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EXECUTIVE SUMMARY

This final report is a review of the development of bus
route demand models which make use «f the TRANES computer pro-
grans anc¢ the 1980 Census. TRANES is an acronym for "Transporta=-
tion Network Fvaluation System." TRANES directly accesses U.S.
Census Bureau STF-1 block level data tapes to compile demographic
statistics within specified distances of individual bus stops.
The Central Oklahoma Transportation and Parking Authority bus
system of Oklahoma City was used as a case study to demonstrate
several applications of TRANES in addition to the development of
bus route demand models.

The TRANES computer programs were developed in San Diego,
California, in the late 1970s and have been used in a number of
jurisdictions and by consulting firms. This report includes a
Listing of all the TRANES programs used in the research (written
in FORTRAN IV) as well as documentation on their use and transit
route network coding. Early in the report the Census Bureau
record system is discussed. TRANES can directly access city
block level census statistics; but manual tabulation of the
cencus statistics using census maps 1is necessary tc capture the
more extensive statistics contained at the larger census tract
and block greoup level.

The report includes a literature review of past bus route
demand models and a summary of the demograpliic characteristics of
bus users and ncnusers in Oklahoma City. Nine demographic vari-
ables were extracted from the block level census STF-1 tapes:
total population, total black population, total population under
16 and over 64 years of age, and five housing variables. Block
group level variables were determined manually within 1000 ft. of
individval bus stops using maps and the STF-3 census tapes.
Thirty-one demographic variables were thus collected: five cat-
egories each of race, total population by age, and female popu-
lation ky age; seven categories of occupation; and seven ranges
of household incorne.

The best bus 1oute demand model based on the block level
statistics was determined by regression analysis applied to the
rnine variables and ridership data from 23 bus routes. Each cen-
sus variable was normalized by subtracting the mean from each
variable cbservation and dividing this by the standard deviaticn.
Regression equatio for both 1,000 ft. and 2,500 ft. from the
bus stop yielded R™ values of about 0.35 using the total popu-
lation variable conly. Forcing ill nine block 1level variables
intc the equation improved the R™ to 0.742 for variable statis-
tice within 1,000 ft. of the bus stops, comparable in performance
to bus route demand models reported in the literature.

Principal compenents factor analysis with equamax orthogonal
rotation was used with the block group level census variables to
develop correlations between bus stop passenger loadings and cen-
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sue statistics. Passenger loadings were counted at 372 bus stops
along eight representative routes. The factor analysis yielded
five factors which characterized the bus riders: high inccome
professionals, race, youthful nonprofessionals, elderly, and
middle~-aged. These factors, except perhaps high income profes-
sionals, seemed to correlate with direct surveys of bus passen-
gers corducted before this research was started. The five fac-
tors were then used in stepwise regression analysis along with
bus travel time from each bus stop to the central busiaess dis-
trict. This produced a bus stop demand model with an R™ of 0.55
and all the factors except race.

These results indicated that TRANES should prove useful in
the development and modification of bus stop locations, including
route extensions cr deletions. In Oklahoma City, at least, the
correlation between census statistics at the block level and bus
route demand was somewhat weak. The bus stop analyses with
factor analysis and block group data has the disadvantage of
requiring the manual determination of census statistics, unlike
the fully automated application of TRANES to the much more
limited block level data.

This repcrt also includes several case study applications of
TRANES to practical transit planning. New bus routes were
designed for the suburb of Norman, Oklahoma, with the assistance
of TRANES, where the objective was to serve the college and
retirement age populations. The study required the development
of a census data subset of the Oklahoma City metropolitan area
data file. TRANES also is a convenient and significantly time-
saving tool for compiling Federal Title VI civil rights reports.
One possible problem with the latter application is that census
statistics are "suppressed" (deleted from the data tapes) if too
few minority households are located in a census block. This is
done for considerations of household privacy but could lead to
underreporting of thinly distributed minority populations.

Finally, this report documents the conversion of TRANES to
microcomputer applications. A new version of TRANES was written
in BASIC for a CP/M 2.2 Operating System which uses the dBase II
Database Management System. The BASIC listing and instructions
on its use are contained in the report.
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BUS ROUTE DEMAND ANAILYSIS

 * %

INTRODUCTION

This final report is a review of the development of bus
route demand models which make use of TRANES computer programs
and their case study application to bus routes operated by the
Central Oklahoma Transportation and Parking Authority in Oklahoma
City, Oklahoma. The report includes a literature review of the
state-of-the-art in bus route demand modeling and how past models
compare with those developed in this research. Finally, poten-
tial applications of the TRANES ccmputer programs are discussed.

TRANES Overview

TRANES is an acronym which stands for "Transit Network Eval-
uation System." The TRANES computer programs enable the bus
transit planner to access U.S. Census Bureau data tapes and accu-
rmulate this information along individual bus routes and specific
stops. For example, TRANES can report the total population, or
any other available census statistic, living within a designated
distance of a bus stop. This information can potentially be used
in the design of bus stop and route locations or used merely to
summarize demographic statistics by route.

In the cese of the research reported in this report, the
development of bus route demand models is investigated under the
hypothesis that demand, at least in part, 1is a function of
accessibility to the transit network. Alternatively, bus routes
may be located where the propensity to use transit is highest,
e.g., densely developed areas or areas populated with people who
tend to regularly use transit.

The TRANES computer programs were developed in San Diego,
California, in the late 1970s (75). TRANES has been used by the
Comprehensive Planning Organization in San Diego to plan route
modifications and route alternatives (81). Similar wuses have
been made by the Puget Sound Council of Governments in Seattle,
Washington, and elsewhere, although experience 1in general is
rather limited. McDonald Transit Asscociates, Inc., a consulting
firm, hes used TRANES to report the demographic characteristics
of bus routes (ll).

The TRANES programs are described in more detail in Appendix
A, Program listings as used in this research are contained in
Appendix B. TRANES is written in FORTRAN IV, a high level engi-
neering and scientific computer progranming language, and the
programs have been run on several different main frame and
mini-computers.



United States Census Records

A comprehensive census of the population is conducted every
ten years in the United States by the Bureau of the Census, most
recently in 1980. The research in this study made use of the
1980 census statistics, which are made available by the Bureau of
the Census tc interested parties on computer data tapes. The
available statistics are reviewed in more detail later in this
report, but the significant ones in travel demand analysis are
population totals, household income, and automobile ownership.

Since TRANES essentially is a geographic data reporting sys-
tem, it is important to understand the geographic reporting base
structure of the Bureau of Census. This is summarized in Figure
1. In the 1980 Census metropolitan areas greater than 50,000 in
total population have been designated as "Standard Metropolitan
Statistical Areas", or SMSAs. The wurbanized areas within the
SMSA are subdivided into relatively homogeneous areas termed
"census tracts." Census tracts typically contain 4,000 to 5,000
people and they are the cmallest gecgraphic unit in which all
available census statistics are generally reported. In addition
to being demographically homogeneous, tract boundaries follow
streets and such other logical barriers as rivers and railroads.
Census tracts respect political boundaries, including city and
county lines, to enable aggregated statistical analysis of census
data by political subdivision.

Each census tract is identified by a six digit number which
is always a unique number within a county and generally within
the entire SMSA. The first four digits are the basic tract num-
ber, and the remaining two digits are used if the tract is later
subdivided because of population growth.

As evident in Figure 1, census tracts are too large for ef-
fective application to bus route demand analysis. Several bus
routes and many stops can be contained within a tract and the
bourdaries, of course, do not correspond to bus routes except for
the fact that arterial streets which have bus routes frequently
form census tract boundaries as well.

Census tracts are subdivided into "block groups" and
"blocks." The census block typically is the city block, formed
entirely by streets and, occasionally, rivers or other geographic
boundaries. Blocks are designated by a three digit number which
is unique to the census tract. They are the smallest unit of
census data aggregation, although, as detailed later, most census
statistics are not available at the block level and the data that
is available is subject to suppression (deleted from the data re-
cords) if it pertains to 15 or fewer individuals. The reason for
this is individual privacy, since census records are anonymous.
The household income characteristics of a small ethnic group,
e.g., native Americans, may be unavailable for some blocks simply
because there may be only one or several such households in a
particular block. Thus, the investigator might be able to
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iderntifiy specific households. In the larger urban region, such
block-level statistics would be under-reported as a result.

The TRANES computer programs are specifically designed to
determine the minimum path along block faces to designated bus
stops. For example, the programs can determine all of the block
faces within 2,500 feet of the bus stop. The census data 1s re-
ported simply by relating these blocks to the available census
records, such as total population or total numbers of native
Americans.

Since the census statistics at the block level are rather
limited in number, this research also explored demand models

which used "block group" statistics. As indicated in Figure 1,
block groups are simply a group of contiguous blocks. Typically
each census tract has two, three, or four block groups, The

block group number is the first digit in the block number. Al-
though block group census records are richer in available data,
the group boundaries were not developed with bus routes in mind.
Hence, their wutility is that they are smaller tracts. Since
TRANES cannot use block groups in minimum path determination, the
bus route demand analyses done in this research with block groups
was done with manually tabulated data. This is described in more
detail later.

GBF/DIME File System

In order for the digital computer to access the above census
geographies a machine--readable geographic ceoding system 1is
needed. The U.S. Bureau of the Census developed the GBF/DIME
file system as the geographic information system for census data
analysis. GBF/DIME files are computerized representations of
census geographical boundaries. GBF stands for "Geographic Base
File," &and DIME stands for "Dual Independent Map Encoding," the
topclogical technique used for representing street networks and
double-checking of the geocoding work. Each DIME file record in-
cludes street intersection node numbers, street name, address
ranges, left and right block numbers, tract number, and usually,
¥ and y grid coordinates to facilitate computer-based mapping.

The TRANES computer programs use the GBF/DIME file system to
identify the block faces relative to the bus stops, and then to
access the census records. The TRANES network development and
coding is reviewed in detail in Appendix C along with a more
thorough discussion of the GBF/Dime file system.

TRANES Network Development and Coding

A brief example of the coding of a TRANES network 1is pre-
sented here to clarify the above sections for the reader, and
covered in mcre detail in Appendix C. Figure 2 indicates all of
the census tracts in the Oklahoma City metropolitan area, the
SMSA. There are 12,000 census blocks contained within these
tracts.
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L closer view of the tracts in the southern part of Oklahoma
City 1is depicted in Figure 3. While the tract boundaries
typically follow major streets, several boundaries along rivers
and railroads can be noted in the figure. As indicated earlier,
census tracts are socio-economically homogeneous, hence the Will
Rogers Airport is isolated in its own tract. Finally, a six
digit tract nuvmber, e.g., 1072.18, indicates that this tract is a
subdivision of an earlier and larger tract once designated as
107z,

This census tract, 1072.18, is shaded in Figure 3 because it
is used as an example in Appendix C. Figure 4 depicts a portion
of the streets in this tract as well as that portion of COTPA's
Route 2 which extends through the tract. Finally, Figure 5
depicts the census map which corresponds to the streets and bus
route in Figure 4. This is an extract from the "Metropolitan
Map Series" which shows the census tracts, blocks, node numbers,
and other pertinent geographic features.

Figure 5 illustrates the TRANES network coding. The in-
vestigator simply designates the desired bus stops which are then
related to GBF/DIME street intersection node numbers. Once pro-
cessed by the computer, as illustrated in Appendix C, this infor-
mation enables TRANES to access the census information in the
blocks indicated in Figure 5. Finally, the designated bus stops
determine the bus route, and TRANES can summarize the bus stop
data by the total route or designated segments of the route.

Repert Overview

The remainder of this report is organized as follows. A
literature review of bus route demand modeling is presented in
the next section, followed by more information on the bus routes
of the case study system, the Central Oklahoma Transportation and
Parking Authority. The demand model analyses are presented next.
The repcort concludes with a review of potential applications of
TRANES, some of which were demonstrated and implemented as part
cf the research, followed by suggestions for future research.
The Appendices are reserved for detailed explanations in support
of the main body of the report, notably computer programming as-
pects and network coding.
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DETERMINANTS OF BUS ROUTE DEMAND

A literature review of previous work in bus route demand
mcdeling was conducted as part of the effort to apply TRANES to
the same topic. This is briefly reported in the following
sections which emphasize the types of models develop, the types
of data used, specific uses of U.S. Census data in these models,
walking patterns to bus stops, and the accuracy of previously
repocrted models,

Bus Route Demand Models

Menhard and Ruprecht (52) and Yuratovac (90, 95) have re-
viewed the state-~of-the art in bus route demand modeling. Essen-
tially, they identify four types of models:

L Professional judgment,
25 Noncommittal potential ridership surveys,
3 Cross-sectional analysis (models which relate bus

route ridership to level of service wvariables and
socio-economic characteristics of the area served by
the bus route), and

4. Time series analysis (models based on past ridership
trends, largely pivot point and elasticity-based
methods) .

1t seeme evident that TRANES is applicable to both the pro-
fessicnal judgement type of modeling and cross-sectional analy-
sis. In the former case TRANES would be used merely to identify
socio~economic statistics along the routes which, in turn, would
be used by the transit planner to make judgments about the
viability o©f a route and route segment. In this report, of
course, TRANES is used to develop cross-sectional models,

Time series techniques and ncncommittal surveys have no par-
ticular potential for application with TRANES, although TRANES

could be used to augment a noncommittal survey. A number of ir-
vestigators have develcoped time series models, including Benham
(3), Kyte, et al. (Box-Jenkins analysis techniques, 42), and

Gaudry (18). Elasticity methods are a simpler form of time se-
ries analysis in that they predict changes in existing routes
based on the elasticity of consumer response to changes in level
of service factors (e.g., headway) or fare. None of the time se-
rie: mecdels seem appropriate for application with TRANES, in
larye part because the census data set is fixed in time.

Two types of cross-—-sectional bus route models dominate the
literature, those which are patterned after the converntional
four-step travel demand forecasting process, and direct demand
models, Researchers who have investigated four-step models,
which typicaliy include trip generation, distribution, and modal
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spliitv, include Jlorowitz and Metzger (31); Koppleman (40);
Stopher, et al. (72); and UMTA-funded case studies in Cleveland
and Pertland, COregon (891, 92). Stopher, et al., contend that
UTPE can be satisfactorily used for route demand prediction with
the addition of a special program. They reported accuracies in
demand rrediction of * 10 percent and said that their nocel
configuration was particularly suitable for large bus systems.

The dominant <orm of cross-classification bus route demand
model is direct demand, which essentially amounts te an emphasis
on trip generation rather than consumer mode choice. This form
of model is based on socio-economic characteristics of potential
users, hence 1is the model category TRANES is best suited to.
Among the direct demand bus route models found in the literature
were models by Celangelo and Glaze (10), Golerberg and Pernaw
(20), Nelscon and O'Neil (56), and Shortreed (67). Regressicn
analysis predcminates, either in the form of linear relationships
or rrcduct and log relationships between indeperdent variables.

The bus route demand madels in the literature typically pre-
dict dermand ror the entire route or along segments of rocutes. No
models ¢of individual bus stop demand were found, although Hobeike
and Chu (28) report a supply/demand model which is sensitive to
individual bus stops. Some demand models separate peak from
off--peak conaitions. Most models address conventional fixed-
route scrvice but scveral researchers have developed separate
equatione for different types of routes, e.g., radial, cross-
tcwn, and express. TRANES would not appear to be applicable tc
express services since the ridership is likely to come from a
broader coverage area when express routes cater to park-and-ride
situations. In such cases demographic characteristics adjacent
to park-and-ride hus stops are not likely to be relevant.

Trarsit Trip Generation Determinants

Three basic types of input variables predoniinate in existing
bus route demand models: socio-economic characteristics, level of
service, and urban geographical statistics. Socio-economic char-
acterictics typically include population, age, employment, and
household characteristics such as income and auto ownership.
Schmenner (64) devised a model which included race, schools, and
shopping centers.

Level of gervice variables are deominated by the walking die-
tance tu bus stops (reported more fully in a following section),
heacdway, freguency of service, fare (in modal split and elas-
ticity formulations), seats available, presence of transfers, and
alternative competing services. Urban geographical statistics
include route connectivity, service to activity centers, distance
to the CBD, and such urhkan characteristics as city size, age, and
geographic location.

In terms ¢f correlations among variables, it is common to
note cerrelations between household income and auto ownership

11



(L0, 70, and 92). Brown (&) hypothesizes that the presence cof
bus service affects adjacent socio—-economic patterns, in that
people with a propensitv to use transit will gravitate to those
corridors where the service has a high level of service (i.e.,
transit level of service affecte land use patterns). Among the
variables he investigated were age, occupation, income, and auto
cwnership,

Applications of U.S. Census Statistics

U.S. Census statistics are commonly used to provide socio=
econcmic information, invariably census tract statistics. Since
tracts are far too large to be useful for bus route analysis,
investigators typically lay out the bus route or a tract map and
identify that portion of the tract which lies within a specified
distance (typically 1/4 mile) of the route. The tract socio-
economic characteristics are assumed tco be uniform throughout the
tract and factored down to the region adjacent to the route,
Past studies which have used census statistics in this manner
include Fulton (17), Corradino (12, but with traffic zones
instead of census tracts), Guest (23}, Heathington and Brogan
(27), Hobeika and Chu (28), Miller and Millar (53), and Peat,
Marwick, Mitchell and Co. (85, 86, B87). Hunt, et al. (34)
detailed their agpplication of 1980 census data to Title VI
compliance reporting using census tracts, a one-fourth-mile bus
route service band, and interactive computer graphics. The
computer determined what portion of the tracts were included
within the service bands.

Walking Patterns to Bus Stops

Rus stop demand patterns have been investigated by a number
of researchers. Demetsky and ILin (15) report the following bus
stop 1mpact distances as based on a survey of 67 transit
agenrcies: 160 to 2,640 ft. in the CBD and 320 to 5,280 ft. in
outlyving areas. A common rule-of-thumb impact distance is 1/4
mile or 1,320 ft. A synthesis report of bus route guidelines
{77) suggests that bus stops should be spaced 0.25 to 0.375 miles
apart (1,320 tec Z,000 ft.) 1in urban areas (a five minute walk on
average) or up to one mile (5,280 ft.) in outlying areas.

Bus ridership demand as a function of distance to the bus
stor has been investigated by Golenberg and Pernaw (20); Lam and
Morrall (45); Lutin, et al. (48); and Levinson and Brown-West
(4€) . Based on ridership surveys in Hartford, Conn., Levinson
and Brovn-West reported that daily ridership per 100 dJwelling
units decreased about 5 rides for every 100 ft. increase in
distance, and even more with increased auto ownership. Their
stucy of walking distances extended to 1,000 ft.

Lam and Morrall found that in Calgary, Alberta, Canada, 75
percent of the bus ridership lived within 1,476 ft. (450m) of a
bus stop and 95 percent within 2,600 £ft. (800 m). The mean
walking distance was 1,073 ft. (327 m). These distances were

12



tourd to vary a little depending on season of the year and
locatior within the wurban rea. Finally, Lutin, et al.,
determined that 7% percent of bus passengers lived within 1,100
ft. and 100 percent within about 2,000 ft. of bus stops, with a
median distance of 700 ft.

Hsu and Surti (33, p. 456) commented: "Transit accessibil-
ity was the most important factor, while socio-econcmic factors
sucl. as househcld income, automobile ownership, age, and ethnic
factors did not have much effect on transit usage." Later in
this report it was decided to focus on 1,000 ft. as an impact
distance when using TRANES, although other distances extending to
2,500 ft. were alsc investigated.

Accuracy of Bus Route Demand Models

The accuracy of bus route demand models typically is repori-
ed cither in the percent error of direct estimafes of route pa-
tronage, or the ccefficient of determination (R®) of the models
therselves. An approximate rule-of-thumb desired accuracy of de-
mand predictions by route is t 10 percent.

Route demand predictions in Portland, Oregon (91) tended to
be over-estimated, with the over-estimates ranging from 4 percent
to 122 percent and averaging 49 percent. In Cleveland (92) rcute
predicticn accuracy fanged from -~ 12.2 percent to + 58.5 percent.
Alsc in Cleveland R” for varicus model formulations ranged from
0.358 to 0.826,

Shertreed (67) reported that the route demand predictions of
his regression models were accurate to w%}hin + 25 percent by
route. He developed 16 equations whose R™ ranged from 0.55 tQ
0.95. Schmenner (64) develcoped time series equations whose R
ranged from 0.60 to 0.94, with most R”™ exceeding 0.70. Models
developed by Hsu &nd Surti (32, 33) had R® ranging from 0.575 to

0.656. Finally, Yuratovac (95) reported that his predictions of
demand cn segments of routes had percent errors ranging from - 21
percent to + 76 percent, with a total route demand error of - 5
percert, He stated that other routes in his study had errors

ranc¢ing from - 2 to + 8 percent.
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COTPA RUS CVYSTEM CHARACTERISTICS AND ROUTE DEMAND

AL the time of this research in 1982/1983 the Central
Oklahoma Transpertation and Parking Authority (COTPA) maintained
a fleet of 101 buses which had an average fleet age of 3.6€6
years, The fleet included five lift-equipped mini-buses for the
transport of the mobility impaired and four imitation trolley
buses fcr downtown shuttle and charter service.

Seventy-cne lbuses provided regular dailly service along 24
local and twelve express routes. These bus routes are depicted
in Figure 6 and listed in Table 1. The majority of the local
transit routes served the urbanized area of Oklahoma City, it-
self., The routes were interlocked and radial in configuration
with a common downtown transfer location operated as a timecd
transfer pulse service. All of the local routes provided 30 min-
ute headways. COTPA buses logged some 9,937 bus-miles each day,
Monaay through Friday, and 3,550 bus-miles on Saturdays.

Svstem patronage trends are depicted in Figure 7 fecr the
fiscal years 198071981, 1981/1982, and 1982/1983. Patronage had
generally increased from 1980 through 1981 and then declined
thrcughout 1982, 1In late 1982 headways were decreased from one
hour to 30 minutes and patronage increased tc about 11,500 pa-
trons per day in 1983 when the studies of this report were con-
ducted. No significant seascnal trends are evident although pa-
trorage is hichest in the winter months, October to March.

Average daily passenger demand bv route for the first five
montiis of 1983 is depicted in Figure 8 and route load factors are
listed in Table 2. This information was collected by COTPA
personnel (Figure 8 was derived from routine passenger ioading
statistics collected every month) or consultants, By national
transit standards the local routes are relatively underutilized
and some routes were barely justified in terms of demand. The
mwest heavily patronized routes (e.g., routes 2, 3, 4, 5, and §)
tended to be radial routes serving the central portions of the
metropelitan area, usually neighborhoods with concentrations of
low income or minority groups.

No specific surveys of the passenger composition were con-
ducted as part of this research, but a study had been made by ATE
Management & Service Company, Inc., in early 1982 (8). For the
purposes of comparison, a 1980 census profile for Cklahoma City
is presented in Table 3. Oklahoma City had a population of
404,014 in 1980, which was an aincrease of 9.7 percent over 1970.
The population was 80 percent white, 14.6 percent black, 2.6 per-
cent American Indian, and the remainder a scattering of minor-
ities. Oklahoma City is relatively prosperous with a low rate of
unemployment and jobs dominated by the government and service
sectors. The city is the state capitol and the center of a larce
agricultural and petroleum industry service area. The dominant
housing unit is the owner-~occupied single family homre.
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TABLE 1

COYPA BUS ROUTE DESICMATIONS

Route Number Designation
i 1 Garden Day
2 NE 23rd & Miramar
3 Park Estates

~
-

N Walker

5 N Western/Britton

£ 48th & Classen/PenN Square

7 N Penn

g NW 63rd & Tulsa/Shepherd Mall
9 Windsor Hills/Bethany

10 NW 31st & Portland/Crestwood
11 SW 36th & Dumas

i3, S May/ OCCC

i S Blackwelder

14 S Shields/Crossroads Mall

15 Midwest/Del City

L6 S5 Penn

18 NW 23rd &t. Crosstown
20 SE OKC/Crossroads Mall
21 N May .

22 NE 63rd & Eastern/Zoo
23 Norman Express
26 NW Expressway Express
27 Downtown/OUHSC/State Capitol
Z8 First National Bank
Farking Locp

29 I'aia Express
30 Tinker Taxi Express

31 N Robinson/Musgrave
32 Western Electric Express

2 Midwest Miler Express

57 Edmond Express

3R I-40 & Meridian
40 S Walkerx
44 Downtown Shuttle
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TWALBLE 2

rBAK HGUR LOAD FACTORS ON COTEPA BUE ROUTES,
MARCH 1983

Numkber of Number of Number of Load Factor
Loute Trip Seats Passengers Seats/Passengers
1* 3 133 72 .54
2* 4 179 97 .54
3% 2 87 54 «62
4 2 91 27 #30
Gl z 91 ' 63 .69
6 & 90 21 .23
7 Z 91 31 .34
8 z 90 27 .30
G* 4 181 127 .70
10 Z 91 38 .42
11% Z e2 42 .51
lz z 91 39 .43
13 2 91 26 +29
14 3 133 24 .18
1.5% 1 46 47 1.02
le 3 137 40 .29
i8 Z 82 21 .26
19 z 91 19 .21
20 Z 91 14 .15
kX X 45 54 .60
2 2 90 36 .40
23 i 41 17 .41
25% 1 41 19 .46
26* 3 127 10¢ .83
27 P 82 3 .04
28 3 135 28 21
29 z 86 37 .43
30 2 87 25 .29
31 z 91 35 .38
32%- 3 127 54 .43
33 1 45 17 .38
34+ 1 46 11 .24
JqR 2 86 68 T8
38 i 91 25 27
40 i 45 20 .44
44 i z24 6 T
SYSTEM ILOAD FACTOR .41

NOTE: Load facter analysis represents data collected on Wednesday,
March 16, 19£3. Computations were made for all routes, within the
entire systemr, during the A.M. Peak Period from 5:45 a.m. - 9:15
a.m, Trhe selected peak one-hour period was 6:10 a.m. - 7:10 a.m.,
which represents maximum ridership and peak direction (inbound)
only.

* Rcute Load Factcr greater than System Load Factor (.41) plus ten
percent (+10% = ,45) due to heavy concentration of minorities.

+ Reute required & cdifferent time period due to subscription route
szatus. 19



TEBLE 3

10860 CEN3US PROPILE OF SET
CHARACTERISTICS OF CKLAHOMA CITY

nlals

+ED DEMOGRAPHIC

IFV]

Charescteristic Number Percent
Total Pcpulation:
1980 (* oi Lotal) 404,014
1970 (2 of Total) 368,377
Change 35,637 9.7
;\9@:
School Age ({(5-17) 77:.112 19. 1
65 and over 45,3€8 1la3
Mediar 2ge 29.9
Races
White 322,374 80.0
Black 58,702 14.6
Arnerican Indian 10,405 2.0
Ethnicity, Spanish Origin 1. X295 2.8
Househceld Income, 1979 {(Base): 160,442
Less Than $§7,500 38,555 22 2
S10,000-519,999 49,462 30.8
$20,000 and over 19,350 12.1
Median $15,907
Educ, Attainment (Persons 25+): 240,471
liigh School Graduates 82 ;173 34.2
¢r:2 or More Years College 92,005 38.3
Mediar Years 12.7
Cccupation (Emploved Pe:sons 16+): 191,843
Managerial & Prcfessiconal 45,694 23.8
Precision Prod., Craft & Repair 25 ;59T 135 3
Cper., Fabricators & laborers 29,2971 5 3
Industry (Employed Persons 16+) : 191,843
Censtruction 11,485 6.
M:znufacturing 28,894 15
Fetall Trace 32,214 16
Finance, Insurarce & Real Estate 14,732 T
Professioneal & Nelated Services 35,847 18.
Public Administration 16,050 By

(contirued) - o



TABLE 3

1386 CENSUS PROFILE OF SELECTED DEMOGRAPHIC
CHARACTERISTICS OF OKLAHCMA (Continuved)

Characteristic Number Percent
Totel Housing Units (Year Round) : 177,088
Single Family 123,543 54,8
Multi-Family (3+ Units) 42,248 239
Moubile Home 4,377 245
Total Households (100% Sample) s 160,002
Owner QOccupied 101,192 63.2
Median Value (Specified Units) $40,100

Houscheold Size:

1 & 2 Persons 98,050 61.2
5 or More Persons 14,837 9 3
Avorage 2.48

Sourcc: 0Office oi Research and Econcmic Development, Community
Develcpmernt Department, City of Oklahoma City, Oklahomrma.

. &



ATL did a random telephone survey of 900 Oklahoma City met-
ropuiiten area residents in Februvary 1982 (8). They determined
that COTPA had an unusually low user incidence rate; twelve per-
cent of the adults surveyed had used COTPA services in the
prececding twelve months. They attributed this to the low popu-
lation densities in the sprawling metropolitan area and a "fron-
tier" mentality which made most residents covet the mobility
advantaues of their automobiles

The results o the telephone survey are summarized in Table

4 for demographic categories similar to those of Table 3. The
statistics are separately listed fcr "frequent users," "infre-
quent users," "poteutial wusers," and "staunch non-users" as

defined in the table. ATE characterized the typical frequent
COTPA patron as under 35 or over 55 years in age, female, white,
inceme iese than $20,000 per vyear, unemployed or engaged 1in
service or clerical work, working downtown, and more likely than
not to have a driver's license and access tc an automobile. The
dominant trip purposes among frequent users were for work (71
percent) and shopping (29 percent).

Infrequent or potential users were much more likely to be
uremployed and they cited economic necessity as reasons for tak-
ing the bus. These users were much less likelv to be employed
dowrtcwr, the node of greatest accessibility in the COTPA net-

work. Staunch non-users had higher incomes and more education.
They cited service inferior to that of their automobile as the
dominant reascn why they refused to use the bus service. Some 72

percent of the staunch non-users stated that there were no
service changes CCOTP2 could make which would influence them to
ride the bus.

22



TABLE 4

DEMOGRAI’'HIC PROFILE C()MP}".R1&3()1\.“3"f

Frequent Infrequent Poteritial Staunch
Users Ucers Users Mun-Users

{N = 56) (N =61) (N = 75) (N = 708}
Sex:
Malie 30% 43% 51% 50%
Female 70 57 49 50
I e(cH
Under 25 29% 24% 21% 21%
25 to 34 29 24 1 25
35 to 44 8 10 14 13
45 tc 54 8 12 11 14
55 to 64 8 6 12 12
65 or over 16 22 31 13
No Response 1 2 1 4
Whilte 06% 67% 75% 86%
Rlack 29 26 i2 6
Hispanic - - - 1
COriental 2 -~ 3 -
Cther 4 5 1 2
Refused 2 2 3 4
Household Income:
Under $10,000 25% 6% 32% 10%
$10,000 to $14,C00 20 23 11 12
$15,00C tc $19,99¢ 8 14 17 11
$20,000 to $24,999 13 14 o 14
$25,000 or over 18 18 17 36
No Response 17 26 15 17
Education:
Some High Schocl/Loss  32% 21% Z1% 14%
High 5School Gracuate 30 41 28 35
Sorme Tollege 20 15 27 26
College Crad./Plus 16 18 17 o2
No kesponse 2 5 5 3
{cont inued)
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TABLE 4

*
DEMOGRARIIC PKOFILE COMPARISONS icontinued)

Frequent Infrecuent Potential Staunch
Users Users Users Non-Users
(N = 5¢) (N =61) (N = 75) (N = 708)
Enployment :
Full-Time 59% 49% 33% 57%
Part~Time 13 10 12 9
Unemp Loyed 29 38 53 31
No kesponse - 5 1 3

Occuration:
s - ——allie. - ——

Professioral /Technical 7% 10% 12% 13%
Managerial 11 7 7 10
Clerical 29 13 5 14
Sales Z 2 - 7
Craftsmen/Foremer 2 7 4 8
ratives 2 7 7 4
Laboirers 4 3 - 2
Service/ilcusehold
Workers 16 12 5 4
Not Employed 29 38 53 31
Ne Pesponse 2 5 1 3
Employment Location:
Downtovn 41% 30% 16% 15%
Outlying Area 30 30 27 51
Nt Frployed 28 38 53 31
No Response S 5 4 3
Length cf Area
Residence:
Less Tharn & Months - 4% 5% 2%
6 Months to 1 Year a% 3 1 4
1 te 2 Years 5 10 i 8
3 to 5 Years 8 3 9 4
5 1o 10 Years 15 2 9 10
10 Years or More 63 76 68 69
Driver's License
Posscession:
Yes 60% 90% 80% 94%
N¢ 34 8 17 5
No Responsa L 2 :E 2

(con*inued)
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TABLE 4

*
DEMOGRAPITC PPRPOFILE COMPARISONS fcontinued)

Frequent Infrequent Potential Staunch
User:s Users Users Nen~-Users
(N = 56} (N = 61 ) (i = 75) (N = 708)
Car svailability:
Yes 61% 80% 72% 93%
No 4 10 8 |
No Arswer/No
Drivers License 34 10 19 6

Houschold Composition:

Married Ccuple
Single Male
Single Female
Roomrates
Othei

Pefused

Presence cf Children

Acer L5 Or Youngers

Yes
1]
Refused

34% 46% 47% 60%
9 10 17 10
3¢ 20 23 15
£l 13 5 4
13 10 7 7
- 4 2 4
39% 43% 21% 28%
59 56 75 70
2 Z 3 2

*
Telephone survey of 900 Oklahoma Cily metropolitan area residents conducted

in Pebruary 1982,

Frequent User;

Infrocuent User:

Potertial User:

Staunch Ner-User:

Hos ueed the bus 24 or more days in the 12 months pre-
ceding the survey.

lies used the hus between 1 and 23 days in the past 12
months,

Has not used the bus in the past 12 menths but expresses a
definite or prcbable intention to use the bus during the
next 12 months.

&s not used the bus during the past 12 months and expres-
ses a definite or probable intention not to use the bus
during the next 12 months. 7

Reference 8, pp. 95-597.
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BUS ROUTE DEMAND ANALYSIS WITH TRANES

Network and Demand Lata Development

Two data sets were created as part of the effort to develop
bus route demand mocdels based on census data and TRANES. The
firct data set was derived from census block data. The nine
variables of Table 5 were taken from the STF1 gummary tape. Al-
theugh they do not include all of the demographic statistics
which can likely be correlated with bus route demand, they repre-
sent what i1s available at the census block level and, hence, what
could be directly accessed by TRANES.

in crder to broaden the list of variables availabkle for
analysis, manual compilaticon was undertaken of additional census
variables on the STF3 cummary tape. The selected variables are
listed in Table 6 . These variables are tabulated only to the
census tract and census block group level. For eight representa-
tive COTPA rcutes this data was maruvally determined by first
identifying what fractions of each block group were within 1000
ft. of <¢ach bus stop along the eight routes using census tract
mape. Then, assuming that the block groups were homogeneous in
demcgraphic character, the variables in Table 6 were determined
for cach bus stop using the data from the STF2 tepe.

Two types of models were considered, models based cnrn total
route statistics and models based on bus stop demand patterns.
The census variables in Tables 5 and 6 were correlated with route
and bus stop ridership. For the total route models the average
daily ridership on 23 local COTPA routes was derived from 12
months ¢I operating statistics cocllected in 1982 and 1983 (Figure
8). -

Eight representative local routes were sclected for the
analysis of transit demand at individual bus stops. These
routes, numbers 2, 5, 8, 9, 11, 13, 18, and 40, are depicted in
Figure 9. The routes were selected as being representative of
all the local routes, particularly in terms of the urban corri-
dors they served, and for being spaced far enough apart sc that
theve zrcutes did not compete for passengers along substantial

portions of their routes. Four of the routes were "interlocked,"
which mecans that the same bus traverses twe routes, changing
route numbers in the CBD. This proved to be a convenience for

the student assistants who were observing passenger boardings and
couid compile data on two routes while riding the same bus.

Bus stop boardings and departures were determined manually
by havirg observers ride the eight selected bus routes fcor three
daye in April and May 1983. Statistics for 372 bus stops were
collected anc at least one-fourth of all the riders using the
eight selected rcutes on the three analysis days were observed.
On tour nf the routes half of the daily patronage was observed.
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TABLE 5

CENSUS BLOCK STATISTICS EXTRACTED FROM
THE STF1 CENSUS TAPE

1. Total Populaticn
2 Totel black population
3. Total population under 16 years
4, Total population over €4 years
5 Total housing--owner occupied
6. Total housing-=-renter cccupied
7. Total housing=-=-value less than $15,000
8. Total housing--value $15,000 to $34,999
i Total housing--value over $35,000
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TABLE 6
CENSUS BLOCK GROUP STATISTICSE EXTRACTED FROM

THE STF3 CENSUS TAPE

RACE: R1: Total white population
RZ: Total black population
k3: American Indian, Eskimo, Aleut Population
R4: Asian and Pacific Islanders
R5: Others (including Spanish surnames)

AGE: Al: 0 to 15 years
AZ2: 16 to 24 years
A3: 25 to 34 years
Ad: 35 to 64 years
AS5: Ovexr 65 years

FAl: Females only, 0 to 15 yvears
PAZ: Females only, 16 to 24 years
FA3: Females only, 25 to 34 vears
FA4: Females cnly, 35 to 64 years
FA5: Females conly, Over 65 years

GCCUPATION : 0l: Executive, administrative and managerial
0z: Professional, specialty
03: Technicians and related support
04: Sales
05: Clerical, administrative support
06: Private houschold service
07: Protective survice
08: Machine operators, assemblers, inspectors
09: Transportation and material moving

MOUSEHCLL INCOME: H 1 (31 $0 to $10,000
i2: $10,000 toc $15,000
I3: $15,000 to $20,000C
I4: $20,000 to $25,000
I5: $25,000 to $35,000
I6: $35,000 to $50,000
I7: Over $50,000
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The survey form depicted in Figure 10 was used to collect
the passenger boarding information. The bus stop boardings were
linted to the TRANES ncde numbers by using the form depicted in
Figure 11. The informaticn from the Figure 11 feorms constituted
the boarding data for the bus stop demand analysis work,

Finally, two types of statistical analyses were employed.
Cre was step-wise regression analysis. The other was principal
compornents factor analysis with equamax orthogonal rotation.
Factor &nalysis was used to reduce the census variables to a set
of factors which would indicate the fundamental structure of the
relationships among the census variables. A demand model would
then be based cn these factors which, in turn, should identiiy
the key determinants of demand.

Factor analysis is fairly commonly used in transporta-
tion analysis, particularly in the analysis of census statistics
or other data sets with large numbers of variables, such as UMTA
Sectior 15 performance measures (references 13, 14, 24, 57, 58,
93). For example, Guseman, et al. (24) appIied factor analysis
to transit level of service attributes in Beaumont and Waco,
Texas. Constantino (13) related census tract statistics to tran-
sit attributes, yielding regression equations whose coefficients
of determination (R”) ranged from 0.47 to 0.74. Perle, et al.
(57, 58) used factor analysis to identify trip generation deter-
minants based on census statistics adjacent to proposed rail
rapid transit stations in Detroit., A factor analysis text by
Cuertin (22) was used as reference for the following analysis and
the factor analysis programs of the SAS Institute, Inc. ("Statis-
tical Analysis System") were used for the computational analysis.

Analysis with U.S. Census Block Data (STF1)

As a first step in the analysis of COTPA route demand, the
average daily ridership on 23 COTPA routes was directly correlat-
ed with the nine STF1 census variables of Tables 7 and 8 for
distances of 1,0CC ft. and 2,500 ft., respectively, from the bus
stops.

A plot of total population within 1,000 ft. of the bus stop
versus average daily passenger route demand is depicted in Figure
12, Similarly, total population within 2,500 ft. of the bus

stops versus route demand 1is depjicted in Figure 13, The
correlation was very weak, with an R” of only %.15. It was even
weaker for total population within 2,500 ft.; R™ = 0.05.

Normalizing the census variables before doing the regression
analysis improved the correlations to some extent. The nor-
malization consisted of subtracting the mean of each variable
from each variable cbservation, and dividing this by the standard
deviation of the variable set. With this done, the following re-
gression equations were determined for total population within
1,00C and 2,500 ft. of the bus stops along the 23 routes:
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TABLE 7

1980 CENSUE TABULATION TOTALS BY ROUTE
WITHIN 1,000 FEET OF BUS STOPS

COTPA  Riders

Route  per Census Variable*
Month 1 2 3 4 5 6 7 8 9

1 436 4100 2354 403 84 38 267 34 2647 411
2 716 4835 2482 693 135 319 427 64 3049 735
3 £47 2303 1069 397 65 74 =74 59: 1356 435
4 478 4024 1787 799 76 162 455 29 2331 754
5 676 4316 2978 868 63 41 150 107 3883 1017
351 5237 2615 978 127 98 557 68 3351 853
7 409 2536 1496 472 45 27 191 25 1950 424
8 €64 5309 3450 803 48 65 357 37 4037 762
9 439 €702 4305 1228 140 176 ) 126 5503 1410
10 364 2731 1306 959 712 69 519 45 1920 868
11 505 4537 3627 383 95 61 16l 96 4114 545
12 447 4548 3047 578 121 125 255 62 3594 654
13 447 3269 2231 547 69 3t 143 51 2804 646
14 214 1553 1318 127 24 3 39 45 1460 189
16 236 2820 1819 291 84 84 211 32 2040 303
18 109 4914 3723 818 88 43 92 95 4677 1042
1¢ 237 2913 1620 794 74 28 158 63 2414 821
=0 261 3953 2931 524 69 31 160 47 3434 594
a2 445 6043 2267 1117 125 241 876 48 2799 861l
27 80 2083 875 460 46 36 261 21 1241 318
31 =90 2543 1106 641 45 99 ~68 49 1626 665
B, 329 2794 1943 278 64 a1 172 74 2232 405
40 320 3192 2109 28 61 92 164 43 2499 434

* 1, Total Populaticn Housing - Total renter occupied
Housing Values - Less than $15,000
Housing Values - $15,000-$34,999

. Housing Values - Over $35,000

. Population - Negro

U

Population- Under 16 years old

W W J O

= O%

Pcrulation - Cver 64 years old

93]
i

Housing -~ Total owner occupied
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TABLE 8

1980 CENSUSZ TABULATION TOTALS BY ROUTE
WITHIN 2,500 FEET OF BUS STOPS

COTPE  Riders

Route  per Census Variable*
Mor:th 1 2 3 4 5 € 7 8 9
1 436 11623 7274 1121 223 287 628 203 8300 1320
2 716 9482 5284 1295 256 504 766 112 6449 1312
3 547 5936 2485 1071 146 242 754 98 3221 922
i+ 47¢ 6495 3315 1150 132 202 627 83 4125 1185
3 67¢ 14050 10755 2024 266 141 358 346 13022 2642
b 351 7859 4442 1489 175 111 642 113 5705 1452
7 40¢ 5447 3044 1013 98 130 434 55 4018 877
£ 664 €981 6172 1278 101 12 478 80 7238 1292
9 439 17142 10458 2824 351 684 1029 278 12959 3058
10 384 6351 3173 1369 149 86 610 89 4253 1370
11 505 12288 7918 1705 230 316 811 196 9432 1853
12 447 12327 8158 1873 259 239 647 190 9932 2115
12 447 11145 8091 1534 230 217 411 228 9738 1936
14 314 4303 3385 493 76 44 127 98 3946 662
16 236 8650 5498 1112 187 163 630 113 6434 1068
18 109 12048 8182 2032 259 169 S25 215 10284 2445
18 237 10898 7188 2030 219 179 460 189 9258 2169
20 261 10486 6794 1625 251 141 637 104 8lel 1761
22 445 1€133 8188 2348 348 586 1532 152 9766 2002
27 80 5010 1971 935 94 165 498 49 2639 759
31 29C €383 3668 1228 102 159 473 82 4703 1288
38 328 12055 7283 1857 248 302 1029 228 8777 1787
40 320 6712 4391 1040 136 153 339 99 5421 1096
* 1, Total Populaticn 6. Housing - Total renter occupied

2. Population - Negro 7. Housing Values - Less than $15,000
3. Population~- Under 16 years old 8. Housing Values - $15,000-$34,999

4. Population - Cver 64 years old Y. FHousing Values - Over $£35,000
5

. Housing - Total uwner occupied
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AVERAGE DAILY RIDERSHIP PER BUS ROUTE
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1,000 £t.: y = 30.20 - 0.04 x, R = 0.346

2,500 ft.: y = 30.50 - 0.04 x, R™ = 0.354

where: y = normalized average daily ridership by route,
x = normalized total population.

The negative signs on the total population variable indicate that
these are not logical models. Forcing all nine of the Table 5
eriables into the regression equation of 1,000 ft. improves the
R” to 0.742. This is a respectable correlation but the resulting
equation 1is large, cumbersome because the variables are nor-
malized, and the coefficients tend to be negative. gowever, this
equation is comparable in performance, in terms of R®, to many of
the bus route models found in the literature survey.

Total population is a significant contributor to this re-
gression equation (95 percent degree of confidence), as is total
population over 64 years of age, and total owner-occupied and
rental housing. Total population and population over 64 years
enter the equations first in step-wise linear regression.

The corresponding regression eqq?tions for 2,500 ft. dis-
tance from the bus stops yielded an R” of only 0.476 when all 9
variables were forced into the equation. Total population was
the only significant contributor to this equation.

Factor analysis was conducted on the nine Table 5 variables
for the 372 bus stop demand data set. This was relatively unsuc-
cessful, too. The analysis yielded three factors, but all nine
variables loaded heavily onto the first factor which explained
56.4 percent of the total variance in the data. This is indica-
tive of a poorly defined variable set. Applying the three fac-
tors to a regression mogel where the dependent variable was bus
stop demand yielded an R™ of 0.177.

In summary, it was not possible to develop an entirely
satisfactory bus route demand model for Oklahoma City with just
the variables 1in Table 5, the STF1 census block data. The best
indicator variable was total population, which suggests that
simply using TRANES to count population along the routes can be
useful for evaluating new or existing routes.

Analysis with U.S. Census Block Group Data (STF3)

Factor analysis was performed on the variables of Table 6
and the 372 bus stops for eight routes. Deleted from the analy-
sis were bus stops with no boardings at all and bus stops with no
population within 1,000 ft. (typically, downtown bus stops). On-
ly inbound passenger loadings were considered. This was done
because unsatisfactory factors were obtained when using all the
data.

The factor analysis yielded five factors as indicated in Ta-
ble 9. Different variables loaded ontc each factor, suggesting a
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TABLE 9

ROTATED ORTHOGONAL FACTOR LOADINGS

Variable Factor 1 Factor 2 Factor 3 Factor 4 Factor
Race:
R1 0.11188 0.91356 0.05785 0.11918 0.17960
K2 0.00431 -0.93572 0.07611 -0.14735 -0.11267
R3 -0.29347 0.11513 ~0.,45758 0.13369 -0.29421
k4 0.10171 0.02364 0.03298 0.41803 ¢.09399
k5 -0.35228 0.17524 -(.23331 -0.18225 ~-0.03744
Al ~0.40555 ~-0.07121 0.19667 -0.57598 0.36306
R2 -0.38278 0.05657 0.60626 -0.32786 -0.10765
A3 0.25594 0.46708 0.54983 0.06758 0.02086
Ad 0.06592 0.26111 ~0.00967 0.01863 0.88117
A5 ~(.16690 0.08355 ~0.05627 0.84256 0.00402
Female Age:
FAl -0.4C174 -0.00194 0.11166 -0.59406 0.40165
FAZ ~0.35842 0.01924 0.70638 -0.29231 0.03716
FA3 0.25950 0.47346 0.48831 -0.10915 0.10368
FR4 0.11927 0.24078 0.11349 0.00890 C.85746
FAS5 -0.12422 0.04395 0.00027 0.86286 -0.0293¢
Occupatior:
01 0.66890 0.43200 0.28961 0.12087 0.19835
02 0.69123 0.22232 0.37459 0.18317 0.15088
03 0.24835 =0.11062 0.47492 -0.02266 0.34251
04 0.54160 0.48507 0.41300 0.21694 G.18489
05 0.32781 0.26390 0.66289 0.16210 0.07537
06 -0.12353 =0.26405 0.28345 0.19852 -0.23503
07 -0.32111 -0.40611 -0.11752 0.00887 0.61026
08 -0.41974 0.56094 0.12112 -0.27550 0.16517
09 -0.62370 0.12902 0.02015 0.12321 -0.01654

Houscehold

Incore:

i ~(.46811 -0.21814 -0.43513 0.52969 ~0.03155
12 0.02212 0.45817 0.35297 0.39007 0.23884
13 0.14773 0.28967 0.49440 0.36076 0.28681
14 0.33878 0.37099 0.49072 ~0.0958C 0.25757
I5 0.56587 0.31081 0.35345 ~-0.08926 0.33465
I6 0.58589 0.2975¢6 0.23612 0.C5710 0.10867
I7 G.€0885 0.278%2 -0.02063 0.06565 0.05380
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more satisfactory data set. Furthermore, the factors could be
characterized in a plausible manner, based on a telephone survey
cf COTPA patrons conducted in 1982 and presented previously in
Table 4., The characterizations, indicated below and in Table 10,
tend to reflect COTPA patronage:

Factor 1: High income professionals,
Factor 2: Race,

Factor 3: Youthful non-professionals,
Factor 4: Elderly,

Factor 5: Middle-aged.

Thecse five factors explained 60.9 percent of the total vari-
ance in the data set. No one factor dominated. Interestingly,
the first factor could be characterized as high income profes-
sional and managerial persons. In fact, a comparison of the sta-
tistics in Table 6 (1980 census profile for Oklahoma City) and
Table 4 (ATE survey of frequent riders of COTPA) indicates that
the bus service does attract nearly its share of professionals
and managers.

The other factors seem to reflect the ridership composition
noted by ATE: the "typical" patron tends to be female, white,
under 35 or over 55 years of age, clerical, ana works downtown.
Factor 2 1is strongly loaded by the total white populaticn (R1),
and negatively loaded by the black pcpulation (RZ). The clerical
occupation (05) lcads onto Factor 3, and females lcad heavily
ontc lactors 3 (FAZ--females aged 16 to 24), 4 (FAS5--females aged
£5 snd over), and 5 (FA4--females aged 35 to 64).

The five factors identified in Table 10 were then used in a
step-wise regression analysis where inbound passenger loadings
per bus stop was the dependent variable. The travel time from
each bus stop to the downtown transfer station was included as an
additional independent variable. BAll of the factors and travel
time were normalized in the manner indicated previcusly. The
results of the step-wise regression analysis (using the SAS
programe} are presented in Table 11.

All of the factors, except factor 2 ("race"), proved to be
highly signiiicant contributors to the regression equation. The
final equation yith all of the factors except factor 2 and travel
time had an R™ = 0.55. The order in which the independent
variables entered the regression equation is as follows: factor
5 ("middle-aged"), factor 1 ("high income professionals"), factor
3 ("youvthful non-professionals"), factor 4 ("elderly"), and
travel time. Travel time was a marginally significant
contributor to the final equation, as indicated in Table 11.

This was the best bus route demand model prcduced by the
study. It was interesting that demand could be correlated to in-
dividual bus stops, although the correlation was mediocre.
Actually, S%Pce past bus route demand models cited in the liter-
ature had R” ranging from as low as 0.355, this bus stop model
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INTERPRETATION OF

TABLE 10

ROTATED ORTHOGONAL FACTOR LOADINGS

FACICR 1 FACTOR 2 FACTOR 3
High Income Race Youthful Non-
Professionals Professional
Var. Loading var. Loading Var. Loading
02 0.69 R2 -0.94 FA2 0.71
01 0.67 R1 0.91 05 0.66
0¢ -0.62 03 0.56 A2 0.61
17 0.61 A3 0.55
I6 0.59 I3 0.49
15 0.57 14 0.49
04 0.54
% of variance % of variance % of variance
explained: explained: explained:
14.7 13.3 12,3

FACTOR 4 FACTOR 5

Elderly Middle-aged

Var. Loading Var. Loading

FaS 0.86 Ad 0.88

A5 0.84 FA4 0.86

FAl -0.59 07 0.61

Al -0.58

I1 0.53

% of variance % of variance

explained: explained:

10.9 37

Total amount of variance explained: 60.9

Only those variables with loadings greater than * 0.5 are listed above for

each factor,
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TABLE 11
REGRESSION EQUATION FOR BUS STOP DEMAND USING

FACTORSE AND TRAVEL TIME TO CBD

Independent Significance
Variable* Coefficient t-statistic Level
Intercept 0.0231

Fl 0.02€8 7.04 0.0001

F3 -0.0327 -8.04 0.0001

F4 «0.0132 -4.46 0.0001

F5 ~0..0237 =~6.20 0.0001

T 0.0014 Lt 0.0880

All of the dependent variables are normalized by subtracting
from each the mean value of the variable, and dividing by
the standard deviation of the variable.

Fl1, F3, F4, and F5 are the factors, normalized, of Table 10,
while T is the normalized total travel time from each bus
stop to the CBD.

The dependent variable is inbound passenger loadings per bus
stop.

R? = 0.55
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performarce 1is encouracing. Models of entire routes or route
segrents should do better statistically than a model of bus stop
demand.

It seems doubtful if better statistics could be obtained
from the Oklahoma City patronage, but the study indicated that
similar model approaches are worth investigating in other
metropolitan areas, particularly areas with substantially greater
transit demand. However, the need to manually collect some of
the census statistics to some extent defeats the purpose of an
automated program such as TRANES.

Conclusions

An entirely satisfactory or convenient bus route demand mod-
el hased on TRANES census statistics was not obtained with the
Oklahoma City data. Inherent to the application of TRANES is the
assumpticn that demographic statistics can be related to patron-
age if the statistics include those patrons living very near to
the bus stops and for whom the transit level of service is par-
ticularly good. However, the straight-forward application of
TRANES to cersus data directly accessible by the program (STF1
tape) uncovered at best a weak positive correlation, largely with
total population residing within 1,000 ft. of the bus stops to
average daily route patronage.

Augmenting the census data with manually collected block
group statistics from the STF3 tape significantly improved the
correlation of census statistics with demand, although the sta-
tistical techniques are complex. However, two significant posi-
tive results were obtained. First, it was possible to correlate
individual bus stop passenger loadings with census data. This
implies that one useful application of TRANES is the development
and modification of bus stop locations, including route ex-
tensions cr deletions. Bus stop location is determined by a num-
ber of factors, but consideration of the demographic profile of
the adjacent neighborhood appears to be a worthwhile exercise.

Second, the factor loadings had some correspondence with a
previous direct survey of passengers. This reinforces the utilii-
ty cf demographic surveys of passengers anc suggests that TRANES
can be one aspect of a marketing program to promote transit.
TRANES can be used to identify the locations o©of those patrcns
most likely to use transit, or confirm the wvalidity of route
plars intended to address specific markets. As an example based
on the findings noted above, consider factor 1, high inccme pro-
fessionals. Although these patrons typically &are not attracted
to bus transit, the fact that they appeared as a factor suggests
that when the level of service is high enough, they will ride the
bhus, In this case, these patrons lived very close (1,000 ft. or
less) to a bus stop where a bus would take them directly to the
CEC. This cculd be addressed in design efforts to develop bus
services attractive to these people. An option would be an ex-
press bus service which tours neighborhoods with these demograph-
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ij¢ characterisztics and then proceeds directly to the CBD. This
is hardly a new 1idea, but TRANES may be a useiful design tool in
thic regard.

Other applications for TRANES are suggested in the following
section, with case study applications. Based on the Oklahoma
City experience, it was not possible to devise a simple model to
forecast patronage, but that does not mean that total population
cour.ts along routes or compilations of other demographic statis-
tics are not worthwhile. Furthermore, demand models derived from
TRANES may prove more feasible in larger cities and/or cities
with higher levels of per capita ridership. 1In this regard, the
findings in this study which correlated bus stop patronage to
census statistics are particularly encouraging.
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CASE STUDY APPLICATIONS OF TRANES

Ir addition to the demand analysis studies reported in the
previous section, TRANES was applied to several different types
of practical studies in the Oklahoma City metropolitan area.
Three cacse studies are reported below: the use of TRANES to doc-
ument population and socio-economic characteristics along exist-
ing COTFA bus routes, the analysis of new bus rcutes in suburban
Norman, and the use cf TRANES to satisfy Title VI reporting re-
quirements.

Demographic Reports by Bus Route

TRANES was used to develop demographic tables for each of
the 23 conventional bus routes operated by the Central Oklahoma
Transportation and Parking Authority (COTPA). The metropolitan
area served by the fixed-route bus system had a population cf
abcut 650,000 people in 1980. Within this area there were about
8,000 census blocks, 24,000 street links and 835 transit stops.

The TRAKES programs used in the project have a theoretical
capacity of 32,000 links, but it turned out that the network of
24,000 links could not be handled by the precgrams. Outlying
counties in the metropolitan area, which bad little or no bus
service anyway, were discarded from the network, which reduced
the TRANES network to 14,000 links. This network worked fine in
the computer compilations.

Of primary interest to COTPA were demographic reports for
each of these lines. Nine populatien and housing variables,
listed in Table 5, were extracted from the STFl census tapes, and
consisted of block-level statistics which could be directly ex-
tracted by the TRANES program. Bus stop and line summary reports
were produced for each bus route at distances of 200 feet and
1,500 feet frcm each bus stop.

Potentially, this information can be used in the analysis of
the market area covered by each route and applied to the design
of new routes or modifications to existing routes., Such modi-
fications could include changed bus stop locations, route ex-
tensicns, and route deletions.

Two specific case studies of bus route design and analysis
were carried out with the TRANES programs, the preliminary design
of new bus routes in Norman, Oklahoma, and the development of
Title VI reports for COTPA. These are reviewed in the following
sections,

Norman Bus Route Analysis

Norman, Oklahoma, is a city of 74,000 pecople located within
the metropolitan area of Oklahoma City. About 27 percent of the
population consists of university students and 10 percent are 65
yvears of age or greater. Norman was separated from the Oklahoma

45



City metropol-tan network noted above and separately coded.

The: city or Norman has 193 square miles, but only the central
20 census tracts encompassing 12 square miles, were included in
the network coding. These tracts are indicated in Figure D-1 of
Appendix D. This appendix alsc provides the TRANES node
equivalency tables for all 20 census tracts. There were some
2,800 street links in the network used to
develcop bus rcoutes for Norman.

TRANES was used toc investigate the feasibility of expanded
bus service in Norman, the expansion consisting of an augmenta-
tion of the campus bus service of the University of Oklahoma in
Norman., The campus service applied for UMTA funding for the
first time in 1983, and one of the requirements cf Federal fund-
ing is that the trensit system services the general population,
not just a portion such as university students and staff.

The demographic characteristics of eight potential routes
were explored using TRANES. The same variables listed in Table 5
were used, with emphasis on total population, populaticon under 16
yvears of age, population greater than 64 vears of age, and
renter—-occupied housing. These statistics were compiled for dis-
tances of 1,000 and 1,800 feet from proposed bus stops. Student
assistants familiar with coding TRANES for Oklahcma City found no
trouble in developing the Norman network.

The advantages cf TRANES were evident: it enabled the easy
preparation and analysis of many bus route alternatives and
provided useful summary statistics. Per capita ridership levels
borrowed from Oklahcoma City were used to estimate demand levels
for each route. This information, in turn, was used to estimate
revenues for the service based on alternative fare structures
which included discounts for the young and elderly.

TRANES is not a complete substitute for manual inspection of
census maps and land use maps, but it proved to be a significant
time-saver in evaluating route options. A manual survey of cam-
pus routes done a year previous to this work tock an estimated 80
percon-hours to plot a 10 percent sample of all student addresses
on street maps (40 hours) and identify major apartment locations
(ancther 40 hours).

In a university environment it is important to identify
apartmert concentrations with large numbers of student residents.
Developing new bus routes with TRANES amounted to a preliminary
inspection of land use maps and other sources of student and el-
derly resident lccation information, and the sketching out of
routes for processing by TRANES.

Title VI Reporting Requirecments

Title VI of the U.,S. Civil Rights Act of 1964 states:
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"N¢ person in the United States shall, on the grounds of
race, color, or national origin, be excluded from participa-
tion in, be denied the benefits of, or be subjected to dis-
crimination under eny program or activity receiving Federal
financial assistance."

In terms of transit service this 1is interpreted by UMTA to mean
that the services available to minoritv groups are comparable to
those ¢f the general population. UMTA also requires that transit
route load facteors identify those routes with concentrations of
minorities. Finally, UMTA requires an enumeration of acces-
sibility wvia transit to employment, shopping, medical, social
services, and educational opportunities in terms of travel times
fcr minority and non-minority populations. This informaticn is
to be obtained from representative sample census tracts,

Title VI reports need tc be submitted once and then updated
annually if significant changes in transit routing or other as-
pects of transit service planning and provision have changes. In
1983 COTPA staff members compiled a thorough Title VI report.
Although no records were kept of the staff efforts involved, the
eftort involved several staff persons devoting most of their time
to the task over a period of several weeks. All of the tabu-
lations were done manually using print-outs of census statistics
and census tract maps.

The TRANES programs were run with the COTPA bus routes as @
case study. Twenty-three local transit lines were coded for
TRANES with a transit stop at every other census block. The pro-
gram was run with the first twelve transit lines and then the re-
maining eleven transit lines to conserve on ccmputer execution
times.

Interesting enough, the minority populations served within
the transit service area were higher than anticipated, and higher
thar the manual tabulations done a year previously. According to
the 1980 census, approximately 370,000 persons live within the
COTFA transit service area of which 167,460 persons or 44 percent
live within 1,500 feet of a transit stop based on the TRANES re-
ports. The results of TRANES showed that the Black populaticn
served was 26,478 persons or 37 percent of the Black population
living within the transit service area, the American Indian pop-
ulatiocn served was 3,435 persons or 24 percent of the American
Indians living withing the transit service area, the Asian and
Pacific Islanders served was 3,888 persons or a surprising 89
percent of the Asian and Pacific Islanders 1living within the
trarsit service area, and finally, the Spanish Origin portion of
the population served was 2,303 persons or 16 percent of the per-
sons of Spanish Origin.

The TRANES output should be more precise than a manual de-
terrmination since TRANES counts census block statistics within a
specified distance of the bus stops while manual techniques as-
sulie that the tracts are homogeneous such that census statistics
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are directly proportional to the fraction cf the tract area with-
in a specific distance of the bus stop. Manual work also 1is
prone tc errors in tabulation given the magnitude and tedium of
the task. Ancther advantage is that revised reports are easy to
produce when route chances are made.

The disadvantage of using TRANES, apart from the effort in-
volved 1in getting the information system data base developed,
lies principally in the suppression of census data at the block
level. Minority group statistics will be suppressed if fewer
than 15 individuals reside within the record categorv--the
block-- hence, thinly scattered minorities will be under-reported
by TRANES. It is likely, for example, that TRANES under-reported
the American Indian population (26 percent of the population in
Oklenoma City), residing near bus lines.
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OTHER POSSIBLE APPLICATIONS OF TRANES

The case study applications of TRANES presented 1in the
preceding section should be sufficient to justify the addition of
TRANES to the computer-based capabilities of most transit
agercies, particularly those at 1least as large as COTPA, the
transit operator in Oklahoma City. A number of other possible
applications are reviewed below.

Successive Overlays

The analysis and interpretation of graphical depictions of
urban area statistics was promoted for planning purposes by
McHarg (50), among others. Corradino, et al. (12) advocated the
successive overlays technique for small city transit planning, as
do Miller and Millar (53). TRANES, in fact, has been used to
generate graphical depictions of potential transit ridership in
Cclorade Springs, Colorado (11). The project consultant devel-
cped a computer program which converted TRANES-generated demo-
graphic informatien within 1/4 mile of bus stops to 1,000 ft. by
1,000 ft. subareas of the metropolitan area. The demographic in-
formation included total population, minority population, popu-
lation over 65 years of age, low income households, households
without cars, and handicapped population. The maps of these sub-
areas depicted the extent to which the transit service was meet-
ing the needs of potential users. The consultant concluded that
"this represents the most detailed market segmentation evaluation
presently available, given current computer software capabil-
ities.”

Route Modificatiorns

As indicated previously, TRANES should be useful in planning
bus route modifications, particularly those that entail the addi-
tion or deletion of bus stops. Larger transit agencies such as
the Chicago Transit Authority may make 10 to 20 such route
changes a year, and such modifications may invoive several weeks
of staff analysis and preparation (77). In this report TRANES
was shown to be sensitive to individual bus stop demands, and the
literature indicates that a number of route segment demand pre-
diction models have been developed. In fact, TRANES is probably
as useful a tool as the transit planner is likely to find for
supporting bus stop change considerations.

Support for Other Bus Route Demand Models

A number of previous bus route demand modeling efforts would
seem to be able to make profitable use of TRANES. For example,
Hobeika and Chu's (28) supply/demand model for bus routes could
make use of the bus stop demographic data generated by TRANES.
TRANES-generated data could also be used in model formulations
devised by Boyle (5); Golenberg and Pernaw (20); Hsu and Surti
(32); Ross and Wilosn (63); Turnquist, et al., (79, 80); and
Yuratovac (95).
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CONCLUSIONS AND SUGGESTED RESEARCH

TRANES has been shown to be a useful addition tc the computi-
er-hased analytical tools available to the transit planner. The
collection of socio-economic information near bus stops is useful
in planning new bus routes, making changes in existing routes,
supplementing marketing surveys, and collecting bus rocute service
impact statistics (e.g., satisfying Title VI reporting require-
ments) . TRANES has significant potential in the development of
bus route demand models since route demand can be correlated with
demographic statistics of potential patrons living within 1,000
ft. of bus stops. In this report TRANES-generated democgraphic
data waes found to have some correlation with total bus route pa-
tronage and bus stop demands. The correlations, while not
strong, were comparable in performance to other bus route demand
models found in the literature.

Sucggestions for future research include the application of
TRANES to demand models developed by other researchers. The ap-
plication of TRANES to demand model development, following the
lines of approach developed in this report, would be useful for
larger metropolitan areas with greater levels of per capita tran-
sit ridership. It would appear that Oklahoma City's patronage
was exploited to its limit in this report.

Finally, the TRANES programs, themselves, would be enhanced
with improved user interaction at the computer terminal. Graph-
ical enhancements appear feasible since all of the input data is
1n machine-readable form. Among the capabilities that should be
vseful to a TRANES user with a computer terminal and CRT screen
include the graphical display of street and transit networks with
bus stop locations, and the ability to activate and deactivate
transit stops and lines at the terminal.
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APPENDIX A
TREANSIT NETWORK EVALUATION PROGRAM (TRANES)

The Transit Network Evaluation (TRANES) Program was devel-
cpcd on a Burrocughs mainframe computer by the Comprehensive Plan-
ning Organization (CPC) in San Diegc, Calitornia under an Urban
Mass Tr@gnsit Administration (UMTA) research grant in 1977-1978
(75). The research team was composed of Wesley R. Frysztacki and
Lee Johnson of the CPO and Robert Parrot and Peter Loubal serving
as consultants. The objective of the project was to develop a
program, TRANES, which would allow the transit planner to
retrieve cencus and survey data at the census block level of
geographly.

The transit network consists of census tract nodes taken
from the GBF/DIME file and renumbered to form a unique TRANES
netvwork of nodes and interconnecting links. Each node in the
network represents an existing or pctential transit stop in the
transit netwcrk. Census data files are linked tc TRANES by using
the GBF/DIME file record number as a random access key and asso-
ciating it with the appropriate census block.

The wvarious TRANES programs and their associated data files
are diagrammed in Figure A-1 and briefly described below. The
reader should consult reference 75 for more informaticn and guid-
ance on implementing the TRANES programs. A listing of the TRANES
prourams and subroutines is contained in Appendix B. They are
written in FORTRAN IV, the predecessor to the current standard
FORTKAMN 77 language. The programs were ccmpiled and run on an
IBM 2081 mainframe computer at The University of Oklahoma using
the FORTRAN IV Gl compiler, version 2.

INPUT REQUIREMENTS

Preprocessor Programs

The preprocessor programs are used to prepare the regional
poirter files used in the EXTRACTOR program. The pointer files
are necessary to renumber the GBF/DIME file node numbers into a
seguential order for efficient searching by TRANES. Ad-
ditionally, the preprocessor programs create a file necessary for
allocating the census block socio-economic information to the
GEF/DIME streect segments. The preprocessor programs are run only
after major changes have been made to the regional GBF/DIME file.
Therefore, the user will only have to run these programs
occasiorally. There are four steps in preprocessing, including a
system sort utility used to create regional pointer files. In
Figure A-1, the process of file creation can be traced from the
preprocessor programs through to the TRANES program.

Preprocessor Step 1. In the first step, two files are cre-
ated, one a condensed version of the GBF/DIME file (150 charac-
ters per record), the other containing two records for each
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strect scagment ("nickel®" file). The first file is called DIMECON
and it is used by the EXTRACTOR program. The second file is used
in Step 2 of the preprocessor program.

Preprocessor Step 2. 1In the second step, the nickel file is
sorted 1in numerical order based on the GBF/DIME file record
number and the census tract node number (numbers 1 to 699 and
numbers greater than 5000) or metropolitan map series node
numbers (numbers 700 to 4999, which are the nodes along the
census tract boundaries). After sorting, the program assigns new
and unique node numbers for each census tract or census map node
(if the node is on a tract boundary). The resultant file
contains the unique GBF/DIME file record numbers, census tract
interior node numbers , and census tract bourdary node numbers.

Preprocessor Step 3. The unique ncde file is used as input
intc a fourth pregram which creates a TRACT/NODES file, a MAP/-
NCDE File, and a TRACT/POINTER file which all are used as input
to the ENTRACTOR program. The TRACT/NODES ifile contains the low-
est and highest ncde numbers for each census tract listed in nu-
merical order. The MAP/NODES file ccontains the map number and
the lowest and highest census tract boundary numbers in sequen-
tial order by map number. The TRACT/POINTER file points to the
first record for each census tract prefix in the TRACT/NODES
file.

Preprocessor Step 4. The fourth step in the preprocessor
program sequence 1is to create a binary census information or
"demand" file. The binary demand file provides the census-
derived information associated with each TRANES 1link segment.
The TRANES program used in this research project is limited to
crecting nine difierent categories of census items. This could
include total population, housing units, ethnic composition, age
composition, household income, or other census information found
on the STF1 (census block) data tape. The 1980 U.S. Census
statistics available at the census block level are listed in
Table 5 of this report. Other data files which contain street
addresses, such as employment or labor statistics, could also be
geoprocessed by using the U.S. Census Bureau ADMATCH program
along with the GBF/DIME file tc obtain block level data matches
asscciated with the GBF/DIME file record number.

EXTFACTOR Program

The purpose of the EXTRACTOR program is to create files for
the TRANES Program and to give the user the ability to extract
portions of the metropolitan regicn GBF/DIME file for the
desired analysis (e.g., a transit corridor). The inputs for the
EXTRACTOR program come from the preprocessor programs as
indicated in the previous section. These files are shown in
Figure A-1. The outputs from the EXTRACTOR program are a demand
file, a 1link/pointer file, a node/pcinter file, a coordinate
f{ile, and TRANES node number files.
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Extracted Demand File., The demand file is a subset of the
regional demand file which corresponds to the specific gecgraphic
area or corridor under study. This file has the desired census
information listed by GEF/DIME file record number and it retains
the sequential order of the original GBF/DIME file. Census-
derived or locally geocoded data can be used.

Extracted Link/Pointer File. The link/pcinter file serves as
both a unique link file for the specific subarea and a pointer to
conrected links. This is the main file used by TRANES to find
transit paths.

Extracted Ncde/Pointer File. The node/pointer file 1is used
as a poirnter file for all the unique nodes created in preprc-
cessing. The node/pointer file also works in conjunction with
the link/pointer file in the TRANES pathfinder algorithm.

Extracted Tract/Node File and Map/Node File. The tract/node
and map/node files provide an equivalency listing for the census
tract, census map, census node, and the unique TRANES node num-

bers. With these equivalency tables, the transit planner can
convert GBF/DIME file nodes to TRANES nodes representing active
transit steps. The actual coding of the transit lines 1is dis-

cussed in detail in Appendix C.
TRANES INPUT FILES

The basic input files for TRANES consist of the link/pointer
file, the node/pointer file, the subarea demand file, the command
file, and the TRANES node number files. The first three files
were created by the EXTRACTOR program while the command file must
be created by the user with a text editor or word processor. The
comrand file contains input parameter values, node classifica-
tions, &nd transit line information as input for TRANES. The
technical details of coding the command file are given in the
TRANES Technical Report (75).

A primary function of the EXTRACTOR program is to convert
the GBF/DIME node numbers into unique sequential numbers for use
by TRANES in pathfinding. The converted numbers are contained in
twe files, TRANE/NODES and TRANE/MNODES. The first file contains
the c¢riginal internal census tract numbers, and new TRANES
numbers, x and y coordinates, and grid cell data for interactive
applications. TRANE/MNODE contains the same information for
thocse ncdes located on the census tract boundaries.

TRANES PROGRAM

TRANES has two principal compconents, an ability to access
census information at the block level within a specified distance
along ar. existing or projected transit route, and an ability to
summarize this information for all of the bus stops along a des-
ignated route. The user of TRANES specifies the transit lines
and stops to be evaluated, selects the census information to be
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tabulatecd, specifies the access limits for the bus stops (e.g.,
walking distances), and formats the desired summary report.

Within TRANES a pathfinder algorithm determines all of the
network links (census hlock faces) which can ke accessed by a
each designated bus stop within the pre-specified "impedance" or
walking distance. The pathfinder algorithm determines the
optimal path to the far end of the link. It is noted that the
pathfinder algorithm ccnnects links rather than nodes. Hence,
the reported census statistics are those for the block £faces
which comprise the links along the optimal paths emanating in all
directions from the bus stop.

The TRANES program output consists of two reports, the tran-
sit stop report end the transit line report. The transit stop
repcrt cives a detailed list of census or transit data items by
transit stop for two accessibility limits (e.g., walking distance
to bus stops). A grand total is printed at the end of the tran-
sit stop report for all stops on all lines. The transit line re-
port gives a summary of census or transit data items by transit
line. This is done by adding up all of the transit stop data for
each stop along each line. Common stops will be counted twice
for each line using that particular stop. Also, if lines run
parallel along two adjacent streets, some census data will be
cour.ited twice if the selected accessibility limits are greater
than the distances between the lines. When analyzing the output
from TRANES, this needs tc be taken into account.
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APPENDIX B

TRANES COMPUTER PROGRAM LISTING
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PROGRAM NAME : NP1-1

T e L R E LR L2 SR SRR RS S RSS2 2 2 2 A R R RS 0 & 0 &

*  PROGRAM TO EXTRACT MAP/NODE AND TRACT/NODE RECORDS *
*  FOR INPUT INTO THE SORT ROUTINE (NP1-2) *
* WRITTEN BY KEN MORRIS *
* AUGUST 11, 1982 *

Ak Ak Ak A A Ak Ak Ak Ak kA k ko h ko ks ks ko hdkhkkkkdhdhhktxhk

---VARIABLE NAMES---

NSF - NON-STREET FEATURE CODE

FM - FROM MAP NUMBER

TM - TO MAP NUMBER

RN - DIME FILE RECORD NUMBER

CTL - CENSUS TRACT LEFT

CTR - CENSUS TRACT RIGHT

FN - FROM NODE NUMBER

TN - TO NODE NUMBER

FX - FROM STATE PLANE (X COORDINATE)
FY - FROM STATE PLANE (Y COORDINATE)
TX - TO STATE PLANE (X COORDINATE)
TY - TO STATE PLANE (Y COORDINATE)

-~--INITIALIZE VARIABLES

OO0 OONONOOOOO00O0n

IMPLICIT INTEGER(A-2)
NR = 0

----READ IN MAPS,TRACTS,NODES, AND COORDINATES FROM DIME FILE

aO0nn

5 READ(2,10,END=99)NSF,FM,TM,RN,CTL,CTR,FN,TN,FY,FX,TY,TX
10 FORMAT(T29,11,T46,13,2X,13,T85,16,1X,216,T123,214,T231,417)
C ,
C =-~-~CHECK FOR NONE STREET FEATURES AND ZERO COORDINATES---
C -=—-—- FOR NODES < 700 CREATE TRACT/NODE FILE-=--
C ===—m- FOR NODES > 700 CREATE MAP/NODE FILE---
IF(NSF.GT.1)GO TO 5
IF (FX.EQ.0.AND.FY.EQ.0)GO TO 15
IF(FN.LT.700)WRITE(3,20)CTL,FN,RN,FX,FY
IF (FN.GT.700)WRITE(3,25)FM,FN,RN,FX,FY
15 IF(TX.EQ.0.AND,.TY.EQ.0)GO TO 5
IF(TN.,LT.700)WRITE(3,20)CTR,TN,RN,TX,TY
IF(TN.GT.700)WRITE(3,25)TM, TN,RN,TX, TY
20 FORMAT(3X,16,I4,15,217)
25 FORMAT(I3,6X,I4,15,217)
g
C ==---INCREMENT RECORD COUNTER---
NR = NR + 2
GO TO 5
C
C ----WRITE NUMBER OF OUTPUT RECORDS IN NODE FILE---
99 WRITE(4,101)NR
101 FORMAT(/1X,'OUTPUT RECORDS : ',16)
STOP

END
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PROGRAM NAME : NP1-3
Hhkkkkkkkokk ok kb dkkkkkkkhkkkokk ok kkkhkk kb ke hkkkkkhk ok kkkkhkkkkk k% %k

*  PROGRAM TO SELECT UNIQUE NODES FOR MAPS AND TRACTS ¥
* FOR INPUT INTO THE FILE CREATION PROGRAM. x
* WRITTEN BY KEN MORRIS *
* AUGUST 11, 1982 %

R R R R R R R R R S E R S S RS RS RS R R R

---VARIABLE NAMES---
MAP OR MAPl - DIME FILE MAP NUMBER

TRACT OR TRACT1 - DIME FILE CENSUS TRACT NUMBER

NODE OR NODEl1l - DIME FILE NODE NUMBER

RECNUM OR REC1 - DIME FILE RECORD NUMBER
XCOOR OR XCOOR1 -~ DIME FILE STATE PLANE (X COORDINATE)
YCOOR OR YCOOR1 - DIME FILE STATE PLANE (Y COORDINATE)

NR - RECORD COUNTER FOR UNIQUE NODES

-—-INITIALIZE VARIABLES---
IMPLICIT INTEGER(A-2)
NR = 0

----READ RECORDS FROM NODE DATA FILE---
5 READ(2,10, END=99)MAP, TRACT, NODE, RECNUM, XCOOR, YCOOR
10 FORMAT(I3,16,14,15,217)
15 READ(2,10,END=99)MAP1, TRACT],NODE],REC],XCOOR1, YCOOR1

--—IF CENSUS TRACT IS BLANK, COMPARE CENSUS MAP AND NODES

-~-FOR NODES < 700 WRITE UNIQUE TRACT/NODE RECORDS---

---FOR NODES > 700 WRITE UNITQUE MAP/NODE RECORDS---
IF (TRACT.EQ.0)GO TO 20
IF (TRACT.EQ.TRACT1 .AND.NODE.EQ.NODE1)GO TO 15
GO TO 25

20 IF (MAP.EQ.MAP1.AND,.NODE.EQ.NODE1)GO TO 15

25 IF(NODE.LT.700)WRITE(3,110) TRACT, NODE, RECNUM, XCOOR, YCOOR

IF (NODE.GT.700) WRITE (3,120) MAP, NODE, RECNUM, XCOOR, YCOOR

-———INCREMENT NODE RECORD COUNTER---
----REASSIGN COMPARISON REGISTER VARIABLES---
NR = NR + 1
MAP = MAP1
TRACT = TRACT]
NODE = NODE1
RECNUM = REC1

XCOOR = XCOOR1
YCOOR = YCOOR1
GO TO 15

----WRITE OUT NUMBER OF UNIQUE NODE RECORDS---
99 WRITE(4,101)NR

101 FORMAT(/1X,'OUTPUT RECORDS : ',I6)
110 FORMAT(3X,16,I4,I5,217)
120 FORMAT(I3,6X,I4,I5,217)

STOP

END
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PROGRAM NAME : NPl1-4
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*

*
o
*
*
*

PROGRAM TO CREATE MAP/NODE & TRACT/NODE FILES *
AND A TRACT/POINTER FILE ¥
FOR INPUT INTO THE TRANES EXTRACTOR PROGRAM. *
WRITTEN BY KEN MORRIS =
AUGUST 11, 1982 =

*

khkkkkkkkhkdkhhk b hkhhkhhhkhkhkhkhxdhdhhbdrhhhkdr kb hhkhkhkkkhk

-—--VARIABLE NAMES---

LRN - LOW RECORD NUMBER
HRN - HIGH RECORD NUMBER
TRP - CENSUS TRACT POINTER RECORDS
NTP - NUMBER OF TRACT POINTER RECORDS
NTN - NUMBER OF TRACT/NODE RECORDS
NMN - NUMBER OF MAP/NODE RECORDS

MAP OR MAP1 - DIME FILE MAP NUMBERS

TRACT OR TRACT1 - DIME FILE CENSUS TRACT NUMBER

NODE OR NODEl - DIME FILE NODE NUMBERS
RECNUM OR REC1 - DIME FILE RECORD NUMBERS

XCOOR OR XCOORl1 - DIME FILE STATE PLANE (X COORDINATES)
YCOOR OR YCOOR1 - DIME FILE STATE PLANE (Y COORDINATES)
TCOMP OR TCOMPl - TRACT PREFIX COMPARISON VARIABLES

———-—INITIALIZE VARIABLES-—-

IMPLICIT INTEGER(A-2)
LRN
HRN
TRP
NTP
NTN
NMN

cCoOoOoOo00o0 o

LU | O [ S | 1

---READ IN FIRST TRACT/NODE OR MAP/NODE RECORD---

5 READ(2,10,END=99)MAP, TRACT,NODE, RECNUM, XCOOR, YCOOR
10 FORMAT(I3,16,14,15,217)

—=<DEFINE TRACT PREEIX BY TCOMP

15 TCOMP = TRACT / 100

NR = O

—==INCREMENT RECORD COUNTER---

NR = NR + 1

----CHECK TRACT, IF ZERO, EXECUTE MAP ROUTINE---

IF (TRACT.EQ.0)GO TO 40
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---READ IN SECOND NODE RECORD TO BE COMPARED--
20 READ(2,10,END=99)MAP1,TRACT1 ,NODE]l ,REC]1,XCOOR1,YCOOR1
----DEFINE SECOND TRACT PREFIX BY TCOMP1
TCOMP1 = TRACT1 / 100
---COMPARE TRACT PREFIX'S, IF SAME, INCREMENT COUNTER, GO READ

IF (TCOMP,EQ.TCOMP1)NR = NR + 1
IF (TCOMP.EQ.TCOMP1)GO TO 20

———-INCRMENT TRACT POINTER COUNTER---
-===INCREMENT LOW RECORD COUNTER AND HIGH RECORD COUNTER

TRP = TRP + 1
LRN = HRN + 1
HRN = HRN + NR

~---WRITE TRACT/POINTER RECORD---
---WRITE TRACT/NODE RECCRD---

WRITE (3,25) TRP
25 FORMAT(I6)
WRITE(4,35) TRACT, LRN,HRN
35 FORMAT(316)

---REASSIGN TRACT AND MAP VALUES FOR COMPARISON---
~—-~-INCREMENT TRACT/NODE COUNTER AND TRACT/POINTER COUNTER=---

TRACT = TRACTI1

MAP = MAPI
NTP = NTP + 1
NTN = NTN + 1
GO TO 15

I EE S S S S SR AR S SRS R LR R R RS RS EEEEEE

---MAP/NODE CREATION ROUTINE---

Ak khkk kK Ak kA hkkkrkrkkhk bk kk kok
-===—INITIALIZE VARIABLES-—

40 LRN
HRN
45 NR = 0

0
0

no

———INCREMENT RECORD COUNTER~--
NR = NR + 1
---READ NODE RECORD FOR MAP/NODE COMPARISON---

50 READ(2,10,END=99)MAP1,TRACT1,NODE]l,REC1,XCOOR1 ,YCOORIL
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----IF MAP AND MAP1 SAME, INCREMENT COUNTER, READ ANOTHER RECORD--

IF (MAP.EQ.MAP1)NR = NR + 1
IF (MAP,EQ.MAP1)GO TO 50

—-——-—INCREMENT LOW RECORD NUMBER AND HIGH RECORD NUMBER---

LRN
HRN

HRN + 1
HRN + NR

nn

—----WRITE MAP/NODE RECORD----
WRITE(8,35)MAP, LRN, HRN

~----REASSIGN MAP VALUE FOR COMPARISON---
MAP = MAP]

—--INCREMENT MAP/NODE RECORD COUNTER---

NMN = NMN + 1
GO TO 45

---WRITE NUMBER OF POINTER , TRACT/NODE , MAP/NODE RECORDS---

99 WRITE(9,101) NTP,NTN, NMN
101 FORMAT(/1X,'POINTER RECORDS : ',I6/1X,'TRACT/NODE RECORDS : ',
*16/1X,'MAP/NODE RECORDS : ',16)
STOP
END
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PROGRAM NAMET : DIMZCON
2 dcote ok o o e ok 0 ook o ok ook ok Ak K R ok ol Kok Rk fok ok okl ok Rk okoloK ok ok kool ek

* DROSRAM TO CREAI'E DIMECON FILFE FROM GBF/DIME FILE. *
* FOP INPUT INTO T'HE EXTRACTOR PROGRAY L
* WRITTEN BY KEN MORRIS *
S AUGUST 18, 1982 *

ok o d okl ok ok ol ok ol o ke ok kol ek ek i ko ok ek okl Rl e e Rk ook ok R R Rk Rk R

-=-=-VARIABRLE NAMES-~---
ST!I) - ARRAY CONTAINING DIME FILE STREET INFORMATION
NSF = NON-STREET FEATURE CODE
M - FROM MAP NUMBER
TM - TO MAP NUMBER
CLF - CODING LIMIT FLAG
LLA - LEFT LOW ADDRESS
LHA - LEFT HIGH ADDRESS
RLA - RIGHT LOW ADDRESS
RHA - RIGHT HIGH ADDRESS
RN - DIME PILE RECORD NUMBER
CD - CHECK DIGIT
CTL - CENSUS TRACT LEFT
CTR - CENSUS TRACT RIGHT
ZL - ZIP CODE LEFT
IR - 72IP CODE RIGHT
FN - FROM NODE NUMBER
TN - TO NODE NUMBER
PCL - PLACE CODE LEFT
PCR - PLACE CODE RIGHT
ChL - JOUNTY CIVIL DIVISION LEFT
CDP - COUNTY CIVIL DIVISION RIGHT
BL - CENSUS BLOCK LEFT
BR - CENSOS BLOCK RIGHT
PY - FROM STATE PLANE (X COORDINATE)
FY - PROM STATE PLANE (Y COORDINATE)
TY - TO STATE PLANE (X COORDINATE)
TY - TO STATE PLANE (Y COORDINATE)
YRI - NUMBER OF INPUT RECORDS
NRO ~- NUMBER OF OUTPUT RECORDS

-=-=-=-INITIALIZE VARIABLES

IMPLICIT INTHEGER!(A-1Z)
DIMENSION ST(13)
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---=PF4) IN “MAPS,T”RACTS ,NODES, AND COORDINATES FROM DJIME FILZ

5 E?3N’2,10,°ND=99) ’ST’I) ,I=1,7),NS?,FY,T4,CLF,LLA, LA, RLA,RHA,RY,
#CD,CTL,CTR,2L,ZR, *N,T¥, PCL, PCH,CDL, BL,2DR,BR, FY, 7YX, TY,I X

1) PORYAT'6A4,A2,2X,I1,T46,2°I3,2%X),I1,416,4%X,1I6,11,2I6,215,1123,
*4T4,T144,73,7152,13,T163,13,T7171,13,T231,4I7)

-=-==TNCREMENT INPIT RECORD COUNTER
NPI = NRI + 1
~===CHECK FOR NONE STREET FEATURES AND ZERJ CODRIDINATES=—-

TF’NSF.GT.1)GO TO 5 .
IF(CTL.G%.2000. AND.CTR.GE.2090) G2 TO 5
IF'FX.N7.0.AND.FY.NE.0) GO TO 15
IFP(TX.EQ.0.AND.TY.FQ.0) GO TO 5

~===¥RIT? DIME PILZ INFORMWATION TO DIXECON PILE---

15 WSITZ73,20) PM,CTL, FN, TH,CTR, TN, NSF, ISTULY sT=1,7) , LLA, LAN B, 7L,
*2CL,CDL,RLA,REA,RR, 2R,PCR,CD5,CLF,RN,C0,FY,FX,TY, TX

20 BORMATI2VIZ,T6,T0),F1,648,82,2 (2T, T3,2%,%5,58,13) , E1,26,21,3%,
xUT7)

-=-==TNCRIMEHNT OUTPJUT RECORD COUNTER
NPD = NRO #+ 1

----¥RITZ TO RECORD NUYBER/TRACT/BLOCK FILE=---
------ JSZD TO MATCH DIME RECORDS NUMYBER WIPH DIMAND “ILZ---

IP(FTL.GT.1000. AND. BL.GT.0) WRITE(4,40)5N,CIL,CL

IP(CTL.EQ.CTR.AND.BL.EQ.BR) GO TO 5

TP'CTR.GT.10090.AND.BR.GT.O) WRITE {4,4)5N,CTR, ER
40 FORMAT (2I6,I3)

50 TO 5

---=-WRITE OUT INPUT AND JUTPYT RECORD ZOUNIS---
99 WRITE(S,101) NRI,NRO
101 20R2¥AT’/1X,'G3® RECORDS : ',I6/1X,'DIAZCON RECOEDS : ', I6)

STOP
IND
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C PROGPAM NAMEZ : EXTEACTOR
e ok kR ok kk ok ke dede ko ke okl ok ook kb kol ko ok koK Rk ok KR ww kKK
COMMON LDD 70030, 3)
DIMTNSION IBMAP (2),ITRC(2),NIDES(2) ,I¥(2),TX(2)
DIMENSION ITPTR (212),ITRACT (370),LOW{370),IHISH (37))
DIMENSION MAPD?(50), MLOW (50) ,4HIGH (50)
INTFEGER*2 NEWMAP(20000) ,LDD,LP(70000),LD(70000),
* NEWPT2(70000),NEWPTR "70000)
DIMENSION LINKER(2)
DIMENSION IDMD9 (9) ,IDMDIT’9)
DIMENSION IEMPY 9),IEMPIT9)
SQUIVALENCE (LP(1) ,LDD(1,1))
* L,ILD{Y) ,LDD[1,2)) ,(NEW2TR{1),LDD{1,1)),
* (NEWPT2(1) ,LDD(1,3)) -
ATA NUM,NEXT,IB,NJONST,INODEM,ID4D3T/14%)/, LINKXS/D/
DATA NEWMAP/20000%0/
DFFINE FILE 3(20000,45,E,JD)
DETINE FILZ 8!75000,45,E,JD)
DEFINE FILE 22(75000,45,%,J3D)
kkkk¥x THNDUT FILES % odedr dode ek ok g Kok
8- CENSUS LINKS
10- TRACT/POINTER
11- TRACT/NODES
12- ¥ADP/NODES
16= DIMECON
22- ©TMPL LINKS (OPTIONAL)
kkkx%x DUTO2UT FILES #¥mexiixikik
2- LINKTZST (USZD AS INPUT TO PREP)
3- SUB DEMAND
4- LINKPT
9- NODPAC
13- COORDS
20- TRANES/NODES
21- TPANES/MNODE
23- SuU3 EMPL (OPTIONAL)
kg ke ke bk vk ok kR ok kR kg ok kb ok ko kxR ke A AR AR
STEP # 1 C
READ CONTROL CARDS AND TABLES C
IOPT =0 FOR FULL RUN C
IOPT =1 FOR MAIN PROSRAXY ONLY C
IOPT =2 FOR SUBRJOUTINE PREP ONLY C
ok ko ke ke ek el e el deok ek okde ok kR kR Rtk Ik kR kxR xgC
2ZaD’1,3000) IOPT

N OMOOMNaaIOaOnOOQOaOaoanooeone
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IF(INPT.NE.2)GD TO 1
EEAD THE NUYBER OF LINXS AND NDODESZ/NIXT) FOr PRZEP C
READ(1,5000) LINKS,NEXT
30 TN 310
1 NE({T=1
D0 4 I=1,500

4]

4 READ(10,1100,END=5) ITPTR(I)

S D0 6 I=1,370

6 BREAD(11,5000,END=7) ITRACT (T),LOW(I) ,I4IGH 'I)

7 Do 8 I=1,38

8 READ’12,5000,END=9) MAPP {I),MLOW (I), MHISH (I)
:***t*ttt*t*tt#*tt***#*#*****#**itt***#*#***#***##tt#**$###***#*******#C
C STETP % 2 ¢
- READ LINKS AND RENUMBER NJDES C

Cttt*tt##*tt*tt*##*t#t*****t***####**#*#t*#*#t*******#######*#$¢$*$#*##C
9 DO 200 J1=1,100000
READ(16,1000,5ND=900) (I BMAP (K) , ITRC (X) , NODES(K) ,X=1,2),ITYPE,JD,
§ 'TY'LM),IX(LM) ,LM=1,2)
NO¥=NUM+1
STEP 2.1 SKIP NON STREET LINKS,
SKIP TRACTS AND NODE = )
CREATE CIDRDINATE FILE ¥
TF'ITYPE.GT.0.AND.ITYPE,LT.8) GO TO 175
IPITREC (1) . E0:QeDRITHC 12) <« EJ.0) 50 T3 150
IF{NODES{1).EQ.0.0R.HODESf2).FQ.3}30 ™ 15D
IF{IX:1}.GT.O.AND.IX{2).GT.O.AND.IY{1).GT.O.RND.I?{2}.SI.0333?3 3
IE=IRB+1
WRITE'’6,6003) NUXM
3 WRITE(13,7001)JD, (IX(LM),IY(LM) ,LH=1,2)
g STEP 2.2 RENUMBER ALL NODES
33 DO 1930 I=1,2
IRIWN=0
COoL=0 )
IF (NODES(I) «GE. 700. AND. NODES(I) .LT,.5000)G0 TJ 75
STEP 2.2.1 RENUMBER TRACT NODES

)Y Q)

JR® PLOTIING

[ ]

XKPTR = 1
SEARCH ITRACT TABLE FOR THIS CEINSUS TRACT
10 IF(XPTR.EQ.0.OR.KPTR.5T.370)50 T2 200
IF/ITRACT {KPTR) .EQ.ITRC (I)) GO TO 20
KPTR=XPTR+1
GO TO 10
20 ND=¥ODES‘I)

(9]

c REDUCE NODES ABOVE 4999
I¥ 'NODES’I) «GR. 5000) ND=700+ {N¥ODES /I)-4399)
2 NODPTR IS THE NODE WUMBER PLUS TIHE LOWZST NUMPER
& IN THAT TRACT IN SEQUENTIAL ORDER FOR ALL TRACTS.
¢ THEN SUBTRACT 1.
NODPTR=ND+LOW {KPTR) -1
TF (NODPTR.GT.IHISH(KPTR)) GO TO 195
g IF NEW NUMBER ABOVE 70000 MUST 30 TO NZW ARRAY FOX 3PACZ
IF 'NODPTR.GT. 70000) GO TO 25
# ELEMENT OF NEWPTR ARRAY IS ASSUSNED NZXT AVAILABLE
s NOMBER IP NOT ALREADY ASSIGNED

IF(NSWPTR (NODPTR).NE.O0) GO TO 30
NEWPTR (NODPTR) =NEXT
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COMVERT X AND Y TO GRIDS FOR LATER INTEZRACTIVE IRANZS
IF'IL'I).%2.0.0R. IV (I).ED.N)30 TO 27
IPOW=(IY(I) =50200) /2000 +1
ICOL='IX1I)=1520000) /200041
WRITE'20,8000) ITRC‘I),NODES (I),NEXT,IX(I),IY'I),IR0W,IC0L
INCREMENT NEXT AND ASSIGN NEW WUMBER TO LINKZR
NEXT=NEXT4+1
LINKER(I)=NEWPTR(NODPTR)
50 TO 100
THE FOLLOWING STEP ARE SIMILAR TO THOS
EXCEPT THE ARRAY NEWPT2 IS USED FOR SPACE
NODPTR=NODPTR-70000
IF(NFWPT2 (NODPTR) .NE.0) GO TO 35
NEWPT2 'NODPTR) =NEXT
IF/IX'T).EQ.0.0P.IY'T).EQ.J)30 TO 31
IROW=(IY(I)=50000)/2000+1
ICOL=’IX'I)~=1500000) /200041
WRITE(20,8000) ITRC(I) ,NODES (I),NEXT,IX'T),IY‘I),I?3%,IZCL
NEXT=VEXT+1 - :
LINXER’I)=NEWPT 2 'NODPTR)
GO TO 100
STEP 2.2.2 RENUMBERMAP NODES
CONVERT ALPHA MAPS TO NUMBERS
I44P=0
IMAP = IMAD + 1
IF (IBMAP(I).EQ.0) GO TO 200
IF/MAPP 'IMAP).20.0) GO TO 290
IF(TBYAP(I) .GT. MAPD (IMAPY)GO TO 80
IF(IRMAP(I) .LT. MAPP (IMAP))3O TO 220
THIS PROCESS IS THE SAME AS ABOVE ZXCE2T FO% 4aDS
NODPTPR= (NODES (I)-700) +MLOW ( IMAP) -1
TF(NODPTR.GT.MHIGH (IMNAR)) 30 TO 195
TP 'NZ¥MAP 'NODPTR) .NE.O) GD TO 40
NTYYMAP (NODPTR) =NEXT
IF/IX'I)+eEQe0.0R.IY ‘I).EQ.0)50 TO 41
TROW='IY(I) -50000) /2000 +1
ICOL=(IX(I)=1500000)/2000+1
RRITE’21,8000) IBMAP (I), NODES'I) ,NEXT,IL(I),I¥ I),Iz0u,ICoL
NEXT=NEXT+1
LINKER (I) =NEWMAP (NODPTR
CONTINUE
CALCULATE LINK DISTANCE,PACX DATIA
WRITE LINK FILE’2) AND DEMAND FILT’3)
IDIST=0
TF(IX(1)eFDe0e0ReIX (2) e EQu0a0R.IY (1)aZ0e0.0R. IV (2).50.2)530 TO
IXDIST=IX(2)-IX (1)
IYDIST=IY (2)-IY (1)
IDIST={!IXDIST*IXDIST) + (IYDIST*IYDIST)) *%.5+.5
IF’IDIST.LE.0.OR.IDIST. GT.52380)G) TO 45
30 TO 43
MRITE ‘6,6006)JD,IDIST
IDIST=300
WRITE(2,2400) IDIST,LINKER (1), LINKER (2)
LINKS=LINK3+1
IF(JD.GT.95000) GO TO 142
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142

143
144

0

145

150
175
195

200
900

(a0

~

6201
6002

910
380

RFAD(2'JD,8100) IDYDI
RFAD(22'JD,8100) IEMpQ

30 TO 144

INODEM=INODEM+

WPITE!6,A005)
no 143 I=1,9
IDYNI (I)=0

N0 145 KK=1,9

NUM,JD

IEMPOT (KK) =IEMPIT (KK) +I EMPO (4XK)
IDMDOT (KK) =IDMDOT 'KK) +IDMDI [XK)

CONTINUZE

WRIT® (3,3200)JD,IDMDO

WRIT®’23,8100)
GO TO 200

IEMPS

WPITT’6,4000) NUM, ITRC (I),NODES [I)

GO TO 200
NONST=NONST+1
50 TO 200

HRITE(6,2300]NGM,NDDPTR,IBHAP(I),ITRC([),NDDES(H

CONTINUE
NEXT1=NEXT-1

STEP # 3
WRITE INFO AND GO TO PREP IF IOPT

WRTIT® (6,2100) LINKS, NEXT1
WFIT® (6,2001) NUM
WRITE!6,2002)IB,INODEN, NONST

WRITE (6,6001)

(IDMDOT(I) ,I=1,9)

WEITE'6,6002) (IE¥PIT(I) ,I=1,9)
TORMAT ! 1X, ' CENSTUS'/1X,9 (I7,5X))
FORMA™(1X, ' EMPLOYMENT'/1X,9 (I7,50))

IPTIOPT.EQ. 1) 5

0 TO 980 .

CALL PREP(LINKS,NEXT-1)

CONTINIJE

N2

SRRk Rk kR kR kR kR ko ke kR k ok h ko kR ok ko Rk R kR R kR kR Rk xRk w Ak E

-~

R

Bk kk kR Rk ko kR ko ko kx kx kR ok Rk ok okk ko kR kR kR kR F AR R KA E Ek ek xw

kR kR R R R R R KRR AR RN R R KRR KGR ERFRE KR KE EE 2 2 S i R

C

FORMATS

G

Chrrxkxxk Shdk kA k koo kk ok kR ke ke hk Rk kR Rk ok Rk ok ko kAR T E R XX
1000 FORMAT(2(I3,I6,T4),I1,85X,I16,U4X,417)

1100
2001

*
2400
3100
4000
5100
6003
6005
6006
7001
8300

FORMAT (I6)

FORMAT 11X, " NUM= ' ,I5)

2702 PORMAT(1X,'NO COORD REC= ',I5,2X,'NO DEMAGD aZlsS=',I5,

* 1Y,"NON STREETS=',I5)

2100 FTORMAT*1X,'NUMBER OF LINKS=',I7/1X,'HIGHEST 4O0DE NTJMBER
1

1¥,'¥Ap=',I4,1X,' CT=',16,' NODE=',I5)

FORMAT (3I5)
FORMAT (I1)
FORMAT’1X, ' NO
PORMAT (3I6)
FORMAT?1X, ' NO
FORMAT 1%, ' NO

POINTER FOR REC#=',I6,' CT=",It,"

COORDS REC#= ' ,1I6)
DEMAND REC# ',I6,' LINK#=',1{,T0)

FORMAT(1X,'RECORD ' ,I6,"' DISTANCE IN FEET=', I%)

FORMAT116,417)

FORMAT(16,1I4,1I5,217,21I3)
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P100 FOR2MAT’9IS)
8200 FOOPYAT (1)I5)
STHD
°ND
STRROUTINE PREP /LINKS,NUMNOD)
COMMON LDD 70090, 3)
INTEGSR*2 NP (60000) ,LDD,L2(70000) ,LD(70000)
FOUIVALENCE fLP(1),LDD!1,1)),'LD'1) ,L2D (1,2))
DATA NP/60000%)/

REWIND 2 |
I T R s Rt R
& STE®P &1 C
& READ LINKS AYD UNPACK THTY
6 INITIALIZE NP WITH NEGATIVES C
Chsdtrpk ek krdk khkok ko dok ook ke kg kkkk fodetok ok koo kg x kg k&

DO 1 JJ=1,LINKS

J=JJ*2

I=J-1

RZAD(2,2500)LD (JJ) ,LP(I),LD (J)
1 CONTINUE

DO 5 MM=1,NUMNOD
5 NP (MY) =-MM

LY=2%LINKS

:‘ttt*******#*#****t# ko ko kR ko ko ko ko ko xk ko ohn kk ok ko kg kxT
£ STEDP % 2 c
= THIS LOOP DO®S THE ACTUAL POINTZR CRZATTOYS C
C#**##**##*#*##*‘*#*** kol e ko e ek ko Rk ke brp ek ok k b ek kT

DO 19 I=1,LN

IT=1P(I)

LP(I)=NP'II)

¥PII) =1

10 CONTINUE

CLOSE THE POINTER LOQOP

aann

50 12 I=1,LN
TFIL? 'I)=GT=0) GO TO 12
II=-L2(I)
LP?I)=NP'IT)
12 CONTINUEZ
C*t*tt####**#*#*****# ek ok ke ke ok ok p o ko ok Rk ek R ek R AER R Rk R k£ T

STEP & 3 C
DIVIDE DISTANCE BY 10, MAKE B NG2E NEGATIVZ &
FOR TRANES ,WRITE LINK IdFO T0O FILE % AND N2D:2 c

=
c POINTER INFO TO 9. THEN RETIRN.
Ctt#**t#*****###t*t’k****#*##***#**##*###**##**#**##*# Rk ok ok kmkok kkkk k[
Py 11 JJ=1,LINKS
J=33%2
I=J-1
TC=LD (JJ}y /10
LDK==LP (J)
WRITE’4,2400)IC,LP(TI),LDX
11 CONTINUE
14 CONTINUE
5O 20 I=1,NUMNOD

68



20
2400
2500
7000

WEITE'9,7000) NP (1)
TORMAT (3I6)
FORMAT ! 315)

FORMAT (I6)

RETURN

END
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APPENDIX C
TRANES NETWORK DEVELOPMENT AND CODING

This section describes the steps required to identify and
code TRANES node numbers for transit stops along the desired

transit routes for input to TRANES. This procedure includes map
preparation, network DIME file node tabulation, and TRANES node
number extraction, This section will begin by briefly in-

troducing GBF/DIME files and elaborating on the quality of census
data before describing the above procedure.

GBF/DIME FILES

GRF/DIME files are computerized representations of census
maps. GBF stands for "Geographic Base File." DIME stands for
"Dual Independent Map Encoding" the topological technique wused
ror representing street networks and double checking the accuracy
of the geococding work. As a major geocoding innovation in
1970's, each DIME file record includes street intersection node
numkers, street name, addresses, census block and tract numbers,
and, usually % and y grid coordinates. The U. S. Census Bureau
used GBF/DIME files as a primary geographic resource in
metropolitan areas for the 1980 census. For each street segment
a GBF/DIME file recocrd (Figure C-1) contains the following
information (81):

1) Street name (or other feature description such as
river, railroad track, political boundary, etc.), type,
(avenue, boulevard, drive, etc.), and direction;

2) address ranges for both sides of the street segment,

3) geographic area codes, census block and tract
numbers and local political jurisdictions for both
sides of the segment, and

4) the identification number of the node (intersection) at
each end of the segment.

5) Geographic x and y coordinates for each node, typically
based on state survey plane coordinates, to enable
computer-generated mapping and sorting of GBF/DIME file
information into grid or other geographic subareas.

TRANES uses the GBF/DIME file in two ways. First, it is the
basis for coding the transit routes and stops on the urban street
network for input to the TRANES programs. Second, the file is
ucsed to link census or other street address-based socioceconomic
data with specific street segments along the transit network.
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FOR EACH STREET
7 - SEGMENT A DiM?/
. RECORD CONTAINS:

. From Node #123
y To Node 124
treet Name  Atlantic
Street Type Avenus
Left Addresses 101-199
Right Addresses  100-198
Left Block 364
Left Tract 4009
409
4009

FIGURE C-1

GBF/DIME STREET SEGMENT FILE RECORD
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TEANES NETWORK CODING

The material required for TRANES network coding consists of
the appropriate census maps with DIME records and transit route
street alignments and stop locations. The coding consists of
defining the study areea using the DIME file maps and drawing
the transit routes which pass through the study area on these
maps.

Metrcpolitan Map Series

The 1980 Metrcopolitan Map Series ccnsus maps developed by
the U. S. Census Bureau were used in this research. The Metropo-
litan Map Series typically covers the urbanized area and often
the remainder of the Standard Metropolitan Statistical Area
(SMEA) . The predcminant scale for these maps is one inch equals
1,000 feet. In high density urbanized areas the scale may be one
inch equals 800 feet. Other less common scales include one inch
equals 1,667 feet and one inch equals 3,200 feet. The maps can
be cbtained from the Data User Services Division of the U. 8.
Bureau of the Census.

Copies of map sheets used by lccal agencies to prepare
GBF/DIME files (referred to as DIME file maps) are available with
a scale of cne inch eguals 800 feet. This is the map size and
type that the TRANES coding is based on (Figure C-2). These maps
incluce the GBF/ DIME file node numbers and the scale is adequate
for accurately reading the node and tract numbers and providing
sufficient space tou draw the +transit network. This is
particularly important in central business districts or other
areas where several transit routes intersect or closely parallel
each other,

Trarsit Network Route Information

Having current transit route information plays a crucial
role in TRANES coding. It is very important that analysis begin
with the latest updated version of network routes. Any attempt
to incorporate subsequent changes to the routes after they have
been drawn on the DIME file maps or in later stages of the
analysis will prove tedious and time consuming. It will also
result in maps that contain deleted or re-routed lines which may
cause miscoding of the nodes.

Prior to drawing the transit routes on the maps, their
termirals and paths should be clearly defined. This is especial-
ly important if the network contains "interlocking” {(or
"interline") routes. Interlocking means that a bus serving a
particular route changes its route number and destination sign to
serve another route. In such 1instances, combining both route
numbcrs 1into one route 1is not recommended. Instead, it is
prererable to consider the interlocked route as two separate
routes designated by their route numbers. This is to prevent
future confusion over the route numbers by the users of the
system.
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lap Preparaticn Procedure

The map preparation procedure begins by selecting the study
area and obtaining the appropriate set of DIME file maps. At
this stage and using the final description of the routes under
consideration, each route can be plotted on the appropriate

map{s) (Figure C-3). It is advised to differentiate each route
by color. However, each route needs to be distinctly numbered at
several points. As each route is drawn, the intersections that

are toc be coded as planned bus stops can be marked using &
separate marker colecr, in order to distinguish them from other
nodes along the route.

The scheme employed in this study consisted of marking the
"outbourd" bus stops first (Figure C-3). This was done using a
color marker (e.g., red) and marking the outbound bus stops with
a siash (/) mark. Next, inbound bus stops were identified and
marked with a slash of opposite incline (\) and using a different
color (e.g., green). This procedure results in the identifica-
tion of the nodes that were outbound only (/), the inbound only
nodes (~), and those nodes which contained both inbound and out-
bound bus stops ().

Network DIME File Mode Tabulation

Following the first stage of the coding procedure, where bus
stop nodes and transit routes were determined and plotted cn the
DIME file maps, a table is created (referred to as the coding
sheet) to tabulate the extracted network containing the GBF/DIME
file node numbers (Figure C-4). The obtained numbers will be used
in the final step, the designation of unigue TRANES node numbers.

In tabulating the GBF/DIME file node numbers the following
considerations are to be taken into account. Each route is coded
starting from the established route terminal. For those nodes
not on the tract boundary the tract and node number is recorded.
For nodes on the tract boundaries, the map sheet number and node
number are recorded as well. Special care needs to be taken to
avoid confusing of the tract numbers or map numbers. However,
such errors are often apparent when the TRANES program output is
inspected. The gquality control procedure for checking the
tabulated numbers will vary according to the size of the network
being coded. A simple means for checking node numbers along each
route is to retrace the route pattern, checking for duplications
and missing numbers.

Common transit route segments (routes that have common paths
in some segments) can be established at this stage if common
route coding is toc be used. (This will be explained later under
Input Data Preparations). This can be accomplished by making
appropriate notes on the remarks column of the coding sheet
(Figure C=4). For this purpose, the first common node, the last
common node, and the common route number are identified. It is
recormmended that ifor each route the outbound route 1is tabulated
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Oklahoma City Area Transit Study

MASSTRANS Coding 1982

Route Census Tract |MAP |[Census DIME TRANES Remarks
Number Number # Node Number |Node Number
rase [
FIGURE C-4

TRANES NETWORK CODING FORM

95




tirst, specifying those nodes common with the inbound direction
(designated as "B" in Figure C-5). In such a case, the inbound
tabulations will consist of those nodes that are inbound only.
Such a procedure will assist the wuser in activating or
deactivating the outbound and/or inbound routes as desired. For
example, activating route 13 (Figure C-6) but deactivating nodes
designated as "O" would result in an inbound route (this will
include nodes designated as "B" and "I"),.

Node Number Preprocessor

The node number preprocessor converts the GBF/DIME node
numbers to unique sequential numbers for use in the EXTRACTOR and
TRANES programs. The records produced by this program contain
the tract and node number if the node is not a tract boundary.
For census tract boundary nodes the record contains the map sheet
number and node number. For each node in the file one separate
record 1s produced. The TRANES equivalency tables produced by
this preprocessor program are referred to as "look up" tables.
Example extracts from the equivalency tables used in the coding
example are presented in Table C-1.

TRANES Node Number Extraction

Using the extracted network DIME file nocde numbers and the
"look-up" tables produced by the preprocessor program, the final
stage of coding can begin.

The procedure for TRANES node number extraction is straight
forward. It consists of matching each GBF/DIME file node number
recorded on the coding sheet (Figure C-5) with the appropriate
recerd number in the node number equivalency tables (Table C~1)
that contains the relevant tract and node number (or map sheet
number and node). The newly obtained reccrd numbers can be en-
tered into the coding sheet in the space provided in the fifth
column, "TRANES Node Numbers," as indicated in Figure C-6. The
TRANES node numbers are the ones used by TRANES.

INPUT DATA PREPARATION FOR THE TRANES PROGRAM

The TRANES node numbers for each bus route are entered in a
five-digit integer (I5) format in the computer data files, as
indicated in Table C-2. Each route number is distinguished from
node numbers by a negative sign and entered in the first of 16 I5
fieids on the first input card. The line number is followed by a
list of bus stop nodes (as TRANES node numbers) that make up that
line. The successive node numbers fill the remaining 15 fields
of the first card and then all 16 fields of the additional cards
are needed. The TRANES program recognizes the next transit line
when 1t encounters a negative number in the first I5 field of a
card, which is the route number of the next transit route.

Common route coding (for routes that have common paths in
some segments) may be used to reference any portion of a transit
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Oklahoma City Arca Transit Study

MASSTRANS Coding 1982

FIGURE C-5
TRANES NETWORK CODING FORM FILLED IN
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Route Census Tract |MAP |Census DIME TRANES Qutbound/In-
Number Nunber # Node Number §Node Number bound/Both*
- Begin
Outbound
13 26 997 B
o $ 998 0
- i 999 B
" & 981 B
i 4 980 0
" " 978 0
“ 1072.18 6 0
| i 1072.18 25 0
" 1072.18 41 (o}
" 26 1460 0
e " 1459 0
" " 1463 B s
Begin
Inbound
13 1072.19 82 I
i 1072.19 83 I
" 1072.19 84 I
% 26 1007 I
" n 1005 I
" " 1003 T
O: Outbound Only Page 13-
I: Inbound Only
B: Both (Outbound and Inbound)




TART.E C-1

EXAMTI.L TRANES EQUIVALENCY TALLES

CENSUS TRACT 107218

DIME TRANEE DIME TRANES DIME TRAKES
NCDE NOoDE MODE NODEF NCDE NCODE
1 4367 21 9531 41 4923
2 4366 Ze 7785 42 4924
3 43€5 23 4610 43 5031
4 4364 24 460° 44 5032
5 4363 25 4608 45 50323
€ 4463 26 4767 46 5034
7 4464 27 47086 47 5035
8 44€° 28 4709 48 9739
9 44¢6¢ Z9 7787 49 5823
16 L4677 30 9454 50 5036
11 44€6€ 3. 4937 5. 10314
1o 4469 3z 9453 52 2037
13 4470 23 9738 53 5038
14 4471 34 9737 54 94F¢
F5 4611 35 778¢€ 55 9459
16 704¢€ 36 4936 56 4638
1% 647 34 4935 57 4959
18 9462 38 4809 58 £811
19 I¢3ce 39 4808 DY 4810
20 9532 40 4807 EC 4710
61 4711

CENSUS MAF =6

DIME TRANES DIME TPANES DIME TRANES

NCDE NODE NODE NODE NOLFE NODE
B 2:21:2 986 2630 1000 4061
28 2527 987 2774 1001 4062
i %% TEE 988 2906 16CZ 4362
Yis 4263 989 3026 1003 4462
076 4264 99¢C 3205 1004 4607
977 426C 91 3358 1005 4806
a78 4259 92 3496 1¢Ce 53157
oTY 4258 993 3405 1007 5272
980 4257 994 302° 1008 5381
981 £25€ 995 3640 1609 5472
82 2187 9%6 377 101¢ £473
og3 2186 985 3778 - o000
cg4 2ReT 658 3926 1458 5159
985 2204 999 3927 1459 5158
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Oklanhoma City Area

-

Transit

Study

MASSTRANS Coding 1982

Route Census Tracc |MAP |Census DIME TRANES OQutbhound/In-
Number Number # Node Number | Node Number bound/Both*
Begin
Qutbound
377
13 26 997 8 B
- i 998 3926 4
]
3927
" " 999 B
= Begiln
i " 981 A2=8 5 1 (out)
Y . - 4257 5
- - a78 4259 o
" 1072.18 6 1463 0
" 1072.18 25 4508 o
" 1072.18 41 AR33 0
End
" 26 1460 258 01 (out)
" v | 1459 . 0
" it 1463 5278 8
Begin
Inbound
13 1072.19 82 - i
o 1072.19 83 T I
; 1072.19 84 e I
" 26 | 1007 2272 T
. " 1005 4806 T
e " 1003 4462 I
* O: Outbound Only Page _
I: Inbound Only
B: Both (Outbound and Inbound)

FIGURE C-6

TRANES NETWORK CODING FORM FOR BUS ROUTE 13
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Route
Number

.. TRANES Node Numbers

TABLE C-2
TRANES NODE NUMBERS FOR COTPA BUS ROUTES

1

=W

10
11

12

13

14

16

18

19

20

22

27

33,
38

40

-1
633
2

=k
2535
198
=3
40p3
-4
uAasy
5294
257
-5
unsA
7296
750%
2095
-f
4137
697
-7
2199
1879
-3
10225
S0€R
5691
aer )
922
2340
4529
234
-10
1776
45
-11
2211
2155
-12
IR
6273

10351
-13

392A
6081
103579
-14
5783

=14
4712
7017
7760

-19
263U
4si17

-19
2332
2294

4n

R9A

4119

31
24113
1735

227
435y

206
5057
56713

121
n2472
S0nm2
7304
T4An
w7
Az242
4171

L B
9749
23107
1676
9242
2171
gran
4937
9749

G249
231413
PR

a3
R242
1777

114
1461
2A54
A247

u1
1419
479
27y
2455
Ig5h
971
510y
uz2n
G312
561D
i
255
531n
a1
7In
1241
256
G563
341
9751
2601
1261
256
2107
54199
0147
2731
927
2345

3317

42
1442
210
931
2436
1857
983
54913
1014
S542¢
5773

u2b
55815
Tu02
7154
1138
uz2h
496y
121
a537
29F3
23
3u)
2310
5694
329n
9517
923
2846
29613

92519192

201
1739

ul1
291¢

411134943

2931

SuT1I843

274
U 14
a2u?

1310
4254
6373
9207
121
5014

1225
7143

175
4257
5975

2175
5315

RK5211354

4947
03y
7784
10324
2636
uz70
1728
2331

-20101137

4036
6755
-22
1428
6523
241
'
a7h
-3
3265
-3n
722
=43
58 7h
6970

225
AN
P253
1H54
anyy
157
3357
239
1672
1452
1319
AG9
75
LR
51413

5154
1995
9621

284
2633
337
19hh
2334

b
usB?
5912
3357
1153
6131
az
43
A7
1672
2349
697
6 7R
TI1
A0 T3
4127

32133

555
33717
704k

9€2
4259
5879

2331
6176
10235
51342
7333
13351
043
26470
2314
2221
21316

285
4782
45R8

un
1907
5937
30
479
39
1757
11z

700

572

Rul
£ 3y
4799

11
1ML

972
2542
1951

912
5034
1241
S5H2
342

S7%
G50k
TJu15
9037
w2

M
5347

179
RYSE
1232
GhT79

141
2311
56 36
2934
a4349

ni12
2347
297°4h

139

510
2und

REHT
3903

Re 53
1713
359

1365
4463
5414

3111
6214

735
5623
7094

12817
2Au1
15 a5
2232
178¢

1290
5017
4017

T4n
2244
5531

430

2230
1913

732

37
2393
I
4253

ja2g
1448

a3
2675
1415
1946
5z29
157
“h77
5682

1244
EQ0G6
7u59

477
16065

385
2676
1125
1732
3192
1761
5670
5681

1460
9228

7482

7711105835

595
732
5321

1215
3522
265
343
2314
5697
2324
3506
135
2349
5942
5762
124 R
2706

T1E75S
4295

13711
4277
7106

13329
1933
56293

3uh7
6LT76
657

3uf
2367
5519

71717
3353
1753

jus
25613
EURE
244,
9754

736
2355
4a3N
771719
1573
2772

259
33014

13173
4k 24
TauA

2053
8158
555%

3751
6756
119)

SAYT12247
T0euIN25)]

1916
3512
AO4 S
2309
2333

1232
5103
1619

a9
2676
4554

472

3555
833
705

9747

26246

hid @

3199

2145
3792
237
2335
234

1294
5101
3472

158
2945
25413

983

3382
911
07
252

2h 25

7935

474
1857

ang
2543

BAT
1967
1407
20201
3630
5511

1702
7644
9198
Hh5h1

191

933
5518

9527
+ 142
9475d
Jib
2947
5701
d451

24
933
2477
4344
97%a
154)
3432

7544
1629

1527
49373
6359

2142
w255
5473

39234
6761
15248
50131391
13243

2433
4971
3034
2327
2343

1295
5359
2155

156
3034
1557

9932
6515
696
711

2621
1200

4AaY
1887

973
2244

591
1463
12497
0659
59134
5333

2001
33130
7502
6353

174
1141
5ul3

4u2
4343
3414
w77
Ja22
57 )4
263

19
919
2734
3391
A4S0
1521
3434

1194
1825

1715
517%
5977

2371
6254
5272

4343
6761
17117
3249

4y
1539

B4
2247
944
2225
3Ny
2320
4439
4742

2293
BY5 5

4R
1452
1715
27413
2229
3187
YA
4555

2553
£ 21

7310478

57717

1477
5320

EYAR

2im
8332

$911015)

4SS 7
8242
7771
3747
5706
263

27
1174
2985
3535
9753
1583
2231

215949
2069

2172
5371
4856

2438
6252
53157

4593
6755
2002
6261

574310294

2607
44231

23y
2345

1335
55%)
12491

169
3540
1427

991
6365
572
715

3152
7340

2604
4716

2310
2347

2154
5730

237
9711
43290
1424

1226
6523
337
717

3333
7333

3993

Yun
4302
5707

259

25
1512
3315
3183
9759
1505
212)

2541
2521
2507
G773
S404

2523

p201

4204

4771
5765
2403
i 12
5273

25213
498s

231
2344

2513
59407
407
59 34
940
1545
65951
253
7193

4055

579
3555
739
2223
2494
726

4701
ERFTY

620
1437

1730
1941

3360

3790
447w
1242

3279
Ju Gy
752
4132

29548
4334

AR
3570

7933
4153
5713

3549
15 %
3603
2152
B2w2
1597
1532

2Ldd
1953

3232
5119
4525

3200
61230
3339

5393
5337
3218
bA05
4812

2527
5335

2318
2127

3149
6155

B54Y
h132

634
1728

476

63 L34 615
Ji1vE 40w 636

1376 2245 8714
1390 1289 1537

$U73 wlB1 4082

3yna wisld 4654
4TS 4274 4951
1217 301 Ju

373112090 4539
7134 7199 7559
7529 71533 7532
3008 2083 24wl

3294 1565 3846
3331 3730 24wy

1437192221)224
41235 2452 2%

322 1327 1250
4321 3320 9821
5703 570) 5693

713 327 92
2130 1780 23139
4198 44306 4537
235u 2343 2344

1539 139J 1639
1138 1)2v 535

2640 1032 2073
Ju58 9147 319

3215 3213 3220
3321 LJ41 6122
3514 1137 8652

1232 3205 .94
6313 £ldY 5974
3224 3201 131

5246 5356 76090
4332

3503 37834 uy472
6ETT0 B3b1 6945
4612 4265 3929

2629 2331 2631
5565 6263 6266

2322 2326 2311
2323 2306 2299

3148 3472 37155
6220 65222 H4TS

9499 300 957
6528 6525 6524
495 418 412
1225 481 479
4124 3335 3697
9911 13]) B6I2

5428 5355 5733
53JJ b5 3 b25)
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route that has previously been coded. The methodology ccnsists
of listing the beginning bus stop node in common with a transit
route, the negative of the transit route being referred back to,
and the last bus stop node in common.

SUMMARY

This section has described the steps involved in preparing
the "line values" for input to TRANES, namely, map preparation,
transit network GBF/DIME file nodes extraction, and TRANES node
numkber extraction. The map type used, the procedure to plot the
network and required considerations in tabulating the DIME file
node numbers were discussed. Finally, the method of extracting
TRANES rode numbers and preparing the input data for the TRANES
program were explained.

It is estimated that a transit route with 50 bus stop nodes
will take an average of 90 to 120 minutes to be coded. This
includes drawing the route on the DIME file map, identifying the
bus stop nodes, tabulating the transit network DIME file nodes,
and TRANES "line value" extraction.
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APPENDIX D

TRANES TRANSIT EQUIVALENCY TABLES FOR NORMAN, OKLAHOMA
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TRANES EQUIVALENCY TABTLE

{ Ehkdkdkhkhdhhh bk kkk kb hh ko kk ek ok ko ko ks ko kkkk ko hkhkhhhkdhkhhdrddhkdhhhhhhhhhkk

CENSUS TRACT 200100
s e R R e T e e T T e T e T T L 2

DIME TRANES DIME TRANES DIME TRANES DIME TRANES DIME TRANES
NODE NODE NODE NODE NODE NODE NODE NODE NODE NODE

i i s P i o i B A ' i s i B i S i e W i, i s . i s i o e S . e e i i e e e i . S i . i i i s i i s S i s

1 2080 2 1973 3 1246 4 2089 5 1544
6 1833 7 918 8 917 9 1292 10 1291
11 1296 12 1245 13 1297 14 1298 15 1667
16 1666 18 1251 19 1665 20 1543 21 1659
22 916 23 854 24 853 25 852 26 860
27 861 28 862 29 1129 30 1128 31 1127
32 1126 33 1119 34 1120

hkkkdkkkhkhkkkkhkhhhrhhhhthdhhkdhhhddddhhdhddhhkhddhxhddhdrdhddhhkdhddrhhhrdbrhhhhbhdhdhhhkd

khhkdkkhkhkhhkhkhkhrhddhhhrhdhrat bk bk kr kb ok r kb dbkdhdhdhhkdhhdhkhddhhhddhhdhdhhtdhhkid

CENSUS TRACT 200200
R R R R L R R R E R T e s e st t R I 22T

DIME TRANES DIME TRANES DIME TRANES DIME TRANES DIME TRANES

NODE NCDE NODE NODE NODE NODE NODE NODE NODE NODE
1 1871 2 1320 3 T2 4 1808 5 830
6 829 7 828 8 827 9 1809 10 1537

11 826 12 1536 13 1171 14 1319 15 1535
le 1870 17 11740 18 1924 19 825 20 1926
21 824 22 1225 23 1169 24 1224 25 1223
26 1412 27 1168 28 1413 29 823 30 239
31 238 32 237 33 236 34 235 35 234
36 1869 37 1294 38 1167 39 1295 40 822
41 279 42 859 43 280 44 688 45 832
46 858 47 1662 48 1166 49 1661 50 856
51 857 52 1122 53 1123 54 1124 55 689
56 9503 57 304 58 281 59 690 60 2041
61 1174 62 1873 63 291 64 292 65 293
66 282 67 294 71 691 72 1175 %3 1626
74 1925 15 1923

khkhkkkhdhrhkhhhrhdhhhkdkbhhhkh bk kb A A A kA bk Ak kkkhkkhkdhkdrhkhhhddhhkhddhhhkhkhkdbdhkdhhx
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TRANES EQUIVALENCY TABLE

kkkkkkdhhhkkkbhdkdkrhh b kkhkdkkkhkhk ko kb hhhkhhddhrhhkhhhkhkhhkkdhdhhohhrhhkhdhkhhrix

CENSUS TRACT 200300

R e R R R R LR RS RS2 222 SRR RS RTIS RSS2 SIS A S22 AR R R RS A A E SR & S0

DIME TRANES DIME TRANES DIME TRANES DIME TRANES DIME TRANES

NODE NODE NODE NODE NODE NODE NODE NCDE NODE NCDE
1 1486 2 1485 3 1484 5 2073 6 2044
23 990 24 935 25 939 26 934 27 2071
28 1840 29 2070 30 2045 31 1839 32 1838
33 2072 34 933 35 276 36 2717 37 17.32
38 1731 39 932 40 1730 41 931 42 1837
43 1928 44 1159 45 1929 46 1326 47 1158
48 1323 49 1324 50 930 51 929 52 928
53 927 54 1836 55 2126 56 1157 57 2043
58 1015 59 1014 60 1011 61 1012 62 926
63 1835 64 1547 65 1156 66 1946 67 1947
68 1091 69 1353 70 1351 71 1155 72 1349
13 1350 74 925 75 924 76 1493 77 1546
78 1154 79 1755 80 1389 81 1153 82 1386
83 1387 84 923 85 922 86 1533 87 1532
88 1531 89 1152 S0 1538 91 1160 92 1545
93 1552 94 1834 95 921 96 920 97 1221
98 1220

kkkhkkkkhkhkhkhdk kb kkkkkkk ko kkhkh ko khhkkkkkdhhhddrrhhkdhrhdhhdhhkdhdrhdohxhhhhid
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TRANES EQUIVALENCY TABLE
R R e e s R T R T R

CENSUS TRACT 200400

&SRR E RS RS ER SRR R R R RS R R AR R RS R A AR R R RS R R RS R RS SR RS RREE R R AR R RS RS R R R RN 22 R

DIME TRANES DIME TRANES DIME TRANES DIME TRANES DIME TRANES

NODE NODE NODE NODE NODE NODE NODE NODE NODE NODE
T 1073 2 1072 3 1190 4 1249 5 1248
6 1189 7 1188 8 1247 8 1539 10 1187
11 1186 12 1049 13 1071 14 1377 15 1378
16 1921 17 1052 18 1051 19 1050 20 1417
21 1416 22 1184 23 1415 24 1343 25 1344
26 249 27 248 28 247 29 246 30 245
34 244 32 243 33 242 34 1002 35 1003
36 1004 37 1005 38 1006 39 307 40 306
41 1510 42 1509 43 1183 44 1508 45 1507
46 1064 47 1065 48 1760 49 1573 50 1182
51 1761 52 1762 53 305 54 304 55 1557
56 1556 57 386 58 1181 59 1555 60 1554
61 1037 62 1038 63 1039 64 385 65 384
66 1180 67 1572 68 2092 69 1300 70 1301
43 1179 72 383 73 1302 74 1185 75 1376

v 16 1414

(AR RS SRS R R R R R R R R R SRS E R R R R R R R A RS R R R RS E R A EE TR SRR SIS S SRR SRR S 2K R

LA ESEE AR RS R AR RS RS S R s R R R R SRR E R R AR R SR T SRR R R RS EREAE S S SRR E SRS R 2R

CENSUS TRACT 200500

LE SRR RS S SRS SR SRR RS SR R R R R AR R R R R E R IR R RS SRR R R R TR R AL RIS SRS SRR TR LS R SRR R

DIME TRANES DIME TRANES DIME TRANES DIME TRANES DIME TRANES
NODE NODE NODE NODE NODE NODE NODE NODE NODE NODE

—— o ———— T —— — — — T o o o o T ot T T T -

1 1266 2 867 3 866 4 865 5 724
6 864 7 1131 8 833 9 725 10 1134
11 868 12 1135 13 1845 14 1192 15 1574
16 726 17 834 18 1092 19 1822 20 296
21 2917 22 298 23 299 24 1823 25 1093
26 300 27 1704 28 1330 29 1322 30 1321
31 1728 32 1193 33 1553 34 727 35 1094
36 1824 37 621 38 320 39 1627 40 1253
4] 1622 42 1080 43 1079 44 1078 45 1085
46 1040 47 321 48 1088 49 1087 50 1254
51 1692 52 322 53 622 54 2101 55 512
56 513 53 514 58 515 59 516 60 1590
61 553 62 984 63 983 64 982 65 600
66 601 67 602 68 644 69 603 70 1694
71 1693 72 L1575 73 1194 74 1827 75 1828
77 673 78 1655 79 1654 80 1132 81 1133
82 819

Thhkhkdk kA AhkhdhrhdhhdhhhAddhkhhkdkdkhkhhkddhhdbdhhdhhhdbhdkhodrdhdhhkhdbhhdhkhhhhkdhhhdhht
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TRANES EQUIVALENCY TABLE

* LE R R EE R EE SRS S SRR R R RS SRR RS R S R R R R R R R R R R R R AR R R T R R R R R R R R R R R TR R

CENSUS TRACT 200600

LEEEE SRS RS R e S e et e E EEE s E R

DIME TRANES DIME TRANES DIME TRANES DIME TRANES DIME TRANES

NODE NODE NODE NODE NODE NODE NCDE NODE NODE NCDE
1 1549 2 1679 3 257 4 258 5 692
6 693 7 694 8 695 9 696 10 1999
1oL 1918 12 1919 13 2087 14 960 - 959
16 958 17 957 18 956 19 955 20 954
21 1559 22 797 23 937 24 1558 25 1550
26 1082 27 938 28 1083 29 798 30 1084
3. 1163 32 799 33 1162 34 1161 35 1111
36 1112 37 1113 38 800 39 1114 41 1752
42 1751 43 1750 44 411 45 1920 46 1975
47 1738 48 878 49 879 50 1740 51 367
52 412 53 1640 54 1742 - 55 1641 56 1741
57 1653 58 1652 59 801 60 802 61 2093
62 1551 63 498 64 499 65 500 66 501
68 502 63 503 70 504 71 505 P2 374
73 369 74 368 75 402 76 371 77 372
78 373 78 370 80 1804 81 1874 82 803
83 804 - 84 1807 85 1805 86 805 87 1806
8 375 89 1333 90 597 91 596 82 376
#3 585 94 594 95 593 96 592 87 773
98 774 99 748 100 308 101 309 102 1472
103 1471 104 1971 105 749 106 FL15 107 806
108 807 109 750 110 1044 - 111 1646 112 1647
113 1733 114 1734 115 42 116 43 117 44
118 45 118 46 120 47 121 48 122 49
123 50 125 1993 126 1951 127 1992 128 526
129 527 130 528 131 1820 132 1819 133 703
134 702 138 701 136 2095 137 2008 138 2055
139 2003 140 2056 141 2050 142 2004 143 2008
144 227 145 226 146 225 147 2048 148 2049
149 2127 150 2005 151 2128 152 2123 153 2124
154 2006 155 508 156 507 157 506 158 224
158 1927 160 271 161 716 162 717 163 2007
164 251 165 1994 166 2125 167 2199 168 1996
169 1995 170 252 176 392 177 591 178 390
178 389 180 388 181 272 182 387 183 844
184 845 185 843 186 470 187 333 188 332
189 712 1380 711 151 598 192 471 193 472
194 1650 195 1738 196 1906 197 1747 198 1648
198 1649 200 1803 201 2088 202 2060 206 2000
207 2001 208 2002

***********************"*************‘***‘********************************‘k***
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TRANES EQUIVALENCY TABLE

kkkkrhkkdkhkhkhhkhdhhhkr kI Ak ddrd kA A Ak A d A kAR ATk bk k bk kb ko hhkdhsh

CENSUS TRACT 200700

***************************************************************************

DIME TRANES DIME TRANES DIME TRANES DIME TRANES DIME TRANES

NODE NODE NODE NODE NODE NODE NODE NODE NODE NODE
1 1280 2 1316 3 1317 4 1281 5 1318
6 705 7 704 8 1405 9 1282 10 315
11 314 12 316 13 1381 14 1380 15 1383
16 2121 X 2120 18 1382 19 2022 20 2023
21 1664 23 2011 24 2122 25 1278 26 1279

kkkkkk kb k kA ddhd kbbb bk hhdd bk k kA bk kA khh bk dhhhrdhkhkhhdrkhhadkrhhdkkkhhbdk

KR KRR R IR AR KA TR AT A AR TR AR R IR AT IR kAT Tk hkh ek khkhkdkhhhhhkdhkhhkdbdhhkdkhkhhhhhk

CENSUS TRACT 200800
e L R e R R e I R e L3

DIME TRANES DIME TRANES DIME TRANES DIME TRANES DIME TRANES

NCDE NODE NODE NODE NODE NQDE NODE NODE NODE NODE
18 1144 19 537 20 1145 21 1771 22 1770
23 1772 36 229 37 228 38 1366 39 536
40 1365 41 1364 42 1363 43 26 44 25
45 2157 46 2201 47 535 48 1367 49 1368
66 1972

***************************************************************************

108



TRANES EQUIVALENCY TABTLE

'r****t******************'ﬁl************************************************

CENSUS TRACT 200900 _
LR S SRR R R SR R R SR R R R P R R E R R R T,

DIME TRANES DIME TRANES DIME TRANES DIME TRANES DIME TRANES

NODE NODE NODE NODE NODE NODE NODE NODE NODE NODE
1 70 2 69 3 68 4 67 8 2046
6 1825 7 19 8 66 9 65 10 18
11 1749 12 1748 13 1008 14 1009 15 1010
16 64 17 1516 18 1’515 19 1514 20 1513
21 619 22 620 23 618 24 17159 25 1718
26 617 27 2074 28 1212 29 1213 30 1210
34 1211 32 1214 33 63 34 1356 35 62
36 953 37 952 38 951 39 950 41 949
42 947 43 948 44 1636 45 1637 46 1721
47 1720 48 1491 49 1490 50 1489 2X 1487
52 1488 53 1354 54 666 55 365 56 676
57 1116 58 678 59 F12 60 313 61 1117
62 662 63 663 64 723 65 722 66 661
67 651 68 650 69 674 70 665 71 708
72 652 73 653 74 710 75 709 76 668
77 667 78 664 79 363 80 1054 81 362
82 1056 83 1007 84 361 85 360 86 1571
37 1512 88 2156 89 1207 90 1206 ¢ 9k 359
92 358 93 357 94 356 95 1205 96 1208 -
97 1390 98 1391 99 946 100 945 101 1987
102 943 103 944 104 1209 105 1203 106 355
107 354 108 353 109 1202 110 1445 11} 1444
112 1055 113 2155 114 1204 115 2214 116 677
117 675 118 364 119 1053 120 1047 121 1048

LEE SRR SRR AR R R E R R R R R R R R R R R R R R R R T T R R R e e e i S T SR S R W

109



TRANES EQUIVALENCY TABLE
1 Rk k kA k kAR AR AR Ak Ak Ak k kA A Ak bk kb ko hk ke k kA ko ke kkk ke k kA k&

CENSUS TRACT 201000

Khkkhkk ko kkhkh Ak khkk kA Ak Ak d kA A A Ak Ak k kA Ak kA kA hhkhdhhk Ak hkhhdhhhdhhd

DIME TRANES DIME TRANES DIME TRANES DIME TRANES DIME TRANES

NODE NODE NODE NODE NODE NODE NODE NODE NODE NODE
1 1446 2 1447 3 641 4 640 5 100
6 101 7 82 8 83 9 1274 10 1328
11 1756 12 1519 L3 1262 14 1998 15 2053
16 2052 17 2051 18 1268 17, 284 20 285
21 286 22 287 23 1710 24 1426 25 1427
26 1712 27 1714 28 1715 29 1264 30 1263
3, 1716 32 842 33 1329 34 1709 35 1273
36 84 37 102 38 1769 39 792 40 534
41 103 42 533 43 532 44 85 45 1272
46 633 47 632 48 1218 49 629 50 1217
51 2172 52 1520 53 660 54 659 55 658
56 657 57 656 58 655 59 654 60 2160
61 2206 62 1969 63 1588 64 1589 65 1705
66 1043 67 16 80 68 1265 69 1359 70 1922
Sl 631 72 630 73 491 74 87 75 86
76 718 77 719 78 720 79 2094 80 721
81 793 82 394 83 393 84 334 85 335
6 1976 87 794 88 795 89 796 950 609
91 1074 92 608 g3 1443 94 649 95 89 -
96 524 97 523 98 2161 99 1569 100 607
101 1542 102 606 103 1541 104 289 105 1757
106 1568 107 288 108 1540 109 522 110 521
111 520 112 519 113 518 114 517 115 1591
116 985 117 1592 118 986 119 - 988 120 648
121 647 122 1683 123 1695 124 1682 125 1681
126 1970 127 646 128 645 129 604 130 340
131 605 132 341 133 1696 134 1802 135 339
136 338 137 337 138 1606 139 1800 140 1801
141 1604 142 1607 143 1605 144 1582 145 1583
146 1711 147 1713 148 987 149 88 150 492
151 90 152 1075

Kk kk kAR A AT AR I I AR A AR IR I I AR AA IR A I ATk Ak hhk ko ke h ke kkkhhhhhhhkhhhhkhhkhhhhhhk
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TRANES EQUIVALENCY TABLE

kkkkhkkkkhhkdkkhhdhhkhhkkthkrhhdkdrdhdhhhhhkhkAadbhhrhhhhhoxhhhhhrhkhhhrrhrhkdxhokhdhx

CENSUS TRACT 201101
Ak kkkk ok kAR Ak kKRR Rk kAR AR h Rk KA Ak kK kk ko k kAR Rk Ak ke ok kA k kA kk kA Rk kkhkkk kA kK %

DIME TRANES DIME TRANES DIME TRANES DIME TRANES DIME TRANES

NODE NODE NODE NODE NODE NODE NODE NODE NODE NCDE
L 1441 2 548 3 547 4 91 5 TS
6 778 7 1355 8 92 9 546 10 93
11 469 12 46 8 13 1342 14 1151 15 94
16 1244 17 2024 18 1442 19 95 20 96
21 2116 22 2117 23 1164 24 1521 25 1165
26 97 27 98 28 99 29 1440 30 545
3 1399 32 1400 33 763 34 466 35 978
36 1401 37 467 38 1832 39 1341 40 1402
41 256 42 979 43 980 . 44 1701 45 1964
46 1965 47 1936 48 2030 49 1702 50 1700
51 1312 52 1311 53 1310 54 921 55 1309
56 1307 57 1308 58 756 59 757 60 758
61 1347 62 1348 63 2013 64 2012 65 992
66 489 67 1608 68 230 69 231 70 1609
71 490 72 994 73 993 74 771 5 2014
76 2015 77 132 78 2016 79 1398 80 1392
81 1383 82 1657 83 I3 84 995 85 1656
3 232 87 330 88 328 89 329 80 1474
91 1473 93 1941 94 1940 95 1539 96 1560
87 1561 98 1724 99 1725 100 1603 101 1602
102 1601 103 1776 104 1727 105 1726 106 1842
107 2032 108 2135 109 2136 110 2017 111 1518
114 1777

*****************‘.k**'A-******************************************************
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TRANES EQUIVALENCY TABLE
ek kA ke kR kA Ak kA ARk kR AR AR KA kAR A kA kA hkkk ko hkk ke kkkkh Ak kkhhkhhkkhkkhkhdk

CENSUS TRACT 201102

***************************************************************************

DIME TRANES DIME TRANES DIME TRANES DIME TRANES DIME TRANES

NODE NODE NODE NGODE NODE NODE NODE NODE NODE NODE
1 761 2 760 3 1913 4 447 5 448
6 463 7 759 8 464 9 1395 10 1394

11 789 12 2129 13 46 2 14 461 15 449
16 450 17 253 18 254 19 1396 20 790
21 415 22 416 23 2153 25 614 26 615
27 1846 28 1196 29 1577 30 1403 31 1197
32 1404 33 1110 34 1108 35 1108 36 1768
37 1336 38 1226 39 1337 40 612 41 613
42 2212 43 1847 44 1338 45 2213 47 881
48 880 49 1848 50 1849 51 1852 52 2163
53 2166 54 2165 55 2164 56 1853 51 1850
58 1141 59 1142 60 1778 61 1851 62 1707
63 2134 64 1708 65 477 66 476 67 1143
68 1691 69 1581 70 1580 71 1579

Ehkkk Ak kA kR b A hhhhkhhkh ko kA hkkhkkkkdhkdhhkhhhkhdhdhhhhhhhhhkkhdddhhhkbhhhd sk

Thkkkhhkkk kAR kAR * Ak hdhhhhhkkhk sk kkhk ko hhkkkhkkhkhkhkbhdhdhhhhhddhdhddddhhdn

CENSUS TRACT 201201
R T T R R T R T T T R T R TR R RS R E s g

DIME TRANES DIME TRANES DIME TRANES DIME TRANES DIME TRANES
NODE NODE NODE NCODE NODE NODE NODE NODE NODE NODE

1 1745 2 2096 3 1814 4 1818 5 1815
6 1813 7 1817 8 1746 ) 588 10 589
1l 590 13 1140 14 1598 15 1260 16 1610
17 1269 18 1611 19 1150 20 1149 z1 1148
22 1147 23 1599 24 1261 25 1703 26 1270
27 1517 29 1177 30 395 31 1176 32 1271
33 1600 34 2081 35 396 36 1678 37 1506
38 387 39 398 40 818 41 1826 42 399
43 1821

Ak kkkhk kA hkkkhk ko kkk Rk hh ok bk kkkkkkhkkhhkkhhhkhhkkhhkhkhhhddhdahhhhhhdhhdkdn
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TRANES EQUIVALENCY TABILE

3 Ahkhkhkdkhkhdkhkdrrkhhhbkdrkhhhdbbhkdk ok hkkddhhkdhhddhrhh bk hhhhkhhkhhrhhkdkhdkrrhkdk

CENSUS TRACT 201202
R e R T T ™

DIME TRANES DIME TRANES DIME TRANES DIME TRANES DIME TRANES

NODE NODE NODE NODE NODE NODE NODE NODE NODE NODE
1 835 2 981 7 324 8 2319 9 2118
10 599 1.1 585 1.2 836 13 1095 14 1617
15 325 16 1618 17 1619 18 1096 19 837
20 838 21 1097 22 2 23 1 24 2200
25 4 26 5 27 6 28 1098 2.9 839
30 840 31 1099 32 10 33 9 34 966
35 8 36 967 3 1100

(RS RS R R R RS S R R R RS RS R AR R R R R R R R R R R R R R R R R SR R R R R R R

IR SRS EE SRR RIS R T R R R SRR AR R R R R R R R R R R R R R R R TR

CENSUS TRACT 201203
L R s s e R T S T

DIME TRANES DIME TRANES DIME TRANES DIME TRANES DIME TRANES

NODE NODE NODE NODE NODE NODE NODE NODE NODE NODE
1 327 2 2132 3 2130 4 2131 5 901
6 900 7 764 8 765 9 766 10 767

11 768 L2 769 13 770 15 1685 17 877
18 876 19 875 20 874 21 873 22 872
23 871 24 846 25 847 26 848 27 849
28 850 29 851 31 1686 32 672 33 67
34 670 36 887 37 886 38 885 39 884
40 883 41 882 42 1584 43 1042 44 1722
45 1723 46 1063 47 669 48 1688 49 1687
50 1689 bl 2031 52 1530 53 529 54 530
55 746 56 747 59 697 60 52 61 53
62 2144 63 2143 64 2145 65 2146 66 1889
67 1990 68 2021

R SRR R SRR R R R R R R AR SR R R R R R R R R E R R R R R R R R R R R E R R R R R R R R R TR R

L1383



TRANES EQUIVALENCY TABTLE

khkhkhkkhkkhhkhhhkhkhhhkddkhhhhkdbhhhhdhkhhkhdhhhhhhhkdhhdhdrhkdhhhhrhkhhhkhhhhhddhhhhhdk

CENSUS TRACT 201300
I I T T O N e I s s s e R R S S R SR SR S 2

DIME TRANES DIME TRANES DIME TRANES DIME TRANES DIME TRANES

NODE NODE NODE NODE NODE NODE NODE NODE NODE NODE
1 809 2 1067 3 1057 4 1076 5 1077
6 1058 7 1068 8 1962 9 1643 10 1069

1.1 1409 12 1070 13 1644 14 1963 15 810
16 1645 17 1642 18 1410 20 1787 21 1788
22 1789 23 273 24 274 25 275 26 278
2F 1107 28 1106 29 1105 30 1104 31 1730
32 1795 33 2162 34 1103 35 636 36 637
37 1786 38 1781 39 1782 40 1791 41 1966
42 1799 43 1783 44 1784 45 1785 46 1792
47 1578 48 1968 49 1867 50 1793 51 2100
52 1794 53 2099 55 811 56 345 57 642
58 996 59 997 60 317 61 318 62 319
63 1219 64 1139 65 1086 66 998 67 643
68 347 69 221 70 346 71 222 72 223
73 813 74 812 75 814 76 815 77 2034
78 2035 79 2033 8a 816 81 1408

EE T E T T R T R R R T E R S S SRR E RIS RIS SRS A SR SRS A A A RS S
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TRANES EQUIVALENCY TABTLE

4 kkkkhkhkhkrkhkhkhkhkhkhkhkddhhdkhdrhddrhhddkhkdddbdtddhhkddhhhdhdhhadhhhhdhhhhdhdhhbhdhdhhdx

CENSUS TRACT 201400
KKk Rk IR I A I I A AR A AR AR AR KR AR ARk Rk kk Ak k kAR Ik kA hkk ke k kA kkkkk kR Ak kkkkh k%

DIME TRANES DIME TRANES DIME TRANES DIME TRANES DIME TRANES

NODE NODE NODE NODE NODE NODE NCDE NODE NODE NODE
8 1227 9 33 10 60 11 1228 14 116
15 117 28 138 34 137 45 963 46 962
47 961 48 1200 49 1199 50 1066 51 1198
53 2065 54 2064 55 2063 56 2062 57 136
58 132 59 131 60 1810 61 130 62 115
63 58 64 2061 65 30 78 59 86 32
97 1631 98 12 99 1632 100 1633 101 1938
102 1937 103 1634 104 11 105 13 107 1635
108 3 113 2210 114 1101 115 1102 116 1335
117 1334 118 2218 119 2182 120 2181 121 1585
122 1586 123 1587 124 965 125 96 4 126 2180
127 2217 128 2179 129 2202 130 1216 131 1981
132 1980 133 1215 134 1979 135 1978 136 2178
137 2177 138 2176 140 775 141 776 142 2215
144 777 145 1986 146 2149 147 2170 148 2108
1459 15 150 16 151 17 152 2211 153 1982
158 29 159 28 160 1902 161 1901 162 1300
3 1565 164 2171 165 2169 166 2148 167 1985
168 1984 169 2209 170 2208 171 1983 172 2147
173 1423 174 1424 175 1425 176 1562 177 1905
178 1563 179 1564 186 2098 187 2109 188 1961
189 1346 190 1345 191 1888 192 1357 193 1889
194 1358 195 541 196 540 197 539 198 1904
199 1855 200 1903 201 538 202 2110 203 2097
204 23311 205 2112 206 1954 207 114 208 135
209 1955 221 134 222 133 236 2054 237 113
238 112 239 111

khkkkkdkhhkhkhdhdhdkhhhhhhhdbhdhdhdhkhkddhhhhkhkdhddhhddhhhhhkhkhdhkhdhhhdbdhhhdrhddhddhddhhdk
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TRANES EQUIVALENCY TABYLE

Fhkkkdkkdkdhkhhddhhhhdkhhhddkhdrdhhhdbhddhdrhrhdhhhhhhkhkhdhhhdhhdhddhdhhhdrdhhhdodhhdn

CENSUS TRACT 201501

LR 2 RS RS E S R R R R SR R R R R R RS R R R E R R R s R R R R R R R R T R R R R R R I R RS AR RS R L R

DIME TRANES DIME TRANES DIME TRANES DIME TRANES DIME TRANES

NODE NODE NODE NODE NODE NODE NODE NODE NODE NODE
1 488 2 487 3 486 4 485 5 1428
6 1429 7 1676 8 1677 9 531 10 1706

11 2133 12 1418 13 1419 14 550 15 1420
16 1421 17 1422 18 1499 19 1454 20 1455
21 1462 22 1498 23 1497 24 1507 25 2059
26 1908 27 413 28 1909 29 414 30 1910
31 1911 32 1912 33 120 34 121 35 1894
36 1916 37 1858 38 1896 39 1857 40 1895
4] 1138 42 1137 43 1136 44 2207 45 1856
46 942 47 1651 48 941 49 403 50 404
51 1899 52 940 53 119 54 1496 55 1495
56 1460 57 1456 58 1494 59 1493 60 1893

khkkkhkkhhhhkhhkhkr bk kb hkd Ik Tk A XA hhhFkd A h b hhhdhkhhhhhkhhkhkdhkhhhkhhhkhkdhkkhdhhhhkx
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TRANES EQUIVALENCY TABLE

hkkkkhkkhkhhk kb hhkikhkrr A bk hhkhhdhhkhhkkdhhdhhkdhhhbhhhhhhk kb hkrdkhhhdkddhhhkhhhhhxk

CENSUS TRACT 201502
R T L s R e a2

DIME TRANES DIME TRANES DIME TRANES DIME TRANES DIME TRANES

NODE NODE NODE NODE NODE NODE NODE NODE NODE NODE
1 1505 2 1468 3 1457 4 1465 5 1466

6 1432 7 1435 8 128 9 1046 10 2040
11 127 2 126 13 1864 14 1863 15 1858
16 1860 17 1862 18 1861 19 2036 20 1438
2L 1434 22 1437 23 1436 24 1461 25 1492
26 2174 27 2018 28 40 28 2010 30 2173
31, 2018 32 483 33 1988 34 1987 235 482
36 481 42 480 43 39 44 1892 45 1891
46 1890 66 77 67 1236 68 38 69 1237
70 1062 71 788 72 76 73 75 74 1238
75 1239 76 1240 17 1241 78 1242 79 1243
80 125 81 142 82 159 83 158 84 141
85 2069 86 2085 87 1930 88 2084 89 2083
90 1934 9l 1935 92 2086 93 2104 94 1931
95 584 96 583 97 124 98 1504 100 73
101 74 102 2068 103 2067 104 783 105 784
106 1255 107 785 108 1796 109 1797 110 1798
il 786 112 1061 113 787 114 1060 115 1059
1319 37 120 36 125 715 126 714 127 L3
128 1960 128 1766 130 2076 131 2075 132 1831
133 1765 134 999 135 1000 136 1001 137 1090
138 1089 139 1595 140 1596 141 1332 143 1717
144 1016 145 1017 146 1286 147 1025 148 1597
149 1259 150 1024 1.59 2159 152 1023 153 1887
154 1865 155 1866 156 1886 157 1331 158 2158
159 1764 160 1256 161 1257 162 1258 163 2313
164 1594 165 1767 166 72 167 562 168 560
168 561 170 563 171 1503 172 123 173 1290
174 140 175 157 176 1949 177 156 178 1385
179 1384 180 1289 181 1288 182 581 183 582
184 580 185 1361 186 1362 187 782 188 781
188 2204 190 700 191 707 192 706 193 579
194 578 195 1773 1386 1774 197 699 1398 1778
199 780 200 557 201 556 202 1868 203 2203
204 1812 205 1811 206 577 207 2137 208 576
209 2138 210 2139 211 564 212 565 213 1303
214 555 215 554 216 2115 217 2114 218 2142
219 2141 220 575 221 574 222 2140 223 382
224 378 225 379 226 2205 227 381 228 380
229 474 230 634 231 5713 232 475 233 542
234 543 235 544 236 914 237 911 238 913
239 912 240 915 241 569 242 635 243 572
" 14 1285 245 571 246 525 247 405 248 406
~49 407 250 552 251 408 252 408 253 568

117



TRANES EQUIVALENCY TABLE

3 ke k kA A AR AT A A A kA A Ak Ak kkkhk ks k sk kkkkhk kb kb khk kb dhkhdhhdrhdhkhrkhkhrdhddx

CENSUS TRACT 201502
R L I R e R e S S RSS2 22 L

DIME TRANES DIME TRANES DIME TRANES DIME TRANES DIME TRANES

NODE NODE NODE NODE NODE NODE NODE NODE NODE NODE
254 567 255 2042 256 16389 257 1898 258 1843
259 1314 260 1315 261 974 262 973 263 972
264 1313 265 1842 266 1844 267 1897 -~ 268 2197
269 2196 270 971 271 970 272 976 273 975
274 2216 275 2195 276 1501 277 1502 278 1431
279 1453 280 1452 281 155 282 2185 283 2184
284 2183 285 2186 286 1306 287 1305 288 752
289 1304 290 1885 292 1566 293 753 294 754
295 1854 296 2187 297 2198 298 2152 299 2151
300 2150 301 401 302 400 303 755 304 2189
305 2188 306 2190 307 2194 308 2193 310 1463
311 1467 312 611 313 104 314 610 315 1450
316 1459 317 1448 318 105 319 1625 320 106
321 107 322 1451 323 1449 324 1464 325 1458
326 549 3247 108 328 109 329 110 330 2025

hkkhkkkhkhhkhkhhdhhhhhhhkhhhkhkdrdr ko hh bk hdhhkhhdbhrkhhhkhhhkddhhhhhdhhhhdhdkkkhhdd
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TRANES EQUIVALENCY TABLE

k] khkkhkhkEkhkkhkrhkhkhkthkdkhrhdkhhhhhkdhhhkhkdhhbdhdhddddhhkrhhddhrhhhhhhhhhddhddhddrdhitk

CENSUS TRACT 202400
R R I s T T R e TS e

DIME TRANES DIME TRANES DIME TRANES DIME TRANES DIME TRANES

NODE NODE NODE NODE NODE NODE NODE NODE NODE NODE
2 218 3 220 4 219 5 217 6 216
P 2080 8 1933 9 2079 10 2078 11 1832
12 2038 13 2039 14 627 15 626 16 625
157 638 18 639 19 624 23 214 25 460
26 207 27 459 28 1567 29 679 30 399
31 177 32 458 33 1684 34 1284 35 457
36 1283 37 170 38 169 39 1287 40 168
41 176 50 1229 51 167 52 479 53 1406
54 1658 55 1231 56 1230 57 478 58 166
68 164 69 165 79 163 80 1956 81 909
82 908 83 907 84 906 85 1340 86 1339
87 905 88 1830 89 1570 90 1829 91 869
92 870 93 162 94 161 96 171 119 172
120 1.7.3 121 174 122 175 123 190 124 2168
125 189 126 2167 127 180 128 188 129 616
130 410 131 202 132 194 133 192 134 187
135 185 136 183 137 179 138 181 139 182
0 184 141 186 142 191 143 193 144 201
145 2107 146 2106 147 2105 148 2066 149 187
169 TO5 170 196 172 821 173 342 174 310
175 1977 176 343 177 344 178 311 179 1759
180 1758 181 1277 182 1276 183 1275 184 1744
185 302 186 303 187 1628 188 1629 189 1630
190 1743 191 198 192 820 193 206 194 1690
195 213 196 205 197 1480 198 204 199 352
200 212 201 1360 202 1375 203 1371 204 1374
205" 1373 206 1372 207 211 208 210 209 1779
210 1780 211 1914 212 2047 213 1370 214 1369
215 3915 216 2192 217 1235 218 1234 219 ¥233
220 1232 222, 2191 222 209 223 203 224 348
225 349 226 350 227 351 228 1021 229 1020
230 1867 231 1736 232 1737 233 1026 234 1027
235 1019 236 1022 237 1018 238 1735

EEEEEEEEEEEREEEEEREE SRR R R SRR LSRRI EE AR SRS R RS A SRR R R R R R SRS REE SRR E SRR S RS
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TRANES EQUIVALENCY TABLE

* LRSS SRS R RS R AR R AR S AR R R R R R R R R R R e R R R R R T RS SR S L R 3

MAP
tEE SRS SRR AR R AR R R R R Y E E E  E  E E R R R RS LS L L]

DIME TRANES DIME

CENSUS

TRANES

NODE

DIME
NODE

TRANES

NODE

31

DIME TRANES DIME

NODE

NODE

NODE

TRANES
NODE

e e B e S e e T e e S S S ot et i ok e e e o e Bt B B S S o o S S o . i T

NODE NCDE NODE
702 178 703
712 2037 713

2077

708

208

215

710

628

LER SRR RS R R E SRR S RS R R R S P L L R

R R R R R R R R R R R R R R e R R LSRR LS

MAP
LR A SRR RS RS R R I T P P E R RS R 4

CENGSUS

DIME TRANES DIME
NODE NODE NODE

702 160 704
708 1482 709
713 1469 714
718 122 719
.23 1638

TRANES

NODE

DIME
NCDE

TRANES

NODE

T e e B T T e e o T . T W T o e i e . B . S et . o o e P T R e o S P o S o S o e S S et S e S . T ——— . ————— ———

37

DIME
NODE

TRANES DIME

NODE

NODE

TRANES
NODE

969
910

R RS R R R R R R T P E T T TR E SR R T R R R R T

LRSS R R AR R R AR AR R R R R R R T R T R R TR T T T )

MAP :
LA R RS RS R RS E AR E SR R R R R R S R R R R R R R I RIS ]

DIME TRANES DIME

T e e o o o o B B S oy i o o o o T T o o o o o o o S . .

NODE NODE NODE
702 484 703
707 1883 709
716 154 717
721 149 722
726 144 727
731 1879 732
736 1952 737
748 55 749
753 687 754
758 686 759
763 681 764
768 1877 769
773 1876 774
778 1959 778

33 1763 784

CENSUS

TRANES

NODE

1379

. DIME

NODE

19D
760
765
770
775
780

TRANES

NODE

38

DIME
NODE

766
121
776
781

TRANES DIME TRANES
NODE NODE NODE
41 706 559
118 715 139
151 720 150
146 725 145
1881 730 1880
1951 135 14
57 747 56
1945 752 1944
1173 757 1872
683 762 682
1325 767 1013
1388 772 1534
1958 777 35
1250 782 1191

Ao kkkkkhhkkkkhkkkh kA kAT Ak kk ko kkk kA k kA kkhkkhhhhdrhhhhhhhhkhkhkkkhkhkhkrk
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TRANES EQUIVALENCY TABTLE
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CENSUS MATP 43
Ak kA A Ak kR R F A A kAR Rk A KA AR A AR Ak AR ARk Ak kA kAR Ak kkkkk kA bk kkkkhhhhkkkkkkkhkk

DIME TRANES DIME TRANES DIME TRANES DIME TRANES DIME TRANES

NODE NODE NODE NODE NODE NODE NODE NODE NODE NODE
701 250 702 427 703 426 704 425 705 424
706 423 707 422 708 421 709 420 710 419
S 418 712 366 713 1327 714 841 715 1675
716 1674 717 1673 718 1672 719 1671 720 1201
721 1267 722 417 723 1670 724 1178 725 3571
726 1669 727 1668 728 1299 129 2091 730 1036
731 1035 732 1034 733 1033 734 1032 735 1031
736 1028 e 1029 738 919 739 1030 740 233
741 1411 743 241 744 1875 745 1293 746 1660
747 855 748 1121 749 1884 750 936 751 1841
752 1548 754 1252 T 1974 756 2057 757 2058
758 1130 759 863 760 290 761 259 762 260
763 261 764 262 765 263 766 264 767 265
768 295 769 1917 770 1125 771 1663 772 902
773 240 774 680 775 22 776 21 777 266
778 267 779 20 780 268 781 269 782 270
783 54 786 79 787 1616 788 1615 789 473
780 54 791 1407 192 1614 793 377 794 1045

J5 751 796 808 797 1613 798 1612 799 591
800 497 801 1081 802 496 803 495 804 494
805 493 806 1041 807 223 808 623 809 2102
810 509 811 510 812 511 813 728 814 586
815 §29 817 2103 818 1816 819 587 820 1523
821 730 822 1576 823 1195 824 1620 825 1621
826 428 827 429 828 283 829 430 830 431
831 432 832 433 833 434 834 435 835 301
836 436 837 437 838 438 839 439 840 440
841 441 842 442 843 443 844 444 845 445
846 336 847 446 848 1622 849 1623 850 977
851 1624 852 762 853 465 854 1697 855 255
856 1698 857 1699 858 1397 859 791 860 2154
861 451 862 452 863 453 864 454 865 455
866 456 867 1479 868 1478 869 1477 870 731
871 732 872 733 873 734 874 735 875 736
876 737 8717 738 878 439 879 740 880 741
881 742 882 T43 883 744 884 745 885 531
892 698 893 2026 894 899 895 898 896 897
897 896 898 895 899 894 900 893 901 892
902 891 303 890 904 889 905 888 906 1529
907 1528 908 2082 909 326 910 1527 911 1526
912 968 913 7 914 1525 915 3 916 1524
917 1146 920 817 921 2027 922 2028 923 80
924 81 925 1475 926 1476 927 2029

khkkhkkkhkdkkhkhkhhkkkhhdhhhhkrkhhhhdhhdhkdhhhkdhhhhkhkhhkhrhdkhddrddhhhrhkhhdhhhkhhhhhhhk®x
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APPENDIX E
MICRCTRANES

The microcomputer will be associated with transit agencies
moore and more as time goes cn and will significantly contribute
to transit planning efforts in the future. MICROTRANES is an
interactive microcomputer version of TRANES written in Microsoft
BASIC for transit planners interested in accessing transit or
census infermation at selected transit stops and providing summa-
ry information by individual transit route within a regional
transit system. The program was written to make the task of
analyzing transit information easier for the non-technical
transit person who can use MICROTRANES to evaluate transit route
alternatives for several different sets of input data.

Cne advantage of MICROTRANES is the ability to do a detailed
analvsis of transit routes on an individual transit stop basis
with a minimal amount of actual coding and file building. The
MICROTRANES program dces not require an excessive amount of disk
storage computer and the computer processing (CPU) time is low.
Thie allows the transit planner to interactively examine many al-
terratives in a short period of time.

Finally, MICROTRANES reduces the need to have access to a
mainfrane computer and to code extensive transit networks in or-
der to evaluate the performance of selected transit routes. The
trarsit planner does not compete with other users for computer
time or disk space and is limited only by the limitations cf the
nicrocomputer being used.

OVERVIEW

MICROTRANES is applicable to any city which has GBF/DIME
files available for transit network coding. However, MICROTRANES
will accept any geographic base coordinate system, thus making it
accessiblie to any transit a&agency, even those lacking an
established geographic base file. Cities without existing
GBF/DIME files could establish and manually code the transit
retwork. MICROTRANES can be utilized efficiently if the urban
population is about 20,000 or more or if the fixed-route transit
system consists of five or more vehicles. Cities without
existing transit could wutilize MICROTRANES for conducting
{easibility studies of implementing a transit system.

The MICROTRANES programs are implemented through an interac-
tive process of coding the geographic base file, coding the
desired transit stop data, extracting the transit network, and
analyzing different alternatives. MICROTRANES uses the dBASE II
Database Management System (described in greater detail later)
for coding the geographic base file and the transit stop data
tiles. A MICROEXTRACT program selects that portion of the
transit network desired by the user for analysis. The main
MICROTRANES program is then used to link the transit network with
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the ~ensus informaticn data.

There are four input files for MICROTRANES: a link pointer
file, a node pointer file, a census file, and a command file.
Thece four files respectively tell MICROTRANES: 1) where each
nede 1n the network 1is located, 2) what the impedance of each
link 1is, 3) the start and end nodes for each 1link (A-NODE and
B=NCDE), and 4) the census information associated with each tran-
sit stop. Using this information, a path can be determined and
census information assigned to each requested transit stop. The
transit planner can analyze specific transit stops, transit route
cegements, or entire transit lines as desired.

The output from MICROTRANES consists of two reports, a tran-
sit stop report and a transit line report. The transit stop re-
port prints out a summary of census information by transit stop
for two accessibility limits as specified by the user. The first
accessibility limit would normally be within one to three blocks
of the tramnsit stop, and the second accessibility limit could be
an additional three to five blocks. If total population were
used with accessibility 1limits of 1,300 and 2,600 feet for
typical Oklahoma City street networks, the first summary
tabulation would 1list the total population within a walking
distance of approximately three blocks c©f each bus stop. The
seccnd summary tabulation would 1ist the populaticen residing an
additional three blocks (1,300 to 2,600 feet in distance) away.
Each summary tabulation can include three separate categories of
census information, such as total population in three age ranges.
A summary tctal for all the requested transit stops is printed
out at the end of the transit stop report.

The transit line report sums up the census informatiocn for
all or the transit stops along an individual transit route. It
is also possible to estimate any service area overlaps between
transit lines which have common route segments or run closely
parallel by comparing the difference in the transit line totals
and the transit stop totals. The difference in these totals
provides the amount of double coverage of transit stops by
different transit routes.

POTENTIAL APPLICATICNS

The primary application of MICROTRANES would be to estimate
the number of potential passengers along transit route corridors.
The success of a transit system can ke measured by comparing the
actual number of passenger-miles versus the number of wvehi-
cle-miles. These and other performance indicators can be useful
in determining which transit routes are productive. Alsc, the
transit planner could use MICROTRANSES to evaluate what changes
could be made to existing non-productive transit routes to make
them more prcductive.
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MICROTRANES could also be used tec collect "market-segment"
information. A target market, sucli as population over 64 years
0of age, could be identified wusing transit stop reports from
MICROTRANES. MICROTRANES thus could be used to evaluate the
accessibility of existing transit routes and for designing new
services to serve specific market segments,

MICROTRANES SOFTWARE RECUIREMENTS

CP/M 2.2 Operating System

CP/M, a widely used microcomputer operating system, was cho-
sen for MICROTRANES because of its flexibility and speed compared
tc cther operating systems. The dBASE II program which operates
under CP/M 1is cne of the fastest and most flexible database
management systems on the market. Many transit agencies are now
using CP/M-based microcomputers for their transit planning needs.

The advarntages of using CP/M depend on the specific tasks to
be accemplished with the microcomputer. Sceme brands of
riicrocomputers have their own operating system and do not allow
programs to be transferred from their system to another. This
reduces the possibility of software piracy but it increases the
system dependence of the user. This is not the case with a
CP/M-based system. CP/M is available on many microcomputers,
including the APPLE 11, Radio Shack TRS-80, SUPERBRAIN, North
Star, Heath, and Zenith. Microcomputer programs are transferable
under CP/M as long as they are written in a higher level
language, such as FORTRAN, BASIC, or COBOL. Furthermore, some
programs written in assembler languages can be transferred by
charging a few addresses or some of the operational codes.

The following system programs are contained on the CP/M mas-
ter diskette supplied by the manufacturer and are used in con-
juncticon with the dBASE II and MICROTRANES programs. For a more
detailed explanation of their functions, the user is referred to
a CP/M user's manual.

CAT.COM - is a program which allows the user to look &t his
catalog and the space occupied by each file;

APDOS. COM - is a proyram which allows the user to convert
APPLE II text files to CP/M text files;

MFT.COM - is a program to copy files on a single disk drive
system;

BOOT.COM - is a program used to boot the system for either a
thirteen sector or sixteen sector diskette;

CCPY.COM - is used to copy every file cn cone diskette to

another diskette on a single or double disk drive
system;
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CPM6C.COM = is a program used to upgrade diskettes from a 48K
system to a 60 K system needed for dBASE II; and

AUTORUN.COM - 1is a program used in conjunction with compiled
CP/M files so that when the operating system is
booted, a program will automatically run without
user intervention.

Microsoit BASIC

BASIC is an acronym for "Beginner's All-purpose Symbolic In=-
struction Code." This high level language was developed by
Dartmouth College in the mid-1960's to teach beginning students
how to program. Though BASIC was derived from FORTRAN, the lead-
ing professional engineering and <scientific language, it has a
simpler syntax and tends to be more understandable to the casual
programmer. It is widely used in microcomputer programming.

There are two types of BASIC programs, an "interpretive"

version and a "compiled" version. With the interpretive version
the user types in a BASIC command and the computer immediately
executes ("interprets") the instructicn, If the command syntax

is in error, the computer indicates the error, allowing the user
to interactively correct lines of incorrect code. The compiled
version is a machine language file which the computer can execute
significantly faster and more efficiently than the interpreted
version, assuning that all of the code is correct. The compiled
version should be used only after the user is confident that all
of the program commands and logic are correct.

MICROTRANES was written in Microsoft BASIC, a language de-
veloped and supported by the Microscit Corporation of Bellevue,
Wasbington. All of the MICROTRANES programs were initially cevel-
oped in the interpretive mode and then later compiled with the
Microsoft MBASIC compiler for faster execution and transit stop
pathfinding.

dBAEFE II Database Management System

The dBASE 11 program, developed by Ashton-Tate cf Culliver
City, California, is a relational database management system
which represents data in a two dimensional table with rows and
column rather than as network heirarchies. The rows correspond
tc data “"records" and the columns represent fields within ecach
record. dBASE II is available on most CP/M-based microcomputers.

Relational data structures tend to be easier to understand
because most people have a commen and intuitive idea of what a
table 1is. The dBASE II program 1is a versatile database
managemeint tool for the convenient manipulation of small and
mediunm-sized data bases. With dBASE II it is possible to create
date bases, modify and print or display the contents of each data
set, manipulate data and perform mathematical computations, and
generate data summary reports.
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To run dBASE II, one types "dBASE" under the CP/M operating
system and the microcomputer should respond with a query for to-
day's date. Upon entering the correct date, a prompt appears on
the terminal screen which looks like a period (.) and dBASE II is
ready. To create a new database, type "CREATE." dBASE 1I will
respond with an "ENTER FILENAME" query to which the user must re-
ply with a file name. For example, a new GBF/DIME file might be
named MINIDIME to ensure that the user and others can more
readily remember and find the data file later.

Next the user must enter the data field name ("column" head-
ing), the data type (alphanumerical characters such as a street
name or numbers), and the field length for each field in the data
base. After entering the last field, the user terminates the se-
quence by pressing the "return" button on the keyboard. This
will save the file structure in a file called <filename.DBF>
(e.g., MINIDIME.DBF). The dBASE II program will query the user
with "INPUT DATA NOW (Y/N)?" which allows the user to immediately
enter data ("Y" for "yes") or just save the empty file on disk.
The user enters new data in an existing file by using the APPEND
command.

In editing an existing dBASE II file the user must access
the dBASE II program as indicated above and then enter the USE
command, e.g. USE MINIDIME. The user then selects the record (a
"row" in the data table) to be edited by entering "EDIT RECORD
NUMBER" where the record number corresponds to the row number
assigned by the user. If the user is not sure of the record
number, the existing records can be viewed on the terminal screen
with either the DISPLAY or LIST command. The DISPLAY command
will display one record at a time and the LIST command lists
every record in the file starting with the first one.

Saving a dBASE II file is accomplished by first accessing
dBASE II (if not already done so) and the specific file (USE com-
mand). Next, the user types in the command COPY TO SDF. This
creates a file with +the file name <filename,TXT> (e.qg.,
MINIDIME.TXT) which can be accessed by the BASIC programs.
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MICROTRANES HARDWARE REQUIREMENTS

A 48K APPLE II computer was chosen for developing the MICRC--
TRANES programs because: (1) it is a widely available machine,
(2) it supports the BASIC language which is easy to program, thus
facilitating the conversion of TRANES from FORTRAN toc BASIC, (3)
many transportation planning programs are available for the APPLE
I7 &rnd therefore, many transportation and transit agencies are
likely tco have access to an APPLE II, and (4) the dBASE 1II
datebase management system runs under the CP/M 2.2 operating
system cn the APPLE II and this was an important element of the
MICROTRANES cdeveloprient. The APPLE II is a versatile, 8-bit
machine able to use either its own 6502 microprocessor for the
APPLE DCS disk operating system or the Z-80 microprocessor for
CP/M 2.2 programs.

A random access memory 64K RAM Card is required to operate
the dBASE II program and all of the MICROTRANES programs. The
64K RAM Card essentially gives the user an additional 16K ot
memcry Lo run programs or perform file manipulations.

An 80 Column Card expands the APPLE II screen column cdisplay
width from 4C to 80 characters. The expansicn allows the use of
full screen formating with dBASE II. Also, the MICROTRANES out-
put program display formats are set up for a full 80 columns. If
a 40 coliumn display is used the output tables will "wrap around"
the screen in an almost unreadable fashion. The user can, if
desired, modify the MICROTRANES output formats for 40 column dis-
play by changing the TAB functions in the program listings.

The Z-8C Card is the central processing unit (CPU) £for the
CP/M operating system. This card must be installed in order to
run dERSE II or any of the MBASIC programs. The Z-80 prccessor
alsc controls the CP/M system utilities described previously.

The minimum disk configuration for accessing dBASE II and
the MICROTRANES programs would be one disk drive and controller,
However, it 1is suggested that the user have two disk drives for
additicral storage and easy copying of diskettes. The job of in-
serting and removing diskettes becomes tedious with a single disk
drive system,

Marv alternative microcomputers are available on the market
and can perform many functions for the transit planner, however,
the one constraint that 1is most often faced it the 1initial
capital cost of the microcomputer. The transit planner (in 1983)
should be able to buy a reasonable microcomputer in a price range
of $1000-$3000 which could be used to run dBASE II and
MICEOTKANES.

A second criterion would be the primary use of the microcom-
puter, If the microcomputer is dedicated to planning only and
not word processing or business management programs then the
traisit planrer should look for a computer with this in mind.
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Howeser, it is usefyl to have a good word processor available for
procram develcpment and occasional documents. Word processing is
more corvenient with 80-column screen displays, the format sug-
gestoed previcusly for a MICROTRANES hardware configuration.

2 final criterion for microcomputer selecticn is the ability
to expand the system in the future. Transit agency and personal
computing requirerents, while possibly small at first, 1likely
will bhe much larger in the near future as the agency finds more
uses for them. Microcemputers will continue to become smaller
and less expandable, This is a marketing strategy used by the
computer manufacturers to ensure that when the existing machine
is cutgrown it will be necessary to invest in a new machine. One
advantage of the APPLE II computer, available since 1977, is that
it can be expanded by simply replacing old circuit boards with
appropriate nrew ones for new applications. The vigorous growth
cf the microcomputer industry has included the development of in-
creasingly sophisticated software packages, a trend which should
continue in the foresceable future.
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MICROTRANES PROGRAMS AND FILES

Menu of Capabilities

The purpose of the menu program, not included in this
report, would be to allow the wuser to access any cof the
MICROTRANES programs with a single response. The menu dispiays
all of the possible options to the user and then queries the user
tc select one of six options.

The first option would run the MICRO-EXTRACT program which
creates *the necessary files for MICROTRANES. The second option
woulid run the interactive version of MICROTRANES and which
procuces a second menu of fifteen options the user may select
IXor. The third option would run the batch version of
MICROTRANES where the user must have previously created a COMMAND
file which tells MICROTRANES which functions to perform. The
fourth option would run the LIST program listing the equivalency
tables between GRF/DIME File node numbers and the unigque TRANES
node numbers., The rfifth option would access a census informaticon
demand file (created with dBASE IIX) and put it in binary £format
for use with MICROTRANES. And finally, the sixth option would
ailow the user tu exit the MICROTRANES menu and return to the
CP/M operating system.

Interactive Version. The interactive version of MICRCTRANES
allows the transit planner to try several alternative plans with-
out re-running the MICROTRANES program. The interactive version
allows the transit planner to activate or deactive transit lines,
transit stops, or classify transit stops. The transit planner
can change any of the parameter values such as maximum impedance,
first accessibility 1limit, or second accessibility limit at any
time within the program. When these impedances are changed, how-
ever, the pathfinder routine must be run again with the new
impedances. The planner may alsc change the transit stop classi-

ficetion and run the pathfinder routine again. When the transit
planner runs the pathfinder routine, both a pathfinder report and
a transit line report may be requested. The planner may also

charige the demand values and request a second transit stop or
trarsit line report with the new wvaliues. This can be done as
many times as desired with up to three different values at a
time.

Batch Version. The batch version of MICROTRANES is very
similar to the interactive version with the exception of the

COMMAND file coding. In the batch wversion, the transit planner
is required to code a command card as the last record 1in the
COMMAND  file. The command card 1is wused tc activate and

deactivate transit lines, transit stops, and classify stops, to
change parameters, stop classes, transit demand values and to
output pathfinder, transit stop, and transit line reports. Some
of these commands require numeric information after the command,
e.g. when a transit line is activated or when transit demand
values are changed. After the MICROTRANES program is run in the
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batch mecce, the trarnsit planner may make changes by accessing the
COMMAND file with a word processor or text editor and changing
the desired values.

MICROTRANES Data Files

The following data files are developed either prior toc run-
ning MICROTRANES or are generated by the programs.

The MICRO-DIME file is used by the MICRO-EXTRACT program to
create a link/poirter file and & node/poirter file fcr
MICEQTRANES. The MICRO-DIME File provides the street network,
i.e. links and nodes, used to create the transit network for the
pathfincing algcrithm used in MICROTRANES. It is suggested that
the user create this file interactively using dBASE II. However,
the user may also download a small portion of a regional GBF/DIME
file from a mainframe computer directly to the microcomputer if
those capabilities are available.

The Link/Pointer file serves as a unique link file for the
MICROTRANES program ané a pointer tc connected links. This is
cne of the main files used by MICROTRANES. The Node/Pointer
file created by the MICRO-EXTRACT program is used by MICROTRANES
as & unique node list which points to the 1link in the Link/-
Pointer file containing a specific node that the pathfinder
algorithm isgsearching for. When the first link is found the
Node/Pointer file directs the pathfinder to other adjacent links
with the same unique node number.

The Tract/Pointer file can be created using dBASE II inter-
actively. The user must find the number of interior census tract
nodes fcr each census tract that the user plans to use in the
MICRO-EXTRACT program. The user can accomplish this by using the
COUNT command to determine the unigque interior tract nodes,
Thece ncdes represent all the unique GBF/DIME File rodes within
the interior of each census tract for the desired study area.

The Map/Pcinter file can also be created using dBASE II
interactively. The user must find the number of census tract
Loundary nodes for each census map to be used in the MICRO-
EXTRACT program. The user can accomplish this by using the COUNT
command to determine the number of unique census tract boundary
ncdes. These nodes represent all the unique GBF/DIME file noces
locatec along census tract boundaries for the desired study area.

The Tract/Node file contains for each MKICRO-DIME node, a
unigue MICROTRANES node number which provides an equivalency for
the transit planner tc code the existing or proposed transit
lines. The file also contains the x-coordinate and y-coordinate
of each node in the study area.

The Map/Node file gives the same eguivalency as the Tract/-

Ncce file except that the Map/Node file contains only census
tract boundary nodes. The reason census tract boundary nodes are
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separated by map number is that they are unique for a specifaic
map but not among the censue tracts. Census tract boundarv nodes
numters start at 700 and are numbered up to 49,999 within the
same majp but are never duplicated. The Map/Node file also
contains the x-coordinate and y-coordinate of every census tract
bourdary node in the study area.

MICFO-EXTRACT Program

The purpcse of the MICRO-EXTRACT program 1is to create poin-
ter files and a subarea demand file for use in the MICROTRANES
program. The MICRO-EXTRACT program also creates two eguivalency
tables used in the coding of the transit network. The equivalen-
cy tables list the MICRO-DIME file node numbers and their equiva-
lent MICPCTRANES ccde numbers.

MICRO-DEMAND Program

The purpose of the MICRO-DEMAND program is to create a set
of census statistics which represent the democgraphic or socio-
economic conditions aleong each individual transit line corridor,
The MICRO-DEMAND program allocates census infermation to each
unique MICRC-DIME street segment, i.e. the block face of the
MICRO-DIME record. The demand file is then used in the MICRG-
EXTRACT program to create a subarea census demand file.

The input data file requirements for the MICRO-DEMAND
program are the MICRO-DIME £file and a MICRO-DEMAND file, both
created with dBASE II, The MICRO-DIME file is used to match
census block records to individual MICRO-DIME segment records.
The MICRC-DEMAND file must, therefore, ccntain data at the census
block level of gecography. The MICROTRANES program requires that
each census data record be coded to a unique MICRO-DIME record
numkecr for random access of the segment or block face data.

The transit planner should consider using the ADMATCH com-
puter program for the automated geccoding of data files if the
program 1is aveilable and the demand file contains address
specific data. The ADMATCH program was created by the U.S. Bu-
reau of Censuc as an address matching program to "provide the ca-
pability of geocoding computer readable reccrds containing street
addresses" . It has been used on IBM mainframe computers since
the early 1970's with fairly good results.

The user of the MICROTRANES programs might consider imple-
menting a version of ADMATCH on the microcomputer to do automated
geocoding of data files. Either way, this procedure would give
the best data for MICRCTRANES, i1.e. at the blocck face level of
geocraphy, rather than trying to disaggregate the census data
files from the blcck level to block face.

An alternative approach to creating the demand file would be

to manually geocode the data rather than using an automated pro-
cedure, The disadvantage of manual geocoding is the time that it
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takes tc look up each record in a street address listing. Howev-
er, if the data file 1is a reasonable size, say less than 100
records, then the manual geccoding approach could be used with
satisfactory results,

MICRO-LIST Program

The purpose of the MICRO-LIST program is to provide a con-
cise 1list o©f MICRO-DIME node numbers and their equivalent
MICROTRANES node numbers. The list is then used to code the in-
divicdual transit lines for input into MICROTRANES. :

Mair Program

The input for the main MICROTRANES program is the Link/
Pointer file, the Node/Pointer file, the subarea Demand file, the
Pathfinder file and the Command file. The Link/Pointer file and
Node,/Pointer file provide the network information. used for
pathbuilding. The Demand file provides the census or other data
used for analysis of socio-economic, demographic, and potential
ridership figuree for each individual transit stop. The
Pathfinder file is used to store the transit paths con the disk
for later path skimming or flow assignment. The Command file
contains the initial parameter codes, transit node, and transit
line information used tc¢ control the program inputs, outputs, and
pathbuilding.
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CPERATIONAI USE OF MICROTRANES

The transit planner is assumed to have some familiarity with
the transit system being analyzed. The transit planner thus
would know essentially where to and where not to put transit
lines within a particular study area. The planner should also
know where the high density corridors are as far as population
and employment and concentrate on transit demand in those areas.
Much less work and fewer computer runs will be required if good
assumptions are made in the initial stages of analysis.

Once the transit planner has laid out a tentative transit
system, an initial transit stop report can be produced. By
starting with transit stop reports rather than transit lines
summaries those stops where there are no demographic charac-
teristics (e.g., insufficient total population) can be
eliminated. The transit planner can then begin transit 1line
analysis with the remaining transit stops. It should be noted,
however, that some "dummy" transit stops may be required where no
transit or census data exist in order to achieve the maximum
impedance criteria. The transit stop reports will give the
transit planner an idea of the demographic profiles along the
transit corridor and through further analysis, determine if those
characteristics have any influence on actual passenger ridership.
When a relationship between demographic characteristics and
passenger demand is established, usually through regression or
correlation, the transit planner may then estimate demand by
using equations which represent this relationship.

Transit travel times, transit schedules, actual on-board
passenger counts, travel costs, and operational costs are just a
few of the other data files which could be analyzed by MICRO-

TRANES. This would assume, of course, that the transit planner
would have this data by transit stop or transit link within the
network. The transit travel times on each link could be used

along with distance to set the impedance value associated with
the transit line. This would be more realistic than using Jjust
distance to determine impedances. The travel cost could be used
to evaluate the overall performance of a transit line as far as
productivity, i.e. transit lines heavily subsidized are not con-
sidered to be very productive. Finally, transit schedules could
be compared with the computed total and individual transit travel
times to determine if the schedules are realistic.
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APPENDIX F

MICROTRANES COMPUTER PROGRAM LISTING
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1000
1002
1004
1006
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400

REM

MICRO-EXTRACT PROGRAM
WRITTEN BY KEN MORRIS
MARCH 1983

REM DIMENSION AND INITIALIZE VARIABLES

REM
OPT
DIM
DIM
DIM
DIM
DIM
DIM
DIM

PRIN

ION BASE 1

NEWMAP (400) ,LP(400) ,LD(400)
NEWPT2(400) ,NEWPTR(400) ,NP(400)
IBMAP(2) ,ITRC(2) ,NODES(2),1Y(2),IX(2)
ITRACT(10) ,LOW(10),IHIGH(10)

MAPP(10) ,MLOW(10) ,MHIGH(10)

LINKER(2)

DM9 (9) ,DM9S$ (9) ,IDMDIT(9)
T CHR$(12)

PRINT : PRINT : PRINT

PRINT TAB(20);" EX TRACTOR PROGRAM"

PRINT

PRINT TAB(20) ;" Please wait for menu ! "

REM ****xx*xTNPUT FILES ***x%%%

REM 1- LINKTEST (INPUT TO PREP)

REM 4- DEMAND FILE

REM 5- TRACT/NODES

REM 6- MAP/NODES .

REM 7- DIMECON

REM **#%%** QUTPUT FILES **%**xx*

REM 2- LINKPT

REM 3- NODPAC

REM 8- TNODES

REM 9- MNODES

REM IR E S R AR R A R R E R R R R E R R R R R R R E P P P R R R R R R R R I T T
REM * STE?P #1 &
REM * READ CONTROL CARDS AND TABLES a
REM * IOPT =0 FOR FULL RUN *
REM * IOPT =1 FOR MAIN PROGRAM ONLY *
REM * IOPT =2 FOR SUBROUTINE PREP ONLY %
REM ****************************************************_***********
OPEN "O",1,"LINKTEMP"

OPEN "O",2,"LINKPTR"

OPEN ®"0O",3,"NODEPTR"

OPEN "R",4,"DEMAND"

OPEN "I",5,"TRACNODE"

OPEN "I",6,"MAPNODE"

OPEN "I",7,"DIMECON"

OPEN "O",8,"T-NODE"

CPEN "0O",9,"M-NODE"

FIELD #4, 6 AS DM9$(1l),6 AS DM9S(2),6 AS DM9$(3),6 AS DM9S(4),

1402 6 As DM9S5(5),6 AS DM9$(6),6 AS DM9$(7),6 AS DM9IS(8),6 AS DMIS(9)
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1404
1406
1408
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890

REM
REM CLEAR SCREEN AND PRINT MENU
REM
PRINT CHRS$(12)
PRINT "CHOOSE ONE OF THE FOLLOWING OPTIONS"
PRINT " 0 - FULL RUN"
PRINT " 1 - MAIN PROGRAM ONLY"
PRINT " 2 - SUBROUTINE PREP ONLY"
PRINT TAB(20)7:INPUT "YOUR CHOICE (0-2) ",IOPT
IF IOPT <> 2 THEN 1560
REM
REM READ THE NUMBER OF LINKS AND NODES(NEXT) FOR PREP
REM
PRINT
INPUT "NUMBER OF LINKS IN FILE: ",LINKS
PRINT
INPUT "NUMBER OF NODES IN FILE: “,NXT
GOSUB 3400 : END
NXT = 1
PRINT
INPUT "NUMBER OF CENSUS TRACTS IN TRNODE FILE: ",NTRAC
PRINT
INPUT "NUMBER OF CENSUS MAPS IN MAPNODE FILE: ",NMAP
PRINT
FOR I = 1 TO NTRAC
INPUT #5,B$
ITRACT(I) = VAL(MIDS$(B$,1,6))
LOW(I) = VAL(MIDS(BS$,7,3))
IHIGH(I) = VAL(MID$(B$,10,3))
NEXT I
FOR I = 1 TO NMAP
INPUT #6,C$S
MAPP(I) = VAL(MID$(C$,1,2))
MLOW(I) = VAL(MIDS(C$,3,3))
MHIGH(I) = VAL(MIDS$(CS$,6,3))
NEXT I
REM *hkkkkkhhkhhhhhkxdd kA h ko ddk bk dhdddkddhh kA bk hdhhhhhdhhh o drthhn
REM * STEP ¥ 2 "
REM * READ LINKS AND RENUMBER NODES .
REM IR R RS2SR i e s S

INPUT "NUMBER OF DIME FILE SEGMENTS IN DIMECON FILE: ",NDIME
FOR J3 = 1 TO NDIME
K=1
IF EQF(7) THEN 3190
INPUT #7,AS
NUM = NUM + 1

ITRC(K) = VAL(MIDS$(AS$,53,6))
IBMAP(K) = VAL(MIDS(AS,71,3))
NODES(K) = VAL(MIDS(AS,74,4))

IX(K) = VAL(MIDS (AS,81,4))
IY(K) = VAL(MIDS(AS,88,4))
ITRC(K+1) = VAL(MIDS (AS$,62,6))
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1300 IBMAP(K+1l)
1910 NODES(K+1)

VAL(MIDS (AS,92,3))
VAL(MIDS(AS,95,4))

1920 IX(R+1) = VAL(MIDS (AS,102,4))
1930 IY (K+1) = VAL(MIDS(AS$,109,4))
1940 JD = VAL(MIDS (AS,113,6))
1850 ITYPE = VAL(MIDS$(AS$,119,1))
1960 IF J3J 1 THEN JDLOW = JD

o

1970 JD JD - JDLOW + 1 ; '

1980 REM STER 2.1 SKIP NON STREET LINKS,

1990 REM SKIP TRACTS AND 'NODE = 0

2000 REM CREATE COORDINATE FILE FOR PLOTTING

2010 IF ITYPE > O AND ITYPE < 8 THEN 3140

2020 IF ITRC(1l) = 0 OR ITRC(2) = 0 THEN 3110

2030 IF NODES(1) = 0 OR NODES(2) = 0 THEN 3110

2040 IF IX(1) = 0 AND IY(1l) = 0 THEN 2070

2050 IF IX(2) > 0 AND IY(2) > 0 THEN 2080

2060 IB = IB + 1

2070 PRINT TAB(10) ;"NO COORDINATES FOR RECORD NUMBER: " ;NUM
2080 REM

2090 REM STEP 2.2 RENUMBER ALL NODES
2100 REM

2110 FOR I =1 TO 2

2120 IROW = 0

2130 ICOL = 0

2140  IF NODES(I) >= 700 AND NODES(I) < 5000 THEN 2600
2150 REM

2160 REM STEP 2.2.1 RENUMBER TRACT NODES
2170 REM

2180 KPTR = 1

2190 REM SEARCH ITRACT TABLE FOR THIS CENSUS TRACT

2200 IF KPTR > NTRAC THEN 2760
2210 IF ITRACT (KPTR) = ITRC(I) THEN 2240
2220 KPTR = KPTR + 1

2230 GOTO 2200

2240 ND = NODES(I)

2250 REM REDUCE NCDES ABOVE 4999

2260 IF NODES(I) >= 5000 THEN ND = 700 + (NODES(I)-4999)

2270 REM NODPTR IS THE NODE NUMBER PLUS THE LOWEST NUMBER

2280 REM IN THAT TRACT IN SEQUENTIAL ORDER FOR ALL TRACTS.

2290 REM THEN SUBTRACT 1.

2300 NODPTR = ND + LOW(KPTR) - 1

2310 IF NODPTR > IHIGH(KPTR) THEN 3160

2320 REM IF NEW NUMBER ABOVE 400 MUST GO ‘TG NEW ARRAY FOR SPACE
2330 IF NODPTR > 400 THEN 2480

2340 REM ELEMENT OF NEWPTR ARRAY IS ASSIGNED NEXT AVAILABLE
2350 REM NUMBER IF NOT ALREADY ASSIGNED

2360 IF NEWPTR(NODPTR) <> 0 THEN 2440

2370 NEWPTR(NODPTR) = NXT

2380 REM CONVERT X AND Y TO GRIDS FOR LATER INTERACTIVE TRANES
2390 IF IX(I) = 0 OR IY(I) = 0 THEN 2410

2400 IROW = (IY(I) -13400) / 2000 + 1 :
2410 PRINT #8,ITRC(I);",",NODES(I);",";NXT;",";IX(I);",";IY(I)
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2420
2430
2440
2450
2455
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
26 80
2690
2700
2710
2720
2730
2740
2750
2760
2770
2780
27980
2800
2810
2820
2830
2840
2850
2852
2854
2856
2858
2860
2870
2880

REM

REM
REM
REM

REM
REM

REM

REM
REM

REM
REM
REM
REM

INCREMENT NEXT AND ASSIGN NEW NUMBER TO LINKER
NXT=NXT+]
LINKER(I) = NEWPTR(NODPTR)
GOTO 2760

THE FOLLOWING STEP ARE SIMILAR TO THOSE ABOVE
EXCEPT THE ARRAY NEWPT2 IS USED FOR SPACE
NODPTR = NODPTR - 400
IF NEWPT2 (NODPTR) <> 0 THEN 2560
NEWPT2 (NODPTR) = NXT
IF IX(I) = 0 OR IY(I) = 0 THEN 2540
IROW = (IY(I)=13400) / 2000 + 1
ICOL = (IX(I)-15870) / 2000 + 1
PRINT #8,ITRC(I);",";NODES(I);:",";NXT;",";IX(I);",";IY(I)
NXT = NXT + 1
LINKER(I) = NEWPT2 (NODPTR)
GOTO 2760
STEP 2.2.2 RENUMBERMAP NODES
CONVERT ALPHA MAPS TO NUMBERS
IMAP = 1
IF IMAP > NMAP THEN 2760
IF IBMAP(I) = MAPP(IMAP) THEN 2660
IMAP = IMAP + 1
GOTO 2610
THIS PROCESS IS THE SAME AS ABOVE EXCEPT FOR MAPS
NODPTR = (NODES(I)-700) + MLOW(IMAP) - 1
IF NODPTR > MHBIGH(IMAP) THEN 3180
IF NEWMAP(NODPTR) <> 0 THEN 2750
NEWMAP (NODPTR) = NXT
IF IX(I) = 0 OR IY(I) = 0 THEN 2730
IROW = (IY(I)-13400) / 2000 + 1
ICOL = (IX(I)-15870) / 2000 + 1
PRINT #9,IBMAP(I);",";NODES(I);","™;NXT;",";IX(I);",";IY(I)
NXT = NXT + 1
LINKER(I) = NEWMAP (NODPTR)
NEXT I
CALCULATE LINK DISTANCE,PACK DATA
WRITE LINK FILE(2) AND DEMAND FILE(3)
IDIST = 0
IF IX(1) = 0 OR IX(2) = 0 OR IY(l) = 0 OR IY(2) = 0 THEN 2840

IXDIST = IX(2) - IX(1)
IYDIST = IY(2) - IY(1l)
IDIST = INT(SQR((IXDIST*IXDIST) + (IYDIST*IYDIST)) + .5)

IF IDIST <= 0 OR IDIST > 5280 THEN 2860
GOTO 2880

ERROR MESSAGES FOR INCORRECT DISTANCE ON
RECORDS PROCESSED BY MICRO-EXTRACT

PRINT "RECORD NUMBER ";JD;"HAS A DISTANCE OF ";IDIST

IDIST = 300
PRINT #1,IDIST;",";LINKER(1);",";LINKER(2)

138



2890
2892
2894
2896
2900
2910
2920
2930
2940
2950
2960
2970
2980
2990
3000
3010
3020
3030
3040
3050
3060
3070
3080
3090
3100
3110
3120
3130
3140
3150
3160
3170
3180
3190
3200
3210
3220
3230
3240
3250
3260
3270
3275
3280
3290
3300
3310
3320
3330

REM
REM
REM

LINKS = LINKS + 1
COMPUTE SUBAREA DEMAND AND CREATE SEPERATE FILE

IF JD > 32000 THEN 3020

GET #4,JD

DM9 (1) = CVS(DM9S (1))
DM9(2) = CVS(DM9S(2))
DM9(3) = CVS(DM9S(3))
DM9(4) = CVS(DM9S(4))
DMS (5) = CVS(DM9S(5))
DM9(6) = CVS(DM9S(6))
DM9 (7) = CVS(DM9S (7))
DM9(8) = CVS(DM9S(8))

DM9 (9) = CVS(DM9S(9))

GOTO 307

INODEM = INODEM + 1

PRINT "NO DEMAND FOR RECORD NUMBER ";NUM;" LINK NUMBER ";JD
FORI =1 TO 9

DM9(I) = 0

NEXT I -

FOR KK = 1 TO 9

IDMDIT (KK) = IDMDIT(KK) + DM9 (KK)

NEXT KK

GOTO 3180 _

PRINT "NO POINTER FOR RECORD ";NUM;" CENSUS TRACT ";ITRC(I);
PRINT " NODE ";NODES(I)

GOTO 3180

NONST = NONST + 1

GOTO 3180

PRINT "HIGH POINTER--RECORD NUMBER ";NUM;" HPOINTER " ;NODPTR;
PRINT " MAP # ";IBMAP(I);"™ TRACT # ";ITRC(I);" NODE # ";NODES(I)
NEXT 33 -

NXT1l = NXT - 1

REM AR KA AR KRR R AT A A KR TR AN AR AT A I A AR Ak kA kA kA Ak A Ak kkkhkkkkkhkkk k%%

REM *
REM *

STEP # 3 *
WRITE INFO AND GO TO PREP IF IOPT NOT EQUAL TO 1 . *

REM *#%kkkhkkkkkhkhkdrhhhhhhkkhhkhh Ak khhkhkdhhhkhhhhhhdhhhhdrkhhhhhrdsk

PRINT "NUMBER OF LINKS ";LINKS;" HIGHEST NODE NUMBER " ;NXT1l
PRINT "NUM = ";NUM

PRINT "NUMBER OF RECORDS WITH : "

PRINT "NO COORDINATES ";IB;

PRINT "NO DEMAND ";INODEM;" NON-STREET " ;NONST
PRINT "CENSUS ITEMS 1-9 TOTALS ";

FOR I =1 TO 9 : PRINT IDMDO9T(I); : NEXT I
PRINT

IF IOPT = 1 THEN 3330

GOSUB 3400

END
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3350 REM IR ERER XSRS 2R RS2 R R RS R R AR SRR SRR R 2R

3360 REM * STEE % 1 *
3370 REM * READ LINKS AND UNPACK THEM *
3380 REM * INITIALIZE NP WITH NEGATIVES *

3390 REM I E A X S R R SRR R R R R XS R AR AR R R A SR R RS A S A A R E RS RS SRS A SR E SRS R 2 SRR LX)
3400 CLOSE 1
3410 OPEN "I",l,"LINKTEMP"

3420 FOR JJ = 1 TO LINKS

3430 J =33 * 2

3440 I=J-1

3450 INPUT #1,LD(J3),LP(I),LP(J)

3460 NEXT JJ

3470 NUMNOD = NXT - 1

3480 FOR MM = 1 TO NUMNOD

3490 NP(MM) = - MM

3500 NEXT MM

3510 LN = 2 * LINKS

3520 REM I 22 RS R R R X R R 2 2 R R R 2R SRRRRRR R S R RE R
3530 REM * STEP # 2 *
3540 REM * THIS LOOP DOES THE ACTUAL POINTER CREATIONS  *
3550 REM Ak kA kR A A Ak kA AR Rk khfh kA k ke hkdh®
3560 POR I =1 TO LN

3570 II = LP(I)

3580 LP(I) = NP(II)

3590 NP(II) = I

3600 NEXT I

3610 REM

3620 REM CLOSE THE POINTER LOOP

3630 REM

3640 FOR I = 1 TO LN

3650 IF LP(I) > 0 THEN 3680

3660 II = -LP(I)

3670 LP(I) = NP(II)

3680 NEXT I

3690 REM kkkkrhkhkhhkhbddh bk dhddhdhkddk bk hh kbbb dhhhdd

3700 REM * STEP #3 *

3710 REM * DIVIDE DISTANCE BY 10,MAKE B NODE NEGATIVE *

3720 REM * FOR TRANES ,WRITE LINK INFO TO FILE 4 AND NODE *

3730 REM * POINTER INFO TO 7. THEN RETURN. *

3740 REM Frdk ko k k k kA A AR ARk A AR A A AR Ak AR A AR R kAR KR Ak kb ke hhk ke ke hhkkhhk*k
3750 FOR JJ = 1 TO LINKS

3760 J=4JJ * 2

3770 I=3-1

3780 IC = INT(LD(JJ) / 10)

3790 LDK = -LP(J)

3800 PRINT #2,IC;",";LP(I);",";LDK
3810 NEXT JJ

3820 FOR I = 1 TO NUMNOD

3830 PRINT #3,NP(I)

3840 NEXT I

3850 RETURN
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MICRO-TRANES PROGRAM
WRITTEN BY KEN MORRIS
MARCH 1983

00005 REM DIMENSION AND INITIALIZE VARIABLES

00010 REM *******************************'k*************************

00020 * DIM NET(3,150),NP(lSO},ISQ(lSO),NK(lSO),LSN(lSO] ®
00030 * DIM LIPO(150),LST(150),LR(16),LX(9),ICC(3) *
00040 * DIM LLN(150),LLY(6,150), LSY(6 150) NR{G) JA(4), LIN{20]*
00050 * DIM IDIGIT(10), IA(M IB(4) ,IC(4)

00060 * DEFINT I-N x

00070 REM **kkkkkkhkkkhh ok kkhkhkhhkh Ak k k ok kA Ak hh khkkkkhhkkkkk kA khkk &
00140 REM FILE 1=LINKPT

00150 REM FILE 2=NODPAC

00160 REM FILE 3=DEMAND

00170 REM FILE 4=PATHS

00180 REM FILE 5=CARD INPUT

00190 JI=0

00200 REM :

00210 REM DEFLAULT THE CENSUS INFORMATION TO 1-TOTAL POPULATION
00220 REM 2-POPULATION UNDER 16
00230 REM 3-POPULATION OVER 64
00240 ICC(1)=1

00250 ICC(2)=2

00260 ICC(3)=3

90265 REM

00270 REM INPUT

00280 REM

00290 INPUT #5,LINKS,MNODE,NODES,MAXD,LIMF,LIMS

00300 PRINT USING "####.4";LINKS,MNODE,NODES,MAXD,LIMF,LIMS
00310 IF MAXD > 0 THEN 330

00320 MAXD=3000

00330 FOR I = 1 TO NODES

00340 INPUT #5,N,NK(N):NEXT I

00350 KHT=0

00360 REM

00370 REM TRANSIT LINE INPUT

00380 REM READ DATA, FIRST NEG. DATA IS TRANSIT LINE FOLLOWED BY NODES
00390 REM

00400 K=0

00410 PRINT "TRANSIT LINES"

00420 FORI =1 TO 16 :INPUT #5,LR(I): NEXT I
00430 IF LR(1) = 0 THEN 970

00440 FOR I = 1 TO 16:PRINT USING "####.#";LR(I);:NEXT I:PRINT
00450 I1=1

00460 IF LR(1) < 0 THEN 880

00470 FOR I = II,16

00480 IF LR(I) = 0 THEN 500

00490C NEXT I

00500 KR=I-II
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00502 REM
00510 REM TRANSIT LINE CODING EXPANSION

00512 REM

00520 KY=0

00530 FOR I = ] TO KK

00540 RKY=KY+1

00550 J=I+II-1

0056 0 IF LR(J) > 0 THEN 810
00570 KI=~LR(J)

00580 KA=LR(J-1)

00590 KB=LR(J+1)

00600 LA=LIPO(KI)

00610 FOR JK =1 TO JI

00620 IF LIN(JK) = KI THEN 660
00630 NEXT JK

00640 PRINT "ERROR IN REFERENCING COMMON TRANSIT LINE"
00650 GO TO 4260

00660 LBFLIPO(LIN(JK+1))-1
00670 FOR L = LA TO LB

00680 IF LST(L) = KA THEN 740
00690 IF LST(L) = KB THEN 730
00700 NEXT L

00710 PRINT "ERROR IN REFERENCING COMMON TRANSIT LINE"
00720 GO TO 4260

00730 KB=999

20740 LLCK=L+1

00750 FOR M = LLCK TO LB

00760 LST (K+KY) =LST (M)

00770 IF LST(M) = KB THEN I=I+l
00780 IF LST(M) = KB THEN 820
00790 KY=KY+1

00800 NEXT M

00810 LST(K+KY)=LR(J)

00820 NEXT I

00830 K=K+KY

00840 GO TO 420

00850 REM

0086 OREM DETERMINE POINTERS,THEN RETURN TO PLACE NODE SEQUENCE INLIST
00870 REM

00880 LL=-LR(1)

00890 LIPO(LL)=K+1

00900 II=2

00910 JI=JI+1

00920 LIN(JI)=LL

00930 GO TO 470

00940 REM

00950 REM FILL IN EMPTY POINTER SPACES
00960 REM

00970 IF LL = 0 THEN 1190
00980 LL=LL+1

00950 KK=K

J1000 LIPO(LL) =K+1
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J1010
01020
01030
01040
01050
01060
01070
01080
01080
01092
01100 REM
01110 REM
01111 REM
01120REM
01130 REM
01160 REM
01170 REM
01180 REM
01190
01200
01210
01220
01230
01240
01250
11260
01270
01280
01290 REM
01300 REM
01310 REM
01320
01330
01340
01350
01360
01370
01380
01380
01400
01410
01420 REM
01430 REM
01440 REM
01450
0146C
01470

LLCK=LL-1
FOR I = 1 TO LLCK
J=LL-I

IF LIPO(J) > 0 THEN 1190

LIPO(J)=LIPO(J+1)

NEXT I

PRINT "THE NUMBER OF NODES IN THE LIST ARE ";LIPO(LL)
LIPOLL=LIPO(LL) '
FOR I =1 TO LIPOLL STEP 16 : FORJ = 0 TO 15

PRINT USING "#####.";LST(I+J);: PRINT:NEXT J: NEXT I

COMMAND LINE INPUT

SCANS LINES TO INTERPRET NUMERIC COMMAND,
ALSO OBTAINS NEXTVALUE (MF) OR VALUE RANGE (MF,MS)

READ COMMAND DATA
MF=0

MS=0
GOSUB 4270 : REM CALL INPUT (ICODE,IDIGIT)

IF ICODE -1 THEN 4260
IF ICODE 2 THEN IKS=0
IF ICODE 9 THEN IKL=0

IF ICODE < 12 THEN 1320
ICODCK = ICODE - 11 e

ON ICODCK GOTO 2220,2480,2640,2640,3590,3930
GO TO 4260

CHECK WHETHER COMMAND EXPECTS VALUES

IF IDIGIT(1l) = 0 THEN 4260
JJ=0

JJ=JJ3+1

IF IDIGIT(JJ) = 0 THEN 1210
MF=IDIGIT(JJ)

IF IDIGIT(JJ+1) >= 0 THEN 1400
MS=-IDIGIT(JJ+1)

JJ=3J+1

ICODCK=ICODE-1

ON ICODCK GOTO 2380,2320,1520,1760,1850,1940,2050,2540

REINITIALIZE VALUES
MF=0

MS=0
GO TO 1340
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01480 REM
01490 REM ACTIVATE LINES

01500 REM ACTIVATE LINE(S) IDENTIFIED BY VALUE OR VALUE RANGE
01510 REM

01520 IF MS = 0 THEN MS=MF
01530 FOR I = MF TO MS
01540 REM

01550 REM ACTIVATE LINE UNLESS ALREADY ACTIVATED
01560 REM

01570 IF LIPO(I) < 0 THEN 1710
01580 K=LIPO(I)

01590 KE=LIPO(I+1)-1

01600 IF KE < 0 THEN KE = =KE - 2
01610 LIPO(I) = ~LIPO(I)

01620 IF KE < K THEN 1710

01630 FOR IJ = K TO KE

01640 REM

01650 REM AND ALSO ACTIVATE STOPS ON LINE
01660 REM

01670 NS=LST(IJ)

01680 IF NK(NS) > 1000 THEN 1700
01690 NK (NS) =NK (NS) +1000

01700 NEXT IJ

01710 NEXT I

01720 GO TO 1450

71730 REM

01740 REM ACTIVATE NODES BY NAME
01750 REM

01760 IF MS = 0 THEN MS=MF
01770 FOR I = MF TO MS

01780 IF NR(I) > 1000 THEN 1800
01790 NK(I) = NK(I) + 1000
01800 NEXT I

01810 GO TO 1450

01820 REM

01830 REM ACTIVATE NODES BY CLASS
01840 REM

01850 IF MS = 0 THEN MS=MF

01860 FORI =1 TO MNODE

01870 IF NR(I) < MF OR NK(I) > MS THEN 1890
01880 NK(I) = NK(I) + 1000

01890 NEXT I

01900 GG TO 1450

0191C REM

01320 REM DEACTIVATE NODES BY CLASS
01930 REM

01940 IF MS = 0 THEN MS=MF

01950 FOR I =1 TO MNQDE

01960 IF NK(I) < 1000 THEN 2000

01970 NR(I) = NK(I) - 1000

01980 IF NK(I) >= MF AND NK(I) <= MS THEN 2000
11990 NK(I) = NK(I) + 1000
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02000
02010
02020 REM
02030 REM
02040 REM
02050
02060
02070
02080
02090
02100
02110
02120
02130
02140
02150
02160
02170
02180
02190 REM
02200 REM
02210 REM
02220
02230
02240
02250
02260
02270
02280
02290 REM
02300 REM
02305 REM
02310
02320
02330
02340
02350
02360
02365 REM
02370 REM
02375 REM
02380
02390
02400
02410
02420
02430
02440
02450
02460
02470
12480

NEXT I
GO TO 1450

DEACTIVATE

IF MS
FOR I = MF TO MS

0 THEN MS=MF

LINE

IF LIPO(I) > 0 THEN 2170

KE=LIPO(I+1)-1

IF KE < 0 THEN KE

LIPO(I) = -LIPO(I)

K = LIPO(I)

IF KE < K THEN 1450
FOR IJ = K TO KE

NS = LST(IJ)

-KE - 2

IF NK(NS) < 1000 THEN 2170
NK(NS) = NK(NS) - 1000

NEXT IJ : NEXT I
GO TO 1450

DEACTIVATE

FOR I =1 TO MNODE

AL L

IF NK(I) >= 1000 THEN NK(I)

NEXT I
FOR I =1 TO LL

IF LIPO(I) < 0 THEN LIPO(I)

NEXT I
GO TO 1210

S

S

TOPS AND LINES

NK(I) - 1000

-LIPO(I)

DEACTIVATE NODES BY NAME

IF MS = 0 THEN MS=MF

FOR I = MF TO MS

IF NK(I) < 1000 THEN 2350

NK(I) = NK(I) - 100
NEXT I
GO TO 1450

SET NEW NODE

0

IF IKS <> 0 THEN 2410

IKS=MF

GO TO 1450

IF MS = 0 THEN MS=M
FOR I = MF TO MS
I55=0

i3

IF NK(I) > 1000 THEN ISS=1000

NK (I) = IKS + ISS
NEXT I
GO TO 1450

REM ICODE = 2 AND IKS =0
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02490 REM kkkkkkkkkhk*x

02500 GOSUB 7540 : REM CALL SUBROUTINE LINKER(KHT,KNT,KNL,KLS)
02510 REM kkkkkkhkokokokk

02520 KX=0

02530 GO TO 1210

02540 IF MS = 0 THEN MS=MF
02550 FOR I = MS TO MF
02560 IKL=IKL+1

02570 ICC(IKL)=I

02575 NEXT I

02580 IF IKL = 3 THEN 1190
02590 GO TO 1450

02600 REM

02610 REM OUTPUT ALLOCATION TO STOPS
02620 REM CLEAR ACCUMULATORS, IF NECCESSARY

02630 REM

02635 OPEN "R",3,FILE3$

02637 FIELD #3,9 AS Cl1$,9 AS C2S5,9 AS C3$,9 AS C4$,9 AS C5$,9 AS C6$
02640 FOR J = 1 TO KNT

02650 FORI =1 TO 6

02660 LSY(I,J)=0

02670 NEXT I : NEXT J

02680 FOR I = 1 TO LINKS

02690 IF NET(3,I) < 0 THEN 2850
02700 GET #3,I

02710 J=NET(1,I)

32720 LCD=NET (2, I)

02730 LCH=NET(3,I)

02740 IF LCD > LIMF THEN 2770
02750 1U=0

02760 GO TO 2820

02770 IF LCD > LIMS THEN 2850
02780 1U=3

02790 REM

02800 REM ADD TO APPROPRIATE ACCUMULATOR, BASED ON FIRST ORSECONILIMIT
02810 REM

02820 FOR K =1 TO 3

02830 LSY(K+IU,J) = LSY(K+IU,J) + LX(ICC(K))

02840 NEXT K

02850 NEXT I

02855 REM

02860 REM OUTPUT ALLOCATION RESULTS

02870 REM

02880 PRINT "T RANSIT STOP REPORT"

02890 PRINT "khhkkkdkkhkxkhk kA kA Ak kA kX kR Rk h kk k"

02892 PRINT "FIRST LIMIT = ";LIMF;" SECOND LIMIT = ";LIMS
02902 FOR I 1l TO 6: PRINT SPC(5);"CENSUS";:NEXT I : PRINT

02904 FORI 1 TO 6: PRINT SPC(5);TITLES(I);:NEXT I:PRINT
02910 FOR J =1 TO 6

02920 NR(J) =0

02922 NEXT J

712930 FOR I = 1 TO KNT
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02932 FOR Jd =1 TO 6

02940 PRINT USING "###,###.";I,LSN(I),LSY(J,I)
02945 REM

02950 REM SUM TOTALS

02955 REM

02970 NR(J)=NR(J)+LSY(J,I)

02980 NEXT J : NEXT I

02980 PRINT "GRAND TOTAL IS";

02992 FORJ =1 TO 6 :PRINT USING "###, ###.",NR(J); : NEXT J
03000 MF=0

03010 IF ICODE = 14 THEN 1210

03020 REM

03030 REM OUTPUT ALLOCATION TO LINES

03040 REM IDENTIFY ACTIVE LINES AND CLEAR ACCUMULATORS
03045 REM

03050 J=0

03060 FOR I =1 TO 100

03070 IF LIPO(I) >= 0 THEN 3100
03080 J=J +1

03090 LLN(J) = I

03100 NEXT I

03110 REM

03120 REM REMEMBER NO. OF ACTIVE LINES
03130 REM

03140 KNL = J

03150 FOR I =1 TO KNT

03160 IU = LSN(I)

03170 NP(IU) = I

03180 NEXT I

03190 FOR J =1 TO KNL

03200 FOR I =1 TO 6

03210 LLY(I,J) = 0

03220 NEXT I

03230 LI = LLN(J)

03240 K = LIPO(LI)

03250 KE = LIPO(LI+1l) - 1

03260 IF K < 0 THEN K = -K
03270 IF KE < 0 THEN KE = -KE - 2
03280 REM

03290 REM IDENTIFY STOPS ON LINE BY SEQUENCE NO. OF STOP
03300 REM

03310 IF KE < K THEN 3450

03320 FOR M = K TO KE

03330 MM = LST(M)

03340 IU0 = NP(MM)

03350 REM

03360 REM CHECK IF STOP IS ACTIVE
03370 REM

03380 IF NK(MM) < 1000 THEN 3440
03390 FOR I =1 TO 6
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03400 REM

03410 REM ACCUMULATE ALLOCATIONS TO ALL STOPS ON LINE
03420 REM

03430 LLY(I,J) = LLY(I,J) + LSY(I,IU) / 4

03435 NEXT I

03440 NEXT M

03450 NEXT J

03460 REM

03470 REM OUTPUT ALLOCATION RESULTS

03475 REM

03480 PRINT "TRANSIT LINE REPORT"

03490 PRINT M"kkkkkkkhkdhkkkkdhdhhhhkhdkdkhhhhhhrhdknx?

03500 PRINT "FIRST LIMIT = ";LIMF;" SECOND LIMIT = ";LIMS
03505 FOR I = 1 TO 6: PRINT SPC(5);"CENSUS";:NEXT I : PRINT
03507 FORI = 1 TO 6: PRINT SPC(5);TITLES(I);:NEXT I:PRINT
03510 FOR I = 1 TO KNL

03512 FORJ =1 TO 6

03520 PRINT USING "###,###.";I,LLN(I),LLY(J,1I)

03530 NEXT J : NEXT I

03540 MF =0

03550 GO TO 1210

03560 REM

03570 REM OUTPUT PATHFINDER

03580 REM

03590 PRINT "PATHFINDER REPORT"

73600 IF KNT = 0 THEN 3900

03610 PRINT " LINK DIST STOP N LINK DIST STOP N";
03612 PRINT " LINK DIST STOP N LINK DIST STOP N"
03620 KK=1

03630 FOR I = 1 TO LINKS

03640 IF NET(3,I) < 0 THEN 3860

03650 IB(RK)=NET(1,1I)

03660 IA(KK)=NET(2,I)

03670 IC(KK)=NET(3,I)

03680 REM Kkhkkhkkkhkkhk kA XAk **DROGRAM CHANGE***kkkkkhkkkkkhkkhkkhh¥k
03690 REM THE FOLLOWING STATEMENTS HAVE TO BE ACTIVATED TO OUTPUT

03700 REM STOP NODE NAME RATHER THAN SEQUENTIEL STOP NUMBER
03705 REM Ak ok kA Ak h Rk hk ok kR A IR R AR IRk R h kR ARk kAR Rk Ak kA ke kkkkk kA k%

03710 REM RKJ = IB(KK)

03720 REM IF KJ <= KNT THEN 3770

03740 REM PRINT "IB(KK) = ";IB(KK);" IC(KK) = ";IC(KK);" LINK & = ";I
03750 REM IB(KK) = 999999

03760 REM GO TO 38040

03770 REM IB(KK) = LSN(KJ)

03775 REM

03780 REM OPEN FILE FOR SAVING PATHS
03790 REM

037895 OPEN "0O",4,FILE4S

03800 JA(KK) = I

03810 KK = RK + 1

03820 IF KK <= 4 THEN 3860

13830 FOR KI = 1 TO 4
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J3832 PRINT USING "####.";JA(KI),IA(KI),IB(KI),IC(KI);

03840 PRINT #4,JA(KI),IA(KI),IB(KI),IC(RI);
03842 NEXT KI '

03850 KK=1

03860 NEXT I

03870 FOR KI =1 TO 4

03872 PRINT USING "####.";JA(KI),IA(KI),IB(KI),IC(KI);
03880 PRINT #4,JA(KI),IA{KI),IB(KI),IC(KI);
03882 NEXT KI

03884 CLOSE 4

03900 MF=0

03910 GO TO 1210

03812 REM

03920 REM READ NEW PARAMETERS
03922 REM

03930 INPUT #5,MDIST,LIMF,LIMS

03932 PRINT "NEW PARAMETERS ARE ";

03940 PRINT USING "#####.";MDIST,LIMF,LIMS
03950 GO TO 1210

04240 PRINT "VALUE EXPECTED AFTER COMMAND"
04260 END
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J4262 REM
04270 REM SUBROUTINE INPUT(ICODE,IDIGIT)

04272 REM
04280 DIM IERRORS(80),IDIGIT(50)

04390 I1=0

04400 33=0

04410 FOR I = 1 TO 50

04420 IDIGIT(I) = 0

04422 NEXT I

04440 IF INDX <= 80 THEN 4510

04442 IF EOF(1) THEN 7390

04450 INPUT #5,IDATAS

04460 INDX=1

04480 REM

04490 REM LOOK FOR FIRST NON-BLANK CHARACTER.,

04500 REM

04510 IF MIDS$(IDATAS,INDX,1) <> ™" THEN 4570

04520 INDX=INDX+1

04530 GO TO 4440

04540 REM

04550 REM IF FIRST CHARACTER NOT ALPHA IT'S AN ERROR.
04560 REM

04570 IF MIDS(IDATAS,INDX,1) = "A" THEN 4950

04580 IF MIDS(IDATAS,INDX,1) = "C" THEN 4950

04580 IF MIDS(IDATAS,INDX,1) = "D" THEN 4950

14600 IF MIDS(IDATAS,INDX,1) = "O" THEN 4950

04610 IF MIDS(IDATAS,INDX,l) = "R" THEN 4950

04620 REM |
04630REM IT'SAN ERROR. SCAN FOR NEXT OP CODE THEN PRINT EVERYTHING
04640 REM PREVIOUS AS BAD DATA.

04650 REM

04660 IPTR=0

04670 ISAVE=INDX

046 80 INDX=INDX+2

046 90 IF MIDS(IDATAS,INDX,1) = "A" THEN 4850

04700 IF MIDS$(IDATAS, INDX,1) = "C" THEN 4850

04710 IF MIDS$(IDATAS,INDX,1) = "D" THEN 4850

04720 IF MIDS(IDATA$,INDX,1) = "O" THEN 4850

04730 IF MIDS(IDATAS,INDX,1) = "R" THEN 4850

04740 INDX = INDX + 1

04750 IF INDX <= 80 THEN 4690

04760 INDX2 = INDX - 1

04780 IPTR = IPTR + 1

04790 IERRORS (IPTR) = MIDS(IDATAS,ISAVE,INDX2-ISAVE+1)
04810 INPUT #5,IDATAS

04820 INDX = 1

04830 ISAVE = 1

04840 IF NOT EOF(l) THEN 4690

04850 IF ISAVE = INDX THEN 4910

04860 INDX2 = INDX - 1

04880 IPTR = IPTR + 1

J4890 IERRORS (IPTR) = MIDS$(IDATAS,ISAVE,INDX2-ISAVE+1)
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J4910 IF IPTR <= 0 THEN 4940

04920 FOR I = 1 TO IPRT:PRINT "ERROR ";IERRORS(I):NEXT I
04930 IF EOF(l) THEN 7390

04940 IPTR = 0

04950 II$ = MIDS(IDATAS,INDX,1)
04960 IF INDX < 80 THEN 5040
04970 IPTR=0

04980 NFLD=0

04990 IERRORS (1) = "NONE"

05000 INPUT #5,IDATAS

05010 IF EOF(l) THEN 7270

05020 INDX = 0

05040 JJ$ = MIDS(IDATAS,INDX+1,1)
05050 IF II$ = "A" THEN 5170
05060 IF II$ = "C" THEN 5440
05070 IF II$ = "D" THEN 5710
05080 IF IIS$ = "O" THEN 6040
05090 IF II$ = "R" THEN 6310
05100 REM

05110 REM IT'S AN ERROR,

05120 REM

05130 GO TO 4660

05140 REM

05150 REM THE FIRST CHARACTER IS AN A. NEXT MUST BE C, L, N OR S.
05160 REM

15170 IF JJ$ = "C" THEN 5250

05180 IF JJ$ = "L" THEN 5300

05180 IF JJ$ = "N" THEN 5350

05200 IF JJ$ = "s" THEN 5400

05210 GO TO 4660

05220 REM

05230 REM THE SECOND CHARACTER IS A C.
05240 REM

05250 ICODE=6

05260 GO TO 6520

05270 REM

05280 REM THE SECOND CHARACTER IS AN L.
05290 REM

05300 ICODE=4

05310 GO TO 6520

05320 REM

05330 REM THE SECOND CHARACTER IS AN N.
05340 REM

05350 ICODE=5

05360 GO TO 6520

05370 REM

05380 REM THE SECOND CHARACTER IS AN S. ** NOT YET IMPLEMENTED **%*,
05390 REM

05400 GO TO 4660

05410 REM

05420 REM THE FIRST CHARACTER IS A C. NEXT MUST BE A, C,D OR P.
}J5430 REM
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J5440
05450
05460
05470
05480
05490

05500REM THE SECOND CHARACTER IS AN A.

05510
05520
05530
05540
05550
05560
05570
05580
05590
05600
05610
05620
05630
05640
05650
05660
05670
056 80
15690
05700
05710
05720
05730
05740
05750
05760
05770
05780
05780
05800
05810
05820
05830
05840
05850
05860
05870
05880
058890
05500
05910
05920
05930
05940
J5950

REM
REM

REM
REM
REM

REM
REM
REM

REM
REM
REM

REM

IF
IF
IF
IF
GO

GO

JJS = llAll
JJs = "C"
JJs = "D"
JJs = "p"
TO 4660

TO 4660

THEN 5520
THEN 5560
THEN 5610
THEN 5660

** NOT YET IMPLEMENTED **,

THE SECOND CHARACTER IS A C.

ICODE=2

GO

THE SECOND CHARACTER IS AD

TO 6520

ICODE=9

GO

TO 6520

THE SECOND CHARACTER IS A P,

ICODE=17

GO

TO 6470

REM THE FIRST CHARACTER IS A D. NEXT MUST BE A, C, L, N OR S,

REM

REM
REM
REM

REM
REM
REM

REM
REM
REM

REM
REM
REM

THEN 5800
THEN 5850
THEN 5900
THEN 5950
THEN 6000

THE SECOND CHARACTER IS AN A.

THE SECOND CHARACTER IS A C.

THE SECOND CHARACTER IS AN L.

THE SECOND CHARACTER IS AN N,

IF JJ§% = "A"
IF JJs = "C"
IF JJs = "L"
IF JJs = "N"
IF JJds$ = "s"
GO TO 4660
ICODE=12

GO TO 6470
ICODE=7

GO TO 6520
ICODE=8

GO TO 6520
ICODE=3
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05960
05970 REM
05980 REM
05990 REM
06000
06010 REM
06020 REM
06030 REM
06040
06050
06060
06070
06080
06090 REM
06100REM
06110 REM
06120
06130 REM
06140 REM
06150 REM
06160
06170
06180 REM
06190 REM
06200 REM
06210
06220
06230 REM
06240 REM
06250 REM
06260
06270
06280 REM
06290 REM
06300 REM
06310
06320
06330
06340 REM
06350 REM
06360 REM
06370
06380
06390 REM
06400REM
06410 REM
06420
06430
06440 REM
06450 REM
06460 REM
26470

GO TO 6520

GO TO 4660

IF JJ$
IF JJ$
IF JJs
IF JJ8
GO TO 4660

wonon

GO TO 4660

IIAI‘I'
IILII
llPI!
IISII

THE SECOND CHARACTER IS AN S.

THEN 6120
THEN 6160
THEN 6210
THEN 6260

THE SECOND CHARACTER IS AN A,

** NOT YET IMPLEMENTED *%*,

THE FIRST CHARACTER IS AN O. NEXT MUST BE A, L,P OR S,

** NOT YET IMPLEMENTED **,

THE SECOND CHARACTER IS AN L.

ICODE=15
GO TO 6470

THE SECOND CHARACTER IS A P.

ICODE=16
GO TO 6470

THE SECOND CHARACTER IS AN S.

ICODE=14
GO TO 6470

THE FIRST CHARACTER IS AN R.

IF JJs = "p"
ngn

IF JJs8
GO TO 4660

THEN 6370
THEN 6420

NEXT MUST BE P OR S.

THE SECOND CHARACTER IS A P.

ICODE=13
GO TO 6470

IEOF=1
GO TO 7390

THE SECOND CHARACTER IS AN S.

RUN STOP-GO TO EOF ROUTINE.

INCREMENT POINTER BEYOND CURRENT COMMAND

INDX = INDX + 2
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J64 80 RETURN

06490 REM

06500 REM NOW LOOK FOR FOLLOWING NUMBERS.
06510 REM

06520 INDX = INDX + 2

06530 ISAVE = INDX

06540 GO TO 6560

06550 INDX=INDX+1

06560 IF INDX <= 80 THEN 6640

06570 INPUT #5,IDATAS

06580 INDX = -1

06590 IF EOF(l) THEN 7270

06600 GO TO 6520

06610 REM

06620 REM LOOK FOR A DIGIT

06630 REM

06640 IF MIDS(IDATAS,INDX,1) = "™ THEN 6550
06650 KEY = ASC(MIDS(IDATAS,INDX,1))

06660 IF KEY > 89 AND KEY < 101 THEN 6800
06750 GO TO 7270

06770 REM

06780 REM DIGIT FOUND - CONTINUE SEARCHING
06790 REM

06800 NFLD = 0

06810 NDIG = 0

16820 MINUS = 0

06830 IDIGIT(1l) = 0

06840 NDIG = NDIG + 1

06850 IF NDIG > 1 THEN 6890

06860 NFLD = NFLD + 1

06870 IDIGIT(NFLD+1l) = 0

06875 KEY = ASC(MIDS(IDATAS,INDX,1))

06890 IDIG = KEY - 91

06990 IDIGIT(NFLD) = IDIGIT(NFLD) * 10 + IDIG
07000 INDX = INDX + 1

07010 IF INDX <= 80 THEN 7050

07020 INPUT #5,IDATAS

07030 INDX =1

07040 IF EOF(l) THEN 7240

07050 KEY = ASC(MIDS$(IDATAS,INDX,l))

07060 IF KEY > 90 AND KEY < 101 THEN 6840
07150 NDIG = 0

07160 IF MINUS = 0 THEN 7200

07170 IF MINUS > NFLD THEN 7200

07180 IDIGIT(NFLD) = =-IDIGIT(NFLD)

07190 MINUS = 0

07200 IF MIDS(IDATAS,INDX,1) = "" THEN 7000
07210 IF MIDS$(IDATAS,INDX,1) <> "-" THEN 7240
07220 MINUS = NFLD + 1

07230 GO TO 7000

07240 IF MINUS = NFLD THEN IDIGIT(NFLD) = =IDIGIT(NFLD)
7250 IF NFLD > 0 THEN 7400
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J7260
07270
07280
07290
07300
07320
07330
07350
07360
07370
07380
07390
07400

GO TO 7390
IPTR = 2

IF NFLD <= 0 THEN 7350
IF INDX = ISAVE THEN 7350

INDX2 = INDX - 1
IPTR=IPTR+1

IERRORS (IPTR) = MIDS(IDATAS,ISAVE,INDX2-ISAVE+l)
FOR I = 1 TO IPRT:PRINT

IPTR=0

IF EOF(l) THEN 7390
GO TO 4442

ICODE=-1

RETURN
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J7410 REM
07540 REM
07550 REM
07560
07570
07590
07610
07620
07625
07627
07630
07635
07640
07650
07660
07665
07670
07680
07690
07700 REM
07710 REM
07720 REM
07730
07740
07745
17750
07760
07770
07780 REM
07790 REM
07800 REM
07810 REM
07820 REM
07830 REM
07840 REM
07850
07860
07870
07880
07890
07900
07910 REM
07920 REM
07930 REM
07540
07950
07960
07970
07980
07980
08030 REM
)8040 REM

SUBROUTINE LINKER(KHT,KNT,KNL,KLS)

OPEN "I",1,FILElS$
OPEN "I",2,FILE2S$
I1P=0

KLS=0

FOR I 1 TO LINKS
FOR J = ] TO 3

IF EOF(l) THEN 7650
INPUT #1,NET(J,I)
NEXT J

NEXT I

CLOSE 1

FOR I =1 TO MNODE
IF EOF(2) THEN 7690
INPUT #2,NP(I)

NEXT I

CLOSE 2

INITIALIZE SEQUENCE TABLE, COUNTERS,POINTERS

FOR I =1 TO MAXD
ISQ(I)=0

NEXT I

KHF
KHT
LIS

mnnn

0
0
0
CHECK FOR INCORRECT POINTERS- TO BE ADDED LATER

ALLOCATE LINKS AT STOPS
FIND ACTIVE TRANSIT STOPS AND ALLOCATE ADJACENT LINKS

KNT=0

FOR J =1 TO MNODE

IF NK(J) < 1000 THEN 8300
I = NP(J)

ENT = KNT + 1

LSN(ENT) = J

ACTIVE STOP FOUND DETERMINE ADJACENT LINK

L= (I+l) /£ 2

LAB =1

LD = NET(1,L)
LPA = NET(2,L)
LPB = NET(3,L)

IF (I - I/2 * 2) =0 THEN LAB =0

BY-PASS IF ALREADY ALLOCATED
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48050 REM

08060 IF NET(3,L) < 0 THEN 8130
08070 LD = LD + 2000

08080 NET(1,L) = LD

08090 NET(2,L) = LPA

08100 IF LPA >= I THEN 8300
08110 I = LPA

08120 GO TO 7940

08130 LPB = -LPB

08140 LST = KNT

08150 NET(3,L) = ISQ(LD)

08160 ISQ(LD) = L

08170 LIS = LIS + %

08180 IF LAB = 0 THEN 8220
08190 LPP = LPA

08200 LPA = LPB

08210 LPB = LPP

08220 NET(1,L) = LST

08230 NET(2,L) = LPA

08240 REM

08250 REM  FIND OTHER ADJACENT LINKS
08260 REM

08270 IF LPB >= I THEN 8300
08280 I = LPB

08290 GO TO 7940

18300 NEXT J1I

08440 IF KNT = 0 THEN 9250
08450 REM

08460 REM PR OCESS REMAINING LINKS
08470 REM CHECK WHETHER IT COMPLETES LOOP AROUND NEW LINE
08480 REM INCREMENT POINTER AND CHECK FOR EXIT CONDITIONS
08490 IP=IP+1

08500 IF IP > MAXD THEN 9260
08510 IF LIS = 0 THEN 9260
08520 IF ISQ(IP) = 0 THEN 8490
08530 REM

08540 REM EXTRACT LINK AT NEW DISTANCE,SET HOOK,DETERMINE ADJACENT LINK
08550 REM

08560 KHT = ISQ(IP)

08570 NEW = KHT

08580 LIS = LIS - 1

08590 LST = NET(1,NEW)

08600 I = NET(2,NEW)

08610 LCH = NET(3,NEW)

08620 RLS = KLS + 1

08630 REM

08670 NP(KLS) = NEW

08680 IF KLS = IDIM THEN 9230

08685 REM

08690 REM LIST OF LINKS IN SEQUENCE REACHED IS SAVED IN VECTOR NP
08700 REM IDIM MUST BE SET TO MAXIMUM DIMENSION OF NP
J8710 REM
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}J8720
08730
08740
08750
08760
08770
08780
08790
08800
08810
08820
08830
08840
08850
08860
088740
08880
08890
08900
08910
08920
08930
08940
08950 REM
08960 REM
18970 REM
J8980
08990
09000 REM
09010REM
09020 REM
09030
09040
09050
09060
09070
09080
09090 REM
08100 REM
09110 REM
09120
09130 REM
09140 REM
09150 REM
09160
09170
09180
09190
09200
09210
09220
29230

IF LST < 2000 THEN 8780
LST = LST - 2000

NET(3,NEW) = 0
NET(1,NEW) = LST
NET(2,NEW) = IP
GO TO 9200

L= (I+1) / 2
IF L = NEW THEN 9160

LD = NET(1,L)
LPA = NET(2,L)
LPB = NET(3,L)

IF NET(3,L) < 0 THEN 8890
LD = LD + 2000

NET(1,L) LD

NET(2,L) LPA

I = LPA

GO TO 8780

LPB = -LPB

LID = IP + LD

IF (I/2%2) = I THEN 8980

LPP = LPA
LPA = LPB
LPB = LPP

MAKE SURE LINK IS NOT OUTSIDE SEQUENCE TABLE BOUND

I = LPB
IF LID > MAXD THEN 8780

PLACE LINK IN SEQUENCE TABLE, SWITCHCHAIN,INCREMENT COUNTER

JJ = ISQ(LID)
NET(3,L) = JJ

ISQ(LID) = L
LIS = LIS + 1
NET(1,L) = LST
NET(2,L) = LPA

FIND ANOTHER ADJACENT LINK
GO TO 8780

CHECK WHETHER LAST LINK AT THAT CUMULATIVE IMPEDANCE

NET(3,NEW) = 2

IF (I/2*2) = I THEN NET(3,NEW) = 1
NET(1,NEW) = LST

NET(2,NEW) = IP

IF LCH = 0 THEN 8490

NEW = LCH

GO TO 8580

PRINT "INSUFFICIENT SPACE FOR MICRO-TRANES"
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19240 GO TO 9260

09250 PRINT "NO ACTIVE NODE"
09260 PRINT RLS;" LINKS WERE REACHED, MAXIMAL IMPEDANCE WAS"; MAXD
09330 RETURN
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