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1. INTRODUCTION

The output subsystem collects data from a running microsimulation, stores the data for future use,
and manages the subsequent retrieval of the data. It forms alayer separating the other subsystems
from the actual data files so that the other subsystems do not need to access the datafiles at the
physical level or deal with the physical location and organization of thefiles. Figure 1 showsthe
position of the simulation output subsystem within the TRANSIMS software architecture. This
subsystem depends only on the database subsystem (strongly) and the network subsystem (weskly)
and is not tied to the specific design used for the IOC-1 microsimulation; this opens the possibility
to reuse it in other TRANSIMS traffic smulations.

Application Analyst
Toolbox
System
Simplified Interim Low Fidelity Input Output
HCAD Planner Microsimulator Editor Visualizer
High-lev Isubsys;én\ A %\
Pos;)),ﬁltit"n G':ﬁg\rlgor Router MS;:lljr. 'I}:',:(;ﬁ)lloei Mic(r::;im. GIS Statistics Animation Plotting

Low-level subsystem \
Establishment Traveler Activity Plan Network Vehicle Simulation
Representation Representation Representation Representation Representation Representation Output

Database

Utility subsystem

Figure1: Location of the Smulation Output Subsystem in the TRANSIM S Software
Architecture

This subsystem also allows the user to specify what datais collected and retrieved, and to filter it
by space and time. Users can configure the subsystem to collect awide variety of trgectory, event,
and summary data from the simulation. Figure 2 shows an example of how data collection can be
configured. The data can be accessed in binary format via a direct connection to the subsystem or
in a delimited-text format for off-line postprocessing.
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Figure 2: Data Collection Filtered by Space and Time

The subsystem has been put to awide variety of usesin the first TRANSIMS case study.

Snapshot data was used for animating vehicle movement, making periodic snapshots of the traffic,
understanding the traffic behavior induced by CA (cellular automaton) microsimulation rules,
refining the driving logic, and deriving fundamental diagrams. Event data has helped to locate
problems with network data, driver logic, and plans; and to record the entry and exit times of
vehiclesin and out of the study area. Summary data provided a means to animate vehicle densities,
identify congestion and deadlocks, and replan trips using observed link travel times.

The collection occurs in a distributed manner such that the impact of the subsystem on the
microsmulation performance is minimized. Although the simulation output subsystem runs on
multiple computational nodes (CPNs) during data collection, it does not require communication
between the CPNs. Thisleaves the full communication bandwidth available for use by the
simulation proper. Theretrieval, on the other hand, provides a unified view of the distributed data
by coordinating the retrieval of data from remote file systems. Figure 3 illustrates the dua uses of
the subsystem.

CA
Microsimulation

data collection

Simulation
Output

Output
Visualizer

data retrieval

Figure 3: Dual Uses of the Smulation Output Subsystem
The body of this document outlines the design, implementation, and usage of the subsystem.
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2. DESIGN

2.1 Concepts

2.1.1 Types of Data Collection

The output subsystem currently can collect three types of data: snapshot (trajectory) data, event
data, and summary data. Any number of each of these may be collected smultaneoudy in a
simulation.

1) Snapshot data provides the most detailed information about how the state of the
microsimulation evolvesin time. The vehicle data for links consists of the location, velocity,
and status of each vehicle; this provides a complete trajectory for each vehicle in the
simulation. The vehicle data for intersections consists of the location of the vehicle within the
intersection buffer. The traffic control data ssimply reports the current phase and allowed
movements at the traffic control. Snapshot data may be collected for each time step; the data
is not summarized (i.e., totaled or averaged) in any way.

2) Event data suppliesinformation on exceptiona conditions of vehicle status. Examplesinclude
when a vehicle becomes lost (unable to follow its plan), when the plan for avehicleisinvaid,
and when the vehicle enters or exits the study area. Event datais collected only when an event
occurs.

3) Summary data reports aggregate data about the simulation. The link travel time data consists
of counts of vehicles exiting links and means and variances of the vehicle traversal times for
those links. Link density data provides counts and mean velocities of vehiclesin variably sized
boxes that partition links. Summary data is sampled and reported periodically throughout the
simulation.

2.1.2 Filtering

The simulation output subsystem has the capability to collect data on any subset of nodes and links
in the road network (Figure 2). It isalso possible to set the starting and ending times within which
data collection occurs (also Figure 2). A user can also specify the frequency of reporting for
snapshot and summary data and the sampling frequency (i.e., the frequency at which the datais
observed) for summary data. The space and time filtering can be different for each type of data.

2.2 Classes

The simulation output subsystem has classes containing domain knowledge and classes forming a
domain-independent data management layer (Figure 4). Figure 5, Figure 6, and Figure 7 show the
relationships between classes used for snapshot, event, and summary data collection, respectively.
Figure 8 shows the relationships between classes used for dataretrieval .
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Figure5: ClassDiagram for Classes Involved in Snapshot Data Collection (unified notation)
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Figure6: ClassDiagram for Classes Involved in Event Data Collection (unified notation)
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Figure7: ClassDiagram for Classes Involved in Summary Data Collection (unified notation)

TRANSIMS-1.0 — Smulation Output — March 1998 Page 9
LA-UR —98-848



TOutSpecificationReader
[ |

RWDBValue TOutTextWriter
I — |

n

TOutGeneralSpecificationReader

TOutWriter

E_

TOutRecord

TOutEventRetriever TOutRetriever |1 i‘ TOutGeneralSpecification
L7 g T |
[ ] [ ]

TOutStorage

N

TOutEvolutionRetriever

TOutSummaryRetriever

Figure 8: Class Diagram for Classes Involved in Data Retrieval (unified notation)

2.2.1 TOutDispatcher

An output dispatcher coordinates the construction of simulation output objects and supervises the
transfer of data. Each dispatcher has processors and observers; it aso remembers the factory it
uses to construct objects.

enum ECQbserver Type {kNodeEvol uti onCbserver,
kLi nkEvol uti onObserver, kVehicl eCbserver,
kl nt ersecti onCbser ver,
kSi gnal Coor di nat or Evol uti onObser ver,
kSi gnal i zedCont r ol Observer, kLi nkSpaceCbserver,
kLi nkTi meCbser ver}

Observer types.

TQut Di spat cher ( TQut Speci fi cati onReader & reader, TQut Factoryé&
factory)
Construct an output dispatcher.

bool operator==(const TCQut D spatcher& di spatcher) const
bool operator!=(const TCQut D spatcher& di spatcher) const

Return whether two output dispatchers are the same.

voi d RecordQut put (REAL tinme)
Begin output recording for this time step.
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Processor Map& Get Processors()

Return the processors.

const Observer Map& Cet Cbservers() const

Evol uti onProcessor Set & Get Evol uti onProcessors()

Return the evolution processors.

const Event Processor Set & Get Event Processors() const

Summar yPr ocessor Set & Get Summar yPr ocessor s()

Return the summary processors.

Define the node observers.

Define the link observers.

Define the vehicle observers.

observers)

voi d Set Si gnal Coor di nat or Qbserver s( TQut Cbserver:: Qoserver Map&

Define the signal coordinator observers.

observers)

voi d Set Li nkSpaceCbservers(TCQut Gbserver:: Cbserver Map& observers)

voi d Set Li nkTi meQbserver s(TQut Cbserver:: Qoserver VMap& observers)

voi d Cl ear Li nkSpaceCbservers(TCut Observer: : Cbserver Map&

Undefine the link space observers.
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voi d Cl earLi nkTi meCbserver s( TQut Cbserver:: Cbserver Map&
observers)

Undefine the link time observers.

2.2.2 TOutFactory

An output factory allocates and constructs new simulation output objects.

TQut Factory()
Construct afactory.

virtual TCQut Evol uti onProcessor*
NewEvol uti onProcessor (Qut Processorld id, const
TQut Gener al Speci ficati on& specification)

Return a new evolution processor from the specification.

virtual TOQut Event Processor* NewEvent Processor (Qut Processorld id,
const TCQut Gener al Specificati on& specification)

Return a new event processor from the specification.

virtual TOut SummaryProcessor* NewSunmaryProcessor (Qut Processorld

id, const TQut General Specification& specification)
Return a new summary processor from the specification.

rtual TaQutLi nkEvol uti onCbserver*
NewLi nkEvol uti onCbserver (Qut Cbserverld id)

Return anew link evolution observer.

\'

virtual TQut Vehicl eObserver* NewVMehi cl eObserver (Qut Cbserverld

i d)
Return a new vehicle observer.

rtual TOut NodeEvol uti onCbserver*
NewNodeEvol uti onCbserver (Qut Cbserverld id)

Return a new node evolution observer.

\'

rtual TQutlntersectionCbserver?*
Newl nt er secti onObserver (OQut Observerld id)

Return a new intersection observer.

\'

virtual TQut Si gnal Coordi nat or Evol uti onQbserver*
NewSi gnal Coor di nat or Evol uti onObser ver (Qut Cbserverld
i d)
Return a new signal coordinator evolution observer.

virtual TQut SignalizedControl Qoserver*
NewSi gnal i zedCont r ol Gbserver (Qut Coserverld id)

Return a new signalized control observer.
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virtual TQutLi nkSpaceQbserver*
NewLi nkSpaceQbser ver (CQut Cbserverld id)

Return a new link space observer.

virtual TQutLi nkTi meCbserver* NewlLi nkTi meCbser ver (Qut Cbserverld
id);
Return a new link time observer.

2.2.3 TOutGeneralSpecification

The genera specification defines the frequency and extent of data to be collected or retrieved in
both space and time. Each specification has a root, a name, a minimum time, a maximum time, a
time step, atime sample, a box length, a collection region, a set of node ids, and a set of link ids.

static const REAL kM nusinfinity
static const REAL kPluslinfinity

Time constants.

TQut Gener al Speci fi cati on( TQut Gener al Speci fi cati onReader & r eader)
Construct a general specification from areader.

const string& GetRoot () const
Return the root for the specification.

const string& Get Nanme() const
Return the name for the specification.

bool Col |l ect ForTi me(REAL tine) const
Return whether data should be collected for the specified time.

bool Sanmpl eFor Ti me( REAL tine) const
Return whether data should be sampled at the specified time.

bool IsAtStartTi me(REAL tine) const
Return whether the specified time is the start time.

REAL Get BoxLengt h() const
Return the box length.

bool Col | ect For Poi nt (const TGeoPoi nt & poi nt) const
Return whether data should be collected for the specified point in space.

bool Col | ect For Node( Net Nodel d id) const
Return whether data should be collected for the specified node.

bool Col | ect ForLi nk( NetLi nkld id) const
Return whether data should be collected for the specified link.
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2.2.4 TOutGeneralSpecificationReader

A genera specification reader reads specifications from the database. Each genera specification
reader has database table accessors for the specification and for node and link tables.

enum EProcessor Type {kEvol uti onProcessor, kEventProcessor,
kSummar yPr ocessor}

Processor types.

TQut Gener al Speci fi cati onReader ( TQut Speci fi cati onReader & r eader)
Construct a general specification reader.

voi d Reset ()
Reset the iteration over the table.

voi d Get Next Speci fication()
Get the next specification in the table.

bool MoreSpecifications() const
Return whether there are any more specifications in the table.

string GetRoot () const
Return the root of the specification.

string GetName() const
Return the name of the specification.

REAL Get M ni nunili ne() const
Return the minimum time of the specification.

REAL Get Maxi nunili ne() const
Return the maximum time of the specification.

REAL Get Ti meStep() const
Return the time step of the specification.

REAL Get Ti meSanpl e() const
Return the time sampling of the specification.

REAL Get BoxLengt h() const
Return the box length of the specification.

TGeoRect angl e Get Regi on() const
Return the geographic region of the specification.

Nodel dSet Get Nodes() const
Return the nodes in the specification.

Li nkl dSet Get Li nks() const
Return the links in the specification.
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Return the processor type in the specification. A TQut | nval i dPr ocessor
isthrown if the processor is not avalid type.

2. .5 TOutSpecificationReader

specification table, a node specification table, and alink specification table.
TQut Speci fi cati onReader (TDbTabl e general Tabl e, TDbTabl e
Construct areader for the specified tables.

TDbTabl e& Get Gener al Tabl e()

TDbTabl e& Get NodeTabl e()
Return the node specification table.

Return the link specification table.

2. .6 TOutProcessor

representation that is filtered and summarized before storage. A processor has an id and a general
output specification; the class keeps track of the next available processor id.

kSummar yPr ocessor}
Processor types.

speci fication)
Construct a processor.

Return the processor type.

virtual void RecordQutput (REAL time)

Qut Processorld Getld()
const Qut Processorld Getld() const

static QutProcessorld GetNextld()
Return the next unused processor id.
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TQut Gener al Speci fi cati on& CGet Gener al Specification ()
const TCQut General Speci ficati on& Get Gener al Specification() const

Return the general specification.

2.2.7 TOutEvolutionProcessor

An output evolution processor deals with evolving data such as that needed for animation, space-
time plots, etc. An evolution processor has a node observer, alink observer, a vehicle observer, an
intersection observer, asignal coordinator observer, and a signalized control observer. Itis
connected to corresponding storage objects.

TQut Evol uti onProcessor (Qut Processorld, const
TQut Gener al Speci ficati on& specification)

Construct an evolution processor.

EPr ocessor Type Get Processor Type() const
Return the processor type.

TQut Evol uti onSpeci ficati on& Get Evol uti onSpeci fication()
const TCQut Evol uti onSpecificati on& Get Evol uti onSpecification()
const

Return the evolution specification.

virtual void RecordQutput (REAL timne)

Begin recording output for this time step.

virtual void RecordNode()

Finish recording output for a node.

virtual void RecordLink()

Finish recording output for alink.

virtual void RecordVehicle()

Finish recording output for a vehicle.

virtual void Recordlntersection()

Finish recording output for an intersection.

virtual void RecordSi gnal Coordi nator ()

Finish recording output for a signal coordinator.

virtual void RecordSignalizedControl ()
Finish recording output for a signalized control.

TQut Cbserver & Get NodeObser ver ()
const TOQut Cbserver & Get NodeCbhserver () const

Return the node observer.

voi d Set NodeQbserver ( TOut Qbserver & observer)
Define the node observer.
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const TOQut Cbserver & Get Li nkCbserver () const
Return the link observer.
Define the link observer.

TQut Gbserver & Get Vehi cl eCbserver ()
Return the vehicle observer.

voi d Set Vehi cl eCbserver (TQut Cbserver & observer)

TQut Cbserver & Getlntersecti onCbserver ()
const TQut Cbserver& Getlntersecti onObserver() const

void SetlntersectionObserver(TCut Observer & observer)
Define the intersection observer.

const TCQut Observer & Cet Si gnal Coor di nat or Gbserver () const
Return the signal coordinator observer.
Define the signal coordinator observer.

TQut Qbserver & Get Si gnal i zedCont rol Qoserver ()
Return the signalized control observer.

voi d Set Si gnal i zedControl Qobserver ( TOut Qbserver & observer)

2.2 TOutEventProcessor
An output event processor deals with conditions occurring in the simulation such as vehicle entry,
and is connected to a vehicle storage.

TQut Event Processor (Qut Processorld id, const

vehi cl eMask)
Construct an event processor.

Return the processor type.
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LA-UR —98-848



virtual void RecordQutput (REAL time)
Begin recording output for this time step.

virtual void RecordVehicle()
Finish recording output for a vehicle.

TQut Gbserver & Get Vehi cl eCbserver ()
const TOQut Qbserver & Get Vehi cl eCbserver () const

Return the vehicle observer.

voi d Set Vehi cl eCbserver (TQut Cbserver & observer)
Define the vehicle observer.

U NT Get Vehi cl eMask() const
Return the vehicle status mask.

2.2.9 TOutSummaryProcessor

An output summary processor collects statistics on the simulation. A summary processor has
space and time observers and is connected to corresponding storages.

TQut Summar yPr ocessor (Qut Processorld id, const
TQut Gener al Speci ficati on& specification)

Construct a summary processor.

EPr ocessor Type Get Processor Type() const
Return the processor type.

virtual void RecordQutput (REAL time)
Begin recording output for this time step.

virtual void RecordSpace(const TCut Observer & observer)
Finish recording output for link space data.

virtual void RecordTi me(const TOQut Cbserver & observer)
Finish recording output for link time data.

Qoserver Set & Get SpaceObservers()
const Observer Set & Get SpaceCbservers() const

Return the space observers.

Qobserver Set & Get Ti meCbservers()
const Observer Set & Get Ti meCbservers() const

Return the time observers.

voi d AddSpaceCbserver ( TQut Cbserver & observer)
Define a space observer.

voi d AddTi neCbserver ( TOut Cbserver & observer)
Define atime observer.
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voi d RenpveSpaceObserver ( TQut Observer & observer)

voi d RenoveTi neCbserver ( TQut Gbserver & observer)
Undefine atime observer.

2.10

An observer converts data from the object to which it is attached into the generic form understood
by the output subsystem. An observer has an id and an output record. The class keeps track of the

TQut Gbser ver (Qut Cbserverl d)
Construct an observer.

processor)
An observer has an observe function for noting the values of data members of interest in
the view.
Qut Cbserverld Cetld()
Return the observer’'sid.
TQut Recor d& Get Record()
Return the associated record.
static QutCbserverld GetNextld()

void SetTi me(REAL tine)
Define the record’ stime.

2.11

A vehicle observer observes data related to vehicles.

TQut Vehi cl eObserver (Qut Gbserverld id)

void Setld(U NT vehicle)
Define the vehicle' sid.

Define the id of the link the vehicleis on.
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voi d Set Lane( Net LaneNunber | ane)
Define the lane number the vehicleis on.

voi d Set Di st ance( REAL di st ance)
Define the vehicl€ s distance from the node.

voi d Set Node( Net Nodel d node)
Define theid of the node from which the distance is measured.

voi d Set Vel oci ty(REAL vel ocity)
Define the vehicle' s velocity.

voi d Set St at us(BYTE st at us)
Define the vehicle' s status.

2.2.12 TOutNodeEvolutionObserver

A node evolution observer observes evolving data related to nodes.

TQut NodeEvol uti onCbserver (Qut Observerld id)
Congtruct a node evolution observer.

2.2.13 TOutLinkEvolutionObserver

A link evolution observer observes evolving data related to links.

TQut Li nkEvol uti onCbserver (Qut Cbserverld id)
Construct alink evolution observer.

2.2.14 TOutSignalCoordinatorEvolutionObserver

A signa coordinator evolution observer observes evolving data related to signal coordinators.

TQut Si gnal Coor di nat or Evol uti onQobserver (CQut Cbserverld id)
Construct asignal coordinator evolution observer.

2.2.15 TOutSignalizedControlObserver

A signalized control observer observes data related to signals.

TQut Si gnal i zedCont r ol Qbserver (Qut Cbserverld id)
Construct asignalized control observer.

voi d Set Li nk( NetLi nkld Iink)
Define theid of the link entering the intersection.

voi d Set Lane( Net LaneNunber | ane)
Define the lane number of the lane entering the intersection.
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voi d Set Node( Net Nodel d node)

voi d Set Signal (TNet TrafficControl::ETrafficControl

Define the current signal state.

2.16

An intersection observer observes data related to intersections.

TQut I nt er secti onObserver (Qut Gbserverld id)

void Setld(U NT vehicle)
Define the vehicle' sid.

Define the id of the link from which the vehicle entered.

voi d Set Lane( Net LaneNunber | ane)

voi d Set Node( Net Nodel d node)

Define the id of the node with which the intersection is associated.

Define the index of the vehicle s position in the queue.

2. .17 TOutLinkSpaceObserver

box length, and box data

TQut Li nkSpaceCbser ver (Qut Observerld id)

bool Islnitialized() const
Return whether the observer has been initialized.

Clear the accumulated spatial summary data for the observer.

voi d Set Li nk(Net Li nkld id)

voi d Set Node( Net Nodel d i d)
Set the departure node id.
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voi d SetlLengths(REAL |inkLength, REAL boxLength, REAL
cel | Lengt h)

Set the link, box, and cell lengths.

voi d AddVehi cl e( REAL di st ance, REAL vel ocity)
Add avehicle to the summary.

voi d Report Cbservati ons(TQut Processor & processor)
Report the observations to the specified processor.

2.2.18 TOutLinkTimeObserver

A link time observer records vehicle travel times on alink. Each link time observer has a vehicle
count, atotal of travel times, and atotal of squared travel times.

TQut Li nkTi meCbserver (Qut Observerld id)
Construct alink time observer.

voi d AddVehi cl e( REAL ti me)
Add avehicle to the summary.

voi d Cl ear Dat a()
Clear the data for the observer.

voi d Set Li nk(Net Li nkld id)
Set the link id.

voi d Set Node( Net Nodel d i d)
Set the departure node id.

voi d Report Cbservati ons(TQut Processor & processor)
Report the observations to the specified processor.

2.2.19 TOutRetriever

An output retriever acts as an interface to coordinate the retrieval of data stored in a simulation.
Each retriever has a genera specification and may refer to a network.

virtual void Retrieve()
Perform the retrieval.

TQut Retri ever (const TQut GCeneral Speci fication& specification,
const TNet Net wor k* network = NULL)

Construct aretriever based on the given specification and network.

TQut Gener al Speci ficati on& Get Gener al Speci fi cation()
const TCQut Gener al Speci ficati on& Get Gener al Specification() const

Return the general specification.
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Return the network, if any.
voi d BasicRetrieve(TQut Storage& storage, TQutWiter& witer,

Retrieve data from the specified storage and put it in the specified writer, sorting it if
indicated, and performing time and space filtering if indicated.

2.20

An evolution retriever gets specific trgjectory data from storage and coordinates its conversion and
filtering. Theretriever is connected to a vehicle storage, an intersection storage, and a signa

TQut Evol uti onRetri ever(const TQut St or age: : Host Set & hosts, const
TQut Gener al Speci ficati on& specification, const
Construct areader for the specified hosts, given specification, and network.

void Retrieve(TQutWiter& vehicleWiter, TQutWiter&

sort = TRUE)
Perform the retrieva on the specified writers.

2.21

An event retriever gets specific event data from storage and coordinates its conversion and filtering.
The retriever is connected to a vehicle storage.

TQut Gener al Speci ficati on& specification, const
TNet Net wor k* networ k = NULL)

void Retrieve(TQutWiter& vehicleWiter, bool sort = TRUE)
Perform the retrieva on the specified writers.

2.22

An event retriever gets specific summary data from storage and coordinates its conversion and
filtering. Theretriever is connected to a space storage and a time storage.

TQut Gener al Speci ficati on& specification, const
TNet Net wor k* networ k = NULL)

void Retrieve(TQutWiter& spaceWiter, TQutWiter& timeWiter,
bool sort = TRUE)
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2.2.23 TOutWriter

An output writer provides an interface for the external writing of data from simulation output. The
exception TOut Wi t er Fai | ur e isthrown if an operation fails.

TQut Witer()
Construct awriter.

virtual void Wite(const TOut Record& record)
virtual void Wite(const TOQut Record& record, const
Fi el dCol | ection& fiel ds)

Write the specified record.

2.2.24 TOutTextWriter

A text writer puts simulation output data into a formatted text file. The exception
TOut Wi t er Fai | ur e isthrown if an operation fails. Each text writer is connected to afile
and has adelimiter. A text writer may have to include header information in its outpuit.

TOQut Text Witer(const string& file, const string& delimter =
“\t", bool includeHeader = FALSE)

Open the specified file for writing, including the record header.

void Wite(const TOQut Record& record)
void Wite(const TOQut Record& record, const FieldCollection&
fields)

Write the specified record with fields in the given order.

2.2.25 TOutStorage

An output storage manages the distributed file system and isolates the rest of the simulation output
objects from the details of the physical storage. Member functions throw the exception

TQut St or ageFai | ur e when errors occur. The class hasalocal host name. Each instance
has afile suffix, aroot location, a basic name, and afile on each host.

static const | ong kBegin
static const | ong kEnd

Constants for seek positions.

enum Mode {kRead, kWite, kDelete}
Storage modes: Use read mode for opening existing files, write mode for creating a new
file, and delete mode for deleting existing files.

TQut St or age(const string& root, const string& nanme, Mde node =
kRead)

TQut St or age(const Host Set & hosts, const string& root, const
string& nane, Myde node = kRead)

Connect the storage with the given root and basic name to the specified hosts.
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const string& GetRoot () const

Return the root name.

Return the basic name.

Host Set CGet Hosts() const

Host Handl e Get Host Handl e(const string& host) const

| ong
| ong

bool
bool

voi d

voi d

voi d
voi d

bool
bool

voi d
voi d

bool
bool

Return the host handle.

Get O f set (Host Handl e host) const
Get O fset(const string& host) const

At End() const

At End( Host Handl e host) const

Return whether an end-of-file has occurred for the specified host file.
Seek(l ong position = kBegin)

Seek(const string& host, |ong position = kBegin)

Position the specified host file to the given location.

Wit e(Host Handl e host, const TOut Record& record)
Wite(const string& host, const TOut Record& record)

Read( TQut Recor d& record)
Read(const string& host, TOut Record& record)

Read the given record on the specified host. Return whether a record was available for

reading.

Wit eHeader (const string& host, const TQut Record& record)
Wit eHeader (Host Handl e host, const TOut Record& record)

ReadHeader ( TOQut Recor d& record)
ReadHeader (const string& host, TOut Recordé& record)

Read the given record header on the specified host. Return whether arecord was available
for reading.

Flush any pending operations.
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2.2.26 TOutRecord

This classis used for storing the values of a collection of fields. Each record has afield map
holding the current values of the fields.

enum Type {kNoType, kChar, kUnsignedChar, kShort,
kUnsi gnedShort, kilnt, kUnsignedlnt, kLong,
kUnsi gnedLong, kFl oat, kDouble, kString}

Field types.

TQut Recor d()
Construct arecord.

TQut Recor d(const TOut Recor d& record)
Make a copy of the given record.

TQut Recor d& oper at or=(const TOut Record& record)
Make the record a copy of the given record.

voi d SetField(const string&
voi d SetField(const string&
voi d SetField(const string&
void SetField(const string& field, unsigned short val ue)
void SetField(const string& field, int value)

field, char val ue)
f
f
f
f
void SetField(const string& field, unsigned int val ue)
f
f
f
f
f
f

i el d, unsigned char val ue)
ield, short value)

void SetField(const string& field, |ong val ue)

void SetField(const string& field, unsigned | ong val ue)
void SetField(const string& field, float val ue)

void SetField(const string& field, double val ue)

void SetField(const string& field, const string& val ue)
voi d SetField(const string& field)

Set the value of the specified field.

voi d GetField(const string&
voi d GetField(const string&
voi d GetField(const string&
void GetField(const string& field, unsigned shorté& val ue) const
void GetField(const string& field, int& value) const

field, char& value) const

f
f
f
f

void GetField(const string& field, unsigned int& val ue) const

f
f
f
f
f

el d, unsigned char & val ue) const
ield, short& val ue) const

void GetField(const string& field, |ong& val ue) const

void GetField(const string& field, unsigned | ong& val ue) const
void GetField(const string& field, float& val ue) const

void GetField(const string& field, double& val ue) const

void GetField(const string& field, string& val ue) const

Get the value of the specified field.

Type Cet Type(const string& field) const
Return the type of the specified field.

Fi el dvap& Get Map()
const Fi el dvap& Get Map() const

Return the map for the record.
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Fi el dvaplterator Getlterator() const

1.0 — Smulation Output — March 1998
LA-UR —98-848

Page



2. .27 TOutException

has amessage. Figure shows the hierarchy of exception classes.

TOutException

TOutStorageFailure TOutWriterFailure TOutinvalidProcessor

Figure 9: Exception Hierarchy (unified notation)

TQut Exception(const string& nessage = "Sinul ation out put
error.")

Construct an exception with the specified message text.

TQut Excepti on(const TQut Excepti on& excepti on)
Construct a copy of the specified exception.

TQut Excepti on& oper at or=(const TOQut Excepti on& excepti on)
Make the exception a copy of the specified exception.

const string& Cet Message() const
Return the message text for the exception.

cl ass TCQut St or ageFai |l ure
This exception is thrown when a storage operation fails.

class TQutWiterFailure
This exception is thrown when awriter operation fails.

cl ass TQutl nval i dProcessor
This exception is thrown when the processor typeisinvalid.
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3. IMPLEMENTATION

3.1 C++ Libraries

The Booch Components [RW 94] provide C++ container classes that the simulation output
subsystem uses extensively. The DBtools.h++ [SL 95; Su 95] and Tools.h++ [Ke 94] libraries
provide platform-independent data type and file system support, respectively. The subsystem also
uses the standard C++ library [Pl 95], the standard C library [Pl 92], and the POSIX library [Ga

95]. All of these libraries compile on awide variety of platforms (UNIX and otherwise).

3.2 File System

Although the simulation output subsystem runs on multiple computational nodes (CPNs), it stores
output data locally (Figure 10) and thus does not require any communication between the CPNSs.
A unified view of the datais provided during data retrieval by accessing and collating the data on

multiple remote disks (Figure 11).
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Figure 10: Configuration for Smultaneous Data Collection on Multiple CPNs
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Figure11: Configuration for Data Retrieval from Multiple Disks

The local-storage/remote-retrieval paradigm requires coordination between the microsimulation
software and the postprocessing software. The simplest way to accomplish thisisto have each
CPN store data locally into a directory named local on each CPN. Thiswill, of course, be a
different physical disk for each CPN. Each of these local directoriesis given a different NFS name
(typically the name of the CPN) so that it can be accessed remotely. Figure 12 illustrates this
scheme. Several other workable arrangements are possible, however.

= | /transims/data/local

%
(N 2,
725,

V¢
/ OQ[%

remote (NFS-
mounted) names

local names

remote workstation
used for retrieval

Figure12: Typical Naming and NFS-Mounting Scheme for Smulation Output Directories
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3.3 Integration into the Microsimulation

The simulation output subsystem must be integrated into the microsimulation by subclassing the
appropriate processor (TQut ..Pr ocessor ) and observer (TQut ..Obser ver ) classes and by
providing a subclass of TQut Fact or y for creating instances of these subclasses. This
mechanism allows aflexible, yet tight, coupling between the two subsystems without requiring the
simulation output subsystem to be tailored to the specifics of the microsmulation. Figure 13
illustrates an example of how this subclassing can be implemented.

TCAOutFactory [T [ TCAEvolution Processor | [ TCALinkEvolutionObserver | TTransimsEdge
——

[ | [ 1 [ 1

[ | [ ] [ ]

|
1 n

|

1
TOutFactory T TOuDispatcher | ST o B TOutLink EvolutionObserver

TOutProcessor | 1

TOutObserver

Figure 13: Subclassing Smulation Output Classesin a Smulation (unified notation)
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4. USAGE

4.1 Specification Formats

This section describes the files that a user must currently prepare in order to use the smulation
output subsystem in conjunction with the CA microsimulation.

The general specification output tables describe the general characteristics of the output that isto

be collected during a microsimulation run. These specifications are stored in the Oracle database
management system prior to running the microsmulation, retrieved by the microsimulation during
execution, and used to guide the simulation output subsystem’s collection and storage of data.

Tables may be created in Oracle by using the database functions of the Input Editor. Tables may
also be created by using the database subsystem import utility, for which the usage is:

I mport file

wheref i | e contains information and commands for the construction of one or more data tables.
Import prints a brief help message if invoked without afile. When constructing new tables, it is
recommended that, when possible, an existing table description file that is similar to the desired
new table description be copied and edited. This reduces the chances for errors in the SQL
statementsin thefile.

Three tables are currently used to provide the genera specification for the simulation output
subsystem. Preparation of the files for each of these tables is described below.

4.1.1 Output Specification

The output specification table provides information about the time frame for collecting data and
where the data should be stored. Table 1 defines the format for thistable. The combination of
ROOT and NAME must be unique among multiple simultaneous users of the subsystem, or else the
output fileswill be overwritten. For example, evolutionary output might be collected on each CPN
for vehicle, intersection, and signal data. The files created would be:

ROOT + “/local” + NAME + “.veh” + “.stg” for vehicle data
ROOT + “/local” + NAME + “.int” + “.stg” for intersection data
ROOT + “/local” + NAME + “.sig” + “.stg” for signal data

Typically, thedirectory ROOT + “/ | ocal ” + NAME oneach hostisjust an NFSlink to the
physical directory ROOT + host nane + NANME; thisallows both local and global views of the
output directories (see Figure 12). Note that the output files must be deleted manually when they
are no longer needed.
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Table1: Format for the Output Specification Data Table (an “ Output Specification” data
sour ce in the database subsystem)

Field Interpretation

ROOT The directory where the output should be written
NAME The output file name
PROCESSOR The type of processor:

“Evolution”: an evolution processor

“Event”: an event processor

“Summary”: a summary processor
TIMEMIN The first time (in seconds from simulation start) at which to collect data
TIMEMAX The last time (in seconds from simulation start) at which to collect data.
TIMESTP The frequency (in seconds) at which to report data (i.e., write it to disk)
TIMESMP The frequency (in seconds) at which to accumulate sample data
BOXLEN The length of the boxes used for summary data
ABSCISSAMN | The minimum abscissa for which to collect data (currently ignored)
ABSCISSAMX | The maximum abscissa for which to collect data (currently ignored)
ORDINATEMN | The minimum ordinate for which to collect data (currently ignored)
ORDINATEMX | The maximum ordinate for which to collect data (currently ignored)

An example output specification file is reproduced here:

Benchmark 1 (1 sg. m.) Qutput Spec. Il 1
This is a sanple output specification table. 2
OUTSPECBENCHL111 | 3
Qut put Speci fication 4
CREATE TABLE OUTSPECBENCH11I I ( 5
PROCESSOR VARCHAR( 25) , 6
ROOT VARCHAR(50), 7
NAME VARCHAR(50), 8
TI MEM N NUMBER( 10) , 9
TI MEMAX NUMBER( 10) , 10
TI MESTP NUMBER( 10) , 11
TI MESMP NUMBER( 10) , 12
BOXLEN NUMBER( 10), 13
ABSCl SSAM N FLOAT, 14
ABSCl SSAMVAX FLOAT, 15
ORDI NATEM N FLOQAT, 16
ORDI NATEMAX FLOAT, 17
PRI MARY KEY ( NAME) 18
); 19
PROCESSOR, ROOT, NAME, TIMEM N, TIMEMAX, TIMESTP, Tl MESMP, BOXLEN,
ABSCl SSAM N, ABSCI SSAMAX, ORDI NATEM N, ORDI NATEMAX 20
"Evolution', '/transinms/output4', 'bnl_evolution_1', 0, 36000,
300, O, 0, O, 3000, O, 3000 21
"Summary', '/transinms/outputd4', 'bnl summary_1', 0, 36000, 180,
10, 150, 0, 3000, 0O, 3000 22
"Summary', '/transinms/outputd4', 'bnl summary_2', 0, 36000, 300,
60, 50, 0, 3000, 0, 3000 23
"Event', '/transins/output4', 'bnl _event_1', 0, 36000, 1, 1, 1, O,
3000, 0, 3000 24
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Thefirgt line of the fileis the unique table name, with no more than 50 characters. The second line
is acomment describing the table. Line 3isaunique SQL table name. Line 4 isthe data source
name. Line 5 beginsthe SQL command for creating the table with the name specified in line 3.
This command continues for fourteen additional lines and is terminated with a closing parenthesis
and asemicolon. Line 20 names the columns whose values are specified in the same order and
delimited by commas on lines 21 through 24. One type of evolution data, two types of summary
data, and one type of event data are specified for collection in this example.

4.1.2 Output Node Specification

The output node specification table is used to specify the nodes at which data should be collected.
Table 2 defines the format for thistable. Until geographic filtering is supported thisis the only
way to indicate the nodes for which data collection occurs.

Table2: Format for the Output Node Specification Data Table (an “ Output Node
Specification” data source in the database subsystem)

Field Interpretation

NAME | The output file name
NODE | Thenodeid

An example output node specification file is reproduced here:

Benchmark 1 (1 sq. m.) Qutput Node Spec. 11 1
This is a sanple output node specification table. 2
OUTNODEBENCH1.11 | 3
Qut put Node Specification 4
CREATE TABLE OUTNODEBENCH11I | ( 5
NAMVE VARCHAR(50), 6
NODE NUMBER( 10) , 7
PRI MARY KEY ( NAME, NODE) 8
); 9
,  NODE 10
"bnl evolution_1', 40006 11
"bnl evolution_1',1793 12
"bnl evolution_1', 1808 13
"bnl evolution_1', 2413 14
"bnl evolution_1', 2423 15
"bnl_sunmary_2', 2423 16
"bnl_sunmary_2', 2424 17

Thefirgt line of the fileis the unique table name, with no more than 50 characters. The second line
is acomment describing the table. Line 3 isaunique SQL table name. Line 4 isthe data source
name. Line 5 beginsthe SQL command for creating the table with the name specified in line 3.
This command continues for four additional lines. Line 10 names the columns whose values are
specified on lines 11 and following. The NAME column refers to the output filename and must
correspond to the filename given in the Output Specification. Evolution datais collected on five
nodes and summary data on two nodes.
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4.1.3 Output Link Specification

The output link specification table is used to specify the links at which data should be collected.
Table 3 defines the format for thistable. Until geographic filtering is supported thisis the only
way to indicate the links for which data collection occurs.

Table 3: Format for the Output Link Specification Data Table (an “ Output Link
Specification” data source in the database subsystem)

Field I nterpretation

NAME | The output file name
LINK Thelink id

An example output link specification file is reproduced here:

Benchmark 1 (1 sq. m.) Qutput Link Spec. Il 1
This is a sanple output |ink specification table. 2
QUTLI NKBENCH111 | 3
Qut put Link Specification 4
CREATE TABLE QOUTLI NKBENCHL1I I ( 5

NAME VARCHAR(50), 6

LI NK NUMBER( 10) , 7

PRI MARY KEY ( NAME, LI NK) 8
); 9
NAME, LI NK 10
"bnl_sunmmary_1', 11150000 11
"bnl_summary_1',11140001 12
"bnl_sunmary_1', 8830507 13

Thefirgt line of the fileis the unique table name, with no more than 50 characters. The second line
is acomment describing the table. Line 3isaunique SQL table name. Line 4 isthe data source
name. Line 5 beginsthe SQL command for creating the table with the name specified in line 3.
This command continues for four additional lines. Line 10 names the variables whose values are
specified on lines 11 and following. Summary datais collected on three links.

4.2 Data Retrieval

The binary output stored in a distributed manner by the microsmulation is generally postprocessed
to collect it into asingle location. The DumpStorage utility may be used to postprocess the output
into atext format for display or analysis. The usageis:

DunpSt or age out name root nanme hosts ...

where out nane isthe destination file name, r oot isthe root directory for the host
subdirectories, nane isthe name of the storage file, and host s ...are the host subdirectory
names. For example,

DunpSt orage bnl_sunmary_1.txt /transinms/output4 bnl_sunmary_1.tim
bach faure sousa

collates the data from the files
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/transi s/ out put 4/ bach/ bnl_sunmary_1.timstg
/transims/out put4/faure/bnl summary_1.timstg
/transi s/ out put 4/ sousa/ bnl_summary_1.timstg

into the file
./bnl_sunmmary_1.txt

in atab-delimited ASCII text format.

4.3 Output Formats

4.3.1 Snapshot Data

Vehicle snapshot data files have the storage file suffix . veh. st g. Table4 liststhe fields
present in such files; each record in the file represents a single vehicle. The data reporting start
time, finish time, and reporting frequency are given by the output specification. The output
specification also determines on which links the data is collected.

Table4: Data Format for Vehicle Snapshot Storage (. veh. st g) files

Field I nterpretation

VEHICLE The vehicleid

NODE The node from which the vehicle was traveling away

LINK The link on which the vehicle was traveling

LANE The lane on which the vehicle was traveling

TIME The time the data was taken (in seconds from simulation start)

DISTANCE | The distance (in meters) the vehicle was away from the node setback
VELOCITY | The velocity (in meters per second) the vehicle was traveling
STATUS The vehicle status bits:

1: The vehicleislost.

2: Thevehicleisat adead end.

4: The vehicle has just entered the study area.

8: The vehicle has just exited the study area.

16: The vehicleisin the study area.

32: The vehicle has an invalid plan.

Intersection evolution data files have the storage file suffix . i nt . st g. Table5 liststhe fields
present in such files; each record in the file represents asingle vehicle. The data reporting start
time, finish time, and reporting frequency are given by the output specification. The output
specification also determines on which nodes the data is collected.
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Table5: Data Format for Intersection Evolution Storage (. i nt . st g) files

Field I nter pretation
VEHICLE | Thevehicleid
NODE The node where the vehicle is located
TIME The time the data was taken (in seconds from simulation start)
LINK The link from which the vehicle entered
LANE The lane from which the vehicle entered
QINDEX The vehicle position in the queue

Signal evolution data files have the storage files suffix . si g. st g. Table 6 lists the fields present
in such files; each record in the file represents an incoming lane at an intersection. The data
reporting start time, finish time, and reporting frequency are given by the output specification. The
output specification aso determines on which nodes the datais collected.

Table6: Data Format for Signal Evolution Storage (. si g. st g) files

Field I nter pretation

NODE The node where the signal is located
TIME The time the data was taken (in seconds from simulation start)
LINK The link entering the signa

LANE The lane entering the signal
SIGNAL | Thetype of control present:

0: None.

1: Stop.

2: Yied.

3: Wait.

4: Caution.

5: Permitted.

6: Protected.

4.3.2 Event Data

Vehicle event data files have the storage file suffix . veh. st g. Table 7 liststhe fields present in
such files; each record in the file represents a single vehicle event. The data reporting start time,
finish time, and reporting frequency are given by the output specification. This datais collected
for al links—i.e., the output link specification isignored.
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Table 7. Dataformat for vehicle event storage (. veh. st g) files

Field Interpretation

VEHICLE The vehicleid

NODE The node from which the vehicle was traveling away

LINK The link on which the vehicle was traveling

LANE The lane on which the vehicle was traveling

TIME The time the data was taken (in seconds from simulation start)
DISTANCE | Thedistance (in meters) the vehicle was away from the node setback
VELOCITY | Thevelocity (in meters per second) the vehicle was traveling
STATUS The vehicle status bits:

1: Thevehicleislost.

2: Thevehicleis at adead end.

4: The vehicle has just entered the study area.
8: The vehicle has just exited the study area.
16: The vehicleisin the study area.

32: The vehicle has an invalid plan.

4.3.3 Summary Data

Link space summary data files have the storage file suffix . spa. st g. Table 8 liststhefields
present in such files; each record in the file represents the summary for asingle box on alink. If
thereis a short box, it is at the beginning of the link. The beginning distance of the box, whichis
not written in thefile, is the ending distance of the box minus the box size. The data reporting start
time, finish time, the sampling frequency, the data reporting frequency, and the box size are given
by the output specification. The output specification aso determines on which links the datais
collected. Note that no datais reported at the reporting start time.  Also, there may be two entries
for links that are split by a CPN boundary. When this happens, it is necessary to add the
respective COUNT and SUMentries for the duplicate box records.

Table 8: Data Format for Link Space Summary Storage (. spa. st g) files

Field Interpretation

LINK The link being reported

NODE The node from which vehicles were traveling

DISTANCE | The ending distance of the box (in meters) from the node setback
TIME The time the data was taken (in seconds from simulation start)
COUNT The number of vehiclesin the box

SUM The sum of the vehicle velocities (in meters per second) in the box

Link time summary data files have the storage file suffix . ti m st g. Table 9 liststhe fields
present in such files. Each record in the file represents the summary for asingle direction of alink.
The data reporting start time, finish time, and reporting frequency are given by the output
specification. The output specification also determines on which links the datais collected. Note
that no data is reported at the reporting start time. Also, there may be two entries for links that are
split by a CPN boundary. When this happens, it is necessary to add the respective COUNT, SUM
and SUMSQUARES entries for the duplicate link records.
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Table9: DataFormat for Link Time Summary Storage (. ti m st g) files

Field Interpretation

LINK The link being reported

NODE The node from which vehicles were traveling

TIME The time the data was taken (in seconds from simulation start)

COUNT The number of vehicles leaving the link

SUM The sum of the vehicle travel times (in seconds) for vehicles leaving the link.

The time spent in the previous intersection is included in this value
SUMSQUARES | The sum of the squared vehicle travel times (in seconds squared) for vehicles
leaving the link. The time spent in the previous intersection isincluded in this
value.

4.4 Example of Retrieval Using C++

The following example shows how to access and retrieve evolution data using C++ callsto the
simulation output subsystem.

/1 Create a character buffer for lines fromstandard input.
char 1ine[1000];

/1 CGet the file name for the vehicle text output file.
cin.getline(line, 1000);
TQutWiter* vehicleWiter = new TQut Text Witer(line, "\t", TRUE)

/1 CGet the file name for the output text files.

cin.getline(line, 1000);

TQutWiter* intersectionWiter = new TQut Text Witer(line, "\t",
TRUE) ;

cin.getline(line, 1000);

TQutWiter* signal Witer = new TQut TextWiter(line, "\t", TRUE)

TDbDi rectory directory(TDbDirectoryDescription("1CC1"));

/1 Open the data sources.
TDbSour ce gener al Sour ce(directory,
di rectory. Get Source("Qut put Specification"));
TDbSour ce nodeSour ce(directory,
di rectory. Get Sour ce("Qut put Node Specification"));
TDbSour ce |inkSource(directory,
di rectory. Get Source("Qut put Link Specification"));

/1l CGet the data table nanmes and open the data tables.
cin.getline(line, 1000);
TDbTabl e gener al Tabl e( gener al Sour ce,
gener al Sour ce. Get Tabl e(line));
cin.getline(line, 1000);
TDbTabl e nodeTabl e( nodeSour ce, nodeSour ce. Get Tabl e(line));
cin.getline(line, 1000);
TDbTabl e i nkTabl e(li nkSource, |inkSource. Get Table(line));

/1l Create the specification
TQut Gener al Speci fi cati onReader
reader ( TQut Speci fi cati onReader ( gener al Tabl e,
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nodeTabl e, |inkTable));
reader. Reset () ;

/1l Cet the set of hosts.

TQut St or age: : Host Set host s( HashVal ue) ;

for (cin.getline(line, 1000); !'cin.eof(); cin.getline(line, 1000))
hosts. Add(Ii ne);

/1l Create the retriever.
TQut Evol utionRetriever retriever(hosts,
TQut Gener al Speci fication(reader));

/1 Retrieve the data
retriever.Retrieve(*vehicleWiter, *intersectionWiter,
*signal Witer, hosts.Extent() > 1);

/!l Destroy the witers.
del ete vehicleWiter;

del ete intersectionWiter;
delete signal Witer;
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4.5 Notes

4.5.1 Database Setup

The CreateSources utility must be executed before the first use of the simulation output subsystem.
This application registers the data sources in the database subsystem.

4.5.2 Empty Storage Files

The present implementation of the TOut ..Ret ri ever classes cannot handle input files of zero
length. If no datais collected on a CPN, it is advisable to delete the empty storage file(s) created
for that CPN.
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5. FUTURE WORK

Future work planned for the TRANSIM S simulation output subsystem will focus on several aress:

collecting new types of data such as turn counts, fundamental diagrams, and velocity-
acceleration histograms

enhancing the performance of the subsystem by supporting data compression, indexing,
sorting, and filtering

improving the DumpStorage utility to provide more flexibility in exporting data

eliminating the dependence on commercia products such as DBtools.h++ and Tools.h++
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