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Appendix D:  TECHNICAL MEMORANDUM -- Guidance on SDP Transit Data Concepts and Approach:  SDP White Papers Series
1 What are the Schedule Data Profile White Papers?

The Schedule Data Profile (SDP) white papers are a series of short papers that were written to help facilitate understanding and regional consensus on the requirements for the SDP and how aspects of the SDP will be implemented.  Each paper focuses on a relatively narrow topic.  The problem or issue is introduced, relevant background materials are included, and a proposed approach for resolving the problem is presented.

Over the course of the project, additional white papers will be developed as needed.  The white papers that have been developed for this project are included below.

· Organization Naming and Identifiers – How to name the organizations that submit the data to the SDP/TSDEA, so data from different modes and subdivisions of an organization are accurately characterized

· Schedule Version – How to label a schedule version with an identifier whose purpose is to unambiguously designate the set of schedule components that are operating on each day of service over the schedule period.

· Transit Stops – A consistent approach for describing the full diversity of stops in the region (e.g., bus, rail, subway, complex stations, etc.)

· Location – A consistent approach for describing points and their attributes needed by transit systems and used in transit applications.

· SDP File Integrity Checks – Discusses the types of tests association with the three general levels of integrity checking of data transmitted to the TSDEA.

· ITS Standards and the TSDEA – What types of standards are needed by the TSDEA project, and how the standards, adopted for the TSDEA and Schedule Data Profile (SDP), deal with the issue of ensuring interoperability; in particular, what is the role of the ITS standards.

2 Objectives of the White Papers

The objective of the white papers is to have an accessible, targeted approach to providing information on aspects of the SDP development effort and to promote regional discussion of the topics to:

· Ensure understanding of regional requirements that drive the SDP development

· Increase understanding of how aspects of the SDP will be implemented 

· Improve the solution that will be developed through regional discussion and feedback
· Validate the recommended approach through applying real-world data to the Functional Requirements transit data concepts, and in so doing provide guidance to analysts and developers on how to apply the requirements to the demonstration.
TSDEA Organization Naming and Identifiers

Draft White Paper Date: April 3, 2006

Finalized on: May 25, 2006

This white paper was reviewed during a RSTWG meeting.  Technical Approach #2 was selected as the method of agency naming.  A description of the approach is included in Section 4.2.3.1 of the SDP Functional Requirements Document. 
3 Overview

The TSDEA Schedule Data Profile (SDP) requires a formal means of identifying public and private transport operators and other key stakeholders.  

This is a technical white paper which discusses briefly two approaches for Organization Naming and Identifiers for the TSDEA.
4 Background

In defining the data model of the Schedule Data Profile (SDP) names such as “AgencyID”, “AgencyName”, “Organization Name” and Organization ID” are used.  But, what are these, who defines these, and who assigns the actual values used in the TSDEA system?

Other important issues to consider include:  How do you prevent identifier and naming conflicts?  
5 What is in a Name?

The underlying objective in assigning names is to identify the producers and consumers of schedule data.  To achieve this objectives, the following requirements have been developed to guide organization naming and identifiers within the TSDEA SDP data model.

5.1 Organization Identifier Requirements

1. The identifier should be unique for each organization.

2. The identifier should be scalable in order to include additional organizations and partners, as well as incorporate units within agencies and organizations.

3. The identifier should be machine readable and may be used as a “regional” resource identifier.

4. The identifier should be consistent with ITS standards.

5. The identifier should be user-friendly or associated with a user-friendly naming convention.

6. The identifier should be developed to minimize the operations and maintenance of the naming conventions.

7. The “authority” for registering for and assigning identifiers should be as automated as possible, and if possible be independent of a regional authority.  However, once assigned an identifier, each organization shall have authority to assign identifiers to units within their own organizations. 

8. The numbering system design should be implemented in a way to reduce maintenance efforts and enhance cost effectiveness.
Two approaches for structuring of organization names are discussed.  The first is based on geographic region, and the second presents a autonumbering assignment method for organization naming and identifier alternatives.

5.2 Designation of Agency/Organization Names and Identifiers in ITS Standards

Prior to presenting the two technical approaches, it may be helpful to review what the existing ITS standards have to say about Agency and Organization Names and Identifiers.  This is shown in the following table:

Table 1.  Organization Naming and Identifiers in ITS Standards

	ITS Standard
	Data Element Name
	Data Type and Size

	Agency ID  (assumption is that the FTA NTD code will be used)

	TCIP v2.7.1
	CPT-AgencyID
	Unsigned Short Integer 

(16 bits) (IDENS)

	Agency Name

	TCIP v2.7.1
	CPT-AgencyName
	30 byte string (NAME30)

	Organization Name

	TCIP v2.7.1
	CPT-OrganizationalUnitName
	40 byte string (NAME40)

	TMDD v 2.1
	Organization-name
	128 byte string

	Organization ID

	TCIP v2.7.1
	CPT-OrganizationalUnitID
	Unsigned Short Integer 

(16 bits) (IDENS)

	TMDD v 2.1
	Organization-identifier
	32 byte string


6 Alternative Technical Approaches

6.1 Technical Approach 1: Region-base Organization Name and Identifiers 

This section presents a technical approach for organization names and identifiers based on geographic region.  Three methods for implementing this approach are introduced.  The first method uses a text form as a naming convention for unique organization names; the second uses a text-numeric form to represent each organization name, and finally, the third uses a 32-bit organization number as the identifier.  A brief illustration of each method is shown below:

Table 2.  Example Organization Names and Identifiers
	Organization Name (Text Form)
	Organization Name (Text Numeric Form)
	Organization ID (32-bit integer form)

	myorg.ny.ne.us
	126.36.1
	51234


The rest of this section describes this technical approach in detail, clearly defining each element of the form convention. 

These alternative representations (text form, text numeric form, and 32-bit integer form) should allow TSDEA flexibility in deciding which form(s) are applicable to satisfy specific data concept needs of the TSDEA.  In addition, all three forms generate unique names/ids and one can translate from one form into another.
6.1.1 Defining a Region-based Naming Convention

Some of the challenges of defining a region-based naming convention is determining what constitutes a region, and which region does an organization belong to.
TSDEA may consider, for example, adopting the Census Bureau’s naming and numbering of regions (with some modifications as noted below).  The Census Bureau regions are depicted in the figure below.
Figure 1.  US Census Bureau Regions and Numbering
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The following additions/modifications are suggested for the Bureau Region names.  The first is that a short form of the region name be defined, for example, ‘ne’ instead of ‘northeast’.  The second is that a short form of the state name be defined, based on the state postal code, for example, ‘ny’ instead of ‘new york’.   
The Census Bureau regions and corresponding numbers are listed in Table 3.
Table 3:  Census Bureau Regions and Corresponding Numbers

	Code
	Region and Regional #
	Associated states

	us
	United States - Region 0
	all

	ne
	Northeast - Region 1
	ct – Connecticut – State 09

nj – New Jersey – State 34

ny – New York – State 36

…

	mw
	Midwest - Region 2
	xx -- State 



	so
	South - Region 3
	xx -- State 



	we
	West - Region 4
	xx -- State 




6.1.2 Organization Naming Convention
The geographic tree structure may facilitate a means to establish a “user friendly” naming convention for organizations.  The tree structure helps ensure uniqueness, as each node in the tree lends itself to providing unique ids within a given context (for example, geographic boundary).  For example, if each node can “hold” 1,000,000 organizations, then there can be 1,000,000 US or Multi-Regional Organization defined plus 1,000,000 Northeast organizations (and 1,000,000 each Midwest, South, and West), plus 1,000,000 within each State.
The naming convention presented has two parts and follows the familiar “dot” convention used for Uniform Resource Locators (URL) of the Internet: organization.region. This is referred to as the organization name text form.  Both the organization and region parts (as described in Table 2) may be subdivided also using the dot convention.  The organization name part must be unique within a given region. 
The region part of the name uses the census bureau’s region codes, and would follow a regional hierarchical convention such as : state (dot)  region (dot)  us (for text form only).  For agencies that operate in multiple regions or are national, the last “us” can be dropped to avoid the redundant “us.us”.  For example, Amtrak might be named “amtrak.us” instead of “amtrak.us.us”.

An organization will determine which region best represents their activities.

6.1.3 Determining What Part of the Region Tree an Organization is in  

If an organization believes that the state geographic boundary best represents its service area, then the name is defined by the state, e.g., “nysdot.ny.ne.us.”  However, if an agency “crosses” multiple state boundaries then a regional code should be selected (e.g., ne – Northeast).  Coach Northeast division may be described by “coach.ne.us.”
6.1.4 Determining the Unique Organization Name in Text and Text Numeric Form  
A unique numeric identifier will be assigned to an agency within a region.

For example (example #1), The Beeline may identify its region as ‘New York state’, so it might be assigned a unique numeric id within that regional context (e.g., 100).  It will also select an organization name, e.g. beeline.  The organization name, ‘beeline’ in this case, must also be unique within the region context.

[Note: Use lowercase for all letters so no problems arise in converting between Unix and Windows systems.  Also, remove spaces in names for a tighter format.]
So The Beeline’s agency name in text form is:  beeline.ny.ne.us 
Example 1:  Beeline (text-numeric form)
The Beeline’s organization name in text numeric form, translating the organization and region parts into numeric codes (as listed in Table 3) is:  100.36.1 

Where 

100 = beeline

36 = ny

1 = ne

Example 2:  Transcom (text and text-numeric form)
Transcom covers 3 states, so would be designated as ‘ne’ (the abbreviation for ‘Northeast’).  Transcom might also be assigned an organization id of 100 within the “northeast region”, same as Beeline, though in a different in different geographic regions, as such the number is unique within it coverage area.  The text form or “name” would be “transcom.ne.us”; the text numeric form would be designated as “100.1”.
6.1.4.1 Option A for MTA:

MTA may choose to register mta and sub-organizations with the “mta dot-suffixes”.  Since MTA operates in multiple state (NY and CT), it would assume a northeast geographic region acronym.
Sub-organizations may be references as exhibited in Table 4. 
Table 4.  Example #3 - ID Assignment within Geographic Region
	Name Requested at Registration
	Geographic Region
	ID Assigned Based on Geographic Region

	mta
	ne.us
	101

	lirr.mta
	ne.us
	102

	mnr.mta
	ne.us
	103

	bus.nyct.mta
	ne.us
	104

	subway.nyct.mta
	ne.us
	105

	libus.mta
	ne.us
	106

	etc.
	
	


This would result in the set of unique organization names listed in Table 5.

Table 5.  Example #3 - Organization Name in Text Form and Text Numeric Form
	Organization Name in Text Form
	Organization Name in Text Numeric Form

	mta.ne.us
	101.1

	lirr.mta.ne.us
	102.1

	mnr.mta.ne.us
	103.1

	bus.nyct.mta.ne.us
	104.1

	subway.nyct.mta.ne.us
	105.1

	libus.mta.ne.us
	106.1

	etc.
	


6.1.4.2 Option B for MTA:

Alternatively, each operating agency in the region may be described as on its own.  Identifiers assigned to geographic areas are listed in Table 6, and the resulting naming conventions for each organization are listed in Table 7.
Table 6.  Example #4 - ID Assignment within Geographic Region
	Name Requested at Registration
	Geographic Region
	ID Assigned Based on Geographic Region

	mtahq
	ne.us

(multiple states)
	101

	mnr
	ne.us

(multiple states)
	102

	lirr
	ny.ne.us 

(New York state)
	101

	bus.nyct
	ny.ne.us

(New York state)
	102

	subway.nyct
	ny.ne.us

(New York state)
	103

	libus
	ny.ne.us

(New York state)
	104

	etc.
	
	


Table 7.  Example #4 - Organization Name in Text Form and Text Numeric Form
	Organization Name Based in Text Form
	Organization Name in Text Numeric Form

	mta.ne.us
	101.1

	mnr.mta.ne.us
	102.1

	lirr.ny.ne.us
	101.36.1

	bus.nyct.ny.ne.us
	102.36.1 

	subway.nyct.ny.ne.us
	103.36.1

	libus.ny.ne.us
	104.36.1

	etc.
	


An organization should be free to choose any “text form” name as long as it is not already registered under another organization’s node.  The convention does not allow redundant representation of a single organization.  So downstate regional organizations will be required to to select either Option A or B for MTA, but not both.  However, once a root node is assigned, the sub-categories under it, as long as they follow a similar “uniqueness” requirement, is free to assign node numbers in any conformant manner.
6.1.5 Method to Calculate 32-bit Organization IDs from Organization Text Numeric Form
The URL type text-numeric form may not be efficient for many systems.  A simple hash method may be used to convert the text-numeric form to a unique 32-bit integer.  This approach has been used to generate license keys and other unique keys for other industries.  This calculation will assign a unique numeric identifier to each agency using the text-numeric method.

The calculation concatenates each part of the URL-like text-numeric form to a section a 32 bit integer.  The assignment of bits is described in Table 8.
Table 8.  Assigment of Bits to Calculate Organization Name Text Numeric Form to 32-Bit Ids 
	Org Name Numeric Form Parts
	Range of Values
	Number of Bits
	Start Bit

	Reserved
	0 – 7
	3
	29

	Organization ID 

(within region node)
	0 – 1,048,575
	20
	9

	State Code
	0 – 63 
	6
	3

	US Region Code 

0 = US

1 – 4 = US Region
	0 – 7
	3
	0


Figure 2:  32 Bit Structure

	31
	30
	29
	28
	27
	26
	25
	24
	23
	22
	21
	20
	19
	18
	17
	16

	reserved
	Organization ID


	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	Org ID (cont)
	State Code
	US region code


The calculation of organization ID would then be described by the following equation:

(Unique) Organization ID = (US Region) + (State Code x 23) +  (Organization ID x 29)

Or, 

(Unique) Organization ID = (US Region) + (State Code x 8) + (Organization ID x 512)

Returning to the Beeline example, the hash code (or 32 bit integer form) for its organization name in text and text numeric form (i.e., “beeline.ny.ne.us”, and “100.36.1”, respectively) would be calculated as:
(1) + (36 x 8) + (100 x 512) = 1489
Similarly, Transcom (transcom.ne.us and 100.1.0) would be calculated as:
(0) + (0 x 8) + (100 x 512) = 51200
6.2 Technical Approach 2:  Autonumbering Alternative for Organization Names and Identifiers
This approach presents a fully automated naming assignment based on a registration service which removes any policy or hierarchical constraint on the index.  Any operating organization that provides or consumes data from the Transit Schedule Data Exchange Architecture is automatically assigned a unique, sequential number when it registers.  The convention would be formatted like the Regional approach with the TSDEA assuming the root node number of “0”.  Similar to the URL naming conventions, once assigned a node, an organization may assign numbers to the qualified dot categories, constrained by the validation rules and requirements (e.g., unique within a division and non-overlapping organizations).  This format is illustrated in Figure 3.  The illustration assumes that the following organizations registered for agency identifiers in the following order:  LIRR, MTA, NYCT, and NJT.  The Agency entity uses the identifier to distinguish uniqueness.  Additional information in the Agency entity will help a user identify the agency characteristics, such as name, address, etc.  Each record will provide information needed by a user to distinguish similarly named organizations, e.g., DART (Dallas versus Delaware).


[image: image2]
Figure 3:  Automated Assignment of TSDEA Organization Names

The indexing scheme is flat and infinitely scaleable (to the extent of the integer used).  Operations and maintenance are coupled with the TSDEA operations.  Assignments are made through a non-partisan, automated process built into the TSDEA.  In summary, this approach is flexible, allows producers or consumers to be included in the naming assignment, and it allows name changes by the underlying institution.
7 Summary and Next Steps

In this white paper two approaches are presented for organization naming and identifiers.  The first approach leveraged the well-established region codes of the Census Bureau in determining organization names and identifiers, and established a common “dot-notation” for implementing a user-friendly concept.  The second alternative presented a flat, non-hierarchical indexing format for organizations registering to the TSDEA.  A 32 bit hash approach can also be used to generate an integer for this approach.

In discussing these alternatives one should ask about the implementation requirements with respect to operations, maintenance, and validation of the naming convention.  Additionally, 

· What are the costs for implementation, operations and maintenance of the alternative approaches? 

· What institutional constructs will need to be established to assign and validate the naming convention? 

· Will the naming convention be confined to the TSDEA and SDP documents, or could it apply to a larger scope of operations and applications (upstream and downstream)?

SDP Schedule Versioning
Draft White Paper Date: April 24, 2006

Revised and Finalized on: May 26, 2006

8 Overview

A schedule version identifier is used to associate all the valid schedule components together.  Yet, components change during the period over which a schedule is valid.  These daily, weekly or ad hoc changes may be temporary or permanent; a change may be associated with any component that makes up the schedule:  route, pattern, trip, trip time or transit stop, even all the routes originating from a single depot or trains operating on a branch.  The schedule version identifier’s purpose is to unambiguously designate the set of schedule components that are operating on each day of service over the schedule period.  Given the number of changes that may occur to the diverse set of entities over a three to four month time period, this task is not simple. 

This White Paper presents an approach to describe a schedule version identifier that accommodates revisions to discrete elements of the schedule during an effective time period.  

9 Typical Schedule Version Practice

The scheduling process follows a typical cycle and set of components no matter the locale, mode, or organization.  As a human resource-driven service, a transit schedule release (when all the schedule components are checked and approved) is typically driven by the operators’ selection of work or “pick”.  The operator pick typically has an effective start and end date of service that spans three, four and sometimes six months.  Different organizations have different naming conventions for pick numbers, for example, many concatenate the last two digits of the year with a number referring to a pick period that occurs during the year, 305 for the Fall (3rd) pick in 2005, others may use the season as an indicator of the pick, e.g., Fall 2005.  Pick numbers define the high level schedule version identifier.  As such, the pick period number does not change even if elements of the schedule do change.  

A revision number may indicate that one or more changes were made to various components or that alternative components are used for periods within the schedule version.  Examples of revisions are listed below:

· A transit stop was moved from one location to another (e.g., from one track to another, or nearside to farside of intersection).

· A trip starting time (and possibly all subsequent trip times) was changed to start two minutes later.

· Special holiday service is initiated two weeks before the holiday every weekday.  

Agencies may implement the schedule component revisions without altering the original pick number or indicating that changes to schedule components were made.  Usually this approach does not include archiving altered versions of the schedule.  There may not be a need to save the older version so it is not preserved.

Yet, some changes are only temporary depending on environmental conditions, time of the year or external circumstances.  

· A change may occur only during a specified period of time and only affect a few trips or trains, e.g., the five weeks before Christmas;  

· An exception may apply to an entire route or patterns of a route, e.g., major construction that was not incorporated into the Pick schedule; 

· An exception may describe the extra trains that are needed on a periodic basis, for example, when the Mets play at Shea stadium at 5 pm versus when they play at 7 pm; or

· A template for emergency service operations for severe weather conditions (am/pm/mid-day evacuation) is another type of exception based schedule.

Temporary changes are not well documented in current industry practice.  They are typically documented as an exception in a special file.  The temporary change may be associated with an entire set of route schedules, or designated within a standard schedule as specific “special” day types, service keys, or as extra or exception service that run on certain days.  

Different modes reduce their schedule exception types to different levels of resolutions.  For example, rail systems, because they run fewer trains than bus trips may schedule their service and exception service on a train by train basis, while bus service may package their schedule and exception service on a route level.  Rail systems may not encounter physical changes to the location of their stops, while bus stops on average change 10% annually.

10 Time-Oriented Schedule Data 

The elements that compose the schedule may differ slightly by mode.  For example, bus service provision depends on defining route patterns in each direction that provide a template for overlaying time-oriented service (trips) (see Figure 1).  On the other hand, rail lines because they are constrained by the track alignment, distance between stops, and limited service, schedule by train (or trip) without as much concern to formally defining “stopping patterns” (see Figure 2).  As such, the schedule components are relatively straightforward:

Route description
· Route direction

· Pattern

· Points along patterns (e.g., time points, stops and events)

· Trip (train)

· Times associated with points along trip (e.g., time points)

Major downstream applications need to distinguish schedules by day, date, origin/destination, and adherence to physical path (route adherence) and timing (schedule adherence).  Some of these requirements are at different levels of (temporal) resolution, for example, day of week versus date; other fields may seem redundant with pattern information such as origin/destination and the first and last points on the pattern or trip, and begin and end times with Trip Times. 
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Figure 1:  Typical Conceptual Model for Bus Route and Component Parts
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Figure 2:  Typical Conceptual Model for Rail Line and Component Parts

11 Proposed Solution

In order to understand how a schedule version should work, we need to ask about what parts of the schedule are versioned and what parts are independent.  We also need to understand how schedule data should be packaged and issued, for example, when a route schedule component is changed, should the entire schedule including all the routes be resubmitted? Or, can the TSDEA support the update of a single route, or part of a route? What is the lowest level of change that requires a re-issuance of the SDP document?

What we know:

· Pick Number will remain the same throughout a schedule period.  The pick drives the process.  A “pick” or operator assignment periods may be the Schedule Version Name.

· All routes or a set of routes may be issued by a single or multiple organizations within a Transit Agency.  Although atypical, the collection of trips belonging to a single route may be issued by two organizational units within an agency (e.g., as occurs once in a while at New York City Transit).

· Route descriptions and Route Directions are relatively stable and do not change often.

· A Pattern may change when an “event” contained in the pattern changes (e.g., physical location of the bus stop moves, an obstacle requires a transit vehicle mode or path to change).  

· A Pattern may be eliminated which will impact the trips related to that Pattern.

· A Trip changes when a Trip Time changes.  Alternatively, a Pattern change may not impact the Trip’s service provision.

There are changes to subsequent data that will not impact the schedule.  For example, the following do not affect the schedule provision.

· A change to a feature type (e.g., time point, transit facility, transit stop) to which the location is associated does not impact the schedule.  

· Changes to the notes library will not impact the schedule as long as the association table between the trip or trip time and note is not changed.

From these underlying assumptions, the following requirements may be established:

	Requirements
	Description

	1.  Schedule Version Number
	The schedule version number is used to group all the schedule components for a specified period of time (activation to deactivation date).  The number should not change over that period, (although the deactivation date may be changed).  The schedule components related to a specific schedule version may be submitted to the TSDEA in separate SDP documents.  The TSDEA can accommodate changes to the schedule only if all the submittals include a common schedule version number. 

	2.  Schedule Types
	A schedule may be categorized as follows:

Original:  the base schedule assigned to the schedule version number. 

Revision:  a change to part of a schedule for a specified period.

Permanent (revision):  a change to part of a schedule whose duration may be after the activation date, but whose deactivation date is the same as the original schedule version.  Note:  a temporary revision that overlaps two schedule version periods may be considered a permanent change to the first schedule version.

Temporary (revision):  a change to part of a schedule whose duration may fall within the original schedule version period, or for non-sequential days that fall within the original schedule version period. 

Suspended:  A schedule version that is no longer valid.  A suspended schedule version renders all schedule components and files that use the schedule version number as invalid.

	3.  Packaging Schedule Components
	At a minimum, schedule components shall be packaged at a route/depot level in an SDP document.  This may imply that every route is contained in a separate package.  This requirement does not restrict an agency from submitting an SDP document with its entire schedule for all routes.

	4.  Rules for file submissions for original schedule version schedule components
	An original schedule version submission must contain all the schedule components and related libraries that apply to that schedule version.  The information is the baseline information.  Once a schedule version is suspended, all data pertaining to that schedule version is removed from the TSDEA.

A set of integrity checks will be developed that validate the logical consistency of the data set as a whole

	5.  Rules for including schedule components to a revision file 
	A revised schedule version submission must contain the affected route and all the route schedule components.  If the change was part of the set of SDP documents (e.g., SDP metadata document, transit facility inventory), then the selected document entries should also be included.

The permanent changes will be applied to the previous, valid schedule.  This will entail replacing the entire route description and related entities.  Integrity checks will be used to validate the logical consistency of the revised data set as a whole (all routes and schedule components).  When the data set passes the tests, the permanent changes will be incorporated into the production level data set.  If not, the resulting errors will be detailed and sent to the data producer.

Temporary changes will be stored in a separate file and apply to specific dates in the service calendar.  The SDP documents that contain temporary schedules should be self contained and include all applicable SDP content entries.

	5.  Rules for schedule version suspensions
	A SDP document that is designated as a suspended schedule version does not need to contain any schedule components or content entries.  As a result of its receipt, all data and documents related to the schedule version shall be purged from the TSDEA.


Example of Schedule Version Revision

For example, Figure 3 shows a progression of changes that may occur over the schedule version lifecycle.  In the example, Long Island Bus may submit 49 files that contain the original schedule components for the Fall 2006 version (306).  Several routes may need to be changed in October due to coordination of specific routes with Long Island Railroad.  These are contained in Revision 1.  Later that month, damage occurs to a major arterial and the road is closed.  Several routes will be affected for at least three weeks while the county deals with the problem.  LIB revises the patterns, by removing certain stops and adding new ones at different locations.  Several times later that year, transit stops are removed or added, and slight changes are made to the schedule.  The routes and library entries that are affected are included in a SDP document and a new revision number is created to track the submittals.  Finally, on 2 January 2007, the new schedule becomes active (406) and the existing file is removed. 


[image: image5]
Figure 3:  Example of SDP Schedule Version Submittals

For the suspension case, the schedule version number is withdrawn and may be reused by an agency.  For example, assume that an agency produces and submits a schedule that must later be rewritten due to unforeseen circumstances.  The entire schedule and schedule components may be purged from the TSDEA with the schedule version type “Suspend” code as shown in Figure 4.  In order for the TSDEA to track this set of file submittals, status information such as activation and deactivation dates are required, and should be associated with the description of the schedule version. 


[image: image6]
Figure 4:  Example of SDP Schedule Version Suspension

The logical data model
 associated with the schedule version description is illustrated in Figure 5.
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Figure 5:  Logical Model for Schedule Versioning

A Schedule Version is generated once a scheduling period.  (The ScheduleRevision associated with an original scheduleVersionType defaults to zero.)  An original schedule and scheduling components (i.e., routes as generated by either a depot or organizational unit) may be revised several times over its activation period, and is assigned a unique, sequential revision number for each revision.  Depending on the type of revision, the Schedule Revision number may have a different activation and deactivation date for multiple route schedules.  A Schedule Revision version that is of type “temporary” should include the valid dates of operation in the Service Calendar Date.  The dayType will be defined as a “special” day and described in the metadata entry for special service provision.

Example for RTIF 2.06 
The subway schedule generated for NYCT represents an organization that produces “supplemental” or revised schedules.  An example of an “original” type schedule is listed in Table 1.

Table 1:  Rapid Transit Interchange Format (RTIF) Schedule Version Description

	Character Name
	Value

	File Name
	rtif.1...1.0069  (Subway Weekday Service for Line 0069)


	Timetable Layer
	10

	Service Code  
	1

	File Number    
	1

	Line Identifier  
	0069

	Supplement Number 
	000

	RTIF Version Number 
	206
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12  Overview

The ability to locate the transit network upon which transit service is scheduled and to use the location information for transit features is an important need for the downstream applications that drive the SDP functional requirements.  Often, location is handled as an attribute of an entity.  This approach is not sufficient to handle the existing range of location referencing methods that transit operators need and that downstream applications use.  Similarly, this approach will not support existing and future requirements for locating places of transit-based “events” and maintaining the connections among transit and transportation network data.  This white paper identifies some of the issues associated with referencing location that affect transit agencies and recommends that a “Place-Name” or Transit Gazetteer approach be used to manage the location of transit features, and as a result, mitigate the impact of these issues.  

13 Location Referencing Defined

Transit requires the ability to describe the location of its service area, routes, customers, employees, equipment, facilities and many other elements.  Transportation and transit networks are key to clearly understanding transit related locations.  Transit operates on a transportation network, which may be represented by vertices, arcs, interconnections and attributes that compose the roadway and other paths which are used by transit operators and customers.  For example, transit customers walk on pedestrian paths that parallel or cross roadways, waterways, rail alignments, jurisdictional boundaries and bicycle paths that compose the transportation network.  Transit vehicles travel on or cross public and private roads and other modal paths.  Transit facilities are located along these roads and paths.  In general, spatial features such as points (vertices) and arcs (the lines between points) are the building blocks of the transportation network.  

Similarly, transit features (points and paths) are the building blocks for the transit network that describes where service is provided.  A transit network is defined as “the representation of the physical modal points and paths that transit uses to deliver service.”  This concept must be taken further, because the transit network changes over the course of the year (by schedule version), by day of week (such as day type) and time of day (peak or off-peak periods).  As such, there is both a physical and temporal quality to the transit network. 

Many transit data models merge the transit and spatial feature concepts into a single entity.  The location is treated as a characteristic or attribute of the transit entity.  The entity may reference location in many ways such as by an address, linear reference (e.g., offset from intersection, distance from beginning of pattern), or by a latitude and longitude.  The set of attributes is called a Location Referencing Method.  A technical definition of location referencing method is “the position of an entity relative to other entities or to some external frame of reference (e.g., latitude and longitude relative to the spherical geoid).
”  

Within the context of transit, location referencing may be defined in many ways.  Some general approaches include identifying a location by how a transit feature is associated to a base map (e.g., latitude and longitude), where it is relative to a known location, or where it is relative to the transit network (e.g., origin of a pattern).  The same location may be described by a variety of different location referencing methods, as shown below by the various ways transit agencies identify the location of a bus stop adjacent to New York Penn Station: 

· 25th stop (out of 33) in an express route from Staten Island through NJ (the S22X).

· 50 feet west on the south side from the corner on 34th Street intersecting with 8th Ave

· near side on 34th Street / at 8th Avenue

· about 5% along the 34th Street block between 8th and 9th Avenues

· 310 W 34th St, New York, NY 10001

· Trip123 lat/long -73.993559, 40.752190

· NY Box-id lat/long -73.993680, 40.752193

Although equivalent, each location referencing approach may be needed by a different downstream application or generated by a different upstream application.  Information may be stored in a table to facilitate its use at a later time or generated by a spatial engine on-the-fly.  Depending on the type of linear referencing used for some of the data, a change in the frame of reference may propagate changes to other location references.  Furthermore, in many database models, the reference fields may not be stored in a single entity.  For example, a transit stop record may use a different location reference method than the record for a bus shelter located at the same stop. 

14 Negotiating the Differences between the Transit and Geospatial Domains

A number of issues may arise for transit when describing the spatial attributes of a transit feature.  From a spatial location perspective, transit service may be viewed as operating on a changing and scalable environment.  As a result of this complicated spatial operating environment and other data-related factors, the following categories of issues, which could affect the SDP, will be discussed:

· Location Reference Method Equivalences 

· Finding a Transit Place

· Generalized versus Accurate Location References

· Heterogeneity of Transit Features and their use as a Transit Network Building Block

· Coordination of Data Set Maintenance Schedules

These issues may arise within a single transit agency and can pose even greater challenges and barriers in a multi-agency environment.

Location Reference Method Equivalences

A number of challenges may arise when trying to determine if the location of transit features and events are the same.  Transit applications may require the integration of multiple data sources that have very little in common other than proximity.  In an operating environment that includes multiple transit agencies, an example would be bus stops that are used by more than one agency, but have different identifiers and different ways of measuring location.  Moreover, the location references may be derived from heterogeneous sources, which vary in accuracy, scale, resolution and precision, sometimes significantly.  

The equivalence of two location reference methods may exist (that is, the location may be the same but expressed in different formats), but the association may not be made even by spatial analysis tools.  Sometimes painstaking human analysis is the only means of associating “equivalent location references.”  These relationships must then be documented in an “association” or “lookup” table.  This will be the case for the SDP and Transit Schedule Data Exchange Architecture, where collocated stops will be represented by different agencies using heterogeneous location referencing methods, and each time the source data is updated, the lookup table will require a readjustment.  

The human intervention may occur even within an agency that standardizes on a single base map.  For example, when a change occurs to a frame of reference such as a base map, all the location references that rely on that frame of reference must also be changed.  Often, these attributes are dispersed throughout the agency’s data model.  Because other location references are dependent on the frame of reference, a significant number of other records will need to be updated. 

Generalized versus Accurate Location References

Along with the varied types of location references and the heterogeneous sources from which the attributes are generated, the levels of accuracy for location references can vary greatly between geographic areas, agencies and applications.  Some agencies provide precise and accurate locations while others provide “generalized”, low resolution or approximate locations.  Figure 1 shows a variety of different ways that transit agencies locate bus stops near an intersection.  For example, point #9 may represent locations designated as points 1 through 8; point #10 may represents points 1, 3, 6 and 7, which could be stops for a route that travels on 1st Street; and point # 11 may represent points 2, 4, 5 and 8, which could be stops for a route that travels on Main Street.  One agency may perform a field survey of bus stop locations, measured to an accuracy of 20 centimeters (e.g., points 1 through 8), another may select the location from an orthophoto with 20 meter accuracy (e.g., points 10 and 11), while yet another may select the nearest intersection as the location of the stop (e.g., point 9).  For some applications, an intersection reference may be sufficient, while other applications require sub-meter accuracy.  


[image: image8]
Figure 1:  Intersection with Generalized and Accurate Point References

This problem shares similar challenges to the “equivalence” discussion above, although, it doesn’t work for plant components (e.g., amenities and stops) that are part of or contained within larger facilities.  A generalized location, like the centroid of Jamaica Station will need another generalized location to identify the AirTrain, NYCT subway and LIRR terminals, and additional location references to identify the platforms within each station area, and so on.  A mechanism is needed to qualify the measurement, not to identify the accuracy, but whether the location approximates or pinpoints the physical object.  

Finding a Transit Place

Many transit applications allow users to access or request various transit features or request a transit feature using attributes such as intersection, address, point of interest, legal jurisdictions.  In these cases, the underlying transportation network and base map operate as extensions of a transit feature.  Furthermore, even in transit applications, different transit features are used interchangeably (e.g., in a public timetable, timepoint names are used to associate stops with trip passing times).  For this to work easily and effectively, customers need a single, robust lookup table to access a variety of transit feature locations and then they need a rich set of descriptions that describe the functional attributes of each type of feature that is represented.

Heterogeneity of Transit Features and their use as a Transit Network Building Block

Using transit features as building block of a transit network is inevitable, however there are different models in the industry for doing this and different application needs may also drive different approaches.  Transit service is scheduled over a physical network that changes over time.  The events that occur along the network vary by feature type, scheduled event, and functional requirement, yet they may all need to be tied to the same linear feature object, a pattern.  Figure 2 helps illustrate a problem that transit agencies face when they want to order a series of locations across features types (e.g., they want to know the order of appearance along a pattern, of a timepoint, trigger point and bus stop).  For example, when a pattern is described as a “unique, non-branching, ordered sequence of transit paths, time points, [events] or transit stops to be followed by a transit vehicle in scheduled service,” how can the different types of transit point features shown in Figure 2 be ordered onto a single path?  
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Figure 2:  Pattern Overlaid with Various Event Types

Transit standards efforts have taken different approaches for handling transit points and networks.  Points compose the paths over which service is provided, and these topologically connected paths form the transit network.  Typically a network is composed of links and nodes.  The transit point feature is the node, the transit path and pattern may be defined as the links and glue that hold the network together.  Although domain applications merge the points that describe the operational points on the pattern into a single structure, the emerging transit standards in the industry continue to separate the functional and spatial basic building blocks that compose a transit network.  As described below, Transmodel and TCIP continue to separate these objects.

Transmodel models three different types of paths to represent the variation.  There is a concept of a JOURNEY PATTERN of which SERVICE PATTERN and TIMING PATTERN are types, one is a set of stop points, the other a set of timing points.  In addition, there is a concept of a ROUTE which is the physical path a JOURNEY PATTERN traverses.  The ROUTE is made of ROUTE POINTs, the physical locations that help define the path.  The concept of location as the unifying factor is not represented in the model.  

TCIP also creates an artificial separation among the various types of points that may be ordered along a pattern.  TCIP supports a “SCHTimeStoppoint” which abstracts the timepoint and stop point into a single transit feature, but it does not order other critical transit features like events and “trace” points with the SCHTimeStoppoint.  

A trace point, the physical point on a path, provides a means of removing ambiguity from the path definition.  For example, a set of stop points and timepoints may not clearly show that a vehicle must travel three legs of a clover leaf to pick up and proceed along its route.  Problems can arise when some applications treat all points along a vehicle journey as an event.  Trace, time, stop, and event points require temporal and spatial ordering as part of the path definition.  These path orderings are not just useful for a transit vehicle; they are also used by downstream applications that provide traveler information to the transit customer.  In summary, a key issue that must be resolved is how to classify and represent events that occur along a pattern in an efficient, extensible and scaleable way.

Coordination of Data Set Maintenance Schedules

Downstream applications require different location reference methods, which require different kinds of data fields in an entity.  Some of the data fields come from data sets with different maintenance schedules.  The spatial data maintenance plan, which may be driven by an external organization, may be different from the transit domain data maintenance plan, complicating the maintenance of the entity records.  For example, an update to the base map, upon which the location reference is based, may impact the accuracy of the location of a bus stop.  The base map update may occur semi-annually.  The bus stop inventory which is geo-located to the base map may be updated on a quarterly basis.  The specific dates may not correspond, requiring an update of the bus stop inventory at least six times per year.  In addition, all downstream applications that use the bus stop inventory also need to update their base map to correspond to the updated inventory; they do not always correspond to the base map update either.  The maintenance and update procedures become complex as the number of data sets and applications that support entities with location references grows.  By separating location references from the transit domain entity, the update of the location reference is modularized; a spatial data maintenance update is of no great impact to the bus stop inventory and the downstream applications that use older or updated information.  

15 The Transit Gazetteer

The use of a transit gazetteer can help mitigate some of the location referencing issues facing transit.  A gazetteer is a geographical dictionary and reference for information about places and place-names.  Often used in conjunction with computer mapping and application systems, it typically contains information concerning the geographical makeup of a region, such as a list of place-names together with their locations in latitude and longitude and other spatial referencing attributes.  A Transit Gazetteer may store the transit feature location references in a single table.  This method is currently employed by TriMet and a similar approach is used to store information about “public transport nodes” throughout the United Kingdom using the National Public Transportation Gazetteer (NPTG).  The NPTG is used by the National Public Transport Access Node (NaPTAN), which is the national stop point inventory in the United Kingdom.  

A Transit Gazetteer serves many purposes.  Benefits include:

· Creating a single location to find and use various types of transit features; 

· Providing an extensible, single location to associate, update and propagate changes to several types of location reference methods; 

· Isolating the geographic reference maintenance from the domain data maintenance schedule; 

· Eliminating ambiguity inherent in the location measurement by indexing “location” using a unique, sequential number; and

· Enabling an accurately measured position to point to a more generalized location.

A means of implementing a Gazetteer is through a one to one relationship between a transit feature and the place definition or Location Table.  A unique, sequential defined integer should be used as an index to associate the location attributes with each of its features.  The location table may associate different types of location references together as a look up table.  A table instance may be managed independently of the feature definition, as thus modularizes the domain from the geographic attributes of the feature description.  Furthermore, a locationID may then be used as an unambiguous “place” reference.   

Recommended Rules for SDP Location Referencing Methods

Transit features, particularly ones stored in a regional environment, may be associated with multiple location referencing methods of the same kind.  The list of equivalences used for the Penn Station stop of Route x22 Tottenville (via Pleasant Plains) in Section 2 illustrates the potential problem.  In the Penn Station bus stop example, the stop has two references for latitude and longitude.  The recommended approach for the SDP is to include only one authority for latitude and longitude.  The source for the coordinates is driven by the data provider, although the coordinate systems used by all agencies should be consistent.  This rule is compatible with all types of location referencing methods.  In the requirements analysis it was determined that most New York region transit providers use the following:

· Latitude and longitude based on NAD 83; 

· UTM Zone 18 projection is used by both NYSDOT and NJ Transit, and is common to commercial vendors of the regional digital base maps; 

· Street addressing requirements should follow a very conservative formatting method based on US Post Office addressing standards; 

· Linear references that associate a point to the transportation network such as distance from intersection and placement relative to intersection (e.g., nearside, farside); and 

· Descriptive information such as public names that refer to landmarks or community names.

For that reason, specific spatial and transit standards were adopted for the types of location references that should be included in a Location Table that serves as the Gazetteer.  These are illustrated in Figure 3.


[image: image10.emf]Location

PK locationID

PK featureType

locationDesc

serviceArea

modDate

creationDate

publicLocationDescription

isGeneralized

Address

addressNumber

directionPrefix

typePrefix

streetName

typeSuffix

directionSuffix

completeName

unitType

unitDesignation

secondLine

postalCommunity

postalState

postalCode

GM_Object Relative_Location

onStreet

atStreet

distanceFromIntersection

placementRelativeToIntersection

busPositionBay

streetSide

isOffStreet

Spherical Reference System

latitude

longitude

datum

Planar Coordinate System

xCoordinate

yCoordinate

UTMZone


Figure 3:  General location reference methods merged into Location Table
Assumptions pertaining to the recommended Location Table approach shown in Figure 3 include the following:

· GM_Object follows the conventions of ISO 19107 Spatial Schema
· Address follows the conventions of Appendix D from the Geographic Information Framework Data Content Standards (GIFDCS) Part 7d on Transit on Addressing conventions (which are based on the USPS Addressing Standards)

· Relative Location follows the conventions described in GIFDCS Part 7d

· Spherical Coordinates shall be NAD 83, east latitude and north longitude

· Planar coordinates shall conform to UTM Zone 18 easting (X) and northing (Y).

These location referencing methods were incorporated into the Location Table, though additional entities may be defined to extend the model if needed.  In the event that a redundant location reference method is needed, for example the TRIPS123 and Box ID latitude and longitude included in the example above, then, an extended attribute may be defined for the special version or legacy downstream application.  The special version may be described by a special entity such as New_Lat_Long as depicted in Figure 4.
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Figure 4:  Extensible Gazetteer with Multiple Spherical Coordinates
Generalized and Accurate Location Data Approach

As discussed in Section 3, a major challenge involves the handling of location references that were approximated or “generalized,” rather than accurately measure positions.  Figure 1 astutely illustrates the potential problems that may emerge from approximating a position versus accurately measuring the position.  A recommended approach is described below that allows transit agencies in the region to have a mix of both accurate and “generalized” location information that can be effectively used by applications from the TSDEA.

The proposed approach associates specific or accurate locations with a generalized location.  A transit feature should only reference at most one locationID at a time.  Incorporating a generalized location may cause several accurate location instances to diverge with respect to the generalized location.  As such, the general location should become a managed instance to which the accurate location instances may be associated with, as depicted in Figure 5.
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Figure 5:  A Partial Location Table where a precise location may be associated with a generalized location.

For the approach shown in Figure 5, the following definitions apply:

· locationID is a unique, sequential, unambiguous integer.

· isGeneralized is a Boolean (true/false) indicating whether this field is approximate, centroid or generalized

· generalizedLocation is (a foreign key) locationID of a generalized location to which an accurate location is associated with.

Table 6 is an example of how this might be implemented as an instance of a self-referencing Location Table.  Assuming the number on the points in Figure 1 refer to the locationID, an instance of the partial location table (described in Figure 5) with field values completed would be similar to the instances illustrated in Figure 6.  In this diagram, locationID #1 is associated with the generalized location of locationID # 9.
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Figure 6:  Example instance of a self referencing Location Table
This proposed approach supports the use of low accuracy, general locations without its loss when higher accuracy location information is available.

Supported Feature Types

The primary focus of the SDP Gazetteer or Location Table is to clearly define key features that support the construction of the transit network.  Landmark or point of interest information is supported, but not necessarily included as a feature.  In the current SDP model several features are defined by entities.  These include:  transit facility, timepoint, transfer cluster and transit stop.  The model is extensible through the mandatory featureType field.  The four existing transit features are defined and refer to the entity definitions included in the model.  However, other feature types may be described if there is a need.  

Regional discussions have identified other important features.  In the discussion on “Heterogeneity of Transit Features and their use as a Transit Network Building Block”, the discussion identified “track locations” to ensure that the physical path of the pattern is unambiguous defined (particularly when a vehicle loops and backtracks through parking lots, one way streets and highway ramps).  In addition, other downstream applications require different types of event trigger indicators, fare-set changes, interior annunciator / sign triggers.  The Gazetteer approach presented for the SDP supports the location information for existing and future transit features. 
16 Summary

A Gazetteer or Location Table supports the of management spatial information necessary to define the building blocks of the transit network.  It supports flexible, more efficient, long-term data management and enables extensibility of defining other transit features types on the fly that may be needed to support the definition of the transit network.
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18 Overview

Most transit data models treat the transit stop as a major data concept.  The transit stop is “an established location where public transportation customers may board or alight a transit vehicle in revenue service.”  As such it is a key data concept required to meet significant transit business requirements.  Yet this concept may not be sufficient to capture the business requirements of a complex, multimodal, densely urban environment catering to multiple agencies.  A typical transit data model will allow for multiple ways of describing transit stops, as a stop point/boarding area or as a transit facility.  This white paper proposes a solution to meeting the complex requirements of the transit stop in the downstate New York region.  The simple case of single mode-single route bus stop and the complex case of a multimodal facility like Penn Station and environs will be discussed in this paper.  

19 Background

In initiating this project to develop a Transit Schedule Data Exchange Architecture (TSDEA) and supporting Schedule Data Profile (SDP), the New York State Department of Transportation is seeking to provide an efficient, standards-based framework to assist the public transit providers in the Downstate New York region with managing and exchanging schedule data.  The project is designed to facilitate the exchange of schedule data among the agencies and to improve the communication of schedule information to the public.  The effort is focused on collaboratively defining a framework, as well as tools for data development, conversion and exchange, to support regional multi-agency initiatives that use schedule data, including TRIPS123. The project is intended to support transit agency requirements for managing the definition, organization and exchange of schedule data.  Transit Stops and Facilities are key artifacts in describing transit service and schedule data.  This paper serves to present a best practice approach to describe and exchange transit stop data that meets the region’s needs.  

20 What is a Transit Stop?

Most often, a transit stop is thought of as a bus stop on a corner that serves a single route in a specific direction.  Transit stops may also serve multiple routes, multiple modes, or multiple operators.  As more routes, modes and operators aggregate their boarding areas in a centralized area, describing the characteristics of the stop and its relationship to other stops become more complex.  The aggregated stops become “facilities” or “centers” within facilities, the auxiliary components (e.g., stairwells, entrances, benches, signs, gates) are shared, and most importantly, rail station characteristics are not well suited to the typical transit stop model description given that they there is a many to many relationship between boarding areas (i.e., platforms) and tracks.  

Key requirements
 for the transit stop, both simple and complex, are:

· Unique across all types of stop, amenities, portals (entrances), access components (stairs), etc.

· Logically and physically consistent with location and relative location references

· Logically and physically consistent in its relationship to other stops and plant components

· Ability to represent different types of boarding areas and their constituent parts (e.g., platforms associated with appropriate tracks)

· Ability to represent status (temporary, permanent and planned) of each type of plant component

· Ability to share and reallocate plant components within and among facilities (e.g., represent the subway station separate from the Long Island Railroad platforms at Penn Station, yet share the entrances, stairs, escalators, signs, etc.)

· Ability to embed stops or facilities within facilities (e.g., Coach vs. New Jersey Transit facilities at Port Authority Bus Terminal)

A key requirement is location referencing.  The location of a stop/facility should be logically consistent and assume geometry consistency with the level of resolution (e.g., centroid at a high resolution and shape at a lower resolution).  For example, Grand Central Station (GCS) is inclusive of Metro-North Railroad lines (Harlem, Hudson, New Haven), MTA NYCT Subway lines (4, 5, 6, S and 7) and New York City buses (M1, M2, M3, M4, M5, M42, M98, M101, M102, M103, M104, Q32 and X25).  At a higher level of resolution, the M1 through M4 route northbound stops are located on Madison Avenue (two blocks west of the GCS 42nd Street exit) and southbound on 5th Avenue (three blocks west of the GCS 42nd Street exit).  

A facility or stop location and accessibility may change depending on time of day, day of week or other temporary circumstance.  Temporal issues relate to changes to stop, amenity, portal or passenger access component due to hours of operation, permanent or temporary change, or for another reason.  

Two industry peer-reviewed transit data models provide suggestions on representing a transit stop as a simple entity with a relationship to other stops but are not inclusive of all the above stated requirements.  TransXchange/NaPTAN developed by the Department for Transportation (UK) and based on Transmodel (a European Union developed conceptual data model for Public Transport)
 and the Geospatial One Stop Geographic Information Framework Data Content Standard Transportation: Transit (Part 7d)
 (referred to as GOS or Part 7d) attempt to define the complexities of the spatial and temporal issues, but fall short.  

TransXchange/NaPTAN creates a stop point and classification system that differs by StopPoint type as illustrated in Figure 1.  The problem with this approach is that there are shared entrances, platforms/tracks and access areas when the stop point is defined.  The model does not show that these entities share resources, or how the various plant components relate or may be allocated among the boarding areas.  Although there may be a single location for a group of stop points when they are collocated, there is no mechanism to describe their physical relationship to each other.  Finally, there are limited means to describe amenities and connections between stop points.
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Figure 1:  NaPTAN XML Schema StopPoint Hierarchal Classification

The GOS Transit data model describes a TransitStop or a Facility as part of the stopping pattern.  The TransitStop supports only point geometry while the Facility may become an instance of different feature geometries depending on the resolution.  Additionally, multiple transit stops may be contained in a TransferCluster or in a Facility as described in Figure 2.  There is a ConnectionSeg that defines the walking directions and obstacles to walking between two stops, relating the relative location between the two stops.  However, the GOS model falls short of describing different mode boarding areas such as platform, and its relationship to adjacent track, particularly when there is a many to many relationship between platforms and tracks.  In addition, there is little in the model that allows stops to share amenities, access components and portals.
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Figure 2:  GOS Transit Part 7d TransitStop Class Diagram
Neither the NaPTAN nor GOS model enables multiple, reallocation of shared resources among the various plant components contained within or surrounding a facility.  The problem exists in defining a transit stop/facility conceptual data model that supports multiple routes, multiple modes and multiple operators such as Pennsylvania Station or South Ferry Terminal, yet can be reduced to describe a simple bus stop on a street corner.

21 Proposed Solution

21.1 Transit Facility

A transit facility in its simplest case is a bus stop.  This simple case may be described very simply by a plant component which is a boarding area.  Additional amenities such as marker/sign, shelter, bench, and schedule information may be designated as part of the transit facility.  The simple case is illustrated in Figure 3.
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Figure 3:  Simple Model for Transit Stop

In February, the Regional Stakeholder Technical Working Group rail subgroup met to discuss “rail” issues related to the SDP data model.  One of the key issues was how to represent rail stops and stations.  This proposed solution describes and expands the simple case illustrated above.  Keeping the Section 3 listed requirements in mind, the model addresses the needs and requirements of both the simple and complex cases.  
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Figure 4:  Proposed Conceptual Data Model for Transit Facility/Stop

A Facility may contain many plant components and plant components may be shared by many facilities as illustrated in Figure 4.  For example, Port Authority Bus Terminal (PABT) contains facilities for Coach, New Jersey Transit, New York City Transit, etc.  These facilities may be aggregated into a larger facility called PABT.  Together they include plant components such as entrances and exits, stairs, elevators, escalators, benches, electronic signs and other amenities.  A selection of the plant components may serve one or more of the boarding areas or bays for New York City Bus, Coach or New Jersey Transit buses.  

Although daunting looking, most bus operators will only need to submit a list of bus stops (i.e., Boarding Area) and related locations.  When the Transit Schedule Data Exchange Architecture integrates the data into a regional application, it will transform the data into the more complex model.  The bus operator will only need to submit a reduced model as illustrated in Figure 3.

Table 1 defines the entities illustrated in Figure 4 above.

Table 1:  Description of Transit Facility/Stop Conceptual Data Model

	Entity
	Description/Definition

	Access Component
	The components used to aid travelers to traverse from one level to another or from one end of a facility to another.

Examples include stairs, elevator, escalator, moving walkway.  The component may be described by direction (up, down, or both), accessibility for people with disabilities or carts, and other characteristics.

	Amenity
	Elements of a physical feature, a fixed location, or a transit facility.  

Example:  the amenities of a public transportation stop may include shelter, platform announcement panel, fare vending equipment and benches.  

Note: an amenity may be described by one or more characteristics, or attributes, such as the year of construction or its current condition. [GOS, part 7d, p., 2]

	Boarding Area
	An established location where public transportation customers may board or alight a transit vehicle in revenue service.

Alias:  bus stop, boarding area, ramp, platform

	Facility
	A building or center used by a transit vehicle or transit operator for the purpose of parking, storing, maintaining or providing services to transit customers.

The SDP uses this entity to represent multiple transit stops wherein transfers may occur between routes, modes and/or operators.

	Facility PC Association
	An association between a Transit Facility and Plant Component.  The Facility and Plant Component has a many to many relationship.  This association distinguishes among the many relationships.

	Location
	This entity represents the Transit Node Gazetteer.  It contains the location description for nodes used to describe or relate a transit network over which transit service is provided.

	Plant Component
	A Plant Component is a physical part of a larger facility such as a boarding area, turnstile, fare vending machine, information booth, escalator, stairs, etc.  The four specific types of plant components included in this model are Transit Stop or boarding area, Amenity, Access Component and Portal.

	Platform Track Association
	An association between a specific platform and track.  

A Platform may be associated with multiple Tracks, for example, platform XX at Jamaica Station is flanked on both sides by track xx and yy.  Alternatively, a track may support multiple platforms.  This entity distinguishes the combined relationship between one platform and an adjacent track.

	Portal
	A place where transit customers may enter or exit a transit facility, station or stop.  Examples include doors and gates to transit facilities.

	Track
	"A pair of parallel rails, and required ties and fastenings, over which trains move." [LIRR]  

May also be instantiated as a Lane or Berth


Examples help determine if this model can meet the general requirements identified in “What is a Transit Stop?”  Appendix A describes the details of the scenarios listed in Table 2. 

Table 2:  Example Instances of Transit Facility and Stop

	Case
	Description
	
	Comments

	1
	Single transit stop on street
	Location and Transit Stop entities only

(Westchester Bee-Line StopID 39)
	Single route

	2
	Single transit stop on the street with amenities
	Location and Transit Stop defined as a transit facility with amenities and passenger access components

(Westchester Bee-Line StopID 39)
	Single route with amenities

	2
	Single transit stop off street
	SCT @ Walt Whitman Mall 
	Multiple routes

	3
	Single ferry berth
	Ossining Ferry
	MNR

	4
	Multiple stops (routes) at a single mode transit center/facility (not subway)
	Westchester Transit Center
	White Plains (with MNR connection)

	5
	Subway station with multiple entrances/exits (single platform/multiple tracks)
	96th (123) as simple case

Fulton/Nassau as complex case
	---

	6
	Rail Station:  platform(s) and bus stop(s)
	Mineola
	LIRR & LIB

	7
	Complex Transit Facility (multiple routes, modes and operators) – identify only facility
	Penn Station with three smaller facilities
	Overview, details in Cases 9-11

	8
	Station with platforms on both sides of a track where passengers may enter on either side
	Jamaica Station
	LIRR

	9
	Transit platform in transit center
	Penn Station (A, C, E)
	NYCT – facility within a facility

	10
	Transit Stop on street at Transit Center/Facility
	Penn Station M16
	New York Bus 

	11
	Transit Platform in Station with two tracks on either side of the platform
	LIRR @ Penn Station
	


21.2 Transfer Cluster
The idea of a transfer cluster should be altered given the new Transit Facility/Stop concept.  Transfer clusters are redundant with boarding areas that are contained within a Facility.  In the current description of the transfer cluster (see Figure 4), it is an aggregation of stops in close proximity and the connection between stops is characterized by a Connection_Seg.  The new Transit Facility model may describe all the elements and connections between stops at a facility, for example, the Access Component and Portal entities may be used to replace Connection_Seg, although they do not fully describe the walking directions between stops, as is the intention of the Connection_Seg.  Yet, transfer cluster may serve a useful purpose in describing where transfers are recommended and scheduled.  To that end, a transfer cluster is more appropriately defined as:  “a collection of transit stops where transfer between stops is convenient and scheduled.”  A transfer cluster may be indicated by the Trip Time timeEventType as a coordinated transfer location.  
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Figure 5:  Current Transfer Cluster Model

The LIRR data model uses a similar modeling pattern with an entity called INTERCHANGE which is associated with CONNECTING SERVICE.  The INTERCHANGE, similar to a Transfer Cluster, occurs at a FACILITY, and is associated with planned bus and regular train events.  This model enables LIRR to identify a transfer cluster where passengers may safely transfer from one train to another or another mode.  MTA may define transit locations where multiple constituent agencies share facilities only at specific time periods during the day.  To that end, a transfer cluster may be augmented to relate to other elements such as Time Period, type description (scheduled vs. proximity), connection authorship (e.g., regional, agency coordinated or local operator).  This modification is described in Figure 5.
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Figure 6:  Modified Transfer Cluster Model
Note:  Coordinated transfers assume a temporal characteristic in that they are scheduled at Trip Times.  To that end, an Event Connection is associated with from Trip Time and to Trip Time (see Trip Data Concept in Functional Requirements Document), and the connection type describes the coordination level (e.g., protected, recommended, etc.).

21.3 Proposed Transit Facility / Transit Stop Data Model

In the end, the modified model is configured as illustrated in Figure 6.  
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Figure 7:  Modified Transit Facility / Stop Data Model

A Transit Facility represents any building or physical location used by a transit operator or location where the public may access fixed route transit service.  A Transit Facility may contain or be contained by other transit facilities, such as Port Authority Bus Terminal contains levels that are managed by other transit operators such as Coach USA and New Jersey Transit.  A Transit Facility contains multiple “plant components.”  Transit Facilities may share plant components, for example Penn Station Amtrak shares stairs with New York City Transit subway station A, C, E lines.  

A Plant Component is categorized by several types:  Transit Stop (boarding area), Amenity, Passenger Access and Portal.  These component types are associated to each other through the plant component description.  They are then associated to a facility or are instantiated as a Transit Facility.  In its simplest form, the Transit Facility (Plant Component/Transit Stop) may be described as a bus stop.

Transit Stop represents a key feature; it is also known as a boarding area or platform where transit riders board or alight from transit service. The Transit Stop may be contained in a Transit Facility that contains multiple stops, where transit riders enter, depart from or transfer between transit services.  A Transit Stop may be contained in a cluster of stops that form a Transfer Cluster wherein a transit rider may change services.  The Transit Stop is tied to the coverage geometry (through LocationID) as well as the linear description of its environment including relativeLocation associated with the nearest intersection, alongLocation, heading and address.  Service status conditions such as statusInfo and stopOwner are key attributes to determine usage and responsibility.

A Portal is characterized by whether a rider may enter, exit or pass in both directions, as well as the time the portal opens and closes.  

A Passenger Access Component describes the access component, that is, stairs, moving walkway, elevator, escalator or other.  The direction of travel, obstacle type (“an enumeration of a potential obstacle to traversing the connection segment”), and other characteristics are described.  This component is associated with a type of plant component that is associated with a facility.

An Amenity is a physical feature of a fixed location or a transit facility.  Amenities of a public transit stop may include the shelter, platform announcement panel, and benches.  This component is associated with a type of plant component that is associated with a facility.

A track and platform may have a many to many relationship.  The Platform Track entity distinguishes which platform (e.g., Transit Stop) is associated with the track served.

“A ConnectionSeg is a linear path allowing transit riders to move from one TransitStop to another.  The segment may be defined as a walking path, bike path, escalator or other modal connection.  Attributes include distance, fromStop, toStop, and connection instructions.  Accessibility information in the form of Passenger Access Component type may optionally be provided for ConnectionSegs.
” 
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1. Overview

For regional sharing of schedule data to be successful and valuable to the transportation agencies in the Downstate New York region, the schedule data needs to be complete and accurate.  The Schedule Data Profile (SDP) Functional Requirements document specifies that the quality control and integrity checking of SDP files will go through a minimum of three general levels of integrity checking.  At each of the three levels, the submitted file will undergo a set of integrity checks and tests.  The three levels are described as:

· Level 1:  Registration – Ensures that the file contains a well formed and complete SDP XML document

· Level 2: Authorization – The file content has passed quality checks that are based on business rules and requirements.  The file content is deemed logically consistent (semantically and logically accurate)

· Level 3: Regionally Consistent – File content has passed tests to ensure consistency with regional naming conventions and representations.

The integrity checks and rules proposed for these levels are described in this white paper.

2. Purpose and Basis for Integrity Checks 

The integrity checks are necessary to ensure that the data provided by the Transit Schedule Data Exchange Architecture (TSDEA) is correct and complete.  Several techniques will be used to test the integrity of the data.  The integrity checking approach will be demonstrated in Phase 3 of this project and assessed.   The conceptual data model and the set of business rules developed in the Functional Requirements Phase of the project will be used to generate a comprehensive list of checks and tests to ensure the SDP data integrity, since they unambiguously describe the semantics and relationships among the schedule data concepts.

Regional consistency tests will be based on additional rules and requirements to be developed for regional data sets,  such as agreement on regional naming conventions.  Those decisions will be approved at a later time, and are not part of the initial project demonstration. 

The types of tests association with the three general levels of integrity checking are described in more detail below, in Sections 3, 4 and 5 of this paper.

3. Level 1 Checking (SDP XML Schema Validity Checking)

For a SDP file to be “Level 1: Registration-ready,” it must pass verification tests to ensure that the XML content is well formed, and that validity constraints are met.  Two or more XML Schema Validators (i.e., Validators that are developed from different source code) may perform these tests.  The XML Validators will check the SDP file content against the SDP XML Schema
 and verify the integrity of the following:

1. Data type validity 

a. Check appropriate data type

b. Check maximum length and precision

c. Check data masking if appropriate

2. Tag (Entity and Attribute Name) validity 

a. Check name uniqueness

b. Check existence 

c. Check complex type / table features: order, mandatory/optional content

4. Level 2 Checking (Logical Consistency and Semantic Integrity)

For a SDP file to be “Level 2: Authorization-ready,” it must pass a series of quality checks that are based primarily on the business rules and requirements for the schedule data.  These tests verify that many of the data requirements, as described in the Functional Requirements Document, are met.  For example, each data concept section (subsections of Chapter 4) includes requirements related to uniqueness, naming, meaning, associations and organization.  Some of these quality checks may be enforced as part of the referential integrity checks in a database.  The Level 2 quality checks will be a set of tests developed as part of the TSDEA demonstration.

4.1 General Requirements

These tests validate that the group of SDP files related to a single schedule version are logically consistent, that the semantics or meaning of the data concepts meet the requirements and business rules described in the Functional Requirements. 

A set of tools and procedures will be developed to conduct the following integrity checks:

1. Check that all SDP files (associated with a schedule version) are submitted, and each file passed the XML validity check.

2. Check identifier number (and/or name) uniqueness

3. Check relationship validity (foreign key existence) – no missing identifiers in other entities, and no unused primary identifiers in key entities (e.g., transit facility)

4. Check Schedule Version time period and ensure related revision numbers/activation dates for routes, location and location features fall within that period.

5. Check the number of embedded facilities (“is part of”) and generalized locations (“is generalized”) to assess the nesting impact on the TSDEA operations.

6. Verify that code numbers embedded in entities are valid, as described by code descriptions (e.g., day type – standard codes vs. special codes); and that locally defined codes are designated in the metadata.

7. Verify that extended attribute and entity tags match the metadata descriptions

8. Generate and validate
 an extended schema for agency data set. 
Additional checks may need to be added to ensure that the business rules are followed and that procedures are in place to migrate native descriptions to SDP concept descriptions.  For example, procedures may need to be developed to check the following business concepts:

a. Pattern semantics are consistent with SDP definition and associated Trips match origin and destination.

b. Day type designation follow business rules and constraints

c. Public names follow style suitable for presentation

d. Timetable Header column header (timepointList) corresponds to the set of locations referenced in the Trip Time of associated trips for the route / route direction. 

Others may be needed as the project continues.

4.2 Specific Attribute Checks

This section lists the entities and attributes that are subject to checks based on the Section 4.1 General Requirements.  Checks # 7 and 8 and the business rules will be discussed during a RSTWG meeting later in the project.
4.2.1 Identifiers

The following attributes shall be checked for their uniqueness:

Table 1:  List of Identifies to Check for Uniqueness

	Identifier
	Description / Definition

	agencyID
	Alphanumeric used to identify an operator or transportation organization.

	amenityID
	A unique alphanumeric that identifies an amenity.

	connectionID
	A unique number assigned to a connection segment that distinguishes each path between two locations such as transit stops (boarding areas) associated with a Transfer Cluster.

	depotID
	A unique identifier that designates the Transit Agency’s garage, base or depot.

	facPCID
	A unique identifier for a facility and plant component association.

	locationID
	A unique identifier used to index a location record.

	noteAssociationID
	A unique identifier for a note and trip or trip time association.

	noteID
	A unique alphanumeric identifier that designates a note that is associated with a trip or trip time.

	organizationUnitID
	A unique alphanumeric identifier used to designate an organizational unit within a transit agency or transportation organization.

	passAccessID
	A unique identifier used to identify a passenger access component.

	patternID
	A unique identifier for a pattern.

	pickNo
	A number designating the cycle during the year when operators select their work.

	plantCompID
	A unique identifier for a plant component.

	platformNo
	The place where passengers board or alight from a train.

	pltTrackID
	

	portalID
	A unique alphanumeric identifier for a portal to/from a transit facility.

	relativeLocationID
	

	revisionNo
	A unique identifier for the state of a record.

	revisionNumber
	A unique identifier for a change to a schedule version.

	routeDepotVersionID
	A unqiue alphanumeric identifier for an association between a route and depot or route and organizational unit.  

	routeGroupingID
	A unique identifier for a route grouping.

	routeID
	A unique alphanumeric identifier for a route.

	scheduleVersionID
	A unique alphanumeric identifier for a schedule version.

	serviceAreaID
	

	stopID
	A unique identifier for a transit stop

	timepointID
	A unique alphanumeric identifier for a timepoint.

	timeTableHdrID
	

	toStop
	Ending stop location of connection segment

	trackNo
	A unique designator for a pair of rails, ties and fastenings over which a train moves.

	trackNo
	A unique designator for a pair of rails, ties and fastenings over which a train moves.

	tranPathID
	A unique identifier for a transit path.  

	transitFacilityID
	A unique identifier for a transit facility.

	tripID
	A unique identifier for a trip.


4.2.2 Associations between Entities

Entity relationships are described by referencing a “parent” entity’s identifier in a “child” table.  The presence of a parent entity identifier in a child entity is called a “foreign key”.  A database management system (DBMS) will check that when a foreign key is present in the child entity table, it matches an existing parent, orphans are not allowed.  Appendix A contains a list of the parent-child relationships and the identifier that is present in the child as a foreign key (see Table 4). The test will ensure that for each foreign key a valid parent entity referenced by the same identifier exists.  In addition, referenced identifiers are also listed in Table 5; when referenced in another entity, the identifiers should be matched to ensure that they exist.

4.2.3 Code

The Codes and their values in the following table will undergo the following two types of general integrity tests: 

· Check against agreed upon Enumeration; 

· Check against Locally Defined Enumerations.

The first general check will ensure that the correct Enumeration values are used when specific codes are not provided. The second general check will verify that the specific code values in the file are on the list of pre-authorized values.

The final set of enumeration values will be developed and approved at the end of the project.  The description/definition column contains an initial set of enumeration values.

Table 2: List of Codes Checks

	Code
	Description / Definition

	accessDirectionCode
	An index that describes the direction of travel with respect to the access component.  Allowable fields include:

0:  both direction (default)

1:  up, enter, upstream only (one way)

2:  down, exit, downstream only (other way)

3:  other

	agencyAcronym
	The abbreviation used to identify an operator or transportation organization.  For example, NYSDOT is the acronym for New York State Department of Transportation.

	alongLocation
	The location along a boarding area where passengers board or alight the transit vehicle.  Valid fields refer to the position based on the direction of travel:

right side

left side

both



	amenityCode
	An index that identifies the type of amenity.  The code is described in the Amenity Type entity and referenced in Amenity.

	dayType
	The service code that refers classifies service for the day.  Default service is weekday, Saturday, Sunday and Holiday.  Some agencies define services by other days of the week.  If service is operated to provide special schedules on a particular date or holiday, a special day type may need to be developed.  The day_type field will contain a special code assigned to the transit agency.

Valid Enumeration fields include:

Weekday (school open)

Weekday (school closed)

Saturday

Sunday

Holiday

Monday only

Friday only

Monday thru Saturday

Tuesday thru Thursday

Special:  Req’s Descrip



	dayType
	The service code that refers classifies service for the day.  Default service is weekday, Saturday, Sunday and Holiday.  Some agencies define services by other days of the week.  If service is operated to provide special schedules on a particular date or holiday, a special day type may need to be developed.  The day_type field will contain a special code assigned to the transit agency.



	featureType
	A type of entity that may be located by the location table.  In the current model the valid features are:

Timepoint, Transit Facility, Transit Stop, Transfer Cluster, "physical point"

The physical point is one that may be used by the events that find places.  Other points may be described later to meet other business needs (e.g., point of interest, scheduling event).



	mode
	A transit service classification characterized by specific right of way, technological and operational features.  Valid mode codes will be developed at a later time.

	passengerAccessCode
	A code that identifies the type of passenger access component. The component may be stairs, elevator, escalator, moving walkway or other.  The codes are defined in the Passenger Access Type entity.

	patternType
	A classification for a pattern.  Acceptable values include revenue and non-revenue.

	placementRelInter
	Relative direction, indicates:

nearside; farside; midBlock; at; between; farsideMidBlock; nearsideMidBlock; opposite

	plantCompType
	A classification for a plant component.  Valid plant components include:

Amenity, Passenger Access Component, Portal and Transit Stop.

	routeDirection
	A unique identifier for a route direction.  Default:  1.  Codes:  1 or 2

	routeGroupingCode
	A unique alphanumeric identifier for a group of routes.

	scheduleVersionType
	A classification for a schedule version.

	state
	A code or abbreviation for a state.  Identifies the states of the United States and the District of Columbia

	statusTypeCode
	An index that categorizes the state of a plant component.  The Status Code Type entity describes the code.  Valid types include:  primary, revised, temporary, obsolete, suspended, planned.  Others are user defined. 

	stopType
	A category of Boarding Area.  Valid categories include: Bay, Lane, Berth, Platform, Access Area, FlagOnStreet, FlagOffStreet, NoFlagOnStreet, NoFlagOffStreet.

 

	streetDirection
	The general orientation of the street, north/south, east/west, north, south, east, west.

	timeEventType
	The type of trip event location to which this event is associated.  For example, the event may include a fare set change, headsign change, route change, and other events that may not be covered by a trip on a single route or associated with a route/pattern.  Business rules define the coding standards for the Time Event Type.

	timeType
	A classification of the trip time as a first or last timing point, arrival or departure timing point.

Initial set of timeTypes include:

arrival --Time the transit vehicle arrives at the point (buffer)

departure -- Time the transit vehicle departs the point (buffer)

firsttime -- The first timing point along the trip.  This point is always a departure point.

lasttime  -- The last timing point along the trip.  This point is always an arrival point.  This point must be included in a list of points associated with a trip. It is needed for AVL and other on-board applications.



	tripType
	A classification for the trip; that is revenue or non-revenue (e.g., deadhead, pull-in, pull-out).  


4.1.1 Schedule Version Time Period

The following table includes dates that will be checked to ensure that they are in the correct range for inclusion.  They must be between the Schedule_Version.activationDate and the Schedule_Version.deactivationDate.

Table 3:  List of Data Checks

	Entity
	Equal or greater than activationDate
	Equal or less than deactivationDate*

	Schedule Revision
	activationDate
	deactivationDate*

	Schedule Calendar Date
	calendarDate
	calendarDate

	Route Depot Version
	activationDate
	deactivationDate

	Location
	
	modDate

	Status
	activationDate
	deactivationDate*


* In the case when the entity activationDate is greater than the Schedule_Version.activationDate but the entity deactivationDate is greater than the Schedule_Version.deactivation date, then entity shall be flagged for review although not for an error.

4.1.2 Embedded Transit Facilities (“partOf”) and Generalized Locations (“isGeneralized”)

A check will be performed on embedded attributes such as the Transit Facilities “part of” and Location (“isGeneralized”) to understand whether there is a need to encapsulate more than one reference.  The checks developed during the demonstration phase will be tested to assess their operational and technical effectiveness. 

5 Level 3 Checking (Regional Consistency Checks)

The purpose of the Level 3: Regional Consistency Checking is to ensure that the data offered to downstream applications by the TSDEA are consistent across all the agencies, modes and organizational units.  

The bulk of the work to ensure regional consistency is out of scope of this project.  Regional naming conventions are in the process of being developed in other regional forums, as are the procedures for ensuring regional consistency.  However, some additional requirements to support regional consistency will be identified as part of the next phase of this project in the Lessons Learned paper.

At this point, the proposed tests for regional consistency include ensuring conformance to:

1. Regional standards for public names and facility names to ensure consistency in style, abbreviations and spelling

2. Selected location referencing methods, including guidance on how to use the recommended location referencing system and addressing conventions

3. Regionally agreed upon landmark naming, spelling, abbreviations and location references.

Appendix A:  Associations between Entities Table

This section contains a list of the Parent-Child relationships and the Parent Table identifier that is present in the Child Table as a foreign key. The test will ensure that for each foreign key a valid parent table referenced by the same identifier exists.  When the Parent Table has more than one primary identifier (e.g., Location Table) then more than one foreign key will be present in the Child Table.

Table 4:  List of Foreign Key Association Checks

	Parent Table
	Child Table
	Foreign Key Columns

	Agency
	Mode
	agencyID

	Agency
	Organizational Unit
	agencyID

	Agency
	Schedule Version
	agencyID

	Amenity
	Plant Component
	amenityID

	AmenityType
	Amenity
	amenityCode

	Block
	Block Event Time
	blockID

	Block
	PTV
	blockID

	Block 
	TransitPathEvent
	blockID

	Block 
	Trip
	blockID

	Block Event Time 
	Location
	blockTime

	Calendar Date 
	Schedule Calendar Date
	date

	Connection_Seg
	Transfer_Cluster
	connectionID

	Day Type
	Schedule Calendar Date
	dayType

	Depot
	Route Depot Version
	depotID

	Depot
	Service Area
	depotID

	Event Connection 
	Trip Time
	connectionNum

	Location
	Location
	Loc_featureType; Loc_locationID

	Location
	Relative_Location
	featureType; locationID

	Location
	Timepoint
	featureType; locationID

	Location
	Transfer_Cluster
	featureType; locationID

	Location
	Transit_Facility
	featureType; locationID

	Location
	Transit_Stop
	featureType; locationID

	Location
	TransitPointEvent
	featureType; locationID

	Location
	Trip Time
	featureType; locationID

	Mode
	Depot
	mode

	Mode
	Route
	mode

	NoteEntry
	NoteAssociation
	noteID

	Organizational Unit
	Route Depot Version
	organizationUnitID

	Passenger Access Component
	Plant Component
	passAccessID

	Passenger Access Type
	Passenger Access Component
	passengerAccessCode

	Passenger Access Type
	Passenger Access Component
	passengerAccessCode

	Pattern
	TransitPathEvent
	patternID; RouteID

	Pattern
	TransitPointEvent
	patternID; RouteID

	Pattern
	Trip
	patternID; RouteID

	Plant Component
	Amenity
	plantCompID

	Plant Component
	Facility Plant Component
	plantCompID

	Plant Component
	Passenger Access Component
	plantCompID

	Plant Component
	Portal
	plantCompID

	Plant Component
	Status
	plantCompID

	Plant Component
	Transit_Stop
	plantCompID

	Portal
	Plant Component
	portalID

	PTV
	Block
	vehicleID; vin

	Relative_Location
	Location
	relativeLocationID

	Route
	Route Depot Version
	RouteID

	Route
	Route Direction
	routeID

	Route
	Time Table Header
	RouteID

	Route Depot Version
	Schedule Calendar Date
	routeDepotVersionID

	Route Depot Version
	Schedule Revision
	routeDepotVersionID

	Route Grouping
	Pattern
	routeGroupingID

	Route Grouping
	Trip
	routeGroupingID

	Route Grouping Type
	Route Grouping
	RouteGroupingCode

	Schedule Version
	Schedule Revision
	scheduleVersionID

	Service Area
	Depot
	serviceAreaID

	Status Code Type
	Status
	statusTypeCode

	Timepoint
	Location
	timepointID

	Track
	Platform Track
	trackNo

	Transfer_Cluster
	Connection_Seg
	Tra_transferClusterName

	Transfer_Cluster
	Location
	Tra_transferClusterName

	Transfer_Cluster
	Location
	transferClusterName

	Transfer_Cluster 
	Time Period
	transferClusterName

	Transit_Facility
	Facility Plant Component
	transitFacilityID

	Transit_Facility
	Location
	transitFacilityID

	Transit_Facility
	Transit_Facility
	Tra_transitFacilityID

	Transit_Stop
	Location
	revisionNo; stopID

	Transit_Stop
	Plant Component
	revisionNo; stopID

	Transit_Stop
	Platform Track
	revisionNo; stopID

	TransitPath
	Location
	tranPathID

	TransitPath
	TransitPathEvent
	tranPathID

	Trip 
	Block Event Time
	tripID

	Trip
	NoteAssociation
	tripID

	Trip
	Trip Time
	tripID

	Trip Time 
	Event Connection
	Tri_tripTime

	Trip Time
	NoteAssociation
	tripTime

	Trip Time 
	Time Event Type
	tripTime

	Trip Time 
	Time Type
	tripTime


Table 5:  List of Referenced Identifiers within Entities
	Entity
	Attribute
	Related Identifier

	Connection_Seg
	fromStop
	Location.locationID

	Connection_Seg
	toStop
	Location.locationID

	Location
	generalizedLocation
	Location.locationID

	Pattern
	origin
	Location.locationID

	Pattern
	destination
	Location.locationID

	Portal
	agenyID
	Agency.agencyID

	Transit_Stop
	stopOwner
	Agency.agencyID

	Trip
	locationBegin
	Location.locationID

	Trip
	locationEnd
	Location.locationID
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22  Overview

The downstate New York region is one of several regions in the United States where transit agencies are struggling with integrating schedule data and other related data sets from local operators.  Each regional organization may have its own approach in place to integrate heterogeneous datasets.  Based on experiences in transit and other industries, implementing data sharing initiatives without employing standards has been shown to be ineffective and limits a region’s ability to use the data.  Even when regional standards are developed, understanding of the data semantics and logical relationships is subject to interpretation by data providers.  For example, a “pattern” at one agency may not be the same as a “pattern” at another; the relationship between a pattern and trip differs depending on how an agency generates the data.  

This paper discusses the type of standards needed by the TSDEA project, and how the standards, adopted for the TSDEA and Schedule Data Profile (SDP), deal with the issue of ensuring interoperability.

23 Purpose of a Standard

A standard is a “universally agreed upon set of guidelines for interoperability
” or set of rules that describe the format and behavior that enables interoperability. Several layers of standards are needed to ensure interoperability of information shared among systems deployed on different platforms using a variety of vintage and proprietary technologies.  Data interoperability depends on sharing a common description and meaning of the information; it requires that the relationships among key features or concepts are known and understood; it also requires that the context of the exchange is well understood.  For example, prerequisites, data assumptions/origins and exchange formats should be well understood and not open to interpretation.  The approach currently being taken by specialized communities such as Geodata, Transportation, and Justice, is to describe their business semantics in a common reference model that captures the meaning and logical relationships among data concepts as well as the behavior between systems that use the information. 

Furthermore, due to modern-day system complexity, several standards must work together to achieve interoperability among systems.  The standards framework promoted for most systems includes a set of standards described and promulgated by Information Technology (IT) standard development organizations like the World Wide Web Consortium (W3C) and OASIS.  Figure 1 shows a profile of standards that will help in developing the TSDEA demonstration.  


[image: image21]
Figure 1:  IT, e-Gov and ITS Standards Profile

[Typology adapted from Forrester presentation]
The proposed standards profile for the SDP project includes, as a subset, an IT industry standards profile.  There are several advantages to using an IT industry profile, such as:

· The set of standards undergoes significant interoperability testing by the IT industry
· Development and implementation tools are available, and 

· Some commercial off-the-shelf products (like databases) implement them as standard features.  

Although platform technology standards are critical to implement the operational concept of the TSDEA (see Concept of Operations for the Schedule Data Profile, 19 November 2005), the key standards that will be discussed in this paper are information and messaging standards developed for ITS.  
24  Use of ITS Standards 

The use of ITS standards will enable the seamless exchange of schedule data that meet the downstream application requirements.  The transit industry is actively developing new ITS standards. Many of the current ITS standards development efforts, both here and internationally are still in the development or testing phases.  As a result, although they were used to influence the SDP requirements, no one ITS standard supports all the requirements needed to deploy the TSDEA for the downstate New York region.  There are two critical areas where ITS standards will be used in the TSDEA project.  ITS standards for Transit Data Definition and for Message Processing will be used to support accurate, flexible data exchange.

Transit data definition standards are positioned as Industry and Business Semantics in the profile.  Among the major standards that influenced the data requirements are:

· NTCIP 1400 TCIP series,

· Draft APTA TCIP, 

· Geographic Information Framework Data Content Standard Transportation: Transit -- Part 7d (GOS), 

· European Union’s Reference Data Model for Public Transport: Transmodel 5.1 (Transmodel), 

· Department of Transport TransXChange (TransXChange), and

· Several data models supplied by NY Operators and TriMet

In summary, a number of ITS and transit industry standards were reviewed, constrained and adapted to conform to the downstate New York downstream application requirements and to accurately reflect the source data functionality.  The adaptations were necessary because some of the key transit data definition standards are still in the development phase.  Also, many of the transit standards are written at the conceptual level and need additional refinement in order to meet the specific needs of an organization or group of organizations.  In contrast, the NY Operator data models and database schemas, TriMet’s data model and TransXChange were deployed and tested to meet the needs of a specific business. Throughout the published project documents, particularly in the white papers, the authors identified influences, trade-offs and benefits of adopting certain standard approaches.  
Message Processing standards define the data exchange procedures.  They differ from the business semantics standards that are specific to the transit industry.  Message processing standards from the World Wide Web Consortium (W3C) and OASIS
, such as SOAP
 and Web Service Description Language (WSDL), are in wide-spread use by a broad range of technology professionals.  These standards are used to describe and transport messages from system to system in an asynchronous manner.  The ITS community described a “best practices” approach for using these standards in the National Transportation for ITS Protocols (NTCIP) Center-to-Center (C2C) working group.  NTCIP 2306
 will be the standard approach for exchanging information between the TSDEA and a downstream application.

There are several other standards that will be used to support the description of data, such as addressing standards (GOS and US Post Office) and spatial representation standards (GOS and GML).  

25 Approach to ITS Standards

The adoption of standards in the SDP/TSDEA project will help build a data exchange framework that:

· Makes it easier to add functionality and capacity to the TSDEA, 

· Ensures flexibility for data providers and users, and 

· Establishes an IT industry driven migration path for future upgrades and evolution. 

· Provides a foundation for transit agencies to adopt ITS standards. 

25.1 Why use multiple Transit Standards?

The content and format of the SDP are driven by the complex requirements of the current scheduling and related downstream application needs.   The current transit standards support some of the Downstate NY requirements, but not all.  As a result, this project will have to use multiple ITS standards.  In addition, it will have to supplement and adapt the standards to better support the following: 

· Rail features

· Complex, multi agency/mode transit “passenger” facilities

· Transit network features that support service provision

· Metadata descriptions

· Description of business rules for constraining transit data concepts

Each of the existing standards has its strengths and weaknesses.  In some cases, transit operators have developed innovative approaches for representing and managing these data.  The SDP Functional Requirements attempts to incorporate the best solutions into the final product, and generate a reference model and XML schema that best meets the requirements of the regional stakeholders.  Table 1 lists key data concept or business areas and the standard or specification that most closely influenced its definition.  The comment field further clarifies or describes other impacts on the business area.

Table 1:  Standard Influence on SDP Business Area

	Data Concept or Business Area
	Standard / Specification
	Comment

	General (Agency)
	TCIP
	

	Routes/Branches
	GOS and TCIP
	

	Buses:  Patterns, trips, service definitions
	GOS and TCIP
	GOS was influenced by TCIP

	Trains:  Patterns, trains
	
	RSTWG 

	Calendar
	TransXChange
	

	Schedule Versioning
	RSTWG discussion
	This area is heavily influenced by processes in place at local transit operators.

	Transit Facilities/Stops 
	LIRR and RSTWG rail discussion
	

	Transfer Cluster and coordinated transfer
	RSTWG discussion
	Influenced by regional requirements for coordination.  Although the syntax is similar to GOS, the business rules related to the transfer cluster description differs significantly from it.

	Public Transportation Location Attributes and Naming
	TriMet Location Table

GOS
	

	Geospatial feature representation (transportation network) including admin areas, access and landmarks
	GOS and related standards
	Addressing requirements in GOS use USPS naming standards 

	Metadata
	-- ASTM E2259-03, Standard Guide for Archiving and Retrieving ITS Generated Data.

-- USGS Content Standard for Digital Geospatial Metadata 
	The ASTM document provides guidelines on describing data.  There are no specific requirements that are implemented.

Parts of the USGS standard were adopted for the metadata description.

	Integrity Checking
	
	Derived from the Entity Relationship Diagram (ERD) referential integrity constraints.

	Syntactic, Semantic, Consistency
	XML Schema and XML standards as it is incorporated into XML Validator 
	

	SDP XML Schema
	XML Schema and XML standards
	

	SDP content file
	RTIF
	

	SDP Maintenance
	
	This area needs further discussion.  See best practices developed by Chief Information Officers (CIO) Council and the E-GOV Federal Enterprise Architecture Program Management Office, “Federal Enterprise Architecture Reference Model Maintenance Process,” 2005.


25.2 Approach to Using ITS Standards

The SDP/TSEA project’s approach to using ITS standards takes advantage of both ITS and IT standards efforts.  In addition to supporting the goals and objectives of this project, this approach also provides a framework and tools for the partner transit agencies that support other data exchange efforts. It provides standardized building blocks for other projects and the use of ITS standards in the region.

This project’s ITS standards approach will also incorporate practices that are critical elements of the ITS standards for center-to-center communications.  These include:
· Use of standardized data dictionaries.  Data dictionaries contain the definitions of primitive information content, called data elements.

· Use of standardized message sets.  Made up of data elements, and defining the structure of how data elements are organized, messages contain combinations of data elements that convey meaning or invoke a function.  A message set, such as the Transit Communications Interface Profile (TCIP), defines a list of messages.  The W3C (World Wide Web) Consortium’s XML Schema format is used to define message structure (called complex types), and primitive data elements (called simple types).

· Use of standardized messaging patterns and protocols.  Messages are communicated between centers using simple patterns such as one-way notifications and alerts, request-response, or more complex patterns of communications, such as subscription-publication.  A protocol such as HTTP or FTP (made popular by their application as the primary protocols of the World Wide Web) can be used to do the actual transfer of messages between centers.  Messaging patterns and protocols are defined based on the W3C Consortium’s Web Services Description Pattern (WSDL).

In particular, the TSDEA, when it is fully deployed, will specify specific data exchanges that conform to TCIP and NTCIP 2306.  NTCIP 2306 provides for a query-response SOAP exchange between application and TSDEA.  TCIP specifies several potential message dialogs between downstream applications and TSDEA which assumes the role of ‘data repository.”  

Appendix A:  Example Instances of Transit Facility

	
	Example
	Description
	Related File Name with example

	1
	Single transit stop on street
	Location and Transit Stop entities only

(Westchester Bee-Line StopID 39)
	NYSDOT_WP_TransitStop App_ABee-line.doc

	2
	Single transit stop with amenities
	Location, Transit Facility with Amenities and Passenger Access Component, Transit Stop entities 

(Westchester Bee-Line StopID 39 with Amenity and Passenger Access Component)
	NYSDOT_WP_TransitStop App_ABee-line.doc

	
	Single transit stop off street
	
	TBD (Phase 3)

	
	Single ferry berth
	
	TBD (Phase 3)

	
	Multiple stops (routes) at a single mode transit center/facility (not subway)
	
	TBD (Phase 3)

	
	Subway station with multiple entrances/exits (single platform/multiple tracks)
	
	TBD (Phase 3)

	
	Rail Station:  platform(s) and bus stop(s)
	
	TBD (Phase 3)

	
	Complex Transit Facility (multiple routes, modes and operators) – identify only facility
	
	TBD (Phase 3)

	
	Station with platforms on both sides of a track where passengers may enter on either side
	
	TBD (Phase 3)

	
	Transit platform in transit center
	
	TBD (Phase 3)

	
	Transit Stop on street at Transit Center/Facility
	
	TBD (Phase 3)

	
	Transit Platform in Station with two tracks on either side of the platform
	
	TBD (Phase 3)
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� The logical data model includes foreign keys in associated tables (entities) whereas the conceptual data model shows only the relationship among entities.


� “Best Practices for Using Geographic Data in Transit: A Location Referencing Guidebook.”  FTA-NJ-26-7044-2003.1, April 2005.


� Taken from a presentation by J. Davis NYSDOT


� Stop usage information such as boarding/alighting is associated with pattern and trip events.


� NaPTAN – see reference on TSDEA web site


� See presentation on TSDEA web site


� From “Information technology – Geographic Information Framework Data Content Standards July 2004 Part 7d”, p., 7d-9.


� These validators are available for free or for a slight cost.  Most database and spreadsheet tools include a validator within the application.  The SDP Mapper tool will include an automated procedure to validate a file.


� Using an XML validator


� Excerpt from “standardization” Wikipedia.org


� Organization for the Advancement of Structured Information Standards (OASIS).  See � HYPERLINK http://www.oasis-open.org ��www.oasis-open.org�


� Simple Object Access Protocol (SOAP)


� “The NTCIP 2306 standard allows transportation agencies and center managers the ability to specify and implement communications interfaces for transmitting information encoded in the Extensible Markup Language (XML) between their center and an external center.” (� HYPERLINK http://www.standards.its.dot.gov/StdsSummary.asp?ID=421 ��www.standards.its.dot.gov/StdsSummary.asp?ID=421�)








SDP_Func_Reqt_FINAL_App D_TechMemo_v1.0

1
SDP_Func_Reqt_FINAL_App D_TechMemo_v1.0
3

[image: image22.emf]Service Presentation / 

Event Delivery

Portal Standards

Industry and Business 

Semantics

TCIP, Spatial Content 

Framework Standards Part 7d

Transport

HTTP

Transformations, Encoding 

& Rendering

WAP, WML, Voice XML, 

XSLT

Data Syntax

XML, XPATH

Data Semantics

XML Schema

Data Extraction

XQuery, SQL/XML

Message Processing

SOAP, NTCIP 2306 (profile of 

SOAP 1.1)

Service Description

WSDL, WS-Policy

Service Discovery

UDDI

Security

WS Security, SSL

Service Orchestration

WS Choreography

[image: image23.emf]Service Presentation / 

Event Delivery

Portal Standards

Industry and Business 

Semantics

TCIP, Spatial Content 

Framework Standards Part 7d

Transport

HTTP

Transformations, Encoding 

& Rendering

WAP, WML, Voice XML, 

XSLT

Data Syntax

XML, XPATH

Data Semantics

XML Schema

Data Extraction

XQuery, SQL/XML

Message Processing

SOAP, NTCIP 2306 (profile of 

SOAP 1.1)

Service Description

WSDL, WS-Policy

Service Discovery

UDDI

Security

WS Security, SSL

Service Orchestration

WS Choreography

_1206182916.vsd
Table



_1207035350.vsd
Table



_1210146621.vsd
Table



_1208762778.vsd
Transport


HTTP


Transformations, Encoding & Rendering


WAP, WML, Voice XML, 
XSLT


Data Syntax


XML, XPATH


Data Semantics


XML Schema


Service Description


WSDL, WS-Policy


Service Discovery


UDDI


Security


WS Security, SSL


Service Presentation / Event Delivery


Portal Standards


Industry and Business Semantics


TCIP, Spatial Content Framework Standards Part 7d


Service Orchestration


WS Choreography


Message Processing


SOAP, NTCIP 2306 (profile of SOAP 1.1)


Data Extraction


XQuery, SQL/XML



_1206956588.vsd
Table



_1206190904.vsd
Table



_1206177274.vsd
Timepoints


Bus stops


Fare Set change


Headsign change


Transit Signal Priority


Pattern



_1206182779.vsd
Table



_1204353238.vsd
Table



_1201503284.vsd
text


Table



