
8 

principal policy focuses of transportation may be
come even more ambiguous than in the past. Moreover, 
there may be even greater latitude for intergovern
mental participants to mutually tamper with one an
otner; s legislative, policy, and programmatic yoal~. 

The current stresses facing MPOs suggest a 
troubled future for the institutionalization of in
tergovernmental decision-making systems. Although 
flexibility may be enhanced, just as likely perhaps 
is the possibility of local stalemates. Metropolitan 
areas have often demonstrated an inability to pro
duce workable commitments and to maintain them. Di
vergent local political factions have often thwarted 
ettect1ve decision making. However, the need tor 
successful and effective political leadership in 
transportation investments is clear. As important, 
local policy continuity is also required. In the 
absence of metropolitan political leadership and 
policy continuity, other intervening factors (e.g., 
the national economy, political opportunism) may 
drive the decision-makiny ~r:u~~s.s. 

The ability to deal with intervening factors re
quires some stability in the intergovernmental 
decision-making arena. Changing technological, eco
nomic, and political factors demand institutional 
stability and strength. These characteristics take 
time and nurturing to develop. There is some doubt 
that the necessary institutional muscle of metropol
itan intergovernmental decision-making systems ex
ists at the present time. 

These observations are not intended to bury the 
concept of block grants or more flexibility in in
tergovernmental decision-making systems. They are 
rather cautions that have been overlooked in the 
rush to decategorize transportation investments and 
federal grant programs. As decision rules and fed
eral programs become less structured, more politi
cally acceptable decisions can probably be expected 
locally, but outcomes will be more ambiguous. The 
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metropolitan decision-making systems created under 
the federal programs of the last 20 years may still 
lack the institutional character demanded of them in 
the case of very costly transportation investments. 
Ti1.i::s .i::; cul i:::.l:ju\:: 

and attention. 

ACKNOWLEDGMENTS 

'I - • ~ - --- _ _._, _ -- . • L.! -----~ ___ ,:._ __ ,:_-
L1JClL .1.~ WVL LU '-,,VUL.1.11\.u;::u IUVll.l.\,,V,L .&.U'j 

This is a revised version of a paper presented at 
the 1984 TRB annual meeting which was published in 
the Winter, 1984 edition of the Urban Affairs Jour
nal. 'l'he author wishes to ac1<nowled9e the full cul
laboration of G.B. Arrington, Senior Transportation 
Planner with Tri-Met. Financial support for the re
search was provided by the San Diego Association of 
Governments under conti.-act with UMTA and supervised 
by George Franck. 

REFERENCE 

1. The Interstate Highway Trade-In Process. Final 
Report. u.s. Department of Transportation, Dec. 
1982. 

The op1n1ons expressed herein are those of the au
thor and not the San Diego Association of Govern
ments, UMTA, or Tri-Met. A more comprehensive report 
on the Portland decision-making process will be 
printed by the U.S. Department of Transportation in 
late 1984. 

Publication of this paper sponsored by Committee on 
Intergovernmental Relations and Policy Processes. 

Microcomputer Applications 1n a Metropolitan 
'T'rnn sportnt1on 1s .l U .l .l LU .l .L.l Pl ann1n n AgAnl"''' .l .L.L.Lf, \,,.I.L \,.I J 

JOEL MARKOWITZ 

ABSTRACT 

The explosion in microcomputer applications 
in transportation has largely been in the 
planning and engineering areas. Another area 
where microcomputers show great promise is 
improving the ability of a metropolitan 
transportation planning agency (MPO) to or
ganize and analyze the large amount of in
formation it needs to manage the complex 
financial planning of the region's transpor
tation investment program. The initial expe
rience of the San Francisco Bay Area's MPO 

with microcomputers is described and the 
most important areas for further development 
are explored. 

The objective of this paper is to serve as a two
dimensional case study about developing microcom
puter applications in regional transportation plan
ning. The first dimension is the process by which 
needs were analyzed and choices made, resulting in 
the acquisition of a microcomputer system. Others 
might benefit from both positive and negative expe-

. . 
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riences. The second dimension is the actual develop
ment of new tools to aid in the management of an in
creasingly complex transit financing environment. 
Although such development is relatively recent, a 
surprising number of successful applications have 
been found in a production-oriented setting. 

BAY AREA SETTING 

The Metropolitan Transportation Commission (MTC) was 
established by California law in 1970 to oversee the 
coordinated development of the transportation system 
in the nine-county San Francisco Bay Area. Since 
then, MTC has taken on a variety of functions that 
relate to the direct allocation or review of mil
lions of dollars in operating and capital aid for 
public transit each year. In the year ending June 
3 O, 1982, MTC allocated $166 million in operating 
assistance and $53 million in capital assistance, 
much of the latter serving to match the more than 
$140 million in federal transit capital grant re
quests MTC approved (1). The magnitude of these fig
ures reflects the intensity of transit investment in 
the region. 

The Bay Area encompasses 7,000 square miles and 
93 cities. Its 5.2 million residents are served by 
one of the most varied public transit systems imag
inable. In addition to large bus and rail opera
tions, two dozen smaller public transit agencies and 
three dozen paratransit providers complete the pic
ture of Bay Area transit. Taken as a whole, Bay Area 
operators account for more than $500 million in 
annual operating expenses, $160 million in fares 
collected, and 100 million revenue vehicle-miles 
provided with 3,600 vehicles serving more than 1 
million rides each weekday (1). 

Were there just one large operator, MTC' s tasks 
would be much more simple. However, with so many 
transit service providers in the same geographic 
area, MTC must continually make choices about which 
system should receive how much of each of the many 
transit funding sources available. Although some of 
the fund sources are tied by law to specific geo
graphic areas or purposes, MTC has great discretion 
under state law over five types of funds: 

- Transportation Development Act (TOA), 
- State Transit Assistance (STA), 
- One-quarter of the BART sales tax (AB1107/842), 
- Net revenues from bridge tolls, and 
- State guideway funds (Article XIX). 

In addition, MTC is the designated recipient for the 
new federal formula funds under Section 9 of the 1982 
Surface Transportation Assistance Act. As the desig
nated metropolitan planning organization (MPO) for 
the Bay Area, MTC must annually submit the transpor
tation improvement program update to federal agen
cies to serve as the basis for all federal grant 
requests. 

THE PROBLEM 

With this complexity and diversity come the same 
problems any individual transit operator has with 
its own annual planning and budgeting, only greatly 
magnified: How much money will it cost to keep the 
system running and to expand and improve it? How 
much money can be expected from each of the revenue 
sources? What about the impact of legislative 
changes? What if state or federal appropriations 
fall short? How can an annual program be adopted on 
time in the face of this uncertainty? How can one 
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keep up to the minute with changes in budget actions 
and assumptions at all levels? 

MTC staff coped with these problems by investing 
tremendous amounts of overtime during the peak fund
ing cycle, April through June, as did each of the 
operators' own staffs. The information overload was 
processed exclusively by hand, with individual MTC 
staff analysts left to their own devices. Most used 
desktop adding machines or hand-held calculators as 
their tools to analyze large, hand-written spread
sheets. The situation seemed ripe for computeriza
tion, but there appeared to be no ready-made solu
tions available. 

The u.s. Department of Transportation's Transpor
tation Systems Center had begun investigating the 
potential use of microcomputers in transit financial 
planning in 1982 (l-§.) • A great deal of interesting 
information was assembled and some potentially valu
able tools are still under development. Unfortu
nately for MTC, the focus was exclusively at the de
tailed level of an individual transit operator, and 
the tools were not directly applicable to the more 
aggregate level of regional analysis. 

The continuing efforts of the federal agencies to 
facilitate the use of microcomputers in transit and 
transportation planning have also been at the level 
of project or agency-wide analysis. The March 1983 
issue of UMTA/FHWA' s Microcomputers in Transporta
tion: Software and Source Book lists 88 software 
packages in five major categories, but only one of 
those is at the level of overall program management 
(1) • The user group newsletters spawned by the fed
eral effort in microcomputers have yet to report any 
regional-scale transit financial management projects 
(~,i>• The special sessions devoted to microcomputer 
applications at the 62nd Annual Meeting of the 
Transportation Research Board similarly seemed to 
reflect the initial focus of efforts on operational 
and planning problems at the individual agency level 
(10-13). 

Even those applications that did deal with tran
sit financing issues tended to focus on budgeting 
and revenue forecasting rather than capital program
ming and financial management. It may well be true 
that other MPOs like MTC have been dealing success
fully with these problems, but there is no direct 
evidence in the literature. The conclusion was that 
MTC was, at least for the time being, on its own. 

INSTITUTIONALIZING MICROCOMPUTERS 

Planting the Seeds 

Although MTC had years of experience with large com
puters and was regularly upgrading its word-process
ing equipment, it had no experience with small com
puters. Furthermore, use of large computers was 
limited to typical MPO data processing tasks: travel 
modeling, census processing, survey data analysis. 
Only two other regular types of files were main
tained on large computers, a file of potential con
sultants and a special file of minority business 
enterprises, both used to develop mailing lists for 
MTC' s and other public agencies' frequent requests 
for proposals. In all cases, all computer work was 
done by remote job entry (RJE) to off-site mainframe 
computer services, and therefore was done by a small 
number of staff persons who were either in the data 
processing department or were very familiar with 
computers and programming. The idea of introducing 
microcomputers into ongoing work tasks had never 
been broached. 

When the author returned from the Massachusetts 
Institute of Technology's week-long 1982 summer 
course on microcomputer applications in transporta-
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tion, he was convinced of their usefulness. The ap
peal of microcomputers was greati at last, there was 
a tool that made real computing power easily acces
sible and was responsive and adaptive to personal 
problem-solving styles. Potential applications seemed 
to be everywhere at MTC, but the missionary's role 
is lonely, It took about 3 months to gain enough 
support to make a serious effort to define microcom
puter needs. 

The first step was to hold two 2-hour seminars to 
share with staff the basic information from the MIT 
course. About 15 staff members attended each ses
sion, and about a dozen potential applications of 
microcomputers in on-going MTC activities were iden
tified by the group. Because of that expression of 
interest, a formal proposal to management to form a 
study group to develop specific recommendations was 
prepared. The proposal was approved, and a committee 
representing the three main functional divisions of 
the agency plus data processing staff was formed by 
early uctooer l~~~. 

That first proposal said, in part: 

While it is easy I and deadly, to over
study the feasibility of acquiring and using 
a microcomputer, I th ink a small committee 
(perhaps one person from each section) can 
develop a plan of action in a week. For the 
short term, I think the committee should 

• .. •• - _ J __ ., _ •----~------" maKe a recoaunenaa1:.1.on un a tiJ.uy.1.~ ud1.uwd1.1:::1 

software package in the $5,000-10,000 range. 
This would get us going, developing specific 
applications and seeing how many people 
would actually make use of the equipment, 
and would give us a chance to work out train
ing, maintenance and access questions, If 
the experience with this investment pays 
off, then the committee can consider longer
term options for multi-user systems, tie-ins 
to mainframe computers or the Wang system, 
and a strategy for placement of microcomput
ers or terminals in the new building (unpub
lished MTC internal communication). 

That seemingly simple proposal to purchase a micro
computer soon turned into an elaborate, 4-month pro
cess. 

Evaluation of Applications and Systems 

MTC tried to follow what has become the standard ad
vice in approaching microcomputers: (a) decide what 
needs to be done, (b) locate software (programs) 
that accomplishes those tasks, and (c) look for 
hardware (microcomputers) to run the needed 
software. This way of proceeding was not: very 
helpful because MTC needs were so generally defined 
that many hardware-software combinations seemed fea
sible. 

Applications 

As the first step, the staff committee developed a 
list of 19 potential applications, which ranged from 
financial planning to automating the annual transit 
operator reporting system and keeping track of mate
rials charged out from the office library. A variety 
of alternative schemes for ranking the relative im
portance of these applications was discussed, but 
the committee was unable to reach a consensus. Six 
criteria were considered. 

The first possible criterion was potential labor 
savings, but the time saved would not result in cost 

Transportation Research Record 980 

savings. Instead, it would allow more time for 
analysis, improving the final product, and avoiding 
the rush of a production schedule. The thrust of 
several project proposals was in this direction-
doing existing tasks better, taster, and less pain
fully, Unfortunately, it was difficult to estimate 
either the base data on time previously spent or the 
potential time savings for specific projects. 

Another more self-serving er i ter ion was the se
lection of projects that had high potential for 
early, positive results. This would help establish a 
good foundation for more elaborate, and risky, un
dertakings, 

A third criterion was to increase the sophistica
tion of analyses and allow individuals to do the 
kind of work they wanted to do before, but could not 
because their tools (calculators and adding ma
chines) just were not up to the task. MTC had no in
termediate tools between calculators and mainframe 
computers. If the former were inadequate, the latter 
were inaccessible to nonprogrammers, 

Another proposed criterion was to make the 
computer applications test a wide range of 
tions: administrative, personnel, budgeting, 
sis, and data management, 

micro
func

analy-

A similar experimental criterion was to mix 
"safe" projects that had no serious scheduling con
straint with those that were on a critical path in 
the annual grant review and allocation cycle, 

The last criterion considered was that specific 
individuals be identified with these proposed proj
ects and that those individuals make personal time 
commitments to carry out the tasks. This was in 
keeping with the overall proposition that microcom
puters were tools to be used by individuals to en
hance their abilities to perform their jobs. There 
was a strong sentiment against turning everyone on 
staff into a "computer jockey," or of simply com
pounding the work load of the current data process
ing staff. 

The two clear directions from management when 
they saw the criteria were, first, that no time
critical projects be undertaken and, second, that 
projects be tied to specific individual commitments. 

Individual staff members who expressed interest 
were assigned responsibility for writing a project 
description that included (a) a clear project title, 
(b) a description of the current practice, (c) the 
proposed microcomputer application and its benefits, 
(d) the name of the lead staff person who would ac
tually develop the application, and (e) a schedule 
for the activity. 

The following list of proposed projects was se
lected after rankings by each of the section man
a gers of the projects proposea hy their At.aff: 

1, Pavement management data system, 
2, Bicycle project and grant inventory system, 
3. Transit capital priorities analysis, 
4. Transit capital grant monitoring system, 
5. Tax revenue forecasting, 
6. Fare revenue projections, 
7, Reporting system for summary tables on tran

sit data, 
B. Time and cost charts for annual work program, 
9, Library circulation system, and 

10, Work force and affirmative action report 
generation, 

Software 

The second step of the process was to match software 
to these tasks. The three types of programs that 
could accomplish these tasks are electronic spread
sheets, data base managers, and graphics programs, A 
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number of commercially available programs of these 
types were found to be suitable and were ranked ac
cording to the ratings they received, or number of 
desirable features they possessed, as reported in a 
variety of industry periodicals. Magazine reviews 
turned out to be the primary source of specific 
product information and comparative ratings. Graph
ics were later dropped from consideration as a re
quirement in a "starter" system because they could 
be added later as use and demand warranted. 

A number of spreadsheet and data base programs 
were considered on the basis of readily available 
comparative information. Because none of the initial 
tasks appeared to have special requirements, all the 
leading microcomputer products were deemed con
tenders. Weight was given to how long the product 
had been on the market and the reputation of the 
manufacturer, in addition to magazine review rat
ings, if available. General features thought desir
able for both types of programs were 

- Twelve-digit accuracy to handle all financial 
uses, 

- Ability to display percentages and dollar and 
cents formats, 

- Flexibility to format and label tables, and 
- Ability to sort by more than one variable. 

Integrated programs that combined spreadsheet and 
other functions were new on the market at the time 
this evaluation was made, and therefore rated low on 
the "proven product" scale. 

Word processing was not a major consideration be
cause the assumption was that the existing agency 
word-processing system would be the principal way to 
produce final text. There was consideration of in
cluding a simple word-processing program so that 
staff could draft memoranda or reports, but it was 
considered an extra feature. 

Hardware 

The collection of information about hardware pro
ceeded in parallel with the evaluation of potential 
tasks and software. The basic desire was to find a 
workable system that could perform the identified 
tasks, stay as far under the $10,000 ceiling as pos
sible, and have some capabilities for future expan
sion. There was nothing magic about the $10,000 
limit. Management simply wanted a realistic trial 
system before committing its elf to any large-scale 
capital investment. 

As good planners, MTC tried to lay out all of the 
options. First was the possibility of accessing 
spreadsheet and data base programs through the ex
isting remote systems, at the cost of a few termi
nals and on-line charges. Second was the possibility 
that either the word-processing systems (a Wang Sys
tem 30) or the remote-job-entry station (a Harris 
minicomputer) could be enhanced. Third were the new 
acquisition possibilities. These were arranged in 
seven options: 

1. Use remote time-sharing on other systems with 
the desired features, 

2. Upgrade the existing word-processing system 
to accommodate the desired features, 

3. Upgrade the existing minicomputer (used ex
clusively for remote job entry to off-site main
frames), 

4. Obtain one or more portable microcomputers, 
5. Obtain one or more single-user fixed micro

computers, 
6. Obtain a two- to four-user multiuser micro

computer system, or 
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7. Obtain a four- to eight-user multiuser micro
computer system with remote-job-entry capability. 

The last option was a latecomer to the list but 
would prove to be the critical one. The first option 
was dropped after only one system was found that of
fered a spreadsheet, and its access costs were quite 
high. The second option was dropped after it was 
found that the Wang system would have to be upgraded 
to a more costly configuration and that Wang's pro
prietary system precluded simple communications with 
other manufacturers' programs or equipment. The 
third option was eliminated because the manufacturer 
had announced, but not yet released, a microcomputer 
add-on board for its terminals. That still left four 
options. 

Again the major source of information was maga
zine reviews. In addition, the Bay Area has frequent 
computer trade shows, and these were a further 
source of information during the evaluation period, 
as were visits to local computer stores. 

Because the options were all-inclusive, the cri
teria were quite general. The fact that applications 
and software needs had been identified was of little 
help in the hardware area because so many systems 
could satisfy the minimum requirements. Hardware 
considerations included the following: 

- Was the microcomputer (chip) well established? 
- Was the operating system widespread? 
- Were disk drives of adequate capacity? 
- Was the internal memory (random access) at 

least 64,000 characters? 
- Was the display of high resolution quality? 
- Was the keyboard standard and comfortable to 

use? 
- Was a large amount of business software avail

able? 
- Was the system expandable to accommodate high

capacity hard disk drives, communications with 
other computers, additional users, more in
ternal memory? 

- Was maintenance 
- Were high-level 

What were the 
reputation? 

easily available? 
languages available? 
manufacturer's experience and 

Most of these questions could be easily answered 
from published data and resulted in simple high
medium-low ratings, although some judgments were 
subjective. 

Nearly 30 systems were identified as currently on 
the market, meeting several of the criteria, and 
staying within the price range for a total system 
(hardware and software) • The line could easily have 
been drawn at 50 or 100, given the rapidly expanding 
industry, but those identified appeared to cover the 
market choices available at the time. MTC was well 
aware that there would be more and better products 
on the market in another few months, but all those 
that could be considered proven in business use were 
on the list already. 

Decision 

After all the work, two other circumstances dictated 
the final choice. The lease on the existing minicom
puter remote-job-entry equipment was coming up for 
renewal and the data processing staff were consider
ing going to another system. The monthly lease and 
maintenance costs amounted to more than $30,000 an
nually, so the option of purchasing a system seemed 
attractive. Data processing staff found that some 
multiuser "super" microcomputers were coming on the 
market with software that served the remote-job-
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entry function. It was feasible to take the funds 
already budgeted for lease payments and purchase a 
system that could do double duty as both a remote
job-entry system and a self-contained microcomputer 
tor performing cne desired spreadsheec and data base 
functions. 

An additional development was the desire of the 
major transit operators to develop an on-line data 
base for tracking their elderly and handicapped dis
count rider identification registrations. Each oper
ator wanted a terminal from which new applicants 
could be logged into the system so that issuance of 
multiple cards could be avoided and summary data on 
registrations could be extracted. A system with this 
capability could also be included, at additional 
cost, and would allow some enhancements to the over
all system in terms of expandability. 

'l'he apparent free lunch was too attractive to 
pass up. The data processing department would get the 
improved equipment it needed, the transit operators 
wou.La gee t:.hei:c aaca ba~~, c,.nU MTC c:u1alyLi~ til:.c1ff 
would have access to the system's spreadsheet and 
data management software, at virtually no net addi
tional cost, when the minicomputer system was hauled 
away. 

The criteria for software and hardware developed 
by the committee were still used in developing the 
request for bids, but additional criteria for the 
remote-job-entry and transit operator data base 
functions became paramount. ·L·ne bids came in in 
February 1983, a selection was made, and installa
tion was scheduled for June. 

The specifics of the MTC microcomputer system are 
as follows: 

- Molecular Super Micro 32--a Z-80 based system 
running the N-star operating system, basically 
CP/M-80; 

- Sixteen user terminals (Freedom lOO's)--tilt 
screen, green 80 x 25 display, 10 function 
keys, numeric keypad, Selectric layout; 

- Printronix high-speed line printer; 
- Epson MX-80 dot-ma tr ix pr inters for local 

printing; 
- Sixty-megabyte hard disk with tape backup; 
- Multiplan spreadsheet (Microsoft); 
- DataFlex data base management (Data Access); and 
- PeachText/Magic Wand word processor (Peachtree). 

Each user terminal accesses its own Z-80 card with 
64K bytes of on-board memory and shares the hard 
disk, which is managed by the operating system. 

Implementation 

Several months passed between the time the issue of 
microcompute.ts was fii:::st i::aised and the time a se
lection was made, and it was clear that a working 
system was still some months off. The author was 
responsible for several data-intensive tasks (among 
them those identified in the proposed applications) 
regarding MTC's annual fund distribution and capital 
priority-setting functions, yet it was clear that 
microcomputer help would not be at hand during the 
critical spring cycle. Serendipitously, it was dis
covered that funds in the current fiscal year's 
budget were available in the right category for com
puter expenses. ;Although the funds in the operating 
budget could not be converted for capital acquisi
tion, they could be used to rent equipment. Now that 
the decision about MTC's main microcomputer hardware 
and software configuration had been made, it seemed 
reasonable to rent a single-user system with the 
identical spreadsheet software in order to test 
learning time and to develop a few applications in 
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the most critical areas. This test period was very 
successful and is described in detail in the follow
ing section. 

The installation proceeded in June and July 1983, 
wich some bugs still being corret.;te<l .in (k:LuUta. The 
new system is being used for only a few of the orig
inally proposed applications at this time. One rea
son is that training on the spreadsheet program (the 
intended workhorse of the system) could not be orga
nized until late July. Three 1-hour introductory 
sessions attended by about 40 staff members, with 
the goal of teaching them enough so that they could 
sign on to the system and manipulate basic spread
sheet commands, were cuncluctecl. Self-Led~hluy L>y 
working through a tutorial in the spreadsheet manual 
or simply by trial and error is very effective be
cause the particular program chosen (Multiplan by 
Microsoft; provides on-screen help and displays a 
command menu in simple English terms. This is of 
great assistance to the occasional user who would 
,,ot U,e, likit:ly to rt:moembci: tci"~'C '-'Vlllllla1&U wvd .... ~ ...... d 
multikey sequences. 

So far, staff acceptance has been quite high. 
There are very few "technophobes" who freeze at the 
sight of a computer terminal, and only a few "en
velophiles" who still prefer to do analysis on the 
backs of envelopes. The major new concern is whether 
there will be a sufficient number of terminals to 
accommodate the staff who are now interested in do
ing new work:: MTC staff ha,.,e had temporary use of 
the nine terminals destined for the transit operator 
data base project. When that project gets under way, 
only two to four terminals will be available. By 
early 1984 MTC is moving to new quarters, and some 
staff are already asking if access to the microcom
puter will be easier. All this points to a repeti
tion of experiences with microcomputers elsewhere: 
In a very short time, people become dependent on the 
increased power the microcomputer prov ides and can
not imagine doing without it. 

Future Hardware Extensions 

Additional hardware expansions are always possible. 
One that has the most far-reaching potential is the 
development of communications links with the Bay 
Area's major transit operators, all of which have 
computer (and some microcomputer) capabilities. The 
potential for electronically submitting reports, up
dating data files, and transmitting documents seems 
high, given the great amount of paper that passes 
between MTC and the operators. The incompatibilities 
of computer systems across agencies, however, may 
make achieving this goal dependent on improvement in 
•black boxes" that will allow the different computer 
systems to communicate. 

Another area for experimentation is the acquisi
tion of expansion circuit boards and operating sys
tems to run software, developed on other types of 
systems, that might be applicable here. The previ
ously mentioned microcomputer user groups supported 
by the federal government have established their 
intention to support a fairly limited number of the 
most popular computer systems and to provide some 
assistance in converting useful programs from one 
system to another. There are several approaches to 
this. 

One approach is to wait for the computer manufac
turer to come out with an appropriate circuit board 
to plug into the machine. For example, MTC is al
ready acquiring a 16-bit processor unit that will be 
compatible with IBM's Personal Computer, although 
not with the IBM operating system. Another option is 
to acquire stand-alone, single-user systems of the 
most popular manufacturers (IBM, Apple, Radio Shack) 
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and use them either exclusively for converting out
side applications or for general development work as 
well. 

A more attractive option may be to acquire a 
single-user multiprocessor microcomputer that can 
operate under the MTC microcomputer's operating sys
tem (CP/M), or on Apple's or IBM's. This capability 
is now possible through computers that already have 
dual processors or the ability to accept plug-in 
boards that emulate other systems. This would allow 
testing and adapting software developed on other 
operating systems, but would still present a problem 
of transferring programs to the MTC system. 

A final potential hardware enhancement would be 
acquisition of one or more portable computers com
patible with the fixed system. This would allow easy 
sharing of the equipment among staff, allow the pos
sibility of working while traveling or at home, and 
introduce the possibility of using the computer at 
meetings. The latter turns out to be a controversial 
suggestion to the extent that control over informa
tion can be an important factor at critical stages 
of some discussions. Whether or not it is advanta
geous to have instant access to a data base and the 
ability to analyze and respond to complex proposals 
on the spot is a question of strategy with no sim
ple, technical answers. 

MTC's Selection in Retrospect 

The most significant regret about the MTC purchase 
is that a more powerful microprocessor was not ob
tained at the outset. Large spreadsheets and large 
documents (like this paper) tax the 64K memory limi
tation. Just as 64K seemed like a lot before MTC be
gan developing applications, it seems like an insuf
ficient amount now. Although the system can accept 
plug-in expansion boards, these must be customized 
for the operating system and separate software must 
be acquired. It is probably a truism with microcom
puters that one cannot fully anticipate what one 
needs because the capabilities of the machines en
courage learning by doing. The more one uses the 
spreadsheet, for instance, the more one learns how 
to develop complex, interlinked files that eat up 
memory. The lesson is, therefore, to not just deter
mine if expandability is possible but to plan for 
the expanded system at the outset. 

Population RevenL1e 
Factors (Miles) 

AC 
DI-ALA 23.6522% 
01-CC 3.2630% 

01 TOT '26. 9152'l. 25 • 905, (H)I) 

Union c . 0.9893'l. 378,932 
02 .3. 81321. 2.149,000 
CCCTA 6.5(17.3'l. 1,392,788 
WCCTA l. 0179% 1 J,7 • (H)t) 

BART E:ILtS 3. 3568/. 2,850,000 

SF MUNI .36. 3187'l. 15,125.190 

GOLDEN GATE 4. 4254'l. 8.517. 152 

SAMTRANS 14. 1106% 7. 638. (>28 

VALLEJO 2. 1441 % 552,60~ 

BENICIA (1.2895% 

NArA o. 11~0,. 
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The same holds true on the software side as well. 
As mentioned, the new breed of integrated data base, 
spreadsheet, and graphics programs was just coming 
to the market at the time MTC acquired its system, 
and therefore ranked low on the "proven product" 
criterion. Although it was blithely assumed graphics 
could be added to the system at a later time, it 
turns out that no single program on the market can 
graph data from both the spreadsheet and the data 
base programs without some significant effort by 
programming staff. If linking such applications is 
clearly intended at some future time, it should be 
explicitly accommodated in the initial system 
choices. 

Computer documentation is inadequate. Training, 
therefore, becomes a er i tic al task. Either the sys
tem vendor must include a substantial amount of 
hands-on, on-site training or the buyer must carry 
this load. The time it takes to develop training 
materials and conduct classes should not be under
estimated. A number of firms offer on-screen tutori
als for the most popular software packages. These 
should be considered to supplement more formal 
training, especially for staff who only use the sys
tem occasionally. 

DEVELOPMENT OF FINANCIAL APPLICATIONS 

Test Period 

Despite the dictum that no time-critical projects be 
dependent on developing new microcomputer applica
tions, the author was convinced that certain tasks 
could be accomplished more effectively with a micro
computer and with relatively little risk. The 
single-user rental system was obtained in mid-March 
(Apple Ile with 128K memory). Within a week, the 
author was able to learn the basic system operation, 
and within 2 weeks he developed a spreadsheet to 
test several policy options for distributing $30 
million in transit operating assistance under the 
new federal Section 9 formula program. The basic 
issue was how the federal formula would work for 
distributing funds within the region. That spread
sheet (Figure 1) allowed varying the assumptions 
until an acceptable, equitable result was obtained. 
This enabled MTC to respond to operator concerns and 
adopt a final approach within the needed time frame. 

Vehicle-Mi 50/~0 Dollar-
<Percent) ( Percent) Esti me'te 

40.0723% 33.4937% 
0.5862% 0.7877% 
3.3243% 3.5687% 
2.1545% 4.3309% 
0.2119% 0.6149% 
4.4086% 3.8827% 

23.3971% 29.8579% 

13. 1751'l. 8. 80(13'l. 

11.8152% 12.9629% 

o. 8548 /. I. 4995'l. 

o. 1448'l. 

0.0560i'. 

4,517,501 
106,246 
481,337 
:584, 134 

82,937 
~23.686 

4,027,111 

1,186,944 

1,748,385 

202,241 

19,523 

7,~53 

SF-0 URBAN 100.0000'l. 64,645,695 100.0000'l. 100.0000'l. 13,487.~98 

FIGURE 1 Estimates of FY 1983-1984 Section 9 operating funds (partial 
table). 
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The second test was simpler in concept and a 
demonstration of the display capabilities of the 
system. A spreadsheet to estimate potentially avail
able funds for transit capital projects was pre
.LJctre<l. Simple .Lu:nuulat> U .i::s.LJlc:1yt::U Lile ~uu::H::":iut::rn .. a:::::; u.L 
varying assumptions about the region's possible 
share of federal discretionary transit capital funds 
(Section 3) and matching requirements over a 5-year 
planning period. The spreadsheet demonstrated the 
likely shortfall in ability to match potentially 
available federal funds. 

The third test was an attempt to bring more staff 
into contact with the spreadsheet program. Staff 
respunslule fur revlewluy L1d11Sil opei:atoi:~' grant 
requests must amass a great deal of budget data and 
make certain comparisons. Although skill and experi
ence are needed to properly interpret the data, the 
basic operation of summarizing the key data is 
mechanical and repetitive, and therefore ripe for 
automation. Figure 2 shows a table that staff could 
u St: t ~ansit -- ---.!- --Vt,''C1.Gl.1..V1. 

._. ,.:,, .... - !.. 
uuu-:,c'-

-- - ., --- -- -
CULQ.L_J,;;;i,c,;;;i, 

display the basic last year-this year-next year com
parison of budget data by line item, revenue source, 
and function, with dollar and percentage changes 
calculated. A second table (not shown) displayed key 
performance data and ratios. Had the author been 
more experienced with the program at the time, it 
would have been possible to link the two spread
sheets so that the budget data from the first table 
would be autuJf1aLically 
to reduce data entry. 

-----~ LL------L L- LL- -----~ l:'d.bbt::U L.Lll. UUll.jll L.V L.U'C i::H:a ... vuu, 

O,,tr1tor: TABLE A 
Budgtt iln1lr1i, 
C11tgor1 FYBl-2 Act P1rc1nt FYB2-l Budg Perctnt 
FUNCTIONS -····- ·- ______ .,. 
Operltions IDIY/0' IDIV/0' 

Vth.Nunt. IDIY/0' IDIY/0' 

Non-Vth,M•int. IDIY/0' IDIY/0! 

6tn.Ad1in. IDIY/0' IDIY/0' 

Dthtr IDIY/0! IDIY/0' 

TOTAL IDIY/0' IDIY/0! 

OBJECT CLASS 
Libor/Fring! IDIY/0' IDIY/0! 

Sen•1cn IDIY/0' IDIY/0' 

Fut I ilubr. IOIY/0! IDIY/0' 

Purch, Tr•n1. IDIY/0' IOIY/0' 

Other IDIY/0' IDIY/0' 

rnrnL :CJWV' =~i~·;v1 

REYENUE I ASST. 
i•re Rtv. ID1 V/0~ IDIY/0! 

Non-Fut Rtv. IDIY/0' IDIY/0' 

loc•I Ant. IDIY/0' IOIY/0' 

Reg · I. Ant. 
TDA IDIY/0! IDIY/0' 

STA IDIY/0! IDIY/0! 

S,c. S IDIY/0! IDIY/0' 

Ste. IDIY/0' IDIY/0' 

Ste. IDIY/0' IDIY/0' 

Other IDIY/0' IDIY/0' 

TOTAL IDIY/0' IOtY/0' 

BALANCE 
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All staff who might use the two templates were 
trained with a 15-20 minute demonstration, a short 
manual specific to the spreadsheets, and access to 
the system on an hourly sign-up basis. Almost all of 
che st.aff doi ng t.he operat.or oudgec anal yses cook 
advantage of the opportunity to do the work on the 
microcomputer, even though it was purely optional. 
The major problem was that some of the staff laid 
out all the data by hand first, then did some of the 
calculations manually to check on the spreadsheet 
results. This meant that they were entering data 
twice, once by hand, once on the screen. Some never 
got used to working directly from source documents 
to the screen, and the process appeared much slower 
to them as a result. A few objected that the spread
sheet made data clerks or technicians out of them. 
Most, however, found 
in keeping up with 
budget projections. 

the templates real time-savers 
repeated changes in operator 

Because these tests were relatively successful, 
i:.!Je (.;U11u11 i tment wa.::; maUe Lu pur::;ue die mu::sL C:Off1pli
cated remaining set of tasks in the annual cycle, 
the preparation of the annual update to the regional 
transit capital priorities. 

Capital Priorities and Programming 

The determination of an initial list of capital 
...... _ ..... ..:. ................ 
l:'.1.VJ'!;;;.._.._..., was made T ....... , .... _ .. .,_u ... - .... 1-. 

U QUUQJ. J 1.•&g&, '-',U 
...... ............. t.-. .... 'I"'\_ 
I.I."-' ,;;;; .......... ~ "-IJ:: 

erator's proposed 5-year program was received. There 

IThouund D0ll1r1l 

I Chlngt I Ch1ng, FYBl-4 Prop P1rc1nt I Ch1ngt I Chingt -- ------·---·-· 
IDIY/0' 

IDIY/0' 

IDIY/0! 

IDIY/0' 

IDIY/0! 
---- --.-. .... 

IDIY/0! 

0 IDIY/0' 

IDIY/0' 

IDIY/0! 

IDIY/0! 

IOIY/0' ---- -----··· 
illiV'1U ! 

IOIY/0! 

IDIY/0! 

IDIY/0' 

IOIY/0' 

IDIY/0! 

IDIY/0' 

IDIY/0' 

IDIY/0' 

IOIY/0' 

tDIV!0 1 

FIGURE 2 Transit operator budget analysis. 
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was no opportunity to use the spreadsheet to arrive 
at actual priority rankings for the several hundred 
proposed projects during that period, so efforts 
began at the point the initial list was developed. 
The immediate tasks were to display the projects, 
sorted out by operator and fund source, for the im
mediate planning year (annual element) and for the 
remaining years in the 5-year program (phase II). 

Figure 3 shows the initial spreadsheet with esti
mated local fund source matches for the Section 9 
federal category; a similar sheet was developed for 
Section 3. The formulas allowed accommodating 
changes in project costs, shifting projects from one 
phase of the program or fund source to another, and 
varying the matching sources, while maintaining 
running totals by fund type to ensure keeping within 
revenue expectations. To summarize these detailed 
figures, additional summary spreadsheets were devel
oped that read the component spreadsheets into the 
summary table. 

The last major step in the capital programming 
process is the preparation of the transportation 
improvement program (TIP) for submission to the fed
eral funding agencies. A new microcomputer-oriented 
format was developed for entering each project's 
details. It was not possible to link this back to 
the capital priorities and programming spreadsheets 
because of time constraints and the memory limita
tions of the rental equipment. These spreadsheets 
will be regularly updated throughout Fiscal Year 
1983-1984 as project reviews are conducted and spe
cific grant requests are received, eliminating the 

PHASE I ANNUAL ELENENT 
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tedious retyping and hand corrections of past TIP 
amendments. 

Annual Fund Estimates 

By late fall, staff had become more experienced with 
the new equipment, and bolder. By December each 
year, MTC must develop estimates of funds available 
to more than 50 claimants under the state Transpor
tation Development Act (TOA). After estimating unex
pended funds from the prior year and new tax genera
tions for each of the nine counties, the funds are 
divided into six different categories under dif
ferent formulas and allocated accordingly. These 
preliminary estimates must be immediately superseded 
in January and February with updated data from the 
state and the counties, and the whole computation 
process must be repeated. This, like other tasks, 
had been done by hand in the past. 

Automating this activity required the interlink
ing of 19 spreadsheets. Although time consuming and 
tedious to set up, this system of spreadsheets can 
now be easily updated in February and will form the 
basis for future annual computations. 

Further Applications 

Several projects were accomplished in the summer of 
1983 on the newly installed multiuser microcomputer. 
A 5-year plan required by the state for funding cer
tain types of transit projects, including fixed 
guideways, requires a table and summaries similar to 

Loci! 
IFY 1983-41 Tohl Cu1ul1tivt Ftder1l Notch Sourcn: Art. Ill 

Cost Totll Sh1r1 Tolil Toi ls STA TPID Local 
AC TRANSIT _ ......................... -... -..-.. -........... 
.... _ ..................... _ ........... ~----

Di,,l Operilinq Foe. (Ill 8,167 6,534 1,633 1,633 
Di,. 4 Oper,ting Foc.1111 8,705 6, 964 1,741 1,741 
Di,. 6 Opor1tinq Foc.1111 7,831 6.265 1,566 1,566 

Subtot,I 24 , 703 u.m 4,941 4,141 0 
24,703 19 , 762 4,941 4,941 o· 

BART ..... -..... ,,,. .... -........... ___ , __ . 
R,trolit ll8 A-Cirs '1th ATO ll,800 11,040 l, 7b0 2,7b0 
Dliy City Turnbock Constr./ 
Turnb1ck/Stor. DHign 16,340 12,173 4,167 417 l, 750 
Notor Rtwind Upgr1dt 960 768 192 192 
Sh. P1rking l1prov,. 3,786 3,029 757 76 681 
Syst.Perf. Stdy, 344 275 69 69 

Subtolll 35,230 27,285 7,945 2,760 685 4,4ll 69 
59,933 47,047 12,886 7,701 m 4,431 69 

CCCTA 
-----~·------·-

5 40ft, Bun, 796 637 159 159 
Bui Stop llprovaenh 103 82 21 21 
"•rt1nu A1tr1t St.tion 185 185 166 19 

Subtot,I 1,084 719 m 190 0 166 19 
61,017 47,767 13,250 7,891 m 4,597 99 

CALTRA/15 

---------------
Shtion Acqui1ition1 500 500 500 
Shtion i1prov111nh 2,560 2,560 2,560 
Stondby Po•or-SFO 1,406 1,125 281 281 
Stondbv Po•er-SJ 1,725 1,380 m m 
Prol. Enq.-"1int. F1e.-SFO 500 400 JOO JOO 

Subtotli 6,691 2,905 3,796 0 3,786 0 
67,708 50,672 17,036 7,881 685 8,383 ea 

66BHTD 
..... ............... _ .. ..... ~---··---

Third &oat Dieul Conver. 1,900 J,m 380 380 
Yuul l1prov, ind R1l.£quip 620 49b 124 124 
F1rrv F1ci I I ty l1prov111nt1 798 638 160 160 
F1rtbo1111 and Rt!, Equip, 200 160 40 40 
Rtphc1 Strvict Ythicl11 32 26 6 6 
Co1put1r and Co11. Equip m 236 59 59 
San Rlfnl l1prov111nh 999 m 200 200 
Ad1iniltr1ti" llui ldin9 1,615 1,292 m 323 

FIGURE 3 FY 1984-1988 transit capital priorities, Section 9 projects (partial 
table, $000s). 
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those for the main capital priorities programming. 
These were completed before the required November 
schedule. Entering summary tables of transit operat
ing and financial data (one of the originally pro
posed proJects) was begun and w1.L.L estab.Lisn an i m
portant trend-line data base for general use, in 
addition to contributing to two specific summer 
projects: an annual summary of key data and base 
line information for an analysis of operating costs, 
The initial work on Section 9 formula allocations is 
being revised on the basis of final congressional 
appropriations and revised formula factors. These 
tasks are all within the area of the author's direct 
respons1bil1t1es, and he has made sure that his 
staff is trained to take advantage of the microcom
puter. Use by other sections of staff for production 
work is still quite limited. One area being e xplored 
is the entry and checking of the periodic screenline 
travel counts in key corridors to speed turnaround 
of final reports. Another is the use of the word 
~rocessor 'CO d r-a f L. memocand a unU r~pur t ::s Uy ::sum~ 
staff who prefer that medium to longhand or type
written drafts. 

Future Extensions 

Many financial applications projects are waiting in 
the wings for staff time to pursue them: 

ital priorities lists to the programming, summary, 
and TIP sheets to more fully automate the process 
and reduce transcription errors; 

2. Developing spreadsheets to link the operator 
budget and operating data into the budget analysis 
summary sheets; 

3. Developing spreadsheets to link the TIP 
sheets to required documentation for the Section 9 
Program of Projects; 

4. Developing a system for tracking and summa
rizing progress in implementing the capital program; 

~. Dt!Vt!lupi ny d sp1t!d<lSltt!1aL fot dhaly:dng cap
ital projects to arrive at initial priorities using 
scoring, weighting formulas, and sorting; 

6. Developing spreadsheets for each operating 
assistance fund source to determine annual fund dis
tributions; and 

7. Developing spreadsheets to consolidate both 
capital and operating budgets and allocations as an 
overall management tool. 

The goal in each case is to produce finished 
tables in a format that requires no additional 
manipulation or editing before inclusion in formal 
reports and resolutions. 

originally identified as potential microcomputer 
applications. Only time will tell if the good inten
tions of those who volunteered bear fruit. 

CONCLUSION 

It is hard to talk about microcomputers without ex
pressing two contrary regrets: first, that MTC 
waited so long to act when it could have been bene
fiting from the capabilities that the microcomputers 
of today offer and, second, that MTC acted too soon 
and should have waited for next month's newly an
nounced and perfect product. This is both natural 
and unavoidable. Certainly, were MTC in the market 
now rather than a year ago, specific hardware and 
software choices would be different. At this early 
stage in "microcomputerization," MTC can report 
gratifying progress in developing useful applica
tions that do not even begin to take advantage of 
the sophistication of even one of the software pack-
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ages. It may be a while before MTC starts to outgrow 
its system, but MTC already finds that some spread
sheet applications stretch the limits of the ma
chine's internal memory. This may be the first area 
.t:: - - ,_ - .,, _ - - - - - --- - - - ! - . 
J...VL ucu.uwa1. c t::A.t:1auo.a.u11. 

It should be noted that none of the applications 
proposed or developed break new ground analytically 
or reach the state of the art in sophistication. 
There may be a lesson in that. As attractive as 
high-powered modeling and statistical applications 
may be, MTC' s fir st concern is doing more effec
tively what it already knows how to do. When control 
of the numbers is gained and the existing complexity 
is managed more easily, MTC will be free to explore 
those extensions in abilities that could result in 
some real breakthroughs. That microcomputers may 
hold out that hope is perhaps their greatest benefit. 
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