessibility summary for total jobs accessible froma given zone within 35 min, 40
min, 45 min and 50 min. These summaries are used in the vehicle ownership model.

Figure4.52 Transit Skims
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4.6 TRANSIT FARE

Application Manager group generates transit fares for each iteration of the feedback loop. (see
Figure 4.6.1)

Figure4.61 Transit Fare
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Sep 2 declares global variables that are used in the subsequent programs.Step3 mergesthe

M etrorail walk percent information into the zonal equivalency file. The resulting file is used to
calculate transit fares for each zone and zonal parking costs used in the mode choice model inStep
4. In Seps 5 and 6, the script develops Metrorail station -to-station distance skims. Step 8 calculates
Metrorail station to station fares for AM and off -peak periods. Step 10 calculates the total transit
fare between TAZs for AM and off -peak periods. Steps 13 to 16 consolidate the binary fare files
into afare file for each transit sub-mode which is further used in the mode choice model.

4.7 TRIP GENERATION

The trip generation application manager estimates productions and attractions for all zones. Figure
4.7.1 shows the schematic layout of the process.
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Figure4.71 TripGeneration
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In matrix Step 3, the program uses zone data, area types, transit accessibility filesand other
control totals to generate total number of households segmented by household income, household
size, and vehicle availability in the household. Matrix Step4 furthers generates a land use file
containing information such as total population, total employment by various industry types,
employment density, area type, etc. Matrix Step5 further segments the households with two
categoriesd Households without CAVs and Households with CAVSs. It uses a lookup file which
contains the percentage of households owning CAVs for each income group based on the CAVs
market penetration rate. Matrix Steps6 and 7 generate the zonal productions and attractions for
households with CAVs and witho ut CAVs, respectively. Please note that the productions and
attractions for external trips are only created for households without CAVs. Pilot program 8 and
matrix Step9 generates a crosswalk of jurisdiction and zones. Matrix Step 10 generates the
summary of productions and attractions for all household within the region. Matrix ~ Steps12 and
13 produce the trip generation summary for households with and without CAVs , respectively. The
trip generation summary includes land activity by jurisdiction, area type , motorized/non -
motorized/home -based trip production/attractions by purpose/area typeljurisdictions.  Step 11
uses the zonal land use file, area type file, truck and commercial trip model coefficients to generate
medium truck, heavy truck, and commercial vehicle zonal trips.

4.8 TRIP DISTRIBUTION

Trip distribution application manager has two components: trip distribution for external and trip

distribution for internal trips. The otrip distribution external 6 application manager distributes

external trip ends and produces external trip tabl
di stribution internal 6 c,distributds theameand fihalyeombimes with nal t r i
external trip tables for hou seholds with and without CAVs. Figure 4.8.1 shows the schematic

layout of trip distribution application manager.
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Figure4.81 Trip Distribution
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Figure 4.8.2 shows the schematic layout of the external trip distribution application manager. The
application manager distributes external auto person trips by purpose. Steps 2 and 3 uses zonal
production and attraction from trip generation to prepare trip ends that are suitable for applying
trip distribution for externa | productions and attractions only. Step 4 produces external truck trip
ends for commercial, medium and heavy trucks. Steps 5 to 8 generate zonal impedances thatare
used in both the distribution of extern al and internal trips. The AM peak travel impedances are
used for distributing home based work trips , and midday impedances are used for all remaining
purposes.

Figure4.82 Trip Distribution External
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In Figure 4.8.3, the trip distribution internal application manager distributes internal motorized
person trips by purpose. Steps 3 to 6 read the external trip tables created in the external trip
distribution application manager and summarize the trip end from those trip ta bles. The program
scripts also read the internal trip -ends from the trip generation process and subtract internal
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external trips from the total computed trip productions by purpose to calculate the final internal
trip productions. These final productions are further used to compute the internal trip attraction

scaling factor.

Figure4.83 Trip Distribution Internal

Set variables for final iteration run

[ Script File PILOT
1
Extract XI and IX trips

Script File
| 4 Matrix File 1

et ez ]
et Fies ]

et Fie s [uameix |
S e Fios N

» (ZITEI0

Qe Fie7 ]

e Fios ]

Convert to DBF

Serpt e Pl 18
A |
L Matrix File 1 NATX Record File 1 | 4

Script File -
Print File
g Debese 1| 4

Rec

Print File S
Matrix File 1

T 5 e
PriniData 2 1§

| J Database 4

Create scaled internal productions and attractions

— Print File b
————
qDetebese i JUATRIX |

PrintData 1 |
T ¢ o
PrintData2 | §

Set global variables for Internal trip distribution

servirio — Jpior |
2

| 3 Zonal Data 1

Script File PILOT
8

| 3 Zonal Data 1

Script File PILOT
10

Combined Internal trip distribution summary

Rscipiie Joior |
11

In Figure 4.84, Steps1 to 5 run final trip productions and attractions through distribution by home
based work (HBW), home based shopping (HBS), home-based other (HBO), non-home based

work/other (NHW/NHO), and Commercial/medium/heavy trucks. Steps 6 compute

s the total

person trips by combining internal and external trips. Step s 7 to 12 summarize the trip tables
generated in Step 6 for households who do not own PCAVSs. Figure 4.85 shows the schematic
layout of internal trip distribution of households with PCAVs. This application group distribute s
trips made by households who own PCAVs and summarizes the trip ends at the end.
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Figure4.84 Trip Distribution Internal: Household without PCAVs
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Figure4.85 Trip Distribution Internal: Household with PCAVs
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The mode choiceApplication Manager includes households with CAVs and household s without
CAVs as shown in Figure 4.9.1. For each type of households, the mode choice is carried out for
each trip purpose (HBW, HBS, HBO, NHW and NHO) in different application manager . Figure
4.9.2 shows the steps involved in each mode choice component for HBW trip purpose. Similar
steps are followed for other trip purpose sin their respective application manager s.

Figure4.91 Mode Choice
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In Figure 4.9.1, matrix Step5 aggregates trip tables by trip mode for each trip purpose (HBW, HBS,
HBO, NHW, NHO) for households with and without PCAVs into trip tables by trip mode for each
trip purpose. Step 6 further aggregates the trip tables for each trip purpose into single tr ip table by
mode. Step 7 to Step 13 summarize the trips by purpose in each jurisdiction.

Cambridge Systematics, Inc.
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Figure4.92 Mode ChoiceHHwoPCAVs
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In Figure 4.9.2, the application manager for HBW Mode Choice, HBS Mode Choice, HBO Mode
Choice, NHO Mode Choice and NHW Mode Choice creates the final person trip tables. Step 8
aggregates the trip tables foreach purpose to a single trip table. Steps 9 to Step 13 further

summarize the trips for each jurisdiction by trip purposes.
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Figure4.93 Mode ChoiceHBW
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In Figure 4.9.3, loop 1 shows calibration loop which has been set to run just for one iteration as the
trip mode choice is already calibrated to match the target shares. Step 2 creates a matrix file that
shows the HBW constant for each origin destination pair. Step 3 uses skims, HBW trips segmented
by income group, HBW constants, model coefficients, mode choice parameters and area type
definitions to apply mode choice model to the input trips to create trip tabl es by trip modes. Step 4
creates a regional total trip summary. Steps 5 to Step 8 are only executed if the catalog key
MC_Calibration is checked. Steps 5 to Step 8 summarize the trips by 21 jurisdictions and trip

model and readjust the HBW constants by comparing the target and current mode shares. Step 9
creates the final trip tables which aggregates the commuter rail trip s of KNR and PNR trip mode.
The same above steps are followed for other trip purposes.
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4.10AUTO DRIVERS

The auto driver application Manager converts trip tables from mode choice to vehicle trips (see
Figure 4.101).
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Figure4.101 Auto Drivers
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Auto Drivers

Step 1 dechres global variables. Step 2 aggregates the mode choice outputs of households
with/without CAVs to person trips for each trip purpose. Step s 3 to Step 7 are executed only for
iteration 6 p)ldgedemtestihe vehicla tripefor each trip purpose. Stes 8 to Step 11
are executed for iterations 1 to 4. They generate the vehicle trips for each trip purpose.

4.11TiME OFDAY

The time-of-day application manager converts the daily vehicles trips to time -of-day vehicles for
the four modeled time periods (seeFigure 4.111).
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Figure4.111 Time of Day
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Step 1 declares global variables for final iteration. Step 2declares global variables related to time-
of-day application manager. Step 3 converts the vehicle trips to time-of-day trips. Step 4 and 5
converts the truck trips to time -of-day trips. Step 6 to Step 10are executed for iterations one to
four. Steps 7 and 8 create zero passenger TNC trips. Step 9 converts miscellaneous trips like
external, visitor trips, airport trips, truck trips and zero passenger TNC trips to time of day
miscellaneous trips. Steps 11 to 13are executed for pump prime iteration. It agai n creates the
miscellaneous time of day vehicle trips for the pump prime iteration. Step 14 merges the vehicle
trips and miscellaneous vehicles trips into single vehicle trip files for each modeled time period.

4.12HIGHWAY ASSIGNMENT

The highway assignment application manager assigns the time-of-day trips to the network. The
assignment procedure is split into two parts: non HOV3+ (i.e ., SOV, HOV2, trucks and airport
passengers) and HOV 3+(seeFigure 4.121).
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Figure4.121 Highway Assignment
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Steps4 and 5 perform the highway assignment for AM time period. Step s 7 and 8 perform the
highway assignment for PM time period. Step s9 and 10 perform the highway assignment for MD
time period. Steps 11 and 12 perform the highway assignment for NT time perio d. The final
volumes on loaded network are added onto to the temporary network in  Step 13 to Step 18. In the
Step 19, all volumes for each time period are further added to a single loaded network. The
attributes of the loaded network include volumes by eac h time period and vehicle class. Steps 20 to
23 average the volumes on the links for iteration greater than one. Step 24 aggregates the suarea
matrices from highway assignment for each time period.

4.13HIGHWAY

SKIM

The highway skim a pplication manageris exactly same as the application manger 4.4 except that
the current application manager is run for iterations within the feedback loop (seeFigure 4.131).
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Figure4.131 Highway Skim
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4.14SELECT LINK RUN

The select link application manager runs the select analysis on the selected link defined by the user
in the catalog keys. The select link analysis is run only if the user has checked the select link

analysis checkbox. It is also performed at the end of the iteration 4. Figure 4.14.1 shows the
procedure of select link analysis.
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Figure4.141 Select Link Analysis
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Steps 2 to 4,Steps 5 to 7,Steps 8 to 9 andSteps 10 to 11 conduct the select link analysis by running
the highway assignment for AM, PM, MD and NT time periods. Step12 aggregates the volumes on

the select links to single network file.

4.15TRANSIT ASSIGNMEN T

The transit assignment application manager performs the transit assignment procedure on transit

trips. It is conducted only for the final iteration.

assignment procedure.

Figure 4.151 shows the flow chart of transit
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Figure4.151 Transit Assignment

Step 2 prepares the transit trip tables for each transit mode. Pilot 3 defines the input for transit
assignment for commuter rail. Transit build program of Step4 conducts the transit assignment for
commuter rail. Pilot 5 ends the loop for commuter rail transit assignment. Similarly, Steps6 to 8,
Steps 9 to 11 and Steps 12 to 14 conduct transit assignment forM etrorail, all bus, and bus-

M etrorail , respectively.

4.16 TRANSIT SUMMARY

The transit summary application manager (seeFigure 4.161) creates the batch files to summarize
the boardings at each station and also generate transit assignment volume DBF files into two
summary volume files: PK_VOL.dbf representing peak transit boardings and volumes and
OP_VOL.dbf representing off-peak transit boardings and volumes.
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