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PREFACE

FOREWORD
By Staff
Transportation
Research Board

A vast storehouse of information exists on many subjects of concern to the
transit industry. This information has resulted from research and from the
successful application of solutions to problems by individuals or organizations.
There is a continuing need to provide a systematic means for compiling this
information and making it available to the entire transit community in a usable
format. The Transit Cooperative Research Program includes a synthesis series
designed to search for and synthesize useful knowledge from all available
sources and to prepare documented reports on current practices in subject areas
of concern to the transit industry.

This synthesis series reports on various practices, making specific
recommendations where appropriate but without the detailed directions usually
found in handbooks or design manuals. Nonetheless, these documents can serve
similar purposes, for each is a compendium of the best knowledge available on
those measures found to be successful in resolving specific problems. The
extent to which these reports are useful will be tempered by the user's
knowledge and experience in the particular problem area.

This synthesis will be of interest to all transit professionals with involvement
and interest in information technology (IT). It will also be of interest to those
who interact with transit agencies in this area. It is an upda€RP Synthesis
5: Management Information Systerasd documents the transit industry's state
of the practice in information and communication technologies against a
contemporary background of business practice. It is organized into the basic
architectural pieces that constitute an IT plan in order to provide the essential
framework for the planning process. Additionally, organizational issues and
policies and market trends affecting investment in and deployment of
Management Information System (MIS) technology are documented.

Administrators, practitioners, and researchers are continually faced with
issues or problems on which there is much information, either in the form of
reports or in terms of undocumented experience and practice. Unfortunately,
this information often is scattered or not readily available in the literature, and,
as a consequence, in seeking solutions, full information on what has been
learned about an issue or problem is not assembled. Costly research findings
may go unused, valuable experience may be overlooked, and full consideration
may not be given to the available methods of solving or alleviating the issue or
problem. In an effort to correct this situation, the Transit Cooperative Research
Program (TCRP) Synthesis Project, carried out by the Transportation Research
Board as the research agency, has the objective of reporting on common transit
issues and problems and synthesizing available information. The synthesis
reports from this endeavor constitute a TCRP publication series in which
various forms of relevant information are assembled into single, concise
documents pertaining to a specific problem or closely related issues.

This document from the Transportation Research Board addresses the
changes that have occurred since 1994, emphasizes the critical management
issues and problems confronting the transit industry, and provides concrete IT
strategies appropriate to various types and sizes of transit organizations. IT
needs are documented to be essentially the same for all agencies and, thus, the
synthesis focus facilitates a comprehensive review of the myriad IT issues and
concerns of the entire industry, accommodating both large and small agencies.



To develop this synthesis in a comprehensive manner and to ensure
inclusion of significant knowledge, available information was assembled from
numerous sources, including a number of public transportation agencies. A
topic panel of experts in the subject area was established to guide the
researchers in organizing and evaluating the collected data, and to review the
final synthesis report.

This synthesis is an immediately useful document that records practices that
were acceptable within the limitations of the knowledge available at the time of
its preparation. As the processes of advancement continue, new knowledge can
be expected to be added to that now at hand.
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INFORMATION TECHNOLOGY UPDATE FOR TRANSIT

SUMMARY Since the last Transit Cooperative Research Program (TCRP) Management Information
Systems (MIS) assessment was conducléeRP Synthesis 5: Management Information
Systemspublished in 1994), the state of the practice of information technology (IT) and the
strategies employed to execute IT have continued to evolve. This update is designed to
reassess the current condition of IT in the transit industry. The survey questionnaire that was
developed for this report uses the original 1994 survey questions updated to include new IT
considerations that have emerged in the intervening period (see Appendix A). Fifty surveys
were distributed to transit agencies and there were 21 responses. Site visits were arrange
with three of the original seven transit agencies studied for Synthesis 5: King County
(Washington) Department of Transportation/Metro Transit, Toronto Transit Commission
(TTC), and New York City Transit. Phone interviews and discussions were conducted with
another 14 agencies, with particular emphasis on smaller and paratransit systems. Thes
activities were further complemented by IT plans from another 12 agencies and proceedings
from industry-specific conferences [American Public Transit Association (APTA),
Intelligent Transportation Society of America (ITS America)] and industry committees
(APTA's Research and Technology Subcommittee on Integrated Technology and the
National Transit Institute's Committee on Advanced Technologies).

There are considerable difficulties in performing a synthesis project on IT in the transit
industry. IT is changing very rapidly and dramatically. The magnitude of change makes IT
very difficult to assess by any one researcher. Even the experts are finding it difficult to stay
abreast of the changes, let alone trying to anticipate where this technology is going. It is also
difficult to address the issues of large and small agencies in the same report. Large agencie
frequently have extensive IT departments, sometimes numbering more than 100
professionals, whereas small agencies sometimes have IT departments with only a few
staffers, sometimes none of whom are professionals.

The principal focus of this report will therefore be on large transit agencies, because an
examination of large agencies will facilitate a comprehensive review of the myriad IT issues
and concerns of the whole industry. By addressing the more complex environments of large
agencies, small agencies may have their requirements assessed as well. The organizatione
technical, and applications areas of small agency IT environments are often a subset of the
more complex settings of large agencies.

This synthesis report articulates the current state of the practice of IT based on the survey
results and is presented in the context of the specific architectures that comprise an IT plan.
By using this planning structure it is believed that, in addition to presenting the report in a
systematic way, it will also provide the essential framework of the planning process itself,
which is a central management tool for analyzing specific IT environments.

The following central architectural categories are used:



e Management architecturethe primary organizational and managerial components of
a plan.

e Application architecture-the software components, including all operating and
business systems.

e Technical architecture-the principal computing platforms and communications
infrastructure supporting data connectivity.

e |TS/APTS architecturea subcomponent of the Intelligent Transportation System
(ITS) National Architecture, Advanced Public Transportation Systems (APTS) have
begun to emerge as sophisticated real-time operations systems.

The approach that will be taken in each of the architectures will be to compare transit IT
with the prevailing approach of the broader IT industry with its current conditions and
standards using survey results, appropriate IT planning documents, and site visits/telephone
interviews and industry discussions.

The report begins with management architecture, the primary organizational and
managerial component of a plan. This structural approach is consistent with IT planning
documents from major transit agencies [e.g., Los Angeles County Metropolitan
Transportation Authority (LACMTA), Orange County Transportation Authority, and
Washington Metropolitan Area Transit Authority (WMATA)]. This chapter explores the
current approach to IT departmental organizations with all of their specific functions and
includes a discussion of outsourcing, training, and the use of contracted services. In addition,
the central role of a technology investment process is discussed in the context of a
contemporary broad-based definition of IT, with its dependencies and the involvement of an
enterprise-wide advisory committee for making investment and deployment decisions.

Survey results indicate that IT departments at many transit agencies remain organized
around an older data processing or MIS model, without enterprise-wide responsibility
consistent with this broader definition of IT. Although there would appear to be more IT
executives who directly report to their chief executive officers/general managers than in our
earlier assessment, their organizational models are still limited to primarily supporting
administrative computing, with only limited technical support for operational systems. Only
a few agencies (e.g., WMATA, Port Authority of Allegheny County, and Port Authority of
New York and New Jersey) have moved toward the full chief technical officer model. A few
more are chief information officers (e.g., TTC, Metropolitan Atlanta Rapid Transportation
Authority) and most are still MIS managers [e.g., Bay Area Rapid Transit (BART),
Alameda-Contra Costa Transit District] or below. Most have not put in place a full strategic
prioritization process of a technology advisory committee or organization-wide investment
and decision-making process. They are, more often than not, uninvolved in the critical
operations technology investments and are only supporting very limited technical
functionality.

Based on the survey results, most transit agencies still do not invest in IT (percent of IT
operational budget of total agency operational budget for the last fiscal year) at a rate
comparable to best practices in the public sector (above 3 percent), let alone the private
sector (above 5 percent). Peer reviews of industry practices, including levels of investment,
were conducted by LACMTA in 1994 and 1995. This peer review included 12 peer agencies.
None of the respondents were above 3 percent; the highest level was 2.6 percent, with
several below 1 percent and the majority between 1 and 2.5 percent. On the capital side, the
percent of investment was far more significant, with several respondents above 9 percent.
There were no adequate numbers or percentages provided on IT training and maintenance
budgets. Except for the capital side this does not show much change from the last survey.



Several surveyed agencies [including TTC, Massachusetts Bay Transportation Authority,
and Golden Empire Transit District (Bakersfield, Calif.)] use service bureaus, particularly for
payroll and financial services and more than one-half outsource some IT functions or are
considering such a move. This represents an increasing interest in and contracting out of IT
functions.

Application architecture consists of a transit agency's basic software portfolio including
all operating and business systems. Although many large transit agencies continue to use ol
customized software on mainframe and mid-range computing platforms, there would appear
to be significant movement toward commercial off-the-shelf (COTS) standard software
packages since the last assessment. There would appear to be even more movement in th
direction by mid-sized and small agencies. Consistent with that movement, many agencies
have been involved in or are pursuing business process reengineering/business proces
improvement activities/engagements in an attempt to align their business practices with
vendor-based software solutions. Although managing legacy systems and data (particularly
in large agencies) remains a critical problem, and interfacing related applications is still a
challenge, the new open architecture, client server, personal computer (PC)-based technica
environments facilitate the acquisition of new COTS packages whether they be "best of
breed" or single vendor.

Particular attention is paid to exploring "enabling technologies" such as bar coding,
electronic forms, electronic signatures, imaging, video conferencing, and data warehousing.
With the tremendous growth in Internet/Intranet web-enabled systems and emerging
electronic commerce (E-commerce) solutions, particular attention is given to how these new
technologies are being used.

In contrast to the 1994 survey, all but four of the agencies surveyed are developing or
have in place an active disaster recovery plan. Only a few are involved in telecommuting, but
most have a web site and use Internet/Intranet services. Although a few agencies restrict
these services to particular employees, some agencies make it available to all and are usin
the Internet and web-enabled technology to post real-time system information in conjunction
with APTS technologies such as automated vehicle location (AVL) and kiosks. Some
agencies (e.g., WMATA, BART, and King County Department of Transportation) are using
E-commerce (the use of Internet services to conduct business) to post procurement
information such as requests for proposals, but none are actively using E-commerce to
acquire goods or services.

The three basic components of technical architecture are hardware, network capabilities,
and data management. According to participating agencies, the movement toward open
architecture, client server, PC, local area network/wide area network-based systems has
grown dramatically since the 1994 survey. The adoption of technical standards that facilitate
integration and interconnectivity has also increased, but as suggested in the managemen
architecture, the IT departments at many transit agencies do not exercise the organizational
wide control sufficient to manage standardization.

General guidelines are discussed for data management in the context of open architecture
with specific strategies for using legacy mainframe computers to house data warehousing
capabilities.

As a subset of the National ITS Architecture, APTS constitute the primary ITS
technologies being instituted in transit systems in the United States. The complexity of
APTS highlights both the challenges and opportunities that confront IT in the transit
industry.



To be successful and accomplish the cost benefits possible under APTS, transit agencies
face significant institutional barriers, such as governmental regulations, labor contractual
constraints, and political directives that make running the transit business very difficult.
Second, most transit agencies do not have sufficiently sophisticated contemporary and robust
technical infrastructures to support the introduction and maintenance of APTS. Third,
although industry standards and protocols are evolving, the industry is not yet close to an
environment that easily facilitates the integration of individual APTS components. Finally,
according to participating agencies, the full value of APTS can only be realized if it operates
in an integrated institutional setting with strong management support for instituting APTS'
"hard" benefits.



CHAPTER ONE

INTRODUCTION

PURPOSE OF PROJECT sector with regard to the acquisition and deployment of
information systems technology, it was possible to identify
The purpose of this synthesis project is to update Transihe current direction of thinking and the key critical success
Cooperative Research Program (TCRP) Synthesis Projeghctors of those transit agencies involved in the best
SG-5, Management Information System@), and to practices of the industry.
document the transit industry state of the practice in
information and communication technologies against a Seven agencies were selected for visits based on their
contemporary background of business practice. In additiormeeting four fundamental criteria: (1) having developed or
organizational issues and policies (internal and externalicquired sophisticated applications in at least one or more
and market trends affecting investment in and deploymenif four management and operational areas under
of management information system (MIS) technology are:onsideration; (2) having achieved some level of integration
documented. The audience for this TCRP project is transigf their information systems; (3) having reasonable
professionals with involvement and interest in informationdocumentation of their activities with expansion plans; and
technology (IT). (4) embodying information systems and technologies
applicable to the transit industry as a whole.
The TCRP Project SG-8 Topic Panel noted that the
application and level of sophistication of MISs used by The seven site visits were conducted over a several day
transit agencies in North America continues to vary widelyperiod to determine the condition of their overall MIS
In 1994, TCRP Synthesis Sl)( identified the current environment but, more importantly, to assess the extent of
direction and key factors of successful MIS integrationintegration achieved in critical areas. These four areas
efforts applicable and transferable to the transit industry agonsisted of administration, planning and operations,
a whole. Today, a state-of-the-practice update is needed fefaterials management, and advanced technology systems.
those concerned with improving transit information flow. ~ An interview guide was created to help identify specific
areas of integration that had recently been achieved using
The SG-8 Topic Panel felt that information about markethe most current approaches and technologies and the
capabilities could provide valuable insight to the transiteritical success factors most essential to developing and
industry. How effectively data can be integrated into amnmaintaining effective and efficient management information
overall information systems environment and used withinsystems in the transit industry. The seven transit agencies
and outside the transit agency might also prove useful. land their specific integration projects were:
addition, information about an organization's ability to
manage existing systems, deploy new technologies, e Bay Area Rapid Transit (BART): Capital Project
and refine the organizational framework would be most Management System
useful. e Metropolitan Transportation Authority/New York
City Transit (MTA/NYCT): Integrated Maintenance
Management System
OVERVIEW AND SUMMARY OF TCRP SYNTHESIS 5 e Seattle Metro: Distribution Database, Geographical
. . . Information System, and Operation Support System
In 1994, TCRP Synthesis 5l)( identified the current e Toronto Transit Commission (TTC): Automated

direction and key factors of successful MIS implementation Transit Operators System

at selected transit agencies. This report focused on the o Metropolitan Atlanta Rapid Transit Authority
general direction of change in IT and on specific integration (MARTA): The Maintenance Planning and Control
efforts applicable and transferable to the transit industry as (MPAC) Maintenance Management Information
a whole. Some background on the original study and a System

summary of the findings are provided here. e Metro-Dade Transit Agency (MDTA): Transit

. L L Operations System
Understanding that the applications and sophistication of o Metropolitan Rail (Northeast lllinois) (Metra):
MISs used by transit agencies in North America vary Information  Systems for Revenue Ticket
widely and that the transit industry lags behind the private Distribution and Sales Status



In addition to the seven primary site visits, a question- e Funding—Funding is a problem in two areas of
naire was developed to acquire additional information from transit: a lack of funding to acquire, update, and
a broader range of transit agencies. The 20 questionnaire maintain critical management information systems
responses were further supplemented by 6 site visits to and new technologies and specific funding
small urban bus and paratransit operations. Two of the opportunities that create uneven or inappropriate
questionnaire responses [Oahu Transit Services (OTS) and investment in particular technologies. Because most

Orange County Transportation Authority (OCTA)] were IT is acquired through capital grant funding, which is
used in conjunction with supplemental planning documents often dictated by particular events and timing,
to outline key issues facing MIS in transit. projects in this area do not always conform to

strategic need. It is not uncommon to see a
significant investment in a particular “exotic"

Barriers to Adoption of New Information Technology advanced technology in an otherwise impoverished

agency.

There were several general barriers identified that apply to
most transit agencies:

. . . . . . User Group Framework
Organizational barriers—In small transit agencies it

is often difficult to access MIS staff and/or technical | the transit industry there is a very large investment made
resources from the broader governmental entity. Thisn information systems and related technologies. Because
usually means that the agency must rely on itshis |arge investment is made through federal, state, and
limited resources, identifying someone who is mostioca| funds, there is a very pronounced need to create an
interested but not necessarily appropriately trained tffective, broad-based user group that can assist the
provide MIS direction and support. In larger transitngystry in making the appropriate investment in IT.
agencies, the older data processing model of a

mainframe  environment primarily  supporting  Based on the size of the investment and commonality in
financial systems has persisted. MIS organizationgne industry, there is enormous value in creating a new
are frequently organized under the financeframework to facilitate communication and assist decision
department rather than under an administrative groupyaking in the acquisition and deployment of information
that has agency-wide responsibility and overslght.‘,;ystemS technology. It seems appropriate to develop a

This same kind of model has frequently led to thepyplic framework to facilitate this investment process,
emergence of pockets of MIS resources outside Ofyhich at a minimum can provide the following:

the primary computing environment.

. . . i Up-to-date information,
Past practices-Perhaps the single biggest barrier to Simple and objective description of information,

[ ]
[ ]
the effective acquisition and deployment of MIS e Standardized evaluation methodology,

to past practices. The primary mechanism for moving information,
to computerization has been to automate existing o A single point of access in the industry, and

manual processes. Although transit agencies are o An automated as well as manual process for
more alike than different, a whole host of unique acquiring information.

manual processes have developed at individual

agencies over time. This business approach in the

transit industry represents a major barrier toconclusions and Recommendations

acquiring standard software packages to support

primary functions and makes transferability difficult Based on the sample size, the amount of collected

across transit agencies of similar size despitdnformation, and the depth of the interview process, it was

significant commonality. inappropriate for this study to try to describe the definitive
condition of the "state-of-the-practice” of MIS in the transit

Training—Lack of training in existing hard- industry in 1994. However, it was possible and valuable to

ware/software and related technologies anddentify the current direction of thinking and key critical

inadequate education regarding new developments iBuccess factors of managers involved in the best practices of

MIS are critical barriers to success. Training needs tehe industry. Most of this report concentrated on specific

occur at two levels in transit agencies: training andexamples of integration activities by leading agencies (the

development of MIS staff where they exist andseven site visit's integration projects). It is believed that this

training and education of user department personnégbcus has identified the general direction of change in

in appropriate technologies. transit MIS and specific integration efforts that



are applicable and transferable to the transit industry as approaches to core business needs. Although it was
whole. discussed in 1994 as an emerging trend, we now have the
practical maturity of open architecture, client server,
Based on a comprehensive review of the MIS functiond&Vindows-based solutions that allow for much greater
and environments of the surveyed transit agencies andtegration and data sharing than ever before. On the
discussions during the site visits with key staff involved incommunications front, we have more powerful, more
MIS project activities, 18 critical success factors wererobust, and cheaper connectivity tools facilitating the data
identified and prioritized as follows: warehousing/mining and web-enabled technologies to move
and manage large, complex data flow.
e Support key strategic business purposes of the transit

agency However, on the management side of the equation,
e Establish appropriate organizational structure formany things have stayed much the same. There remains the

MIS strong management need to put in place an enterprisewide
e |Institute agency-wide planning process set of strategies and safeguards to appropriately invest and
e Employ systems development methodology deploy IT. There is a need to organize IT in the most
e Decentralize access to management tools effective and efficient manner; to employ, reward, retain,
e Centralize control over MIS function and train the best IT personnel possible in the public sector;
e Use automation to facilitate future expansion and to continue to aggressively look for opportunities to
e |Initiate automation/reengineering process contract out for services better supplied from outside the
e Perform cost-benefit analysis organization.
e Move toward software packages rather than custom

development This update is intended to address the changes that have
e Avoid prototype solutions occurred since 1994, emphasize the critical management
e Use computer-aided system engineering (CASE) issues and problems confronting the transit industry, and
e Migrate toward open architecture provide concrete IT strategies appropriate to various types
e Migrate to client/server architecture and sizes of transit organizations.
e Maximize integrated solutions
e Facilitate use of data as resource The survey questionnaire developed for this update uses
e Establish personal computer (PC) help desk the original 1994 survey questions updated to include those
e Implement disaster recovery plan new IT considerations that have emerged in the intervening

period (see Appendix A). Fundamental to this approach was
the desire to preserve the integrity of the original survey, to
OVERVIEW OF SYNTHESIS SG-8 UPDATE be able to compare the responses and assess the change in
the condition of the industry. Fifty surveys were distributed
Since the publication in 1994 of TCRP Synthesislp ( to various transit agencies and 21 were returned.
many things have changed and many things have stayed the
same. The technology itself has dramatically changed, and Two-day site visits were conducted with three of the
continues to change at an ever-accelerating pace. Even thfiginal seven transit agencies: King County (Washington)
title of the original report,Management Information Department of Transportation (DOT)/Metro Transit, TTC,
Systemshas generally lost favor and has been replacednd NYCT. These visits included 2 days on site, interviews
by "Information Technology," which is reflected in the title with key IT professionals and senior management, "walk
of this synthesis update. PCs proliferate, replacinghroughs” of the IT environment and, in some cases, hands-
mainframe and mid-range computing platforms and areyn demonstrations of major applications or technology
themselves under the threat of the growing powersystems [e.g., King County's automatic vehicle location
versatility, magnitude, and low cost of the Internet/Intrane{AvL) program]. Phone interviews and discussions were
"solution.” Lou Gerstner, Chairman and Chief Executiveconducted with another 14 agencies, with particular
Officer (CEO) of IBM, said in thé&lew York Timesn May  emphasis on smaller and paratransit systems.
12, 1999, "The era of the P.C. is over." He went on to say
that although PCs will continue to be the principal These activities were further complemented by IT plans
computing platform, the future of the technology is movingfrom another 12 transit agencies and proceedings from
to Internet/Intranet, web-enabled, and E-commerce systemgdustry-specific conferences [American Public Transit
2). Association (APTA), Institute of Transportation Studies
of America (ITS America)] and industry committees
On the applications side, we have the full emergence QfAPTA's Research and Technology Subcommittee on
commercial off-the-shelf (COTS) products in the transitintegrated Technology and the National Transit Institute's
industry replacing highly customized, individualized Committee on Advanced Technologies). The Research and



Technology Subcommittee developed a comprehensivanyriad IT issues and concerns of the whole industry. It is
web-enabled (developed pro bono by Oracle Corporationhelieved that the focus on large agencies will accommodate
APTA-sponsored IT survey (see Appendix C) as asmall agencies as well, because general transit industry IT
complement to this TCRP Synthesis report and modeledeeds are essentially the same for all agencies. By
after this report's survey questionnaire. This new APTAaddressing the more complex environments of large
survey will greatly expand the industry audience and willagencies, small agencies should also have their
provide an even more comprehensive assessment of thequirements addressed.
current state of the practice. Altogether, 45 separate transit
agencies were queried as part of this synthesis project. The best approach to the structure of this report is to
organize it into the basic architectural pieces that constitute
The difficulties in performing such a synthesis projectan |T plan. In addition to laying out the report in a
are considerable. IT is changing very rapidly. Thesystematic way, this will also provide an essential
magnitude of this change makes it very difficult to assesgamework for transit agencies on the planning process
by any one researcher, let alone a large team working acrogself, which is a principal management mechanism for
the myriad areas of change. Even the experts are finding #nalyzing a specific IT environment and creating a
difficult to stay abreast of the changes, let alone trying tgjueprint for making IT investment and deployment

anticipate where this technology is going. Long rangedecisions. The central architectural categories are:
planning in this area was once a 5-10 year horizon; that has

now sunk to 3-5 years and, more realistically, to 2-3 years.
Many sophisticated planning studies and projections
have failed to understand either the dimension or type of |
change.

Management architecturethe primary organiza-
tional and managerial components of a plan.
Application architecture-the software components,
including all operating and business systems.
Technical architecture-the principal computing
platforms and communications infrastructure sup-
porting data connectivity.

ITS/APTS architecture-a subcomponent of the ITS
National Architecture, APTSs have begun to emerge
as sophisticated real-time operations systems.

It is also difficult to fully address the issues of large and
small agencies in the same report. Large agencies
frequently have very large IT departments, often with more
than 100 professionals, whereas small agencies sometimes
have only a few individuals, sometimes none of whom are
professionals. Large agency IT departments need to cope
with bureaucratic and often cumbersome organizational i i
structures: small ones usually work in a less structured, 1he approach that will be taken in each of the

more entrepreneurial environment. Large agencies hava'chitecture chapters will be to compare transit IT (based on

inherited older technology —systems—mainframes andhe survey results, site visits, interviews, and research
midrange systems and expensive custom-built software th&Perience) with the prevailing approach of the broader IT
can be difficult to maintain and/or integrate into new Ndustry with its current conditions and standards. Because

systems. Small agencies often don't have to cope with tHy the small sample size, this report will be largely a
baggage of older technology, particularly expensivequa"tat've discussion of IT issues. However, with APTA's

mainframes/mid-range systems, and can acquire nef}€W Web-based survey, quantification will begin to be

systems with far less difficulty. Both are, more often tharPossible later this year. This report is structured to facilitate

not, under-funded relative to percent of investment (the be&t COMParison to the state of the practice on the part of each
agencies invest in IT operations at 3% of total operationallrans't agency (large and small) that reviews the content and

expense), lack the necessary talent in the highly competitie°MPares it's own condition to each of the architectural

environment of IT, and are behind the technology curve®'€Ces:
with regard to the most current methodological and
development tools and the all-important area of on-going Finally, although each of the architectures is
training. individually important to the industry, management
architecture is viewed as the most crucial in that it presents
The principal focus of this report will be on large organizational and managerial strategies to facilitate the
transit agencies facilitating a comprehensive review of thévestment and deployment of the other architectures.



CHAPTER TWO

MANAGEMENT ARCHITECTURE

INTRODUCTION perform the same tasks. Even within the same department,
the technology and application software employed may
Management architecture is the organizational andliffer by area or location. Some of these applications are
managerial component of most IT plans and represents treveloped and supported by individuals in the departments
crucial IT investment and deployment strategies for transiwith some  technical knowledge and interest.
agencies. Based on the survey results, site visits, aridocumentation for these "home grown" systems generally
industry IT plans (see Appendix B), in most transit agenciesloes not exist. Very little control is exercised in the
IT organization has been frequently overlooked andacquisition of equipment, training, maintenance and support
relegated to only a supporting role. Rather than be involvetbr these "departmental systems." IT assistance is
directly in the prioritization and choice of IT tools and frequently only requested when problems arise or to
products, most industry IT departments only support limitecperform system modifications, often only after vendor
deployment. Management at most agencies does not fosteg@pport is no longer available. Applications are frequently
strategic, coordinated investment in IT. Individual developed for individual departments by consultants who
departments like operations, planning, and finance oftedo not provide system documentation and use computer
choose and secure their own information resources, onlgrogramming languages or technology different from that
requesting system modifications and support from their ITmore generally employed by the rest of the transit agency.
departments after acquisition. The result of this
management philosophy has been the evolution of an Survey and site visit results indicate that there is
uneven, disparate, inequitable information systeminsufficient coordination and control of the deployment of
infrastructure without adherence to agency-wide standardd in most agencies. Duplication of information, lack of
or architectures. In large agencies, many IT organizationstandardization in IT equipment and application software,
are a continuation of an oldfashioned data processing shaid insufficient control over the development of technology
that primarily supports the mainframe environment and itgrojects results in significant inefficiency and
programs, with very little attention paid to other platformsineffectiveness at transit organizations and inequities in
such as mid-range systems and PCs or the broadtgchnology investments between individual departments. To
information needs of the whole enterprise. In both smalprovide appropriate centralized IT services and support,
and large agencies, this means that IT professionals are rarticipating agencies suggest that it is necessary that an IT
sufficiently involved in the IT investment decisions. organization be created that can take the lead in developing
a unified deployment strategy for an agency's technology
According to participating transit agencies, manyenvironment, and that all IT resources built by individual
individual departments develop their own IT resourcesdepartments within the agency be absorbed into the IT
including computer technology, software, programmingorganization. This approach to IT services suggests
expertise, network and PC support, and maintenance. Thos@gnificant savings in clerical personnel, better use of
departments that have less direct need for automation, oranagement time, and more efficient and effective
have small budgets, often go without developing even sometilization of the agency's resources.
of the most basic information resources necessary in today's
busines_s environment_, _such as intt_agrateq SYSteM$ECHNOLOGY INVESTMENT PROCESS
networking, and sophisticated electronic mail (e-mail)

services. Site visit participants and a review of IT plans indicate that
) ] ] . ) transit agencies cannot accomplish their IT strategic goals

The resulting IT environment in transit consists of an ITyithout the establishment of a technology investment
organization that exercises control mainly over theprocess (TIP), the creation of a technology advisory
corporate (generally mainframe) systems and independegbmmittee (TAC), and the construction of an appropriate IT

departments operating a wide variety of mainframegepartment. These three activities are seen as essential and
midsize, mini, and personal computers and applicationterdependent actions.

software to support their individual and specific needs.
Different departments performing the same functions often The principal strategic IT goals that emerged from this
have different hardware and/or application software tastudy are organized in the following order of importance:



10

Drive the management architecture for IT from (LACMTA) are contracting out functions that can be
business goals and management objectives as accomplished more effectively by outside
indicated in an agency's strategic business plan. It is organizations without compromising quality and
necessary that an agency's business be managed in a potential technology growth.

way that protects and aggressively deploys the

investment in IT. This strategy has been articulated in ® Improve the effectiveness of the agency's operations
IT plans by the Massachusetts Bay Transportation by taking a leadership role in business process

Authority (MBTA), OCTA, and the Port Authority of engineering (BPR) and empowering agency staff with
Allegheny County. the information required to make strategic decisions.

Develop shared accountability for the IT investment ® Redefine IT processes, products, and services and
between functional business areas and the IT ~ develop an equitable pricing structure within the
organization. Interviews suggest that IT departments ~ context of a partial to full cost recovery charge-back

be forward thinking, leading the agency into proper program. Identify the service and processing
technology investments. However, without joint expectations of IT's customers and negotiate a set of
ownership, responsibility, and accountability it would mutually agreeable and supportable service level
be difficult for the transit agency to fully realize the agreements (SLAs). Charge-back programs and SLAs
benefits of this technology investment. An approach are in use at agencies such as King County and The
used by agencies like The Port Authority of New Port Authority of New York and New Jersey.

York and New Jersey and the Washington . -

Metropolitan Area Transit Authority (WMATA) is to ~ ® Reduce expenses and _improve efficiency by
create joint project management team leaders from ~ ©OPtimizing the agency's [T operations through the
both the user department and the IT department to strategic application of contracted services and

share responsibility for individual technology projects. improved contract management [e.g., TTC and
P Y gy prol Golden Empire Transit District (Bakersfield, Calif.)].

Rely on open architecture/COTS software to decrease

the need for in-house programming. Organizationally, ® Leverage IT investments to generate new sources of
the IT departments in a number of leading agencies  revenue for an agency. BART has developed
are moving toward the development of in-house public/private agreements to recover revenue from
administrative and project management skills to the commercial sale of the right-of-way for fiber
manage vendors and consultants and away from  optics and software.

systems development skills. This approach is being

demonstrated at TTC and King County DOT. TECHNOLOGY ADVISORY COMMITTEE

Move IT to a "facilitation" philosophy. The IT Based on organizational strategies implemented by several
organization facilitates technology for the whole leading agencies included in this study, three
agency and is organized to properly accomplish thainterdependent actions appear to be necessary to move an
objective, as is demonstrated at The Port Authority olagency's IT organization into a position to fully support
New York and New Jersey. management information, technology investment, and an

agency's overall mission, goals, and objectives. These three
Establish a planning process to sustain an IT plan andctions are viewed as interrelated and complementary
revise it as business demands change (see list @bmponents of the solution.

transit agency IT plans in Appendix B).
1. Establish a TIP that reviews and approves the

Deliver continued technology support while the IT recommendations of the TAC at the general manager
infrastructure is being changed over time. Policies (GM)/senior staff level.

and procedures are developed to help deliver

technology and bolster IT. Using these procedures 2. Establish a TAC composed of key staff from primary

minimizes the risk of throwaway investments until functional areas and chaired by the IT executive (or
the technical and overall management skills are in comparable individual in smaller agencies) to
place within an agency to ensure responsibility and recommend which technology investment decisions
accountability for IT expenditures. are best for the entire agency. This committee would

operate as the agency's single focal point for
Concentrate resources on "agency critical" systems developing recommendations for the acquisition and

and technologies. Agencies such as the Los Angeles deployment of IT and establish and oversee
County Metropolitan Transportation  Authority agencywide IT policies and standards.



3. Create a robust IT department that can perform the
day-to-day activities of technology support,
leadership, maintenance, and planning.

The TAC establishes the proper linkage between thg,
transit agency's management and the IT department. This
committee represents key functional areas of the agency
that use and/or need technology tools, and will foster and
promote agency-wide technology ideas and solutions. The
charter and responsibilities of this committee clearly
establishes it as distinct from, but operating in an advisory.
capacity to, other committees/departments. Depending on
the strategic interests and IT needs of the agency, this
committee has the authority to provide some or all of the
following functions:

e Recommend a process and a cost-benefit
methodology for the evaluation and prioritization of
all IT projects at the agency.

Develop a list of all agency technology projects
based on all capital project submissions and review
and evaluate all ongoing and proposed technology
projects on an annual basis, within this context.
Provide the IT executive and agency management
with the information necessary to properly evaluate
technology projects and investments.

process for IT.

e Link to the organization's annual budget process.

Recommend specific objectives and develop an SLA  The gverall intent of the TIP is to set policy,
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e local area networks (LANs) and wide area
networks (WANS)
e LAN server applications

Communications technology

Telephones

Telecommunications architecture

Voice, data, and electronic image transmission
Radio technology

Other technologies including

Bar coding

Cash handling technology systems

Command center technology

Computer-assisted design (CAD)

Geographical information systems (GIS) technology
Global positioning systems technology

Intelligent transportation systems (ITS)

Materials management technical systems
Revenue control and faregate technology
Supervisory control and data acquisition (SCADA)
systems

Security systems

Signage systems technology

Virtual reality systems

prioritize

the investment in information-related technologies, and help

ensure that technology investment is in the best longterm,

. ) . strategic interests of the entire organization. As part of the

A. s_pecmc TAC charter defln_es IT and_delineates .theprocess of overseeing IT investment, the TAC has the initial

minimum technologies over which the TAC, IT executive, d principal ibili devel dati

and the IT organization have authority and principal responsibility to develop recommendations
' that would be reviewed and approved by the GM and senior

It is important that the TAC and therefore the wholeManagement. The primary functions of a TAC are to:

organization adopt a definition of IT that is sufficiently
broad and consistent with evolving contemporary standards.
The definition of IT, used by agencies such as BART, the
Alameda-Contra Costa Transit District (AC Transit), and
OTS, includes all those technologies that are information-

e Advise the IT executive on policy for MISs and the
support technology. This would include helping
establish mission, goals, objectives, and IT standards
for the agency and the IT department.

based, generate data that have application across the ®

enterprise, and/or involve standard computing platforms
[ J

Establish cost-benefit methodology and standards for
all IT investment.
Prioritize, schedule, and monitor all IT projects.

running on common communications infrastructures.

Minimum technologies would include: *

Assure the conformity of project development with
the program budgeting process.

1. Al mainframe/mid-range computer programs and @ Arbitrate disputes between user departments and the
systems IT organization.
e MISs
e Administration computing The life cycle of the TIP, with its detailed phases, is shown
e End-user computing in Figure 1.
e Central control systems
Q  Databases PROCUREMENT PROCESS COORDINATION
U Operating systems
O Application software At a number of participating agencies, the procurement
process is coordinated with the TIP and properly identifies
2. PCs and network hardware/software operating systemgnd supports the central role the IT organization has in

e Applications/software/hardware reviewing and approving all technology acquisitions.
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Annual . .
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Technology Advisory Committee (TAC)

Policies & Procedures

FIGURE 1 Technology investment process life cycle.

To ensure that all technology requisitions are identifiedThe Port Authority of New York and New Jersey, the IT
by an agency's procurement department and are review@dganizational environment is organized under an IT
by the IT organization for appropriateness, consistency, anexecutive who has responsibility for providing leadership
adherence to the agency's standards and architectures, fbe agency-wide technology solutions. The definition of an
following approach has become the practice of agencie§ executive has changed significantly over the past decade,
such as WMATA and The Port Authority of New York and following from the changes in computing and its growing
New Jersey. importance in an organization. In large organizations, the

MIS director has changed to chief information officer (CIO)
The IT organization establishes a list of generic PCand more recently to chief technology officer (CTO). The
hardware and software standards appropriate fochange in title from CIO to CTO reflects the degree to
different types of staff and usage (e.g., wordwhich all technology, particularly ITS/APTS technology is
processing, spreadsheets, CAD). information-based and requires clear oversight as part of the

broader IT environment. This change in title also reflects a
Procurement and the IT department work togethechange in the organizational reporting of IT, from being
to establish vendor relationships and term contractsubsumed under finance, to being subsumed under
for these items. A "catalog" is developed from administration, to becoming a direct report to the CEO/GM.
which these hardware and software items can b&everal large agencies have made this title and
"purchased.” organizational change in the last couple of years, but most

agencies have stayed with an MIS director.

e [T-related requisitions for noncatalog items require
IT department review and approval before they may  \any transit agency IT departments are still organized
be purchased. around an older data processing or MIS model without
enterprise-wide responsibility consistent with a broader
IT ORGANIZATIONAL STRUCTURE definition of IT. Although there would appear to be more IT

executives who report directly to their CEOs/GMs than in

At agencies that have executed an IT planning process, sutite 1994 assessment, their organizational model is still
as the Port Authority of Allegheny County, WMATA, and limited to supporting primarily administrative computing
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with only limited technical support for operational systems.

e Mainframe operations—primary responsibility for
Only a few agencies (e.g., WMATA, Port Authority of monitoring and management of all hardware and
Allegheny County, and Port Authority of New York and operating/control software.
New Jersey) have moved toward the full CTO model. A e Server operations—primary responsibility for the
few more are CIOs (e.g., TTC, MARTA) and most are still operation and management of all server hardware,
MIS managers (e.g., BART, AC Transit) or below. Most server operating systems, and server monitoring and
have not put in place the full strategic prioritization process control software on all platforms.
of a TAC or organization-wide investment and decision- e Communications operations—responsibility for all
making process. They are more often than not uninvolved communications hardware and for all network
in the critical operations technology investments and are servers on all platforms.
only supporting very limited technical functionality. e Network operations—primary responsibility for all

network operations, as well as LAN and WAN

The responsibilities of an IT executive in a large agency management and planning.

now includes the following comprehensive list of functional

areas. operations, data analysis support, customer

information center, connectivity and PC support, projectin addition, IT operations usually prepares, manages, and
management, and quality assurance. A recent organizationaaintains the agency's disaster preparedness and business
chart for WMATA is shown in Figure 2. process recovery programs. Operations also monitor and
manage mainframe, service capacity, and network traffic.
IT operations has responsibility for timely backup for all
mainframes and server data files.

IT Operations

IT operations consist of:

AGM :
ADMIN :
Technology Advisory E
Commiltee | e m—————— CTO vasssed
ITS Staff ITS Staft
Department Employee
Administration Administration
— Architecture Support Administration
- ITS Budget Job Description
Management Management
- Planning Support Skills Inventory
— Security Management Magnagement
|— Technology Planning Staff Management
Vendor Management Training
Management
L L I T I —
Operations Data Analysis Customer Connectivity Project Qualiity
Support Support and PC Support Management Assuranoce
Center
- Capacity Management |- Data Administration |- Help Desk |- PC hardware Project Budget Change
- Communicalions — Data Warehouse - On-site user assistance Management Management
Hardware Support agsistance |- Peripheral Project Planning Configuration
— Disaster Recavery I~ Data Warehouse - Rapid Development Acquisition Project Reporting Management
Managment Development Shonrt duration — User Connectivity User Lialson Documentation
— Mainframe - DSS development - SLA Management Vendor laison Management
- Servers - EIS - SLA Management |- Work station Testing and
— SLA Management |— End user Support |- Software use Inventory implementation
[ Network Operations MIS assistance - Work Station Support
Customer Lialson Custonter Liaison — Trouble call Acquistition
recording and - Work Station
routing Budget
Cuslomer Liaison Management
L Customer Liaison

FIGURE 2 WMATA organization chart.
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Data Analysis Support Operations, data analysis, customer information center,
and connectivity and PC support groups provide support in

Data analysis support has responsibility for the acquisitioidccordance with negotiated SLAs between the IT

and maintenance of an agency's data warehouse. In suppgépartment and its customers.

of this warehouse, data analysis support provides data

administration assistance for the agency, including the

development and maintenance of a data directory. DatRroject Management

analysis support also acquires, maintains, and supports

appropriate software packages for executive informatiorProject management is responsible for developing project

support, management decision support, and generglans and budgets and matrix managing projects in

management information support. accordance with those plans and budgets. They provide
reports to management on the status of progress against

Data analysis support also supports end-useboth plan and budget. Project management provides liaison

computing, analysis, and reporting against the contents dfetween the agency and its technology vendors and

the data warehouse. Data analysis support has primappnsultants. This organizational component is the critical

responsibility for providing support for data acquisition, link between the IT department and the whole user

manipulation, filtering, and scrubbing of agency data for thecommunity, and it is their responsibility to assure maximum

data warehouse. coordination with all outside resources for the successful
installation of all new technologies.

Customer Information Center

The customer information center provides all agencyRuality Assurance

personnel with Help Desk support and software user

assistance. The customer information center maintains tHauality assurance is responsible for all test-plan generation,
call log, tracks all incidents of software or hardware!®St-case generation, and for testing all new agency

malfunction, and routes trouble calls to appropriate suppoffardware, software, and technology acquisitions. Quality
personnel. assurance provides change management services for both

hardware and software and coordinates all changes between

The customer information center is responsible forthe department and the user community. Quality assurance
providing the user departments with short durationProvides configuration management support for tracking all
development assistance, including advanced help withardware and software. Quality assurance maintains records
office automation tools, creating user workstation of all registered owners of all software as well as records of
databases, user spreadsheets, and specialized user rep@sinstallation and registration codes. Quality assurance

Customer information center personnel provide on-site usgpanages all documentation and ensures that there is current
assistance and other short-term support. documentation on all hardware and software.

Connectivity and PC Support IT Administration

Connectivity and PC support is responsible for all uselT administration is responsible for the development and
workstation support and for ensuring user connectivity to amanagement of the IT budget, and for providing
agency LAN, WAN, and Internet communication facilities. management with reports against the approved budget. IT
IT personnel in this area assist users with PC hardware armdiministration is responsible for vendor management,
PC peripheral problems, including hardware and softwaréncluding assuring that all vendors used by the agency are
installation and scheduled hardware movementfully qualified and financially responsible. IT
Connectivity and PC support manage the agency'administration is also responsible for ITS/APTS
workstation and workstation peripheral equipment budgettechnology, planning, and architecture. IT administration
and approves requests for all new hardware and softwardevelops and maintains department security policies and
Connectivity and PC support develop and maintain arfacilities.

accurate, agency-wide inventory of all PC hardware and

peripherals and ensures that said hardware is appropriately

and permanently identified as agency property.IT Employee Administration

Connectivity and PC support ensure that all software

residing on all agency workstations is properly registeredT employee administration is responsible for the devel-
and licensed. opment and maintenance of current job descriptions for all
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IT positions and for all levels within each position. proactive in pursuing training opportunities consistent with
Employee administration develops and maintains a currertheir career goals and agency needs.
skill inventory, training plan, and career path for each IT
employee. Employee administration ensures that all IT In the case of training for other agency personnel, PC
employees receive regular written performance reviews antlaining, including the agency's recommended standard
is responsible for IT salary planning. software packages, advanced use of productivity tools, and
LAN technology, is fundamental to facilitating a more
effective and efficient work force.

IT STAFFING ISSUES

IT plays a centralized role in defining the needs and
In agencies that have completed and deployed the staffinghecifications for technology-related training; however, the
components of IT plans, such as The Port Authority of NewT department will not attempt to take on the role of
York and New Jersey, IT organization personnel are trainegecoming the trainer, because that role already exists more
in the latest technology and with specific emphasis omppropriately elsewhere within most agencies (e.g.,
client/server environments. IT has a vision of the uses O?VMATA). Because of the number of agency employees
technology to support a leaner organization and improvehat will be trained, types of training that are needed, and
technology use to achieve cost-effective business solutionge time frames within which the training will take place, a
and the ability to communicate that knowledge to userssignificant amount of the initial training can be
These characteristics are essential for effectively genel’atirw;compﬁshed through contracted services.
the leadership and knowledge necessary to champion
organizationally appropriate IT efforts and to coordinate IT  |n addition, training is provided to the user community
between the other departments and regional transportatiephen new application systems are implemented and before
solutions. The proper application of IT within a transitthey are placed into production, so that they are used
agency increases the effectiveness of the organizatioproperly to maximize information and return on investment
enabling the agency to potentially do more with less. (e.g., The Port Authority of New York and New Jersey).

The following sections detail some specific IT staffing Upgrading of the Existing IT Staff

issues being addressed by current industry practices that have

been articulated by survey respondents and interviewees. Improved staffing is required to bolster the IT infrastructure
and deliver the functionality demanded by the user

Training community. Strong training of existing talent and selective
upgrading of the staff to meet functional requirements can

If transit agencies, like all public agencies, are to do morgmprove the quality of the IT staff. IT departments at

with less, training and training programs are critical toagencies like OCTA have developed a comprehensive

providing excellent IT services. If automation is one of thestafﬁng plan that helps identify functional deficiencies, pay

key mechanisms for improved efficiency and effectivenessnequities, and skill gaps, and facilitates a long-term
throughout the agency, then a significant investment in ITstrategy for improving staffing quality.

personnel would help drive that process forward.

Investment in training will more than compensate the Technology workers often look for challenges, growth,

agency for the savings that can be made in a coordinategind career opportunities. Plans for professional growth and

intelligent deployment of new IT. Survey results indicatediversity need to be developed or IT will simply act as the

that training occurs at two levels: (1) training andtraining ground for other companies. IT staff at leading

development of the IT staff and (2) training of other agencyagencies are provided with the opportunity to diversify their

personnel in appropriate technologies. skill sets by training and exposure to new technologies. All

IT employees should have a defined career path and a

It is essential to provide adequate training and develtraining program tailored to help them achieve those career

opment to IT staff in an environment that changes as dygoals. In addition, each IT manager develops a succession

namically as IT systems. New technologies, new softwar@lan to ensure that new management personnel are always

systems, and methodological enhancements are occurringiing trained and waiting to replace those that are promoted

a very rapid rate in the IT arena. For the IT department statfr leave the agency.

to take advantage of these technological changes on behalf

of the agency, they require access to the most currenise of Contracted Services

information and techniques at the best agencies. IT staff are

trained in the businesses they are being asked to support. IT outsourcing is a controversial issue in the transit industry,

staff are held individually responsible for developing thewhere such departments are primarily unionized; however,

skill sets that the agency will require in the future and becontracting out and/or outsourcing for IT services is
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increasingly common in transportation and other publicestablishes the procedures to be employed by agency staff
agencies and in private industry. A 1995 Gartner Groupand outside vendors and used for project management as
survey @) indicated that approximately 69 percent of well.
respondents had implemented some form of IT outsourcing,
and that 78 percent were considering it as part of their tracted Devel .
future plans. Contracted services are considered to be a Wgﬁn racted Developmen
to save both money and time and a method for filling short:, he IT oraanization is responsible for manading outside
term needs for skills in new technologies. In most cases, {-/{endors agnd consultin repsources Mana ing \%endor or
is easier and more cost effective to acquire these skills bé/ 9 -, ging ver .

. - onsultant-developed projects takes different administrative
means of contracted services than through staff training of, . . .

kills than managing in-house development. Before

the hiring of new personnel. The downside to this approac

is the negative effect contracting out certain traditional ITynder@aklng new projects, a comprehenswe BPR effort,
including enterprise level and business area analyses (ELA

functions may have on the morale of the remaining . . =
employees. Nevertheless, the benefits often far outweig nd BAA) that_ establish the business needs and ghrecnon of
. e agency, is performed by the best agencies. These
the disadvantages. ) :
analyses consider the needs of the agency and the region,
Business goals, priorities, and timing drive thethe available technology, the fit with the current business

contracting-for-service  process.  Contracting-for-servic plans of individual departments, and the costs and benefits

decisions can then be made based on the importance %§somated with its implementation.
particular functions to the agency and the availability of

inhouse skills. Some IT functions are particularly well |nformation System Planning

suited to this concept. These include application support,

standards development, PC/hardware maintenance, requ%rmaﬂon System p|anning is the key Component driving
for proposal (RFP) management, job descriptionjmplementation and maintenance of the long-range plan and
development, skills inventory development, training plankeeping the IT organization and the investment in IT ahead
development, and training. Contractors can also befthe functional needs of the agency.
beneficial in providing certain functional or application
needs, such as scanning, record management, and selectiveTechnical planning and standards are established and
programming. These too would be considered as possibl@aintained for hardware, software, and communications
areas of opportunity. planning for the agency. These plans are short range,
reflecting changes in the business, the transportation
The focus of the IT department at an agency, as at oth@idustry, and the needs of the users, and ensuring that the
public and private organizations, is changing to reflect th@echnology is consistent with overall agency needs.
new realities of technology support. Although certainCommunications planning is also a part of this strategy. All
functions can be accomplished through contracted servicegpmmunication-related activity at the agency (voice, data,

others have to remain in-house. Skills to support thesgideo, and radio) is not only integrated, but investment is
functions can be developed by IT staff or acquired by nlrlanopeny managed and planned.

new personnel with the requisite training and experience.

The Gartner Group has identified a number of such core

functions that are consistent with our recommendations fobata Administration

the transit IT department. These functions include: (1)

architecture, (2) strategic planning, (3) governanceComputerized information at an agency is seen as a critical,

oversight, and (4) process management. organization-wide asset. Establishing this function within

the data analysis group is necessary to properly manage the

These are functions critical to an agency's success arafjency's data resources. This area has two charges. First, a

reflect the business goals of the agency. According to thdata administration component focuses on the proper use

Gartner Group, these functions should not be left entirely irand sharing of data warehouse information across business

the hands of outside organizations. Architectures to suppotinits. The second component, a technical database

an agency in the use of IT are constantly developedadministration component, has a technical design and

published, circulated, reviewed, and enforced. Planning foconsulting support role.

changes in technology and business is continuously

performed. Governance oversight, the procedures necessary

for conducting business and establishing relationship§EW TECHNOLOGY EVALUATION

between the IT department, individual departments, and

outside vendors, is required for the purpose of providindT is changing at a rapid pace. New technology, such as

effective services and adding value. Process managemeg@mputer hardware, SCADA systems, operating systems,
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software applications communication equipment, advancedumbers or percentages provided on IT training and
technology, and ITS/APTS is seemingly introduced ormaintenance budgets. Except for the capital side, this does
upgraded almost daily. Use of the Internet internally anchot show much change from the previous (1994) survey.
externally to promote an agency's business is being

aggressively investigated by leading agencies, such as Several agencies use service bureaus, particularly for
BART. The IT department keeps track of and evaluates newayroll and financial services, and more than one-half
technology and determines what can effectively becontract out some IT functions or are considering doing so.
implemented at the agency to improve services, reduc€his represents an increase in and an increasing interest in
costs, or generate revenue. outsourcing.

In contrast to the previous survey results, almost all
SECURITY ADMINISTRATION agencies have an active disaster recovery plan or are
developing one. Only a few are involved in telecommuting,
As technology is rapidly deployed, the information on allput most have a web site and use Internet/Intranet services.
computers is secured against accidental, unintentionaA|though a few agencies restrict these services to
fraudulent, or unauthorized wuse or destruction.designated employees, some agencies make it available to
Organizational responsibility for the management ofgll and are using the Internet and web-enabled technology
security for each individual system and proper accesg post real-time system information in conjunction with
determination is  established.  Ownership  and/onTS/APTS technologies such as AVL and kiosks. Some
administrative responsibility for all IT assets is assigned Ohgencies are using electronic commerce (E-commerce) to
determined. The final determination for access Ofpost procurement information like RFPs, but none are
information resides with the functional area data ownersactively using E-commerce to acquire goods or services
However, the functional owners need to be judicious in thgsee chapter 4).
limits they impose on access to data, especially for viewing
and transferring to other applications and spreadsheets.
Security administration has the responsibility to implementCONCLUSIONS
the decisions made by each of these functional areas. This
ownership of data by the functional users is balanced by &he migration away from custom-developed solutions and
growing need to view data as a corporate asset with ntmward off-the-shelf applications represents a significant
single user as its owner. change in the way most agencies have acquired IT solutions
and requires different skills for effective management. As
Disaster recovery planning is imperative with the goal ofmore standard COTS software applications are available
permitting the agency to reconstitute critical IT systems in @and installed there is less need for programming skills and
timely fashion with current data. Plans are kept current anchore need for new technology and business-related skills.
disaster recovery trial runs (without warning) are performedrhese new skills—skills that are not currently widely
regularly. However, the proliferation and expectedavailable in most transit agency's IT staffs—include
acquisition of new hardware platforms and softwarenetworking, project definition and management, application
application packages can further complicate this task. Theystem selection, and database administration. In particular,
operations area manages the disaster recovery/businesstworking becomes a much more critical function in
resumption plan, but the development of the plan could bsupport of distributed client/server applications that depend
accomplished through a service contract. on a stable, well-defined, and configured network in order
to function. The new role of the IT professional as an in-
house business/technology consultant requires IT
SURVEY FINDINGS OF MANAGEMENT ARCHITECTURE employees to develop increased knowledge of the
businesses of the agency and the systems and technology
Based on the survey results, interviews, and IT planninghat support them.
documents it would appear that most transit agencies still
do not invest in IT (percent of IT operational budget of total ~ An effective IT department supports an agency by pro-
agency operational budget for last fiscal year) at a ratgiding technological solutions to specific business prob-
comparable to best practices in the public sector (above [@ms. This includes bringing WAN support to all agency
percent), let alone the private sector (above 5 percentlocations and establishing connectivity between the LANs
None of the respondents were above 3 percent, with thgnd WANSs into the IT department. This is essential for
highest level at 2.6 percent and several below 1 percengffective management and decision making by providing
with the majority between 1 and 2.5 percent. On the capitadccess to appropriate data from any agency location.
side the percent of investment was far more significantEnterprise network standards are established and enforced
with several above 9 percent. There were no adequat®y agencies with network plans. Public/private partnerships
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with telecommunications companies interested in obtaining System ease-of-use and similar "look-and-feel”
an agency's rights-of-way could be used to help pay foincreases user comfort levels and makes training easier,
some or all of these initiatives, as has been done at BARTvhich is especially important in an environment undergoing
BART developed the original public/private partnership forchange, reorganization, and employee movement. All new
leasing their right-of-way for fiber optics. systems, such as those at the Port Authority of Allegheny
County, employ similar graphical user interfaces (GUIs),
Greatly enhanced project/program management skill§point and click,” and on-line help that would facilitate this
are critical to the success of IT application acquisition andechnology shift.
implementation. With the emergence of COTS, it is
generally viewed that customization is to be avoided if at all It is increasingly viewed that IT organizations should
possible. Where customization is necessary IT staff needs tave few, if any, traditional programming staff. In this
be involved in that effort as well, if only for definition and scenario, the current programming staff would be trained to
testing. It is important that agency personnel become moreecome proficient in the new technologies and management
accepting of solutions that can be obtained from COTS3equisites. Any additional programming that is required
software and more willing to compromise. This would alsocould be acquired far more cost effectively from
result in quicker, more efficient, cost-effective solutions.  contractors.

Some transit agencies have developed an equitable Some common strategic goals that have been identified
charge-back system for their services (e.g., TTC andor IT organizations, according to participating agencies, are:
WMATA). This approach requires determining the costs
associated with operating IT systems, developing a e Develop a commitment to the overall management

methodology to allocate those costs fairly to the user philosophy rather than the earlier data processing
community, and communicating those charges to the users. vision.

User personnel are involved in this effort. The charge-backs e Centralize control and acquisition of technology
are usage-based and competitively priced. A menu of through appropriate policies and procedures.

services and associated costs are published, and the users Reduce programming to rapid development projects
are free to select from that menu those services desired. A and data warehouse support using fourth generation

TAC normally assumes the lead in developing the charge- languages and PC computer tools.
back system. Methodologies for determining the total e Use standard software packages, eliminating
system cost, including purchase price, hardware, customization and in-house programming.
maintenance, and support would be developed as part of ® Move IT toward greater managerial self-sufficiency
this process. with contracted services for support and secondary
functions.

System integration and data sharing is always an e Introduce a cost-benefit prioritization process for
important element in new system implementation. An technology acquisition.
agency data warehouse, such as that in King County e Identify data as a corporate resource that is planned,
(Washington), is established, where information is entered managed, and controlled in order to be used

into a system only once, at the source, and is automatically effectively by everyone.

electronically communicated with all other systems o Improve relationships between the IT department
requiring that data. Data are an important agency-wide and users by providing procedures and systems that
resource, which are shared throughout the organization and are responsive to user requirements and
managed efficiently. institutionalized in the SLAs.
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CHAPTER THREE

APPLICATION ARCHITECTURE

INTRODUCTION to design and implement, and have not fully met the needs
o ) ] _of the user departments. Negotiations to resolve the

The application architecture documents the basic portfoligjifferences between these agencies' needs, contract
of business applicaf[ion systems required to support a tran?Equirements, and the vendor's products are frequently
agency's data requirements. It represents the basic softwa§ggoing or have been settled with compromise settlements
systems used to support the essential business informatignq incomplete functionality. Many of the systems built for

needs of an agency. single departments do not integrate with other departments,
even though the same people developed them at

ro-\r/ihc;; a?&gﬁﬁéﬁ dﬂ:neissirfysst,imsort{]gr 3:(; ;;tzegzz,:ietgpproximately the same time. Because the systems were
P 9 P g supp cquired by the departments without the assistance of the IT

that have been defined for an agency and for IoroCess'ncgrganization, many of these applications often had limited

requirements that lend themselves to automated apphcatlos@stem or user documentation, making support and training

system support. difficult.

From our survey, site visits, and IT planning documents,
it would appear that the overall application portfolio of
most large agencies is old, difficult, and costly to support

PC applications also have been developed by individual
users and/or departments to support processes or produce

: . feports that were not supported by the mainframe systems
not user friendly and nonintegrated. There would appear t8rpas an adjunct to tths)e systeyms. Many differezt PC

be much_ data but little m_formatlon. In addition to theses ftware packages were used to support the same type of
agency-wide systems, various departments have develop%1 plicaton (e.g., Lotus, Quattro Pro, and Excel

O[at?gﬂﬂgeg ?gilr(]:at:)nsst e?r]: Sth:r::j Z\gr?w ?j?engyui'ﬁs;er.}tﬁ readsheets; Microsoft Word and WordPerfect word
P ' p" g Y ' P guages. pfocessors; and Microsoft Access databases).
departments "own" the systems and much of the data th

resides on them are not shared or sharable with the rest of Many of the financial and administrative systems of

the organization. these same large transit agencies reside on mainframes, but
frequently there is a lack of integration between these

; . - %ystems. This often results in the same data being entered
[e.g., Chicago Transit Authority (CTA), MBTA, and AC dnultiple times by different people and leads to data

TranS|t],_ financial and adn_mmstratwe applications consiste divergence. Furthermore, the data in these systems are often
predominantly of customized software developed by in-

. oo not what the business units desired, resulting in the
house .IT staff gn_d vendor-supplied application Ioa“:I(a(~:]eaevelopment of department "shadow systems," especially
customized specifically for the agency. These systems ha\%r financial, project management, and human resources

continued to be modified as needed to provide desired USiHformation. This process replicates data and often results in

support. The screens supporting these applications A Sconsistent information reported from different sources.

usually character-based and have little, if any, customizeﬁihis problem is compounded by the various nonintegrated

EgleF; Eﬁf@iﬂrg cf(())rrn u;:eer dg\l/Jvli('::r? nggr’]tgqn?kg‘r%rthesginstysafﬁgﬁsepartment systems residing on multiple platforms. In most
y P porary °p large agencies, only a minimal data warehouse exists, and

cI_|c_k GUI systems. As a result, user training s also mor.ereporting information from the data is difficult.
difficult. Various user departments in these same agencies

often use different electronic mail systems as well.

In most large agencies, as evidenced in their IT plan

COMPREHENSIVE BUSINESS PROCESS
At large transit agencies [e.g., Los Angeles CountyREENGINEERING

Metropolitan Transportation Authority (LACMTA), OCTA,

and MARTA], individual departments have acquired orThe process of changing the manner in which business is
developed applications of their own choosing, which run or¢onducted to improve efficiency and effectiveness in an
various hardware platforms. The applications are generallprganization and to take advantage of the new feature/
customized, but vendors support some of these systenﬁ@nctionality of COTS software is called BPR. To facilitate
directly. Many of the systems took far longer than plannedhe acquisition, implementation, and installation of new
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applications required by a transit agency, a comprehensiv@ganization management structure (a LACMTA enterprise
BPR is being required by some agencies, such as WMATAnd data model and an entity-relationship diagram are
and The Port Authority of New York and New Jersey. shown in Figures 3 and 4).

Based on the state of the current practice, as evidenced BAA—Once the ELA is completed and validated, the
by industry IT planning documents (see Appendix B), theresults are examined and discrete business areas are
following are the principal steps in the process ofidentified. These business areas are then examined in more

implementing system changes: detail and the processes and data required to perform the
activities of the business are identified. In the process,
e Complete IT project profiles opportunities for synergy are also identified. The results of
e BPR the BAA become the business requirements for the new
Q ELA integrated application portfolio and are incorporated into
U BAA the application RFPs.
O Process documentation
e Prepare detailed specifications Process DocumentatierProcess documentation is only
e Issue RFP the first in a series of steps that must be completed in order
e Evaluate vendor proposals to change the way business is conducted at the agency. The
e Select vendor objective is to promote changes in business practices and
e Complete test plan install systems that enhance the overall efficiency and
e Test system effectiveness of operations. It is necessary that all current
e Use new system business practices be identified and their value to

conducting business closely examined. New process
Complete Project ProfilesPotential IT investment documentation and new business procedures are identified
projects are summarized on an IT project profile form,through the BAA.
which includes estimates for the time frame for . e .
implementing  the  change, expected  manpower I_:’repare Detglled SpeC|f|c_at|o+quhe prOJect_s_seI_ected
requirements, and cost-benefit analysis. for mplementatlon t_hen require cor_nplete spemflcatlon_s and
identification. Functional and technical requirements will be

BPR—BPR is a vital prelude to the upgrade anddeveloped for the projects. Department directors review and

replacement of any existing software system. It makes ng'9n Off on these requirements.
sense to computerize bad procedures. Most transit agencies
have a demonstrable need to improve the way business iir?t
conducted, because individual business practices often groy
up over a long period of time without comprehensive,
rational scrutiny.

Issue RFP-These requirements will be incorporated

o an RFP, which is prepared by the IT organization, with
e assistance of the procurement and legal departments,
and issued to appropriate vendors.

] o Evaluate Vendor Proposals/Vendor SelectiBoth an
A fundamental assumption of COTS and the bringing of project manager and user staff participate in the

business activities into alignment with these standargyejiminary evaluation of the vendor proposals received and
packages through BPR is that transit functions are basicalfy, any oral presentations. Once a vendor is selected
aI|k_e_(_tranS|t is an mdus_try with a qnlform set of processpempers of the project committee will work with the

definitions called the National Transit Database), and thos@endor and the project manager to ensure that the delivered

processes that are unique_to a partic.ular organizat_ion MaYstem meets the agency's specifications and standards.
actually represent poor business practices. In agencies using

BPR, users are challenged to demonstrate the real need for Complete Test Plan/Test System/Conduct Traising
unique processes, some of which may be required becauggtensive testing and training is required before a system is
of union contracts or local regulations. BPR is alsofinally placed into operation. Test plans are developed by
accompanied by a rejustification of all existing processesechnical and user members of the project committee under
and procedures. the supervision of the IT quality assurance group (see
Management Architecture), which would enable the agency
ELA—The BPR process begins with an analysis of theo verify that the new system provides the necessary
agency as a whole. This analysis provides a frameworlxformation and satisfies all specifications. All interfaces
within which the more detailed BAA can be conducted.with other systems are included in this test plan. Users in
This analysis establishes the major functions of thehe various functional areas need training in the use of the
organization and their interrelationships as well as thejew systems and in the changes in the way their jobs are

major data entities of the agency. The function of theconducted. The RFP specifies who is to provide that
mapping of the agency is performed independently of theéraining.
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FIGURE 3 LACMTA enterprise business model.
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FIGURE 4 Entity-relationship diagram.
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Use New SystemThe new system is now ready for use. Financial/Accounting Systems

Results are carefully monitored through a formal . _ . .
performance measurement system. Financial/accounting systems include all the functions of

accounting and bookkeeping (i.e., general ledger, accounts
payable, capital programming, etc.), as well as fixed assets.

COMPONENTS OF THE APPLICATION ARCHITECTURE All special financial reporting also falls into this category.

In leading edge agencies, applications architecture is a

byproduct of the BPR process. In the transit industry, thédministrative Systems

application processing systems can usually be divided into

four primary groups that match the organization of mos@dministration systems include information used to support

agencies: operations, finance, administration, andeneral agency management requirements, including

technology. purchasing, materials management, customer information,
affirmative action, document management, employee
information, jobs, and applicants including human

Operations Systems resources information systems and payroll systems.

Operations systems include all necessary information and

systems required to support the operating (bus and raillechnology Systems

departments. This includes some common systems such as

security and SCADA systems. It also includes the special €chnology systems include all necessary information and
systems required to provide bus and rail services. Some §ystems required to provide support for technology,
these systems include scheduling, operations contréingineering, and capital projects including CAD, project
systems, electronic fare collection, vehicle maintenancesontrol, GIS, and the voice and data-based radio system.
and ITS/APTS. It also includes all necessary information

and systems required to provide support for operating and At leading edge agencies, projects are considered based
maintaining bus and train service, including scheduling©n their relative importance to the entire business needs of

routing, dispatching, operator payroll, maintenance, safetyfthe organization. In order of importance, these
and work orders (Figure 5). classifications
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FIGURE 5 Delivery of public transportation.
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FIGURE 6 IT infrastructure.

would include infrastructure projects, organization-wide The central assumption of the application architecture
projects, and departmental projects as defined here. arising from the BPR process is the sharing of data among

applications as needed to provide a fully integrated system

capability. Integration enables an agency to leverage
Infrastructure Projects available data to provide increased quality of information

for management use while reducing data redundancy and
Infrastructure projects are necessary for and fundamental the effort to maintain duplicative data. The second key
the implementation of a multitude of technologies and no@SSumption is that the BPR will identify applications that
single applications. These projects provide the fundament§@" Pe used by multiple departments and that would be
building blocks of technology necessary to implement mosfiefined and procured with the joint cooperation of the
other projects and without which the entire technology an@USiness units and the IT organization. [The "bubble” chart
application architecture cannot be advanced. Infrastructuré19ure 6) graphically represents how COTS application
projects facilitate the exchange of information and tie thed"OUPS interact through a common IT infrastructure and are
agency together. Examples include network upgrading angt/PPorted by agency-wide architectures and standards.]
installation of more LANs throughout an agency.

ENABLING TECHNOLOGIES
Organization-Wide Projects Based on the surveys, interviews, and site visits there were

a number of specific technologies identified that can be

Organization-wide projects are applications that can be usgqassified as enabling technologies. Enabling technologies
by most business entities within the agency to satisfy a,e gefined as technologies that can be used by many

business need and provide management data allowing @fterent types of applications to achieve desired business
informed management decision making. Examples Ofggyits. A description of some of the principal enabling
organization-wide projects include human réSOUrceSyechnologies and their possible uses follows.

accounts payable, and accounts receivable systems.

Bar Coding
Departmental Projects

Bar coding is a simple, straightforward system enabling
Departmental projects are projects specific to theechnology to be used with other systems and products to
technology needs of each department. achieve an end result, such as identification of equipment.



24

It is a mature technology that allows a user to link an objedtor example, software exists to support Microsoft Word

(equipment, drawing, or document) to a database thdand WordPerfect) which links the electronic office to the

contains detailed information. Bar codes are a subset okalities of the paper-based world by integrating the security

automatic identification technology, which includes otherof signed, original paper documents with the convenience,

technologies such as magnetic strip reading, radidlexibility, and control provided by computercreated

frequency data communication, radio frequencydocuments. Actual signing of a document can take place

identification, contact memory tags, electronic datawith pressure sensitive devices linked to a computer or

interchange, mobile computing, smart card, optical cardsecure images of signatures, and the appropriate security

optical character recognition, biometrics, voice recognitionmeasures will allow only the approved insertion of

and other emerging technologies. signatures. Once approved, the software will note any
changes made to the approved item and in essence negate

Some of the possible uses of bar coding in transithe validity of the signature and maintain an audit trail of

agencies include inventory control, materials managemengctions. Similarly, electronic authorization can be used for

security access, shipping and receiving, and tracking thieudgetary and purchasing approvals. Appropriate security

movement of buses and rail cars. Some transit agenciesd safeguards can be established to ensure the proper level

currently use bar coding for all equipment identification, of safety.

with periodic inventory checks conducted in each

department and master inventory lists updated through bar

code usage. This bar coding results in better inventorgeographic Information System Data

tracking and loss prevention, thereby saving both time and

money. GIS data are a set of data that allows for the integration of
physical space information [geographic, man-made objects,

Computer-Aided Design Engineering Drawings Scanned !Ocatlon, (spatla! _and absolute)] to other source;_ of

and Integrated information. Decisions on the format of the GIS are critical
to its usage. The linkage of GIS data with the

Current technologies and systems allow organizations tgforementioned CAD engineering drawings facilitates

scan original engineering drawings and convert thes®uilding management, repair, and alterations. GIS data are

drawings into digital data to be used by current CADalso an important component of ITS/APTS and require

systems. Once scanned, quality checked, and stored, thditks to all systems of local jurisdiction.

electronic CAD drawings can be modified with

industrystandard drawing packages. Some transit agencies

(e.g., Metra) are requiring contractors to supply "as-built'maging

engineering drawings in a standard format (e.g., AutoCAD),

Building modifications can then immediately be integrated/Maging involves the electronic storage of any image
into these drawings. (picture, document, photograph, drawing, etc.) in a

specified industry standard format. The image may be
. displayed and can be manipulated with the appropriate
Electronic Forms software. If the image is stored on a "non-writeable"

) ) . medium, then the original image cannot be altered without
Multiple software packages exist that allow for the Creat'onphysically destroying the storage media, thus ensuring

of electronic forms on the computer that may be filled invsecurity. Images consume large amounts of space on
routed, approved, and secured. These forms can be tied dgyrage systems and usually require the use of compression
databases that allow the data to be secured separately agéhniques to minimize the storage impacts. Image servers
linked with the form when necessary, thus saving storaggng jukeboxes can be placed at strategic locations. The
space on computer systems. These electronic documenfs,a|’ requirements for electronic document storage and
may be routed through normal electronic mail systems angy|idity in court proceedings must be closely investigated

have varying levels of security to address almost anyknq monitored to ensure that these electronic documents
requirement. The use of electronic forms eliminates the cosij| have legal validity when needed.

involved in printing, distributing, and storing hard-copy
forms. It also ensures that the current version of a form is

used. Internet Access/Home Page

Electronic Signatures/Authorizations Based on survey results and site visits, many transit

agencies still have no or a relatively small number of
Computer software and hardware allow for the securemployees with access to the Internet through a commercial
recording of signatures for the authorization of an actionservice. Many agencies have recently developed their own
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Internet home pages. Where this exists, policies andecisions are made and policies and procedures formulated
procedures are being established for the use and control taf control their networks to allow for the apparent seamless
information on the home and subsequent pages. integration by the user community.

Full organization Internet connectivity hinges on the
establishment of a full corporate network backbone so thdtemote Field Access
all users have the physical capability to gain an Internet
connection. The home page is used by some agencies lfo some cases (e.g., LACMTA), transit agency personnel
provide train and/or bus schedule information. The InterneWith portable computers or desktop computers are able to
home page can also serve as a source of advertising @cess any authorized computer through standard phone
agency services. RFPs and information to disadvantagdiles and modems. Additionally, cellular telephone service
(minority- or woman-owned) business enterprises are alstinks hand-held and laptop units to central agency systems
currently published by some agencies on the Internet, thufr data entry and retrieval. Various security techniques and
reducing the cost of printing and mailing. Care is taken byystems exist to control this access. Storing user phone
some agencies to ensure that small and disadvantagégmbers and using a dial back capability is one method
businesses that are not Internet users are not eliminaté@entified for providing security. Communication servers
from the bidding process. Descriptions of available jobs ar@nd modem pools can also be used to support remote field
also posted and applicant resumes stored on the Intern&CCess.
(An overview of the New York MTA's web site has been

included in Appendix D.) Videoconferencing

Videoconferencing is being used by several of the larger
agencies surveyed (e.g., New York MTA). Videoconfer-
The Intranet is an internal system that allows all€NCING can encompass two forms: desktop and conference.

departments of an organization to share and exchangd'® conference mode is the classic meeting room or video
information. It uses the graphical user interface look of arptUdio with various locations linked together for a
Internet browser to link various systems, databases, arfgPnference. Users congregate in a specified location and a
sources of information to the user community. Regardles&VOWway interactive meeting can be held.

of the underlying source of information (platform, location, . )

database), this interface allows the user access to data DESKtop conferencing is now available that allows users
without having to know what database, program, or systerﬁt a PC desktop to con_duct sm_aIIer confere_nces without
the information is coming from. This can allow the end-usef’@ving to leave their offices. It is also possible to have
simpler access to and use of legacy systems (until they af€Sktop conferences with any person connected to the
replaced). The technical staff is required to develop thdte€rnet using common video protocols. This requires that
appropriate codes and interfaces to keep the user shieldf}f necessary hardware and software be distributed to all
from the details of the particular system, while allowing full authorized individuals. This will also require the upgrade of
access (within the security guidelines of the organization) t§'€ backbone and cable to the desktop.

information. In some instances, the Intranet is also used by

agencies to provide user training.

Intranet

The electronic companion to videoconferencing that is
probably more important and beneficial to the users of such

Some of the agencies participating in this survey havé& system i'_s, a collaborative work environm_ent. Soﬁwar_e will
begun limited implementation of their own Intranet a_lllow multiple users to access the same mforma}tlon in r_eal
facilities. However, most agencies surveyed still have ndimé and make comments or corrections to that information
dedicated staff supporting Intranet development an(jrom wherever _they_ are located. All parties can view and
maintenance. implement modifications made by all of the participants and
agree on a final version on-line. The host can then save the
final version of the document (image, picture, drawing,

Local Area Network/Wide Area Network Connectivity etc.), and all parties can then apply their electronic signature
to secure the final version.

In leading agencies surveyed, LANs and WANs are

connected to get the full synergistic effect of systems anGdOMMON SYSTEM SUPPORT

information. Regardless of the actual network used by any

component of an agency, there are hardware and softwaffde following are some of the common system supports
solutions that allow these networks to interface and shargentified by our survey, interviews, and site visits that are
information across the organization. At these agenciesow available at some agencies:
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Common vendor databaseBecause of the magnitude e Production
of work and activities, some agencies have developed a O Discovery and query,
common vendor database of information concerning the O Analysis and confirmation, and
vendors used by the various departments within the agency. O Presentation.
Information regarding past, current, and potential vendors,
supplies, and services to an agency are stored and retrieved To preserve the investment that many transit agencies
from the database. Problem vendors are identified morkave made in mainframe computers, the mainframe can be
readily. Such a system also allows the agency the&sed as the repository for the data warehouse with
opportunity to realize economic benefits by combiningworkstation-based query tools. This would require that
orders to particular vendors to receive the maximum bullappropriate data from the new (presumably client/server
order discounts possible. systems with databases on LANS) application systems be
identified and transferred periodically to the mainframe.
Data warehouse-Data warehousing is a term applied to This data identification and transfer requires special
COTS products that support the integrated informatiorcustomized programs to extract the data and other programs
requirements of the enterprise. A data warehouse supports transfer the data at the appropriate times.
the analysis and decision support requirements of the entire
business organization. The data warehouse is uniquely Document managemenElectronic document man-
positioned in the corporate architecture to provide heuristiagement involves the storing of an electronic document or
information from data integrated to many sources over timets image on a computer and linking key information from
A data warehouse has the capacity to do the following: that document to a search engine. Software exists that
allows full-text search of electronic documents, but it
e Detail and summarize data for decision support andequires key words or descriptors to be entered for imaged

analysis; documents.
e |Integrate data from multiple sources;
e Drive the design by evolving information needs; Query tools—Various departments and users at all
e Orient by business area, function, or subject; transit agencies have a need for query tools that are user
e Provide integrated information across the entirefriendly and allow for the accumulation of information by
organization; the average business user. Simple query tools configured to
e Design granularity of data suitable for analysis overprocess the contents of the data warehouse allow the
extended periods of time; general populace to formulate requests for information and
e Provide multiple levels of summarization; and to receive the information without having to ask for
e Provide clean, current, reliable information to specialized assistance. Using such query tools, users in the
business areas. various departments can easily be trained to create and

perform queries on their own, without the continuing need
The purpose of the data warehouse is to provide usef@r support from the IT department.
with the right data at the right time to make business
decisions. The warehouse must be concerned with the Single sign-on-The user communities at most transit
quality and usability of the data. Operational data will oftenagencies are well served by a single sign-on capability (that
not suffice without a measure of summarization ands, the ability to sign-on to all systems with a single
"scrubbing.” Business requirements, not technology, mugeassword entry) to access an agency's networks and
drive the data warehouse. The following approach ofomputer systems. Where this is being implemented, a
methodology is often used for data warehouse developmerifansit agency performs a risk assessment and management
evaluation of this technique. If such a program is instituted,

e Identify or determine data requirements needed tghen additional security safeguards are instituted to protect
produce critical business or operational decisions—the organization's data. These additional safeguards include

this can be accomplished as part of an agency gpEemart cards," fingerprint 1D, and periodic confirmation of
process; user ID. The methods to be used are based on the risk

e Identify or determine key data sources and volumes; 85S€ssment performed on the various portions of an
e Identify or determine deliverables with business or@9€ncy’s systems and the costs associated with

operational benefits: implementing the security method.
e Perform hardware and software selection;
e Construct data warehouse CONCLUSIONS
U Data extraction and cleansing,
O Logical and physical database design, and The current migration strategy in IT is toward open system

O Software integration; architecture, which employs standard, vendor-developed,
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supplied, and supported COTS application software taeviewed against the business requirements in the selection
replace the older, custom-built, current applicationsprocess. Therefore, new business applications for transit
environment. This new approach allows users to sharagencies are executing on two tiers of processors—client
common data throughout the organization. An operworkstations and a database server. Agencies with
architecture implies interconnectivity between informationmainframes can use them as a source of legacy maintained
systems, which allows for the access, transfer, andata. Business processes do not execute on this platform
manipulation of data, to the greatest extent possible, bgeyond some data transfer.
authorized users throughout an entire organization. An open
architecture requires the coordination of computing An organization-wide telecommunications network is
facilities, operating systems, and communicationthe most current approach to support the client/server
infrastructure. This architecture is used as the overalpplications environment. This approach requires
guideline for developing the information resources to meeenhancements to the WAN to turn it into a full
the information needs of transit agencies. Data sharingrganization-wide network supporting all of an agency's
requires that application systems be agency owned rathéaicilities. It would be expected that many more users would
than department owned. Most of these open architectumequire access to the new applications and therefore to the
applications will be distributed client/server or cooperativenetwork. Additional PCs and network connections would be
computing, rather than mainframe-based systems. Mosteeded to support this data-sharing environment. All staff at
modern client/server systems can be described as eithen agency may be required to interact with these new
distributed function or remote data management. Agenciesystems. Training would be reduced because the new
that have moved in this direction include the Port Authorityclient/server applications would use GUls rather than
of Allegheny County, WMATA, and The Port Authority of character-based input for screen manipulation. Extensive
New York and New Jersey. help is built into the applications, facilitating their ease of
use.
Remote data management requires that all application
logic and processing be done on workstations, while the Software applications may be acquired as suites from a
server runs only DBMS processes. It is generally acceptesingle vendor or a series of "best-of-breed" open architec-
that applications be designed and installed as networkbaségre applications. The advantages of obtaining a suite of
with multiple-user licenses. This will alleviate and/or software from a single vendor are that the applications more
eliminate inconsistent software versions and make softwaneadily integrate with each other and that they have the
upgrade simpler. same look and feel. The advantages of best-of-breed are
that each application module is the best that can be found.
Distributed function architecture allows the design ofHowever, they will not automatically integrate, nor will
the system to allocate processing to the platform best suitdbdey necessarily have the same look and feel. It is generally
for the task; therefore, optimization for performance careasier and faster to acquire and implement a suite of new
more easily be accomplished. System design can minimizapplications from the same vendor. Regardless of whether
network traffic by executing large data volume processes oapplications are best of breed or single vendor it is still very
the server and transmitting the results across the networkmportant that the end-user community (consisting of the
Some central processing unit (CPU)-intensive functions caappropriate department's staff) and the IT organization are
be run on the workstations to reduce the load on the servenvolved in selecting the new applications. The Port
As a result of the flexibility of this scenario, most large andAuthority of New York and New Jersey used a best of
complex client/server systems developed today fall into théreed approach in its recent financial/lhuman resources
distributed function technical architecture design. Mostsoftware acquisition, whereas the Port Authority of
vendors of client/server software either distribute theirAllegheny County used a single vendor approach.
processing in this manner or are implementing this type of
architecture. Most products are still designed using a two- Care must be taken to ensure that the need to acquire
tiered architecture. proven COTS software, with at most limited customization,
is recognized. This can be done if those involved in design
At these leading agencies, the technology type andnd selection recognize that the individual transit agency is
processing tiers of an individual application are revieweda business like other transit organizations, is not unique, and
and given consideration in application selection. Mostcan take advantage of the expertise of the vendors.
application packages today are two-tiered. The complexitfCustomization requirements are examined critically and
of adding and supporting a third processing tier is carefullyextensively cost-justified in agencies using this approach.
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CHAPTER FOUR

TECHNICAL ARCHITECTURE

INTRODUCTION Leading agencies with mainframes are migrating these
latforms to organization-wide data warehouses, where data
m different systems can be stored and accessed for an
ecutive information system, management reporting, data
trieval, and downloading for data analysis.

Based on the survey's site visits and IT planning document
the technical computing environment at most large transiéX
agencies (e.g., MBTA, CTA, and AC Transit) is usuallyre
split into three distinct and separate environments:

1. The organization-wide systems (generally financial Survey results, interviews, and site visits indicate that
administrative, and accounting) controlled by the ITMOSt transit agencies have very diverse technology
department. platforms. At large agencies, financial gnd administrative

2. Business systems acquired by individual depart_systems are usually supported by mainframe computers

ments, but then managed and supported by the | nning an MVS operating system. Other departments are
department. requently supported by PCs and LAN-based servers. PCs

3. Business systems acquired, managed, and support@ff used for a variety of applications, including word
by the individual departments. processing, electronic mail, spreadsheets, and numerous
adjunct database systems. The number of PCs and their
The purpose of a conceptual technical architecture is tgeployment is partially a function of a particular department
develop guidelines for the enhancement and support of agllotting some of its overall budget to the purchase of IT
agency's existing technical environment. This will enable gevices.
transit agency to plan for and align future business
requirements with information processing resources over Some facilities at transit agencies have connections from
the next several years. This section deals primarily with théeir LANs to the WAN, but in large transit agencies there
hardware, network capabilities, and data management thig often a lack of connectivity between LANs within the
make up the technical architecture. (See Appendix E for 8ame department. Some departments acquire their own
technical architecture overview of a large agency—The Poftelecommunication (T1 telephone) lines rather than use an
Authority of New York and New Jersey.) agency's WAN services. There are frequently a large
number of individual department LANs throughout most
Because of the many user requirements for access #yencies. Many run different versions of a network
common data and the multiplicity of current computeroperating system. It is not unusual to find some UNIX, IBM
platforms in every transit agency, leading agencies such as\NServer, and Windows for Workgroups LANs within
WMATA and the Port Authority of Allegheny County, are the same agency. Leading agencies have a single standard
migrating toward a modern, open architecture technicafor everyone.
environment. An open architecture implies intercon-
nectivity between information systems that allows for thestanpaRDS
greatest access, transfer, and manipulation of data by
authorized users throughout the whole organization. Argencies as diverse as WMATA, Tri-Rail (South Florida),
open architecture requires the coordination of computingnd the Ann Arbor Transportation Authority are
facilities, operating systems, and communicationestablishing organization-wide standards for hardware and
infrastructures. This architecture can be used as the oversibftware. A lack of standards results in the need for
standard for developing the information resources to meetdditional training in application usage, a potential for the
the information needs of a transit agency. inability to share data, and the need for technical support
requirements. Application packages that use standard
New systems being installed at leading transit agenciesroducts are being acquired in preference to other products
share a common operating system and a common databagei agencies are increasingly specifying those standards in
structure. Applications and data for the system reside at thg| agency RFPs. This requirement reduces support costs
most appropriate user level and are available on a "need-tand staffing and also makes data integration easier. The
access"” basis. In addition, dedicated hardware manages thémpatibility of an application package with the agency
network handling data flow and communications. Thisstandards is preferable, but the underlying business

basic configuration supports operations across the busineggmctionality still needs to drive the application package
computing environment at leading agencies. selection criteria.
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Hardware standards are also being established for The mainframe platform can evolve from a platform
different purposes, both at the PC and the server levelbousing many applications to the organization-wide data
Minimum requirements for processor capability, randomwarehouse, where data from different systems can be stored
access memory (RAM), disk space, etc., are ascertained fand accessed for an executive information system,
different user, networking, and software levels. Computemanagement reporting, and data retrieval and downloading
equipment becomes obsolete very quickly, making highefor data analysis. Report generators are able to access the
end machines more cost effective in the long run. The P@ata and provide important executive information in the
standards can vary by application usage. Thus, a PC uséarm of management reports.
only for word processing does not require the same
processing power as one used for CAD. Similarly, printer
and server standards can be specified for differenf ©VIPONENTS OF THE TECHNOLOGY ARCHITECTURE
applications and wuser bases. Print, communication.l_
structured query language (SQL), and application servers
are required as client/server applications are obtained and
installed. The print and communication servers are
increasingly PC based.

echnical architecture consists of the following primary
mponents:

e Hardware,
e Network capabilities, and

Upgrading and replacing workstation equipment, such ¢ Data management.

as PCs and printers, at regular intervals is part of a
progressive agency's technology investment strategy. Sonteardware
transportation organizations, such as the NYCT, replace ] . ]
their workstation equipment every 5 years as part of theifS Previously stated, the current business computing
Capital Program. Equipment is replaced or upgraded soongRvironment at most transit agencies is quite varied, with
if needed to support a particular application. Agencies aréany different hardware platforms and a large number of
increasingly leasing their workstations and peripheral@ssorted workstations and peripherals (see The Port
rather than buying them, because it is generally cheapefuthority of New York and New Jersey technical
easier to maintain, and keeps the technology current. architecture description in Appendix E.) Many agencies
have current plans that call for adding, replacing, and
Consistent with the need to promote standards andPgrading their workstations and peripherals and
control technology investment, leading IT departments ar@efworking them within the next 12 to 16 months. The
establishing and publishing a list of generic personapubsequent summary describes the reco_mmended hardware
computer hardware and software standards appropriate f@d software strategies that many agencies (e.g., WMATA,
different classes of staff level and software usage (e.gthe Port Authority of Allegheny County, LACMTA, and
secretary/word  processing  software, engineer/CADOCTA) are following over the next several years:
software). Procurement and the IT department then work o
together to establish vendor relationships and term contracts
for these items. An agency catalog from which these
hardware and software items can be selected is developed in
hard copy and electronic format.

The future of the currently installed applications of
most agencies is focused on the replacement by
client/server workstation-based products. The
deployment of this concept requires significant
commitment to workstation-based architectures. The
workstation equipment employed will be kept

Increasingly, all software is acquired with network !
current by a regular upgrade and replacement policy.

licenses and vendor maintenance agreements. The impact of
network-based systems is factored into the communications o \any of the mainframe applications are being

plan to ensure appropriate response time. The impact can  replaced by new client/server applications. Reliance
also be factored into the server configurations to ensure that 5y the mainframe will decrease over time as new

sufficient capacity is provided. applications are added and data migrated to the new
) ) ) . o packages. Integration between the new systems and
For those transit agencies with mainframes, it is some older systems may be required, either
expected that mainframe applications will need continuing temporarily or permanently. The mainframe can be
budgetary and staff support for a number of years. This used as the corporate data warehouse.

means that some programming and operations support will

be needed into and beyond the year 2000. In those agencies,e The WAN and the department LANs are included in
consideration is given to the need to share data between planning for the system. The requisite hardware and
new client/server systems and old legacy systems. Many of software is incorporated in the budget and imple-
these legacy systems are "closed" architecture and do not mented as needed. Full LAN/WAN connectivity
easily share data with other applications. throughout an agency is needed to take advantage of
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the new distributed client/server applications and to e Replacement or upgrade of inefficient equipment.
maximize the ability to use and analyze data at the

workstation to produce management information. In the IT planning approach, future PC acquisitions al-
low for the management capabilities and recognized needs

e Rapid application development (RAD) and CASE of an agency over a 3-year rolling time period. An impor-
technology are being used for the development ofant consideration for this area is the use of LANs to link
any product and this is usually done by in-housemicrocomputers with one another and the main network.
staff. Training in the use of CASE technology for
product development is required in order to make The major benefit of developing an open architecture is
full use of the technology. This software portfolio to enable computers to communicate with other computers
includes both upper and lower CASE tools as well aficross an agency-wide environment. At an agency, this
testing and certification software. involves microcomputers communicating with other

microcomputers within LANs, over the WAN, or to the

e A compressed system development life cyclemainframe or other business application computers. In
(SDLC) methodology is usually selected and em-some instances, this requires dedicated hardware and
ployed for all rapid development projects, and a fullsoftware to handle communications and transaction
SDLC is used for developing the project plans forprocessing between the various platforms. Developing this
acquired products. The SDLC process is selectivelyppen architecture will require coordination of hardware
employed to produce fast business solutions. Wittplatforms, operating systems, and network management to
rapidly changing technology and business needs it iglevelop an effective and efficient combination of resources.
no longer practical in most cases to completely

follow the older, full-scale, SDLC methodology. Transit agencies with detailed IT plans usually also
Rather, RAD techniques are being followed. develop and maintain comprehensive communications

plans, including those for wiring, hardware, and software.
Historically, in most transit agencies, the approach to thd hese plan subsets include provisions for maintaining the

acquisition and deployment of microcomputers andcommunications infrastructure in a current state as part of
computer applications has been very much a department e overall IT planning process. IT departments acquire
department decision. Survey data and interviews indicate@ardware and software that support parallel processing or
that individual user departments, like finance, operationssymmetrical ~ multi-processing. ~ Redundancy  and
and planning, buy and deploy much of their own PCserviceability are also key considerations, especially for
equipment and software. IT departments are sometimg®issioncritical applications. Clusters of multiple servers
consulted, but usually at the end of the process. With thgéharing the CPU load and sharing a common database are
development of IT plans at agencies like LACMTA andone possibility for this redundancy. Another is the use of
WMATA, the TAC (see chapter 2) and the IT departmentdisk duplexing, so that data are duplicated automatically on
assume joint responsibility for the technical evaluation oft second set of disks. This may also increase response times
all new requests for automation equipment including PCsand loads on the server.
Technology acquisitions, especially for desktop workstation
equipment, increasingly come from a catalog developed byjetwork capabilities
the IT department.

Survey results, interviews, and IT plans indicate that at

Within agencies of all sizes there has been a significarmost transit agencies an increased WAN support is being

acquisition of PCs and related equipment over the pasmplemented. This is usually necessary to provide the
several years. In an effort to achieve the greatest benefit agapability for full corporate-wide data sharing. The network
value from each technology purchase, these requests agenfiguration and planning ensures that the throughput and
carefully reviewed in agencies that have developed &etwork redundancy necessary for distributed client/server
detailed IT plan. This process usually includes a detaile@pplications exists. Whether the processors are centrally
evaluation of each submittal during the budget cyclehoused or are housed in different locations and require
Following this evaluation, requests are presented to a TA@ccess from many other locations, network performance
for approval. Hardware specifications are developed foand reliability will be critical to success. LAN support is
different categories of user and software. In this approach, provided to all departments as needed and those department
TAC reviews and ranks each request based on strategidANs are connected to the backbone network. This is
criteria such as: necessary to provide the capability for full data sharing

across the entire agency, from any location.

e Customer benefit, . . -
e Cost savings to the agency, The purpose of these LANs is to improve efficiency

e Compatibility with agency goals, and within the organization. Specific benefits, in addition to
’ data sharing and application integration, are expected to
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include standardization of applications and reduction of standard method for data exchange between different
software costs; reduction in equipment needs (i.e., printers, computing platforms.

faxes, modems, etc.); electronic transmittal of data
information, mail, "calendaring,” and scheduling; and the
development and use of electronic forms. Software
upgrades can also be distributed over the network.

Scalability—Chosen applications, and the database
itself, are not unduly limited by size and volume
considerations. It is important that there be room for
the systems to grow, especially if system usage

Transmission  control  protocol/Internet  protocol throughout an agency spreads to other departments.
(TCP/IP) is considered to be the internetwork protocol o ] ]
standard for the industry. As more agency employees are Adherence to these general guidelines is seen by leading
given Internet access, providing and maintaining addresdgencies as vital to achieving an effective open
information will become more important. The TCP/Ip a@rchitecture-based system, because the success of the
package also supports terminal emulation, simple networRYStem is largely dependent on the effective sharing of data
management protocol network management, Microsoft'@mong the users.

OLE (Object Linking and Embedding) for desktop
application integration, and MAPI (Messaging Application

Program Interface) for enabling electronic mail. E-Commerce

Common security for electronic mail is provided by theAs indicated in the applications architecture, transit has just
public domain encryption software PGP (Pretty Goodbegun to take advantage of the Internet/Intranet and web-
Privacy) and by S/MIME (Secure Multipurpose Internet€nabled technologies; however, because these have such a
Mail Extension). IPSEC (Internet Protocol Extension)potentially revolutionary effect on computing itself
provides more security and is being implemented by soméhardware platforms and LAN/WAN infrastructures), E-
TCP/IP providers. commerce needs to be considered in the context of technical

architecture. If, in fact, E-commerce becomes the principal

The cabling, bridges, routers, and all othermechanism for acquiring goods and services and the
communication equipment used in the networks allows folnternet/Intranet becomes the dominant communications
upgrades to 1000 Base-T Ethernet networks if that higheyehicle, the effect on the technical infrastructure is
bandwidth is required in the future. At minimum, Categoryprofound. The need for powerful PCs or other "internal"
5 cabling is the normal standard. This standard appears t@mputing devices and robust LAN/WAN infrastructures
be appropriate for the integration of voice and databecomes potentially unnecessary or redundant in the world
networks and videoconferencing. of E-commerce.

E-commerce is a dynamic set of technologies,
applications, and business processes that link enterprises,

Open architecture implies user access to a wide range §Pnsumers, —and communities  through  electronic
data. Guidelines for the management of these data hafEansactions and the electronic exchange of goods, services,
emerged from the industry survey and interviews and ar@nd information. High-technology companies, banks,

generally consistent with the broader state of the practice. consumer-packaged-goods companies, insurance providers,
educational institutions, manufacturing firms, and even

e Compatibility—A key concept of an open heajthcare providers are cutting costs and enhancing

architecture is the ability to share data andpysiness relationships by using the Internet and its

different platforms. A significant amount of effort is

applied to establishing data standards so that data can A recent survey by the Extraprise Group found that 40
be exchanged or easily converted to the propepercent of surveyed firms already use their Intranets to
format for exchange. support E-commerce. Forrester Research estimates that E-
commerce between businesses in the United States could
ach $327 billion by 2002, and the International Data
orporation pegs the amount at more than $400 billion

Data Management

e Security and AccessAnother major concern of data
management is data integrity. Data are managed ju
like other physical resources. The ability to access,
change, update, add, or delete data is closel)ﬂ4)'

monitored and managed. E-commerce is not just about using the Web as a

e Ease of Use-To the extent possible, data are kept"storefront.” It involves shortening the supply chain,
reasonably easy to maintain and access. This meansstteamlining distribution processes, improving product
database management system that provides an SQ@lelivery, reducing inventory-carrying costs, and many other
capability. SQL provides an application-level measurable activities. In the business-to-business
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realm, E-commerce strategies allow businesses to leveragee evolving as more applications move from the
electronic alliances to speed the delivery of products ancthainframe at the data center to servers located at any
services to market. Companies set up electronic linkages facility on the network. At these agencies the network will
work more closely with their suppliers and save money orbe designed to support the integration of voice, video, and
inventory and distribution costs. data; provide proper quality of service connections; and
eventually support videoconferencing at an agency. Toward
There are three fundamental types of business-tathis end, planning for the network should allow for general
business  E-commerce relationships:  transactionalisage throughout an agency, with full LAN access as
information sharing, and electronic collaboration. needed. This may mean that network line capacity will need
to be expanded to support higher traffic volumes. The
Transactional relationships-Transactional relation- network is a primary component of all client/server
ships often begin with electronic data interchange tdechnology. It will be necessary to expand network access
automate transactions such as purchase orders and invoices.all user departments so that the corporate data can be
The promise of a high and easily quantifiable return orshared. Capacity planning is an integral part of this
investment is enticing many companies to target indirechetwork expansion. A robust, organization-wide network
procurement as the pilot application for their corporate Erepresents a necessary part of the required technical
commerce initiatives. infrastructure and must be given high priority and

_ implemented for the other parts of client/server technology
Internet-based procurement solutions leverage they sycceed.

Internet as a business and technology enabler, using

workflow-driven process automation and supply-chain |T staff at progressive agencies are trained in the latest
collaboration to streamline purchasing and reconcilgechnologies so that they can support the organization

payments. Once these solutions are in place, procuremegiiring any migration period and continue to add value after
personnel are deployed strategically for analysis and sortingl| systems are client/server based.

instead of just for processing paper-based transactions.

. . . . . Training for IT technical staff now includes:
Information sharing—Transactional relationships can

progress to information sharing as companies begin to
exchange everything from product designs to production
schedules online.

BPR,

CASE tool usage,

Compressed SDLC methodology,

Database design,

Networking,

New computer languages (such as C and C++),
Project management,

RAD, and

Test plan development.

Electronic collaboratior—Electronic collaboration is
the final stage in most business-to-business electronic
relationships—two companies leveraging each other's
information systems to enhance the overall customer
experience. Thanks to tight electronic links enabled by the
Internet, global express-delivery companies like the United
Parcel Service (UPS) provide most of the shipping for
several of the world's largest PC manufacturers.

Technology standards being developed, updated,
published, circulated, and enforced include:
CONCLUSIONS PC software and hardware standards,

[ ]
e Security standards,
Large transit agencies such as The Port Authority of New e Network standards for LANs and WANS,
[ ]
[ ]
[ ]

York and New Jersey, TTC, and WMATA, are developing Platform standards,
full corporate networks to support agency-wide, integrated, Turnkey systems standards, and
client/server technology. Comprehensive network plans System administration standards.
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CHAPTER FIVE

ITS/APTS ARCHITECTURE

INTRODUCTION The foundation of the architecture is a collection of
interrelated user services for application to the nation's
In 1991, the U.S. Department of Transportation (USDOT)surface transportation problems. Thirty user services have
and the Intelligent Society of America (now called thepeen identified to date. The goal of the architecture program
Intelligent  Transportation Society of America) were s to unify and organize user services and promote standards
directed by the U.S. Congress to develop an ITShat assure seamless operation of the system across the
architecture that was compatible with the transportatiortountry (see Appendix F for the systems architecture
technology in use nationally. Principal benefits of theinterconnect diagram, the user services table, and Web sites

National ITS Architecture are: for ITS standards).

e Integration of highway and transit systems, ADVANCED PUBLIC TRANSPORTATION SYSTEMS

e Price/performance options (multiple implementations), _ . . _

e Data sharing, The Federal Transit Administration established the

e Increasing levels of system integration andAdvanced Public Transportation System (APTS) program
performance, "to encourage the use of technology, to improve the quality

e Open standards to increase interoperability, and usefulness of transportation and ride sharing services.

e Leveraging existing transportation infrastructure, ~ T1he APTS program is testing these technologies, with many

e Encouraging public/private partnerships, and projects involving the integration of multiple technologies.

e Enhancing safety. Effectively integrated and deployed, ITS technologies can

enhance safety, transportation mobility, operational
Completed in 1996, the resulting National TS efficiency, and environmental protectiof).(APTS consists
Architecture provides a common structure for the design off several subsystems including:
intelligent  transportation systems. As a unifying
architecture, the USDOT wanted to ensure that a nationally’
compatible system was developed, linking all modes of

Fleet Management
e Communications systems

transportation. This architecture was designed to promote : i\l/?_sSs
national standards to accommodate intercity travel and .
i ; . e Automatic passenger counters (APCSs)
cross country goods movements, while discouraging local . .
e Transit operations software

or regional areas from developing incompatible systems. O Fixed-route bus

O Rail
Q Paratransit
Traffic signal priority.

In January 1996, U.S. Secretary of Transportation,
Frederico Pefia, announced a national goal, to "implement
the Intelligent Transportation Infrastructure across the
United States within a decade to save time and lives and & Traveler Information

improve [the] quality of life" §). The currently stated e Pre-trip/en-route transit information systems
objective of the USDOT is to deploy 75 integrated ITSs by e In-terminal/wayside transit information systems
2006. The architecture e In-vehicle transit information systems

e Multimodal traveler information systems.
defines the framework around which multiple design approaches can be .
developed, each one specifically tailored to meet the individual needs o8. Electronic Fare Payment
the user, while maintaining the benefits of a common architecture. The ¢ Automated fare payment systems.
architecture defines the functions (e.g., gather traffic information or
request a route) that must be performed to implement a given user servicg,

the physical entities or subsystems where these functions reside (e.g., the Transportation Demand Management

roadside or the vehicle), the interfaces/information flows between the @ Dynamic ridesharing

physical subsystems, and the communication requirements for the e Automated service coordination

inform_ation flows (e.g., wireline or wireless). In addition, it identifie_s and ° Transportation management centers
specifies the requirements for the standards needed to support national and . . . L
regional interoperability, as well as product standards needed to support ® High occupancy vehicle facility monitoring
economy of scale considerations in deployméht ( ° Mobility management.
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APTS technology is perhaps best defined and examineglquipment like wheelchair lifts on entire fleets. Labor
in a series of publications produced by the USDOT orcontracts and labor provisions in the law create barriers for
APTS: "Advanced Public Transportation Systems: The Stattow much can be expected of employees with regard to the
of the Art Update '98" and the Operation TimeSaver seriesse of these technologies (e.g., in some systems, bus drivers
[e.g., "Intelligent Transportation Infrastructure Benefits:have refused to enter data with onboard devices, citing
Expected and Experienced)). These are complemented by labor rules). Politically motivated service decisions can
a detailed analysis of the broader ITS technologies in a repasignificantly limit management's ability to use technology
by Apogee Research and Wilbur Smith Associates am the same way the private sector has—that is, to reduce
commissioned by ITS America and the USDQ@J. Finally,  the labor force and make the operations more efficient and
the Transportation Research Board through its TCRP hasffective. For example, if bus routes cannot be changed
issued a series of reports on specific ITS technologies [e.dbecause they are "politically mandated,” then the value of
"AVL Systems for Bus Transit"10)]. the technologies that monitor route performance and
facilitate management decision making (such as altering
Historically, these systems and subsystems are quiteoor performing routes and the attendant reduction in driver
new to transit and the architecture defining and structuringtaffing) is significantly reduced.
them newer still. As stated in TCRP Synthesis 24, on AVL,
one of the most complex and difficult of the APTS
technologies:
... the use of AVL in public transit has been slower in the United Public agenCieS such as transit are often behind the tech-
States than in Canada and Europe. [These] systems were proposed in nology curve and, in many cases, so far behind that intro-
both Europe and the United States in the 1960s .. The first —qycing sophisticated advanced technologies into old or
demonstration of AVL in Europe was in Hamburg, Germany in 1964. . . . .
The first major development in the United States occurred in 1968 ... Inadequate environments Is a major problem for both the
with the Chicago Transit Authority. agencies and the vendors and drives up the cost. As we
Since 1969, with the advent of the first demonstration projects, have_ a"eadY dIS.COVGFGId, the IT mfraStrUCture_S at most
transit professionals, consultants, and operators have lauded the benefits transit agencies, into which these new technologies need to
of AVL, while remonstrating the _expensi\{e infrastructure costs.... Ygt in‘ fit, are often antiquated, inconsistent, and insufficiently
mn'r?itn:g‘r’:'cgz‘ﬁe’;ﬁ;‘get{ﬁcjéie%gli”tﬂgssgggf Ct:r?t”g);o( 29enees M robust to handle real-time data flow. IT department staffs
are usually not equipped, trained, or positioned to manage

Two examples of APTS activities have been included athese complex advanced technologies. Frequently these IT
Appendixes: Appendix G: The Ann Arbor Transportation staffs are not involved in the design or acquisition of APTS
Authority Advanced Operating Project and Appendix H:t€chnologies and consequently are left with only the

Status of NYC Transit Intelligent Transportation SystemsProblems of integrating the data into the broader informa-
Program. tion system of the agency after the fact. This situation is

further aggravated by the technology platforms and tools
being used by the APTS vendors (e.g., to appropriately
ISSUES AFFECTING THE USE OF APTS deploy a new AVL system that is client/server, Windows
. S NT-based into an existing IT environment that is
APTS is 6;1” ”area of ITd that hlg?h%hts both some of ey inframe-based with litle LAN/WAN infrastructure or
greatest challenges and some of the greatest opportunitigg,qiry the installation of a single APTS system requires

ponfr(_)ntmg the transit mo_lustry. I_:rom the SurVeys’addressing the whole IT environment of the agency).
interviews, and site visits with transit systems that have

invested in APTS technologies, there are a number of very Because of the often archaic and inadequate IT

sigj(;]ificané igsues q facing thek 'noklsg% that neel;i tof. t_)q frastructure in many transit agencies, the difficulty and
addressed In order 1o make a cost-beneliciglyg of installing advanced technologies is dramatically

Infrastructure Problems

Investment. increased. To date, the key APTS vendors that are serving
this marketplace have had difficulty making profits and,
Institutional Barriers until larger IT environmental issues are resolved, it will be

impossible to bring down the costs, particularly since the
As public entities, transit agencies operate under many rebig costs of APTS installation are still labor-based, not
constraints (e.g., governmental regulations, labor contracthardware/software-based (which is getting cheaper).
and political directives) that have always made "running the
gerwces_hke a business" difficult _and the cost—effectlveArchitecture/protoCols
introduction of advanced technologies even more arduous.
Government rules force technology providers toThe current state of the IT environment in transit begs the
accommodate regulatory obligations such as voic@arger question about the state of architectural standards and
annunciation, full accessibility to vehicles, and SpeCia|industry protocols. Although there are architectural
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standards and an evolving set of protocols in North Americ&OST-BENEFIT ANALYSIS OF APTS

and Europe (e.g., National ITS/ITI, CEN278, 1SO204, etc.),

and there are active working groups such as the Transidnderstanding the very real limitations imposed by the
Communications Interface Profiles committee andinstitutional barriers, the infrastructure problem, the
subcommittee, we are not yet close to an environmerifcomplete state of the architecture/protocols, and the
where transit agencies can "plug and play." There are still @tegration requirements, there is a growing body of
number of closed architecture systems being sold bijpformation on the cost-benefits of APTS technologies.
advanced technology vendors and, despite the evolution éfithough much of the data are "soft," several of the current
prototype bus development like the Advanced TechnologpPTS projects are looking at ways to measure the "hard"
Transit Bus, the industry is still a long way from technologybenefits that directly translate into financial equations.
compatibility. Every time an additional piece of the APTSBased on data collected for the USDOT Operations
architecture is added to the core system it becomes mofdmeSaver project 8), specific benefits include the
cumbersome and more difficult to support. following:

An additional architectural issue arises because the @ Fleet reductior-Transit agencies have been able to

primary vendors of APTS have previously been defense reduce fleet size from 2 to 5 percent because of the
contractors that developed these core technologies for very  increased efficiencies of bus use. The TTC increased
different purposes; these APTS products were the usage of its fleet up to 25 percent on some routes.

"architectured” in such a way that expanding their use to _ o _
and integrating them with other transit technologies (while ® Improved travel time-Travel time is being reduced

keeping the costs low) has been very difficult, because in some agencies up to 18 percent. The Kansas City
much of the "intelligence" is on the vehicle and not in the Area Transportation Authority reduced its scheduled
control centers. travel time by up to 10 percent.

e Schedule adherence and management of "bus

Integration Issues bunching“—Transit agencies are reporting up to 40
percent reduction in "off-schedule” buses. Baltimore

If the institutional setting for transit limits the managerial MTA reported a 23 percent improvement in "on-

value of much of the new technologies, if the IT time" performance on their AVL-equipped buses.

environments are not suited to and can't adequately support
the introduction of advanced technologies, and if the e Safety and security of passengers and drivéReal-

architectures and protocols are not sufficiently in place, time location assures that buses are continuously
integration of the APTS technologies becomes very difficult monitored and with real-time schedule information
and only with integration can the real value of APTS be passengers spend less time at bus stops. Some

realized. The pieces of APTS by themselves provide greatly agencies report incident response time of as little as 2
reduced value to management decision making. When they minutes, whereas others report reductions of about
are deployed in an integrated management approach and 40 percent.

effectively linked to the broader information systems

environment of the agency, they create a powerful and e Communication of major mechanical and diagnostic

dynamic set of tools. Harnessed together, they make up far information on busesOn board data collection

more than the sum of their parts. For example, APCs can includes on-time performance, bus speed, mileage,
provide passive information on ridership volume and passenger activity, lift usage, and arrival/departure
boarding/alighting, but coupled with advanced fare cards times. In addition to significant reduction in the
and AVL, management can also know the type of client by manual labor of collecting information, emergency
time of day and communicate critical vehicle information to vehicles can be dispatched quickly and accurately in
dispatch additional vehicles or do route deviation while the event of problems.
providing customer information on the condition of the
service, all in real time. e Passengers per mile and per hedFlexible
dispatching in paratransit and route deviation and
In retrospect, it is still questionable that the public in- real-time schedule information on fixed routes have
vestment in APTS prototype systems has really been pro- increased the number of passengers on board per
ductive or a wise use of public finances. Growing evidence mile/hour of service.

would seem to indicate that until these products became

commercially available (e.g., rental car and trucking e Interfaces with other on board electronic systems
navigational systems) and went through mass production, AVL functions as an integrator of other information
they had not been either cost effective or fully functional. systems on board the vehicles including APC, fare
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boxes, annunciation systems, signage, and signal analysis purposes reduces the need for staff to
preemption. AVL serves as the information perform schedule adherence and travel time surveys.
management backbone of the other data collection Estimated savings range from $40,000 to $1.5
systems by transmitting and storing appropriate million per survey annuallygj.

information.

Traffic management system#&VL facilitates the  CONCLUSIONS
use of transit vehicles as probes for various traffic
management systems including emergency deployThe various technologies that comprise APTS began as
ment, routine location services, and as integrators oéxpensive prototypes that had very little integration or cost
intelligent highways along with other "smart" benefit when they were first introduced. They have become
technologies. progressively more valuable and less expensive,
demonstrating tangible benefits, as they emerged out of the
Market share through customer information commercialization/mass production process; however, there
systems-AVL is a critical ingredient in providing remain significant problems that need to be resolved if they
transportation information for customers making are to become powerful management tools. The transit
appropriate modal choices in dense urban areasndustry needs to effectively address the issues of its
AVL information is now linked to customer service institutional barriers, IT infrastructure, architectures/
systems, kiosks, and computer services like theprotocols, and integrated approaches to deployment. To be
World Wide Web. fully effective, APTS needs to be harnessed together in
comprehensive and fully integrated solutions that pass
Return on investmentAgencies are reporting information easily to management decision makers and
reductions in operating expenses. In addition to fleeteadily to customers to improve their options and reliance
reduction and efficiency gains, which are used toon the variety of transit services available to their
increase service frequency, using AVL data forcommunities.
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CHAPTER SIX

CONCLUSIONS

The TAC concept creates the principal linkage between
The IT environment of the U.S. transit industry is still an agency's management, the user community, and the IT
significantly behind the standards and conditions of thejepartment. It is this committee process that defines the
state of the practice of IT itself. However, since the lasistrategic criteria for IT investment and chooses specific IT
TCRP synthesis report in 199%)(there has been progress projects. It is the IT department that executes these
on many fronts, although there remain very significantdecisions and deploys the technology. Organizationally, IT
challenges that need to be addressed by the industry. Thefepartments have moved toward the adoption of the CTO,
are also significant opportunities in areas like APTS, whictpecause so much of all technology, including transportation
hold great promise for better management of the day-to-dagchnology, is information driven and needs to be controlled
operations and improvement in transit market share througthrough a single department. For the IT department to fulfill
real-time customer information systems. its deployment role effectively, it must hire professionals

. i i with contemporary skills, retain them, train them, and create
The approach taken in this synthesis report has been prropriate career plans for them.

develop a detailed IT standard from the surveys, interviews,
and IT plans and place it within the context of the specific  Against this benchmark and the detailed components of
architectures that would comprise an IT planning documenthe IT structural organization, the transit industry is still far
Using this planning structure facilitates presenting thebehind, but has made progress in the intervening 5 years
report in a systematic way and provides a valuablgince the last IT synthesis repat).(More transit agencies,
framework for the planning process itself, which is a keyboth large and small, have begun to institute enterprise-
management tool for assessing an agency's IT environmeniide investment processes with advisory committees.
This architectural structure is then used to compare thelowever, only a few of these agencies, in turn, have
information obtained from the surveys, interviews, andestablished those mechanisms in sufficiently comprehensive
industry IT plans with the prevailing approach to IT, itsways. With actual experience and with the technology
current condition, and standards. integration demands of systems like APTS, these

_ _ _ management processes are expected to gain evergreater
The management architecture consists of the primary Igyrrency.

organizational and managerial issues of an agency. Survey
participants indicated that the management architecture is Many transit agency IT departments are still organized
viewed as the most crucial of the architectures in that it layaround an older data processing or MIS model. Although
out the essential organizational and managerial strategies tioere would appear to be more IT executives who report
facilitate the investment and deployment of the othedirectly to their CEOs/GMs than in our earlier assessment,
architectures. their organizational model is still limited to primarily
supporting administrative computing, with only limited
The management chapter explores the current approagichnical support for operational systems. Only a few
to and structure of IT departmental organizations as thejgencies have moved toward the full CTO model, a few
appear in existing plans, survey results, and interviewsmore are ClOs, and most are still MIS managers or below.
Fundamental to this approach is the movement towar@/iore often than not, transit IT departments are not involved
instituting enterprise-wide mechanisms to manage the totah the critical operations technology investments and are

IT environment. A three-part strategy is to establish arbnly supporting very limited technical functionality.
agency technology investment process, an advisory

committee representative of the whole organization, and an With regards to IT staffing, issues there is a need to
IT department that is organized to lead, support, maintainnove away from traditional programming skills toward
and plan the IT deployment across all functions of theprogram management skills, with increased support for
agency. This three-part process depends on the adoption @ftsourcing or contracting out for appropriate IT needs.
a contemporary, comprehensive, enterprise-wide definitiod3ecause IT is such a competitive market place for skilled
of IT, which not only includes all traditional computing professionals, the public sector and transit must seek new
platforms and systems, but communications technology anadnd innovative ways to accomplish its fundamental IT
other operations-specific technologies like CAD, GIS,tasks. Contracting out nonessential functions, the greater
ITS/IAPTS, and SCADA systems. use of COTS, use of turnkey vendor/consultant teams for
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the installation of new systems, and competitive The movement toward open architecture, client server,

pay/incentive programs for critical in-house staff arePC LAN/WAN-based systems has grown dramatically

approaches being used by public sector agencies. Generalgmce the last IT survey. This technical infrastructure is the

transit has been slow to adopt these approaches becausalerpinning of the movement toward COTS. Although

union rules/Section 13C regulations, political disincentivesthis movement has been slower to gain momentum with
and a lack of financial resources. large agencies that have inherited mainframe-based legacy
) ] ) systems and have had the added concern of making them

Although many transit agencies, particularly large onesyok compatible, new RFPs would indicate the increased

continue to use and support old customized software fojyrsuit of COTS packages with vendor/consultant, turnkey
many of their principal applications, there would appear to;q|ytions.

be a significant movement since the last IT synthesis

assessmentl)] toward COTS products. Within the past  There has been an increase in the adoption of technical
several years, transit software vendors have developed arghndards to facilitate interconnectivity and integration, but
marketed COTS packages that meet industry requirementgere still is a lack of established comprehensive standards
Although the movement toward standard industry softwargnhat are consistent with an enterprise-wide IT definition.
packages is more pronounced among mid-sized and smaflost transit IT departments still do not exercise sufficient
agencies, large agencies, as evidenced by the trend in RFR§ntrol over operations-based IT investment or deployment,

are also pursuing commercial packages, often coupled Witharticularly in areas that require maximum architectural
a vendor/consultant turnkey approach. control such as ITS/APTS.

More fransit agencies are pursuing BPR or _busme;s As indicated in the application architecture, transit has
process improvement (BPI) in an attempt to align their,

business practices with vendor-based and support e’&St begun to take advantage of the Internet/Intranet and

. ; . \web-enabled technologies; however th hav
software solutions. The new open architecture, client server eb-enabled technologies; however, because these have

i ; : such a potentially revolutionary effect on computing itself
PC I.‘AN/WAN based technical environments mgke th%hardware platforms and LAN/WAN infrastructures), E-
acquisition of COTS packages more attractive an

costeffective, whether they are best of breed or singleson 11> ¢ needs to be considered in the context of the

vendor supported. Aaain. this movement is more dramatiovera” technical architecture. If in fact E-commerce
bp - Again, becomes the principal mechanism for acquiring goods and

on the part of mid-sized and smaller agencies than on larggt rvices and the Internet/Intranet becomes the dominant

. g
ones, because they have less techn_lcal baggage and Carlcg%munica\tion vehicle, the effect on the technical
more entrepreneurial. Large agencies have much greater,

difficulty managing older legacy systems with the new PCmfrastructure is profound. The need for powerful PCs or

environments, particularly regarding interfacing and dataOther internal computing devices and robust LAN/WAN
P y €9 g 9 Infrastructures become potentially unnecessary or redundant
storage, movement, and management.

in the world of E-commerce. John Chambers, CEO of Cisco

Of particular interest to transit is what can be classifiedSystéms, said recently: "The internet economy will have the
as enabling technologies and common system suppof@me impact on society that the_lndustrlal revolution had
technologies. The more traditional enabling technologie$00 years ago“4j. E-commerce is a very new concept
include such things as bar coding, electronic forms,base_d on cutting edge technology. Becausg transit and the
electronic  signature/authorization, ~ GIS,  imaging, Public sector generally have a need to be risk adverse and
Internet/Intranet, and videoconferencing. All of these areconservative in their technology investment, no agency
used to a limited degree by large and mid-sized agencie§hould plunge into this volatile area, but appropriate and
Of these, the potential impact of the Internet/Intranet and E€xPanding use of Internet/Intranet and the web should be
commerce is more substantially explored in the technicafontinued with scrutiny of the emerging world of E-
architecture in that it potentially affects the whole COMMerce.

framework of computing.
pufing APTS is an area of IT that highlights both some of the

Finally, of the common system support technologies—greatest challenges and some of the greatest opportunities
such as document management, query tools, and singt®nfronting the transit industry. On the one side it brings
sign-on—data warehousing has the greatest single impaetith it all the myriad challenges we have been discussing
on agencies that are struggling to integrate data frorthroughout all the other architectures: the difficulty of
disparate hardware and applications sources. Datmanaging the whole of IT across the entire enterprise; the
warehousing/mining has begun to emerge in transit as aeed for organization-wide standards and architectures; the
significant and necessary approach to support the analysibility to integrate disparate systems into a single man-
and decision-making requirements of the entire organiagement system; the ability to introduce complex technol-
zation through end products like executive informationogy products into environments without contemporary,
systems. robust, and consistent technical infrastructures; and, finally,
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overcoming the institutional barriers of governmentintegrated APTS represent powerful tools to manage day-
regulations, union rules, and politically motivated service. to-day operations more effectively and efficiently and pro-
vide customers and potential customers real-time infor-
On the opportunity side, APTS is theure, with very  mation on the availability of service (bus, paratransit, rail,
real benefits for those transit agencies that institute iand their interfacing), which has the potential to improve
properly. When APTS is deployed in an integratedtransit's modal share of the transportation market place.
management approach and effectively linked to the broad€foupled with the Internet and web-enabled technology,
information systems environment of an agency, a powerfuhese real-time systems can be linked to the whole trans-
and dynamic set of tools is created. Harnessed togethguprtation delivery infrastructure and provide individuals
they make up for more than the simple sum of their partswith decision-making tools at their fingertips.
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ACRONYMS

APC
APTS
AVL
BAA
BPR
C/S
CAD
CASE
ClO
COTS
CTO
DEC
EIS
ELA
GIL
GIS
GPS
GUI
HRIS
IBM
IT
ITS
JCL
LAN
MB
MIS
MMIS
MMS
MS
PC
RAD
RAM
RDBMS
RFP
ROCS
SCADA
SDLC
SDM
SLA
SQL
TAC
TCP/IP
TCRP
TIP
TQM
TRB
WAN
WIP

Automatic Passenger Counter

Advanced Public Transportation Systems
Automatic Vehicle Location

Business Area Analysis

Business Process Reengineering
Client/Server

Computer-Aided Design

Computer-Aided Software Engineering
Chief Information Officer
Commercial-Off-The-Shelf

Chief Technology Officer

Digital Equipment Corporation

Executive Information System

Enterprise Level Analysis

General Ledger

Geographic Information System

Global Positioning System

Graphical User Interface

Human Resources Information System
International Business Machines
Information Technology

Intelligent Transportation System

Job Control Language

Local Area Network

Megabyte

Management Information System
Maintenance Management Information System
Material Management System

Microsoft

Personal Computer

Rapid Application Development

Random Access Memory

Relational Data Base Management System
Request for Proposal

Rail Operations Control System
Supervisory Control and Data Acquisition
System Development Life Cycle

Systems Development Methodology
Service Level Agreement

Structured Query Language

Technology Advisory Committee
Transmission Control Protocol/Internet Protocol
Transportation Cooperative Research Program
Technology Investment Process
Total Quality Management
Transportation Research Board
Wide Area Network

Work in Place/Work in Process
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GLOSSARY
Term Explanation
Analog A transmission mode in which data are represented by a continuously varying
electrical signal. Compare withgital.
Baud Unit of signaling speed. The speed in baud is the number of line chan

Cable Categories

COBOL

Desktop Publishing

Digital

Download

Ergonomics

Gigabit

Heuristics

IEEE (Institute of Electrical an
Electronic Engineers)

Interface

represents only one bit condition and baud rate equals bits per second
As speed increases, each event represents more than one bit, and baud
not truly equal BPS.

Category 1 = No performance criteria.
Category 2 = Rated to 1 MHz (used for telephone wiring).
Category 3 = Rated to 16 MHz (used for Ethernet 10Base-T).
Category 4 = Rated to 20 MHz (used for Token-Ring, 10Base-T).
Category 5 = Rated to 100 MHz (used for 100Base-T, 10Base-T).

A language based on English words and phrases used in programming
computers for various business applications. [Co(mmdo¥iBess) (riented)
L(anguage) ]

The design and production of publications, such as newsletters, trade |
or brochures, using microcomputers with graphics capability.

Transmission in which data are encoded as either a binary one (1) or ze
Compare withanalog

To transfer (data or programs) from a central computer to a peripheral co
or device.

The applied science of equipment design, as for the workplace, inter
maximize productivity by reducing operator fatigue and discomfort. Also ¢
biotechnology, human engineering, and human factors engineering.

A unit of information equal to one billion Gits.

Relating to or using a problem-solving technique in which the most apprd
solution of several found by alternative methods is selected at successive]
of a program for use in the next step of the program.

0 An international professional society that issues its own standards an
member of American National Standards Institute (ANSI) and Internat
Organization for Standardization (ISO).

A shared boundary defined by common physical interconne
characteristics, signal characteristics, and meanings of interchanged sign

ges (in

frequency, amplitude, etc.) or events per second. At low speeds, each event

(BPS).
rate does

digital

ournals,

ro (0).

mputer

ded to
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dis a
onal

pction
als.
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Term

Explanation

Local Area Network (LAN)

Modem (Modulator-
Demodulator)

Network

Network Architecture

Network Topology

Node

PROM (Programmabledad-
Only Memory)

Protocol

RAM (Random-Access
Memory)

ROM (Read-@ly Memory)

Synchronous Transmission

Transient

Volatile Memory

A data communications system confined to a limited geographic area (
miles or about 10 km) with moderate to high data rates (100 Kbps to 50 N
The area served may consist of a single building, a cluster of buildingg
campus-type arrangement. The network uses some type of swi
technology, and does not use common carrier circuits (although it may
gateways or bridges to other public or private networks).

A device used to convert serial digital data from a transmitting terminal
analog signal for transmission over a telephone channel or to reconve
transmitted analog signal to serial digital data for acceptance by a reg
terminal.

An interconnected group of nodes; a series of points, nodes, or s
connected by communications channels; the assembly of equipment th
which connections are made between data stations.

A set of design principles, including the organization of functions ar
description of data formats and procedures. The basis for the desig
implementation of a network (ISO).

The physical and logical relationship of nodes in a network. The sch
arrangement of the links and nodes of a network. Networks typically h
star, ring, tree, or bus topology, or some combination.

A point of interconnection to a network. Normally, a point at which a nu
of terminals or tail circuits attach to the network.

A nonvolatile memory chip that stores data or programs permanently.
A formal set of conventions governing the formatting and relative timir
message exchange between two communicating systems.

Semiconductor read/write volatile memory. Data stored are lost if pow
turned off.

Memory chips that store data or software.
Transmission in which data bits are sent at a fixed rate with the transn
receiver synchronized. Synchronized transmission eliminates the need fg

and stop bits.

An abrupt change in voltage of short duration—for example, a brief
caused by the operation of a switch, also called a spike.

A storage medium that loses all data when power is removed.

Up to 6
bps).
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APPENDIX A

Survey Questionnaire

TCRP Project SG-8
Management Information Systems Update

Questionnaire

Name/Title
Agency
Address
Telephone Fax Email

1. Overview of MIS environment
a. What are your current. . . ? (Indicate in parentheses when you have a standard.)
(1) Hardware platforms
(2) Databases
(3) Languages
(4) LAN/WANSs
(5) Other

b. How much do you spend on your total MIS function?
(1) Percent of MIS operational budget of total agency operational budget (last fiscal
year)
(2) Percent of MIS capital budget of total agency capital budget (last fiscal year)

(3) Total training budget,
(4) Total maintenance budget

¢. What is the size of the MIS staff? (If some are part-time, please give full-time equivalents).
(1) Programmers
(2) Analysts
(3) Operators
(4) Administrators/other
(5) Total

d. Is a service bureau used? If yes, please describe.

¢. Do you outsource any MIS functions? What functions? Cost of functions?

. Do you have a disaster recovery plan?




46

2. Administration (indicate interfaces between systems)
a. Word processing and administrative systems

(1) Software

(2) Hardware

(3) Operating System

(4 LAN/WAN

(5) Email
(6) Data Warehouse

b Accounting
(1) Software
(2) Hardware
(3) Operating System
(4) LAN/WAN

¢. Payroll
(1) Software
(2) Hardware
(3) Operating System
(4) LAN/WAN

d Fixed assets
(1) Software
(2) Hardware
(3) Operating System
{4) LAN/WAN

e. Grant management
(1) Software
(2) Hardware
(3) Operating System
(4) LAN/WAN

f. Human resources
(1) Software
(2) Hardware
(3) Operating System
(4 LAN/WAN

g. Other systems (please list each system separately)
(1) Sottware
(2) Hardware
(3) Operating System
(4) LAN/WAN

h. Future plans for administrative systems

Interfaces with:

i. Problems/obstacles in administrative systems




3. Planning/Operations (indicate interfaces between systems)
a. Section 15 Reporting Interfaces with:
(1) Software

(2) Hardware

(3) Operating System

(4) LAN/WAN

b. Scheduling/run-cutting/rostering
(1) Software

(2) Hardware

(3) Operating System
(4) LAN/WAN

¢ GIS
(1) Software

(2) Hardware

(3) Operating System

(4) LAN/WAN

d. Farebox
(1) Software

(2) Hardware

(3) Operating System

(4) LAN/WAN

¢ Safety/training
(1) Software

(2) Hardware

(3) Operating System

(4) LAN/WAN

f. Other systems (please list each system separately)
(1) Software

(2) Hardware

(3) Operating System

(4) LAN/WAN

g. Future plans for Planning/Operations

h. Problems/obstacles with Planning/Operations

4. Maintenance/Materials Management (indicate interfaces between systems)
a. Inventory Interfaces with:
(1) Software

(2) Hardware

(3) Operating System

(4) LAN/WAN
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b. Maintenance
(1) Software

(2) Hardware
(3) Operating System

(4) LAN/WAN

¢. Purchasing
(1) Software

(2) Hardware

(3) Operating System

(4) LAN/WAN

d. Materials Management

(1) Software
(2) Hardware

(3) Operating System

(4) LAN/WAN

e. Other systems (please list each system separately)
(1) Software

(2) Hardware

(3) Operating System

(4) LAN/WAN

f Future plans for Maintenance/Materials Management Systems

£. Problems/obstacles with Maintenance/Material Management Systems

5. Other Technology Svystems, including ITS/APTS (indicate interfaces between systems)
4. Internet/Intranet ' Interfaces with:
(1) Software

(2) Hardware
(3) Operating System

(4) LAN/WAN

b. Automated Vehicle Location (AVL)
(1) Software

(2) Hardware

(3) Operating System

(4> LAN/WAN

c. Signal Preemption
(1) Software

(2) Hardware

(3) Operating System

(4) LAN/WAN




d. Automated Passenger Counting (APC)
(1) Software
(2) Hardware
(3) Operating System
(4) LAN/WAN

e. Kiosk
(1) Software
(2) Hardware
(3) Operating System
(4) LAN/WAN

f. Other technology/ITS systems (please list each system separately)
(1) Software
(2) Hardware
(3) Operating System
(4) LAN/WAN

¢. Future plans for other technology/ITS systems

h. Problems/obstacles with other technology/ITS systems

6. Strategic Issues
a. As the CTO/CIO/MIS Manager/other (circle appropriate title) what are

your major strategic issues? List five in descending order:

R [ [0

b. Are you using technology-based revenue opportunities (e.g., ROW for fiber optics,
wireless connections, sale of software). Please list in descending order of magnitude
with dollar value per year.

Aol il il e

49
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¢. Are you performing any electronic commerce (e.g., RFPs, procurement, contracts)?
Provide examples in descending order of importance.

d. Is your organization involved in supporting/promoting telecommuting?
Please describe.

e. How is your MIS department organized internally and externally? How should it be
organized? Please attach current organization chart and describe how organizational
structure should change.




APPENDIX B

Participating Agencies

1. Site Visits

King County Department of Transportation/Metro Transit

821 Second Avenue
Seattle, WA 98104-1598

Toronto Transit Commissiosrveyeg
1900 Yonge Street

Toronto, Ontario

Canada M4S 172

New York City Transit
1300 Livingston Street
Brooklyn, NY 11201

2. Questionnaire Respondents

Ann Arbor Transportation Authority
2700 South Industrial Highway
Ann Arbor, M| 48104

Bay Area Rapid Transit (BART)
800 Madison Street
Oakland, CA 94604-2688

Broward County Division of Mass Transit
3201 West Copans Road
Pompano Beach, FL 33069-5199

Corpus Christi Regional Transportation Authority
1812 S. Alameda
Corpus Christi, TX 78404-2933

Golden Empire Transit District
1830 Golden State Avenue
Bakersfield, CA 93301-1012

Massachusetts Bay Transportation Authority
(MBTA)

10 Park Plaza

Boston, MA 02116

Mass Transportation Authority
1401 South Dort Highway
Flint, MI 48503-2895

Metropolitan Atlanta Rapid Transit Authority (MARTA)

2424 Piedmont Road NE
Atlanta, GA 30324-3330

Oahu Transit Services
811 Middle Street
Honolulu, HI 96819-2388

Orange County Transportation Authority
(OCTA)

550 South Main Street

Orange, CA 92613-1584

Ottawa-Carleton Regional Transit Commission
1500 Saint Laurent Boulevard

Ottawa, Ontario

Canada K1G 0z8

PACE
550 West Algonquin Rd.
Arlington Heights, IL 60005

Regional Transit Authority
6700 Plaza Drive
New Orleans, LA 70127-2677

Regional Transportation District
1600 Blake Street
Denver, CO 80202

Topeka Metropolitan Transit Authority
201 North Kansas Avenue
Topeka, KS 66603

Toronto Transit Commission (TTC)
1900 Yonge Street

Toronto, Ontario

Canada M4S 172

Transit Authority of River City
1000 West Broadway
Louisville, KY 40203

Tri-Met
4012 SE 17th Avenue
Portland, OR 97202-3993

VIA Metropolitan Transit
800 West Myrtle Street
P.O. Box 12489

San Antonio, TX 78212

Washington Metropolitan Area Transit Authority
(WMATA)

600 5th St. NW

Washington, DC 20001

Whatcom Transportation Authority
2011 Young Street
Bellingham, WA 98225
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3. Phone Interviews

AC Transit (Alameda-Contra Costa Transit District)
1600 Franklin Street
Oakland, CA 94612

Bi-State Development Agency
707 N. First Street
St. Louis, MO 63102-2595

Broward County Division of Mass Trans#iufveyed
3201 West Copans Road
Pompano Beach, FL 33069-5199

CAMBUS
100 Stadium Drive
lowa City, IA 52242

Delaware Transit Corporation
Blue Hen Corporate Center
655 Bay Road, Suite 4G
Dover, DE 19901

Des Moines Metropolitan Transit Authority
1100 MTA Lane
Des Moines, IA 50309-4572

5 Seasons Transportation
427 8th St. NW
Cedar Rapids, IA 52405

LIFTS

LYNX—Central Florida Regional Transportation
Authority

445 W. Amelia Street

Orlando, FL 32801

Metro Transit
560 6th Ave. North
Minneapolis, MN 55411-4398

New Jersey Transit (NJT)
One Penn Plaza East
Newark, NJ 07105-2246

San Joaquin Regional Transit District
1533 E. Lindsay Street
Stockton, CA 95205-4498

Santa Cruz Metropolitan Transit District
370 Encinal Street, Suite 100
Santa Cruz, CA 95060

SEATS
911 North Governor Street
lowa City, IA 52245

4. IT Planning Documents

Alameda-Contra Costa Transit District
(AC Transit)

1600 Franklin Street

Oakland, CA 94612

Bay Area Rapid Transit (BARTs(rveyed
800 Madison Street
Oakland, CA 94604-2688

Chicago Transit Authority (CTA)
Merchandise Mart Plaza

P.O. Box 3555

Chicago, IL 60654-0555

Los Angeles County Metropolitan Transportation
Authority (LACMTA)

1 Gateway Plaza

Los Angeles, CA 90012-2932

Massachusetts Bay Transportation Authority
(MBTA)

10 Park Plaza

Boston, MA 02116

Oahu Transit Services\frveyejl
811 Middle Street
Honolulu, HI 96819-2388

Orange County Transportation Authority
(OCTA) (surveyed

550 South Main Street

Orange, CA 92613-1584

Port Authority of Allegheny County
2235 Beaver Avenue
Pittsburgh, PA 15233-1080

The Port Authority of New York and New Jersey
One World Trade Center
New York, NY 10048

Southern California Regional Rail Authority (SCRRA)
700 S. Flower Street, 26th Floor
Los Angeles, CA 90017-4101

Tri-County Commuter Rail Authority (Tri Rail)
800 NW 33rd Street, Suite B-100
Pompano Beach, FL 33064

Washington Metropolitan Area Transit Authority
(WMATA) (surveyed

600 5th Street NW

Washington, DC 20001
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APPENDIX C

APTA MIS/IT Peer Group Survey Letter

TO: All Transit Members

FROM: William W. Millar
President

DATE: July 1, 1999

SUBJECT: PEER REVIEW SURVEY ON INFORMATION TECHNOLOGY

The APTA Research & Technology's Integrated Technology Committee (R&T ITC) is conducting a survey relative
to the delivery of information services by your transit system. The purpose is to capture some salient metrics that ce
objectively and convincingly provide a benchmark on what "world class" agencies do to provide for Information
Technology services.

I'm pleased to announce that the survey will be hosted at the APTA's Web site www.apta.com for on-line
completion, with as much agency specific information as possible pre-populated. | would appreciate your help by
forwarding this request to the appropriate people within your organization and impressing upon them about th
importance of the survey not only to your agency, but also to the transit industry at large. We would appreciate the
your transit system completes the surveylbly 20, 1999.

Each individual transit property has been assigned a unique username and password to respond to the survey. Y
agency's name and password are listed on the enclosed insert.

Although the survey is quite extensive, the information ascertained can be of great value by providing statistics an
other important information about our business practices and strategies. The R&T ITC will share the results with yol
and your peers at a session during the APTA Annual Meeting and Expo '99 in October. As an incentive for participatin
in this survey, the username and password above will enable you to later connect to the APTA web site, and receive
customized report that compares your status to the industry averages. The information would be helpful for you t
develop a clearer vision. In order to protect the confidential nature of your results, individual survey responses will no
be published—only aggregate survey results will be made publicly available.

Should you have any questions regarding the username and password, please contact Larry Pham at (202) 898-4
or via email at Ipham@apta.com. Questions specific to the survey itself should be directed to Robin Cody at (510) 46¢
6318 or email Rcody@bart.gov. Your response to this survey is very much needed and would be greatly appreciate
Thank you in advance for your assistance.
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APTA - MIS/IT
Peer Group Survey
DESIGN SPECIFICATIONS

Overview

o Please take a few moments and review the entire survey before beginning to gain a perspective on the total scope of
survey. You may want to acquire information or other staff to assist with your responses.

e Survey will be hosted on a secure database/web server on the World Wide Web.

e Each individual transit property will be assigned a unique user name/password with which they can respond to th
survey. As an incentive to participate in the survey, each property will be able to later connect to the web site an
compare their results to those of industry averages.

e A printable version of the survey must be downloadable for respondents to use to gather their responses.

e Send hardcopy material to: American Public Transit Association
c/o Dr. Larry Pham
1201 New York Avenue, NW
Washington, DC 20005

Welcome page

e Disclaimer-info on how the data will be used
e [nstructions
e Information on the individual property's survey status

QUESTION TYPES:

Radio group (check one)

Check box (check all that apply)
Check box with OTHER response
Numeric

Short answer (text)

Long answer (text)

Upload file

Agency Profile

Text _Question Type Responses
Name of Agency Text

Address of Agency Text

Name of CEOQ/General Manager/President (or Text

equivalent)

Title of CEQ/General Manager/President (or

equivalent)

Name of Chief Information Officer
(CIO)/Chief Technology Officer (CTO) (or

equivalent)

Title of CIQ/CTO Officer (or equivalent) Text
Address (if different than agency address) Text
Telephone/FAX of CIO/CTO (or equivalent) Text
Internet Address of CIO/CTO (or equivalent) Text
Contact Person (responsible for survey Text
preparation)

Addiess (if different than agency address) Text
Telephone/FAX of Contact Person Text

Internet Address (e-mail) of Contact Person Text
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Section 0 - Demographics

Q# Text Question Type Responses

01 Which category best describes Radio group Publicly owned/privately operated Transit System
your organization? Publicly owned/operated Transit System
Privately owned/operated Transit System
Bus

Subway

Commuter/Suburban Rail

Light Rail

Water Services

Van Pools

Demand Services

Other

1-100
161-500
501-1,000
1,001-5,000
5,001-10,000
over 10,000

02 Which modes of transportation Check box w/other
does your organization provide?

e & ¢ ¢ ¢ o 0 0] O @

03 How many employees are in your | Radio group
full organization?

Section 1 - Technical Environment (inventory)

The intent of this section is to document the technical environment and inventory for each agency. This section of the surve
will be patterned after the typical magazine survey request using check boxes for the name and types of systems and
applications that the agency has, both current and expected within the next twelve months. The intent of the preformatted
response boxes is to make the survey as easy to complete as possible. It is in no way intended to include or exclude vendc
or products, but merely to act as an aid. If a specific vendor or product is not listed, please use the OTHER option.

Part 1. Business Systems

A. Information Infrastructure

Q# Text Question Type Responses

Al Which of the following computer Check box (current & Pentium IIT
products do you currently use or plan to next year) Pentium IE
use in the next 12 months? Pentium Pro

Other Pentiums
486

.
®
®
L]
.
* 386
[
[
.
[}
[
°

Apple/Macintosh
RISC Workstations
Other

Not applicable

A2 Do you have a PC configuration Radio group No corporate standard
standard? Standard

A.2a | If yes, who sets the standards: Check box o IT/MIS

e Other

1—4 megabytes

5-8 megabytes
9-16 megabytes
17-32 megabytes
33-64 megabytes
65—128 megabytes
over 129 megabytes
under 100 megabytes
101-500 megabytes
501~1 gigabyte
14 gigabytes

over 4 gigabytes

A2b | Memory Standard? (average machine) Radio group

A2c¢ | Hard drive Standard? (average machine) | Radio group

® & & o ¢ |® & & & o O o
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A2d

Do you allow floppy drives?

Radio group

Yes
No

A2e

Do you allow CD ROMs?

Radio group

Yes
No

A2f

Do you allow multimedia sound systems?

Radio group

Yes
No

Alg

Do you allow Zip, Jazz, drives, etc.?

Radio group

ois ole ole o

*

Yes
No

A3

Approximately how many PCs are
currently installed in your organization?

Radio group

e None

* 149

¢ 50-99

e 100-249
* 250-499
¢ 500-999
¢ 1,000+

Ala

‘What brand of PCs do you cuirently use
or plan to use in the next 12 months?

Check box (current &
next year)

Compaq

Dell

Gateway
Hewlett Packard
IBM

Packard Bell
Toshiba

Other

Not applicable

A3b

‘What brand of PC is your standard?

Radio group

No corporate standard
Standard

A3c

Approximately how many mainframe
terminals are currently installed in your
organization?

Radio group

None

1-49
50-99
100-249
250-499
500-999
over 1,000

A4

Which of the following PC databases do
you currently use ot plan to use in the
next 12 months?

Check box (current &
next year)

Dbase

FoxPro

Microsoft Access
Oracle Lite

Sybase SQL Anywhere
Other

Not applicable

AS

Which of the following LAN databases
do you currently use or plan to use in the
next 12 months?

Check box (current &
next year)

IBM DB2 Universal Server
Informix

Microsoft SQL Server
Oracle Workgroup Server
Sybase SQL Server

Other

Not applicable

A6

‘Which of the following host databases do
you currently use or plan to use in the
next 12 months?

Check box (current &
next year)

IBM DB2

Informix

Microsoft SQL Server
Oracle Enterprise Edition
Sybase SQL Server
Other

Not applicable

Aba

Which database is your standard?

Radio group

No corporate standard
Standard

A7

Which of the following client operating
systems are currently in use or will be in
use in the next 12 months?

Check box (current &
next year)

e ¢ & ¢ ¢ ¢ 0|0 e o ¢ ¢ © ¢ 0|0 ¢ 0 ° O & [0 0 0 6 0 0 |0 0 0 s P 0 0| o[ ¢ @ o O ¢+ o o

DOS

Windows 3 x
Windows 95
Windows 98
Windows NT
Apple Mac OS
0872, OS/2 Warp
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e Linux
* UNIX
e Other
¢ Not applicable
A.7a | Which client operating system is your Radio group * No corporate standard
standard? o Standard
A8 ‘Which of the following network Check box (current & e Windows NT
operating systems are currently in use or next year) ¢ Novell NetWare
will be in use in the next 12 months? + Apple Mac OS
e 0S/2, OS/2 Warp
e Linux
e UNIX
e Other
o Not applicable
A 8a | Which network operating system is your Radio group ¢ No corporate standard
standard? e Standard
A9 ‘Which of the following protocols are Check box (current & o TCP/P
currently in use or will be in the next 12 next year) o Netware/IPX
months? (check all that apply) e SNA
¢ ATM
¢ Netbios/Netbeui
¢ DECnet
¢ LAN Server/Warp Connect
e Banyan Vines
e OSI
e AppleTalk
e NFS
*» LAN Manager
e Artsoft Lantastic
¢ DEC Pathworks
e Other
¢ Not applicable
A 9a | Which network protocol is your Radio group e No corporate standard
standard? ¢ Standard
A10 ‘Which of the following application Check box (current & ¢ Host-based computing
architectures do you employ currently or next year) e Client/Server computing
plan to employ in the next 12 months? * Internet computing (thin-client,
(check all that apply) browser client)
s Not applicable
All How do you deploy applications within Radio group ¢ Develop in-house
your agency? e Purchase off-the-shelf applications
e Both
A lla | Which of the following development Check box (current & e Delphi
tools are currently in use or will be in next year) s Gupta SQL Windows
next 12 months? (check all that apply) e Microsoft Access
* Oracle Developer
e IBM Visual Age
e Sybase PowerBuilder
¢ 3GL language(s)
¢ Other
o Not applicable
A.11b | Which development tool is your Radio group ¢ No corporate standard
standard? ¢ Standard
A 11c | What development languages do you Check box (current & e C
currently use or plan to use in the next 12 | next year) o C++
months? + COBOL
e JAVA
e Visual Basic
e Other
¢ Not applicable
A.11d | What development language is your Radio group ¢ No corporate standard
*

standard?

Standard
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B. Use of Internet/Intranet Technologies

Q# Text Question Type Responses
Bl Does your agency currently have an Radio group o Yes
Internet web page? s No
B 1a | If so, please provide the URL of your Text
WWW site?
B.1b | Which of the following services are Check box s Basic agency information
provided on your web site? (check all e Transit schedule
that apply) e Transit fare information
e On-line fare card purchase
e News releases
e Board member profiles
e Board agendas and minutes
o WBE/DBE information
e Agency job openings/other HR
information
* Procurement contracts
e Procurement purchase requisitions
e Procurement announcements
e Other
e Not applicable
B.1c | Do you allow transaction processing Radio group o Yes
thiough the Internet? (If yes, what?) ¢ No
e Process
B 1d { Who hosts your Internet web site? Radio group ¢ Hosted in-house
e Outsourced
B le | Who designs your Internet web pages and | Radio group » Designed in-house
content? e Qutsourced
B 1f | What brand web server do you currently Radio group e Netscape Commerce Server
use to host your WWW site? s  Microsoft IIS
e Apache
e Qracle Application Server
e Other
o Not applicable
B2 Do you maintain an agency Intranet? Radio group e Yes
e No
B 2a | If so, what types of internal applications Check box ¢ Personnel director
do you host? (check all that apply) e Human resources information
e Project tracking
e Time keeping
e Other
e Not applicable
B 2b | Do you allow employees to create their Radio group ¢ Yes
own Intranet pages? e No
B 2¢ | Which of the following brands of web Check box e Netscape Commerce Server
servers do you currently utilize to support e  Microsoft IIS
your Intranet? ¢ Apache
e Oracle Application Server
e Other
e Not applicable
B.2d | What brand of web server is your Radio group e No corporate standard
standard? ¢ SAME CHOICES AS ABOVE
B 2e¢ | If you answered no, do you have plans to | Text
deploy in Intranet?
B3 What brand of web browser does your Check box e Netscape Navigator
agency currently utilize? ¢ Microsoft Internet Explorer
s Other
e Not applicable
B 3a | Which web browser is your standard? Radio group e No corporate standard
o SAME CHOICES AS ABOVE
B.3b | Do you provide Internet access fiom Radio gioup e Yes
employee desktops? ¢ No




B 3¢ | Which types of employees have access to | Text
the Inteinet and for what purposes?
B 3d | Do you monitor employee access to the Radio group * Yes
Internet? e No
B.3e | Tf so, what primary means do you use to Radio group e Dial-up via modem
connect to the Internet? e ISP
¢ Firewall with direct connection
e Other
e Not applicable
C. Application Software
Q# Text Question Type Responses
C.1 What financial systems (General Check box (current & ¢ AMS
Ledge1/Payables/Purchasing) do you next year) o Baan
currently use or plan to use in the next 12 e Oracle
months? (check all that apply) e Lawson
¢ PeopleSoft
¢ Geac (Dun & Bradstreet)
e SAP
¢ Custom/in-house
e Other
¢ Not applicable
c2 What human resources system do you Check box (current & e AMS
currently use or plan to use in the next 12 | next year) e Baan
months? (check all that apply) e QOracle
¢ Lawson
e PeopleSoft
e SAP
e Genesys
+ Custonv/in-house
e Other
e Not applicable
Cc3 What payroll system do you currently use | Check box (current & e AMS
or plan to use in the next 12 months? next year) ¢ Baan
(check all that apply) e OQOracle
e Lawson
e PeopleSoft
¢ SAP
¢ Genesys
e Custom/in-house
e Other
e Not applicable
c4 How do you tiack grants or plan to track | Check box (current & e Spreadsheets
in the next 12 months? (check all that next year) e Manual
apply) e Other
e Not applicable
C5 How do you frack fixed assets or plan to Check box (current & e Spreadsheets
track in the next 12 months? (check all next year) e Manual
that apply) e Other
e Not applicable
Cé6 How do you track capital projects or plan | Check box (current & e Spreadsheets
to track in the next 12 months? (check next year) e Manual
all that apply) e Other
¢ Not applicable
C.7 What Scheduling/ Runcutting/Rostering Check box (current & ¢ Rucus
software do you currently use or plan to next year) e Hastas
use in the next 12 months? (check all e Multi-Systems
that apply) e Trapeze
e Custom
e Manual
e Other
o Not applicable
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C8 What maintenance management software | Check box (current & e Spear 2000
do you currently use or plan to use in the | next year) e Indus/TSW
next 12 months? (check all that apply) e TX-Base
¢ CIS
e SAP
e Fleetnet
o FleetAnywhere
¢ Mincom
e Custom
e Manual
e Other
o Not applicable
c9 ‘What inventory control/ material Check box (current & | o Spear 2000
management software do you currently next year) s Indus/TSW
use or plan to use in the next 12 months? o TX-Base
(check all that apply) « CIS
e SAP
o Fleetnet
¢ Mincom
+ Geac
+ Custom
+ Manual
o Other
e Not applicable
c1o Do you utilize imaging systems for Check box (current & * Yes
electronic storage and retrieval or plan to | next year) e No
use in the next 12 months? (If ves, what e System
system?)
C11 Do you utilize electronic illustrated parts | Check box (current & e Yes
catalog software or plan to use in the next year) e No
next 12 months? (If ves, what software?) o Software
c.12 What Executive Information Systems Check box (current & s Arbor Essbase
(Decision Support Systems) do you next year) e Cognos Business Objects
currently use or plan to use in the next 12 s Cognos PowerPlay
months? (check all that apply) e Oracle Discoverer
s Oracle Express
e SAS
e Custom/in-house
e Other
¢ Not applicable
C13 What data warehousing system do you Check box (current & | o IBM DB2
currently use or plan to use in the next 12 | next year) o Informix
months? (check all that apply) ¢ NCR Teradata
e Oracle
s Redbrick
e Sybase
¢ Other
o Not applicable
Cc14 Do you utilize electronic commerce Check box (current & o Yes
software or plan to use in the next 12 next year) ¢ No
months? (If yes, what software?) e  Software
C15 Do you utilize electronic data Check box (current & e Yes
interchange software or plan to use in next year) * No
the next 12 months? (If yes, what e Software
software?)
C.16 Do you utilize workflow software or plan | Check box (current & * Yes
to use in the next 12 months? (If ves, next year) e No
what software?) o Software
C.17 What document management software do | Check box (current & ¢ PC Docs
you currently use or plan to use in the next year) e FileNet
next 12 months? (check all that apply) o CIMAGE
o Other
e Not applicable




Ci8 What police computer-aided dispatch and | Check box (current & | ¢ Tiburon
records management software do you next year) e Data 911
currently use or plan to use in the next 12 ¢ Megg Associates
months? (check all that apply) ¢ Vision Software
e PRC Public Sector
e Leads Software
¢ Integraph Public Safety
¢ Synergetic Systems
e Public Safety Systems
¢ Automated Police Systems
e Geac Public Safety
e Other
* Not applicable
D. Communications Technology
Q# Text Question Type Responses
D.1 Which telephone system (switch) is Check box (current & ROLM
currently in use or will be in the next 12 next year) Nortel
months? (check all that apply) AT&T
Other
Not applicable
D 1a | Which best describes your telephone Radio group Owned
system {switch)? Leased
D.1b | Does your system integrate with any Radio group Yes
other telecommunications system? (If No
yes, which system?) System
D2 Which voice mail system is currently in Check box (current & ROLM
use or will be in the next 12 months? next year) Meridan
(check all that apply) Centegram
Other
Not applicable
D 2a | Which best describes your voice mail Radio group Owned
system? Leased
D.2b | Which type of employees have access to Radio group All (universal access)
voice mail? Professional employees only
None
Other
Not applicable
D3 Which of the following network Check box (current & Wide Area Network

topologies are currently in use or will be
in the next 12 months? (check all that

apply)

next year)

Local Area Network
Metropolitan Area Network
Other

Not applicable

D 3a

How do you implement your topologies?

Token Ring
Ethernet
FDDI

X 25

ATM

TL/T3
Switched
Radio Frequency
Microwave
Satellite

Web Centric
Other

Not applicable

D.3b

What is the extent of current wide area
networking within your agency?

Radio group

® ¢ & & o |0 & & © 6 & O O O % O & 0|0 0 0 O 0|0 ¢ O & 0|® 0| o o * 0|0 0 0 [|[® 0|0 & @ o o

Only at headquarters

Only at administrative office
To all depots

None

Other
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How many nodes are attached to
LAN/WAN?

Radio group

Under 50
51-100
101-500
501-1000
10012500
25015000
5001-10,000
Over 10,000

‘What is the speed of your LAN/WAN?

Radio group

4 megabytes
16 megabytes
100 megabytes

What types of cabling do you deploy?

Check box

Unshielded twisted pair (category X)
Shielded twisted pair (type 1 or 2)
Coax (thin or thick net)

Single mode fiber optic

Multi mode fiber optic

D4

Which of the following network types are
currently in use or will be in the next 12
months? (check all that apply)

Check box (current &
next year)

Internetworks

Intranetworks

Local Area Networks (LANSs)
Wide Area Networks (WANs)
Other

Not applicable

D5

Which of the following Local Area
Network (LAN) servers are currently in
use or will be in the next 12 months?
(check all that apply)

Check box (current &
next year)

Application servers
Communication servers
File/Print servers
Multimedia servers
Remote-Access servers
Web servers

Terminal servers

FAX servers
Superserveis

LAN servers

LAN Communications servers
Not applicable

Dé

Which of the following Network
Software are currently in use or will be
in the next 12 months? (check all that

apply)

Check box (current &
next year)

® ¢ & 0 ¢ o0 0 06 0 ¢ 0 0 0 ¢ 0 0 s|[6 o 0 ¢ 0 0|0 0 0 0 50 0 2l e 0 0 0 s 0 0

Network Operating Systern
Network Protocol Software
Security Software
Communications Software
Middleware

Systems Software/Administration
Software

Network Management Software
Network Design Products
PBX-to-Host Software/CTIL
Database Management/RDBMS
Directory Services

Network Design/Analysis
Security/Encryption Software
Anti-Virus

Cable Management

Help Desk

Remote Access

Storage Management

Not applicable

D7

Which of the following computers and
peripherals are currently in use or will be
in the next 12 months? (check all that

apply)

Check box (current &
_next year)

® & & 6 & ¢ o & o |0 @ o 0 0 ¢ 0 0 0o @ 0 o

Mainframe Computers
Mid-Range Computers
Minicomputers

Workstations

IBM and Compatible PCs
Macintosh and Compatible PCs
Laptops/Notebooks
Handhelds/PDAs

Network Computers




Workstations

X Terminals
Terminals

FAX Modems
Authentication Systems
UPS

Disk Drives
Disk Backup
Tape Drives
Tape Backup
Optical Storage
Miciofiche
Network Printers

D8

Which of the following electronic mail
systems are currently in use or will be in
the next 12 months? (check all that

apply)

Check box (current &
next year)

CE Software QuickMail
Microsoft Internet Explorer
DEC All-in-1

IBM PROFS/Office Vision
Intel Proshare

Lotus cc:Mail

Lotus Notes

Lotus Notes Mail
Microsoft Exchange
Microsoft Mail

Microsoft Outlook

Novell GroupWise
Netscape Communicator
Netscape SuiteSpot

Other,

Not applicable

D 8a

What is the extent of
e-mail access within your agency?

Radio group

¢ 0 e & @ ¢ ¢ & & 5 & & & & & & & 0[5 o & 5 s 0 O 0 6 O* » O o

Every employee has access

Only administrative personnel have
aceess

Other,

Not applicable

Are typical users of your e-mail system
using the Internet communications
productively?

Radio group

Yes
No

D.8¢

Identify the types of business transactions
that they accomplish which improve their
productivity!

Text

DS

Which of the following GroupWare
applications are currently in use or will
be in the next 12 months? (check all that

apply)

Check box (current &
next year)

Business reengineering
Courseware/training

Desktop videoconferencing
Discussion
Databases/conferencing/forums
Bulletin boards

Document/image management
Electronic Data Interchange (EDI)
Electronic forms and forms routing
Group scheduling

Intranets

Mobile/offsite computing

Project management

Online news/information services
Workflow

Other,

Not applicable

D10

Which of the following remote wireless
communications equipment is curtently
in use or will be in the next 12 months?
(check all that apply)

Check box (current &
next yeat)

® & 0 & 0 & S |0 ¢ o 0 06 0 O O 6 0 & o

Mobile/Data Services

Wireless Data Equipment
Wireless LANs

Cellular Transmission Products
Cellular Modems

Satellite Equipment

Not applicable
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Which of the following services are
currently in use or will be in the next 12
months? (check all that apply)

Check box (current &
next year)

e Frame Relay

Leased-Line Services

(T1/T3/E1/E3)
e Metropolitan-Area Network
Services
SMDS
E-mail Services
EDI Services
ISDN Services
ATM Services
Videoconferencing Services
Closed Circuit TV
Remote Surveillance
Training Video Services
Satellite Services
Systems Integration
International Voice/Data Services
Value-Added Networks
Audio Conferencing
Auto Attendants
Voice Mail
Automatic Call Distribution
Systems
Virtual Private Networks
Not applicable

® 6 & © &6 0 0 0 & ¢ @ ¢ O 0 0 v o

b.12

Do you have emergency power backup?

Radio group

Yes
No

D12a

If yes, what type?

UPS

Battery/Inverter backup
Generator backup
Other

® ® ¢ s |0 0|0 o

D.12b

What systems does your emergency
power support?

Train Control
Mainframe
Midrange computers
Network servers
Other

E. Control Systems. If you do not operate rail systems, skip this section.

Q#

Text

Question Type

Response

E.1

Does your rail system use computer
technology to operate its trains?

Radio group

o Yes
¢ No

E la

If so, what mode does your rail system
operate?

Check box

e Automatic train control with safety
thresholds

Automatic train operator

ATC and manual

Other

Not applicable

E2

If applicable, is your ATO or ATC
software uniquely designed for your rail
system?

Radio group

Yes
No

E2a

If not, what is the name of the software
and manufacturer?

Text

E3

‘What type of power is used by your rail
system?

Check box

Fuel (i.e , gas, propane, etc.)
Electricity

Other

Not applicable

E3a

¥ electricity, are the control switches that
operate the frains manual or computerized?

Radio group

Yes
No

E3b

Are the controls to operate equipment in
the rail system (i e , switches, vents,
signals, etc.)?

Check box

Manual
Computerized
Not applicable

e & o |0 oo ¢ o o




E4 What type of rail monitoring system does | Check box o Electronic display board
your rail system utilize? ¢ Computerized graphical display
e Other
e Not applicable
E.4a | If your rail system uses a computerized Radio group e Yes
graphical display, is the software e No
uniquely designed for your system?
E.4b | If it was not uniquely designed for your Text
system, what is the name of the software
and manufacturer of your train
monitoring system?
ES Does your rail system use bar coding Radio group Yes
technology to track location and mileage No
of your rail cars?
E5a | If yes, what is your bar coding system Check box e Mileage
used for? Location
e Other
E.5b | If applicable, what is the name of the bar | Text
coding software and manufacturer that
your rail system uses?
Eé6 Does your rail system use electronic Check box e Next train arrival
destination signage to display one or o Track location of arriving trains
more of the following? e Train destination
e Train departure origin, arrival
destination
e Train approaching signal
e Voice announcement features
e Other
o Not applicable
F. Fare Collection
Q# Text Question Type Response
F1 ‘What type of fare transaction system do Check box o Turnstile
you use? ¢ Register fare boxes
¢ Data storage (i e., magnetic card
strips, smart card technology)
¢ Other
s Not applicable
F l1a | If applicable, does your fare transaction Check box * Fare cards with magnetic strips
system store data on one of the following ¢ Smart card
media? e Other
¢ Not applicable
F.1b | Does your fare media allow you to track Radio group ¢ Yes
your customers usage and location by ¢ No
using serialization?
F 1c | Does your fare transaction system allow Radio group o Yes
debit/credit transactions for the * No
purchasing of fare cards or smart cards?
F2 Does your fare transaction system Text
accommodate people with physical
disabilities in the areas of fare purchases
and signage?
F.2a | If yes, please elaborate on how your fare Text
transaction system accommodates the
physically handicapped?
E3 Do you have regional partnerships with Radio group e Yes
other modes and/or other purposes? e No
F.3a | If yes, please explain! Text
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G. APTS (Advanced Public Transportation Systems)

Q# Text Question Type Response

G1 Do you have a geographical information Radio group s Yes
system deployed? ¢ No

G.1la | K yes, which vendor and product? Text

G2 Do you have an automated vehicle Radio group Yes
location monitoring system (AVL/AVM) No
deployed?

G.2a | If ves, which vendor and product? Text

G3 Do you have automated passenger Radio group Yes

counters deployed? No
G.3a | K yes, which vendor and product? Text

G4 Do you have computer-aided dispatching | Radio group Yes

deployed? No
G.4a | If yes, which vendor and product? Text

G5 Do you have a traffic signal prioritization | Radio group Yes

system deployed? e No
G.5a | H ves, which vendor and product? Text

G.6 Do you have a traveler information Radio group o Yes

system deployed? s No
G.6a | X yes, which vendor and product? Text

G7 Do you have an in-terminal wayside Radio group Yes

traveler information system deployed? No
G.7a | If yes, which vendor and product? Text

G8 Do you have an automated fare payment Radio group Yes

system deployed? No
G.8a | If yes, which vendor and product? Text
G.9 Do you have a dynamic ride sharing Radio group Yes
system deployed? No
G.9a | If yes, which vendor and product? Text
Section Two - Management
H. Policies/Standards/Procedures/Guidelines

Q# Text Question Type Responses

H.1 Do you have Business Computing Radio group s Yes
(architectural, design, application, etc ) ¢ No
Standards? (If yes, please provide an
electronic version via upload I not,
please send a hard copy to APTA.)

H2 Do you have Application Design Radio group Yes
Methods? (If yes, please provide an No
electronic version via upload. If not,
please send a hard copy to APTA.)

H3 Do you have a Micro-Computing Radio group Yes
Guideline (procurement, appropriate use, ¢ No
responsibilities, etc)? (If yes, please
provide an electronic version via upload
If not, please send a hard copy to APTA))

H4 Do you have an Internet Use Guideline? Radio group Yes
(If yes, please provide an electronic No
version via upload If not, please send a
hard copy to APTA.)

HS Do you have a Web Page Development Radio group Yes
Guideline? (If yes, please provide an No
electronic version via upload. If not,
please send a hard copy to APTA.)




H.6 Do you have a Security Policy? (both host | Radio group Yes
and LAN) (If yes, please provide an No
electronic version via upload If not,
please send a hard copy to APTA.)

H7 Do you have a Telephone Use Policy? (If | Radio group Yes
yes, please provide an electronic version No
via upload If not, please send a hard
copy to APTA.)

HS Do you have a Telecommuting Radio group Yes
Guideline? (If yes, please provide an No
electronic version via upload If not,
please send a hard copy to APTA.)

H9 Do you have a Quality Assurance Plan? Radio group Yes
(If yes, please provide an electronic No
version via upload. If not, please send a
hard copy to APTA.)

H 10 Do you utilize Service Level Agreements | Radio group Yes
with your users? (If yes, please provide No
an electronic version via upload If not,
please send a hard copy to APTA.)

H1t Do you have a Disaster Recovery Plan? Radio group Yes
(If yes, please provide an electronic No
version via upload If not, please send a
hard copy to APTA.)

Organizational Framework

Q# Text Question Type Responses

11 Do you have agency-wide Radio group o Yes
LAN/WAN/Host architectural standards? ¢ No

12 Do you have an agency-wide Information | Radio group o Yes
Technology Plan? (If yes, please provide ¢ No
an electronic version via upload. If not,
please send a hard copy to APTA )

13 Do you have Organization Charts? Radio group e Yes
Please provide the IT/MIS department e No
and the agency-wide organization charts
(If yes, please provide an electronic
version via upload. If not, please send a
hard copy to APTA.)

14 Do you have an agency-wide Technology | Radio gioup Yes
Steering or Review Committee? (If yes, No
please provide the charter or span of
control via an electronic upload o1 send a
hard copy to APTA.)

15 ‘What is the size of your in-house IT/MIS | Radio group s 1-2
staff, both protessional and non- e 35
professional? Please express in FTEs. e 6-10

o 11-25

* 2650

* 51-100
e over 100

16 What is the size of your conventional Radio group ¢ Under $500 Thousand
TT/MIS operating budget (include both ¢ $500 Thousand—$1 Million
labor and non-labor)? ¢ $1 Million-$5 Million

¢ 35 Million-$10 Million
» over 510 Million

17 Do you use a Charge Back Mechanism to | Radio group e Yes

user departments for centralized e No

information processing costs?
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L8 What is the size of your agency’s Radio group » Under $50 Million
operating budget? * $50 Million-$100 Miltion
* $100 Million—-$500 Million
e $500 Million—$1 Billion
e over $1 Billion
19 What was the average size of your Radio group ¢ Under $50 Thousand
conventional TT/MIS capital budget over ¢ $50 Thousand-$100 Thousand
the last 3 years? ¢ $100 Thousand-$500 Thousand
¢ $500 Thousand—$1 Million
¢ over $1 Million
I.9a { Does your response include Radio group s Yes
industrial/engineering and/or control type + No
systems (AFC, train control, etc)?
L10 What was the average size of your Number ¢ Under $50 Million
agency’s capital budget over the past 3 ¢ $50 Million-$100 Million
years? ¢ 3100 Million-$500 Million
¢ $500 Million—$1 Billion
s over $1 Billion
il Do you outsource any of your IT/MIS Radio group e Yes
functions? ¢ No
1.11a | How many equivalent FTEs do you Radio group e 1-5
outsource? s 610
e 11-25
* 26-50
* 51-75
e over 75
1.11b | How much did TT/MIS spend on Radio group ¢ Under $50 Thousand
outsourcing last year? ¢ $50 Thousand-$100 Thousand
¢ $100 Thousand-$500 Thousand
¢ 5500 Thousand-$1 Million
e over $1 Million
I1lc | What functions do you outsource (ie, Text
training/help desk/payroll)?
L12 Does your IT/MIS Department have Radio group e Yes
union employees? ¢ No
L12a | What percent of your total IT/MIS Radio group ¢ 0-25%
employees are unicnized? * 26-50%
¢ 51-75%
* 76-100%
113 Do you have a training program for Radio group s Yes
TT/MIS staff? s No
L13a | What is the average size of your IT/MIS Radio group ¢ Under $5 Thousand
training budget? ¢ 35 Thousand—3$10 Thousand
¢ 310 Thousand— $25 Thousand
¢ $25 Thousand— $50 Thousand
* over $50 Thousand
L13b | What type of training is provided (check | Check box s Retention
all that apply)? s Recurring
e New
¢ Other
L13c | What is the average cost of personal Radio group ¢ Under $50
computer training per student? e $51-%100
o $101-5150
o $151-5200
e over $200
T14 What type of training techniques do you Check box e Computer-based training (CBT)
use, both TT/MIS and the agency (check e Video training
all that apply)? ¢ Internet-based training
e On-the-job
e Formal
e Seminar
® Vendor enhanced




L15 Do you have a computer training Radio group Yes
(business applications) program for No
agency employees?

115a | How many agency employees are trained | Radio group s 1-25
annually on administrative applications? s 26-50
e 50-75
e 76-100
o 101-250
e 251-500
e 500-1,000
e over 1,000
L16 Do you have unstaffed IT/MIS shifts? Radio group e Yes
s No
L16a | Do vou allow your I'T/MIS staff to work Radio group e Yes
fiom home off-shift? e No
1L16b | If yes, do you furnish computers, Radio group e Yes
modems, software, etc? e No
L16¢ | Do you pay for communication hookups? | Radio group s Yes
s No
L16d | Do you have a written policy for off-shift | Radio group e Yes
system support? No

117 How do you currently complete your Radio group ¢ Automated
input to the National Transit Database e Manual
(Section 15 reports)? e Other

e Not applicable
J. Business Strategies

Q# Text Question Type Response

J1 How do you make purchase decisions Text
relative to technology investments?

2 Do you utilize Business Case Return-On- | Radio gioup o Yes
Investment (ROI) calculations for ITT/MIS ¢ No
acquisitions?

J.2a | If so, what ROI methodologies or Text
calculations do you use?

I3 Does IT/MIS or your agency have any Radio group e Yes
public private partnerships (i.¢ , right-of- ¢ No
way leasing)?

J.3a | K yes, please briefly describe Long text

J4 Does your agency perform Business Radio group Yes
Process Reengineering/ No
Improvement (BPI/BPR) studies?

J4a | If yes, who conducts the BPI/BPR Check box In-house
studies? ¢ Consultants
J4b | If yes, list and briefly describe the Long text
agencies top five recent BPI/BPR
projects?

IS5 Do you actively benchmark your IT/MIS Radio group Yes
against the transit industry or private No
business?

I.5a | If yes, please briefly describe how you do | Long text
your benchmarking.

J.6 Do you utilize or are you aware of any Radio group s Yes
innovative funding sources or funding ¢ No
opportunities (i.e., cops-more, Y2K)?

17 Are you pursuing any revenue Radio group Yes
opportunities (i ¢ , software sales, transit No
consulting)?

J.8 What new or emerging technologies are Long text
you considering (please briefly describe)?
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APPENDIX D

The World Wide Web: Sparking a Revolution in Transportation Communication

Sue Young
Webmaster
Metropolitan Transportation Authority
www.mta.nyc.ny.us

"To be part of a web-development team is to be on the cutting edge of a
new work paradigm, one that mingles fluidity and community with the
construction of something vast, something complex, something we can
never see in its entirety-yet something people around the world will
explore the moment we turn it on."

Introduction

This paper describes the Metropolitan

— . BT Transportation Authority's experience with the

growth of "MTA Online." Like every large

organization coming to terms with this completely

i

r——t * 5 new form of communication, we have been
:-.-.-“_:- £ i _E-, . . .
o learning as we go along, improving what we have
== - == , .
. e S created and looking for new ways to make it
better-riding the wave of the extraordinary new
[ R T e e e e e

Fig. 1: MTA Home Page technology that will eventually change the way

the entire world does business. Any Web site has
its challenges, but large governmental organizations face special issues ranging from the

technological to the organizational and strategic.

The paper looks first at the history of the site, then describes what we include currently and
what we plan for the future. It then examines some of the issues that we have faced, issues that
almost certainly are the same ones faced by every transportation agency throughout the world

trying to create and maintain a useful and attractive Web site.
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History

Although the world-wide computer network known as the Internet has been around since the
1960s, the so-called World Wide Web was only developed in 1990, fewer than ten years ago. The
Web is an Internet application allowing anyone with a computer, a modem, and an ordinary
telephone line to connect to—and to create—graphically rich pages anywhere in the world. Its
power and popularity took business and government by surprise, and it is still reinventing itself

every few months.

In March 1999, Intelliquest Research? stated that 79.4 million Americans over the age of 16
were online-38 percent of the entire population, a number they estimated to rise to 100 million
(47.8%) by the year 2000. Web guru Jakob Neilsen®, who is not often wrong, predicts that there will
be over 200 million Web sites (not just users) by 2003. Furthermore, as the number of users grows,
the type of user is becoming more representative of our society: fewer have advanced degrees and
the average household income is not so high as it used to be. In other words, the Web is no longer

a tool for technologists and academics alone; it has become a part of everyday life.

The Metropolitan Transportation Authority (MTA), composed of New York City Transit, the
Long Island Rail Road, Long Island Bus, Metro-North Railroad, and Bridges and Tunnels, was one
of the first government agencies to see the potential of this new communications and business
medium. The first MTA inter-agency committee met on September 8, 1994, and spent much of the

meeting figuring out exactly what the Web actually was!

Over the next year these enthusiasts found an old, unused Sparc2 computer at New York
City Transit, installed the Sun OS 4.1 operating system and CERN server, and loaded the first
experimental Web site on May 1, 1996. The total cost was around $20,000.

Naturally this first site was skeletal, but the main topics included by that first committee were

similar to the major topics included on the MTA site-and other
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transportation sites—today: schedules, fares, maps, and company information. The basic
organizational structure has remained the same, too. From the pilot project's launch date, M&CC
had the overall responsibility for the content and design of all material that appeared on the Web
site to ensure that visitors received a consistent message from all posted materials, while the bulk

of the material was created by member agencies.

The number of visitors has climbed

steadily since those early days. Today the

site, composed of around 3,000 pages,

attracts around 14,000 visitors on a weekday,

and 9,000 on a Saturday or Sunday, with a

accessesx1000

1.00 2.00 3.00 4.08 3.00 6.00 7.00

spike of 20,000 the day before Thanksgiving.

e A ] R
03,2691 61712737 19720757 02713796 06701798 8571779 170359
Fig. 2: Home page hits from 3/97-3/99 By late 1997, it was clear that the pilot

nature of the project had to end: too much
information was on line to allow people to maintain in their spare time, let alone to create anything
new. Similarly it was becoming increasingly difficult to monitor the information being posted, and
the site began to lose its feeling of coherence and unity. In the middle of 1998, a new hardware
system* was implemented, and M&CC hired a new Webmaster and coder/programmer. At the
October 1998 APTA Conference we presented the new "MTA Online," a complete redesign of the

site with many new features and a simplified and easy to follow navigation system.

The Current Site and Future Plans
Content
The most popular pages on the MTA site are the maps. Since the Web cannot yet compete
with the precision, beauty, and portability of printed maps, we aimed to provide a different

service to our customers by using the Web's interactivity.
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format that allows the user to increase or decrease the size.

Our subway and train maps
have been specially
designed to be as small as
possible to make them load
faster, and are hyperlinked
to stations, schedules, fares,
and connections, and from
them to the rest of the site.
Bus maps, because of their
size and detail, were more
difficult to deal with. We
solved the problem by

providing the maps in a PDF

Schedules and fares are the second most visited pages. With minor changes, we are

still using the original design displaying the Long Island Rail Road schedules and fares. The

look and feel of these has proven so popular that we are looking to display Metro-North's

schedules and fares in the same format. However, they were designed to display in frames,

very popular at the time though going out of
favor today, and we are looking for
alternatives. Interestingly, we need to modify
the frames to run correctly and print on kiosks
provided throughout New York by a third-

party vendor.

Not only are schedules the most visited areas
of the site, they also require the most

extensive maintenance effort. The

Fig. 4: LIRR schedule page for Montauk
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original schedules were produced in versions of programs that no longer exist. We are

planning to implement a new system to update our schedules using Cold Fusion linked to a

server database, probably Oracle.

Emergenc
4 \\9?42/1

~

New York City
Transit

CLICK HERE

Fig. 5: In an
emergency, the
icon above
flashes
automatically on
the home page.

One of the first tasks for the new Webmaster was to set up an
automatic system for emergency announcements at any time day or
night. Adding text to a specified empty information file on the
development server triggers a series of events. Flashing symbols
linking directly to the information page appear on the main MTA home
page as well as the individual agency home page and remain until the
agency removes the text from the information page. The system
worked well during an incident on the Metro-North Railroad's system
in late 1998. Metro-North staff were able to update information on a

minute-by-minute basis from the incident room, and have it appear

immediately on the Web pages. Scheduled updates to service changes are posted on a

regular basis.

A system as massive as the Metropolitan Transportation Authority network needs to

inform customers about new initiatives, and our biggest to date has been MetroCard. The site

provides extensive information, from a basic description of how to use the card to current lists

of out-of-system vendors and special offers
and new plans. We expect the new joint
project with CitySearch, described below
under "New Initiatives," to create a huge
number of satisfied customers. We are also
the major partner in E-ZPass, the electronic
toll collection system that makes toll paying

faster and more convenient throughout

New York state

Fig. 6: E-ZPass application form
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and surrounding states. Travelers can order and update their accounts by using the online
form. We also provide the public with information about planning surveys and get online input

from interested parties.

The MTA is a playing a vital role in the current renaissance
of New York City as a tourist magnet, and we plan to focus on
increasing the number of pages devoted to material that will
attract visitors from all over the United States and the rest of the

world. Currently we take our visitors on a guided tour to see the

art in many of our stations, both in the Transit system as well as

Fig. 7: A wav file transmits , , ,
thg golden tones of Roy at Long Island Rail Road and Metro-North Railroad stations.

Campbell's horn as part of
the Arts for Transit pages.

Visitors can also listen to the sounds of performers in the subway
stations. Recently the Transit Museum expanded its mandate to
include artifacts and history from all MTA agencies as well as just the subways and buses of

New York City, and we will be taking visitors on a guided, virtual-reality tour.

As well as providing a service, the MTA is a business, and from its first days the Web
site has included information for its investors and suppliers. We provide the latest progress
report to investors, a complete Annual Report as well as all information about all financial
offerings. A multi-agency task force Fig. 8: 1998 comprehensive financial report

composed of procurement professionals

from all five agencies (those who

purchase everything from office supplies — ~x= —=E == ==
to subway trains for the MTA) met §-_:__ ““m-":-:_ -"‘-E;": E’; -:-“:'_:
throughout 1998 to come up with a n_=_'_“ ‘&: ":;-1 ?_ :‘;.
design for a Web presence that would ;'::- s mmm ume eme
work for them all. This has now been :':'."._:_'-'- _3 _:_:’ E‘ -E‘
implemented, with links to == = = : E
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procurement pages maintained by all the agencies as well as information on capital projects

published in "Eye on the Future."

While most of the agencies participate, New York City Transit provides an enormous
amount of information on active purchasing and contract solicitations as well as surplus
sales using cgi technology to create up-to-date listings from existing databases. Transit is
currently investigating the best way to link official bid documents to an online bidders' list that
would allow relevant documents to reach interested bidders automatically over the Internet.
The first Extranet system allows vendors and other interested parties to keep abreast of
developments in the new subway car initiative by accessing a hidden directory with a

password.

New Initiatives
The MTA is partnering with two outside organizations on very different projects that, while
no one can predict the exact figures, promise to at least double the number of visitors to our

site.

The nationwide city guide site,

CitySearch, is hosting an application

allowing customers to purchase MetroCard

online. CitySearch handles all payments

o _.:L....,_..m.;. and mails the cards directly to customers.

AiutruCarss vttt the cick of 8

T MTA N York Ciiy Tromek st

| mmieme, The prominent links between the two sites
< enie S8 ETCAACEGSNTALO0N

‘Claytmasch conry dareCang ertng

can only increase traffic enormously.

o T R R e TV R N I G S oW e ooty

Fia. 9: Buy MetroCard online

The other major new initiative is the federally funded TRIPS application, coordinated by
TRANSCOM, the public-private agency that coordinates all minute-by-minute incident and
construction reporting in the area. The system will allow the visitor to enter a street address

and find the quickest and most accurate



public transportation (private and public bus, subway, train) route to another street address
anywhere in New York, New Jersey or Connecticut. With over 1,000 routes spanning 28
counties and a population of 16 million people, MTA Online visitors will have access to

information that was never available before.

Hardware

The MTA was determined to provide a system that
would be adequate for current needs and at least five
years of growth (with built-in upgrades). This system*
was installed in 1998, and we are confident that this
configuration will handle any amount of traffic coming

over the Tl line-and then more.

L. Fig. 10: System administrator
Organizational Structure Pierre Bernard runs the

Like all Web sites, MTA Online is a collaboration SEIVErs.

between the communications and technology departments, both at headquarters and at the

individual agencies. At the agencies the communications departments determine what

content should be included, and the technology departments create the pages. Full-time staff

at each agency ranges from half-a-person to five people with the Webmaster and assistant at

headquarters. Files are sent via FTP to the development server behind the firewall where

they can be tested before uploading to

Fig. 11: The New York Transit Museum production. The MTA Webmaster reviews all

Do, o e e 8 content and is the only person who posts
e : o < . <

Toanspuristion Autuwly 4 ORIINT & - . .
A material to the production server—with the

exception of the emergency situations

————— — the Arts for Transit and Transit Museum
 Agwene —um.—.;;mm-w-

sections of the site.

waaiailialoned
ssn et e CAmman SHE 05 Mntmpetion ¥ wameiaies Aufuly A8 Sgh Summrs
e Samass

W | = e I T

described above. MTA headquarters produces

its own material too. It is directly responsible for
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Issues

Some of the issues arising from the creation and maintenance of a large Web site arise because of
the nature of corporate communications, some are the result of the special needs of transportation

Web sites, while many are generated by the fast-changing nature of this new communication

medium.

Content control versus creative freedom

Finding a balance between the need for a site that can convey an overall corporate
message and the need to encourage the content creators is a continuing challenge.
In 1998, the site was redesigned with an overall navigational system that clearly

lets the visitor know they are in one place, no matter which agency is on the screen.

EECTETITE A E At the same time, the individual
. agencies are responsible for the
e Facu & Figures conception, creation and
Mwmcngwszznn Pege 1
f R maintenance of their own material,
-_-A—-- The scere o wwier Brosoway and VWast . . . .
e pribuiyiibascnis ool and they are free within the limits of
e mont.hut mmnnmmvmsn
—— the overall design and guidelines to
* experiment. As with all printed
| ,
§ materials produced by the MTA,
T ‘. =

R e R M&CC has the final approval.
Fig. 12: NYC Transit's Facts & Figures

Organizationally, the Webmasters at the different agencies meet on a regular basis
to bring up technical and stylistic issues. When necessary the content creators from the
corporate communications groups of the agencies are invited, and all issues concerning
new material are now resolved between the corporate communications groups of the
agencies and MTA C&CC.
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How do the communications departments interact with the information systems

departments?
. . L b D b et b N Rug]
No matter how skilled a writer, he or she P e -
"1 €3 et e
still depends on printing technology to 3
disseminate the message. A Web site is 2= | MTANYC Transtt Procurements
= gy oy g horiee bl
even more dependent on technology. T i ors e s S50k o 5o e v
—_, + Gem Actye Pyrchgsing gnd Comygst Solicratons
Webmasters frequently find that they may ey " Ge'» Prmesied Aqregeng Qs for Capes Cormrpcns
+ Got How to Request Officiel 81 Documents
spend more time during the day talking to = Sl
e + G0 Homts Add Your Fim to Our Bidaers sty
the system administrator than they may e g LI o s 0 00 J
+ Go W "Evy on the FUtur™ (0 see 08SCADCONS Of LOCOMING ]
the content creators. The MTA Web site is  *= ——
Fig. 13: NYC Transit's procument pages use cgi to
so successful because of the close handle the data.

working relationship between the different

departments. Some of the agencies have developed more advanced applications than
others, and New York City Transit is currently writing an application to allow vendors to take
advantage of its Exchange server. This will be hosted at Transit, but linked from the Internet

server at headquarters.

Which development software?

We have been looking at systemwide software, and have not yet found one that meets our
needs. Until very recently, each agency has been using whatever they started with to develop
their pages. Some were using FrontPage, others HotDog and HomeSite, while still others
favored NotePad. We are moving to DreamWeaver as a standard, since this program
appears to address the design and technical needs of the latest versions of HTML, and all

agencies will be using it soon. All have been trained in the program.

Which version of the browser?
Currently the standard for our pages is that they be viewable in Netscape 3 and 4 and
Internet Explorer 3 and 4. This seemed a reasonable compromise between making every

page read perfectly in Lynx and so-called "bleeding-edge" (as
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opposed to cutting-edge) technology. It is not a perfect solution, but one we feel is
appropriate for a government agency. With the release of Internet Explorer 5 in March 1999,
we are planning to update our requirements to Internet 4 and Netscape 4 in early 2000. We

will still maintain alternate pages for viewing in version 3.

This will not only allow us to achieve more interesting effects on the site, but will make it
easier to standardize fonts. The Cascading Style Sheet technology has the further advantage
of producing code that can be translated easily by equipment for the blind. Public agencies
almost certainly will be the first Web sites to be required to adhere to the standards of the
Americans with Disabilities Act, and we need to prepare. Each agency is responsible for its
own training schedule, but the MTA set up training in the Web creation software,

Dreamweaver.

How do you create materials specifically tailored for the Web?

Early Web sites simply took existing

Fllrbl——_ P e | gy sl
N e~ T N ¢ - |

T L% brochures and dropped them on the Web
= — IJ site. Usability sites have shown that people
o e J

simply do not read a computer screen in the

=y T Prster=l .
e — same way they read a printed book or report.

A g T

They scan pages, looking always for the next

b emIimiy

T St Aot Y SR AP LS. Lt S0 link down. It is essential to make it easy to
T prperwy, wcs i srwicn ] | 6 o e ———

e e find the material they are looking for. We

| — . —pssererro— L_.-....-u-_.._._ oy i ] -.-\.ﬂ

Fig. 14: The "What's New" page changes as often redesign brochure material when we can, but

as possible. also make use of the Adobe Acrobat

technology for large documents, such as the
Annual Report. The new navigation system, and increased number of cross-links throughout

the site make it easier for users to know where they are.



Keeping the site current
Each week we produce a report for all the agencies in LinkBot, a program that tracks
internal and external links as well as orphans—files that are no longer linked to from any

other file.

ranes Agencies are responsible for updating
JELT | Subway Line and Schedule information
e, | CLIon M s tr schacer mas prrvad s their own sites. Because the MTA is so
= (A XN CRDYERFRGE ] large, agencies generate their own new
L " - ) :
WAAAAY ntent. And since the Web is a function of
00000060 content. since the Web is a function o
Ny M&CC, the Webmaster is aware of new

Fer e AN R s policies and innovations at the MTA, and

Fig. 15: Each subway line page has current
information, maps, schedules, and links to points of
interest.

can also suggest new material to the

agencies for the site.

Conclusion

We know from our own experience, and the experience of other businesses, that new initiatives
like the ones described in this paper coupled with cheaper computers will keep pushing the
numbers of users upwards. And that is a real challenge to government agencies, under
constant pressure to reduce not to increase costs. We have found that the cooperative

approach between the agencies with the Webmaster at headquarters works best.

Says Jakob Neilsen in his advice to Web managers: "The Web should be considered as
one of the most important determinants for the way you will do business in the future.... [It] has
been hyped to such an extent that people overestimate what it can do the next year or two....
But please don't underestimate what will happen once we reach the goal of 'everyone,
everywhere; connected.' The impact of networks grows by at least the square of the number of
connections, and the true value of the Web will only be seen after extensive business process

reengineering."
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! David Siegel "Secrets of Successful Web Sites," Hayden Books, 1997

2 Intelliquest Research (http://www.intelliquest.com)

% Jacob Neilsen is widely considered to be the most knowledgeable expert on Web usability. His biography and
columns can be reached at http://www.useit.com.

* The primary Web server is a Sun Ultra Enterprise 3000 server, configured with two CPUs on two system boards and
512 MB RAM. The site is further protected from downtime caused by disk failure by a SPARCstorage Array. The server
is running the Netscape Enterprise server under the Solaris operating system. A backup Sun Ultra-2 server running
Veritas First Watch constantly monitors the primary server, ready to take over at a moment's notice in case of software
or hardware failure.

There is also a separate server for web development. It is based on a Sun Enterprise 2 server with 200 MHz
UltraSparc CPU, 630 MB memory, a 25 GB external disk to hold content under development, and a 25 GB storage
MultiPackDLT drive.

Also part of the system is an NT server where the Access database currently used for the Cold Fusion applications
resides. We are looking into the possibility of moving to Oracle as the database of choice.

All the systems are behind a firewall and are controlled by the Solstice Backup data management system.



APPENDIX E

Technical Overview of a Large Transit Agency: The Port Authority of New York and

New Jersey

INFORMATION TECHNOLOGY TECHNICAL ARCHITECTURE SUMMARY

Legacy/Mainframe
Hardware IBM 8000
Operating System MVS/ESA
Relational Databases DB2
Servers
Hardware IBM RISC Systerm/6000 or HP 9000
or Pentium Pro or equivalent
Operating System UNIX/AIX, Novell Netware, Windows NT

Relational Databases

Oracle, MS SQL Server

Workstation/Client/Local

Hardware

Pentium or equivalent (by user/application class)

Operating System

Windows 3.1, Windows 95

Relational Databases

Access

Client Applications

Microsoft Office Suite

Network

Novell Netware LANs

10 Base-T Ethernet with TCP/IP

PACNet ATM Network

NETVIEW System Manager

Internet, World Wide Web

SQL Graphical User Interface

Powerbuilder Enterprise, Visual Basic

CASE Tools

Oracle CASE

Groupware

Lotus Notes

End-user Data Access/EIS

SAS System

Crystal Reports

Computer Aided Design

AutoCAD, Intergraph
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INFORMATION TECHNOLOGY MASTER PLAN

Current Mainframe Environment

Hardware
- iBM 3090-4003

|~ IBM 3745 Front End
Processor

|~ Network
Communication
Controliers & MUXes

Operating System
[~ 1IBM MVS/ESA

Security
I 1BM RACF

| Individual Application
Leve! Security

- Multiple sign-ons

Applications

I~ Many different
programming languages
(inclugding Cobol, JCL,
Fortran, PL/1)

[~ Most Applications
Written or Modified by
PA ISD

- IBM DB2 Database

Network

|” IBM SNA Network

I~ IBM Synchronous Data
Link Contro! (SDLC)
Protocot

- PACNet Network

" IBM NetView

I~ TCP/IP

Operations

I 7 Day/24 Hour
Operation

I~ Unstaffed Nights &
Weekends

" Over 99% availability

Data Management

— Standard IBM File
system

I~ 1BM DB2
- VSAM files

Systems
Deveiopment

- COBOL

- JCL

L/

- TELON Code Generator




Current Midsize Environment

Hardware

|- DEC VAX

- DEC Micro VAX

— TANDEM

~ LAN Based Systems:

SUN, 1BM RS/6000,
HPS000

Operating System
— DEC VMS

[~ UNIX

[~ TANDEM

- SUN

Security
™ LAN Security

I Individual Application
Levei Security

[~ Multiple sign-ones

Appiications

I~ Many Different
Programming
Languages (including
COBOL, DCL, TAL,
BASIC)

I~ Most Applications
Written or Modified by
PA ISD

" DEC AlHn-One

Network

.~ DEC SNA Gateway
[ DECNET

[~ LAT

I~ TCP/IP

i Novell IPX/SPX

I~ PACNet

© 10 Backbone, 52

Access Sites

o Brigges, Routers,
Gateways

© 2 Hierarchical Sites
o 60 Peer to Peer Sites

Operations

. 7 Day/24 Hour
Operation

|~ Unstaffed Nights &
Weekends

Data Management

™ Standard 1BM File
system

- 1BM DB2

| VSAM files

Systems
Development

- C

|~ BASIC

- DCL

[~ ORACLE

- SAS

[ SQL*PLUS

FUNLIORLIHIUY TIVIINHDIL
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INFORMATION TECHNOLOGY MASTER PLAN

Current Workstation Environment

Hardware

"~ IBM-Compatible PC
(Pentium, 486, 386,
286) Depending on Use
- PACNet Network
Backbone At Al
Locations

i~ DEC VAX O/A Terminais

I~ Apple Macintosh

Operating System
[~ wWindows 3.1

|~ Windows for
Workgroups 3.11

~ MS-DOS

— Nowvell Netware 3.11,
3.12,4.01,42

- Pathworks
I~ 0S/2
I UNIX

Security

Limited LAN
Administration

- Limited Virus Protection

I~ Some PC Password
Protection

I LAN Security

[~ IBM & Appiication
Security

I Limited Manua! Backup

Applications

I~ Microsoft Office (Word,
Excel, PowerPoint,
Access, Project, EMail)

| Dbase

| WordPerfect

- Lotus

i~ Foxpro

I~ AutoCAD

I~ Intergraph CAD

™ Powerbuilder

Network
- Windows for Workgroups

I~ Novell Netware 3.11,
3.12,4.04, 4.1

|~ Pathworks

I~ Electronic Mail

I~ DEC Alin-One 0/A

I TCPAP

"~ Netbui

I~ PACNet Network

|- Print Server

- Communication Server
- Appletalk

Operations

 Training

™ Network Configuration
~ PC Installation

I~ Help Desk

~ Telecomm Support

Data Management
— MS-DOS

™ individually Developed
Data Base Applications
o Access, xBase,
Foxpro, Paradox

Systems
Development

-~ Access
~ Dbase
- C

~ Case Tools




Future Mainframe Environment

Hardware
~ 1BM 3080-400J

[~ IBM 3745 Fromt End
Processor

| 1BM 3174 Network
Communication
Controllers & MUXes

Operating System
- 1BM MVS/ESA

Security
™ 1BM RACF

™ individuat Appiication
Level Security

[~ Single User sign-ones

Applications

— Standard “off-the-shelf™
{Non Customized)
Software Applications

[~ Limited Programming

[ Mainframe Based Data
Warehouse

™ Rapid Application
Development
Methodology

Network

I~ IBM SNA Network

|” IBM Synchronous Data
Link Contro! {(SDLC)
Protocol

I~ PACNet Network

I~ IBM NetView

I~ TCP/IP

Operations

7 Day/24 Hour
Operation

I~ Unstaffed Nights &
Weekends

I Over 99% availability

I Automated LAN Backup

Data Management

"~ Standard IBM File
system

[~ 1IBM DB2

|~ Oracie Database

Systems
Development

[~ System Development
Life Cycie (SDLC)
Methodology

I~ PC Based Workstation
Development

I~ CASE Tools

BHNLOILIHOHY TVIINHOIL
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INFORMATION TECHNOLOGY MASTER PLAN

Future Midsize Environment

Hardware

- Eliminate DEC AlHn-One
Office Automation
System

|- LAN Based Systems
o |[BM RS/6000
o HPA00O

I UNIX (AIX)/Oracie
o Databased Servers

" Replace Other
Processors

o DEC VAX

o DEC Micro VAX
© TANDEM

Operating System
[ IBM MVS/ESA

Security
[~ LAN Security

I~ Individual Application
Level Security

F Single SignOn

Applications

[~ Standard “off-the-shelf”,
Client Server or
Cooperative Computing
Business Solution
Application

[~ CASE Tool Development

[~ Limited Programming

Network

[~ DEC SNA Gateway
F DECNET

= LAT

™ TCP/IP

= Novell IPX/SPX

i~ PACNet

Operations

7 Day/24 Hour
Operation

~ Unstaffed Nights &
Weekends

I~ Full System
Administration

I~ Automated Backups

Data Management

-~ Stangard [BM File
system

- ORACLE

" Integrated, Shared Data

Systems
Deveiopment

— Mostly by Vendors and
Contractors

[ C

Gt

- Visual Basic
- ORACLE

- SAS

- SQL*PLUS
- CASE Tools




Future Workstation Environment

Hardware

[~ IBM-Compatible PC
(Pemtium, 486, 386,
Depending On Use)

|~ PACNet ATM Network
Backbone At All
Locations

|- Novell Netware LANs
I~ Macintosh for
Specialized (Graphics)
Applications

I~ Windows NT LANs

Operating System

™ Windows 3.1 (To be
Replaced by Wingows
95)

— MS-DOS

™ UNIX

Security

"~ Authority-Wide Systems
Management

[~ Fuil LAN Administration
- Virus Protection
~ Novell Netware Security

I~ Application Level
Security

- Electronic Authorization

I~ Single Password

Applications

[~ Microsoft Office (Word,
Excel, PowerPoint,
Access, Project, EMail)
|~ Beyond Mail

[~ Lotus Notes

[~ Crystai Reports Report
Generator

Standard “off-the-sheif”
PC Appiications

Network
I~ Noveil Netware

i~ Electronic Mail

B :rcp/rp

|- Netbui

|- PACNet ATM Network

™~ Print Server

— Communications Server
I Internet Access

IBM NETVIEW Network
Management

| Windows NT LANs

Operations

I~ Heip Desk

I~ Training

" Network Management
|- Network Configuration
- PC installation

|~ LAN instaliation

I~ Automated LAN Backup
& Recovery

Data Management

- MS-DOS

[~ Relation Database
Supported By SQL
Imerface

™ SQL Server

- GIS & CADD Data

™ Document Management

[~ Integrated, Shared
Databases

I~ Crystal Reports Report
Generator

Systems
Development

- Access

|~ Dbase

[~ CASE Tools
Fc

- Ct+

- Visual Basic
- Powerbuilder

|~ Lotuse Notes

FUNLDILINOUY IVOIINHDAL
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APPENDIX F

Systems Architecture Interconnect Diagram, User Services Chart, and ITS Web Sites

SYSTEMS ARCHITECTURE INTERCONNECT DIAGRAM
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USER SERVICES

USER SERVICES BUNDLE

USER SERVICES

Travel and Transportation Management

Public Transportation Operations

Electronic Payment

Commercial Vehicle Operations

Emergency Management

Advanced Vehicle Control and Safety Systems
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En-Route Driver Information

Route Guidance

Traveler Services Information

Traffic Control

Incident Management

Emissions Testing and Mitigation
Demand Management and Operations
Pre-Trip Travel Information

Ride Matching and Reservation
Highway Rail Intersection

Public Transportation Management
En-Route Transit Information
Personalized Public Transit

Public Travel Security

Electronic Payment Services

Commercial Vehicle Electronic Clearance
Automated Roadside Safety Inspection
On-board Safety Monitoring

Commercial Vehicle Administration Processes
Hazardous Materials Incident Response
Freight Mobility

Emergency Notification and Personal Security
Emergency Vehicle Management

Longitudinal Collision Avoidance

Lateral Collision Avoidance

Intersection Collision Avoidance

Vision Enhancement for Crash Avoidance
Safety Readiness

Pre-Crash Restraint Deployment
Automated Highway System

ITS WEB SITES

Standard Development Organizations

ITS Standards Specific Site

AASHTO

ANSI
ASTM

IEEE
ITE

SAE

+ NTCIP Web Site

+ CVO Standards
+ DSRC Links

+ Standards Coordinating Committee on ITS

+ Traffic Management Data Dictionary and Message Sets
for External Traffic Management Center
Communications

+ TCIP

+ ITS Standards Index

91



92

APPENDIX G

The Ann Arbor Transportation Authority Advanced Operating Project

The Ann Arbor Transportation Authority and its prime locations and determine whether they are on time. If a bus
contractor, Rockwell introduce the Advanced Operatingdetermines that it is running late, the driver is advised, and
System, the first fully integrated public transit if necessary, the onboard computer notifies the Operation
communication, operation, and maintenance system. AATACenter. The AVL also triggers the outside destination
serves over four million passengers per year with 27 buannouncement and the internal next stop signs and
routes and paratransit service for seniors and people witinnouncement. It also integrates location data with fare
disabilities in Ann Arbor, Ypsilanti, and adjacent areas.collection, passenger counters and electronic controlled
Services are offered 24 hours a day, seven days a weekengine data.
Ann Arbor. Though national public transit ridership rates
are declining, AATA continues to buck the national trend New runs and routes can be inserted or removed from
by documenting an increase in ridership on the average oftBe scheduling system at any time. Entire new routes or
percent each year. schedule changes can be easily constructed. Through the
use of headway displays and schedule adherence reporting,
The AOS project began in the fall of 1996, when thedispatchers can manage the system and assist drivers by
primp contract for development and implementation wasnserting overload vehicles in the system or recommending
awarded to Rockwell. Ninety percent of AOS funding isre-routing options. All changes to the route and schedule

provided by Federal and State grants. database are noted and automatically updated.
AOS Emergency System
Advanced Communications Onboard the vehicle, the driver has an onboard emergency

system. When encountering a life-threatening situation, the
Each AATA bus has an 800 MHz radio and onboarddriver covertly alerts the dispatcher who immediately notes
computer. The system minimizes voice transmissions byhe vehicle's location on the system's center map and dials
providing data messages that summarize vehicle statuthe appropriate agency. The system also allows the
operating condition, and location. During routine operationdispatcher to open up a central RA system inside the
the vehicle sends this information over a data channelehicle to monitor the situation. The system also supports
When drivers or dispatchers request voice Communicatior}esponsive reporting of routine, non-life-threatening

the radio switches to a voice channel. emergencies, such as passenger inconvenience.

Drivers use a graphical Mobile Display Terminal
(MDT) to interact with the radio; to call their own transfers; En Route Information
to play onboard announcements; to receive and send text
messages; to review their schedules and to receivimside the bus, next stop announcements, date, time and
continuous on-time performance notices. route are given to passengers utilizing the onboard P.A.
system and a 2 line LED display. The driver also has the
Paratransit drivers receive their entire schedules andbility to trigger timed and period announcements for
mark their arrival and departure times with date, time andpecial events that can be made to support the system.
location information as well as all the features above.
Outside the bus, the current route information is
announced to waiting passengers, and the destination signs
Automatic Vehicle Location are changed based upon the location. Creation of digital
announcements is done locally using a P.C. based recording

Each bus determines its location using global positioningtation. Updates can be copied right on the vehicle.
satellite (GPS) technology. Differential corrections are

broadcast to the vehicles so they can calculate their

locations, within one or two meters. The MDT storesGeographic Information System

complete route schedules on an insertable memory card.

The GPS system provides accurate time to the vehicleShe Rockwell MapMastél is a portable system that
Buses compare scheduled times and locations with actuallows you to log the geographic locations of bus stops and
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routes. This data can be imported to the route generator GM&hicle Component Monitoring
system. This system generates transit schedules that il"lClli%‘e

time points, announcement points, transfer points and b eports from th_e electronic controlled engine monitoring
stops on a route-by-route basis the system are integrated to the onboard computer. Out-of-

tolerance conditions such as oil pressure and temperature
are reported in real time to the onboard computer, the
Operations Center and the Maintenance Department. Also a
continuous three minutes of data is monitored, and then a
driver activates an emergency, the engine information is
ved.

Computer-Assisted Transfer Management

Using the TransitMast&f system, drivers send and receive
all transfer requests that they encounter in the next severaft
minutes. Routes are listed in the order that they will occur.

The dispatch computer calculates whether requestedideo Surveillance

transfers are possible and informs the driver on the ) )
TransitMastel” display. If a transfer is accepted, the A three-camera video surveillance system enhances safety

dispatch computer sends a message to the bus advising e AATA'S New Flyer buses. The system records videotape
driver to wait for the transfer. for playback. One of the cameras also records audio. A two-

camera digital system is installed on each ELF El Dorado

vehicle, which has a P.C. based playback system to insert

the hard drive from the digital camera. AATA has also

discovered dramatic improvements in the cleanliness of the
with Vehicles attributed to the video surveillance system.

ADA Paratransit

Reservations, scheduling, flexible integration
fixedroute, and after-trip information for paratransit
vehicles utilizes Trapeze software. All of these elements argutomated Passenger Counters

based on real-time information generated with the Rockwell ) ) ) )
TransitMaste™ software. A sample of each vehicle type in the fleet will be equipped

with integrated Automatic Passenger Counting system. This
system will count passengers as they board and leave the
bus. This information will be used for future route

development, assessment of ridership patterns, and

All real-time operational data is stored in an open formaglevelopment of new service concepts.

that allows access for external sources. Color graphic

arrival and departure screens are installed at the downtowsyre collection

transit center. The infrastructure is in place to integrate the

real-time operational data with the AATA web site andDrivers can register all fare transactions via the MDT by

public-access cable television channels during peak servidategrating the current keypad from the electronic farebox.
times. Fare collection data will be stored in a central database.

Customer Information
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APPENDIX H

Status of NYC Transit Intelligent Transportation Systems Program

Status of NYC Transit Intelligent Transportation Systems Program

by

Isaac K. Takyi, Ph.D.

Director, Facilities & Equipment Planning/ITS
Presentation to New York Metro
Transportation Council
March 12, 1999

NYC Transit ITS Program

Outline

e Overview

e Core ITS Funded Projects

e Other Funded (ITS Related) Projects
e Unfunded ITS Proposals

Overview

ITS program began in the early 1990's

Program consists of discrete, innovative projects gradually being integrated

Program focuses largely on customer information and fleet management

Program managed by Operations Planning with support from Depts of Buses, Subways, CPM and Technology Division

Core ITS Funded Projects (Summary)

e Automatic Vehicle Location and Control (AVLC) System (bus fleet management, service dispatching and control,
service planning)

e "ITS About Time" Customer Information System (real-time bus arrival information using AVLC data)

Transit "InfoReach” Customer Information System (pre-trip transit itinerary and other service information)

e OTIS Enhancement/Model Deployment Initiative (MDI) (enhanced automated telephone system for regional trave
information including trip itinerary, incidents and specialized services)

e Early Deployment Plan (EDP) (a strategic plan for ITS deployment in New York City region)

AVLC System

e Objective is to manage bus fleet efficiently and provide real-time service data

e Pilot project for 126th Street Depot in ManhattanChallenging environment: urban canyons, heavy ridership,
congestion, etc.

e 170 buses with GPS amd dead-reckoning technology

e $5.5M CMAQ funds



95

Status: - Vehicle installation August '99
- Software development ongoing
- Live data June '99
- Completion October '99

"ITS About Time" Project

e Real-time bus customer information system based on AVL data piloted on the M15 and M57/31 routes
e Customers know arrival times of approaching buses at bus shelters through:
— 20 Electronic Signs
— 10 Flat Screen Monitors
e Customers plan trips in advance and receive emergency and "yellow page" information through four Smark Kiosks
e |TS Field Operational Test Grant ($3M FHWA grant, $2.29M in-kind contribution from NYCT, NYCDOT, NYSDOT
and OSC-TMS)

Status:

e |Installation begins October '99

e Full System On-line (with AVL data) by November '99
e Project Completion November '00

"Transit InfoReach"

Design and install five prototype kiosks to provide bus & subway service information
Kiosks features include printing, audio, etc.

Kiosks will provide multi-transit service information

$1M capital program funds

Status:
- Precontract stage (SOW under development)

OTIS Enhancement/Model Deployment Initiative (MDI)

e Focus Areas:
- Upgrade OTIS
- Transit Regional Itinerary Planning System (TRIPS)
- Real-time incident management information
- Subscription travel information

e $13M Federal initiativéby TRANSCOM, lead public agency consortium, and North East Consultants, lead private firm)

Status:
- TRIPS data entry and software development ongoing
- Testing of initial data ongoing
- Full testing April '99

ITS Early Deployment Plan (EDP)

e PB Farradyne & JHK Assoc. as consultants
e Objective is to develop a strategic plan for ITS deployment for NYC region
e Study to identify potential projects eligible for ITS funding
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AVL/"ITS About Time" System
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e Study is completed in December '99
e Final documents due April '99
e $750k federally-funded study jointly managed by MTA, Port Authority, NYCDOT, and NYSDOT

Other Funded Projects

e Automatic Train Supervision (ATSElectronic tracking and monitoring of train movements and information display)

e Subway Tracking and Train Information System (STATI®acking and computerized monitoring and scheduling of
subway system)

e Public Address/Customer Information Screens (PA/QT®mputerized system of messaging and communications at all
subway stations)

e Automatic Announcement System (AAEomputerized messaging and communication systems in-vehicle of subways)

e Automatic Fare Collectiofintegrated fare card to promote "seamless" transportation)

Automatic Train Supervision (ATS)

e Electronic overlay on the existing conventional block signaling system
e Closer monitoring of train movements in the new Rail Control Center (RCC)
e ATS will track trains and display the movements in real time in the RCC

Status:
e ATS CDR presented 1/99
e Software Functional Requirements Document due 3/99
e ATS will be phased in over the next decade

Subway Tracking and Train Information System (STATIS)
e A network of linked computers

Designed to computerize the "timing" of trains past towers
e Allows tower operators and dispatchers to see the sequence of trains and monitor their schedule

Status:
- Pilot on #7 line completed
- Phase 2 Beta testing began on December 98
- Phase 3 is ongoing (extended throughout B2 Division and additional features)

Public Address/Customer Information Screens

An upgraded and in-station address system

Designed to improve the quality of the sound in stations

Screens installed to provide visual messdgesrdinated with audio announcements)
Eventually real-time input will be provided from train tracking systems

Status:
- Phase | almost complefgsome screens installed)
- Phase | software still being tested
- Phase Il SOW has begun
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Automatic Announcement System (AAS)

e On board new subway cars (9R142, R142A, R143)
e Interior and exterior subway car displays
e Digital voice announcements
e Electronic "strip maps"
e AAS will inform customers of train route, destination, next station, and transfer availability

Status:
e Review first article of inspection for R142 & R142A due Spring '99
e PDR for R143 due Fall '99

Automatic Fare Collection (MetroCard)

e Metro Cards result in reduced fare evasion, reduced data collection, and more flexible pricisgafoless
transportation
e 468 stations and all buses fully equipped
730 fare control areas
3,300 new turnstiles installed
82 new "high wheel turnstiles" in place, with plans for 300 more

Status:
- Discount fare cards implemented
- Expansion to other systems
- Smart cards research ongoing

Unfunded ITS Proposals

System-wide AVLC and Customer Information System

Transit Signal Priorityunconditional signal priority given to transit and other emergency services)
Automatic Data Exchangdgransit standards prototype testing)

Bus Stop/Bus Lane Enforcement

Public Addressing/Customer Information Screens (Phase Il)

Automatic Passenger Counters and Annunciation



THE TRANSPORTATION RESEARCH BOARD is a unit of the National Research
Council, a private, nonprofit institution that provides independent advice on scientific and
technical issues under a congressional charter. The Research Council is the principal
operating arm of the National Academy of Sciences and the National Academy of
Engineering.

The mission of the Transportation Research Board is to promote innovation and progress
in transportation by stimulating and conducting research, facilitating the dissemination of
information, and encouraging the implementation of research findings. The Board's varied
activities annually draw on approximately 4,000 engineers, scientists, and other transportation
researchers and practitioners from the public and private sectors and academia, all of whom
contribute their expertise in the public interest. The program is supported by state
transportation departments, federal agencies including the component administrations of the
U.S. Department of Transportation, and other organizations and individuals interested in the
development of transportation.

The National Academy of Sciences is a nonprofit, self-perpetuating society of
distinguished scholars engaged in scientific and engineering research, dedicated to the
furtherance of science and technology and to their use for the general welfare. Upon the
authority of the charter granted to it by the Congress in 1863, the Academy has a mandate that
requires it to advise the federal government on scientific and technical matters. Dr. Bruce
Alberts is president of the National Academy of Sciences.

The National Academy of Engineering was established in 1964, under the charter of the
National Academy of Sciences, as a parallel organization of outstanding engineers. It is
autonomous in its administration and in the selection of its members, sharing with the
National Academy of Sciences the responsibility for advising the federal government. The
National Academy of Engineering also sponsors engineering programs aimed at meeting
national needs, encouraging education and research, and recognizes the superior achievements
of engineers. Dr. William A. Wulf is president of the National Academy of Engineering.

The Institute of Medicine was established in 1970 by the National Academy of Sciences to
secure the services of eminent members of appropriate professions in the examination of
policy matters pertaining to the health of the public. The Institute acts under the responsibility
given to the National Academy of Sciences, by its congressional charter to be an adviser to
the federal government and, upon its own initiative, to identify issues of medical care,
research, and education. Dr. Kenneth |. Shine is president of the Institute of Medicine.

The National Research Council was organized by the National Academy of Sciences in
1916 to associate the broad community of science and technology with the Academy's
purposes of furthering knowledge and advising the federal government. Functioning in
accordance with general policies determined by the Academy, the Council has become the
principal operating agency of both the National Academy of Sciences and the National
Academy of Engineering in providing services to the government, the public, and the
scientific and engineering communities. The Council is administered jointly by both
Academies and the Institute of Medicine. Dr. Bruce Alberts and Dr. William A. Wulf are
chairman and vice chairman, respectively, of the National Research Council.
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